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FCC FILING NUMBER

PART # FCC 1D #

FREQUENCYJ TX POWER OQUT | OSCILLATOR

SPLIT {MHz (W) STABILITY {ppm}

AXA9HHTR-142-82 450-470 35 2

AXAYHHTR-~143-B2 450~470 2

AXAYHHTR-142-C2 470-488

AXAGHHTR-143-C2 470-488 ’ -

ANA9HHTR-142-D2 482-5Q0

Although the highest DC voltage in Mobile Two-Way Radio equipment

AXAYHHTR-143-D2 482-500
is supplied by the vehicle battery, high curreats may be drawm

AXAIHHTR-142-E2 494-512
under short circuit conditions. These currents can possibly heat

AXASHHTR-143-E2 | 494-512
objects such as tools, rings, wvatchbands, etc., enough to cause

AXAIHHTR-142-B 450-470
burns. Be careful when working near energized circuits]

AXA9HHTR-143-B 450-470

High-level RF energy in the tramsmitter Power Amplifier assembly

can cause RF burns upop contact. Xeep away from these circuits

\ﬁ‘\§ﬁ when the transmitter is enmergized!

Copyeight © Ocrober 1986 Generai Eiectric Compeny




FREQUENCY RANGE

BATTERY DRAIN
Receive
Squelched
Unsque lched
Transmit
I0WN/35W Watts
BOW/100W Watts
FREQUENCY STABILITY
TEMPERATURE RANGE
DUTY CYCLE

DIMENSIONS, LESS ACCESSORIES
(H xwWx D)

WEIGHT, LESS ACCESSURIES

TRANSMIT OUTPUT POWER
CONDUCTED SPURIDQUS
MODULATION

AUDIO SENSITIVITY

AUDIQ FREQUENCY CHARACTERISTICS

DISTORTION

DEVIATION SYMMETRY

HAXIMUM FREQUENCY SEPARATION

MICROPHONE LOAD IMPEDANCE
POWER ADJUST RANGE

RF OUTPUT IMPEDANCE

FM NOISE

CARRIER ATTACK TIME

SYSTEM SPECIFICATIONS

403-423 MHz, 410-430 MHz, 420-440 MHz MHz
440-460 MHz, 450-470 MHz, 470-488 MHz MHz
482~500 MHz, and 494-512 MHz

Amperes at 13.8 Volrs

0.
2.2 Amperes at 13.8 Volts

7
.2
13 Amperes at 13.6 Volts

29.5 Amperes at 13.4 Volts
0.0005%/0.0002% depending on model.
=309 (-22°F) to +60°C (140°F)

LOOX Receive, l4% Transmit

67 mo x 240 mm x 339 mm
(2.6 x 9.5 x 13.3 inches)

4.3 kg (9.% pounds)

TRANSMITTER

30/ 35/ 80N /1000

-80 dB

+4.5 kHz

55 to 110 milliveolts

Within +1 4B to -4.5 4B of a 6
dB/octave pre-emphasis from 300 to 3000
Hz per EIA standards. Post-limiter

filter per FCC and ElA

Less than 2% (1000 Hz)
Less than 5% (300 to 3000 Hz)

0.3 kHz maximum

403~470 MHz -——- 20 MHz
470-512 MHz ---- 18 Mh:z

600 ohms

100% to 30% of rated power
50 obms

-50 dB

20 milliseconds

- A3 -

AUDIO ATTACK TIME 20 milliseconds

CHANNEL GUARD TX TONE DISTORTION 5%
RECEKIVER

AUDIO OUTPUT 10 Watts with less than 3% distortion
(to 4.0 ohm speaker)

SENSITIVITY
12 dB SINAD (EIA Method) 0.35 wv

SELECTIVITY
EIA Two-Signal Method -80 4B
{25 kHz channels)

SPURIOUS RESPONSE -85 4B
INTERMODULATION 25 kHz -80 dB

MODULATLON ACCEPTANCE +7 kBz

MAX IMUM FREQUENCY SEPARATION 403~-470 Mz —— 20 MH:z

470-512 MMz --- 18 MHz

Within +2 and -8 dB of a standard 6 4B
per octave de-emphasis curve from 300
to 3000 Hz (1000 Hz reference)

FREQUENCY RESPONSE

RF INPUT IMPEDANCE 50 ohms

HUM/NOISE RATIO
UNSQUELCHED -45 dB
SQUELCHED -70 dB

RECEIVER RECOVERY TIME 200 milliseconds
RECEIVER ATTACK TIME 150 milliseconds
CHANNEL SPACING 25 kHz

* These specifications are intended primarily for use of the serviceman.
Refer to the appropriate Specifications Sheet for the complete specifications.
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PRODUCTION CHANGES

Changes in the equipmeat to improve performance or to simplify circuits arve
identified by & "Revision Letter" which is stamped on the label containing the
model number of the unit. The revision stamped on the unit includes all previous
revisions, Refer to the Parts List for descriptions of parts affected by these
revisions.

. A - UNF Radio 19C852450 P1-P36

A 10 pF capacitor {19A700219P26) was added from TR503-B to ground on
Receiver Board to prevent receiver lst IF (82.2 MHz) parasitic
oscillation.

UHF Radio 19C852450 P1-P36

& 5 pF capacitor (BL9/5CAADOOB00) and a 7 pF capacitor (B19/5CAADD0977)
was added in series from TR503-B to ground on Receiver Beard to prevent
receiver lst IF (82.2 MHz) parasitic oscillation,

UHF Radio 19C852450 P1-P36

System Control Board CMC383

A 0.1 uF capacitor (B19/5CAADO1237) was added from SQ DSBL (J701-1) to
eliminate $550 scan noise in speaker with radio squelched.

DESCRIFTION The radio locks when the optional
lock is installed but is not

General Electric synthesized ramperproof. The cover camn be removed
RANGR mobile radio combinations are in the locked or unlocked position.
completely solidatate utilicing micro- The radic set is housed in &
computer technology and integrated veather-resistant case oaly 6.7
circuits  to  provide high-quality, centimeters high. The radio is secured
high-reliabilicy radios. Standard to the vehicle by a bottom mounting
combinations may be equipped with: plate. When unlocked, the radio may be

pulled out of the mounting plate or the
e Microcomputer Controlled Frequency top cover removed for servicing.
Synthesizer :

e Up to 16 channels

®  _0005% 1.0002% frequency stebility
Other structured options

FREQUENCY SYSTEM
SYNTHESIZER BOARD

Figure 1 - Typical Module Layout



The basic radio conaists of five PROGRAMMING
RECEIVER BOARD TRANSMIT printed wiring boards mounted in a
EXCITER BOARD cast aluminum frame. The five boards The EEPROM allows the vadio to be
are the System Control board, the programmed or reprogrammed as needed
Frequency Synthesizer board, the to adapt to changing system requirements.
Transmit Exciter board, the Power RF frequencies, Channrel Guard tones
Amplifier board, and the Receiver board. and digical codes, and the CCT
function c¢an be reprogrammed.

The radio is of double-layer The EEPROM can be reprogrammed
construction with tuning adjustments through the radio front connector
eagily accessible from the top of the using the General Electric Universal
vadio. PROM Progrsmmer Model TQ2310, This

programmer allows all inforwmation to

The System Control board and the be loaded simultaneocualy.

Frequency Synthesizer board are
POWER located on the top of the radio, while
AMPLIFIER the Transmit Exciter board, the Power
BOARD Amplifier board and the Receiver board NOTE
are located on the bottom. When programming, remember
that all RF frequencies must
be divisible by 12,5 kHz.
Alse insure that P706 is
connected to J706-2 and 3 to
enable programming.

latercoanections are provided by
ribbon cable between the boards. A
power bus connects A+ and A~ from the
froat comnector to the PA assembly,

A centralized metering jack for
the transmitter, receiver and system Progromming instructions are pro-
funcrions 1is provided for simplified vided in the respective Programmer

- 80/100 W TYPE -

RECEIVER BOARD

TRANSMIT
EXCITER BOARD

- 30/35 W TYPE -

AMPLIFIER
BOARD

Figure 2 - Typical Module Layout (Bottom View)
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alignmenr and troubleshooting.

SYNTHESTZER/INTERCONNECT

The synthesizer consists of a
microcomputer, electrically - erasable
PROM (EEPROM), a frequency synthesizer
IC, transmit and vreceive VCD's and
associsted circuitry. The frequency
synthesizer under <control of the
microcomputer generates all transmit
and receive RF frequencies.

The EEPROM stores binary data for
all RF frequencies, Channel Guard
tones/digital codes, and the ctiming
function of the carrier coatrol
timer(CCT). The microcompuler accesses
the EEPROM and provides the correct
WALSH Dbits to the Channel Guard
circuitry to generate the correct
Channel Guard tone or digital code on &
per—channel basis.

Maintenance Manuals.

TRANSMITTER

The transmitter consists of the
exciter, frequency synthesizer,
transmit VCO, and & power amplifier (PA)
assembly. The PA assembly consists of
a PA board wmounted azlong the side of
the radioc next to the heat sink
assembly. The PA board also contains
an antenna relay and a low-pass filter.

Audio and Channel Guard circuitry
for the transmitter is located in the
System Coantrol board.

RECEIVER

The receiver consists of the fre-
quency synthesizevr, RX VCD, injection
amplifiers, front end, IF, snd limiter
detector. Audio, squelch and Channel
Guard circuitry for the receiver is
located on the System Control board.

- AB -




SYSTEM CONTROL FUNCTION

A microprocessor on the System
Control board controls the frequency
synthesizer, the TX  on/off, the
decoding of CTCSS tones, the generation
of CIC55 tones, atc. The audio
processor circuitry for the Uransmitter
and the receiver are located on the
Syetem Cootrol board. S5quelch
Circuitry, a jack for central metering
and the digital voice guard circuit are
also located on the System Control
board.

CONTROL UNITS

FS~peries control units are
available and may be used directly with
RANGR radio combinations,

Refer to the applicable Maintenance
Manual for detail description of the
Contrel Unit used with the RANGR radio
combinations,

OPERATION

Complete operating instructions
for the Two-Way Radio are provided in
the Operator's Manuval for the control
unit used,

MAINTESBANCE

The use of microcomputer techmology
sllows self-diagnostic meintenance rou-
tines to be incorporated in the amicro-
computer software. These routines are
easy [0 run and provide a quick analysis
of microcomputer and frequency
synthesizer operation.

The secrvice section of this
manual contains the diagnostic
routines and other maintenance
information to service this radio.
The service section includes:

System interconnections

Mechanical layout

Digsassembly procedures

Replacement of IC's, chip
capacitors and resistors
Microcomputer self-diagnostics
Alignment procedures for
transmitter and receiver
Troubleshooting Procedure
waveforms

MAINTERARCE MANGAL
403-512 MH:z SYNTHESIZED RANGR
INO WAY FM RADIO

SERVICE SECTION

LB1-31730C
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DESCRIPTION

This section contains the infor
mation required to service the radio.
Included are disasaembly procedures,
and procedures for replacing
transistors, lntegrated Circuite (IC's)
and chip components. This section
slso includes alignwent procedures and
troubleshooting information (see Table
of Contents)-

INITIAL ADJUSTHENT

After the radio has been installed
{(as described in the Installation
Manual), the following adjustments
should be wmade by a certified elec~
tronics technician.

TRANSMITTER ADJUSTMENT

The adjustment For the transmitter
includes measuring the forward and
reflected power, and setting the
transmitter to rated power output.
Then, measure the frequency and
modulation and record these measurements
for future reference. For the complete
transmitter adjuatment, vefer to the
Alignment Procedure (see Table of

Contenls}. "

RECEIVER ADJUSTMENT

No adjustment for the Input
circuit ts required, For complete
receiver adjustwent, rtefer to the
Receiver Alignment  Procedure (see
Table of Contents).

MATNTERANCE
PREVENTIVE MAINTENANCE

To facilitate troubleshooting of
problems on the printed circuit boyrd
assemblies, the following seervice
accessoriens are available:

DESCRIPTION PART NUMBER
EXTENSION CABLE 22 B19/6JJFDO005?
CONDUCTOR
EXTENSION CABLE 10
CONDUCTOR
EXTENSION CABLE 10
CONDUCTOR
EXTENSION CABLE 4
CONDUCTCR
EXTENSION CABLE &

CONDUCTOR
COAX1AL CABLE B19/6JJFDOO062

COAXIAL CABLE B19/6JJFDO0GE3
TUNING TOOL B19/MPTCQ0448

B19/6JJFDOO0O58
B19/6JJFDQOOS9
B19/6JJFD00060

B19/6JIFDOCO6L

To ensure high operating
efficiency and to preveat mechanical
and electrical failures from
interrupting system operations,
routine checks should be made of all
mechanical and electrical parts at
regular intervals. This preventive
maintenance should include the checks
as listed in Table 1-Maintensnce Checka.

MAINTENANCE CHECKS

INTERVAL

6 | As
Moaths | Required
il

(hEONNECTIONS - Ground connections and connections to crhe

voltage source should be periodically checked for tight-
ness. Loose or poor coppnections to the power source will
tause excessive volrage drops and faulty operation. When
ground connections are aot made directly to the battery,
the connection from the battery to vehicle chassis must
be checked for low impedance. A high impedance may cause
excessive valtage drops and alternator noise problems.

X

]
|

ELECTRICAL SYSTEM - Check the voltage regulator and alter-
nator or generator periodically to keep the electrical
system within safe and economical operating limits.
Overvoltage is indicated when the batrery loses water
rapidly. Usage of 1 or 2 ounces of water per cell per
week is acceptable for batteries in continucus operation.
A weak battery will often cause excessive noise or faulty
nperation.

MECHANICAL INSPECTION - Since mobile units are subject
to constant shock and vibration, check for loose plugs,
nuts, screws and parts to make sure that nothing is work-
ing loose, Be sure that all screws are properly torqued.

ANTENNA - The antenna, antenna base and all contacts
should be kept clean and free from dirt or corrosion,
If the antenna or its base should become coated or
poorly grounded, loss of radiation and a weak signal
will resule.

ALICNMENT - The transmitter &nd receiver meter readings
should be checked periodically, and the alignment "touched
up"” when necessary. Refer to applicable Alignment Pro-
cedure and troubleshooting sheet for typical voltage
readings.

FREQUENCY CHECK - Check transmitter frequency and
deviatrion, as required by FCC. HNormally, these checks
are made when the uoit is first put into operation, after
the firse six months and once a year thereafter.

TABLE 1 - MALINTENANCE CHECKS

DISASSEMBLY PROCEDURE To temove the printed wire boavds:

To gain access to the unit for servic- 1. Each of the boards may be removed
ing: after removing the radio cover, the

cables and the retaining screws
1. Remove the lock screw on the front securing the board to the main

of the radio using No. 30 TORX ® frame.
driver,
2. The cables aod the gcrews to be

Pull the radio forward and remove cemoved are listed in Table 2.

from the mounting bracket.

rioht © O 1966, G (Elocwic€ TORX ® Trademark of CAMCAR Division TEXTRON, Inc.
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Board name Cables to be removed Screws to be removed PA TRANSISTOR REPLACEMENT . .
A solder bridges before applying

Sevan screws A r_*-_ ——— power.

|
| (Figure 1)
r— - ————— - i . The RF Power Transistors used in
Syathesizer board Two coaxial cables and | Ten screws B the transmitter contain Beryllium
two ribban cables {Figure | ) Oxide, a TOXIC substance. 1f
= = T the ceramic or other encapsula-
PA board Two power supply wires ‘ 20 acrews E tion is opened, crushed, broken
(red and blue), two or abraded, the dust way be
coaxial cables, one | (Figure 2) hazardous if inhaled. Use care
!
|

System control board Five ribbon cables

Failure to solder the transistor leads
as directed may result in the generation
of BF loaps thar could damage the
transistor or wmay cause low power
output.

ribbon cable in replacing transistora of this

4 .
yee J REMOVING IC's

Tx Exciter board | Two coaxial cables, one | Six screws D

| ribbon cable | (Figure 2 ) To replace the PA RF transiscors: v A
| J soldered-in cowmponents) can be easily

_— ; , 1. Unsolder one lead at & time with a accomplished by using & vacuum desolder-

F Rx board | Two coaxial cables and Ten screws C 50 watt soldering 1iron. Use a ing tool. To remove ap IC, heat each

L Bne ribbon cable (Figure 2 ) scribe or X-acto® kanife to hold lead separately on :he'solder side and
the lead sway from the priated temove the old solder vith the desolder-

circuit board until the solder ing tool,

cools. Removed the mounting screws.

Removing IC's (and wost other

TABLE 2 - DISASSEMBLY PROCEDURE

Lifr out the transistor. RBemove
To replace the printed wire boards, any old solder from the printed
circuit board with a vacuum
1. Perform Preceding procedures i desoldering tool. Special care

The C(HOS Integrated Circuit
devices nsed in this equipment

discharges. Before handliag

reverse order, should be taken to prevent damage ; ‘E \ can be destroyed by static
|
|

to the priated ciccuit board rouns ,
one of these devices, the

because rt of the matchin . . i
sc:AUTION s— — pa 8 serviceman shou.d discharge

network is included in the base ) .

. and collector runs. himself by touching the case of a bench
. After securing the radio, it 1is important that the screws | test instrument that has & J-prong
| securing the covers be fully secured. This ensures that the RF (if power cord coanected to an ocutlet with
shielding gaskets make good contact and that the radio perfommance |a koown good earth ground. When
specifications are not compromised. | soldering or desoldering a CMOS device,
the soldering iroa should also have a
Apply a coat of silicon grease to J-prong power cord coosected to an
the transistor wouotiog sorface. outler with a known good earth ground.
Place the Ctransistor in the A battery-operated soldering iroo may
mounting hole. Align the leads as be oased in place of tbe regular
shown on the Outline Diagram. soldering iroa.

Then replace the transistor
mounting 9crews wusing mwoderate

torque (9.4kg cm).

Trim the new transistor leads
required) to the lead length of
the removed transistor.

REPLACINGC CRIP COMPONENTS

3 Replacement of chi c ats
Solder the 1leads to the priafed P P compous
circuit patterm. Start 8t the should aslvays be dome with a tew

- - ture - coatrolled soldering iron at
inner edge of woonriag bhole and pera R
solder the remmining length of 700°F (371°C). However, do not towch

transistor lead to the board. the black metal film of the resistors
Take cm not to use excesgive or the cersmic body of capacitors with
heat that causas the prinoted wire the soldering 1rom.

board vums to separsle from Che
board. Check for shorts aod




The meralized end terminations of the
parts may be touched with the scldering the component and the pad with a
iron without causing damage. , well "tinned" soldering
= : ———— ——r— pressing the component down on the

- NOTE ————— . Place the "tinned" end
component on the 'tinned"
the board and simultaneously touch

 — =SS

board.

REMOVING CHIP COMPONENTS

REPLACING CHIP COMPONENTS

Using

both ends of the chip at the same
tim: untit solder flows, and then
remove and discard the chip.

Carefully remove the epoxy adhesive After the
and excess flux to prevent damage
to the printed board.

aleohol.

l.

Using as little soider as possible,
"tin'" one end of the component and
one
wiring board.

of

Litated by using the Self

the pads on the printed Diagnostics  routines  and

troubleshooting.

Before bench testing the radio, be sure of the output voltage charac-
teristice of your bench power supply.

To protect the transmitfec power output transistors from possible
inatant destruction, the following input veltages must not be exceeded:

Traosmitver unkeyed: 16.5 Yolrs
Transmitter heyed (50 ohme resistive load}: 16,3 vYolts
Transmitter keyed (no load or non-resiative load):I&  Volts

These volrager are specified at the norwal vehicle battery terminals
of the radio and take the voltsge drop of standard cables imto
account, The voltage llmite shown for & non-optisum load is for
"worst case’ couditions, For aentenma mismatches likely to be en-
countered in practice, the actual limit will approach the 16.3 vole
figure.

Routine trsnemitter tests should be performed at EIA Standard Test
Yolteges (13.6 VDC for loads of 6 to 16 swperes; 13.4 VDC for loads of
I6 to & amperes). Input volrages must not excesd the limits shown,
even for transieat paaks of short duration.

Many commonly used bench power supplies cannot meet these requiremsnte
for lcad regulation end transient voltsge suppression. Bench supplies
which employ “brute force" regulation and filtering (such a» Lapp
MNodel 73) way be usable when opersted in parallel with a 17 Wolr
automotive storage batlery.

iron while

Place the 'tinned" saldering
two soldering irons heat on the other end of the component
and the pad simultaneocusly.
solder to the top of the ead of the
component uatil the solder
to flow. Use as little solder
Remove excess solder with a vacuum possible while getting
solder extractor. joint.

component has
remove all flux from the component
and printed wiring board area with

TEST AND TROUSLESHOOTING FPROCEDURES
Maintenance of the radio
techniques unique to this radio.

voltage readings 4re provided on
Schematic Diagram for reference

MICROCOMPUTER

When servicing the microcomputer/
aynthesizer circuitry it 1is sometimes
degirable to force the microcomputer
inoto specific operating modes. Follow-
ing are tips that allow you to initiate
these modesn.

® Ground the lock-detect line at
IC701-8 to force the microcomputer
to continually try to reload the
synthesizer. This mode will enable
you to check the serial data,
clock, channel change pulse and
enable signals to the synthesizer,

To stop the mwmicrocomputer from
running, disable the watchdog
timer by shorting the collector
and emitter of TR701, and ground
the aingle-atep line at IC702-5,

MICROPHONICS

Synthegized radios tend to be
sensitive to shock and vibration,
¢reating microphonics. The coastruction
of the RANGR radio wirh its die-cast
aluminum frame, cast shield, and
multiple board mounting screws,
provides a high degree of immunity.
When removing printed circuit beards or
shields, note the location of all
mount ing hardware.

When servicing the radio be sure
that oo solder build—up has occurred on
the chassis or shield.

To assure a high degree of resist-
ance to wicrophonics be sure Lo
replace exactly, all hardware removed,
B¢ sure that all w@mounting screws are
properly torqued and shields are 1in
place, Refer to the Mechanical Layout
Diagram.

NOTE

Loose or tubbing parts, especially
in the VOO area are particularly
sensitive and can cause micro-

| phonics. Again, be certain all

| hardware is properly installed and |

1
|

Lffrqucd.
J

MICROCOMPUTER DIAGHNOSTICS

The microcomputer, in additiom to
operational prograsming, contalnos soft-
ware for self-diagnostic routioes to
aid ia troubleshooting the radio.
Since the radio cao not function with @
defective microcomputer, the self
diagnoscic routines include inoternal
tests as well a8 input/output tests ta
verify proper operation.

The iotermal tests include a ROM
test which wverifies cthat the proper
program is stored ip the wmicrocomputer
and a RAM test which checks for proper
dara transfer to and from all wemory
locaticas,

The input/output tests include a
test which grounds ome pin at & time on
Port 1 and the data bus, and a test
which wirrors the iapars PIT, CG
DISABLE, ADVANCE CHANGE, and FB4 - FB1
on to the data bus.

These tests assure proper operation
of the ports and data bus, in addition
to checking the input/output
instructions of the microcomputer.
When troubieshooting the radio, if
problems are suspected on the system
board, the diagnostic routines should
be parforwed first before going on to
the Lest procedures and aligrment
instructions.




TEST EQUIPMENT REQUIRED

e 13.8 VDC supply, 500 mA (unless
being tested in radio)

DC Voltmerer (Data Tech 0L or
equivalentr)

Oscilloscope (Tektronix 404 or
equivaleat)

TEST PROCEDURE

Connect oacilloscope to J8(1-18
{SPKR 1) and ground.

Enter the self-diagnostic mode as

follows:
e

When using the radio with the $550,
5950 or 59%90 control head, the
ADVARCE CHANGE line should be
disconnected form the control head
by vemoving conaector P3. Insteasd
of keying the microphone, ground
Jo0b-10.

Key the radio with the microphone
on-hook. {Ground J801-11. Make
sure that MONITOR Switch is OFF.)

& Apply A+ ar J702-9 through a 10K
resistor to J702-10.

¢ Turn radic on.

ROM AND RAM TESTS

Once power 13 supplied to the
board, the microcomputer will jump to
the gself-diagnostic test and immediately
begin execution of the ROM and RAM
tests. UOpon cowmpletion of rhe ROM and
RaM test (less than e second) the
dizsplay, dacta bus, or alert tooe will
indicate when the tests have been
successfully completed. Test stCatus
ts indicacved as follows:

ROM TEST |
FAILED

BOM TEST |
PASSED
RAM TEST
FAILED 1
i

ROM TEST
PASSED
RAM TEST
PASSED

If the data bus is ioaccessible
then the alert tone can be used to
indicate whether the radio passed the
tests. If the tests are successfully
completed there will be a 1 kHz tome ¢n
SPKR 1! and it wil]l be heard oo the
speaker if the board is in radio. If
no alert tone is present, theo either
the ROM or RAM test has failed.

1f rthe radio Ffails chese tests,
the wicrocomputer function is
defecrive. Before replacing the
microcomputer, exhaust ail other
possibilicies. Check associated
circuits for shorted or open printed
wire runs and components.

[NPUT/OUTPOT TESTS

If the BOM and EAM Ceats ate com—
pleted satisfactorily, release the PIT
switch asd vemowe A+ from J702-10.
Bote that the data bas will srill
indicare 02 (Bex), howewer, the ] kix
tcae should mo loager ber displayed m
the scope or beard om Uhe speaker.

The I[/0 cest grooods oca pim at &
time om Port | sed the data bus and is

stepped throwgh the Lesk sequence by
operaking tha PIT switch (mowmentarily
groumding JEQOI-11). Port 1 smd cthe
data bus cam be womitorsd uwsimg a
volteetar. Port 1 comsists of pims
27-3% om wicrocompater ICH02. The
data bus iocludes pias 12-19 on ICT02.
Refer to schematic diagram for data
bus amd port ideatificatioa for ICHQZ.
For cxample:

PL7 = poct I Bic 7.

1. Homentarily pcess amd release the
FIT switch (J801-11) Port )} and
dats bus limes all will go bhigh.

Moseqtarily press amd relesse Che
FIT switch (J801-11}. 1C702-34
sod [C702-19 will go low. all
other outputs should be high.

Nomenctarily revs awd relesase che
PTT switch (J8OLI-11}. ICTO2-1}
and  1C702-18 will go low. All
other owtpats shouid be high.

Moseatarily press and releass the
FIT switch (JBOL-11). IC702-17
will go low. All other outputs
should be high. Bote tha: ICT02-32
will remais high. This is because
this outpet switches ke redio
into  Che trammmit mode whem
grounded. Thas (ke ostput is
bypassed 30 that the rmdio will
arwer go iato the tramswmit wmode

daring self cesc.

Homentarily press and relesss the
PIT swicck (JBOL-11). 1cre-u
sad 1CT02-16 will go low. Aall
other outputs should be high.

Nomeatacily press and releass the
PFIT swicch (J8OI-I11). IC01-
snd ICTO2-1% will go low. Al
other cutputs should be high.

Nomentarily press asd relsase Che
PFIT switch (J8OI-11). ICTOT-29
asd ICT0Z-14 will go low. all
other outputs should be high.

8. Hossararily press and relesss thw
PIT cwitch (J80L-11). IC702-2Z8 smd
ICH2-1) will go low. All orher
ourpots should be high.

§. HMomswtarily press and release the
PTT switch (J8DI-Il). 1IC102-27 and
1C102-12 wall pgo low. All octher
outpats should be high.

10. Womenctarily press oad reicase the
FIT switch (J80]1-11). Porr |
outpats will all be set hipgh.

At this poist the program aod-
vaaces [0 wmirror the ocetpets PIT,
. CC DISBL., ADVANCE CHANGE, amd
FA-FBl into the data bus [C702-12
throught [C702-19, respectively.

e

1i. Momemtarily apply groead to the fal-
lowing points whiile observiag
statea of the associated data bus
az indicated below. When grownd is
applied, the data bus should go low
and then go high whea groesd is
remowed .

Momeatarily Duta ﬁl-amily fata
Ground Bus | Growsd Bus

J801-30 |IcT02-18, JB01-1) | 1C702-14|

JOI-190 |ICT-17 Icez-13

JOl-12 | ICTOR-16. IchN2-12

Jl-4 | ICT2-13 crz-19

Exizt the diageestic routines by
sosentarily veseviag power from
the radio.




TEST FREQUENCIES UHF TEST PROGRAM FREQUENCY PA TROUBLESROOTING PROCEDURE

If the EEPROM is not custom pro- DC VOLTAGE CHECK

grammed to the customer specified BAND ™ RX % WCCT .
personality, thea a standard test (MHz) (MHz) (MHz) (Az) | First, Check the meter readings for power supply voltage and various stabilized

program is provided, The EEPROM 1is DC voltages, at J606.

programmed on several channels including 403.00[1' 412.975| 412.950 71 9! The typical readings for the test positions and test points are given in the
tone and digital Channel Guard and to 403.500 | 403.025 chart below. The meter readings are typical using General Electric Test Set
c.rrier control tlmr_ The test 423.00 422 975| 422-950 6“3“1 dth Test Set Ad‘pter 1%85153261.

program is given in Table 3. 412,975 | 412,950

410.00 419.975 | 619.950 TEST METERING FUNCTION
to 410.500| 410,025 POSITION POINT MEASURED

430.00|3| 429.975  429.950

419,975 419. - -

Tl | i B J606-3 9vV-RX
420.0011| 429.975 | 429.950 | 71. 91 c 16064 SV
to 2| 420.500 | 420.025 | 023
440.00 3| 439.975| 439.950 | 71.9 | 0.30 1606-8
—LA 429.975 | 429.950 |

1

S 1 J1606-9
430.00(1 439.975| 439.950 | 71.9 |

to | 2| 430.500 | 430.025| 023 | JeDE~11
450.00| 3| 449.97S 449.950 | 71.9 | 0.30
4| 439.975 439.950 ' 1606~12

450.00 1 459.975 | 459.950| N.9
to | ] 450.500 | 450.025 | 023 |
470. 0073 469.975  469.950| 71.9 | 0.30 TABLE &4 - READINGS AT J606
k59.950 {

470.00]1| 478.975 | 478.950 |

to |2| 470,500 470.025 | 023 |
488.00|3, 487.975 487.950 | 71.9 | 0.30
4| 478.975 | 478.950 |
482.00|1  490. 975] 490.950 | 71.9

to 2| 482,500 | 482.025 | 023
500.00| 3, 499.975 | 499.950 | 71.9 | 0.30
4| 490.975 | 490.950 | |

) e o _
494 .00 1 502. 975 502.950 71 9

to ‘ 494,500 | 494.025
512.00]3

511.975 | 511.950

4] 502.975 | 502.950

BAND: frequency band

CH : channel number
transmit frequency
receive frequency

channel guard

carrier control timer
TABLE 3 - TEST PROGRAM




EXCITER QUICK CHECK TYPICAL PERFORMANCE INFORMATION

When troubleshooting the transmitter check for typical readings for the DC SIGNAL LEVELS
voltages across Exciter resistor K116, the Synthesizer output (J207), and the —_—
Exciter output (J1Q2) as listed in Table 5. .

SIGNAL INDICATION VOLTAGE

CAS High Level 9.0

Low Level 0.15

High Level (Rx Un-3q) 9.0

Low Level (Rx Squelched) 0.15

Low Lavel (Rx Mute/PTT pulled
low, Rx unszquelched)

. . 5Q DSBL,Input | Logic Low (Sq. Dis)}
Key transmitter and Check If voltages are iacorrect, check Logic High(Sq)

DC voltages on TRIOL-TR106.|L101, L103, L105-L108, and all Rx Un-Sq

SYMPTOM PROCEDURE ANALYSIS

Little or No | Unkey transmitter and Verify +9.0 Yolr supply. Check
RF Output check IC101-3 for +9.0 vDC | IC101.

>

(No RF Present) resistors for each atage. Check e .
R106, R112, R123, R126, and R132. CCT PA ENBL | Logic Low

Check TR101-TR105. Replace

components if defective.

Logic High
Tx ENBL Logic Low
Logic High

. PIT, Ilaput Logic Low
Key transmitter and check | Voltage should decrease when the Logic High

BC voltages onm TR1O1-TR105.| transmitter is keyed. If not,
(RF Present) check Cl10l, C103, Cl07, Cl08,
Cl12, €113, Cil6, C125, Cl40 and
L109-L111.

—~OWRWVMWOOoONRNOO

TABLE 6 - SIGNAL LEVELS

Disconnect the coaxial If exciter output is low, check
cable ZC601 from PA and TR105 and associated circuitry.
measure RF input power Check FL1OL-FL103,

from exciter, Should be
0.25 MWatts or more, If output power is correct, be sure
ZC601 is soldered securely and

that it mates proper’ ' with the
contact on the power amplifier.

Froant Connector
System Metering
RK RF

RX InJ

IX INJ

EX OQutput

TABLE 5 - EXCITER QUICK CHECK




TEST EQULIPMENT

TEST PROCEDURES . .
. An audio oscillator (GE Model AEXG6Al0)

1
2. Deviation Monitor

3. An output meter or & VIVM
4

These Test Procedures are designed to assist you in servicing a transmitter .
- GE Test Set Model 4EX3All with Test Set Adapter Cable 19CB51532G1

that is operating, but not properly. Once & defect is pinpointed, refer to the
Transmitter Troubleshooting Procedure. Before starting, be sure that
trensmitter is tuned and aligned properly.

ECAUT'ON] - PROCEDURE OF SYNTHESIZER TRANSMIT DEVIATION

Before bench testing the radio, be sure of the output voltage charac-—
teristics of your bench power gupply. ' .‘ NOTE

| r - -
To protect the transmitter power aqutput Cransistors from passible ! The t".rm-.xt de\rfltxon has been pl:o_perly set by the factory .n'd should
instant destruction, the following input voltages must not be exceeded: | require uo read justment. Should it become necessary to sdjust the
deviation please refer to the Maintenance Manual LBI-31731 and the
Transmitter unkeyed: 16.5 VYolts | section TX ADDIQ PROCESSOR in SYSTEM CONIROL BOARD and MODULATION
Transmitter keyed (50 ohms resistive load): 16.3 Volts LEVEL .CDN'I'ROL in FI.EQI:IEHCY ST.HTI‘ESIZEI BOARD . Thele‘tn.ll familiarize
Transwitter keyed {no load or noa-resistive load):14.0 Volks | you with the wmodulation deviation and wake the Alignment Procedure
more understandable,

Theae voltages are specified at the normal vehicle battery terminals (
of the radio and take the voltage drop of standard cables into _ Select a center frequency channel. Remove PGD5.
account. The wvoltage limits shown for a onon-optimum leoad is for

"“"worst case" coanditioans. For antenna mismatches likely to be en- - . Rotate RV2(l and RV603 fully couaterclockwise.
countered in practice, the actual limit will approach the 16.3 Veolt

figure. Apply a 1 kHz tone at 1 Vras through a l00uF capacitor to MIC HI at

J701-16 (+ lead of capacitor).
Routice transmitter rests should be performed at EIA Staadard Test o . ]
Voltages (13.6 VDC for loads of 6 to 16 smperes; 13.4 VDC for loads of Connect the deviatiou monitor to the antenna connector J2 via & 3I0-d4B

16 to 36 amperes). Input voltages must not exceed the limits shown, coupler, whose output is terminated in a3 50-ohm load. Key the radio.

even for transient peaks of short durarion.

Set VCO DEVIATION ADJUST, RV202 for +3.75 kHz deviatioa.
Many commonly used bench power supplies cannot meet these requiremeats
for load regulation and transient voltage suppression. Bench supplies
which employ "brute force" regulation and filtering {such as GLapp
Model 73) may be usable when operated in parallel with a 12 Volt
automotive storage battery.

Set RV503 fully clockwise. Apply a 400 Hz tooe to J605-2 and with the
radio keyed, vary its amplitode until the Deviarion Moaitor reads 2 kflz.
Note the level.

Change the sigpal generator frequeancy to 10 Hr at the same level and set
REF M0D ADJUST, RVZ0l for a deviation of 2 kHz. Unkey the radio.

MODULATION LEVEL ADJUSTMENT Disconnect the signal generator amnd replace P605 in position 1-2.

The MOD ADJUST controls are adjusted to the proper setting before shipment Select a frequency with Channel Guard (preferably close to the center
and normally do not required readjustment. This setling permirs approximately frequency).
752 modulation for the average voice level. The audio peaks which would cause
overmodulation are clipped by the modulation limiter. The limiter, in conjunceion Key the radio and ser CG DEVIATIZN ADJUST, X¥603 for a deviation resding
with the de-emphasis petwork, instantanecusly limits the slope of the audio wave of #0.75 kHz.
;c;lit:;. modulator, thereby preventing over-modulation while preserving intelligi WOTE: If Chaopel Guard or Volce {s oac ca amy req ;. the

vgn I;)E::AIIUI ADIUST RVZ02 way be set for a deviztiom of +4.5 kiiz Instead

of +3. kBz.

AUDIO CHECXS

. TEST EQUIPHMENT REQUIRED

e Aodio Oscillataor e Omcilloscope
e AC Volimeter @ Deviatioa Bomitor

- Bl7 -




ALIGNMENT PROCEDURE

AUDIO AC VOLTAGE

— SYNTHESIZER -

1. Connect audio oscillator output across J701-16 (or J80L-9) and J701-3 {or
Jao1-5). .

— srep | METERING | ToNING | METER PROCEDURE
| IC607-1 IC607-7 , POINT ; CONTROL

SCOPE HORIZONTAL | 20Q uSEC/DIV 200 uSEC/DLY

SETTING [ The synthesizer is factory aligned
VESTICAL , 2 VOLTS/DIV 2 VOLTS/D1V ' | and s8hould not require further

SET AUDIQ OSCILLATOR : ad justment. Should it become

at 1000 Hz WITH QUTPYT | ! necessary to adjusl‘, the
OF 1.0 VvRMS. MODULATION . synthesizer, please refer to the
ADJUSTED FOR 4.5 kHz Maintenance Manual LBI-31731 and
DEVIATION, NOTE: AN RMS ' - | "Frequency Synthesizer"  section.
OR PEAK READING VOLTMETER These will familiarize you with the
WILL READ 1/2 TO 1/3 OQF ! operation of the VCO'sa and make the

PEAK-TO-PEAK READINCS. | Alignment Procedure more
understandable.

AUDIO SENSITIVITY

— NOTE ———————————

L. Conoect audlg oscillator ocutput across J701~16 (or J80L-9) and J701-3 (or

JB80L-5). Adjust output for 1000 Hz at 1.0 VRMS. The label on the cover of the.

Synthesizer wnust be removed, or
' holes made in it to galn access to
the existing holes in the shield.
These hole locations are shown in
Figure 3.

——e -

Reduce generator output until deviation falls to 3.0 kHz for radios without
Channel Guard or to 2.2% kHz for radios with Channel Guard., Veoltage should
be less than 120 millivoltrs.

SYNTHESIZER AND TRANSMITTER ALIGNMENT

TEST EQUIPHENT REQUIRED ! . e o NOTE — S

Should it become necesary to adjuatI
| the synthesizer, program a FPEOM to
| the highest frequency of the split
| {400 MHz for A board, 470 MHz for!
EB board or 512 MHz for C board) for
| proper ali nt.
| PrOber & e

Wactmeter, 50 ohm (capable of measuring 150 Watts & | Wactt)
DC voltmeter, 20,000 ohms per volt

Digital Voltmeter

Power supply, 13.8 VDC regulated

GE Test Ser 4EX3All with Test Ser Adapter Cable 19CB851532G1

e - —

PRELIMINARY CHECKS AND ADJUSTMENTS

NOTE | TP201 Select highest frequency transmit channel
! | (Control | in the split (&40 MHz-A, 470 MHz-B, 512
Voltage | ' | MHz=C). With a 50 ohm load on the antenna
Monitor) : | comnector J3, key the radio. Adjust CV202
' until the 1lock detector indicator CD7L0
goes out. Monitor TP20l with a digital
voltmeter and adjust CV202 for a reading
of 7.0 #0.1 vDC. Check that CD710 remains

out. Unkey the radio.

Refer to Figure 3 for location of tuning and adjustment controts,

Apply DC power to radio.

Connect plug of GE Test Set to Metering jack J606. Set polarity to "+" and
voltage range to the I volt position (Test 1),

NOTE
Before alignment or making any adjustments to the transmitter, be sure
that power supply voltage {A+) and various stabilized DC voltages are
proper. Refer to Table 4.




- SYNTHESIZER -

- EXCITER -

METERING
POINT

TUNING
CONTROL

METER
READING

PROCEDURE

METERING

STEP!

POINT

METER
READING

TP201

(Control
Voltage
| Monitor)

|

| cv201

| 7.0 VDC

Select highest receive chanpel in the
split as in Step 1 (release PIT sgwitch).
Adjust CV20l until lock detector indicator
CD710 goes out, Monitor TP201 with 3
digital voltmeter and adjust CV201 for a
reading of 7.5#0.1V¥DC. Check that CD710
Temains out.

NOTE

The Exciter requires no adjustwent.
1f it becomes necessary to check the
lExciter, proceed 23 follows.

3. | TP201
;(Control
Voltage
[Honitor)

Select each receive and transmit chanmel.
Voltage at TP201l should be between 3.5 and
7.5 ¥DC.

4. | J207
| J206

|
k

Monltor TX injection at J207 and
Rx fojection at J206
Tx injection -3 to +b dBm
Rx injection -3 to +6 dBm

- REFERENCE OSCILLATOR FREQUENCY -

NOTE

The Exciter can be isolated from the
| reat  of the radis for checking
purposes, if desired. To isolate and
set up for alignment, remove coaxial
cables 2C608 and 2ZC610. Connect a
(0-1 watt) wattmeter to J102. Apply
4 0 dBm on—frequency signal to J101,

Check output power on the wattmeter. It
should be greater than 250 milliwatts.

METERING
POLNT

TUNING
CONTROL

METER
READING

PROCEDURE

J207

FREQ
TRIM
Control
on
VC-TCXO

Channel
Operating
Frequency

NOTE -

1 This step assumes the frequency is
measured when the transmitter is
first keyed. I[If delayed, the rapidly
rising ambient temperature must be
taken into congideration, The
oscillator frequency should be ser at
25°C ambient ctemperature.

Fress the PTT switch while monitoring
the Tx injection frequency ar J207.
Ad just FREQ TRIM Control on VC-TCKO for
the assigned channel frequency within
0.5 ppm,

[Note: The recelver Injection frequency

will automatically be correct.

NOTE
Disconnect wittmeter from JIOZj]
Beinstall Z608 and Z610 if removed.
Commect a {0-150 watts) wattmerer set
to antenna jack J3.

80/100 WATT POWER AMPLIFIER

Monitor the transmitter output power on
each channel. Select the channel with the
lowest output power and set RVI for 80/100
watts ocutput.

30/35 WATT POWER AMPLIFIER

Monitor the transmitter output power on
each channel. Select the channel with the
lowest output power and set RVl for 30/35

wacts output,




This moduie is tactory tuned and does not require fleid adjustment

-
\
- Y
| 1
/

\\ O RVZ02

vCQ MOD

(_)TP201

-~

) 1

Figure 3 - Hole locations for synthesizer tuning and
transmitrer deviation adjustment

RECKIVER ALIGHMENT

Alignments for Front-End and Local
Injection circuits are mot required
because a band-pass filter is employed
in the RANGR wide band seynthesized
radio receiver.

TEST EQUIPMENT REQUIRED

* GE TEST Setr 4EX3All, 4EX8K12, or
20,000 ohms-per-volt multimeter.
AC Voltmeter
RF Signal Generator
Frequency Counter (403 to 512 MHz)

4-ohme 13 watt resistor.

Audio Isolation Transformer (1:1)
194116736F1 or equivalent

NOTE- - - —]

Before aligning the receiver or:
making any adjustments to the:
iradio be sure that the output
jof 9 Volt Regulator {s 9.0 +0.2
|¥DC ,

|

| S — — — - —

ADJUSTMENT PROCEDURES

RECEIVER FREQUENCY ADJUSTMENT

Noe receiver frequency adjustment
is required.

2nd RECEIVER OSCILLATOR

Using a frequency counter monitor
2nd Local Teruminal. Set L5309 for a
frequency of 82,655 MHz +200 Hz.

1F/FM DETECTOR ALIGNMENT

Apply a 1000 microvolt,
on-frequency test signal modulated by
1,000 Hz with +3.0 kHz deviation to
antenna jack J3.

Connect a 4-chm, 15-wart resistor
in place of the speaker. Connect the
isolation tracsformer input across the
resistor. Connect the isolacion
transformer output to the Distortion
Analyzer (See Figure 5).

Ad just the VOLUME control for 5
watts output (4.47 VRMS) ueing the
Distortion Avalyzer ss 8 voltmeter.

Set the output signal level of the
RF signal generator so as to obtain 12
dB SINAD at audio output.

Adjust coils L504 to L5086 Lo
obtain minimum 12 dB SINAD.

Set the output signal level of the
RF signal generator to 1000 microvolt.

Adjust L5111 for maximum audio
output.

Adjust RV602 for audio output
level at TPl of 300 mVrms.




ISOLATION
TRANSFORMER

| e |

| ]
SPEAKER _EAD > ¥ DISTORTION
g 4-0nMm ? ANALYZER
LOAD ,L | oOR
SPEAKER LEAD >— —(r AC VOLTMETER
I

1
G |

Figure 5 - Audio Isolation Transformer

RV¥t, 5 ADJUSTMENT PROCEDURE

R¥bU3d 1s used to set squelch amplifier pain to correct for noise variations
betwesn various bands of RANGR. This centrol does not require adjustment unless
the sguelch hybrid HC60L is changed or the systems board is exchanged between
radios of different frequency bands.

Connect a signal generator to the anterna connector.

Set the squelch control on the Control Head fully clockwise,

Set RVe03 on the System Control board fully claozkwise.

Set the signal generator to the level to produce YUdB quieting.
Raise the generator level by 44B.

Set the squelch control on the Control Heaw fully counterclockwise.
Ad just RVYb05 until the squelch just clases.

Set the mod.lation frequency to lkHz with 3kHz deviation.

Check the signal generator level required ta just open the squelch.
should be greater than the Z04B level and less than luv,

RECEIVER AUDIQ AND SQUELCH CHECKS

SOUELCE CIRCUIT TEST WITH kHz SIGMAL
FRELINLMART STEFS

1. $at the squelch voless om the comtrel
el to closs at & ¢B SINAD lewvel.

Quiet Teceiver with 1000 u¥ modulated
sigual applisd vo antemns jach J3.

Set apdulastiom freqoemcy to & kiis.
4t devriacion to 3 kiz.
Use 10 megods probe.

®

ROm .1 MSEC/DIV
VERT ©.1 W/DIY

(0.3-0.6 ¥ p-p)

HOR .1 MSEC/DIV
VEET D,.] WDIV
(0.15 ¥ p-p)

©

WOR .1 MSEC/DIV
VERT I v/DIV

(7.573,0 vDC)
MASE LINE O VDC

SOUELCH CIRCUIT CHECKS WITH MCGISE
PRELIMIMARY STEPS

1. Set the mpuelch ou the comtrol head
to close at 8 dB SIKAD lawl.

Rempve Loput sigmal.
Use 10 megohm probe.

®

How .5 MSEC/DIV
VERT ) v/DIV
(3.5~ OW F-P)

R .5 PSEC/DIV
VERT 1 V/DIV
(zvr-m

©

HR .5 MSEC/DIV
VERT 2 v/DIV
(7.5 ~0,0 VIC)

AUDIC CIRCUIT
TREL IN1MARY STEPFS

L. Apply 1000 uv oo Frequency signal with 1000 kx

sodulation ard } kiiz deviatioh Lo antsnns
J3.

jach

Output set to 10 Wates (6.3 VEMS) inte &-ohe

load .
Use 1| megolm probe.

®

MOR .3 MWSEC/DIV
VERT 50 s¥/pIv
{160 aV P=P)

®

x5 MSEC/DTV
VERT .2 V/DI¥
(B4 v P-P)

®

HOR 5. MSEC/DIV
VERT .1 V/DIV
(.18 v P.P)

®

HCR .5 MSEC/DTV
VERT .) V/DIV
(.28 v P-F}

®

HOR .5 MSEC/DTV
VERT 50 wV/DIV
(280 w¥ P-P)

©)

HOR 5 MSEC/DIV
YERT 2 ¥/DTV
BAa vy rrn
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TEST PROCEDURE

These Test Procedures are desgigned
to help you to service a receiver that
is operating, bur not properly. The
problems encountered «could be low
power, poor seasitivity, distortion,
limiter not operatiag properly, and
low gain. By following the sequence
of test steps starting with Step 1,
the defect can be quickly localized.
Once the defecrive stage is pinpointed,
refer to the "Service Check" listed to
correct the problea. Additional
corrective measures are included in
the Troubleshooting Procedure. Before
starting with the receiver Test
Procedures, be sure the receiver is
tuned and aligned to the proper
operating frequency.

TEST EQUIPHMENT REQUIRED

Distortion Analyzer

Signal Generator

6 dB attenuation pad _
Audio [solation Transformer
4-ohm resistor {l5-watt aminimum)

PRELIMINARY ADJUSTMENT

NOTE

These procedures are written

| around the Heathkit Distortion
Analyzer, If a Distortion
Analyzer other than the Heath
IM~12 is wused, measure the
sensitivity and modulation
acceptance bandwidth in accord-
ance with manufacturer's
inatructions,

Unsquelc¢h the receiver.

STEP |
AUDIC POWER OUTPUT
AND DISTORTION

TEST PROCEDURE

Measure Audio Power Qutput as follows:

Apply & 1000 microvolt, on-frequency
test signal modulated by 1,000 Hz
with 3,0 kHz deviation to antenna
jack J3.

With L0 Watt Speaker

Disconnect the apeaker. Connect a
4=ohm, 15- Watt load resistor in
its place.

Connect the isolation transformer
input across the resistor. Connect
the isolation transformer outpuf to
the Distortion Analyzer (See Figure
5.

Ad just the VOLUME control for 10-
watt output (6.32 VRMS) using the
Digstortion Analyzer as a
voltmenter.

Make distortion measurements accord-
ing to manufacturer's instructions.
Reading should be less than 3%, If
the receiver sensitivity is to be
measured, leave all «controls and
equipment as they are,

SERVICE CHECK

I1f the distortioan is more than 3%,
or maximum 4audio output is less
than 10-watt, make the following
checks:

Battery and regulator voltage——-low
voltage will cause distortion.,
(Refer to Receiver Schematic
Diagram for voltages.)

FM Detector alignment (Refer to
Receiver Alignment).




STEP 2 SERVICE CHECK
USABLE SENSITIVITY
(L2 D3 SINAD) If the sensitivity level is more
cthan cated 12 4B SINAD, check Che
TEST PROCEDURE alignment of ©the IF stages as
directed in the Alignment
Lf STEP 1 checiks out properly, Procedore.
wmeagsure the receiver 1sensitivity
as follows:

STEP 13
Apply a 1000 microvelt, on-frequency MODIULATION ACCEPTANCE
signal modulated by 1000 Hz with BANDWIDTH (IF BANDWIDTH)
3.0 kHz deviation to 13,

TEST PROCEDURE
Place the RANGE switch on the

Distarcion Analyrer in the 200 to If STEPS 1| and 2 check oaut
2000 Mz distortion range position properiy, measure the bandwidth as
(1000 Hzx filter to the circuit). follows:

Tune the filter for a@inimem

reading or oull on the lowest Reduce audio output level to 0% of
possible scale (100X, 30X, etc.) raced outpuct.

Place the RANGE switch to the SET Ser the Signal GCemerator output for
LEVEL position (filter out of the twice the microvolr reading
circuit) and adjust the input obtsined in the 12 dB SINAD
LEVEL coatrol for a +2 dB rrading messurement.

on a mid range {30Y),

Set the RANGE control oa tha Distor-
Set signal generator output to tion Analyzer to the SET LEVEL posi-
0.3 uv., Switch the RANGE control tion (1000 Hz filter out of the
from SET LEVEL to the distortion circnit), and adjust the input
range. Read just Distortion LEVEL control for & +! dB reading
Analyzer SET LEVEL as required on the 30 range.
until a 12 dB difference (+2 4B to
-10 dB) is obtained betweea the . While increasing the deviation of
SET LEVEL and distortion range the Signal Generator, asawitch the
positions (filter out and filcter RANGE control from SET LEVEL to
in). distortion vange wuntil a 12 dB

difference is obtained between the
The 12 dB difference (Signal plus SET LEVEL and distortion range
Nois¢ and Distortion to noise plus readings (from +2 dB to -10 4B).
distortion ratic) is the "usable"
sensitivity level. The sensitivity The deviation control reading for
should be less than rated 12 dB the 12 dB difference is the Modula-
SINAD specifications with an audio tion Acceptance Bandwidth of the
output of at lesst 5 Warrs (4.47 receiver. It should be more than -
Volts RMS across the 4.0 ohwm +7.0 kHz. e

1

receiver load using the Distortion

Analyzer as & Voltmeter).
SERVICE CHECK

Leave all controls as they are and

all equipment connected if the Modu- If the HModulation Acceprance Bandwidth

lation Acceptance Bandwidth test is test does not indicate the proper

to be performed. width, check the synthesizer frequency
and then refer to the alignment of IF
stages.
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DESCRIPTION

The System Control board for RANGR
provides all functions unecessary for
two—way communications. This board 1s
controlled by the control unit.

The System Control board
interconnects with the power/control
cable from the control uait.

The System Control boaf¥ contains
rthe aulie cireuitry, microcomputer,
EEPROM and voltage regulators. The
micro-computer controls all system
functions, supplies frequency data to
the frequency syntheslzer, and
tone/code data for the Channel Guard.

In addition to the normal radio
functions, the microcomputer contains
self-diagnostic maintenance routines to
aid in troubleshooting the radio.
Included are an internal test of the
microcomputer and input/output tests to
dssure proper operation of the data
port and data bus. Details and
procedures are included in the Service
Section of this manual.

Centralized metering jacks for
gervicing are accessible from the top
of the radio.

The oystem control and interface
circuits consist of Lthe microcomputer,
electricelly eraseable PROM, interface
circuits for voltage shifting and pro-
tection, and a watchdog timer. The
EEPROM gives the user the capabilicy
to program the radio's personality as
destred. The EEPROM contains the
receive and transmit Ffrequency data,
Channel Guard tone frequencies/digital
codee and the CCT delay on & per-
channel basis.

Copyright © October 1986 General Electria Company

f NOTE
| The FEEPROM may be prograomed
| serially through the front con-
| nector uging the General Electric
| Universal Radio Programmer Model
1TQ2310.

CIRCUIT ABALYSIS

SYSTEM CONTROL BOARD

MICROCOMPUTER AND CONTROL

The wicrocomputer interfaces with
the control unit through J?701/J702 and
regponds to all user commands and
control functions originating from the
control unit. It provides the transmit
and receive data to the frequency
synthesizer, switching information for
tone and digital Channel Guard, and
provides the carrier control timer
(CCT) function when the radio is in the
transait mode.

When the microphone is keyed, the
PTT line Ffrom the control wunit goes
low. This low Lis applied to the
microcomputer through buffer TR702 and
inverter TR703. TR702? is controlled by
ignition switch A+, The ignition
switch must be on and A+ applied to the
base of TR702. TR70Z must be turned on
to peramit keying of the transamitter.
When Channel Guard is present, the
release of the PTT signal is delayed by
the microcomputer for epproximately 160
milliseconds to eliminate any squelch
tail.

The microcomputer iomediately
closes the antenna relay switch by
applying a low level ©to DFTT at
1C702-28, The microcomputer then delays
15 williseconds before transmit 9V is
gwitched on by applying a low level to
TX ENB at IC702-32. Thie is done to
guarantee that the ante~na relay
contacts ate closed be . - the
transmitter ia energized. Once DPTT is
low, the receive audio is_ wuted.
Buffers TR705 and TR704 provide DPIT to
the audio control cirgcuits, and antenna
telay. 1C704-B provides the DPTT
signal to the Tx/Rx VCO's and the audio
processor.
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The TX ENB line ie comtrolled by
microcomputer port 1, bit 5 (IC702-32)
through inverter TR710 and buffer
TR712. A low level on 1C702-32 turas
TR710 off, allowing the base of TR712
to rise. TR712 turns on, and applies
A~ to the TX ENB line. Inverter TR711
ise also turned on during this time to
inhibit the alert tone.

CHANNEL SELECTION

The microcomputer and EEPROM pro-
vide the radio with up to 16 independent
transmit and receive trequencies.,
Each time the PTT switch is operated
the microcomputar ctransfers channel
data from the EEPROM and converts it
to frequency data assigned to the
salected channel, The frequency data
is then loaded serially into the
Erequency gynthesizer.

The microcomputer continually
monitors the status of tri-state
buffers IC703A-D. These buffers are
periodically turned off by a positive
5 wvolt, one-millisecond pulse from
1C702-36. At cthe same time PROM power
switch TR70B is turned on and applies
+3 ¥YDC to the EEPROM. When the
buffers are turned on, channel select
data is loaded into input/output ports
of the wicrocomputer through porcs
P20-P23, Power is then applied to the
EEPROM and the tri-state buffers are
turned off. The microcomputer
converts the channel select data into
address information, accesges the
EEPROM, and receives the frequency
data stored in the addressed location,

This data then passes through the I/0
ports of the EEPROM and P20-P23 of the
microcomputer, The conversion process
is repeated weight times in rapid
guccession {(eight locations are
required for each channel) and the data
loaded serially into the frequency
synthesizer over the clock and data
lines. This data also includes Channel
Guard information, if present, and
carrier contral timer information on a
per-channei  basis. A  4-millisecond
channel change pulse from port P16 of
the microcomputer is algo sent te the

frequency synthesizer to speed | wup
channel acqutisition,

WATCHDOG TIMER

The watchdog rimer, consisting of
a digital counter IC?0l-A and TR70i,
monitors the operation of the micro-
computer. IC70l-A generates & reset
pulse in the unlikely condition that
the microcomputer goes awry and does
not execute the sofcware properly.

A 6 MHz crystal X701 stepe the
microcomputer through the software. As
Programmed in software & random pulse
appears at ICJ02-35 and is applied to
the base of inverter TR?01l momentarily
turning it on and inhibiting any reset
pulse from timer 1C701-A. A discharg-
ing circuit consisting of R710 and C705
forces the microcomputer to toggle
IC701-A. 1f the timer does not receive
any inputs for a specified period of
time, TR70) turns off and IC70l-A cimes
ut and applies a reset pulse to pin &
of the wicrocomputer. The watchdog
reget will normally restore the
microcomputer to normal operation 8o
Lhat only one pulse will occur. 1In the
event the microcomputer is not restored
Lo normal operation, a 6 Hz square wave
will appear on the reset line and the
indicator CD7l0 (normally unlit) will
turn on. Refer to the self-diagnosatic
routine to determine the problem,

ADVANCE CHANGE PULSE

The advance change pulse is received
from connector J702 and applied to the
microcomputer interrupt port IC702-6
through inverter TR707, The advance
change pulse is important in radios
equipped with PSLM. When & call is
received on & priority channel the
advance change pulse {iuterrupts the
microcomputer, forcing ir to service
immediately the [/0 circuits. The
tri-atate buffers are turned om and new
channel select information read in.

- C3 =

CARRIER CONTROL TIMER

The carrier control timer function
is executed by the microcomputer under
software coatrol on a per-chaanel
basis. When the programmed time has
elapsed an alert tone is generated from
P13 (1C702~30) on the microcomputer,
applied to the audio PA and heard on
the speaketr. The CCT may be programmed
for 1 or 2 minutes or disabled
(programmed for no CCI).

VOLTAGE TRANSLATION

Inverter buffers IC7048-F, TR713,
and TR710 translate the 5 VDC levels
required by the microcomputer to the
+9 VDC level wused by the Erequency
synthesizer, Invercer TR709 restoves
the proper polaricty to the clock.

FREQUENCY SEGMENT CONTROL

To achieve rapid wildeband VOO
tuning extending over the 403-440 Mz
range, the 440-470 MHz vrange, or
470~-512 MHz range, each bandsplit is
divided into four frequency segments.

By selecting one  segment the
opersting frequency spread of the VGO
is limited and frequency lock time
reduced. Each segment is identified by
two bits on a per-channel basis and
programmed into the EEPROM. Capacitors
are switched in and out of the VCO tank
circuit to set the VCO tuning range to
cover the correct frequency segment.

The frequency segment control
circuit coosists of a dual "D"-type
flipflop operating under control of the
microcomputer. The four frequency
segment identification bits appear on
the channel-change and data lines and
fed to dual "D" FF IC705. At the
appropriate time the microcomputer
applies the enable aignal to clock the
new segment data change through the
FF. The output of the FF's is a binary
expresgion identifying the frequency
segment selected. Table 1 identifies
the binary expression and the selected
frequency segment.

The output  of the frequency
gegment control circult {3 applied to
the modulation level control anmd the
frequency segment selector clrcuits.




' |
| SEGMENT | FREQUENCY

[SPLIT
| ( MHZ)
|

1C705-
(IMPUT
TR216)

’
(INPUT

FF

OUTPUT

1€705-2| IC705-13

TR217)

(INPUT
TR218)

GROUNDED
MODULATION
RESISTOR

|
1 J403-412
h - = =
|2 \412—421
403-440MHz nﬁr—ﬁ—_
421-430

| 430-440

3
4

1 440-447
L e
|2 447-455
440-470MHz —— 4o - -
| 3 455-462
- .
{ 462-470

| 1 470-480

| I8 sl e

2 480-490.5

470-51 2MHz ——

4 1501;5i2

3 490.5-501

—

+

0

0

S NI

|R275

NONE

R275

276,
L
|R275S,
|R296
{ NONE
NI
\R27
'R276, R296
_4.
|R275, R276
|R296

| NONE

\R2?6, R296
R275, R276
R296

- Frequency Segment Selection

TX AUDIO PROCESSOR

The audio processor provides audio
pre-emphssis with amplitude limiting
and post-limiter filtering and a total
gein of approximately 24 dB. Appro-
ximately 27 dB gain is provided by
IC607A, 4 dB by IC607B and -7 dB by
R653, R654.

The 9 Volr regulator IC606 powers
the auvdio processor and applies
regulated 9 wvolts to a voltage divider
congisting of R651, R655 and eymmerry
coatrol, RV604. The +4.5 V output from the
voltage divider establishes the
operating reference point for
operational armplifiers IC607A  and
I1C607B. C647 provides an AC ground at
the summing input of both operational
amplifiers.

When the ioput signal to IC607A-2
is of a ,magoitude such that the
amplifier output at ICHD7A-1 does not
exceed 5 wvelts P-P, the amplifier
provides a nominal 27 dB gain. When
the audio signal level at IC607A-1
exceeds 5 volts P-P, the amplifier gain
is reduced to l. This limits the audio
amplitude at I[C607A-1 to 6 volts P-P.

Resistors R650, R632 and C64é
comprise the audio pre-emphasis network
that enhaaces the signal-to-ooise
ratio. R652 and C646 control the
pre-emphasis cutrve  below limiting,
R650 and Cé46 coatrol the cut-off
point for high~frequency pre-emphasis.
As high frequencies are attenuated,
the gain of IC607 is increased.

Audio from the microphone is
coupled to the audio processor through
R650 and ChH46,

The amplified output of 1C607A is
coupled through R653, C650, R656,
R657, R658 and bilateral switch IC608C
te a second operational amplifier
1C6078. The bilateral switch s
controlled by the DPTT line so that Tx
audio is transmitted only when the PIT
switeh is pressed. IC607B provides a
signal gain of approximately & dB.

The Channel QCuard tone input 1is
applied to bilateral switch IC608C, and
1609 controlled by the OPTT line. The
CG tone then modulates the reference
oscillator and VCO on the synthesizer
board.

A post-limiter filter consisting
of IC607B, R656-R659, C651 and C652
provides 12 dB per octave roll-off.
R653 and C649 provide an additional 6
dB per octave roll-off for a total of
18 dB. The output of the post-limiter
fileer is coupled through the VG (Voice
Guard) unit or directly to the
synthegizer Tx MOD.

TX enable switch IC608-D shorts
out operationsl amplifier IC607-B when
the radio is in the receive mode. The
TX ENABL gigoal is generated by the
microcomputer when the PTT ewitch 13
operated and is leass than 2.7 VDC in
the receive mode.

RX AUDIO

fleceived audio from the FM detector
is applied to the input of audio pre-
amplifier 1CH03-A, The audio output
level of the audio preasmplifier is
adjusted by Volume/Squelch HI level
control R/V602 for 300 millivolts RMS.
The audio of 30 millivolts RMS is
applied to the audio preamplifier
(1C603-B) through the Tone Reject
filter {(HC605). When VG (VQICE GUARD)
is optionally added, this audio is
applied to the VG circuit (HC602,
HC603) . Audio output from the VG
circuit is applied to Tone Reject
filter (HC605) through pins J603-2 &
3, The audio is then applied to the
volume and aquelch <controls in the
control unit through coanector J70L-17.

Audio is returned on the VOL ARM
through J701-18 and applied to audic
gate (bilateral switch) IC601-B. The
audio gate is coantrolled by DPTIT (delay-
ted Push-To-Talk) and PA KEY/CCT PA ENB
and ieé turoed on when the control imput
{pin 5) exceeds 7 VDC. The gate is
turned off when the control inmput is
less than 2 wvolts. Receipt of




an on-frequency signal (if present)
with sufficient signal-to-noise level
and the correct Channel Guard Erequency
will cause the auvdio control circuir to
apply +9 wvolts to ICH01-B cturning the
aud:o gate on.

Audio from the audio gate is
applied to the de-emphasis network
consisting of a low-pass filter and a
high-pasa filcer.

The Llow-pass (iiter provides a &
48 per octave roll-off between 300 and
3060 Hz. The high-pass {ilter actenuates
frequencies below 300 Hz.

The audio output from the de-vmphasis

network is applied to the non-inverting
input of the audio power asmplifier,
The azudio power amplifier consists of
ICs02, and associated circuitry, and
provides l0-watte (6.3 VRMS across a 4
ohm leoad) of audio output power at
termypals J702-1 and 5. The gain of
1€602 is determined by the value of
R615.

SQUELCH CIRCULITS

The squelch circuit{HCOOL) monitors
noise on the $§Q ARM output line and
allows the receiver to be unmuted when

an on-frequency signal reduces the
noise level below the squelch threshold
serting.

The 300 willivolt output of the
audio preamplifier 1is applied to the
squelch circuit through the wvariable
squelch control in the control unit.
The squelech control sets the noise
threshold level required to operate
the sguelch circuit. When the noise
falls below the threshold Llevel, the
receiver is unmuted.

The squelch circuit(HCO0L) consists
of a high-pass filter, an averagiog
detector, DC amplifier, and a Schmitc
trigger shown in Ffigure 1. The high
pass filter consisting of HACA01-A,
removes all voice signals from the 59
ARM output and <couples  noise to
HC601-B.

Noise 1in the 6-8 kHz range is
applied to the averaging detector coo-—
sisting of HCAOL-B. The noise is
rectified and filtered to provide an
average DC output level proportional
to the noise input. The DC output
level is adjusted by RV6035,

The average DC level is amplified
by HC601-C to a level ranging from O
to 6.0 vDC, and applied to the
non-inverting input of the Schmicc
triggec, HC6Ol-D. The inverring input
of HC601-D is referanced to 4.5 VODC.
1C603-C provides the stable 4.5 VDC
reference voltage.

When the DC level exceeds 4.5
VDC, Schmitt crigger HCO60Ll-D switches
and pravides a positive voltage to the
CAS {Carcier Activity Sensor) and RUS
{Receiver Unsquelched Sensor) contrel
trangtstors in the audio <c¢oatrol
circuits. The Schmitt trigger will
remazin on until the threshold level
falls below approximately 4.3 VDC,
This difference in voltage between the

firing point and turn-off point
provides sufficieat hysterisis to
eliminate "bubbling" — i.e., noise
popping in the speaker. The "bubbling”
would normally be caused by trangirional
changes in the DC level around the
reference point which allows the
receiver to be unmuted.

When an on-frequency signal is
received, there wil! be little or no
noise present at the squel¢h input.
this results in an abseace of wvoltage
at the output of the squeleh circuit
Schaitt etrigger, allowing the receiver
to be unmuted.

AUDBIO CONTROL

The audio control circuits shown
by Figure z c¢ontrol the operation of
the audic gate (IC601-B) and the final
auwdio PA and consist of TR601-603,
inverter I1C601-A and associated
circuitry. The gsudio conrtrol circuit
inputs consist of DPTT  (Delayed
Push-To-Talk), RX MUTE (Receiver Mute),
PA KEY/CCT PA ENB (Public Address
Key/Carcier Control Timer Public

- L7 -

Addregs Enable), and the outpur of the
squelch circuit.

When an on-frequency signal with
the correct Channel Guard ‘Tone is
receivad, CAS control transiscor TRGEO!
and RUS control transistor TR602 are
turned off by the absence of a positive
voltage at their bases, The CAS lipe
from the collector of TR6OL rises to +9
vDC and is supplied to J702-2{.

The collector of RUS Transistor
TR60Z also rises to +9 VDC and turns on
inverter I[C601-A. A- is then applied
te the base of inverter TR603, turning
in off and allowing its c¢ollector to go
high. The positive voltage on the
collector is applied ¢to audio gate
IC60i-B, Ctumrming 1t on. TR6G4  is
biased on but has no effect on auwdic
switch  TR60S5. The base of the
trausistor is coonected to the output
of audic control switch IC6QlA-2 which
is at A-, Therefore TR605 turns off,
allowing input audio to the PA which
feeds audio power rto the speaker.

When the microphonme is keyed, the
DPTT ionput is low. This low is applied
to audio gate IC601-B through CD604B,

turning IC601-B off. It is also.

applied to audio coatrol switch IC601-A
(through CD604A) turning it off. TR603
is also off and TR604, TR60S are on.
TR605 shorts out cthe audio input to the
audio PA 1C 602,

HIGH FA4%$ avERAGIMG oC arth IR e SLramlTT

ER DETECTOR
oS4 =~Ced1- 1

THEGSES
HesG -7

Figure 1 - Squelch circuits (HC6&0L)
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CHANNEL GUARD

Chaonel Guard provides a means of
restricting calls to specific radios
through the use of & continuous-tone ot
digitally-coded squelch system (CTCSS
or CDCSS). Tone frequencies range from
67 Hz to 210.7 Hz, 33 standard tones
and 83 unique digital <codes are
available. These tones/codes are
identified in Tables 2 and 3.

STANDARD TONE FREQUENCLES Hz

88.5 107.2
91.5 110.9
94.8 1l4.8
97.4 118.8

123.0

127.3

131.8

136.9%

141,13

146,2

151.4

156.7

162.2

[67.9
173.8
179.9
186.2
192.8
203.5

210.7

EQUIVALENT
CODE

EQUIVALENT
CODE

EQUILVALENT
CODE

TABLE 2 - Channel Guard Tone Frequencies

340, 766

566
it4,

355
375,
520,
405,
301

603,

470,
640
360,

azz,
534,
060,

L72

| 572,
[ 605,
| 273
| 333

| 1686,

233,
517,

416,

- 354

057
142,

135, 610
350, 475,
104, 557
267, 342
176, 417
370, 554

© 236, 106,

227, S67
213, 136
171, 426

427, 510,

147, 303,
330, 456,

[ 321, 673

| 372, 507

324, 570
616, 635,

| 353, 435
| 130, 641

107
217, 453,
117, 756

127, 411,
133, 620

234, 563, 621

262, 316, 730
276, 326
222, 457,

237,642, 772
056, 656
144, 666
157, 312
226, 313,
067, 720
161, 345
317, 6i4,
307, 362
153, 630
254, 314,
075, 501
037, 560
231, S04,

123, 657
163, 460,
363, 436,

364, 471,
150, 256
136, 502
235, 611,
467, 473,
744

164,
066

312,
076,

TABLE 3 - Primary sand Equivalent Digital Codes (Octal)




The Channe! Guard encode and
decode funcrions are implemented 1in
the microcompuler under software
controal. The ®microcomputer provides
digital and/or tone Channel Guard with
Squelch Tail Eliminarion (STE).

If the radio 1is in the receive
mode, the Chennel Guard toone/code is
hard limited and fed i1ato the
microcomputer through [C702-29 (LIM C¢
Tone Decode). [E cthe correct tone
code is present, the receiver 1§
opened by the RX MUTE l.me. LE the
radio is in the rransmit mode, che
microcomputer generates the Channel
Guard tone using WALSH BIT | and WALSH
BIT 2. Those outputs are summed
together &nd filtered on che System
Coaotrol board to generate a smooth
sinewave for tone Channel Guard or a
degital waveform for digital Channel
Guard,

The Channe 1 Guard contains a
SUTmL A amplifier [ChO4-A, B-pole
active volce reject Filter HCOOG,
limiter LCoU4-C and tonefcode reject
Eilter HCOUS5. A Channel Guard disable
circuit TR6CS allows the Channel Guard
epncode Lo be disabled. The Channel
Guard decoder can be disabled at the
mLCTOcomputer.

The microcomputer selecrs the
assigned Channel Guard encode code/tone
tnformation from the EEPROM wmemory for
each chaanel, transmit and receive,
and geneiates the  Channel Guard
signal.

The output of audio preamplifier
IC603-A is applied to the summing
amplifier through bilateral switches
1C601-C and D, In the encode mode
DPTT is high applying A- from [C601-D
to che control inpur of LC601-C
turning it off and preventing the
output of audio preamplifier LCHO3-A
from interfering with the encoding
signal,

The output of summing amplifier
1C604-A is applied ro buffer/amplifier
1€C604-8 through a two-pole active voice
reject filter HC&U6. The active filter
shunts all frequencies above 300 Hz to

gEround, thereby preveanting those
frequencies from interfering with che
encoded signal. The outpur of I1C604-B
is the assigned CG tome or digital
signal. This signal i- applied to the
IX HOD line cthroug. €6 deviation
control RV6(0], ICROEC and TC6H07B. Chan-
nel Guard deviation is set for .75 kHz.

In the decode mode OPTT 1s low,
turning bilareral switch ICEGL-D off,
allowing cthe 9 ¥ filcered supply to
turn ICBO01-C on. The autput of auwdix
preazplifier 1C603-A is then applied to
che summing amplifiecr [CAOG-A through
bilateral switch ICRQL-C. This signal
1s amplified and filtered by ICGH04A.B
and HC6G06, so that only the CG signal
(1f present) is applied te hard limiter
ICH04L-C. The CG signal is squared up
for comparisan by the microcomputar to
determine if the CG signal is correce.
[f the microcomputer determines the CG
signal Lo be correcet, RX Myte
transistor TR713, is turned off,
applying +9 VDC to the RX MUTE line to
open the receiver,

_ The Channel Guard Disable{CG DSBL)
line bhas a deouble function. It can

disable the encode or the decode CG
function. The eacode function 1is
disabled by applying +19 V or more to
J701-15. This will turn on TR&J6 and
shunt the Channel Guard tone/code to
ground while the decode function is
digabled within the microcomputer
software. To disable the decoder,
ground the CG DSBL line at J701-15.
The microcomputer will derect that the
line is low, tura off TR713 and force
the RX HUTE line high. The decode
filter/limiter circuit is not affected,
it continues to operate. The detection
software alsc does wnot stop working.,
This allows the off-hook STE to
function. When the CG DSBL line is
pulled high (9.0 VDC) the microcomputer
does not sense any <changes. It is
buffered by protection diode {D709.
Chanpel Guard disable trabsistor TR6JA
will eturn on whean the (G DSBL line
goes above 17 V and shorts the cutput
of the filrer ro ground. This will
prevent any signal from going out on
C6 HI and will also disasle the
decoder gsince no limited CG tone will
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go te the microcomputer. The receiwver
will oe amuted since no OC is decoded.
Disabling the decoder this way will
never allow the awudic to opea up,
while taking the radio off ook
(puilliog CG D5BL tow) will alvays make
the radioc open up. Turning CG Disable
traasistor TR606 an causes the DC bias
to change. It will take 2 or 3
seconds for the bias [o restore irself
after the encoder is disabled.

The Squelch Tail Elimination ({STE)
eliminates squelch tails whea the
radio is on-hook or off-hook. When
Chanoel Guard is disabled (off-hook),
the decoder 1t still looking at Cthe
received signal. The RX MUTE line is
high, as would normally be expected.
The Channel Guard decoder is lookiang
for the STE burst {phase reversal ic
tone Chaaonel Guard, STE tone in
Digital Channel Guard). if an STE
burst is detected, the RX HMUIE Lline
witl ge low for about 200 ms. This
will prevent the squelch tail from
being heard. after 200 ms, the RX
MUTE line will go high again; by now
the transmission has ended and the
squeich will hold the audio closed.
The oEf-hook STE does not affect the
operation of the Channel Guard while
on-hook. another way of looking at
if: the radio will go quiet for 200 ms
any time STE is detected. If it was
on-nook it will! srtay quiet after the
200 ms, if it was off-hook it will
revert to noise squelch operation.

In some instancas it is necesssary
to invert the polarity of the digital
Channel Guard signal to enha&nce system
compatability. Inverted polarity
normally results in a wreng code ot
one that cannot be used, When this
ocecurs, move PHO4 connected berween
Jo04=1,2 to J604-2,3, The encode DCC
codes may be inverted by reprogramming
the EEPROM.

FEEQUENCY SYNTRESIZER BOARD

The frequency synrthesizer receives
clock, data, and comntrol informat ion
from the microcompurer amd from this
geoerates the Tx/@x RF frequeocies. It
sleo provides frequemcy-lock atatus to
the wmicrocomputer. It consists of
synthesizer chip IC20l, low and high
current buffers, loop filter, Tx & Rx
voltage—controlled oscillators (vC0's),
feedback amplifiers, the dual-modulus
prescaler, and the reference
oscillator. The V¥YC0's are locked Lo
the veference oscillater by a single
direct-divide synthesis loop consisting
of the [eedback buffer, prescaler, and
synthesizer. The TX VCO operates over
a frequency raage of 134.3 MHz to 170.6
MMz, The RX VCO operates over the
range of 106.93 to 143,26 MHz.

REFERENCE OSCILLLATOR

The reference oscillator consists
of a 5 PPM VC-TCXQ (Volrage Controlled-
Temperature - Compen=ated Crystal
Oscillator). The standard reference
oscillator frequency iz 13.2 MHz.

The 5 PPM* VC-TCKC receives
transmit GG tone from REF MOD CONTROL
RV201. BV201 provides the required
tone level and phase to modulate the
VC-TCXO. The VC-TCX0O 1s enclosed in an
RF shielded can. Access to  the
oscillator trimmer is made through a
hole in the top of the can. The
VC-TCXO is compensated by an internal
temperzture-compensator circuit for
both low and high temperatures. With
no additional compensation the
asclillators will provide 5 PPM
stability from -30°C to +60°C.

* 2 ppm on some models.




CAUTION

¥C-TCXO are individually
compeasated at rthe facrory
and cannot be repaired in
the field. Any attempl Lo
repair or change the
frequency of a VC-TCXC will
void the warranty.

SYNTHESLZER

Synthesirer IC201 contsins a pro-
grammable reference oascillater divider
{:R), phase detector, and programmable
VCO dividecrs ('H, A). The reference
frequency, 13.2 MHz from the reference
oscillatoi is divided by a fixed
integer number to obtain a 4.16 kHz
channel reference for the synthesizer.
This divide wvalue can be changed by
PROM programming. The internal phase
detector compares the output of the
reference divider with the output of
the internal :N, A counter. The N, A
counter rteceives as 1ts input the VCO
frequency divided by the dual-modulus
prescaler  and programmed by the
microcomputer. This comparison results
in a + error voltege when the phases
differ gnd a constant output volrage
when the phase-detector inputs compare
in frequency and phase.

If a phase error its detected an
error voltage 15 developed and applied
to the ¥CO DC offser and high current
buffers and loop-filter to reset the
VCO frequency. The count of the *H, A
counters is controlled by the
frequency daca received on the clock
and date lines from the microcomputer.
Thus, when a different channel iz
selected ocr when changing to the
transmit or vceceive mode an error
voltage 1is generated and appears at
the phase-detector output, ADP ouT
causing the phase-locked loop to
acquire the new frequency.

The enable pulse from the micro-
computer enables the synthesizer and
zllows frequency data to be internally

gstored,

DC OFFSET AWD HICH CURRERT RUFFERS

DC-pifser Yoffer TRI01 snd diode
CD20% receive the error volcage from
the synthesizer and incresse this level
by 1.8 V¥DC to extend the operating
range of the high-curreat buffers.
Wher the PLL 1s off-frequency due to a
chanpel change or frequency drifr, rhe
error voltage from the synthesizer{APD)
rises or falls, curning either TR202 or
TR203 on. These two Lrangitf ors
coatrol high~current buffers TR204 and
TR205. TR204 and TR205 complete a
high-current rapid—charge or -discharge
path for C207-C209.

If the error voltage decreases,
TR203 is turned off and TR205 is turned
on, completing a discharge path for
C207-C209 through bilateral switches
1C204. At the same time TR2Z02 is
turned on and TR204 1s cturned off,
blocking the charge path. The opposite
conditions exist when the error voltage
goes positive. I1C204 1is rturned on for
4 milliseconds when a channel is
changed in the receive mode. The time
1s 40 milliseconds when 1in Cransmit
mode and when changing form transmit te
receive mode.

LOOP FILTER

The loop—filter consists of
R209-R21l1, and C207-209. This filter
controls the bandwidth and sctability of
the synthesizer loop. Bilateral switch
IC204 is controlled by the 4 millisecond,
9 volt channel-change pulse. When the
channel-change pulse 18 present, the
bilateral sgwitch shorts out the low
pass filter, greatly 1increasing the
loop bandwidth to achieve the 4
millisecond channel-a¢quisition time
required for dusl-priority scan. The
low-pass filter removes noise and other
extraneous signals 1internal to the
synthesizer chip.

The output of the filrer is
applied to the wvaricaps in the transmit
and receive VCO's to adjust and maintain
the VCO frequency.

The use of two VOO's allows rapid
independent selection of transmit and
receive frequencies #CTOSE the
frequency split.

RECEIVER wolLTALE CONTROLLED OSCILEATOR

The recefiwver YOO consists of a low
noise JPET oecillatar, TRZI.Z, followed
by  high-gain buffer THE211. TRe11
preveats external loading and provides
power gain. The VOO is a Colpites
oscillator witr the wvarious varactors,
capacitors and co:l forming the tank
€ircuit.

The WVCO is switched on and off
under control of the DPTT line. When
the DPTT line is low the Receiver V(O
is turned on {(TR213 is off, TR212 is
anj}. Oscillator output is typically
*10 dBm. The output :is applied to the
feedback buffers for VCO frequency
contrel and as the Rx injection
Eraquency to the receiver lst mixer
through L.0O. buffers TR4O4, TR&OS on
the RX board. The Rx VL0 also uses a
high=~} resonator coil te  achieve
superior noise performance. The VCO
operates over a frequency range of
106.93-143.26MHz. The VCO voltage need
only be set once at the highest
frequency of the band split, after
which it will operate over the entire
split with no more tuning.

TRANSMITTER VULTAGE CONTROLLED
OSCLLLATOR

The transmit VCO is basically the
same as the receiver VCO. The wideband
VCO allows frequency separation of 12
MHz, 10 MHz or 14 MHz as determined by
the bandsplit the radio is operating
on, 403-440 MHz, 4460-470 MH:z or &470-512
Miz, The varactors in cond junction
with the frequency segment selector
circuitry (TRZ16-TR219, TR227, TH228,
TR230 and pin diodes (D217, CD218 and
CD221) provide & voltage-controlled
adjustment range that extends 4across
the entire frequency split, Buffer
TR221 provides a typical output of +10
dBm to the feedback buffers for VCO
frequency control and as the Tx
Injection frequency to the exciter.

VD comtrol switch TRI22 curos Che
Trapsmit VOO on when DFTT is high.

FEEDAACK BUYTERS

The Bx injection and Tx injecriom
voltage ocutput from the Ex ¥CO and Tx
VCO are supplied ro the receiwer mixer
and the exciter, respectively, and to
the feedback buffers. Buffering is
provided by TR207 and TR206 amd the
oul put applied to dua!-modulus
prescsler IC02.

DUAL-MODULYGS PRESCALER

The dual-modulus prescaler
completes the PLL feedback path from
the synthesizer to loop-filter, to the
VCO's and feedback buffers and then
back to the synthesizer through the
prescaler. The prescaler divides the
VCO frequency by 64 or 65 under control
of M COWT from the synthesizer. The
output of the prescaler is applied o
the synthesizer where it is divided
down to 4.16 kHz by an internal : N, A
counter and compared in frequency and
phase with the divided-down frequency
from the reference oscillator, The
result of this comparison is the error
voltage used to maintain frequency
iock., The !N, A counter is controlled
by data received from the
miCrocomputer. Depending on the
sperating frequency, the DC voltage at
TPl should be within the range 3.5 to
7.5 VDU when the PLL is locked.

LOCK DETECT

The lock-detect clircult conasists
of comparator [C203, diodes CD203 and
€D204, and reference oscillator aute
switch TRZ08, and TR209. It is used to
quickly synchronize the phase relation
of the divided—dewn VOO frequency and
the relerence oscillator if he loop
loses lock. lt aiso provides a fast
lock—detect signal to the microcomputer
to turn on the out-of-lock L1ndicator.
1f a large change in frequency is
required, the ranp capacitor output
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{Cg} of the synthesizer may increase
to near 7.5 WVOC and cause the
comparatgr cutput to decrease. This
decrease in voltage turns TR209 off and
allows TRZ08 to be cturned on by the
positive LD line from the synthesizer,
Thus TRZUB disables the referance
osciliator and allows the PLL loop to
be brought back ©tro synchronization
rapidiy.

If a large frequeacy error exists,
the LD positive lead from che
synthesizer will carry negative spikes
to the microcomputer through CD204 ro
activate the lack indicator circuit.
Pulse  shaper IC701 is a ome-shot
multivibrator which increases the pulse
width to span 1l computer cycle. TR209
is turned on, keeping TR208 off thereaby
preventing TR208 from muting che
reference oscillator.

MODULATION LEVEL CONTROL

The modulation level coantrol
circuir autometically sets the Tx audio
level applied to the tramsmit VCO
modulator €D212 :hrough V€0 deviation
ad just control RV202. The
modulation level control circuit
consists of I1C205, H274-R276, R278,
varactor cp2lz, C245 and bypass
capacitors c247 and C248. The
modulation level is controlled by
turning bilateral switches IC205 on or
off (under control of IC705) te include
attenuators R275 and R276 in the
circuit. R274, R275 and R276 form an
ad justable voltage divider to change
the modulation level as required.
Table 1 also identifies the resistor
(if applicable} used for each Erequency
senment .

FREQUENCY-SEGMENT SELECTOR

The frequency-segment selector
awitches capacitance in and out of the
Tx and Rx VCO tank clrcuits to select
the frequency segment containing the
selected channel. The frequency-
Begment sclector consista of
TR216-TR219, TR227, TR228, TR2 30,
€209, CD210, CD217, CD218, (D220 and

CD221 and operates under coatrol of the
microcomputer through FF's IC7054 & B.
Capacitors {(C224, C227, <C252, C255,
291 and G294} are selected or
deselected for operatiom in 8 given
segment. Table 4  ideatifies che
circuit conditioas existing for
selection of each @segment and the
capacitors used.

Reverse bias to turn off the
pin-dtodes is provided by Ethe +8Y
filtered supply through R232, ER234 ard
A28b. Porward bias for cthe diodes and
current for the switching transistors
are provided by the +BV supply through
R231, R233 and R285. When segment 3 is
selected TR216, TR219 and TR277? are
turned on. In the Tx VCO diodes CD217
and (P22l are reverse biased and CDZ18
is turned on., Capacitors €251 and €292
are effectively isolated from AC ground
by L2Z18 and L225 respectively and C254
ts onnected to ground via CD218 and
Tn219.

Similarly in the Rx VCO (243 and
C290 are isolated from ground, and C226
15 grounded via CD210 and TR219.

Operation of the radio over the
frequeancy rangee 403-440 MHz, &440-470
MHz or 470-512 Mitz 1i1g determined by the
group number of the synthesizer beoard.
Fach frequepcy sgplit 1s divided into
four operating segments varying from
F MHz to 11 MHz wide.
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GROUNDED
CAPACITORS

PIN DIOES

TRANSISTOR SWITCH*

SEGMENT [TR216 (TR217| TRZ18|TR219|TR227|TR228|{ TR 230 |CD209|CD210|CD217 | CD218(CD220 CD22ﬂ

*1' ipndicates translstor is turned on.

TABLE 4 - Cgpacitor Selection




EXCITER BOAKD

The Exciter coasiscts of four
wide-band amplifier stages and a
tripler stage, and operates over a
frequency raocge of 4&03-512 Miiz without
any tuning. An attenuator pad
{RIOL-R103} at the imput of the Exciter
Provides a constant load for the VCO
and atteénuates the signal from the VGO
L. approximately | milliwatt.

The Exciter amplifies the 1
aflliwatt sigrpal from the VOO to
provide 250 wmilliwatts drive to the
power amplifier. .

In addition to tripling the input
signal and providing approximately 24
‘B gain, the exciter contains trhe
filter «clircuits that determine Cthe
handwideh and spurious response
characteristics of the transuftrer.

The 134-171 MHz TX injection input
from the T™@ VA is applied to the hase
of ampliffer TR101 through attenuator
pad and ClOL. Collector wvoltage 1is
supplied through L101 and R106. C103
mat “hes the output of AMPL] to TRIPLER.

The 8 to 10 miiliwart output of
TRIOLl is coupled to the base of tripler
TR10Z.7 ClOS and L102Z bypsss the
tripler signal at the inpur of TRLO2,
and Cl06 and LI1O4 bypass the input
gignal at the output of TR102. This
improves the efficiency of tripler.
The 8 to 10 milliwgtt output from this
stage 1s coupled chrough band-pass
filter FL10Ol to AMPL2 input.

AMPLZ consiats of class-A
amplifier TR103. The 30 to 50
milliwatt output of this stage is
coupled through Cl12Z to the band-pass
filter FL1O2Z.

Following the band-pass filter
FL102 are class—A and class-B
amplifiers, TR104 and TR105
respectively. The 300 milliwatt output
of TRIO5 is coupled through impedance
matching netwerk €123 and L109 to the
band-pass filter FLLO3 which provide
the final selectivity in the exciter.

The output of band-pass Filter
FLi03 is applied through coaxial
coone:tor J10Z to the power amplifier
board.

A+, wsupplied from the frequency
Syrthesizer board is stabilized to 9V
by ICL0l (3-terminal vegulator), and
+9¥ is applied to TRIGL-TR105 via TRLD6,

Io the transmit mode, TX ENB is
low, providing a path to ground for
base current through TR106, which turns
on. 9% from the regulator ICLOL is
then applied to the exciter.

—— Service Note-

The output RF level can be
measured by conmecting a 50 ohm
dummy load to J102 and (feeding
a 0 dbBm sigoal to J10l (134-171
MHz) and grounding the TX ENB line.

The  Exciter is energized
pressing the PTI switch.

Regulated 9 wvolts is present on all
exciter stages when the transmitter is
turned an.

PA BOARD
80/100 WATT POWER AMPLIFIER

The 250mW RF output from the

exciter is applied to the PA input
connector J1., It then passes through
an attenuator consisting of resistors
R1-R3, to the power module HCl.
This wnit coneists of 3 clags~C
amplifiers te provide an output of 10 W.
The first stage of rthe power module
derives its collector voltage from the
power control circuit.

The L0 W output of the power
module drives amplifier TR1L via
impedance-matching components <¢1, Cé,
€7 and stripline ZL. The low output
impedance of TRl is transforwed to 50
chme at the output end of CI8 by
Cl0-Ci4, Cl6, Cl18 aand stripline 22.

Ll and L2 are the DC return and
stabilizing network in the base of TR1.

The ocutput of TRl is coupled o a
Wilkinson power splitter comsisting of
microstrip Z13.

The power amplifier stages comsist
of two ideatical paralleled class ¢
pover smplifiers (TH2Z, TR3). L3 and
E3% are the DC return and stabilizing
network in the bese of TRZ, while L5
and R35 wmake up the petwork in the base
of TR3. Supply wvoltage (A*) for TRZ
and TR} coupled cthrough coilector feed
network L17, L18, L19 and L20,

The output of TR2Z and TBR3 is
applied to & Wilkioson power combiner
(z14).

The output of the combiner passes
through the directional coupler. The
rectified signale produced by CD1l and
CD2 provide a measure of the forward
and reflected power levels respectively.

After passing through the
directional coupler the output 1is
coupled to the low-pase filter
consisting of LB-L10 and C62-C68
through antenna relay Kl. 1In the RX
mode, signala from the antenna are
coupled via K1 the low-pass filter
consisting of L1ll, L12 and C70-C73.
CD3i-Cpb provide receiver iaput
protection agsinat strong signels at
the antenna conoector in the receive
wode .

30/35 W POWER AMPLIFIER

The circuit of the 30/3% W PA is
the same ag 80/100 W unit, except that
the 50 ohm output of TRl 1is fed
directly to the directional coupler,
and TRZ and TR} are not used.

FOWER CONTROL CIRCUIT

The power control circult provides
power leveling as well as thermal
protection for the PA.

When the transmlitter {8 keyed, RF
is rectified by CDL. The resulting DC
turns on RF switch TR4-TR7. Turniag on
TRS applies collector voltage to the

1ot EF driwver ctrassistor in cthe PA
sodule.

If cthe power output should start
to increase above t*e level ser b. RVI,
TRS will start to comdact. This causes
TR] to coaduct less, rveducing the
collector voltage of TR5S to the lst RF
driver transistor in the PA module.

Thermal protecriom is provided =y
temperature compensating resistor R27.

When the heat sink temperature rises
above 90 °C, the resistance of R27
locreases and rhe pover output is
reduced to 60 W.

Do not operate the trausmitter
at levels higher than rated
cutput. Operating at higher
"than rated output will shortem
the life of the RF power trans-
sistor.

- - —

RECEIVER BOARD

The FM dual-conversion, super-
hetrerodyne recelver s designed for
operation 1n the 403-512 Miz frequency
ranges. A regulated 9.0 wvolcs is
provided to all receiver stages except
the audio PA IC, which operates fromw
the switched A+ supply.

The recelver has intermediate
frequencies of 82.2 MHz and 435 kHz.
Ad jacent channe 1 gelectivity is
obtained by using two band-pass
filters: a 82.2 MHz crystal filter and
a 455 kHz ceramic filter.

All of the receiver «circultry
except the ayntheslzer, audio preamp,
audia PA, and squelch clreuir 1s
mounted on the Rx board. The recelver
consists of:

e Front end and Mixer

e 82.2 MMz 1gt IF, 455 kHz 2nd IF
and FM Detctor

o Audlo PA
Squelch
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RECEIVER FRONT END

An RF signal from the antenna 1s
coupled Cthrough the low pass fllter,
anteona relay, and Dbaod-pass filter
(FL40l} to the input of #F amplifier
TR4O1. The output of TR401 is coupled
through band-pass filter (FL4D2) and
band-pass filter (FL403) rto the inpul
of lst mixer HCL4O01 . Fronr-eod
selectivity 15 provided by these band-
pass filrer.

RECEIVER INJECTION

Recefver RF injection (320.8-429.8
MHz} from the synthesizer V@ (s
applied to amplifier TR&402 through
J402. The input level at J402 will bhe
between 1.0 amd 2.0 milliwatcs, 1.0
mi.liwatts winimoum. The outpur of
anplifier TR402 is coupled to the input
of amplifier TR403. The output of
amplifier TR403 is filtered by a band-
pass fllter (FL404}. This filter tis
tuned to pass frequencies in the 320.8-
429.8 MHz passband.

Lst MIXER

The first mlxer is a
double-balanced dicde mixer (HC40L)
that converts a signal In 403-512 MKz
range to the 82.2 Mz first IF
frequency.

Ir the mixer stage, RF from the
front-end RF filrer is applied to one
tnput of the mixer. Injection voltage
from the amplifier stages is applied to
the other input of the mixer., The 82.2
MHz lst IF output signal is c¢oupled
from the output of HC40l through €301
to  tin  sSgurce input  of [F  aMPL
TR501/504. TR501/504 are a  JFET
amplifier/buffer stage. The cutput of
the JFET buffer is coupled through C504
to a 4-pole XTAL  Dband-pass filter
(FL501).

Ist IF

The highly-selective crystal
filters FL501-1 and FI350l-2 provide the
first portiomr of the recefver IF
selectivity. The output of the filters
{3 coupled through {mpedance matching
network L5306, CH7 and C508 to thme lat
IF amplifier TBR503.

The crystal filter output of FL5QL
is applied to the base of the lst IF
amplifier TR503, amd the amplified
signal {5 taken from the collector.
The amplifier provides approximately 20
dB of IF gain. The output 15 coupled
through an impedance matching network,
L5507, €510 and R307 that matches the
amplifier outpur to the input of
FL502. The output of the filter 1is
coupled through impedance-matching
network L5508, €511 and R308 to the 2nd
mixer HC30L,

Znd MIXER

HC 501 and associated circuitry
comprise the 2nd oscitlator and Znd
mixer.

The 82.2 HHz IF input is applied
to pian 7 and mixed with an 82.655 Miz
frequency supplied by crystal
oscillator x501. L509 sets the
frequency of X501.

Z2nd [F AND DETECTOR

The output of the 2nd mpixer is
coupled toe the 4-pele ceramic filter,
which provides the 455 kHz selectiviry.
The output of the ceramlc filter is
coupled to the base of TR504, The
transistor provides limiting for the
455 kHz IF signal (1.4Vp-p) to prevent
high level overloading of ICS50L.

IC501 and assoclated circultry
function as the IF amplifier and FHM
detector.

The 455 kHz IF iaput is applied to
pin 18,

The IF gignal 1is ssplified =l
applied to a é&-pole ceramic fllrer
FL304 which provides the &5 kHz
selectivity. The output of the 455 kHz
filter is applied to IC501-5. The 2nd
1P signal {s amplified and limited.

L511 shifts the IF sigral by 90° and

applies it to the internal FM

detector. The FM detector compares the

shifted IF signal to the internal IF

recover t e auwdio

The audio output of IC501

ia applied to the system control umit
via the level control, EV501.

GE Mobile Communicstions

Ganrad Flocinc £
{ynehburg, Virgneg 24502
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cNel.

Hiicen, WY1 Pewer ampliffier. 4
{500mx, 11.9) siw ta Mitmeld ghd
0

(Waed ia OWS-234 58, W =ad OO,
$1ltcon, Wir rie te WL JEFVN-TY.
Silices. FF: =i tv Fareashd e
et

Silicen, NI rin o I J9DOM-T
(Uand tn CAB-ISS AN, W aai CH}._

Slijcsn. NN she e B JEOS-TI.

LT

|




DESCRIPTION

BT SEAAROOROL

l N SCRaADL S
R SCSar 0T 1
PN/ SO0 181

BLY/ 5CLAN00 192

MY/ MLATOO0 18

P18 SRLATDO0 23

RO/ SMTaATO0] B

B19/ a0 2y

P19/ SLATON ] Y

D19/ S ATODDR4

1% WLATOMOTT?

1% SHLATOONT )

Bl SATATO0OT 4

Crramic: bpf 0. 3pF, $NOOH, Lamp
carf .
(Ced Ta CAP-2% 4 2sd B},

Cofmuler IpF +8_I%F, JOVDCH, tewp
cos! T«$Oppa.
| (Uoad Tn CAF-F3 €1,

|Cavamle: 4pr +0.159F, MDY, Lemp
coel Ordippa.

Elecarelycicr  TOuF »30T. 1YTRCY.
Tatalwe: AW +201. 3SVRCH,

Cormmic: O.loF +801, -NT, Wy,
temp cowf »¥) -NOX,

Cernmic: 2200pF +5I, S0WDCW,

tray cort +130 = D00ppa.

(Dmad 16 CAP-1F4 & and BY.

Coramic: 100pF 23, SO0V, rems
coef Orilipgm_

Carmmic: 10UpF #31, MABCU, temp —1
counf Geibpmm.

riobE

Stilcon, fast recovery (1 dicden im
sarten): wim Co Toshiba LSSTEE.

FILTIRS

AF B.P.7.: Faws heod $03440 wp:.
(Wewd 1w CAF-T50M).

RF B.F.F.: Pams band MO-AT) MRy,
(Usww) in CAF-Z588).

AF LF.P.: Fass basd 4703510y,
(Onaed 1n CAP-ISHC).

RFE LP.F.: Poss bemd M0340Pmz,
(Oaend in CAP-7584).

BF ELP.F.1 Paws bosd 440—6T0ME:.
(Bowd Lu CAP-ZV68) .

EF LP.F.: PFawe bawl 4705126
(Dagd 1w CAF-254C),

RF B.F.7.: Puum bidd 405ddml .
(Uoed fu CAP-2544).

RF B.F.F.:  Fuss homd 440400z,
(Oned (o CaAF-1%68).

BF B.7.F.r Fose bemd ATO-T1DWx.
(Boad 1 CAF-234C).
——— OFTORATER CIMYTTS —

Lletar, Fositive Voltage Repulatvor:
siE G Nmremditg ABESA] .

Tl ———
Comtpetor, AF,

Commctor, & pIn.

HA/SLAFNIT 23
MIA/GLATRO) Mk
BABArN0] 43
BVELAFMOLIS

amrm. |

Wetal Film:
L

Mycal filw:
1/,

AEEESTORS ————
2 shma 3T, 200VICH,

POskem +IT, 200vECH,

1.9 clmg *3T, 200VECW,

330 chas 5T, 200VHCN,

470 shan ST, 200VBCH,
1.5K chumn 5T, 200YSCH,
X3 ohan +51, 200VOCH,
70ukps $5T, TONVRCH,
Iicksa $5T, HOTRCE,

8 shom, LW,

1.7K shes 351, 200VICH,
130 chus +38, NN,
4 shan +51. FENRCY,
IW shun 51, PFEVICN,
1.7K slmm +5X, 2MWRCY,
IMwkas +51, 20WONCE,

Ilvhaa +30. HOWMCE,

110 chou 31, 20WWRNCW,

1.58 shea v58, 2eNWRCH,

:EREEREE B

B
3

§8 8 ERQ B B

otal fils Z20shme $5I. 2OWSCH.,
Ve

Matal fila: 4. Tolas SE, MOWRCN,
U

Metal f1in: 1K e o3%, NTCE,
L.

Metel Film: 1.0K sims o3I, JOTICR.
1w

|metat t11m 820 ctms +5%, 200D,

7, 8
Eatal fils: 5.6 sbme s}it, WAVROY,
Vi,
matal Bl 830 olme +31. BMTWCY,
1.
Wrtel Pl 4.7 shem +50y NOVRCH,

meal files 10 chpm SR, MMAWCH,
Vem. (Weed in CaF-35% & s B,

|mwear £12m: 22 st o5t 200WRCN,
Ve
Matal fller X0 shum +3X, MWW,
Ve,

$ilicen, MFE: wis t» ENC JOCITHY.
Stlicen, EPs: sin ty WOC PRCTNSE.

Sltom, WE: «in e Tkl
CII5T.

Silicom, ME: win te Taskilw
sy,

Slices, atp e WEC PROIMX.
e o5 Veshed b

Mmgg B gmeg i

LA/ 50hE811 N

MANCAR YT

W SEaARNETS

AR

: B.OVRT S10L, 2IUNCH, temp
LR

Tn OC-1204, C).
B4l
Tond e OB-1320).
losal #3589 ~

W ICALNNNOD 1 150pF 43K, JWCE, cemp
Ssbiyen.

1 S +0.25pF, WNTICH, vap
: T 40.59F, NNHY, tesy

3 Mgl s1EE, WVICY, vem
100y

1000pF 4161, SVECY, tamp
180hygs.




DESCRIPTION

B1%/3CAADCOTRY

B/ 3CAADO1L30Y

B/ SCAADDONTE

B SCAADOL XY

Coramic1  ATRIRR S10L, SOVICW, tesp
coaf 3101,

Cormmic1 2TpF +54, OVDCH, teep
coat =T¥0 +110ppa.

Coramisi 4108, SOTDOM, cemp
couf #3340 -

Carssic1 ¥ 31, J0MCH, temp
conf -750 #1320 pp
(Owed In CHE-132K, 9).
431, SOTDCM,

(Used 1n CHG-

lips +31, SOTOCH,
conl =750 +110 ppe
{Dned Ln OWE-133, B}
Coramic] 18gF +31, XADOV,
couf =750 41
(Ueed 1o ONG-132C).
Cetumic1 W0 100, JOTOCH, temp
cosf
toeed Ta OMG-1324)
Cormsic1 SpF +0.159F, SOVDOM, ueep
coat Ovilppm
(Dead In CWG-132D).
Ceramici 1pF #0.15pF, SOVOOM
cenf CriOppn
(Doed Ta ONG-132¢).
Ceramizl 1000pF #10%, C¥OOW. tmmp
coaf +350 -1000ppa.
Ceramic: 12pF #31, JVDIN, tewy
coat Orilppa.
Coremic1  1000pr +101, TOON, temp
cosl #3350 -1000ppa.
Ceramic: L3pF ¢S, SOVDDV, temp
eosf Oedlppm.

Cevamic: 1pf 0.19F, S0YDCN, temp
coaf O -

Coremic: lmml. SOV, Lewp
eoaf +330 -1 N

Coramict 1BpF ¢3T, 30VDCN, Cemp
copl Orblppr.

(Dead Ta OK-1324).

Cavemicr I2pF 5%, 0VDOM,
Coel OvbOppm.

(Oned Tm ONG-122D, €],

Cersmict IPpr +51, SOVOOM,
coef -750 #

(Qued fu CHE-

Coramier LTgpF #5%,

coel ~730 31

{Dped {n Cic~2

Ceramlc: Vgl 33T,

canf ~T5D #1L

(tised in CiC- m

Cormmict pF «0.1F, 5PN, Loy
coat eldpps.

{Uped Tn OR-1320).

R FAKT WO,

PESCRITTION

B19/ ACAADODRTZ

LY/ SGAADODTES

L/ SCALDOO TS

B/ SCAADOUITT

219/ 5CAADOORTY

LY/ SCAADCOTY

19/3CADI0 T

B9/ SCAADOCSLE

B19/ SCAADODA00

D19 SCAADOO TS

BIH/SCAMDOO TIE

B1%/ SCAADOOBOL

L9/ 3CAADDD 83

(AL Yl

w4/ SCAADO LT

LS ICAADODE FE

WA ICAADOLIN

A SCAAR01 19

B4/ ICAABO0NNS

MY AR N

19/ MALBOOKTS

N1/ MCAADDONES

Ceramict Sy H0.5F, 3OVDQW, cemp

coef Délppa.

{Vsed To OE-1320).

Cevamic: 10pF 20.59F, SOTOCH, tesp

coef -

(Used Ta OKG-132C).

Cersmict 1pF 40.25pF, YOTDOW, tasp

coef O+iOppm.

(Ueed Ta OW-1324).

Cerumic: Ty $0.3pF, SOVDCH, temp

coaf Denlyppm.

(Wsed Tn ONG-1320).

Ceramic: g +0.%pF, SOVDOW, vamp
f G+4Oppa.

?5:-4 Ta GO-1320).

Ceremic: ATOOpF +10%, SOVDOW,
coaf »101.

Coramic: b 40,130, 3OMCM,
cont OGeblppm.

(Doad Tn CMC-1320).
Carmnic: i #0.139F,
conf (silppn.

(Uned 1n OE-1XB).
Ceramic: ¥ #0.13pF,
coel (380pmm.

(Used Tn OG-131C).
Ceramict 1pF #0.159%,
coa? O+idppa.

(Omad 1o CHG-1324).
Cermmic: 1pF +0.25pF,
couf (Hilppa.

(teed Ta DE-120W).
Caramic: WF 3.ThF,
cosf

{Ueed Ta ONG-1320),

Cernmict  AN0pF 3101, SOVRCU, temp
coaf *10%.

Cormie: 1000pr +101, MOVIW, ramp
conf +23 -1000ppm.

Cevamfc:  JpF $37, J0TICY, tamg
conl -750 +130mm.

Cormmie: 1 AI0E, VRCE. vewp
couf ¢)¥0 - )

Cormwic: Iph #5%, Mradl, ceap
coaf ~750 &lﬁr-

Cevenic: Ligh o +5%, S0VECH, tamp
coef =730 +120ppm.

Cerantc: ¥ 40.1%F, MWCE, cemp
coef Obilpp.

Corpndes O.04TF 10K, I9VECN, vemp
ol o101,

Cotamic: LMyl *10T, VY, tawp
conf + 250 —100gpn.

Cormmde1 I1pF #5%. STIOR, tuay
ot Brifpra

GE PAKT MO.

PESCRIFTION

DESCRIPTION

g 8 & ¢ ¥ &

$19/3CAAD0O7YS

DI/ SCAMDDOTYS

1Y/ 5CAANDOITS

MY/ SCTAM19ST
WIS/ SCEAADTO2E
1Y/ SCRAMDSSTS

119/ 5caaanr?

Coramic: 1pf $0.15pF, 3OVECW, tewp
couf OM .

Cermaic: ¢ +0.159F, NVON, Lewp
cosf CriDppu.

Covemlc: 1000yP 103, SOVDCW, tewp
coef +330 -1000ppa.

Electrolytic: 47wl #2301, WVRCN.
Hectrolytic: 10wF +20%, 16¥0CW.
Metallized Flascier 0.1uF +M,

Klectralytict 100uF +30T, 14V90E.

Cermmlcy 4107, 30VDOH,
cont 4350 -1

Coramie: 0.047u7 #1101, IWRCW, taup
coaf $30K.

Caranic: Jpr +0.23pF, MVOON, e
cost Osilppm.

{Daed Ta O%-1310).

Coramict &pF +0.259F, SOVDCH, cep
cont G0ppm.

(tned In QE-1320).

cn:ﬂ-c: Bt 0. BgF, XTIV, teap
coe!

(Oued Tn cmO-121).

Cerumic: 2pF 0.1%F, XTIV, tamp
coet OriOpge.

(ised Ta OG-122C).

Cavamle: 1pF #0.139F, SOVEQY. cimp
coul OeOppm.

(Vend Ta CNG-132, ©),

Curambe: JpFf +0.T5pF, VRV, twap
el (uidppm.

(Bosd Ts Oc-1303.

Coeramfc: 4TOSpr +10X, MVRCE. tomy
coef +10K,

Carspic: gl +0.Ded, SOVECH. veaw
coat DviOppe.
(Dend Tn ONG-L3Z8, C).

Gll'ﬂc: » Jce,
canl Geilipgn ti.-a ™ un-mn

Coramic: UgFf +0.T5pF, TRV, tenp
o-a—(luct-cn-um

Cormnic: IpFf +8.1397, . Uiy
st So50pym (ot uun-mn €l

Cormate: APSIgE 2Y0L, MOWECY. temp
conf o3IO

Commplc: &MpF 5%, WWKY, Leay
canit Sribype.

Caramiic: 1000gr s3it. SWNCN. tewp
cont 230 -1000gpin.

gELGER 8 in

B O L

Coramd, 1 + 0TRCY,
conl O;lﬂ -Wm—.w .
Cavemic: ATpR +3T, SOVDCH, tesy
coaf 060ppn.

(Ueed Ta O®-1320).

Coevamic: Mgf +5%, SOVDCH, temp
wfﬁﬂhl’hﬂllmlm -]

Teatalam: WP 220, d5vOCW,

Commmic: L0DpF #5I, S0VICW, tewp
coef 0+80ppm.

Cermmic: 1000pF +100, SOVICY, vamp
cosf +350 -1000pga.

Corpmic: I7pF 433, SOVCN, remyp
conf DiiOppn (Uied 1n OE-1324).

Coramlc: IIpF 451, SOVDCY, tasp
conf Dby,
(Veed Ta OG-1328.0).

Covamic: 80P 101, TNV, temyp
coef +330 -1000pps.

Teatslwa: 0.4TpF +20%, L9VECH.
Towtolum: 1nf +20%, )ETCY.
Warisble: oy 10pr.

BIOMES
Silicen, fest recwvery (2 disdet in
series): wsiw ta Teshibe LSRN,

Siliceon, faur racewery (2 digdes wich
melde rommem}: wim e Tesldbs
118,

$iticem, Yartahls Cageeritatre Modus:
sim to Ricaghl Lovef,

Silieen, fast Pecwssry {mvicchisg)c
sie oo Hitachd LIELIS.

filicm (Schetthy Barrisr): =ia o
- 15T

$11licam, Seriable Coparitemee Dhados:

Siliem, fest reoswery (ewitching):
uia o Nitseld ISETIS.

filtess, Toriabls Copucimmce Sadun:
sin te Machd 198,
(Gsed in OWO~1108)




DESCRIPTION

CE PAKT O

DECRTPTION

e B B EOE EE

19/ MLATO0031

B8/ SHLATOOOS

B % SHLATODO 14

B9/ SHLATO00 51

19/ SMLATO00 30

B13 SNLATOOO14

B19/ SBAAID0IZS
L9/ SODATOO20%
B9/ SMaNi00T 8

BLY/ SAAIO0I 59

W S Nms0017)
FL4 S UCLOO0DL 5

BLY/ 37uwaDa1 74

B/ SLAACO00 52
TN A CA000 | 74

BV SLCABMOO 1

MY RLACO0L 74

BLS/ SLEADDOL 74

19 RLAMOD0L2

N LCAL00L TS

Silicon, fzat Tecowery (2 digdea im
series); wln to Tosbiba 1$3216.

FILTERS

KP fileer BPP 330-138 My
(Uned 1a OK-1328),

RF [llter BPT 357-}0NE:
(Daed 1a ORG-132B).

AF fileer BPF 384 Xowix
(aad In OMG-132C).

RF fiitar SPF J20-15002
{(Uoed 1n CHC-13TA).

¥ Filter BN )57- Mz
(Usad 1w CMC-1323).

RF filter BPF J8d4-4dOwSiy
(Used im ORC-1020).

INTECRATED CIRCUTY
Syachawizarr CHDS serlal imput.
Frescalarr wim t¢ Fuiives MRSOLP.
Pusl Comparstor: aim ko WJRT
).

bigitsl, Bilaters! swriteh: aim [o
Notorola MC1&0dE,

Podivive Voltage Regmlator: alw to
Mateushits ANGIL1.

JaCys

Crystal Socket.

Coumrctor, 10 pims.
Commector, A¥,

Comtarcror, § plus.

CoTTS
Coll, RY.

Choke colls 0.68 ul 4108
(Used Ln CHG-LY28),

Chobe colls Il #10T.
Uaed 1a CRG~1379T,

Ohvolia £ofl: O.4F ol +10%
(Usad Ln OG- LIIC).

Chaka colls 068 Wl $10X
{Vaed ia OE-1320).

Chpliy coll: L wll +i0L
(Bed 1u OE-1329)_

Chaloe eolls .47 ul +1FT
(Cwed 1n ORC-LIC). —

§ 5 BB BLp oEeg ERG(§

B19/SLCACD0] T4

B9/ SLCADDOL T

B1% SLAACODDSS
B/ EAACO004 7
RS/ SOA0001 36

219/ 5LCAC00T T

B19/51LCap00012
B9/ SLAMDDO0S)
B19/ SLAALCDDO 52
19/ SLAACDOG S0
LY/ SLAMCODDS2
"9/ WCAMIDT P8

B19/5LEARDOC 2

MY OO 7

D19/ 3LCAC00] 76

W19/ OAM000 12

B9/ ALCACDO 7

B SLCACR01 e

B SLCAO00T M

¥ SLOAC00T 1%

B9 SLCACOD 1 M

B SLCAMDE M

L e b

LAY SLCACIN] 78

M SLCAON] 7%

B SLAAUIENS ¥
Y Sl
MY AN

Chaglh
(e
- ]
(Wead

Chuit
(Vnd

Cell,
Cail,

Call,

collr D.Glyll 4108

cofl: 1.3am #10%
in OE-LR4, B).

collr 0.6luf 310T

s ORG=113C).

EF (Qoed Im CWG-1J2A1.
RF (Caad 1a OMG-1X78, C).

collt 1.%R +101.
™ o118, D.

cofl: LuN e10X.
in OE-11CY,

coll: 1wl +30T

r.

. ¥ (Umpd 1m O%-]1XZ4, 1),

EF (Sead in OE-1130).
RF,

collls O.87pm +10%.
In OK-13TA) T

ollr 1wl 10X
ta CuG-1318¥

coflr 0.Xhda 100
ia ONC-133C)

cell: O ATyl :gu
is OMG-I2A)

coll:r 1pl 16X
1s QE-1328Y

coll: 0.Xhll 181
ta OE-LY20) T

coil: S.4TA s3RL
1= OG-132a, Y

call: Byl s10E
in OG- -

coll: O.4Na sl
s OE-1Ra, T,

cofl: O.50N s30W
ta OE-1YI0).

coil: 0.5l »pil
in -3 8T

o] B AR IR
tm CMG-1X3C).

&F (Weead (n ONC-TKIM).
AF (vewd 1= CE-1L92N).
Y (Seed &= ONG-1%0C3.

FE 8§ SEE B B[}

y 84 8 &8 B 6 B B B G yMARRME R OB R OB

Cheha coil: 1.0 ull 3162
(Wead 1 OO-13M. Y.

Cheke oollr 1.5 off +100
(Wond 1n O-LNG),

Chwhs woll: lai +08K.

PP e

AL 033 ALl
4
|
A
|

R F 8§ BRR R OQ OB OGOB OB OB OB OBGLE R OROEOEOROGOE

N

L

1

NN R B EEEEEE

—

[
|




GE PART WO.

DESCRIFTION

UL PAKT WO

GE PART MO,

DESCALFTION

GL PART WO,

DESCRIPYION

319/ MEAGOOST5

B9/ 3REACOO0 594

B19/ SKEAGOOH 20

B19/ SREAGOGS P4

B39/ SWEAGDD 501

L9/ SREACOOSTS

BL9 SREAGDO 39

B19/ SAEACOO6 X1

BI1%/ MUEAGDOG TS

D197 SAEAGDO 5 T4

B19/SREAZDD 58)

LI/ 3REAGDD T2

15/ IREACDO 586

B3/ IRENGOOTST

D19/ EAGO0 9L

BLE/ SAZAGOOS8]

BLO/SREACOO 576

L9/ RBACDO576

D)9/ MEAGOOSTT

LI/ SREACOOS5TY

B1S/3REAC00372

B3/ IEALO0 596

BL9/ SREAGOOSTB

B19/ MEAGDO37)

D19/ SREACOO5 9T

1,2% ohms $3T, 200VIVV,

220 ohas +5%, 200VDOW,

33 obma 451, 200 VBOW,
120 ohea +31, 200VDOW,
12X olms +5%, I00VDOM,
106 otmy +51, JOOVDLW,
15K obam #5351, 200VDOW,
68 chas +3%, 200VDCW,

5.6k ohms +5T, JD0VDCW,
L.5X chaa +3%, 200VDOM,
150 ohma +3%, 200VDOV,
8% obms 5%, HMOVDDW,

100 ohme 433, 200VDLMW,
87 ches +3T, I00VDCW,

GBD ohme +31, 200VDOH,
2N obwa +51. 200VDCW,

1o CHG-13T4, B}

10K ohms 3%, 200VDOW,
s cup-13%c)

108 ohea +5I, Z00VDRLW,
18 CHE-133A}

4. 0K ovmy +3%, 200VDDM,
18 CHe-1378).

4.7x ohms 351, MOVDCW,
1o OE-132)

1K obma 338, 200VDCW,

E3K ohas <351, 200¥DCV,

475 ohma +3T, 2007DCW,

47K ohms 31, 200VDOW,

1M ohas 5T, HOVDCW,

D15/ SREACOTST2

§1%/ IAEACDDE 1Y

B19/ SAEACOO3 T4

15/ SARAGOD 586

B19/5RRAGODR 0

B1%/ SREAGOO 301

B19/ MEAGDDS92

B9/ SKPAGDES 96

BLY/ SREACHD 397

B9/ SRIMADIL TS

B1%/DAADTL TS

B9/ SUEAGHO 394

BE/ SRYADDO TS

BLY/STRAMMODSS

B9/ 5STDAR00O 54

BLS/STRAMOOSS
19/ STCALODO4T

B9/ 5TCAZOO011

B2/ STHARDOD0 2

BLOY ITCAGOO04 T

B19/ATCAZODO1 L

B9/ STCACODTH 7

ete) IX chis $3%, BOOVDON,
Y[

Matal 12 ohms +31, HOVRW,
V"7 -

Matal 190 olms «3T, 200VDOW,
i

Matal fllm1 100 ohms +51, 2007DCK,
Vi,

Metad [ilw: 13 ohes 431, 200VDCW,
1700,

Metal film1 21K ohma +51, 200VDOM,
17w, -

CUsed in ORG-112a1

Metal rilmz 33 7 ohma #31, 200900V,
/i,

(Uned In OG-131M).

setal f1lsr 15K ohss +31, 200VDCW,

1/,
(Daed [a CWG-132C).

Hetal filmi XM ohms +51, 200WDOW,
1w -

Carbon Fllm: &7 ohms #5351, MMVDOW,
1748, (Used in CMG-)YEA),

Carbon fllm: &7 ohea +31, MOVDCW,
1/, (Used tn CM3-13FA3,

Hatal filmr 220 phes +31, I00WDOW,
L.

Varlable: 108 ohms :m. 6.1w,

———— TRANS[STORS —=———

Elifcen, PHFI aim 1o NEC 283624,

Sltcon, NP

Silicon, PP aim (o NEC 253624,
Silicom, WPW: wmilm €0 Mataushira
5C1110.

Sillcon, NPM: o Sanyo ISCIINB.

¥ethancel, Tleld effect. (Juaction
Single Gatedr sim co Semy ISE125.

S5l1con, NPH: »sils to Matsushits
w300

Silteon, WPN: aim to Sanye ISCI39N,

S$ilicon, NPNI sis t0 Matsushita
s,

BUA/STCAZODOLL

BiY/ STEARDODOT

BL9/ STCAGOODS ¥

BLY/ STCAZO0OL )
B19/ 5TDASODO M4
BEV/STCAZODOL]

B19/6KNFDOOOL 7
B19/6XNFIQ00 1O
BLY/CMA-23%
BLO/CHA-2398
BLO/CA-129C
B19/0MA- 239D
B19/0MA-2)5E
B19/CHA-239F

BLI/CHA-T29C
BY9/CHA-2)9H

B9/ ICAADODTS 2

B9/ YCAALDD) 96

LY/ SCAADDO9 2

B9/ SCAADDDTES

BN/ YCEAMDLR LG

19/ SCAADDO 789

19/ 3CAMDODBOL

3149/ JCAADOD T94

B19/5CAADOD TS

BI%/ 3CAADOOB0]

B9/ YCAADDOT 3

BLY/ SCAMDOO TS

BL9SMCEAADIBLE

B9/ SCEALDDOR0 )

N9/ SAADOOTEY

Silicon, WPM: asim o Saayo ISCII9E.

R—charmel, [ield effect (Junction
Siagle Cata): sim to fony 1IKIT%.

Silicon, WMI:  pim to Hatsuehlla
28C31L0.

Silicom, BPW: alm to Sanyo IECI)9E.
Silicon, WP ale o MEC PIDY96.

Silicon, WP aim [ Ssnyo ISCI198.

Melerence Ouclllavor wmit. (Srandard
Sppm U)

Referance Oscillator ynit. (Oprion
Ippm U/BOD}

Cermmlc: 4FOpF 31, SOVDLW, rewp
coal +10%.

Cocamic: Ip¥ =0 13pF, WWDOM, tewmp
coaf QrtOppm,

Ceramic: &lpF »31, SOVDCW, remp
conf O=60ppm,

Ceramic: 0.01uF +10%, YOVDOH, (emp
coel 102,

Blectralytic: &7uF 120%, I5¥DOW.

Cersmic: U.0lF 2101, 3VDEW, camp
coef 2107,

Cormmigi kpf +O.71%pF, MAVDOM, temp
corl Detlppa.

Cermmic. 13p¥ »31, SONDCW, tewp
coefl Gebdppm.

Ceramic: O0.0LuF +10t, SOVDCW, “emp
coaf siof.

Caramlc: 4pF »0,25pF, MANDEW, tewp
coul Grélppm.

Carmmic: 13pF »3L, SOVDON, comp
coaf (tilppm.

Cergmic: O.01eF sL0L, YOWDOW, comp
coul »l0OL.
Elecerolytic: 4FaF 201, 7%vDOM.

Cermmic. &pF +0.I%F, SOVDLW,
temp <oaf Orédppm,

Coramic: 0.010F #10L, 3OVDOM,
tewp cowf 2101,

B19/SCAADDOTES

B1% SCAADDO TR

B L%/ SCAADOOSD |

BLES ICANDDOSTT

B9/ SCAADUOADO

B197 SCAADODD 18

197 YCAADOORD |

L9/ PCAADDON TS

219/ 3CANDOGT AT

BLF/ ICRACOOP
B9 YCAADODE 18

E19/ Y08ACO09 88

B19/ SCAADOOS TR

19/ JCEAMD IR LG

B1%/ SCAADDO 789

BL97 MCAADODE 1§

BL%/ SCRACOOIN

B19/ MDD 208

BLY/ YCEACOOYI0

B1%/ }CAADGON &b

B19/ MCEACH 1068

B3 MCARLD ST

L9/ ACEAAMDI b

19/ MCAMDOOS T

BLY/ 3CEAAD 1816
BL9/ MCEAADQTRS

Ceramic: 0.01uF 101, SOVDOW, temp
coel *101.

Coeramle: 1IpF =0.1%pF,
coel 0+60ppm.

Ceramic: 4pF »0.7%pr,
coal Utbdyppa.

Ceramlc: Fpf 20.5pf,
coel 0460ppu.

Coramic: dpF =D.I3pF, ¥WDOW,
conl O+blppn.

Cevamic: L000pF 2 10T, SHWDOW,
conl #3500 -1000ppm.

Ceramic: 4pF »0.25pF, SOVDCW,
coul O+tlppa.

Ceramic: JO0OMF 101, SOVDCW, temp
conf ¢330 -LO0D ppe.

Carsmic: LipF +31, SOVDCH, touy
coutl O+blppam.

Tontalum: O.7IuF 20X, 13VOCH.

Ceramici 1000pF :10L, 3OVDCW, femp
coef *)5%0 -100D ppn.

Tentatem: O, 73uf 2201, 1¥WpOM.
Coramlc: 1000pF +1D1, SOVDEW, temp
coel +250 - 100D ppw.

Elecerolytic: &JuF +33, T9vDOM.

Carmmic: 0.01uF =10}, SOVDCY, rewp
coaf +101.

Ceramic: |000pr »)01, SOVDEN, camp
coel +330 +000ppm.

Tantalume JgF 2201, IWDM,
Caramici 1000pF 1108, MADOW,
coel »130 -LDOC ppm.

Tantalemr (I0uF +201, F54DON.

Cramic. 4Ypr 31, YOVDOW, remgp
conf Detlppm.

Tantalem. O, luF 2701, JWDOW,

Ceramic: 1000pF » 101, MWDOM, temp
cor? +)50 -1000 ppa.

Electrolyricy 4buf o102, 13VDOM,
Cavemlic: wODDpK :IO‘I. MNDOY, tamp
conf +350 -1000 ppm.

Elecerolytic: &TF #1208, 13VDOW.

Cevamec1 0.0 F #10L, MWDOW, wemp
coel s10L.




DESCRI FTION

GL FART Mo,

DESCRI P TIow

P19/ NNATOO0 3,

BL9/ SILATO003S

WY MLATO0017?

M ¥ SALATOO0LS

B19/ MILATDOOIY

DI/ SHLATOO04 0

L9/ SUTATO004 3

19/ 3MLATO00 53

BLY/ SDEREOO00G

N1/ SHLATO00 36

218/ SNLATO00 1

15/ SNLATODG 44

B19/ SNLATOONIL

B9/ SHLATO0D4 L

B/ SHLATOO0ME

B1%/ SHLATODO S

B1%/ SMLATO00N

B19S SHLATDDO 33

15/ SHLATOO0 Y

FILTERS

RF Tiltars MF 803420
(Osad im OMA-2IW).

RF filver: NP &10-4 30z
(Osed o CHa-23%).

RY fileer: NPP 420—440mbix
(Used 10 CRA-139C) .

RP [1lters  3PF LhO-d60pmix
(Uned 10 OM-239).

RF filter) BPF 430-40ps
{Omed 1a CHA-298),

LF fliter: BPF & PO-LA0MH
{imed 1o CWA-2197).

RF Fileeri PP A02-MOWHx
(Used tn OWA-2390).

RF {ilver: 3PP 488-51Dax
(Onsed (n CMA-2IW),

RF f{lter1  BFF 40)-AZBEg
(Omrd in CMA-2390) .

RF ftleer: DPF 4104 )0Mmy
(Umed {n OU-23903.

RF FileeT: BPF 420-440Wz
(Used 1a OU-1IN),

AF Fliver: BPF 440-480MHn
(Uned In OMx-2390),

RE Filteri BPF 450-470Wix
(Osed in CMA-239R).

RF Flltec: 3PP 470—i8Bwir
{Dsed In CMA-219F),

RF filtect BPF L82- S00WNE
(Peed {0 CHA-239G) .

AF filter: BPF 48B-3)04r
(Umed in cMA-FYN),

AF fileer: BPF 6042 D8ix
(Umed 1m DMA-23993,

RF Fileer:  BPF 410—4 30wtz
(Used in CMA-2393},

RF fIleart BPF 4H0-440MHz

B3 LATOO0A ¥

{Used fD CMA-239C) .

EF filtert BPF 440-460081s
(Goed In OMA-2M9D) .

DL/ SNLATODODS | A7 fdlver: iy 450~4 1hore

(Oved 1w CHA-229E),

BLY/SNTATO004D |RF fUlver: por 4T0-4 8alx
{Used 1o DMA-2397),

B19/SHLATODOAY | KF {[)ter: P 482- 300t

(Used fn CMA-739),

BLEMLATOOO05E | AF fileers WPy 488-5) hiix

(Used in CHA-Z39M3,

19/ 50HBR00OO? | RF Zilcer: mpP 320- 3500

{(Uawd in CHA-2I%9, B and C),

B13/SNLATODOY2 | RF [ilter: BPP 357-)8&e

(Used In CWA-2)9 and E3,

EL 9/ SMLATO004 2

19/ STMAADGE
1%/ STHAADDNO]
B9/ SHRALDOL 'S
P19/ DWALOO0L |

PSS AATOO0 2
319/ 0iDe00 1 89

BLY/ SDOAS000 74

BLY/ SDAAROOET 1

B19/3uCT0004 5

B9/ SIEs00 1 78
B19/3J6CLO004 7

B1%/6LAFDO11 1)
BIS/SLAFDOI 158
RN V/BLArDo11 Y
R/ BLAFDO) L 56
BIS/ALAPDOIL IS
B1%/ 3LCACONIS)

BL9/ILCACOO 160
B15/61AYD01318
BE9/SLADDDOAS )

B19/ 8LADDOOS 54
BIRS SLOACOD18S
R19/ELAFDOOR? 7

R19/5RDACO21 4

BIF/SADRCO21 32

B9/ SADACOZ 140

BF fliver: PF i4—4 30w
(Dasd in ORIV, G amd M),

Crywtal filter: 2 P,
Cryswal flieev: Bi.Dg
Carmmic ftlrar: 43%%x

Coeramic filter: ASSkRx,

BYWID CIRCOITS ———
Domble Balanerd Mizer,
Linear, 2'nd Mizer! slw to Jut
DADE1 B
——— DMECRATED CIRCUITS ————ma

Limear, I7 Amplifier & Dwlwctor:
sia tq Motorola MCIISOP,

Linear, Posttive ¥oliage Regulator:
sls to Matsushira AMESL],

— = COELTMS ———————

Connecrar, WF.

Connectar, 10pina,

Connacror, WP,

Cotl, mr,
Coll, hrF,
Cotl, wr,
Coll, RP.
Coll, mr,

Choke colll D.1uM +10%,

Choke colli 3. 3um oz,
Coll, Ar,

Cotl, wr.

Colti, ar.
Choke eolt: 0, 23pp o,
Cotl, my,

——— e

Metal filmr
Ve,

Metal fila:

1/ 0w,

Matal film:

e,

|

CT PART WO.

DEBCRIFTION

N15/ SEWCO2137

P19/ SROACOL2SY

L9/ MMBACOT1A)

D19/ SRDACO2ESY

K19/ JDACO2 0

BL9/ SRIMCO21 23

B9/ SRIMCR 129

B SeDaCOR1 38

2 Sebal01141 I-uu 1 film

M3/ 5RMCD21)7 | meral Flle:
1w,

B1Y/ SADACOILAD | Wetsl Film
Lim

K19/ SADACO2L4E | Weral Pilmr

L,

MY SBDAC0T14D ml.f T MHlmi

Y MABCOZLS4| wertal Flmt

e,

BLY SRAMECOZLYZ| Hetal filmt
tf

B9/ 30002153 | Hetal Fllal
%

B9/ MADACOTL 4L )5:&1 s

S15/ MADACOTLYY| Matal f1ls:
L/

B9/ SenAC0NIAD | Netal f1lmi
1/

B9/ MDACONA0 | detal Mlm:
tf

K19/ SADAC0I M0 | Metal Filmr O

B9/ R0Rc0214 | Hatal (11wt
Wi,

B9/ SRDACOZ1 54 | Metal Filmi
U

$219/380aC02132 | Hetal Eilm!
LI

B29/5RDACOILIY | Mezal filwr

1/8u,

B19/3ROACOTIAL | Metal Fllwr

L,

Wrtal (ile:
1/,

Metal f1lm:
i) N
Hetgl filmi
L.

Wetal [ilm:
LA,

etal fils:

Helal filw:
]

Mela) filae:
1.,

Metal file:
e,

10 olma $5%, 200¥DON,

100 shagw 231, 2007DCW,

ohpa

3 ohas 51, 200VDOM,
18 obms +5%, Z00YDCH,
330 olma +5%, 00YDOM,
3.6k obma #3531, HOYDLW,
It ohss +3%, 200¥00M,
470 chas 45T, 2009DCW,
10 ohes +3%, HOVDOM,
100 shas +5I, 200WDLW

330 ochas #5T, 200YDON.

18 obma #5%, 200VDCV,

30 cbma ¢5T, 2OVICN,

5.6k otma 5L, 200YDOW,
1K chwe 33T, Z00VDCV,
470 ctma #31, 200VDCW,
10 olme 5%, 260VDOV,
100 ohae +51, 200VDCH,
470 ohms $31, 2004DOM.
16 ohme $5T, 200VDCN,
420 ohme #33, 2000DCH,

0 obme

150 ohme 457, IDOVDOW,
2.7 chmp +3T, MOOVOOW,

2.2 chme $53. TOOVDOW.

R MART NO.

§§E § B

$15%/ Moaco 11 37

)% SRYANOOITS

B9/ STCARDO2 BT

B9/ STCARCOLIN
15/ STDARDO0 S

A Y2Ie0000L

18/ SA5uC0129 51:.! fils: 130K ohme &5%, 200WNCW,

B SMACIT | netal files 0 olms +55, XOVDOW,

nommnsﬂ Metal Pilm: B.IK olma +31, JMWRCW,
v,

ML/ SMDACOZLIA | Natal film1 2,IX obme +5%, 200VDCN,
U

P18/ MDACOZ1 DN a;ui film: 1.50 ohme +51, 2000DCW,
L}

.

BLY/SREACOILIS | Metal film: 2.2K whan #31, JOOYOOW,
L

BY/SREACOILZS | Wetal Milmi 710K obes +53, JDOYDOM,
1

BIW/3RDACOILY | Wetal Mimi 210 chem ¢3I, 200VDOM,
Lrtw.

B/ SRDACO2IAT | Meral filmi  J.JK ohms $3T, IDOVDOW,
L.

MI/IMDALUR1SE | Matal [ilmt &, 7K ohas #3T, NOYDOM,

1w,

SEO/SREACOZLIN | Matal filwi 470 ohae +3%, 2OOVDOM,
L/

B9/ MMBACTII M | Metal Filml ATE obam +5%, 200VDCW,
1.

SE9/MMBALTIISR | Makel film) 8.7K obma +51, 0OV,
u

DIH/IROACO21TY [Metal filei 210 ohmw 451, TOOFDOM,

1/,

Metsl Filw: 100 ohms #3T, 200¥DOW,
i

Varlablal max Dl ohas,
— TRAMSISTORS =~-——

Sillctn, NPV eis to WEC 23C3157

Mchanpsl, fivld effectt oim to
Silicos YN0

Silicom, WPM: wim to NEC HCII1D,
Silicom, XM sim to WEC Z3D5%.

CRYSTAL —~—————
Quarts crystsl: 82,6350

CRYSTAL SOCKXTS ——

Cryntal Socket .




bEECRLPTION

DESCRIFTION

BER/3CARDOITHY

B9/ JCEALD0Y 1
B19/ HCAAMOD 30
MY/ 3CEAL0 100

RI%/SCAADDLT M F

Bi9/ Wuan01827

B19/ SCEARD | 982

B9/ SOEAM LED T

B9/ 3CAADOLE Y

B19/ SCRALDGS o

RIS/ YCEACOLDBY

L/ SCAADED 1]

B3/ STRAMDOYF T
B1%/ SCRACOUPRT
B19/ SCBACOIE IS

RL9/MCAADDL DT

BIRSICRACOU] 2
BIY/ICEAMCLE IS

B4/ YCAADD 12D

L9/ F¥CLAROLOLG

BLYS HAADDITH

BLISICLAADLELY
B9/ FCAADOLIIE

BLY/HYCRACDOF DS
B9/ SCEANDL T

BL9/ SCALDODTES

BL9/YCEAADL 982

STITIN CONTIOL BOARD
e on CAPACTTORS ————— "

Cermaic: ©.1 uF »101, IVDOW, Lrmp
coaf =131

Tomtalum: 71 oF +301, LovOOM.
Polyeatsr: DODpr 31, WWDON.
Temialum-  2.7eF 20T, JVDCM.

Cormmic- O.buf +10I, 23VD0M, teagp
cowt 181,

Elmcrroiytic: 100 of +201, levDlw.

Electralytic: 47 uf *19L, [4VDOW.

Electrolytic: 100 oF 4203, L6VDOW.

Cormmic- 0.1 uf #1028, F5VORLM, femp
coxlh 131,

Polyester: 0.1 uf +31, SOVDOW.

Tantadum: 0.4 oF 4201, JSVDLM.

Cetmpic' &1pF MR, SOVDOM, rewp
coul Orélmps.

Polyescor: D.06K oF =51, JOVIQW.
Tanchluw: L wF 2702, J5UDAN.
Tantalum: 27 uF +301, L6VDCK,
Corwmic: 0.1 uf #101, Z5VDOM, (omp
comt +13E,

Tantalum: 10 of 2201, 3WDOW.
Lleccealyeic: 47 of 2301, 23vDOW,
Coramic: ¢.F ur »10%, IIVICW, Cewp
coel +131.

Elgctrolytic 41 uf 2202, 25¥0Lw,

Coramic' 0.1 of 2107, 2WVBM, temp
coel 2131,

Blectrolytic: &1 of #2017, 23¥DOW.

Cormmic; &.1 wF +10L, I}VOCW, temp
conl 213

Tantalum: 11 oF #2301, 16VDOM.
Electrolyric: &7 uf s70T, 16VELW,

Ceramic: ©.91 oF *10T, VDON, reeep
coef +101.

Elecrralytic: 47 of *10X, 1bvDOM,

B/ FICHAMDD 1 ]
B9/ SCRACDOY1 2

BRI/ 5L L]

Polyaster: Q.1 wf o51, SOFDOW.
Tantabwm: 10 wF +201, 13WDOM,

B CRARDG SRS
219/ CEACODY 19

1P/ MCRANGOS TS

319/ 3CAADOO TR

DL/ YCAADOY 237

B19/ SCAADG 12T}

B9/ JCALDOOD TES

BI9S FCAADOOR 1B

B1%/ SCRAMOUSS T
BL9/3CEALD] } 1D
819/ 5CAADCOT)

BLIS SCRAADOSE]
RIE/ SCAADODTRS

B19/ ¥CAADOO 187

B1%/ SCAADD) 204

19/ YORATO OB

3197 SCAADDO 782

B9/ ¥CEACODDE2

B9/ 3CANRDOT8G

RS FCAADOOTRY

14/ FCAADOO 78T

B/ 5CAAD01 201

BLY/SCAKDDITIY

B9/ ACAMDOD TG

BL9/ICAADDL 2D

la1 0,01 oF +10T, SOVDOW,
cosl +10X.

Polysstar: 1000pF +33, JOVBOW.

Tantolum: 11 oF +50R, 14YDOW.

Polyester: 0.1 of 51, SOYDOM.

Coramle: ©.0) «F *107, OVDOM, temy
eoaf *10I.

Cermmic: ©C.1 of =101, I5VOLN, tewp
ot =153,

Caremic: O.F of 2101, 23VD0M, teay
<ot =151,

Tentslom: | oF 2L, VDM,
Caramic: 1000pF +I0), MWBW, cemp
coad ©)30 -1000pem.

Cewmic: 0.0l wF 2101, WWDOU, Temp
conl 2101

Coramic: FDOOpF +10T, MOWDOW. remp
cosl +330 =1000ppm.

Polysster: 0.048 af <31, MVDOM.
Tlectrolpeis. 220 of 201, 234p0u.

Cernmic: 4T00pF =10, MWDOW, cemp
coel »lOL.

Polyestor: 0.06d ur 5T, OVDOW,

Carmmic: LOpF ¢33, HWDCW, cemp
coel G-Wp__ P

Cormmic' 13pF +3I, SWVIW, teap
corl Drblpps.

Coramic: 0.047 uF »L0L, 2IVDEN, temy
coef sb3N.

Tentalum: 0,47 oF s10X, 15VDOW.
Cerasic: [0OGpF ¥3E, YWDOW, [emp
coel QstDppm,

Tantalum: | uf VIR, YIVDKM,
Corsuic; 0.0l of +10I, SOVDOM, tewmp
cosf 2301,

Caramlc: LDOGpF *31, S0VDOW,

tomp couf O sbippa.

Coeramic: 1000pF +3%, WNDOV,
temy cout D:MOpm_

Caramic: 0,088 uF 10T, IVVOCW, temp)
coef 2131,

Carmmic: Q.1 uF s10I, J5VDM, rewp
coef +131. -

Cevamic: 0,01 wF 310T, W¥DIOM, temp
coel O +Mppn.

Cevamic: 47pF ¢33, SOVDOW, ramp cosf
+0.4X.

Cermmic:  O.1yF +10%, IS¥DOM,

CDOL | B19/5TRADOOIZ0

thre |

cpb0d

CPLim . muv/ STRADODZYO

o005 |

COR06 | B9/ STRADODIZO
}

COH0T ' 819/ STHADODY O

CDe08 | B15/3TUADDOI 9O

COT0L | BL¥/STRADODIZ0

CO702 | R19/5THALDOZSY

COT01 | B9/ STRAEDDISS

oros | mi9/5TRADOOTIO
and

D03 |

COT06 | B19/STEADOOY 20

and I
coro? |

cored
€T ! B15/5TEADDOD 20

|
COT11} B19/5TXADCOT90

I

NCEOL | B19/60HT000160
ml B19/60HTDO0ISY
NCAO3 | B19/00MFDO0) $4
WOL04 D19/ ODRIDCD [}
nomi B9/ 0FDO0 108

BCBOS | BL9/SDMFIOG 1Y

{01 |

L9/ SDAAITDI Y
10602 BLY/ YDAAROZ)

LC4HDS  BE%/ SDAANODODS:
and
1C604

16604 DY/ MRAADOODN2

[Ca0t | B19/ SDARRDNOZ L

1007 | LSS YDRAFO002 7

cnm| B19/3TRADOOTSC
and |

$ilicom, fast recovery (2 diocdes
imeriss); slm 1o Toshiba 158226

'Silicon, fasr recovary (1 dioder
cathode common); sim to TosRidby
. LES1BA,

Silicon, fase retowary {1 dicdes
|series); sim to Toskida L8226,
|

Silicom, fast recowvary (2 dioses
cathode comson), mim ¢ Toahiba
158184,

Silicon, feat recovary (1 diods im
cathode commm, sim (o Toshiba
1SELB4,

Silicon, fast recovery (2 ¢lodes in
faeries); sim to Teahiba 158226,

|Zemart  00uW, &3, vim o Mitschi
HETAL.

Taner: 300k, )6V, pim 1o Alcachi
| MZeB).

':sil.icm. fast secovery (I diodas in
|cathodes commom); ale to Towhiba
185104,

'Sllicom, fawt recovery (1 dicdes is
sarisa); aim vo Toshibuw 138126,

Silicon, fmar vecovery {1 diodes in
cathode commot); ale to Toshiba
185184,

Diode, optoelectroaic: red: sim o
Toshibs TIR LOZA.

$liicon, fant recovery (2 diodws in
cathaodr common): sim to Toshiba

Squelch; nim ro JRC DMNFDLGO.
Swiceh, nlm to JAC DNFDIAY,
JFilear; nim to JRC DHFDLG,
Fileer: »im ¢o MURATA DNOFDIGT.
Flloer; alm to WUNATA PMFDLGA,

Filrwr; alm to MURATA DNFDISY.

IWNTECRATED CIACULTS ----——--

bigitel, Bilaxsral switeh; alm [0
Motorole MCHkOwh .

Linesr, Audio Amplilier; wim to NEC
PLAIMONT .

Linesr, Quad OF ANF, sim (o MINC
Li ri U

Lissar, Fositive Yoluage Regulator;
sim o Toshibs TAIBOD3AP,

Linear, Positive Voltage Regulator;
nim ro Hetsushics ANGHL,

‘Limear, Dual OF AMP. aim to 4334
Lyps.

snooL | on mamT M. | SEECRIFTION

" 1ce08 | 193000300338
and |

16609 |
ICHLC | DI/ SOAKLDO?S)

16701 | B1%/30AAB001A0

1C702 | 319/6BLFDO0002
IC703 D19/ 30AAJO0)5H

1C704  BLY/SDAAFOOZ L&
|
TCIOY  BIY/HODARDO20Y

TG0 | BLY/ SRONTO0026

1CE702) BLY/ ST IABQ0029
LEST06| 3194 3L1AS000 0

2601 BLY/SITCADDLIT
thew |

Joos

Jebh Bi% /2 IDAGOD1 52
2607 BIS/ SITGADDLYY
J10L BLO/S RS0 Y
Jroz BLY. S URE00L 7P
1703 |y samsonn
2004 | BIS/5JUN500178
05 BIN/SIMBEDDLTE
706 | BLY/SITCAO0LT

thru
1708

P01 ! B9/ 5IDAMO00 L2
thru
505
07 BI9/SJOANOO0 1 2

BLY/ 3J0AMOD0L 2

! BiVSIREACDOS T

; LY/ SREACDO3T]

| B1Y/ MERACODS PE

:nmmm

.';I.,uul. Bilateral wwitch; sim po
|Mororols WE1608L.
|

Linear, Yoltage Datector, Sim 1o 11
wIrno.

Linear, Timer; sim te Witowbiokl
INS18ATP

Hicrocomputer:  H-SBLIOOD007

Diglcal, %rx Fom-imverting J-state
Bufier; sim o Mororols MC1430).

|Digital, Mex lovercer Buffer/Driver;
sim to Nitachi WBZhie

Digital, Dual B-typs Flip Flop; sim
to Mitsokishi MO1].

Digital, EEPROM; sim to Xicor

IC Socketa. 40 pin.

|IC Sockecn. 18 pin,

m—————— wwmmnn JACHE mmm-einom————

Contack, slectrical.

Il:m-ctor. Metering, 12 ploa.
|Contact, eleoctrical,
,Conngctor, 12 pins.
;cn-nmc(nr. 1z pims.
:'Canno:tor. 0 piss.
:C-onncun. 10 pins.
Connector, 4 pins.

I Coonnct, tlectrical.

'l.ucyu:lc: 2 ponition, shorring,
rated 4t 1 smp; sim to Wonda
'piC-3232.

|m..-mcu: 2 position, shorting.

|Receptacla: I position, shortiag,
|rated at lowp; sim o Momda
|m-snz.

|

s - RESISTORS —---n=mnm

Metal film: 10K ohms 31, IOOVDOM,
brmd,

MWetal film: 4,70 obms #51, XOOWDCW,
II.JU.

Netal flim: 10K ohms »3I, TOOVDOHW,
1/,

|Metal film: 23K okms +3%, JOUVDOM,
||f~.




GE PART ND.

pisCirTion

CE PART MO,

DESCRIFTION

P13/ TREADOOS T

M SREAD 304

DLW SAEASO04 31

B SREACO0 341

1Y/ SREALDD N7

B1% SREACDO 383

LY/ SRDACDZI1Y

19/ SARAGOO 350

19/ SAEAGODAT

B1Y/ SREAZOD 384

P19/ SARACDOSTY

19/ SREACO089T

ML IMEACCD 5T

B19/ MAEACODATS

L5/ SREACDOS 31

B9/ SREAGODS Te

B19/ JREACODST)

BL9/ SAEACD) 300

D19/ SRRACDOED )

319/ SAEAGO0 582

BL8/SREACDOSS2

819/ SEEAGOOS 1

B9/ SREAGO00 16

B1Y/ SREACDO 372

B19/ SREACOOS TS

BL9/ SREACDOST 6

M9/ SEACO08TY

flm

film:

film:

filwi

film?

Tihmt

Eilw:

fitmi

Film:

fiimi

Films

f1imr

Film

film

film

f3lm

filer

film:

rils:

fila:

47X otwe #3%, 200VDOM,
100 obmee +35%, 200¥DCW,
LW obaa +3T. 200VDCY,
2% olme +5I, I00VDOR,
10K ctms +51, H00WDOV,
150 chma »51, Z00VDCW,
1.1 obwm 3T, JDOVDOW,
0 chea

100K ohms $31, Z00VDOW,
B, IE ohws #5851, 200°DOM,
K chms »51, 200VDCW,
LAOK obma 3T, J00VDOM,
213 ches +51, 200VDLN,
82T olwea #3531, 200TDCW,
220K obme +5%, 200700,
LOW ohaa +3T, T00VDCM,
4.7% obms +3T, 200VOCH,
AT ophma 251, HOOVDCW,
2.7% obms 351, 200VDCV,
1K chma 3%, 200VDON,
18 ohma #3%, IOOVDOM,
10K ohms 35T, 2009DCV,
275 ohmm #31, I00VDCN,
1K ohma +31, 200VDCW,
A70 obme +5%. 200VDLW,
108, chas +3%, 200¥IKM,

£IX chas ¢31, 200VOCV,

319/ MEADDOTH

B9/ MEAO00572

¥19/ IEACO0391

B9/ SREACOD 58

319/ SHTACOD DL

19/ EACODS 14

P19/ SERAGDO 5P

B9/ FREAGDDG 32

319/ SAEAGD0O30S

B19/50EAGO03T 2

BB/ HBACOOI T

B9/ SREACODSST

B19/SREAGDOS 7S
BL9/ SREACOD 5 TH

BLY/SREACOOM S

19/ SEACOUSTE

W19/ SREAGOOSIE

BL9/ MEACGOSTY

B9/ SERAGODG 25

P19/ SREACDOST 2

B9/ SREAGOQ 589

LR/ SREAGODSTA

B19/ AZACOO 384

LI/ SREAGO2TST

B19/ HEAGD062Y

BL9/SREAADZSDY

Maral
.

Metal
i,

Matsl
.

Hminl
/0.

Hatal
L.

Hetal
1/,

Mol
e,

Matal
1/,

Hatal
1/

Hatal
L/t

Metal
/.

Hetal
[¥L B

Wetal
L.
Hetald
1/,

Metal
1/

Hatal
[T N
Hetal
1/,

Matal
10

Matadl
1/,

Weral
..

Matal
IR

Hata)
(LN

Metal
170,

wetal
1/,

Hetal
1/,

Hatal
1/,

1 1ms

(R TN

film

film

filar

il

Hler

film

14 1m1

E1lm:

i ime

Film:

film!

Film

film

film

f1lmx

fiim

Hiat

tilmr

flim

ilm:

Filme

fitm

E{lm:

10K chma 458, HOOVECW,

IK chma 35%, POOVDCH,
680 ohma 331,

100 odee +5T,

680 ohme 31,

1.5¢ ohmn #31, NOVDCW,
13K ohwe 331, HOUWDCH,
10K ohas 31, FOOYDCE,
120 o +5%, 2009DCW,
LK obma +51. 200TDOV,
108, ohma 333, VROV,
10 ohas 431, 200WDCW,

10K ohms #33, Z00VDCW,
470 orma 31, HOVDCW,

278 chma »3T, 2O0VDOH,

10K chma #3T, 200VDOM,

ATY ohaa 3%, HOJTDCV,
€0 ohmn 31, J00VDCW,
3,68 chme $51, 200VDOCM,
1K ohma +5E, HOOWDOW,
33K ohms $31, TNWDOV,
1.5K otwe $51, 200VDCY,
0.2% ohms 353, T00VDCM,
39X otwa #11, I50TOCH,
2.7K obma #5%, 200WDCM,

1.71K ohaa +13, I50VDCH,

G PART MO,
" 319/50EM00057¢ | Matal
1w,

DI/ IAEACO0BTY | Mwial
V] N

BLV/SRRAGODY?Y | Matal
170,

BLS/SREACOOY7S | Meral
1.
B/ BREAGDOT T2 | Mebal
1/,

BLV/IAEACOD3 TS | Macal
H 1/,

BLE/IREACDOIST | Mersl
/e

SER/IRRACDO 6 | Macal
1/m,
BLY/ FREACOUSES | Metal
/.

| BI9/IREACODML | Metal
| 1.

B19/3EEAL0038Y | Metal
LEL

BLY/SAEACOOSTT | Makal
1/

BL/SREAGOGITY | Matsl
{ 1w,

B19/IREACOOSTE | Metal
1/,

BLS/SALACOO S0P | Hecal
1/,

| 319/5024G003 72 | meral
| IR B

BIS/ M2 I Macal
L/,

PLY/SALACDON T | Metat
Litmd.

s19/39eac00381 | merar

[ I,
1}

BLS/ SRLACOON HY :htll

1.

B/ AKEAGOD ! Mrial
¥] N

BL¥/SREADDGGZY | Mutal
7

IS/ SRAACOOSEL | Mrinl
| [T R

BL/SAEACO0STE | Mabal
| 1/,

BIO/SRENGO0SES | Macat
! 118,

| BI9/3REACODSS4 | Molal
| | 1,

LOR ohem 5T, MOVRON,
BIX oy +51, 2OOYDON,
ATE otms 231, 200VDO0N,

10K otes ¢3T, OOYDOM,

IN otmr #3K, Z00VDQM,
10K olma *31, IOOVDLW,
LOOK olms ¢3X, 200VDCW,

10N ohma $31, JOOVDOM,

100 obma #51, POUYDLW,
12K ohms *31, HOVDIM,
LODE olme +31, JOOVDOM,

LK olma +51, JOOWDOM,

AN olma 331, 200VDCY,
108 ohas +51, 200VDOM,
3.3% ohme *5I, 2OOWDOW,
LK chma »3%, 200VDOVW,
1.IK oy ¢33, 0OVDCM,
108 ohae 31, HOWDOW,

21K ohmy =31, ZOOWROW,

D5 ctms 31, 200VDOW,
10K chms +31, 200¥DON,
1. 7K ohma +51, 200VDQH,
12K ohms =31, 0OVDOY,
10K obms #33, 200VDON,
1.7% okms 3, 200VDON,

WO ohwma 23X, 200¥DOM,

'II_’;SM” Matal l;l-:
Lo,

B10/3AEACOOSSS | Metad [ilmi
L,

BAF/INEACO0STS | Metal fila:
1/,

I B19/ 5008000594 | Metal film:
| | 18,

|
| Bv9/ SEAGOOSTY | Mazal filw:
[ Lf,

| s19/30m85003 76 mersl rile:
1/

| BL/SALAGOOSTS | Wanal fftn:

i Y12

BLY/SARACODSSS | Martal Elim:

! 1/,

f LS/ SRLACOOSTS | Metal Milm:
1/,

B19/5RLAG00 7 '1 Metal [lim:
e,

BLO/SREACOODTS | Matal file:
| 1.
| WY/ 3REAGODSYE | macal (ilm:
L/,

|

i Matal [ilmi
| L/,
|

BI3/SREALDONTS ! weral tilmi
L/,

BIR/SREACOCTSA | Macsl film:
LA,

B19/SHEACODSAT | matal [ilm:
[¥2 N

B 19/ SAEACOO4 | l:lll £1lm:
Li,

LY/ SAEAGOOLTS | Heral §ilm:
178,

|Il”$m5}‘ Matal film
| L,

! |
BLY/SREADO06 26 | Motal Tlluwr
IRYL_N

B/ IREACDOS 76 | Meta) Film:
RV

| Hetak [lim:
1/,

| 319/ 320AGO0L21 | Metal fils:
| | L,
| B19/3REALDOSE) | Metsl fila:
| b,

10K obma 51, 200VRON,

100 oheps 33%, FOOVECH,
AT sbma =5, JODVBOM,
LS chme +3¥, 10070V,
410 oy +31, MEOVDCM,
100 ohmn +3I, FOOVDCH,
&7 ohms *3E, JOOVDOM,
103 obms +5%, HOVDOW,

1% st #51, 10OYDOW,

LOK ohme +5E, 200VDLW,

LK ohme 53, IOOVDO,
100 shme +33, TOOVDOW,
1308 ohma s3I, IOVECE,
17X ohma #51, HOVDOR,

106 ohma 451, 2OOVDOH,

170 okas 51, IOOVDOM,

10K chemp #5I, TOOVEON,

§. 2% odma #31, XO0VDOM,
110 ohas #31, MNOYDOW,

1T ohmy +5T, MOOVDOM,

| s19/5avA200279 | variopre: 10K olme L P AT




D19/ IRRAMDE TS
19/ 5avANDD1 78

D13/ SRTANODL F7
M9/5azABDO1X)

D19/ STOAROODS4

Y STRARDODS Y

BL/ STRABDOO N4

119/ STIDr00001

MLY/CPG-2223

19/ 5CEAMD181)

19/ S0CAPOOD0S

319/ 3500175

B19/TTHA 318354
119/ SXRAROOTT S
LY/ 3E0CLOGO TS

219/5200L00026
9/ 3pOCLODNZ 7
B9/ 32CCL00028
B9/ 520C1L00029
BL9/EITDOODSA
1 9/611re00063

DESCRIFTION
Veriablar 100K olma +30%. 0.1W.

Yariablar 10K olma +JOR, 0.1W,

MY AICTDN0 143
N¥ M0 16

Variablei 3K chms +30T, 0.1¥,

Ownd Reaimtor
V.

arTey; 10K olme +5%,

B D] 167
MANEARI AN
BUI/MPTO1 TA4
(AR e iFiR Y

TRANE] STORS
Sllicon, sim to NEC 28059
{ovil.

¥1licom, alw to WEC ISDI94

(pr}).
B19/HPRCO7110

$11l1c0u, elm to NEC ISBA24 1WA

{(v3).
BLY/CMG-132-X

Eildeom, aim to NEC 8039

(1. 19521602183

191 60210%
CEYSTALS

Quarts cryneal: éde,

SOCKETS

INTERFACE BOARD

CAPACITORE —

Carenici
coef #15X.

1000pF 4101, VICM, temp

Electrolytict 100wF +20%, 25¥DIW.

JACES —_

Connector; #im to SMX CSCOMII-0M)LE,

Connector, 11 pias.

INTERCOWMNECTION CANLE ——
Cryatal kit
Flexible cable
Fleridle cable:
Flaxible cable)
Flexrible cable:
Flexible cabla:
Coarlal cabler

Co-axial cabla:

Co-axial cabler
Comaxial cablm
Ce-axial cabler
Towr cable:
Power cables

W SCELLAWNRODS
Radio ey
Ladio Woonting Flate
Eardware Eit (Rad1p Mownting)
Bbottem Cover {(Cowplete ASwembly)
Top Cover (Complece Aasomb]ly)
Teylock Assaably
I MM Kt
Tx Fetd, I0A-1low power

Tx Fuse, ¥—high power



