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Instructions for Expanded
Accessory Connector

General

The following is a description of the pin functions on the
Expanded Accessory Connector for the 8- and 16-channel
radios. Refer to Figure 1. for pin locations in the connector
housing.

GM300 8-Channel Radios
Pin # Description
1 External Speaker Negative
2 Microphone Audio 80 mV RMS @ 60%
Deviation
3 Microphone PTT
4 External Alarm (not supported)
5 Flat Transmit Audio 150 mV RMS @ 60%
Deviation
6 Not Used
7 Ground
8 COR - Output-Receiver Unsqgelched Indicator
(Active Low)
9 Emergency Alert Input (not supported)
10 Ignition Control Input
11 Discriminator Audio Output 600 mV RMS
@ 60% Deviation
12 Not Used
13 Switch A + Sense 0.5 Amps Max.
14 Remote Hook Switch Input
15 Internal Speaker Positive
16 External Speaker Positive
GM300 16-Channel Radios
Pin # Description
1 External Speaker Negative
2 Microphone Audio 80 mV RMS @ 60%
Deviation
3 Microphone PTT
4 Programmable Output—See table on next page
5 Flat Transmit Audio 150 mV RMS @ 60%
Deviation
6 Programmable Input—See table on next page
7 Ground
8 Programmable Input/Output—See table on
next page
9 Programmable Input—See table on next page
(Defaults to Emergency Alert Input)
10 Ignition Control Input
11 Discriminator Audio Output 600 mV RMS
@ 60% Deviation
12 Programmable Input/Output—See table on
next page
13 Switch A + Sense 0.5 Amps Max.
14 Programmable Input/Output—See table on
next page
15 Internal Speaker Positive
16 External Speaker Positive

Extracting a Terminal

The extraction tool HLN9491 (shown in Figure 2.) is
included in the radio packing carton. To remove a terminal:

1. Insert the extraction tool in the bottom of the opening in
the terminal housing at the front (refer to Figure 2.).

2. Pull gently on the wire in the rear end of the terminal
housing until it can be removed completely.

Inserting a Pin
1. Crimp the wire which leads to the terminal.

2. Insert the terminal into the desired housing location,
with its locking tab facing down toward the strain relief
tab. Refer to Figure 1. for pin locations.

IMPORTANT
Make sure that the terminal clicks into
place.
NOTE

The following can be ordered through

the Radius Division:

¢ Hardware Kit that includes 16 connec-
tor pins, an extra housing, and (9)
8-inch wires with connector pins
attached (Kit #HLNY457).

¢ 3-foot long, 16 conductor cable, with
connectors on both ends
(Kit #HLN9969).

Figure 1. Accessory Connector, Rear View

(MMR-076) 17



(Front View)

Extraction Tool

Figure 2. Extracting a Terminal

Table 1. GM300 16-Channel Radio Accessory Connector

Pin Function

4 External Alarm
NULL2

PL/DPL & CSQ Detect
CSQ Detect

Clear to Send

6,9 NULLI
Emergency Switch
Tx PL Inhibit
TOC Disable

Tx Audio Mute
Rx Audio Mute
Special Off Hook
Channel Select 1-5
Mic Off Hook
Auto PTT
Request to Send
Ext. Call Button

8,12,14 External Alarm (low current drive on these pins)
NULL1

PL/DPL & CSQ Detect
CSQ Detect
Emergency Switch

Tx PL Inhibit

TOC Disable

Tx Audio Mute

Clear to Send

Rx Audio Mute
Special Off Hook
Channel Select 1-5
Mic Off Hook

Auto PTT

Request to Send

Ext. Call Button
NULL2

18 (MMR-076)




@ MOTOROLA instruction
| manual

revision

GENERAL:

This revision outlines changes that have occurred since the printing of your instruction manual. Use this information to
correct your manual.

INSTRUCTION MANUALS AFFECTED:

6880902Z32-A GM300 Mobile Service Manual
6880902798-0 M120 Mobile Service Manual

REVISION DETAILS:

For the GM300 and the M120 mobile radios, the factory calibrates the RF power amplifier to produce the correct output
power level for any channel selections. This calibration is stored in the radio’s memory as a response plot of the RF
power amplifier. The power level is calibrated for each radio, NOT for each individual channel. Therefore, the first sen-
tence of the first paragraph under “Power Control Operation,” on:

* page 28 of manual 6880902Z32-A (GM300)

* page 2-9 of manual 6880902Z98-0 (M 120)

has been revised. It should read:

“The power level is programmed electronically during radio tune-up at the factory.”

®Motorola MMR-070
Hwy 34 West., Mt. Pleasant, JA 52641 September, 1993



NOTE: This is the beginning of the basic manual.
The previous 36 pages are revision sheets.
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X| X| X| X| 6880902209 | Owners Manual GM300
X| X 6880902726 | Operator Card 8 Channel
X| X| 6880902741 | Operator Card 16 Channel
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Item Description
X HUE3812_ Chassis, 12.5 kHz (Masked) X X X
X HUE3811_ Chassis, 20/25 kHz (Masked) X| X X
X HUE3810_ Chassis, 12.5 kHz (Expanded) X X X
X{ HUE3809_ Chassis, 20/25 kHz (Expanded) X X X
X| X| X| X] HLE3853_ PA Kit (part of chassis) X} X
X| X} X| X| HCN3s03_ Control Head, 8/16 Channel X X| X
X[ X HLN8t22_ Front Panel Lens, 8 Channel
X| x| HLN8123_ Front Panel Lens, 16 Channe!
X| X HHN8073_ Housing Kit, masked
X| X| HHN8170_ Housing Kit, expanded
X| X} X| x| HLN8120_ Nameplate
X| x| HLN8121_ ROM Kit
X| X| x| x| HKN4137_ Power Cable
X| X| x| x| HMN3413_ Microphone w/hangup clip
X| X] X| x| HLN5189_ Installation Kit
X| X} X| X| 6880902209 | Owners Manual GM300
X X 6880902726 | Operator Card 8 Channel
X| X | 68809027241 | Operator Card 16 Channel
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Item Description
X HUES3816_ Chassis, 12.5 kHz (Masked) X X X
X HUE3815_ Chassis, 20/25 kHz (Masked) X| X X
X HUE3814_ Chassis, 12.5 kHz (Expanded) X X X
X| HUES3813_ Chassis, 20/25 kHz (Expanded) X X X
X| X| X} X| HLE3770_ PA Kit (part of chassis) X] X
X| X| X| X} HCN3503_ Control Head, 8/16 Channel X[ X] X
X| X HLN8122_ Front Panel Lens, 8 Channel
X| X| HLN8123_ Front Panel Lens, 16 Channel
X| X HHN8073_ Housing Kit, masked
X| x| HHN8170_ Housing Kit, expanded
X1 X| X| X| HLN8120_ Nameplate
X| x| HLN8121_ ROM Kit
X X| X| x| HKN4137_ Power Cable
Xt X| X| x| HMN3413_ Microphone w/hangup clip
X| X| X| X] HLN5189_ Installation Kit
X| X| X| X{| 68809027209 | Owners Manual GM300
X| X 6880902726 | Operator Card 8 Channel
X| X| 6880902241 | Operator Card 16 Channel
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ltem Description
X HUE3820_ Chassis, 12.5 kHz (Masked) X X X
X HUE3819_ Chassis, 20/25 kHz (Masked) X} X X
X HUE3818_ Chassis, 12.5 kHz (Expanded) X X X
X| HUE3817_ Chassis, 20/25 kHz (Expanded) X X X
X| X| X| X| HLE3501_ PA Kit (part of chassis) X1 X
X| X| X{ X| HCN3503_ Control Head, 8/16 Channel X X| X
X| X HLN8122_ Front Panel Lens, 8 Channel
X1 x{ HLN8123_ Front Panel Lens, 16 Channel
X| X HHN8073_ Housing Kit, masked
X| x| HHN8170_ Housing Kit, expanded
X1 X| x| x| HLN8120_ Nameplate
X| x| HLN8121_ ROM Kit
X| x| x| x| HKN4137_ Power Cable
X| X| X| x| HMN3413_ Microphone w/hangup clip
X| X| X| x| HLNs189_ Installation Kit
X| X| X| x| 6880902209 | Owners Manual GM300
X| X 6880902726 | Operator Card 8 Channel
X| X| 6880902Z41 | Operator Card 16 Channel
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ltem Description
X HUE3918_ Chassis, 12.5 kHz (Masked) X X X
X HUE3822_ Chassis, 20/25 kHz (Masked) X| X X
X HUE3917_ Chassis, 12.5 kHz (Expanded) X X X
X| HUE3821_ Chassis, 20/25 kHz (Expanded) X X X
X] X| X| X| HLE3772_ PA Kit (part of chassis) X| X
X} X] X| X|] HCN3503_ Control Head, 8/16 Channel X| X| X
X] X HLN8122_ Front Panel Lens, 8 Channel
X| X] HLN8123_ Front Panel Lens, 16 Channel
x| X HHN8073_ Housing Kit, masked
X| x| HHN8170_ Housing Kit, expanded
X| X| X| X| HLN8120_ Nameplate
X| x| HLN8121_ ROM Kit
X| X]| X| X] HKN4137_ Power Cable
X| X| x| x| HMN3413_ Microphone w/hangup clip
X| X| x| x| HLN5189_ Installation Kit
X| X1 X| x| 6880902209 | Owners Manual GM300
X] X 6880902726 | Operator Card 8 Channel
X| X| 6880902741 | Operator Card 16 Channel
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X HUE3842_ Chassis, 12.5 kHz (Masked) X X X
X HUES3841_ Chassis, 20/25 kHz (Masked) X| X X
X HUE3840_ Chassis, 12.5 kHz (Expanded) X X X
X{ HUE3839_ Chassis, 20/25 kHz (Expanded) X X X
X} X] X| X| HLE3847_ PA Kit (part of chassis) X| X
Xi X] X| X| HCN3503_ Control Head, 8/16 Channel X| X§ X
Xl X HLN8122_ Front Panel Lens, 8 Channel
X| x| HLN8123_ Front Panel Lens, 16 Channel
X! X HHN8073_ Housing Kit, masked
X1 X} HHN8170_ Housing Kit, expanded
X| X| X| X| HLN8120_ Nameplate
X| x| HLN8121_ ROM Kit
X| X} X| X| HKN4137_ Power Cable
X1 x| X1 x| HMN3413_ Microphone whangup clip
X1 X| X| X| HLN5189_ Installation Kit
X1 x| x| x| 6880902209 | Owners Manual GM300
X| X 6880902726 | Operator Card 8 Channel
X| X| 6880902241 | Operator Card 16 Channel .
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item Description
X HUE3838_ Chassis, 12.5 kHz (Masked) X X X
X HUE3837_ Chassis, 20/25 kHz (Masked) X| X X
X HUE3836_ Chassis, 12.5 kHz (Expanded) X X X
X{ HUE3835_ Chassis, 20/25 kHz (Expanded) X X X
X| X] X| X| HLE3771_ PA Kit (part of chassis) X| X
X| X| X| X| HCN3503_ Control Head, 8/16 Channel X X| X
X} X HLN8122_ Front Panel Lens, 8 Channel
X| x| HLN8123_ Front Panel Lens, 16 Channel
X| X HHN8073_ Housing Kit, masked
X] X| HHN8170_ Housing Kit, expanded
X| X{| X] x| HLN8120_ Nameplate
X| x| HLN8121_ ROM Kit
X|] X| X{ X| HKN4137_ Power Cable
X| X| X| X| HMN3413_ Microphone w/hangup clip
X| X| X] X| HLN5189_ Installation Kit
X{ X| X| X| 68809027209 | Owners Manual GM300
X| X 6880902726 | Operator Card 8 Channel
X| X| 6880902241 | Operator Card 16 Channel

11



Accessories :

Radius offers many accessories to increase communications efficiency. Some of the accessories available are listed

below. For a complete list, consult your Radius dealer.

Antennas:
HAD4007_R
HAD4008_R
HAD4009_R
HAD4014_R
HAE4003_R
HAE4011_R
HAE4019_R
HAE4002_R
HAE4010_R
HAE4004_R
HAE4012_R
HAE4013_R

VHF 146-150.8 MHz, 1/4 wave roof mount
VHF 150.8-162 MHz, 1/4 wave roof mount
VHF 162-174 MHz, 1/4 wave roof mount
VHF 146-172 MHz, 3db gain roof mount
UHF 450-470 MHz, 1/4 wave roof mount
UHF 450-470 MHz, 3.5 db gain roof mount
UHF 450-470 MHz, 5 db gain roof mount
UHF 403-430 MHz, 1/4 wave roof mount
UHF 406-420 MHz, 3.5 db gain roof mount
UHF 470-512 MHz, 1/4 wave roof mount
UHF 470-494 MHz, 3.5 db gain roof mount
UHF 494-512 MHz, 5 db gain roof mount

Installation Accessories:

HLNO9284_R
HLNS5189_R
HLN5226_R
HLN9450_R
HLN9404_R
HKN4137_R
HLN5282_R
HKNO9557_R
HLN8&027_R
HLNS8097_R
HLN8098_R
HLN8099_R
HLN8413_

HLN8143_R
HIL.N8144_R
HLN9027_

Key lock mount

Non-locking bracket

Extra stability mount (use with HLN5189)

45 - 60 degree floor mount wedge (requires HLN9404)
Sleeve mounting bracket

Power cable w/ 15 Amp fuse

Mini-UHF connector

PL259/Mini-UHF antenna adapter - 8 inch cable

Mini-UHF to BNC antenna adapter

Removable slide mount tray package

Radio slide mount tray

Vehicle slide mount tray

Slidemount tray bracket

Remote mount kit (17 foot length)

Remote mount kit (8 foot length) ,
In-Dash mounting kit

Control Station Accessories:

HMNI1038_R
HMN3000_
HPNI1007_R
HPN4001_R
HKN4139_R
HKN9455_R

Desk Microphone

Desk Microphone (black)

Power supply, 117 Vac (for 25 Watt or less radio models only) !

Power supply and cables, 117 Vac (for any radio model up to 45 Watts)
Low power control station power cable (for HPN1007_R)

High power control station power cable (for HPN4001_R)

1. Convertible to 230 Vac by changing internal switch and modifying the power cord.




Microphones:
HMN3596 R A&
HMNI1035.R C

HMN1037_R
TDNS8305_R
TMNG6169_R
HMN3141_R
HLN9559_R
HLN9560_R
HLN9073_R

Compact Microphone with 7 foot cord 9 2 '73

Heavy Duty Palm Microphone with 10.5 foot cord 6 ?2 8
Touch-code Microphone with hang-up clip ( 3] 075

Touch-code Microphone with backlit keypad & hang-up clip

Touch-code Microphone with memory dial, backlit keypad & hang-up clip
Handset with hang-up cup

7 foot coil cord Heavy Duty Microphones

10.5 foot extended coil cord for Heavy Duty Microphones

Microphone hang-up clip (all microphones)

Accessories / Kits Interfacing with the 16 Pin Connector:

HKN9327_R
HSN&145_R
HLN9457 R
HLN9328_R
HILN9329_R
HLN9330_R
HLN8375_R
HLLN3145_R
HLN3333_
TDNS&300_
TDNE301_
L1661
TDN8196
TDN7891
TDN7892
HLN9573_R

Manuals:

6880902726
6880902741
6880902709
6880902732

Ignition switch cable

7.5 Watt external speaker - for receiver audio

Hardware kit-includes 16 connector pins, (9) 8" wires with pins & extra housing
Horn/Lights relay and cable (external alarm)

Emergency pushbutton switch and cable

Emergency footswitch and cable

DTMF Decoder board (mounts inside radio - soldering required)

Public Address kit 2

Repeater Interface kit

DC Remote Adapter - 2 channel operation  (requires at least one L1662 deskset)
Tone Remote Adapter - 2 channel operation (requires at least one L1663 deskset)
C100 Extended Local Deskset

150X Low Tier Radio-Telephone Interconnect and cable

150X Mid Tier Radio-Telephone Interconnect and cable

i250X High Tier Radio-Telephone Interconnect and cable

Shorting Plug - fills microphone jack when no microphone is being used 7. 82

Operator’s card - GM300 8 channel radios
Operator’s card - GM300 16 channel radios
Owner’s manual - GM300

Service manual - GM300 ~TR(S BooK

2. The Public Address kit allows from one to five HSN1000_ amplified speakers. A minimum of one
HSNI1000_ speaker is required. One HKN9323_R (8 foot) cable or one HKNO9324 R (15 foot) cable is
required for each HSN1000_ speaker.

13



Performance Specifications for the GM300 Series Mobile Radios

e

General
VHF UHF
Model Series: MO3GMC l M33GMC I M43GMC MO4GMC M34GMC M44GMC M44GMC M44GMC M44GMC
Frequency Range: 146-174 MHz 438-470 MHz 438-470 MHz 403-433 MHz 438-470 MHz 465-495 MHz 490-520 MHz
RF Qutput: 1-10W* ] 10-25W* | 45W 1-10W* 10-25W* 25/40W 25-40W* 25/40W 25/35W
Channel Capacity: 8or16
Frequency Separation: 28 MHz I 32 MHz ’ 30 MHz ] 32 MHz | 30 MHz
Primary Input Voltage
EIA; 13.8+10%
CEPT 84: 13.2+20%
FOC Designation: | ABZ99FT3032 | ABZ9OFT3030 | ABZOGFT3033 | ABZ99FT4033 | aszoorraosn [ aszooFreose | mezeorraoss | pending Pending
Typical Current Drain
Rated Audio (7.5W): 1.5A
Transmit: s0A | 7o | 150a | 4ma 758 | 1254
Standby: 400mA
Squelch Capability: Tone Coded, Digital Coded and/or Carrier Squelch
Dimensions: 2"x 7" x7.75" (50.8 x 178 x 198 mm)
Weight: 61 0z. (1.7 kg)
*Conti .
oriuotslyvanable ot Military Standards 810C, D & E
Transmitter 810C 810D 810E
VHF l UHF Applicable MIL-STD:  Methods |Procedures| Methods |Procedures| Methods |Procedures
Frequency Stability Low Pressure: ~ 500.1 1 500.2 1 500.3 1
(-30°C o +60°C): +00025% High Temperature: 5011 | 1.2 501.2 12 5013 12
Spurs/Harmonics Low Temperature: 5021 1 502.2 12 502.3 1,2
1to 25W: -36 dBm (.25uW) -
S25W- 13 dBm (50 uW) Temperature Shock: 5031 1 503.2 1 503.3 1
Exceptions: (403-433 MHz) / -36 dBm (.25 uW) Solar Radiation: ~ 505.1 1 505.2 1 505.3 1
Audio Response: Rain:  506.1 2 506.2 2 506.3 2
(From 2 6 dB/Oct. Humidity: 5071 2 507.2 2 507.3 2
Pre-Emphasis )
300 to 3000 Hz, SaltFog: 5091 1 509.2 1 509.3 1
2550 Hz @ 12.5 kHz) +1/-3dB Dust: 5101 1 510.2 1 510.3 1
(@ﬁlat:’ig Sislg!;tjon:' Vibration:  514.2 8,10 514.3 1 5144 1
z, 60% 0 .
Raled Max. Deviation) <3% EIA Shock:  516.2 1,3,5 516.3 15 516.4 15
FCC Modulation Receiver
@ 20/25/30 kHz: 16KOF1D, 16KOF2D, 16KOF3E VHF UHF
@ 12.5 kHz: 11KOF1D, 11KOF2D, 11KOF3E
Output Impedance: 500 Channel Spacing: | 12.5 kHz 20/25/30 kHz 12.5 kHz 20/25 kHz
" P " — Sensitivity
Modu:;:mn Sle:sm\{lty: 80 mV for 60% max. deviation at 1000 Hz EIA: 12 dB SINAD: 3Buv 30V 35uv 30uv
anne] Spacing: 20/2;’1%“"2 ‘ig::z 20/25)/3%‘('*2 ‘§-5 k:Z CEPT 84: 20 dB SINAD: | 45 v 404V 45 40V
FM Noise EIA: d 5d 3
CEPT 84: 55 dB 50 dB 50 dB 45 dB Squelch: 108 SINAD
Selectivity
EA:|  -70dB -80 dB -65 ¢B -75dB
CEPT 84: -70dB -80 dB -65 dB -75dB
Intermodulation” 70d8B 78 dB 65dB 75dB
. . . . . EiA: - - ) -
Optional Signalling Features with RapidCall Package CEPTB4 |  -734B 7348 7048 708
Available in 16-Chann'e} Mod.e1s Only Frequency Slability:
Signalling . (-30°C 1o +60°C) +.00025%
Format: _ Radio Spur Rejection
encode/decode  PTTID| Call Alert | Voice SelCall | Emergency Check P 1 EIA: .80 dB 75 dB
MDC-1200:  x X X X X CEPT 84: 75 ¢B -70 dB
Quik-Call I: X X image Rejection
DIMF:  x X X ElA: 8008 7548
Star (encode only): X X .CEPT 84: 8048 75 d8
Also [ncludes Singletone Repeater Access & DTMF - ANI tor Phone Access & Setect V Signalling Audio Dmpm:
External Speaker (802)
EIA (@ < 5% Dist): 75w
CEPT 84 (@ < 10% Dist.): 50w
Internal Speaker: 3.0 W Nominal
ElA Useabie Bandwidth: 1.2 kHz 2.0kHz l 1.2 kHz 2.0 kHz
Input iImpedance: 50Q

“Local mode provides an additional 10 dB protection against wideband interference




1. Radio Disassembly and Assembly

1.1 TO REMOVE CONTROL HEAD & CHASSIS
COVERS

(1) Remove control head mounting screws (figure 1).
Pull control head off and away from the radio. Carefully
remove control head connectors from chassis.

(2) Remove the two chassis cover screws from each side

(figure 1). Remove top and bottom covers from chassis.

COVER

SCREWS \

CONTROL -
COVER
HEAD - / SCREWS
MOUNTING CONTROL
SCREWS HEAD
Figure 1.

1.2 TO REMOVE RF CHASSIS SHIELD

Remove RF chassis shield by prying each of the four
corners at the indentations provided (figure 2). Be careful
not to over bend any one corner.

1.3 TO REMOVE THE P.A. HEATSINK

(1) Disconnect the transmit and receive coaxial cables
from the RF board (figure 3).

(2) Disconnect the 6-pin connector from the logic board
(figure 4).

Radio Disassembly / Re-assembly

SHIELD

Figure 2.

(3) Remove the heatsink mounting screws (figure 4).
Pull heatsink off of chassis while carefully feeding the
transmit and receive coax cables through their respective
holes in the chassis.

CABLES

Figure 3.

1.4 TO REMOVE THE RF CIRCUIT BOARDS

(1) After the P.A. heatsink has been removed, pry off
the RF shield (figure 5). Be careful not to over bend any
one corner or side.

(2) After removing the RF shield then remove all the
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RF board mounting screws and take out the RF board (2) Unsolder the A+ power connector feed-thru leads

(figure 5). and the antenna connector lead (figure 8).
1.5 TO REMOVE THE LOGIC CIRCUIT BOARD (3) UHF ONLY - Remove the stud mount transistor
mounting nut from the back of the heatsink (figure 9).
6-PIN (4) Remove two power device mounting screws and all
H%AJET"#\:(G CONNECTOR P.A. board mounting screws (figure 8), and then take out
SCREWS the P.A. board.

LOGIC
BOARD ¥
MOUNTING
SCREWS

Figure 4.

(1) After the RF board has been removed, turn the radio
over and pry off the logic shield, again being careful not

’ ~g— FILTER
to bend any one corner or side.

Y
FILTER BOARD
BOARD SCREWS

(2) Remove all logic bd mounting screws (figure 6).

(3) Now remove the two filter board screws from the Figure 6.
front of the chassis (figure 6). The logic and filter boards
can now be lifted out of the chassis.
1.7 TO RE-ASSEMBLE THE RADIO

RF BOARD
MOUNTING SCREWS

Reverse the disassembly procedure and tighten all
screws (o the torques specified in Table 1.

COAXIAL
CABLES

PRY EACH
CORNER AND SIDE

RF
SHIELD

Figure 5.

1.6 TO REMOVE THE P.A. CIRCUIT BOARD

PA SHIELD

(1) Remove the power amplifier shield by caref, ully pry-
ing each corner and side until you can slide the shield off Figure 7.
casily (figure 7). Remove the shield completely by guid-

ing the coaxial cables out.




POWER
CONNECT
,_Ei% O ANTENNA
CONNECTOR
A

POWER DEVICE
MOUNTING SCREWS

PA BOARD
MOUNTING SCREWS (€1

STUD MOUNT
TRANSISTOR NUT

Figure 8. Figure 9.
Table 1. Fasteners, Tools and Torques
Part Number Description Location Qty | Drv |Input Torq. Repair Torq.
03-10945A11 M3 x 8 Plastite Control Head Bd.and 9 T10 |8in.-Lbs 7 in.-Lbs.
St Torx Pan Hd. Internal speaker
03-80270L01 M4 x .7 x 38 Mach. | Control Head Mtg. 2 T15 |8in-Lbs. 8 in-Lbs.
Torx Cap Scr Blk 2‘80/10 ﬂ
03-80271L01 M4 x .7 x 27 Mach. | Heat Sink Mtg. 2 T15 | 12-14in-Lbs. | 12-14 in-Lbs.
Sit Torx Pn Hd Blk
03-10943M04 M2.5 x 8 Taptite Logic Heatsink 2 T8 6-8 in-Lbs. 4-8 in-Lbs.
Slt Torx Pan Hd Device Mtg.
03-10943M09 M3 x 6 Taptite RF Board Mtg. 7 T10 |8-10in-Lbs. | 6-8in-Lbs. . 0? Eﬂch
Slt Torx Pan Hd Logic Board Mtg. 6
Chassis Feedthru Pit 2
Front Panel Filter Bd 2
03-10943M10 M3 x 8 Taptite PA Device/Bd Mtg. 8 T10 | 11-13in-Lbs. | 8-10in-Lbs.
Sit Torx Pan Hd Logic Htsink to Chassis | 2
03-10943M11 M3 x 10 Taptite Power connector 2 T10 | 9-11 in-Lbs 7-9 in-Lbs.
Sh Torx Pan Hd Device to Logic Htsink 2
03-10943R55 M3 x 8 Taptite Chassis covers 4 T10 |8-10in-Lbs. 6-8 in-Lbs.
Torx Fit Hd Bk 2.4 }/ A
02-00007003 Hex Nut PA -Stud 1 5/168” | 5 in-Lbs. 5 in-Lbs.
8-32 Device Mtg. Hex
04-00136334 Flat Washer Device to Logic Htsink 2 -- -- ---
Power connector 2 --
04-80943V01 Washer-Lock Antenna connector 1 -- --
3/8 Ext, Stl. Zinc
09-80131MO1 3/8 Nut Antenna connector 1 3/8” | 18-20 in-Lbs. | 18-20in-Lbs.
Hex
38-80041MO1 Plug, button Heat sink plug 1 --
03-11994A23 5-20 x 7/8" Plastite | Mic. Rear Housing 3 1 9-11in-Lbs. | 9-11 in-Lbs.
Phl Pan Hd. to Front Housing
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2. Alignment

The advanced design and manufacturing procedures
eliminate the need for traditional tuning tasks.

All the circuits in the GM300 radio have been aligned
at the factory with specialized equipment.

Alignment in the ficld should not be attempted or nec-
essary.

3. Programming

The GM300 radios can be programmed in the ficld to
these parameters:

* Receive and transmit frequencies

* Transmit Frequency Adjustment (warp)
* PL or DPL encode and decode Codes

* Transmit Power Output

* Transmit Deviation

* Time Out Timer

Configuration information for programming thesc
parameters is contained in the GM300 RADIO SER-
VICE SOFTWARE package HVN8177A for 5.25 inch
drives and 3.5 inch drive diskettes.

A personal computer (P.C.) and the appropriate soft-
ware diskette will be required in addition to the items
listed in Recommended Test Equipment.

We strongly suggest the servicer become familiar with
the programming techniques applicable to the GM300
radios.

5. Recommended Test Equipment
R2001D: Communication Systems Analyzer
or
R2200B: Service Monitor
R1011B: Power Supply
R1037A: Digital Multimeter
or

R1024B: Digital Multimeter

6. Board Replacement and Calibration

Replacement of the Logic board, RF board, or Power
Amplifier requires that recalibration must be per-
formed with the Motorola Radio Service Software.
The procedures for calibration are covered in the
GM300 Radio Service Software Manual.

Failure to perform the required calibration procedure
will affect the performance of the Reference Oscilla-
tor, RF Power Leveling and Protection, and Transmit-
ter Modulation over frequency and temperature. An
uncalibrated radio may not comply with your Local
Communications Agency rules and may be unreliable
al temperature cxtremes.

The GM300 radio was designed to be serviced at the
board level only. There are a number of non-field ser-
viceable parts in the radio. Field replacement of these
parts will affect the factory calibrated numbers on the
tuning label. If any of these parts fail, board replace-
ment is the only way to service the radio.

ERROR TONES

TONE

(1) High pitch Beep (900Hz 119ms) on initial turn on
or when key is pressed.

(2) Low pitched tone (163Hz) for 5 seconds following
turn on.

(3) Low frequency (163Hz) continuous tone present
whenever radio is on.

(4) Low pitch beep (300Hz 200 MS) when a button is

pressed.

(5) Low frequency (150Hz or 112.5Hz) continuous
tone while PTT is held.

PROBLEM

(1) Normal operation - no error.

(2) Code plug error.

For all code plug errors try to re-program radio. If this
does not clear the fault or if problem recurs, replace the
logic board.

(3) Logic board failure. Replace logic board.

(4) Button is not allowed in the current opcrating con-
dition. Change operating condition (select another
mode, etc.)

(5) Transmit is not allowed. If it was time-out-timer,
you may release PTT then continue your call.




1. RF Board
1.1 VHF RECEIVER FRONT END, 146-174 MHz

The received signal applied to the radio’s antenna
input connector is first routed through the harmonic
filter/antenna switch on the RF Power Amplifier
Board, and then applied via coax to J4 on the RF
Board. The insertion loss of the harmonic filter/anten-
na switch is less than 1 dB.

The signal applied to J4 is routed to a fixed-tuned 4
pole filter having a 3 dB bandwidth of 57 MHz and a 1
dB bandwidth of 37 MHz centered at 160 MHz. Inser-
tion loss is 1.5 dB typically, and 2 dB at 146 MHz. At-
tenuation for image protection is 32 dB at 236 MHz,
with increasing attenuation at higher frequencies.

The output of the filter is matched to the base of
RF amplifier Q1, which provides 12 dB of gain and
has a noise figure of 3.6 dB. Current source Q2 is used
to maintain the collector current of Q1 constant at 26
mA. Diode CR2 clamps excessive input signals,
protecting Q1.

The output of Q1 is applied to a 3 pole fixed-tuned
filter having a 3 dB bandwidth of 59 MHz and a 1 dB
bandwidth of 48 MHz centered at 160 MHz. Insertion
loss is 1.3 dB. Attenuation for image protection is 35
dB at 236 MHz, with increasing attenuation at higher
frequencies. Additional image protection is provided
by the transmitter harmonic filter, which provides at
least 20 dB of attenuation at 236 MHz and above.

A pin diode attenuator is located between the 3
pole filter and the first mixer. In the Distance mode,
Q5 and Q6 are turned on, CR5 is forward-biased
which bypasses R12, and no loss is introduced. In the
Local mode, Q5, Q6 and CR5 are off, inserting 10 dB
of attenuation due to R12. Because the attenuator is
located after the RF amplifier, receiver sensitivity is
reduced only by 5 dB, while the overall third order
input intercept is raised by 15 dB. Thus, the Local
mode significantly reduces the susceptibility to IM-re-
lated interference.

The first mixer is a passive, double-balanced type
consisting of T1, T2 and U1. This mixer provides all of
the necessary rejection of the half-IF spurious
response, since the improvement due to filter selec-
tivity is negligible for much of the band. High-side in-
jection at + 13 dBm is delivered to the first mixer
from the second RX buffer in the synthesizer circuit.

The mixer output is connected to a diplexer net-
work which matches its output to the first IF amplifier

Theory of Operation
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Q51 at the IF frequency of 45.1 MHz, and terminates
it in a 50 ohm resistor, R51, at all other frequencies.

1.2 UHF RECEIVER FRONT END

The received signal applied to the radio’s antenna
input connector is first routed through the harmonic
filter/antenna switch on the RF Power Amplifier
Board, and then applied via coax to J4 on the RF
Board. The insertion loss of the harmonic filter/anten-
na switch is less than 1 dB.

The signal applied to J4 is routed to a fixed-tuned 3
pole shunt resonator filter having the following charac-
teristics:

RANGE: 403-433 438-470 465-495 490-520
1dBBW: 41MHz 45MHz 40MHz 40 MHz
3dBBW: 77MHz 65MHz 60 MHz 55MHz

Loss: 3dB 1.8dB 22dB 22dB
fcENTER: 418 MHz 455 MHz 480 MHz 510 MHz

Image Rej: 33 dB 30dB 35dB 37dB

At fiMAGE: 343 MHz 380 MHz 405 MHz 430 MHz

Attenuation for image protection increases for fre-
quencies lower than fiMAGE.

The output of the filter is matched to the base of
RF amplifier Q1. Current source Q2 is used to main-
tain the collector current of Q1 constant at 30 mA.
Transistors Q3 and Q4 turn off the DC supply to Q1
and Q2 during transmit, reducing the dissipation in
Q1. Diodes CR2 and CR3 clamp excessive input sig-
nals, protecting Q1. The RF amplifier parameters are:

RANGE: 403-433 438-470 465-495 490-520
Gain: 16 dB 15dB 15dB 15dB
NF.. 14dB 14dB 18dB 18dB

The output of Q1 is applied to a tunable 4 pole
shunt resonator filter with these characteristics:

RANGE: 403-433 438-470 465-495 490-520
1dBBW: 35MHz 45MHz 40 MHz 40MHz
3dBBW: 4 MHz 60 MHz 60 MHz 55MHz

Loss: 42dB 37dB 38dB 3.8dB
fCcENTER: 418 MHz 455 MHz 480 MHz 510 MHz

Image Rej: 55 dB 40 dB 52dB 54dB

At fiMAGE: 343 MHz 380 MHz 405 MHz 430 MHz
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Again, image attenuation increases for frequencies
lower than fiMAGE.

A pin diode attenuator is located between the 4
pole filter and the first mixer. In the Distance mode,
Q5 and Q6 are turned on, CRS is forward-biased
which bypasses R12, and no loss is introduced. In the
Local mode, Q5, Q6 and CRS5 are off, inserting 10 dB
of attenuation due to R12. Because the attenuator is
located after the RF amplifier, receiver sensitivity is
reduced only by 5 dB, while the overall third order
input intercept is raised by 15 dB. Thus, the Local
mode significantly reduces the susceptibility to IM-re-
lated interference.

The first mixer is a passive, double-balanced type
consisting of T1, T2 and U1. This mixer provides all of
the necessary rejection of the half-IF spurious
response, since the improvement due to filter selec-
tivity is negligible at 470 MHz. Low-side injection is
delivered to the first mixer from the second RX buffer
in the synthesizer circuit. The injection level is +11.6
dBm for 403-433 range, +5 dBm for the 438-470 MHz
range, and +6.5 dBm for the 465-495 and 490-520
MHz ranges.

The mixer output is connected to a diplexer net-
work which matches its output to the first IF amplifier
Q51 at the IF frequency of 45.1 MHz, and terminates
it in a 50 ohm resistor, R51, at all other frequencies.

1.3 RECEIVER BACK END

51 amplifies the IF signal by approximately 17 dB.
The output of Q51 is filtered by a four pole crystal fil-
ter (comprised of two matched units Y51A and
Y51B). The 3 dB bandwidth of the crystal filter is 14
kHz for 20/25 kHz channel spacing models, and 8 kHz
for 12.5 kHz channel spacing models. The signal is
amplified 18 dB by the second IF amplifier Q52, and
applied to the input of the receiver system 1C U51-19
(sce Figure 1).

The 45.1 MHz first IF signal is applied to the
second mixer section of U51. A 44.645 MHz crystal os-
cillator provides the low side injection signal, which is
also applied to U51-19. The output of the second
mixer is a 455 kHz second IF signal which is filtered
by ceramic filter FL51, amplified, filtered by ceramic
filter FL52, and applied to the audio detector. As with
the crystal filter, the bandwidth of the ceramic filters
are narrower for 12.5 kHz channel spacing models
than for 20/25 kHz. The IF test point is located at the
output of filter FL52. The level of the 455 kHz signal
at this test point is linearly related to the input signal
level at the antenna, allowing a convenient metering
point for filter tuning and gain measurements.

The audio detector is a peak-differential type, with
the necessary phase shift (90° at 455 KHz) provided
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by L-C network L61. Recovered audio from U51-5 is
routed to the receiver audio circuitry on the logic
board, and to the squelch circuitry contained in U51.
When an on-channel signal is present, the amount of
high-frequency audio noise at the detector output is
reduced. This change in noise level is sensed to indi-
catc the presence of an on-channel signal. Audio
noise at U51-5 is applied to US51-7 via R61 and C82.
Extreme high-frequency noise is removed by C81. The
noise is amplified and appears at U51-6 where it is
coupled via C80 to the SQUELCH adjust pot R60.
The output of this control is applicd via R59, C79 and
C78 to pin 8 which is the input of a limiting amplifier
and threshold detector.

Noise levels greater than a preset threshold cause
US51-11 to go high. This is buffered by Q53 and routed
to the microcomputer circuitry on the logic board.
This corresponds to no channel activity. When the
noise level decreases below the threshold, due to on-
channel quieting, U51-11 goes low, providing a low to
the logic circuitry. This implies an on-channel signal is
present, causing unmuting of the reccive audio path
by the microcomputer.

Components R58, C75 and C76 determine squelch
time constants as a function of the charging currents
supplied by U51. These charging currents vary from
weak to strong signal conditions, providing a variable
squelch closing time-constant. For weak signals the
time constant is long to minimize "chattering" or rapid
muting and unmuting of the audio. For strong signals,
where the carrier-absent to carrier-present conditions
are substantial, the closing time-constant is shortened
to minimize the length of the "squelch-tail".

1.4 FREQUENCY SYNTHESIZER

To determine the synthesizer’s operating frequen-
cy, the microcomputer loads the frequency divider in-
formation into the PLL IC U101 (see Figure 2). The
PLL IC contains three programmable dividers. The
program is serially loaded via the SR DATA line to
U101-10. The data is loaded one bit at a time, with
each low-to-high transition of the SR CLOCK at
U101-11 latching data from shift registers into the
reference divider (R), divide-by-N, or divide-by-A
latches depending on the control bit. A logic high of
the control bit selects the reference counter latch,
while a logic low selects the divide-by-N, or divide-by-
A counter latch.

After the microcomputer loads data into the PLL
IC, the SYNTH LATCH ENABLE line goes low. The
synthesizer is then ready to generate a receive first-in-
jection or transmit frequency.

In UHF radios, for example, the latches are loaded
with data to give 5 kHz (or 6.25 kHz) at the output of
the divide-by-R counter when the reference signal is
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Figure 1. Receiver IC Block Diagram

During the frequency synthesis, the divide-by-A
and divide-by-N counters begin counting down from
the programmed values (A and N respectively) at the
same time. The modulus control line U101-12 is low
so the divide-by-127/128 prescaler divides by 128.
Therefore, the effect of the prescaler U102 is to divide
the VCO output by 128 and apply it to U102-8. When

applied at U101-1, and 5 kHz (or 6.25 kHz) at the out- the divide-by-A counter completes counting down, the
put of the divide-by-N counter when the VCO is
operating at the desired receive injection or transmit
frequency.

control logic sets the modulus control line high, and
the divide-by-127/128 prescaler divides by 127 until
the divide-by-N counter completes the programmed
value on N. After the divide-by-N counter completes
counting down, the counters are set back to their
programmed values. The effect of the prescaler and
divide-by-A, divide-by-N counters is to divide the
VCO frequency by a number, N, where:

NT = 128x A + 127x(N-A) = 127xN + A
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The output of the divide-by-N counter is equal to:
fvco/(127xN + A)
When the phase-locked loop is locked:
fvco/(127xN + A) = 5kHz = fyco /NT

The reference oscillator frequency is 14.4 MHz and
the output of the divide-by-R must be 5 kHz. There-
fore:

R = 144 MHz/5kHz

The values of A and N are dependent on the
desired VCO frequency which is equal to the transmit
frequency, or to the receive frequency minus 45.1
MHz (for UHF radios).

N = integer part of N7/ 127
A = remainder of N1/ 127

The 5 kHz outputs of the divide-by-A and divide-by-
N counters are applied to phase detector A. The out-
put of phase detector A is applied to phase detector
B. There are two output signals for phase detector B,
phase R (U101-16) and phase V (U101-15), which
consist of pulses whose pulse width depends on the
phase error between the two signals at phase detector
A. If the frequency fv is greater than fR, then error in-
formation is provided by phase V pulsing low, while
phase R remains essentially high. When fv and fr are
both in phase, both phase V and phase R remain high,
except for a small minimum time period, and they
both pulse low in phase. These pulses are applied to
the charge pump and are used to correct (steer) the
VCO frequency.

The above discussion is for a UHF radio with a 5
kHz reference frequency. VHF radios use a divide-by-
64/65 prescaler, and the receive VCO frequency is
equal to the receive frequency plus 45.1 MHz. Either
a 5 or 6.25 kHz reference frequency may be used
depending on the desired frequencies and channel
spacing,.

When the synthesizer is locked, U101-7 applies a
high level signal with very narrow negative-going pul-
ses to the out-of-lock detector. The very narrow low
pulses have a high average DC level that is not suffi-
cient to turn on transistor Q101. This keeps the volt-
age across C102 low, which indicates an in-lock
condition.

When the synthesizer is out-of-lock, the output of
U101-7 becomes a pulsating DC signal with an
average DC level that varies between 0.5V and 4.4V,
This turns on Q101 and charges C102 to at least 3.0
volts, indicating an out-of-lock condition. Transmitter

output and receiver audio are inhibited under these
circumstances.

The 5V DC operating voltage for the synthesizer
and prescaler is derived from a voltage divider buf-
fered by Q106. Due to the low and relatively constant
current drain requirements, a more elaborate
regulator is unnccessary.

1.4.1 Charge Pump

The charge pump consists of Q102-Q105. The
phase V (U101-15) signal from the PLL IC is applied
to Q103 while phase R (U101-16) is applied to Q102.
Then the synthesizer is locked, both signals consist of
a pulse train with a period of 160 or 200 usec and nega-
tive-going pulses. The phase R negative pulse turns off
Q102 and brings the emitter of Q104 to 9.6V which
turns on Q104. The negative pulse of phase V turns
Q103 off which reduces the current flow to R114 and
in turn reduces the voltage across R114. This will
cause Q105 to turn on and sink current from Q104.

When the synthesizer reaches lock, the voltage at
the steering line will be between 1.3V and 7.8 V DC.
When the synthesizer is reprogrammed to a new fre-
quency, the previous SL voltage would now give a
wrong frequency and will cause the phase R and
phase V to have different pulse widths. This will cause
Q104 and Q105 to turn on and off at different times,
resulting in a series of summed current pulses to the
loop filter that charges or discharges C110 to the new
SL voltage. If the frequency of the VCO is higher than
that of phase R, then C110 discharges; if lower, C110
charges.

1.4.2 Loop Filter

The loop filter consists of R119 through R121 and
C109 through C112, as well as C205 and C258 in the
VCO compartment. The loop filter is a low pass filter
that attenuates noise and rejects the loop reference
frequency so that these signals cannot modulate the
VCO. The voltage across C110 is the steering line volt-
age which controls the VCO frequency.

1.4.3 Reference Oscillator

The reference oscillator is a Colpitts design using a
14.4 MHz crystal element. Each crystal has a unique 8-
digit temperature coefficient code which must be
keyed into the radio during chassis auto tune. The
reference oscillator is warped to the desired range by
adjusting L151 while supplying 5.2 +0.01V DC at J6-
9. Further frequency warp adjustment is done
electronically by changing the control voltage applied
to varactors CR151 and CR152 by the logic board.

Temperature compensation is applied in the same
manner, based on the temperature of the crystal as
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sensed by zener diode VR176, which is physically
close to Y151. The forward voltage drop of this diode
is proportional to the actual crystal temperature. This
forward voltage is amplified by a precision DC ampli-
fier, U176 and associated components, to a DC level
sufficient to be read by one of the A/D inputs of the
microcomputer on the logic board. The appropriate
control voltage is applied, based on the crystal’s
temperature coefficient code, to maintain +2.5 ppm
stability over the entire operating temperature range.

For transmissions of PL/DPL or data with low-fre-
quency content, the reference oscillator is modulated
to extend the low frequency modulation capability of
the synthesizer below the loop filter cutoff frequency.
Modulation is applied to the frequency control varac-
tors CR151 and CR152 via J6-13 and REF MOD ad-
just pot R164,

1.5 VCO’s AND BUFFERS

Two VCO’s are used, one for transmit and one for
receive. These are selected by switching circuitry
Q277 through Q279, which applies 8.5V DC supply
voltage to the appropriate oscillator and buffers. The
incoming 9.6V DC voltage is first filtered by Q276 to
remove noise which might be introduced into the
VCO’s. Q276 acts as a C- multiplier, which effectively
multiplies the capacitance of C277 by the gain of tran-
sistor Q276. In the receive mode, J6-4 is pulled high
by R276, turning off Q277 and Q278, allowing Q279 to
conduct and supply RX 8.5V. In the transmit mode,
J6-4 is pulled low by the logic board. Q277 conducts
to supply TX 8.5V, and Q278 saturates across the
base-emitter of Q279, turning it off.

Each VCO consists of a FET oscillator whose fre-
quency is determined by a parallel L-C network con-
sisting of a tunable coil and a network of varactors. As
the steering line varies over the range of 2V to 7.8V
DC, the capacitance of the varactors decreases as volt-
age is raised, causing the oscillator frequency to in-
crease. The transmit VCO has an additional varactor,
CR208, which is very lightly coupled to the tank cir-
cuit, which provides frequency modulation of the
VCO from the audio signal applied at J6-10 and ad-
justed by VCO MOD adjust pot R302.

Each VCO has an AGC rectifier circuit (CR206 or
CR214) which varies the DC gate bias on the VCO
FET as a function of the RF output level at the VCO’s
drain. This helps maintain a more constant VCO out-
put level, and prevents RF voltages from increasing to
levels which might cause rectification by the varactors.

Transistors Q204, Q205 are receive buffer ampli-
fiers. These raise the RF output of the VCO to the
level required as injection for the first mixer, typically
between +5 and + 13 dBm depending on the frequen-
¢y band, as detailed in sections 1.1 and 1.2. The RF at

Q205’s base is sampled and fed back to the syn-
thesizer via buffer Q107, allowing the synthesizer to

"know" if the VCO is operating at the correct frequen- .
cy.

Similarly, transistors Q207, Q208 are transmit buff-
er amplifiers. These raise the RF output of the VCO
to the level required by the RF power amplifier, typi-
cally +13 to +14.5 dBm, as measured at J5, which is
a 50 ohm port. The VCO frequency is sampled at
Q208’s base and fed back to the synthesizer via buffer
Q107.

2. Logic Board

There are two versions of logic boards used in
GM300 series mobile radios, "masked" and "ex-
panded.” The expanded logic board has a shielded
compartment which encloses the microcomputer, cus-
tom gate array, and external memory IC’s, and has a
four-layer printed circuit board layout. The masked
logic board uses a two- layer circuit board without the
shielded compartment, with all software functions con-
tained in a single masked microcomputer IC. In
general, the masked logic board is used in 2 and 8
channel models with basic signaling capabilities, while
the expanded logic board is found in 16 channel
models having more elaborate signaling systems or re-
quiring programmable accessory connector I/O’s.

The logic board circuitry consists of five major sec-
tions:

e DC distribution and regulation
® Microcomputer and logic
® Receiver audio circuitry
® Transmitter audio circuitry
® Transmitter power control circuitry
2.1 DC DISTRIBUTION AND REGULATION

All operating voltage for the radio is supplied from
the RF power amplifier’s battery input connector J2.
This voltage is protected from reverse polarity or ex-
cessive positive transients by CR2270, CR2370,
CR2470, CR2570, CR2670 or CR2770 (depending on
power amplifier kit), which acts as a power diode for
reverse polarity protection, as well as a power tran-
sient suppressor due to its reverse avalanche charac-
teristics. The supply voltage is routed to the logic
board via J7-5 (UNSW B +).

Whenever UNSW B + is supplied, a continuous
source of 5V DC is applied to pin 2 of the microcom-
puter from the RAM 5V supply (VR402, CR403,
R410 and C408). This maintains the radio’s scan list,




current operating mode, etc., when the radio is turned
off. Due to the storage of C408, this information can
be maintained for up to several hours even if the bat-
tery supply voltage is interrupted.

When ignition control is not used, UNSW B + via
fuse F801 becomes B + which is routed through the
on-off switch to become SW B +. When ignition con-
trol is used, fuse F801 is removed, and the vehicle’s ig-
nition-switched voltage is supplied to J3-10 which is
the B+ that is routed through the on-off switch to be-
come SW B +. Thus, with ignition control, ignition-
controlled voltage must be present at J3-10 for the
radio to operate.

In 2-layer masked logic boards, when the radio is
turned on, SW B + turns on Q404 via R414, which
then turns on Q403 via R412. When Q403 is on,
UNSW B + is applied to to the supply pins of opamps
U401 and U451 (energizing the 9.6 volt regulator and
transmitter power control circuits). The low satura-
tion voltage of Q403 keeps the supply voltage of the
transmitter power control circuit essentially equal to
the UNSW B + voltage present in the RF Power
Amplifier. This is important for accurate power con-
trol operation. SW B + is also routed to 5 volt
regulator U402 (powering the microcomputer and
logic circuitry) and to J3-13, the SW A + sense pin on
the accessory connector. The current drawn through
the on-off switch is relatively low, less than 400 mA,
and the majority is that required by the 5V regulator.
All high current stages, such as the RF and audio
power amplifiers, operate from UNSW B + and are
controlled by low currents.

In 4-layer expanded logic boards, power distribu-
tion is similar except that Q403 also switches the supp-
ly voltage to the 5 volt regulator IC U402. The higher
current drain from the 5V regulator due to the ex-
panded logic circuitry does not need to flow through
the radio’s on-off switch in this case. However, in 4-
layer boards Q403 is a TMOS device, which exhibits
very low on- resistance (less than 0.6 ohm) and there-
fore negligible voltage drop, without requiring large
base current flow to saturate it.

The 9.6V regulator uses an opamp as a controlling
element. The regulated output voltage is divided by
R404 and R405 and compared with an accurate
reference voltage (5.03V DC) determined by VR401.
The opamp’s output voltage (U401A-1) varies the
amount of conduction in in Q402 and Q401 as neces-
sary to keep these two voltages (U401A-2 and -3)
equal. A characteristic of the opamp which allows the
regulator to start up is the fact that the output is high
when both inputs are low, which occurs momentarily
at turn-on. Diode CR401 is used to protect Q401 if the
9.6V line is grounded. When this happens, Q402’s
base can only be 0.7V DC and Q401 will be turned off.
Diode CR402 provides temperature compensation of

the regulated output voltage. The 9.6V supply powers
the opamps in the receive and transmit audio circuits,
the D/A converter, the RF board circuitry, and low
level stages of the RF power amplifier.

The 4.8V DC reference is formed by divider R408-
R409, filtered by C405, and buffered by unity gain
opamp U401B to provide a low- impedance and low
noise half-supply reference voltage for the opamps in
the audio circuits.

The 5V regulator uses an IC, U402, to provide
operating voltage for the microcomputer and logic cir-
cuits and the front panel LED displays. This IC
generates a low reset pulse when turned on which is
used to initialize the microcomputer at power-up. The
timing of this pulse is determined by C409.

22 MICROCOMPUTER AND LOGIC

GM300 radios use the Motorola 6SHC11E9
microcomputer, U802, which utilizes:

e 7.776 MHz clock rate

e Multiplexed 8 bit address/data lines

® 16 bit addressing

e Internal watchdog circuitry

® Analog to digital conversion input ports

Additional control logic surrounding U802 consists
of:

(1) D/A CONVERTER US801. This IC is used to
generate precision analog voltages for transmitter
power control, deviation adjustment, and
reference oscillator frequency warp.

(2) CUSTOM GATE ARRAY U803. This device ex-
pands the input/output capabilities of the control
logic. U802 and U803 exchange information
which tells the microcomputer the input port
status and the desired state of the output ports.
Used in expanded logic boards only.

(3) EPROM U804. This is an Erasable Program-
mable Read Only Memory, whose function is to
store the microcomputer’s operating program.
Used in expanded logic boards only.

(4) EEPROM UB805. This is an Erasable Program-
mable Read Only Memory, which acts as the
radio’s code plug. It supplements the capability of
the EEPROM contained within U802, storing ad-
ditional operating information pertinent to a par-
ticular radio, such as operating frequencies,
signaling codes, scan lists, time-out timer,
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programmable 1/O assignments, and other special
functions. Used in expanded logic boards only.

(5) SRAM U806. This Static Random Access
Memory is used for "scratch pad" operations.
Used in expanded logic boards only.

In masked logic boards, the microcomputer’s
operating program is permanently written or "masked”
within the microcomputer. Included in U802 is an
EEPROM memory which stores channel, signaling,
and scan list information, similar in function to U80S
but with less storage capability.

2.2.1 Micrecomputer Start-Up Routine

The microcomputer is operational after the
RESET line is released by U402 at turn-on. Y801, the
crystal oscillator, should be stable at this point. Y801’s
frequency is divided by four by U802 to produce the E-
CLOCK (1.944 MHz, at U802-5) which is the data
clock for microcomputer and, in expanded logic
boards, gate array U803. The microcomputer then ex-
ecutes a self-test routine and generates an error tone
if a failure is detected. Q807 shifts the crystal frequen-
cy very slightly by introducing network 1.801/C831
when Q807 is off. This can be used to remove an on-
channel self-quieting signal which is a harmonic of the
crystal, if necessary.

2.2.2 Microcomputer Operation-Expanded Logic

In expanded logic boards, a successful self test of
the control logic will activate the multiplexed ad-
dress/data bus. The microcomputer has an eight bit
address/data bus and an eight bit address-only bus.
These bus lines are connected to gate array U803 for
I/O port information, and to the external memory IC’s
to send and receive information.

The custom gate array must de-multiplex the lower
order address byte from the address/data bus (ADO-
AD?7) in order to address a particular function or
memory location.

The microcomputer puts the address information
on ADO-AD7 and the information is then passed to
U803. The address strobe "AS" is pulsed low and the
byte is latched. The de-multiplexed address byte A0-
AT is then available on U803. The bus is now ready for
the transmission of data. The higher order address
byte A8-A15 is not multiplexed and is readily available
at the microcomputer U8S02.

2.2.3 Reading or Writing in Memory-Expanded Logic

In expanded logic boards, the specified memory IC
must first be enabled before a read/write operation
can take place. Each memory IC has its own chip
select line. EPROM SEL originates at U803- 13,

EEPROM SEL at U803-14, and SRAM SEL at U803-
15. The lines are normally logic high; a specific IC is
selected when the appropriate line is pulsed low.

The R/W line from U803-16 determines if data is
being read (logic high) or written (logic low).
EPROM U804 is a read-only memory and does not re-
quire a R/W input.

The output enable line "OE", when pulsed low, will
enable the tri-state output gates to pass the contents
of the desired address out onto the A/D bus.

2.2.4 Programmable [/O’s

In masked logic boards, the function of J3-14 is
programmable by the placement of push-on jumper
JUS809. In the "REMOTE" position, J3-14 provides the
hook function for a remote desk set. When pulled low,
the radio is forced "off-hook” or into a monitor condi-
tion. In the "PA" position, J3-14 provides the public ad-
dress enable function; when pulled low, transmitter
PTT is inhibited.

In expanded logic boards, pins 8, 12 and 14 are
software- programmable 1/Q’s, pins 6 and 9 are
software programmable inputs, and pin 4 is a software-
programmable output. If, for example, J3-14 is used as
an input, U803-39 will be logic low, keeping Q814 off.
When an accessory pulls J3-14 low, Q813 will turn off,
and the resulting logic high at its collector will be read
by U803-24. If J3-14 is programmed as an output, the
signal provided by U803-39 will turn Q814 on or off as
necded, supplying either an active low or a logic high
(pulled up by R901, 4.7k) to the accessory. By moving
JUB808 from its normal PROG /O position to the
SCI+ position, J3-12 can be used as an SCI program-
ming line, electrically connected via J8-9 to the SCI +
pin on the microphone connector (pin 7).

2.3 RECEIVER AUDIO
2.3.1 Voice Path

Detector audio from the RF board is routed via J6-
3 to USS51A. A series resistor on the RF board, R62, is
chosen to provide an additional 6 dB of receiver audio
gain in 12.5 kHz channel spacing models, where full
system deviation is one half of that used for 25/30 kHz
channel spacing. The gain of U551A is chosen so that
supply-rail limiting occurs at 20% above full system
deviation. This limits the amplitude of impulse-type ig-
nition noise. Noise above 3 kHz is attenuated by a 3-
pole low pass filter (U551B) whose Bessel-Thompson
characteristic is chosen to minimize ringing due to im-
pulse-type noise. Following is a 5-pole biquadratic 300
Hz high-pass filter (U552A and B) which attenuates
subaudible signaling tones such as PL and DPL. This
is followed by de-emphasis amplifier U553A, mute
gate Q551 and summing amplifier U553B which com-




bines the receive audio signal with alert tones
generated by the microcomputer at U802-29 and fil-
tered by C566 and C567. The output of U553B is
routed to the volume control via J8-1, from the volume
control via J8-2 to the input of the audio power ampli-
fier, U501.

The audio power amplifier is a BTL (bridge-tied
load) configuration providing 7.5 watts rms into an ex-
ternal 8 ohm speaker. Both sides of the speaker are
driven with out-of-phase signals, therefore neither
side of the speaker can be grounded. The outputs are
internally protected against accidental short circuits to
supply or ground. The internal speaker has a 22 ohm
impedance which limits the power delivered to it to 3
watts, which is within its rating, The audio power
amplifier is turned on when a sense voltage greater
than 8 volts DC is applied to pin 8. This is obtained
from SW B + via R501. When no audio output is re-
quired, U501 is turned off by saturating transistor
Q501, providing 0 volts to U451 pin 8. This allows
muting of the audio power amplifier. When the radio
is turned off, SW B + is not present, so there is no
source of voltage to pin 8 via R501, keeping U501 off.
When muted (pin 8 low), U501 draws no current from
the UNSW B + source. Capacitor C504 controls the
turn on and turn off timing of the power amplifier to
minimize transients. C501 and C502 provide low and
high frequency filtering respectively.

When any front panel button is pressed, a beep is
heard in the speaker. This is produced by the
microcomputer-generated alert tone applied to stage
US553B, as discussed above. U501 is enabled by turn-
ing off Q501, however mute gate Q551 remains muted
so that the beep is heard but noise or signals from the
receiver are not. Alert tones are also used by various
signaling systems, or for error tones during self-test.

Receiver audio is available at the accessory connec-
tor J3-11. Depending on the position of push-on
jumper JUS551, audio may be either de-emphasized, fil-
tered and muted, derived from the output of U553B,
or flat and unmuted, derived from the output of
U551A in masked logic boards or from buffer U651B
in expanded logic boards.

2.3.2 Data Path

Receiver audio is also used for decoding of signal-
ing tones or codes. There are two general classifica-
tions of the types of data involved. High-speed data
refers to data which occupies the voice range of fre-
quencies (between 300 and 3000 Hz, although it can
also occupy the entire range from less than 1 Hz to
3000 Hz). This data is not transmitted simultaneously
with voice. The other type is low-speed data, which is
contained to frequencies below 300 Hz, generally at
reduced deviation levels, and may be transmitted
simultaneously with voice. MDC1200 and Select 5 are

examples of high-speed data; PL and DPL are ex-
amples of low- speed data.

Low speed data is obtained from U551B-7, which
contains frequencies between 0.6 Hz and 3000 Hz. It
is buffered by U602A and filtered by U603A and
U603B in masked logic boards, or U602B and U603A
in expanded logic boards. These form a 5-pole bi-
quadratic low pass filter, attenuating all signals above
250 Hz. This filter prevents voice from interfering with
low-speed data detection. This is fed to a center-slicer
(U601B in masked, U603B in expanded) which con-
verts the tone or data into a symmetrical square wave
which can be decoded by the microcomputer. The cen-
ter slicer tracks out near-DC offsets to maintain
waveform symmetry. In expanded boards, U603B is an
opamp rather than a comparator, and transistor Q601
is used to provide level shifting to a 0-to-5V logic level.

High speed data can be obtained from either
US551B-7, the same point as for low-speed data, or
from U552B-7, which only contains frequencies be-
tween 300 and 3000 Hz. If the type of data does not
contain information below 300 Hz, the use of addition-
al 300 Hz high-pass filtering improves detector sen-
sitivity. No additional filtering is required, only that
the signal is squared up by center-slicer U601A before
being applied to the microcomputer for decoding.

2.4 TRANSMITTER AUDIO
2.4.1 Voice Path

Microphone audio is routed from the front panel
mic jack via J8- 14, or from accessory connector J3-2,
to the mic mute gate Q651. DC bias is applied to
operate the transistor amplifier within the micro-
phone. Q651 is controlled by Q652 and mutes the
microphone audio path during receive mode or during
transmission of high- speed signaling or data. When
low mic gain (80 mV rms for 60% deviation) is
selected by JU651, the signal is pre-emphasized by
C652 and R655; for high-gain (40 mV rms), by C667
and R647. Supply rail limiting by U651A prevents
over-deviation.

The signal is then routed to the RF board reference
oscillator modulation input via J6-13, and, via buffer
UG652A, to voltage controlled attenuator U652. Devia-
tion is adjusted by programming the DC output volt-
age of D/A converter U801-6. This allows electronic
adjustment of deviation, compensation for sensitivity
variations across the operating frequency band, and
choice of full system voice deviation on non-PL or
DPL channels, or reduced voice deviation on channels
with PL or DPL. The output of attenuator U653 is
routed through U652B, a 3-pole biquadratic 3000 Hz
low-pass "splatter” filter, before being applied to the
RF board as VCO modulation via J6-10.
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Radios used in 12.5 kHz channel spacing systems re-
quire full deviation of 2.5 kHz, instead of 5 kHz for
25/30 kHz systems. This reduction is accomplished by
resistor values on the RF board surrounding the VCO
MOD and REF MOD adjust posts.

2.42 Data Path

High speed data is generated by microcomputer
outputs U802-30 and 31 which are summed by opamp
U602B (masked) or U701A (expanded). The ratio of
R701 and R702, and the relative timing of the transi-
tions of the two microcomputer outputs, allow low-
distortion simulated sinewaves to be generated. The
opamp output is routed to the input of limiter U651A,
where it is summed with pre-emphasized mic audio.
The audio path from U651A to the limiter is not pre-
emphasized. The remainder of the audio path to the
modulator is the same as for the voice signal path.

In masked logic boards, audio applied to accessory
connector J3-5 is applied, without pre-emphasis, to
the input of the limiter U651A. In expanded logic
boards, jumper JU701 allows either this path to be
chosen (position "A"), or allows J3-5 audio to be
routed via low-speed data filter U701B (JU701 in posi-
tion "B") and introduced into the transmitter audio
path after the limiter. In this configuration, externally-
generated PL may be applied to the transmitter
without being "captured" (attenuated or removed en-
tirely) when limiting due to voice peaks occurs.

Low speed data is generated by microcomputer out-
puts U802-27 and 28 which are summed by opamp
U651B (masked) or U701B (expanded). The ratio of
R706 and R707 allow low-distortion simulated
sinewaves to be generated. The opamp is configured
as a 3-pole biquadratic low pass filter to remove any
distortion components of the low speed data signal
above 300 Hz which would fall within the voice range.
This audio is resistively summed with the output of the
limiter U651A. In this manner, limiting on voice peaks
will not affect the continuous low speed data transmis-
sion. The summed audio is then routed to the REF
MOD input of the RF board via J6-13, and to the volt-
age controlled attenuator, splatter filter, and VCO
MOD input of the RF board (J6-10), following the
same path as voice signals.

2.5 TRANSMITTER POWER CONTROL
2.5.1 Control Line Functions

As discussed earlier, all DC operating voltage for
the radio originates from the RF power amplifier via
J7-5 (UNSW B +). In addition, J7 receives DC con-
trol voltages from, and supplied DC control voltages
to, the RF power amplifier circuitry.

In the transmit mode, Q455 conducts, supplying

9.6T (keyed 9.6V DC) via J7-1 to the antenna switch
and providing bias (and collector voltage, in UHF
models) for the first transmitter stage.

Controlled B + is supplied via J7-2 to the collector
of the first (VHF) or second (UHF) transmitter stage.
As this voltage varies over the range of 3 to 12.5V DC,
transmitter output power is varied over the range of
10 to 25 watts.

A small-value (.01 to 0.2 ohm) resistor is placed in
series with the DC supply to the RF final amplifier,
and the voltage across this resistor is measured via the
current sense high (J7-3) and low (J7-4) lines.

The temperature of the final RF amplifier is
monitored by a thermistor mounted next to it. The
thermistor is part of a voltage divider network whose
output voltage is routed, via J7-6, to an A/D input of
the microcomputer, U802-49.

2.52 Power Control Operation

Power is programmed electronically during radio
tune-up and may be different for each channel. The
software varies the DC output voltages of D/A con-
verters U801-2 and U801-4 (two D/A’s are summed
for increased resolution) and applied to the (+) input
of opamp U451A. As D/A voltage increases, U451A-1
output voltage increases, which causes greater conduc-
tion in Q453 and Q452, thus increasing the control
voltage and RF power output. The values of R810,
R811, R462 and R463 reduce the D/A output voltage
range (0 to 9V DC) to the required 4V to 6V DC
range at U451A-3.

If the DC current of the final RF amplifier in-
creases excessively due to, for example, an antenna
system fault, the increased voltage drop across the
series resistor will be sensed by U451B, causing the
current through Q454 to increase until the two inputs
of U451B are again equal (the collector resistor of
Q454 is on the RF power amplifier board since its
value is optimized for different power amplifiers). The
increase in Q454 current raises its emitter voltage
which is applied to the (-) input of U451A. Thisisin a
direction to reduce the output voltage of U451A-1,
reducing conduction in Q453 and Q452, lowering the
controlled B + voltage to counteract the excessive cur-
rent condition.

Excessive RF final amplifier temperature causes an
increase in the THERMAL DC voltage at U802-49.
The microcomputer reduces power via the D/A con-
verter to achieve a safe equilibrium.

Under any circumstance, controlled B + is
prevented from exceeding a pre-programmed DC volt-
age. The voltage is divided by R471 and R472 and
monitored by microcomputer A/D input U802-45




every 17 msec. If voltage exceeds the maximum allow-
able, the DAC is decremented one step, and this
process is repeated as needed.

3. RF Power Amplifiers

This manual covers several different power ampli-
fier kits. Each is optimized for the specific frequency
and power output range of the radio model in which it
is used. All are similar in that they can be divided into
three basic circuits:

e Power amplifier
e Antenna switch
o Harmonic filter
3.1 1-10 WATT VHF POWER AMPLIFIER

The 1-10 watt VHF power amplifier is designed to
cover the range of 146-174 MHz. It consists of three
stages. The first stage, Q2210, operates in Class A
with its operating voltage supplied by the 9.6T source.
It has a gain of 9 dB and delivers 160 mW of output
power.

The second stage, Q2220, is operated in Class C
and also has 9 dB of gain. The collector voltage is sup-
plied from controlled B +. The output level of this
stage is varied by changes in the controlled B + volt-
age. This stage delivers up to 1.3 watts output.

The third stage, Q2230, is the Class C RF final
power amplifier. It can output in excess of 14 walts.
Collector current is monitored by the power control
circuit by measuring the voltage drop across a .2 ohm
resistor, R2274, placed in series with the collector DC
supply lead.

The antenna switch consists of two pin diodes,
CR2250 and CR2251. L2252 is parallel-resonant with
the off capacitance of CR2250, increasing its attenua-
tion when off. C2253 is a DC block.

In the receive mode, both diodes are off. Signals ap-
plied at the antenna jack J1 are routed, via the har-
monic filter, through network 1.2251, C2251 and
C2252 to the receiver input. In the transmit mode,
9.6T is present and both diodes are forward-biased
into conduction. The transmitter RF from Q2230 is
routed through CR2250, and via the harmonic filter to
the antenna jack. CR2251 conducts, shunting RF
power and preventing it from reaching the receiver.
L2251 is selected to appear as a 1/4 wave at VHF, so
that the low impedance of CR2251 appears as a high
impedance at the junction of CR2250 and the har-
monic filter input.

The harmonic filter is a nine pole 0.1 dB ripple

Chebychev low pass filter with a 3 dB frequency of ap-
proximately 205 MHz and less than 1 dB insertion loss
in the passband.

3.2 10-25 WATT VHF POWER AMPLIFIER

The 10-25 watt VHF power amplifier is designed to
cover the range of 146-174 MHz. It consists of three
stages. The first stage, Q2310, operates in Class A
with base bias supplied by the 9.6T source. The collec-
tor voltage is supplied from controlled B +. The out-
put level of this stage is varied by changes in the
controlled B + voltage.

The second stage, 02320, is operated in Class C.
Collector voltage is supplied by UNSW B + . This
stage delivers up to 3 watts output.

The third stage, Q2330, is the Class C RF final
power amplifier. It can output in excess of 30 watts
with 3 watts input power. Collector current is
monitored by the power control circuit by measuring
the voltage drop across a .05 ohm resistor, R2371,
placed in series with the collector DC supply lead.

The antenna switch consists of two pin diodes,
CR2350 and CR2351. L2353 is parallel-resonant with
the off capacitance of CR2350, increasing its isolation
when turned off. C2354 is a DC block. L2352 and
C2352, combined with the "on" inductance of CR2351,
form a series resonant circuit to lower the shunt im-
pedance presented by CR2351 when it is turned on.

In the receive mode, both diodes are off. Signals ap-
plied at the antenna jack J1 are routed, via the har-
monic filter, through network L2351, C2351 and
C2353 to the receiver input. In the transmit mode,
9.6T is present and both diodes are forward-biased
into conduction. The transmitter RF from Q2330 is
routed through CR2350, and via the harmonic filter to
the antenna jack. CR2351 conducts, shunting RF
power and preventing it from reaching the receiver.
L2351 is selected to appear as a 1/4 wave at VHF, so
that the low impedance of CR2351 appears as a high
impedance at the junction of CR2350 and the har-
monic filter input.

The harmonic filter is a nine pole 0.1 dB ripple
Chebychev low pass filter with a 3 dB frequency of ap-
proximately 205 MHz and less than 1 dB insertion loss
in the passband.

3.3 25-45 WATT VHF POWER AMPLIFIER

The 25-45 watt VHF power amplifier is designed to
cover the range of 146-174 MHz. It consists of four
stages. The first stage, Q2410, operates in Class A
with its operating voltage supplied by the 9.6T source.
It provides 11 dB of gain and has an output power of
250 mW.
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The second stage, Q2320, is operated in Class C.
The collector voltage is supplied from controlled B +.
The output level of this stage is varied by changes in
the controlled B + voltage. It has a gain of 9.1 dB and
provides up to 2 watts of output power.

The third stage, Q2430, also operates in Class C.
The collector voltage is supplied directly from the
UNSW B + source. This stage has a gain of 8.8 dB
and an output power of 15 watts. Feedback is used to
control the gain and maintain stability.

The fourth stage, Q2440, is the Class C RF final
power amplifier. It has a gain of 6 dB and can output
in excess of 60 watts with 15 watts of input power. The
power control circuit monitors this stage’s collector
current by measuring the voltage drop across a .01
ohm resistor, R2471, placed in series with the collec-
tor DC supply lead.

The antenna switch consists of two pin diodes,
CR2450 and CR2451. 1.2453 and C2453, combined
with the internal "on" inductance of CR2451, form a
series resonant circuit to lower the shunt impedance
presented by CR2451 when it is conducting.

In the receive mode, both diodes are off. Signals ap-
plied at the antenna jack J1 are routed, via the har-
monic filter, through network 12452, C2454 and
(2455 to the receiver input. In the transmit mode,
9.6T is present and both diodes are forward-biased
into conduction. The transmitter RF from Q2440 is
routed through CR2450, and via the harmonic filter to
the antenna jack. CR2451 conducts, shunting RF
power and preventing it from reaching the receiver.
L2452 is selected to appear as a 1/4 wave at VHF, so
that the low impedance of CR2451 appears as a high
impedance at the junction of CR2450 and the har-
monic filter input.

The harmonic filter is a seven pole 0.1 dB ripple
Chebychev low pass filter with a 3 dB frequency of ap-
proximately 200 MHz and a typical insertion loss of
0.8 dB in the passband.

3.4 1-10 WATT UHF POWER AMPLIFIER

The 1-10 watt UHF power amplifier is designed to
cover the range of 438-470 MHz and has three stages.
The first stage, Q2510, operates in Class A. Its operat-
ing voltage is supplied from 9.6T. This stage provides
9 dB of gain and an output of 200 milliwatts.

The second stage, 2520, has a nominal gain of 10
dB and power output of up to 2 watts. The output of
this stage is adjusted by varying the controlled B +
which supplies DC operating voltage to its collector.
This stage operates in Class C.

The third stage, Q2530, is the Class C RF final

power amplifier. It provides 8.75 dB of gain and an
output power of up to 15 watts. Collector voltage is
supplied from UNSW B + via a 0.2 ohm resistor,
R2570. By measuring the voltage drop across this resis-
tor, the power control circuit compensates for varia-
tions in Q2530’s collector current.

The antenna switch consists of two pin diodes,
CR2550 and CR2551. L2553 is parallel-resonant with
the off capacitance of CR2550, increasing the diode’s
isolation when turned off. C2555 is a DC block. L2552
and C2551, combined with the "on" inductance of
CR2551, form a series resonant circuit to lower the
shunt impedance presented by CR2551 when it is
turned on.

In the receive mode, both diodes are off. Signals ap-
plied at the antenna jack J1 are routed, via the har-
monic filter, through network L2551, C2552 and
C2553 to the receiver input. In the transmit mode,
9.6T is present and both diodes are forward-biased
into conduction. The transmitter RF from Q2530 is
routed through CR2550, and via the harmonic filter to
the antenna jack. CR2551 conducts, shunting RF
power and preventing it from reaching the receiver.
L2551 is selected to appear as a 1/4 wave at UHF, so
that the low impedance of CR2551 appears as a high
impedance at the junction of CR2550 and the har-
monic filter input.

The harmonic filter is a seven pole 0.1 dB ripple
Chebychev low pass filter with a 3 dB frequency of ap-
proximately 700 MHz and less than 1 dB insertion loss.

3.5 10-25 WATT UHF POWER AMPLIFIER

The 10-25 watt UHF power amplifier is designed to
cover the range of 438-470 MHz and has four stages.
The first stage, Q2610, operates in Class A with base
bias from 9.6T. It provides 11.8 dB of gain and an out-
put of 300 milliwatts.

The second stage, Q2620, has a nominal gain of 8.2
dB and power output of up to 2 watts. The output of
this stage is adjusted by the controlled B + voltage
which supplies its collector.

The third stage, Q2630, operates in Class C with 8.1
dB gain and a power output of up to 13 watts. Collec-
tor voltage is directly from UNSW B +.

The fourth stage, Q2640, is the final RF power
amplifier, which operates Class C directly from
UNSW B +. It provides up to 30 watts output. Collec-
tor current is monitored by the power control circuit
by measuring the voltage drop across a .05 ohm resis-
tor, R2670, in series with the collector DC supply lead.

The antenna switch consists of two pin diodes,
CR2650 and CR2651. 12652 and C2651-2, combined




with the "on" inductance of CR2651, form a series
resonant circuit to lower the shunt impedance
presented by CR2651 when it is turned on. In the
receive mode, both diodes are off. Signals applied at
the antenna jack J1 are routed, via the harmonic filter,
through network L2651, C2652 and C2653 to the
receiver input. In the transmit mode, 9.6T is present
and both diodes are forward-biased into conduction.
The transmitter RF from Q2640 is routed through
CR2650, and via the harmonic filter to the antenna
jack. CR2651 conducts, shunting RF power and
preventing it from reaching the receiver. L2651 is
selected to appear as a 1/4 wave at UHF, so that the
low impedance of CR2651 appears as a high im-
pedance at the junction of CR2650 and the harmonic
filter input.

The harmonic filter is a seven pole 0.1 dB ripple
Chebychev low pass filter with a 3 dB frequency of ap-
proximately 500 MHz and less than 1 dB insertion loss
in the passband.

3.6 25-35/40 WATT UHF POWER AMPLIFIERS

There are four high-power UHF amplifiers, which
provide 25-40 watts output in the 403-433, 438-470 or
465-490 MHz bands, or 25-35 watts output in the 490-
520 MHz band. All have four stages and are similar in
circuitry and layout.

The first stage, Q2710, operates in Class A with
operating voltage obtained from 9.6T. The second
stage, Q2720, is a gain- controlled Class C stage, the
output power of which is adjusted by varying the con-
trolled B + collector DC supply. The third stage,
Q2730, operates in Class C with collector voltage ob-
tained directly from UNSW B +. The fourth stage,
Q2740, is the final RF power amplifier, which
operates Class C directly from UNSW B +. Specific
operating parameters are:

RANGE: 403-433 438-470 465-495 490-520

Stage 1
Gain: 11.8dB 118dB 10dB 10 dB
Pour: 300mW 300mW 200mW 200 mW

Stage 2
Gain: 82dB 82dB 9.5dB 9.5dB
Pour: 2W 2w 18W 18W
Stage 3
Gain: 81dB 81dB 85dB 85dB
Pour: 13W 129W 13W 13w
Stage 4
Gain: 59dB 61dB 63dB 5.7dB
Pour: S0W 528W S55W 48w

Collector current of the final stage is monitored by
the power control circuit by measuring the voltage
drop across a .01 ohm resistor, R2770, in series with
the collector DC supply lead.

The antenna switch consists of two pin diodes,
CR2750 and CR2751. L2753, when used, is parallel-
resonant with the off capacitance of CR2750, increas-
ing the diode’s isolation when turned off. C2755 is a
DC block, present if L2753 is used. L2752 and C2750-
1, combined with the internal "on" inductance of
CR2751, form a series resonant circuit to lower the
shunt impedance presented by CR2751 when it is con-
ducting,

In the receive mode, both diodes are off. Signals ap-
plied at the antenna jack J1 are routed, via the har-
monic filter, through network 1.2751, C2752 and
C2753 to the receiver input. In the transmit mode,
9.6T is present and both diodes are forward-biased
into conduction. The transmitter RF from Q2740 is
routed through CR2750, and via the harmonic filter to
the antenna jack. CR2751 conducts, shunting RF
power and preventing it from reaching the receiver.
L2751 is selected to appear as a 1/4 wave at the ap-
propriate operating frequency range so that the low
impedance of CR2751 appears as a high impedance at
the junction of CR2750 and the harmonic filter input.

The harmonic filters are seven pole low pass

- designs having either a 0.1 dB ripple Chebychev

response (403-433 MHz and 438-470 MHz bands) or a
Butterworth response (465-495 and 490-520 MHz).
They are characterized as follows:

RANGE: 403-433 438-470 465-495 490-520

f(-3dB): 520 MHz 510 MHz 620 MHz 650 MHz
Loss: 08dB 08dB 08dB 0.8dB

4. Front Panel Boards

The front panel housing itself contains two circuit
boards, the Display Board and the Volume/Mic
Board. A third board, the Front Panel Filter Board, is
located on the front of the radio chassis.

4.1 DISPLAY BOARD

The Display Board consists of three colored in-
dicator LED’s (DS1101-3), three green LED’s which
illuminate the keypad buttons (DS1105-7), a dual 7-
segment LED display (DS1104), a display driver IC
(U1101) and five momentary pushbuttons (SW1101-5).

After power up, the microcomputer loads U1101
with information using the SERIAL DATA (P9-10),
SERIAL CLOCK (P9-11), and DISPLAY ENABLE
(P9-2) lines. This data tells U1101 which segments
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and indicator LED’s to illuminate. U1101 s a shift
register latch, Its outputs are active low when a par-
ticular LED is to be illuminated, or open circuit when
an LED is to remain off. The anodes of all LED in-
dicators or segments are connected to the +5V DC
source. The three keypad illumination LED’s are lit at
all times when + 5V is present.

SW1101 through SW1105 are normally-open
momentary pushbuttons. When pressed, the conduc-
tive ink on the back side of the rubber pushbutton
comes in contact with the exposed circuit pattern on
the display circuit board, providing a low resistance
(less than 100 ohms) path to ground.

42 VOL/MIC BOARD

The VOL/MIC circuit board provides mounting
and electrical connection to the microphone jack J11
and the on-off/volume control R9002. Connections are
made to the logic board via P8. This cable/connector
assembly also contains the two wires which route
receiver audio to the internal 22 ohm speaker
mounted in the front panel.

A 10 ohm resistor, R9001, is located between the
CCW side of the volume control element and ground.
At minimum volume setting, this maintains the at-
tenuation at no greater than 46 dB, to avoid missing a
message if the volume control is inadvertently turned
to minimum.

43 FRONT PANEL FILTER BOARD

The front panel filter board is mounted to the front
of the radio chassis. The pins of logic board connec-
tors J8 and J9 pass through this board and are
soldered to it. This board allows capacitive bypassing
of all signal leads leaving the front of the radio chassis.
This, combined with the shielding covers over the RF
board, logic board and RF power amplifier, reduces
the levels of cabinet radiation to extremely low levels.

In addition, the front panel filter board also
provides protection against electrostatic discharge
into front panel controls or indicators. Zener diodes
are installed on any lines which are susceptible to
damage from excessive static voltage transients, limit-
ing voltage excursions to +27V or -0.7V DC.




Jumper-Selectable Options

Push-on jumpers, located on the logic board, allow the operation of the radio to be customized to specific applica-
tions, as explained below. The standard position of each jumper, as shipped from the factory, is indicated in bold.

JUS51

POSITION (A)

POSITION (B)

The receiver audio applied to the accessories connector J3 pin
11 is flat (not de-emphasized) and unmuted.

The receiver audio applied to the accessories connector J3 pin
11 is de-emphasized and muted. Muting is controlled by the
RX MUTE output from the microcomputer, as determined by
carrier or tone squelch status.

JU601

POSITION (A)

POSITION (B)

The high-speed receive data path to the microcomputer is fil-
tered to remove audio information below 300 Hz. This is used
when decoding signaling data or tones which do not contain
low frequency information.

The high-speed receive data path to the microcomputer is es-
sentially flat over the frequency range of less than 1 Hz to 3
kHz. This is used when decoding signaling data which includes
very low frequency components.

JU651

POSITION (A)

POSITION (B)

Selects low microphone audio sensitivity, which is 80 mV rms
for 60% of full system deviation.

Selects high microphone audio sensitivity, which is 40 mV rms
for 60% of full system deviation. This position is not recom-
mended in applications where high ambient noise is present.

** JU701

POSITION (A)

POSITION (B)

J3-5 functions as a Flat TX Audio Input which is routed
through the limiter. Response is 0.6-3000 Hz. Sensitivity is 180
mYV rms for 60% of full system deviation.

J3-5 functions as an External PL Input, bypassing the limiter.
Response is 0.7-300 Hz.

** JU808

POSITION (A)

POSITION (B)

Pin 12 of accessories connector J3 functions as a program-
mable I/O (input or output) as determined by the RSS.

Pin 12 of accessories connector J3 functions as the SCI+
programming line. It is connected directly to the SCI+ line on
microphone connector J11.

* JU809

POSITION (A)

POSITION (B)

Allows the use of a remote desk set which is connected to ac-
cessories connector J3. Pin 14 functions as the HOOK line.
When pulled low, the radio is forced into the monitor (off-
hook) position. Note that this is the opposite polarity of the
HOOK function on the microphone connector J11.

Allows the use of an HLN3145 Public Address system. Pin 14
of accessories connector J3 functions as the PA ENABLE line.
In the public address mode this line is pulled low, inhibiting
tratsmit PTT operation, but leaving all other radio functions
unchanged.

Note: When a R*I*C*K Repeater adapter is used, the push- on
jumper JU809 must be removed entirely.

* Present on 2-layer masked logic board (HLN8074) only.

** Present on 4-layer expanded logic board (HLN8070) only.
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Non-Field-Serviceable Components
.|

The frequency stability of the reference oscillator in the GM100 and GM300 mobile radios is maintained by ‘
electronically measuring the temperature of the oscillator’s crystal, computing the control voltage needed to ac-

curately compensate for the temperature-dependent frequency shift of the crystal, and applying this voltage to the

tuning varactors in the oscillator circuit.

For accurate temperature compensation, the characteristics of the oscillator and crystal are measured at the fac-
tory, and this information is programmed into the microcomputer on the logic board.

Field-replacement of the microcomputer on the logic board, or of any components in the reference oscillator or
temperature-sensing circuit on the RF board, will impair the accuracy of this compensation technique. For this
reason, these components cannot be replaced in the field. If any of these components require service, the entire RF
or logic board must be replaced. The Radio Service Software calibration procedure for board replacement must be
performed after the new board has been installed. This step re-enters the temperature characteristic of the new os-
cillator into the old microcomputer, or vice-versa.

The following components are not field-serviceable:
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REF. NO. PART NO. DESCRIPTION LOCATION
C151 21-13740B73 chip capacitor, 1000 pF RF Board
C152 21-13740B47 chip capacitor, 82 pF RF Board
C153 21-13740B25 chip capacitor, 10 pF RF Board
C154 21-13741B45 chip capacitor, .01 uF RF Board
C155, C156 21-13740B55 chip capacitor, 180 pF RF Board
C157 21-13741B45 chip capacitor, .01 uF RF Board
C158 08-11051A15 poly capacitor, .22 uF 63V RF Board
C159 21-13740B35 chip capacitor, 27 pF RF Board
C160 21-13740B29 chip capacitor, 15 pF RF Board
Ci161 21-13740B73 chip capacitor, 1000 pF RF Board
C163 08-11051A17 poly capacitor, .47 uF 63V RF Board
Cl64 21-13741B69 chip capacitor, .1 uF RF Board
C165 21-13740B73 chip capacitor, 1000 pF RF Board
C166, C167, C168  21-13740B49 chip capacitor, 100 pF RF Board
C176 21-13740B73 chip capacitor, 1000 pF RF Board
C177 21-13741B69 chip capacitor, .1 uF RF Board
CR151, CR152 48-80006E10 silicon varactor SOT RF Board
CR153 48-84336R03 dual silicon SOT MMBD7000 RF Board
L151 24-80299D01 coil, tunable 17-3/4 turns RF Board
L152 24-11087A35 chip coil, 5.6 uH 10% RF Board
Q151 48-11043C19 NPN; type M43C19/M9658 RF Board
Q152 48-11043C06 PNP; type M43C06/M9643 RF Board
R151 06-11077B15 chip resistor, 47k RF Board
R152 06-11077B11 chip resistor, 33k RF Board
R153 06-11077B15 chip resistor, 47k RF Board
R154 06-11077A34 chip resistor, 22 RF Board
R155 06-11077A98 chip resistor, 10k RF Board
R156 06-11077B03 chip resistor, 15k RF Board
R157 06-11077A78 chip resistor, 1.5k RF Board
R158, R159 06-11077A74 chip resistor, 1k RF Board
R161 06-11077A98 chip resistor, 10k RF Board
R176 06-11077G26 chip resistor, 22.6k 1% RF Board
R177 06-11077G18 chip resistor, 18.7k 1% RF Board
R178,R179 06-11077F91 chip resistor, 10.0k 1% RF Board
R180 06-11077G52 chip resistor, 42.2k 1% RF Board
R181 06-11077F91 chip resistor, 10.0k 1% RF Board
R182 06-11077G28 chip resistor, 23.7k 1% RF Board
U176 51-80932wW01 dual op-amp RF Board
VR176 48-82256C11 zener diode 10V 5% RF Board
Y151 48-80174D05 crystal, 14.4 MHz RF Board
U401 51-80649B01 microcomputer 2-Layer Masked Logic Board
U401 51-80960T01 microcomputer 4-Layer Expanded Logic Board
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Schematic Diagram for HLD8029A and
HLD8031A VHF RF Boards, 146-174 MHz
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Circuit Board Details for HLD8029A and
HLD8031A VHF RF Boards, 146-174 MHz
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5 6 |? 8 .22 T~ Q283 > 1.8V(R) 1. UNLESS OTHERWISE INDICATED, RESISTOR
R182 R - FEEDBACK BUFFER C139 ,___'&Y L204 MMBFLU310@ vty - T o o VALLES ARE IN OHMS, CAPACITOR VALUES ARE
23.7¢ 2.6v rige B oz R123 — 3.6V L it 5T GRN o — NE. F b B 8 IN PICOFARADS, INDUCTOR VALUES ARE IN
¢ 42.2( 1. e PRESCRLER s« FeA 128 czus‘L Laee 828 R3 , CRS M32D44 MEFU3I8  LS5,LS6 MICROHENRIES.
sy R181 | 2.9v A ,W\,ll T ) SR § 3.51 .15 CRS1 , CRS2 MMBT3906 L57,L58 2. NON-POLARIZED CRPACITORS FRE CHIP-TYPE
W\ﬁ&m + — T ciz3 22U ——.22u L a.7v[cr) L CRI@! , CRIE2  MMBT3904 UNLESS OTHERWISE INDICRTED.
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2 BE 3 L Lens algz = § = = o R crops | chast TROLYTIC UNLESS OTHERWISE INDICATED.
- —— ’
VR176 el -4 1.6-7.5v 33 I 1 N.U. CR213 , CRR14 4. DC VOLTAGES ARE MERSURED WITH A HIGH
at7e 1BV (NERR YISL) i 2.0v -8-7. It Al L L IMPEDANCE (1@ MEGROHM) DC VOLTMETER.
cn?-l: Icue c1ee —Lcm FROM €221 __[_cg?g R224 TX B.5Y | cogs™ 5. AC RF VOLTAGES ARE MERSLRED WITH A HIGH
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Raa2 Razs T ceat %§ = ovi(R) 248 ‘————{IK = Jueal Jweez 9 mm“m :a'l: ‘(':l)- ARE USED IN
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Schematic Diagram for HLE8229A and
HLES8230A UHF RF Boards, 403-433 MHz
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