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SAFETY AND GENERAL INFORMATION

Information and Instructions on RF Energy Exposure and Product Safety

READ THIS IMPORTANT INFORMATION ON SAFE AND EFFICIENT OPERATION BEFORE
USING YOUR MOTOROLA HANDHELD PORTABLE TWO-WAY RADIO

The information provided in this document supersedes the general safety information contained in user guides
published prior to June 2001. For information regarding radio use in a hazardous atmosphere please refer to the
Factory Mutual (FM) Approval Product Listing Manual or Instruction Card, which is included with radio models
that offer this capability.

Compliance with RF Energy Exposure Standards

Your Motorola two-way radio is designed and tested to comply with a number of national and international
standards and guidelines (listed below) regarding human exposure to radio frequency electromagnetic energy.
This radio complies with the IEEE (FCC) and ICNIRP exposure limits for occupational/controlled RF exposure
environment at duty cycles of up to 50% talk-50% listen and should be used for occupational use only. In terms of
measuring RF energy for compliance with the FCC exposure guidelines, your radio radiates measurable RF
energy only while it is transmitting (during talking), not when it is receiving (listening) or in standby mode. Note
that the approved, supplied batteries for this radio are rated for a 5-5-90 duty cycle (5% talk - 5% listen - 90%
standby), even though this radio complies with the FCC occupational exposure limits at duty cycles of up to 50%
talk.

Your Motorola two-way radio complies with the following RF energy exposure standards and guidelines:

< United States Federal Communications Commission, Code of Federal Regulations; 47CFR part
2 sub-part J

< American National Standards Institute (ANSI) / Institute of Electrical and Electronic Engineers
(IEEE) C95. 1-1992

« Institute of Electrical and Electronic Engineers (IEEE) C95.1-1999 Edition

e International Commission on Non-lonizing Radiation Protection (ICNIRP) 1998

< Ministry of Health (Canada) Safety Code 6. Limits of Human Exposure to Radio frequency Elec-
tromagnetic Fields in the Frequency Range from 3 kHz to 300 GHz, 1999

< Australian Communications Authority Radiocommunications (Electromagnetic Radiation -
Human Exposure) Standard 2001

e ANATEL, Brazil Regulatory Authority, Resolution 256 (April 11, 2001) “additional requirements
for SMR, cellular and PCS product certification.”

Operational Instructions and Training Guidelines

To ensure optimal performance and compliance with the occupational/controlled environment RF energy
exposure limits in the above standards and guidelines, users should transmit no more than 50% of the time and
always adhere to the following procedures:

Transmit and Receive
To transmit (talk), push the Push-To-Talk (PTT) button; to receive, release the PTT button.
Hand-held Radio Operation 251t05.0 cm

Hold the radio in a vertical position with the microphone one to two (1to2in) | r_
inches (2.5 to 5 cm) away from the lips.

Body-worn Operation

Always place the radio in a Motorola approved clip, holder, holster, case,
or body harness for this product. Use of non-Motorola-approved
accessories may exceed FCC RF exposure guidelines.

If you do not use a Motorola approved body-worn accessory and are not
using the radio in the intended use position in front of the face, then ensure the antenna and the radio are kept
2.5 cm (one inch) from the body when transmitting.



Antennas & Batteries

Use only Motorola approved supplied antenna or Motorola approved replacement antenna.
Unauthorized antennas, modifications, or attachments could damage the radio and may violate FCC regulations.

Use only Motorola approved supplied batteries or Motorola approved replacement batteries.
Use of non-Motorola-approved antennas or batteries may exceed FCC RF exposure guidelines.

Approved Accessories

For a list of approved Motorola accessories please contact your dealer, or local Motorola representative.

ELECTROMAGNETIC INTERFERENCE/COMPATIBILITY

NOTE Nearly every electronic device is susceptible to electromagnetic interference (EMI) if inadequately
shielded, designed, or otherwise configured for electromagnetic compatibility.

Facilities

To avoid electromagnetic interference and/or compatibility conflicts, turn off your radio in any facility where
posted notices instruct you to do so. Hospitals or health care facilities may be using equipment that is sensitive to
external RF energy.

Aircraft

When instructed to do so, turn off your radio when on board an aircraft. Any use of a radio must be in accordance
with applicable regulations per airline crew instructions.

Medical Devices

* Pacemakers

The Advanced Medical Technology Association (AdvaMed) recommends that a minimum separation of 6 inches
(15 centimeters) be maintained between a handheld wireless radio and a pacemaker. These recommendations
are consistent with those of the U.S. Food and Drug Administration.

Persons with pacemakers should:

* ALWAYS keep the radio more than 6 inches (15 centimeters) from their pacemaker when the
radio is turned ON.

* not carry the radio in the breast pocket.

* use the ear opposite the pacemaker to minimize the potential for interference.

« turn the radio OFF immediately if you have any reason to suspect that interference is taking
place.

» Hearing Aids

Some digital wireless radios may interfere with some hearing aids. In the event of such interference, you may
want to consult your hearing aid manufacturer to discuss alternatives.

» Other Medical Devices
If you use any other personal medical device, consult the manufacturer of your device to determine if it is
adequately shielded from RF energy. Your physician may be able to assist you in obtaining this information.
Driver Safety
Check the laws and regulations on the use of radios in the area where you drive. Always obey them.
When using your radio while driving, please:

« Give full attention to driving and to the road.
« Use hands-free operation, if available.
« Pull off the road and park before making or answering a call if driving conditions so require.



OPERATIONAL WARNINGS

For Vehicles With an Air Bag A
Do not place a portable radio in the area over an air bag or in the air bag deployment area. Air
bags inflate with great force. If a portable radio is placed in the air bag deployment area and the WARNING

air bag inflates, the radio may be propelled with great force and cause serious injury to
occupants of the vehicle.

Potentially Explosive Atmospheres

Turn off your radio prior to entering any area with a potentially explosive atmosphere, unless it is a radio type
especially qualified for use in such areas as “Intrinsically Safe” (for example, Factory Mutual, CSA, UL, or
CENELEC). Do not remove, install, or charge batteries in such areas. Sparks in a potentially explosive
atmosphere can cause an explosion or fire resulting in bodily injury or even death.

NOTE The areas with potentially explosive atmospheres referred to above include fueling areas
such as below decks on boats, fuel or chemical transfer or storage facilities, and areas
where the air contains chemicals or particles, such as grain, dust or metal powders. Areas
with potentially explosive atmospheres are often but not always posted.

Blasting Caps and Areas

To avoid possible interference with blasting operations, turn off your radio when you are near electrical blasting
caps, in a blasting area, or in areas posted: “Turn off two-way radio.” Obey all signs and instructions.

OPERATIONAL CAUTIONS

Antennas A
Do not use any portable radio that has a damaged antenna. If a damaged antenna comes into
contact with your skin, a minor burn can result.

Batteries

All batteries can cause property damage and/or bodily injury such as burns if a conductive material such as
jewelry, keys, or beaded chains touch exposed terminals. The conductive material may complete an electrical
circuit (short circuit) and become quite hot. Exercise care in handling any charged battery, particularly when
placing it inside a pocket, purse, or other container with metal objects.

Caution
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Section 1
INTRODUCTION

1.0

2.0

2.1

2.2

Scope of Manual

This manual is intended for use by service technicians familiar with similar types of equipment. It
contains service information required for the equipment described and is current as of the printing
date. Changes which occur after the printing date may be incorporated by a complete Manual revision
or alternatively as additions.

NOTE Before operating or testing these units, please read the Safety Information Section in the
front of this manual.

Warranty and Service Support

Motorola offers long term support for its products. This support includes full exchange and/or repair of
the product during the warranty period, and service/repair or spare parts support out of warranty. Any
"return for exchange" or "return for repair" by an authorised Motorola Dealer must be accompanied by
a Warranty Claim Form. Warranty Claim Forms are obtained by contacting an Authorised Motorola
Dealer.

Warranty Period

The terms and conditions of warranty are defined fully in the Motorola Dealer or Distributor or Reseller
contract. These conditions may change from time to time and the following notes are for guidance
purposes only.

In instances where the product is covered under a "return for replacement" or "return for repair"
warranty, a check of the product should be performed prior to shipping the unit back to Motorola. This
is to ensure that the product has been correctly programmed or has not been subjected to damage
outside the terms of the warranty.

Prior to shipping any radio back to the appropriate Motorola warranty depot, please contact Customer
Services. All returns must be accompanied by a Warranty Claim Form, available from your Customer
Services representative. Products should be shipped back in the original packaging, or correctly
packaged to ensure no damage occurs in transit.

After Warranty Period

After the Warranty period, Motorola continues to support its products in two ways.

1. Motorola's Accessories and Aftermarket Division (AAD) offers a repair service to both end
users and dealers at competitive prices.

2. AAD supplies individual parts and modules that can be purchased by dealers who are techni-
cally capable of performing fault analysis and repair.
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Warranty and Service Support

2.3

2.4

Piece Parts

Some replacement parts, spare parts, and/or product information can be ordered directly. If a
complete Motorola part number is assigned to the part, it is available from Motorola’s Accessories
and Aftermarket Division (AAD). If no part number is assigned, the part is not normally available
from Motorola. If the part number is appended with an asterisk, the part is serviceable by Motorola
Depot only. If a parts list is not included, this generally means that no user-serviceable parts are
available for that kit or assembly.

All orders for parts/information should include the complete Motorola identification number. All part

orders should be directed to your local AAD office. Please refer to your latest price pages.

Technical Support

Technical support is available to assist the dealer/distributor in resolving any malfunction which may
be encountered. Initial contact should be by telephone wherever possible. When contacting
Motorola Technical Support, be prepared to provide the product model number and the unit’s serial

number .
Toll-Free
Country or Territory Number

China 800-810-0976
Indonesia 0800-1-686868
Malaysia 1800-801687
Philippines 1800-16510271
Singapore 1800-4855333
Thailand 1800-225412

Non-Toll-Free

Country or Territory

Number

China

(86-10) 6843-8231

Hong Kong SAR

(852) 2966-4188

India (91) 80-658-7677-7678
Indonesia (62-21) 251-3050

Korea (822) 3466-5401

Malaysia (603) 7803-9922
Philippines (63-2) 810-0762

Singapore (65) 486-7171

Taiwan (886) 2-27058000 ext. 6308
Thailand (66) 2254-8388

Vietnam (84) 8-8294091

All Other Countries

IDD code + (65) 4855333
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Section 2

SERVICE AIDS

1.0 Recommended Test Tools

Table 2-1 lists the tools recommended for working on this family of radios. These tools are also
available from Motorola.

Table 2-1: Recommended Test Tools

Motorola Part No. Description Application
6680387A59 Extractor, 2-contact Removal of discrete surface-mounted devices
6680387A64 Heat controller with safety
stand or
6680387A65 Safety stand only
0180382A31 Portable desoldering unit
6680375A74 0.025 replacement tip, 5/pk | For 0180382A31 portable desoldering unit.
0180386A81 Miniature digital readout
soldering station (incl. 1/64”
micropoint tip)
0180386A78 llluminated magnifying
glass with lens attachment.
0180386A82 Anti-static grounding kit Used during all radio assembly and disassem-
6684253C72 Straight prober bly procedures
6680384A98 Brush
1010041A86 Solder (RMA type),
63/37, 0.020” diameter
1 Ib. spool
1080370B43 RMA liquid flux
R-1070A Shields and surface- Removal and assembly of surface-mounted
mounted component - IC integrated circuits and shields
removal/rework station
(order all heat-focus heads
separately)
or R-1319A Shields and surface- Removal and assembly of surface-mounted
mounted component - IC integrated circuits and shields
removal/rework station
SMD10000 M.A.P.E.
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Section 3
POWER UP SELF-TEST

1.0 Error Codes

Turning on the radio using the on/off volume control starts a self-test routine which checks the RAM,
ROM checksum, EEPROM hardware and EEPROM checksum. If these checks are successfully
completed, the radio will generate the Self-Test Pass Tone. If the self-test is not successful, a “bonk”
is heard. Radios with displays are able to display these error messages:

- “RAM TST ERROR” for <RAM Test Error>

. “ROM CS ERROR” for <ROM Checksum Error>

. “EEPRM HW ERROR” for <EkEPROM Hardware Test Error>

. “EEPRM CS ERROR?” for <EEPROM Checksum Error>

NOTE Radio without display emits only “bonk” (300 Hz) tone if it fails the self-test.

Error Code Explanation Corrective Action

“RAM TST ERROR” RAM Test Failure Retest radio by turning it off and turning it on again. If

message reoccurs, replace RAM (U405).

“ROM CS ERROR” ROM Checksum is Reprogram FLASH Memory, then retest. If message
wrong. reoccurs, replace ROM (U406).

“EEPRM HW ERROR” | Codeplug structure | Reprogram codeplug with correct version and retest
mismatch, non radio. If message reoccurs, replace EEPROM
existence of (U407).
codeplug.

“EEPRM CS ERROR” | Codeplug check- Reprogram codeplug.
sum is wrong.

No Display Display module is Check connection between main board and display
not connected module.
properly.

Display module is Replace with new display module.

damaged.
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Section 4

CONTROLLER INFORMATION

1.0 Overview

This section provides a detailed theory of operation for the radio and its components.

2.0 Radio Power Distribution

r
o

Accessories

-1 20 pin Connector

_>| Audio PA|

4.0v/3.3V

Keypad/Option Board :

—— e ——— o ———— =

| Swichng] |
] Reg. 1
| |

On/Off Switch

Low Battery|
Detect

PA, Driver
PCIC(ALC)

turned off.

X LCD FRACTN
MCU Micro P, ROM : ASFIC_CMP| LVZIF
& EEPROM Driver [veoeid]
5V
Reg.
v Dual Vdd Single Vdd
Jumpers Regulator Regulator
Scheme Scheme
R1 Y Y
RF. AMP, IF AMP
Ext. RX. R2 N N
Buffer (NU)
R3 N Y
R4 N N
R5 Y N
Vdda Y N
SW. Reg. N N

Radio will be turned-off on two conditions;
1. MECH_SWB+ turned off

2. Low battery

Figure 4-1: DC Power Distribution Block Diagram
Figure 4-1 illustrates the DC distribution throughout the radio board. A 7.5V battery (BATT 7.5V)
supplies power directly to the electronic on/off control as UNSWB+. When the radio is turned on,
MECH_SWB+ (on/off/volume control) will trigger the electronic on/off control(momentary-on path),
then SWB+ is distributed as shown in Figure 4-1. Vdda from 3.3V Vdda regulator will then supply the
microprocessor. Data is then sent to ASFIC_CMP to turn on GCB4(DAC). GCB4 will take over the
momentary-on path within 12ms. SWB+ will continue to support the whole board until the radio is
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3.0
3.1

When low battery level is detected by the microprocessor through both conditions above, it will store
the radio personality data to EEPROM before turning off.

Controller Board

General

The controller board is the central interface between the various subsytems of the radio. It is
separated into digital and audio architectures. The digital portion consists of a special Motorola
microcontroller (HC11FLO). The audio power amplifier (Audio PA) and audio/signalling/filter/
companding IC (ASFIC_CMP) form the backbone of the audio/signalling architecture.

<I External
To Synthesizer <e— Microphone
glgtd Internal
Microphone
16.8 MHz r————- -—------=--- 1
Reference Clock i i i
: | Audio/Signalling |
from Synthesizer .
| Architecture | External
[ ' [ Speaker
Recovered Audio ———— ! Audio
Squelch ———— P ASFIC_CMP PA
I I Internal
]33V j A | Speaker
Regulator
Il (vdda) I
e e -
SPI P Clock
To RF Board - H SCI to Side
> Connector
r = - _ ______ - - - =0 — — A
| Digital |
Architecture
| RAM [
I I
I I
EEPROM HC11FLO
I 3.3V I
| Regulator —p I
(vddd)
| ROM |
I I
L - - e — — .

Figure 4-2: Controller Block Diagram
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3.2  Digital Architecture

MCU configuration

There is one common MCU architecture for low-tier as well as for the high-tier products. It covers the
Conventional and Trunking portables. An open architecture system with the new HC11FLO as the
processor is used. Combinations of different size RAM, ROM and EEPROM are available for various
application software.

REAL TIME CLOCK (RTC)

This radio supports Real Time Clock (RTC) module for purposes of Message Time Stamping and
Time Keeping. The RTC module resides in the micro-processor HC11FLO. It is kept alive by a back-
up Lithium lon battery when the primary battery is removed.

UNSWB+

u410
3.3V

T
VIN VOUT]
l 3 J_ C434
=
R461 ca35 R460 = I
HC11FLO > I b L L
MODA Lk
MODB i
Q416 4
-
= R419
. Il S/TPN\2 > PAE! AN
11 = 141 (]
FL401 C436
R420 L ag.akrz | OV 1 LI_ION
p: _—GND R462
IN =
R426
A 1| RA463 CR413
PI7 VWV it = 300 sl
cast Q417 = 4 BOOT_CTRL

o

T 1 T
:ﬂ‘j :
7| TP405
UNSWB+ »— > swa+ TEST_POINT

Figure 4-3: RTC Circuit

Circuit Description

The RTC module which resides in the HC11FLO is powered by the ModB/Vstby pin and P16/PI7 form
the crystal oscillator circuit. Clock frequency of 38.4kHz from a crystal oscillator provides the
reference signal. In the processor, the frequency is divided down to 1Hz.

As the RTC module is powered separately from the processor Vdd, the RTC is kept alive through the
ModB / Vstby pin when the radio is switched off. A small button Lithium lon battery continues to feed
the RTC when the primary battery is removed.

A MOSFET Q416 switches in the LiO supply when Vdd is removed. Q416 also provides isolation from

BOOT_CTRL function in the event of radio program flashing. A small 3.3V regulator is used to charge
the LiO battery.
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ModB/Vstby Supply
Under various conditions, the supply to the ModB/Vstby would vary. Table 4-1 shows these
conditions and circuits in operation.

Table 4-1: ModB/Vstby Supply Modes

Condition Circuit Operation
Radio On Vdd supply voltage via CR411
Radio Off * Vdd turned off

* Q416 gate is pulled low by R462
* Q416 is switched on
» U410 supplies 3.2V to ModB/Vstby

Primary battery removed * Vdd turned off

* Q416 gate is pulled low by R462

* Q416 is switched on

* LiO battery provides 3.2V to ModB/Vstby

Flash Mode « Boot_Ctrl line pull low

* ModA & ModB goes low

« Processor in boot-strap mode
« Flashing enabled




3.3  Controller Schematics (330-400MHz for 8485726201, 403-470MHz for 8480450203 & 450-527MHz for 8485641702)
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Controller Micro Processor Schematic Diagram
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3.4

Controller Schematics (330-400MHz for 8485726204, 403-470MHz for 8480450213 & 450-527MHz for 8485641706)
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Controller Interface Schematic Diagram
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3.5

Controller Schematics (136-174MHz for 8486062B09 & 8486062B12)
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Controller Schematics (136-174MHz) for PCB 8486062B16
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Controller Interface Schematic Diagram
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3.7
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Section 5
KEYPAD BOARD INFORMATION

1.0

Theory of Operation
Keypad

The LED_EN setting is set by the codeplug. When the value is set to high, the LED will not light up

during power up and vice versa.

U602 is a comparator that will compare the voltage when any one of the keypad row or keypad
column keys is being pressed. Therefore when a key is being pressed, it will send a message to the
microprocessor through the output (KEY_INT) telling it that a key has been pressed. The
microprocessor will then sample the Analog to Digital voltages at the keypad row and keypad column
and map it with the table so that the key being pressed can be identified. Once the key has been
identified, the message that corresponds to the key will show up at the display.

Data Keypad Column
§ _ 40 pin connector |
O o -
= £ # Keypad
(_QU_ —— g ROW
(&]
2 c Key Int coypac
=3 \
& LED Comparator |—&— Button

Figure 5-1: Keypad Block Diagram
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Troubleshooting Chart

2.0 Troubleshooting Chart

IF STILL OFF

Figure 5-2: Keypad Board Troubleshooting Chart

Disconnect and
reconnect 18-pin
flex

A

Disconnect and
reconnect 40-pin
flex
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3.0 Parts List (Keypad Basic)

N Motorola _
Circuit Ref Part No. Description
"C610 2113743N50 | 100 pF
C611 2113743N50 | 100 pF
C612 2113743N50 | 100 pF
C613 2113743N50 | 100 pF
C615 2113743N50 | 100 pF
C616 2113743N50 | 100 pF
C618 2113743N50 | 100 pF
C619 2113743N50 | 100 pF
C620 2113743N50 | 100 pF
C621 2113743N50 | 100 pF
C622 2113743N50 | 100 pF
C631 2113743N50 | 100 pF
C630 2113743N43 |51 pF
C632 2113743N43 |51 pF
C633 2113743N50 | 100 pF
C634 2113743N43 |51 pF
C635 2113743N50 | 100 pF
C636 2113743N43 |51 pF
C637 2113743N50 | 100 pF
C638 2113743N43 |51 pF
C639 2113743N50 | 100 pF
C640 2113743N43 |51 pF
C641 2113743N50 | 100 pF
C642 2113743N43 |51 pF
C643 2113743N50 | 100 pF
C644 2113743N43 |51 pF
C645 2113743N50 | 100 pF
C646 2113743N50 | 100 pF
C647 2113743N43 |51 pF
D601 4880479U01 | 79U01
D602 4880479U01 | 79U01
D603 4880479U01 | 79U01
D604 4880479U01 | 79U01
D605 4880479U01 | 79U01
D606 4880479U01 | 79U01
E634 2480640201 |Ind Bead
E637 2480640Z01 |Ind Bead
E638 2480640zZ01 |Ind Bead
E639 2480640Z01 | Ind Bead
E640 2480640201 |Ind Bead
E641 2480640Z01 |Ind Bead
E642 2480640201 |Ind Bead
E643 2480640Z01 |Ind Bead
E644 2480640201 |Ind Bead
E645 2480640Z01 | Ind Bead
J601 0980521701 | 44 pin connector
J602 0905505Y03 | 18 pin connector
Q601 4805128M67 | MMBT3906 tran-

sistor (PNP)

N Motorola _
Circuit Ref Part No. Description
Q602 4880214G02 | MMBT3904 tran-
sistor (NPN)

Q603 4880214G02 | MMBT3904 tran-
sistor (NPN)

R601 0662057V20 | 51K

R602 0662057V20 | 51K

R603 0662057V05 | 13K

R604 0662057V11 | 22K

R605 0662057V18 | 43K

R606 0662057V30 | 130K

R607 0662057V05 | 13K

R608 0662057V11 | 22K

R609 0662057V18 | 43K

R610 0662057V30 | 130K

R611 0662057N16 | 51K

R612 0662057N41 | 560K

R613 0662057N47 | 1M

R614 0662057M01 | 0 ohm

R617 0662057M01 | 0 ohm

R618 0662057M74 | 1K

R619 0662057M74 | 1K

R620 0662057M74 | 1K

R621 0662057M74 | 1K

R622 0662057M74 | 1K

R623 0662057M74 | 1K

R626 0662057M01 | 0 ohm

R627 0662057M01 | 0 ohm

R631 0662057M01 | 0 ohm

R632 0662057N23 | 100K

R633 0662057N23 | 100K

R646 0662057N23 | 100K

R647 0662057M85 | 3K

R648 0662057N23 | 100K

R649 0662057N15 | 47K

U602 5102463J49 |LMC7211 com-
parator

8480574Z05 | PC Board
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5-5

ZMY0130490-O

Bottom View
Keypad Board Top and Bottom View (PCB No. 8480574205)

ZMY0130489-O

Top View
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Section 6A
MODEL CHART AND TEST SPECIFICATIONS (403-470
MHZ)
1.0 Model Chart
GP Series, UHF, 403-470 MHz
Model Description
AZH25RDC9AA2 GP328 403-470 MHz 4W 4 CH
AZH25RDC9AA3 GP328 403-470 MHz 4W
AZH25RDH9AA6 GP338 403-470 MHz 4W
Item Description
X PMUE1563_ GP328 Super Tanapa 403-470 MHz 4W 4CH
X PMUE1434 GP328 Super Tanapa 403-470 MHz 4W
X |PMUE1407_ GP338 Super Tanapa 403-470 MHz 4W
X PMUE1565_ GP328 Tanapa 403-470 MHz 4W 4CH
X PMUE1448_ GP328 Tanapa 403-470 MHz 4W
X |PMUE1406_ GP338 Tanapa 403-470 MHz 4W
X PMLE4171_ GP328 B/C Kit 403-470 MHz 4W 4CH
X PMLE4130_ GP328 B/C Kit 403-470 MHz 4W
X |PMLE4109_ GP338 B/C Kit 403-470 MHz 4W
X PMLN4348 GP328 Front Housing Kit 4CH
X PMLN4216_ GP328 Front Housing Kit
X |PMLN4199 GP338 Front Housing Kit
X |X |X |NAE6483 UHF 16 cm Monopole (Whip) antenna (403-520 MHz)
X [X |X |PMAE4002_ UHF 9 cm antenna (403-433 MHz)
X |X |X |PMAE4003_ UHF 9 cm antenna (430-470 MHz)
X |X 6804110354 GP328 User Guide
X 6804110355 GP338 User Guide

x = Indicates one of each is required.



6A-2 Model Chart

GP Series, UHF, 403-470 MHz
Model Description
AZH25RDC9AA3 with GP328 403-470 MHz 4W (w/o keypad, camouflage)
option AZQ203AE
AZH25RDC9AAS with GP328 403-470 MHz 4W (w/o keypad, yellow)
option AZH64AH
AZH25RDH9AA6 with GP338 403-470 MHz 4W (keypad, camouflage)
option AZQ203AG
AZH25RDH9AAG with GP338 403-470 MHz 4W (keypad, yellow)
option AZH64AJ
Item Description
X PMUE1923_ GP328 Super Tanapa 403-470 MHz 4W
X PMUE1919 GP328 Super Tanapa 403-470 MHz 4W
X PMUE1927_ GP338 Super Tanapa 403-470 MHz 4W
X |PMUE1921_ GP338 Super Tanapa 403-470 MHz 4W
X PMUE1924 GP328 Tanapa 403-470 MHz 4W
X PMUE1920_ GP328 Tanapa 403-470 MHz 4W
X PMUE1928 GP338 Tanapa 403-470 MHz 4W
X |PMUE1922 GP338 Tanapa 403-470 MHz 4W
X |X PMLE4130_ GP328 B/C Kit 403-470 MHz 4W
X |X |PMLE4109_ GP338 B/C Kit 403-470 MHz 4W
X PMLN4539 GP328 Front Housing Kit
X PMLN4544 GP328 Front Housing Kit
X PMLN4538 GP338 Front Housing Kit
X |PMLN4545_ GP338 Front Housing Kit
X | X |X |X |NAE6483 UHF 16 cm Monopole (Whip) antenna (403-520 MHz)
X |X [X |X |PMAE4002_ UHF 9 cm antenna (403-433 MHz)
X |X |X |X |PMAE4003_ UHF 9 cm antenna (430-470 MHz)
X |X 6804110354 GP328 User Guide
X |X [6804110J55 GP338 User Guide

x = Indicates one of each is required.



Specifications 6A-3
2.0 Specifications Transmitter
General UHF
UHF RF Output Low High
NiIMH @ 7.5V: 1w 4w
Frequency: 403-470 MHz
) Frequency 403-470 MHz
Channel Capacity: GP328 : 4/16 Channels
GP338 : 128 Channels Channel Spacing 12.5/20/25 kHz
Power Supply: 7.5 Volts +20% Freq. Stability 0.00025%
i , (-30°C to +60°C)
Dimensions _
with Standard 137mm x 57.5mm x Spurs/Harmonics: -36 dBm < 1 GHz
High Capacity 37.5mm -30 dBm > 1 GHz
NiMH Battery: . ]
with Ultra High 137mm x 57.5mm x éﬁodl%oggé?ggsgre_ +1,-3dB
Capacity NiMH Bat- | 40mm ; :
tery: Emphasis, 300 to
3000Hz)
Weight: L .
: Audio Distortion: <5%
_Wlth Stand_ard 4209 @ 1000 Hz, 60%
High Capacity Rated Max. D
NiMH Battery: ated Max. Dev.
with Ultra High 500 ¢ EM Noise: -40 dB
Capacity NiMH Bat- )
tery: Receiver
Average Battery Low Pow- | High Pow- UHF UHE 20/
Life @ (5-5-90 Duty er er
Cycle) 12.5kHz | 25kHz
Standard High .
X . Frequency: 403- 403-
tCe?;acny NiMH Bat- | >11 hrs >8 hrs 470MHz 470MHz
Ultra High Capac- | >14 hrs >11 hrs Sensitivity 0.35 pv 0.35 pv
ity NiMH Battery: 12dB EIA SINAD:
Sealing: Passes rain testing per Adjacent Channel -60 dB -70 dB
IP54 Selectivity ETS
Shock: Meets MIL-STD-810- Intermodulation -65 dB -65 dB
C,D & E and TIA/EIA 603 ETS
Vibration: Meets MIL-STD-810- Freq. Stability 0.00025% | 0.00025%
C,D & E and TIA/EIA 603 (-30°C to +60°C):
Dust: Meets MIL-STD-810- Spur Rejection: -70 dB -70 dB
C,D & E and IP54 .
Image Rejection: -70 dB -70 dB
Humidity: Meets MIL-STD-810- _
C,D & E and TIA/EIA 603 Audio Output 500 mW 500 mW
@ <5% Distortion
FCC ID AZA4AB9FT4826

All specifications are subject to change without notice.




6A-4 Transmitter

3.0 Transmitter

PCIC
Antenna
Vcontrol Vcontrol Jack
Antenna Switch/
PA -Fi ——
From VCO | PAFinal | o Harmonic Filter/

Driver Stage

Matching Network

Figure 6-1: Transmitter Block Diagram

3.1 General
(Refer to Figure 6-1)
The UHF transmitter contains five basic circuits:
power amplifier
antenna switch
harmonic filter
antenna matching network

o s~ D

power control integrated circuit (PCIC).

3.1.1 Power Amplifier

The power amplifier consists of two devices:

1. 9267 LDMOS driver IC (U101) and
2. PRF1507 LDMOS PA (Q110).
The 9267 LDMOS driver IC contains a 2 stage amplification with a supply voltage of 7.3V.

This RF power amplifier is capable of supplying an output power of 0.3W (pin 6 and 7) with an input
signal of 2mW (3dBm) (pin16). The current drain would typically be 160mA while operating in the
frequency range of 403-470MHz.

The PRF1507 LDMOS PA is capable of supplying an output power of 7W with an input signal of
0.3W. The current drain would typically be 1300mA while operating in the frequency range of 403-
470MHz. The power output can be varied by changing the biasing voltage.
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3.1.2

3.1.3

3.14

3.1.5

Antenna Switch

The antenna switch circuit consists of two PIN diodes (CR101 and CR102), a pi network (C107, L104
and C106), and two current limiting resistors (R101, R170). In the transmit mode, B+ at PCIC (U102)
pin 23 will go low and turn on Q111 where a B+ bias is applied to the antenna switch circuit to bias the
diodes "on". The shunt diode (CR102) shorts out the receiver port, and the pi network, which
operates as a quarter wave transmission line, transforms the low impedance of the shunt diode to a
high impedance at the input of the harmonic filter. In the receive mode, the diodes are both off, and
hence, there exists a low attenuation path between the antenna and receiver ports.

Harmonic Filter

The harmonic filter consists of C104, L102, C103, L101 and C102. The design of the harmonic filter
for UHF is that of a modified Zolotarev design. It has been optimized for efficiency of the power
module. This type of filter has the advantage that it can give a greater attenuation in the stop-band for
a given ripple level. The harmonic filter insertion loss is typically less than 1.2dB.

Antenna Matching Network

A matching network which is made up of L116 is used to match the antenna's impedance to the
harmonic filter. This will optimize the performance of the transmitter and receiver into an antenna.

Power Control Integrated Circuit (PCIC)

The transmitter uses the Power Control IC (PCIC), U102 to regulate the power output of the radio.
The current to the final stage of the power module is supplied through R101, which provides a voltage
proportional to the current drain. This voltage is then fedback to the Automatic Level Control (ALC)
within the PCIC to regulate the output power of the transmitter.

The PCIC has internal digital to analog converters (DACs) which provide the reference voltage of the
control loop. The reference voltage level is programmable through the SPI line of the PCIC.

There are resistors and integrators within the PCIC, and external capacitors (C133, C134 and C135)
in controlling the transmitter rising and falling time. These are necessary in reducing the power
splatter into adjacent channels.

CR105 and its associated components are part of the temperature cut back circuitry. It senses the
printed circuit board temperature around the transmitter circuits and output a DC voltage to the PCIC.
If the DC voltage produced exceeds the set threshold in the PCIC, the transmitter output power will be
reduced so as to reduce the transmitter temperature.
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4.0 Receiver

Antenna
Pin Diode Varact V.
Antenna aractor RF Amp aractor Mixer Crystal
. : : IF Am
RE Jack Switch Tuned Filter Tuned Filter Filter p

O—1»—1_/ \_ /\_ 2 C
b fe B T

First LO
from FGU

Control Voltage
from ASFIC

Recovered Audio

Squelch-g———-

Demodulator

U301

RSS|-—
I Ic |Synthesizer|

16.8 MHz
Reference Clock —-{ U
SPI Bus

Second
LO VCO

Figure 6-2: UHF Receiver Block Diagram

41 Receiver Front-End

(Refer to UHF Receiver Front End Schematic Diagram on page 6A-18 and UHF Transmitter
Schematic Diagram on page 6A-22)

The RF signal is received by the antenna and applied to a low-pass filter. For UHF, the filter consists
of L101, L102, C102, C103, C104. The filtered RF signal is passed through the antenna switch. The
antenna switch circuit consists of two PIN diodes(CR101 and CR102) and a pi network (C106, L104
and C107).The signal is then applied to a varactor tuned bandpass filter. The UHF bandpass filter
comprises of L301, L302, C302, C303, C304, CR301 and CR302. The bandpass filter is tuned by
applying a control voltage to the varactor diodes(CR301 and CR302) in the filter.

The bandpass filter is electronically tuned by the DACRx from 1C404 which is controlled by the
microprocessor. Depending on the carrier frequency, the DACRXx will supply the tuned voltage to the
varactor diodes in the filter. Wideband operation of the filter is achieved by shifting the bandpass filter
across the band.

The output of the bandpass filter is coupled to the RF amplifier transistor Q301 via C307. After being
amplified by the RF amplifier, the RF signal is further filtered by a second varactor tuned bandpass
filter, consisting of L306, L307, C313, C317, CR304 and CR305.

Both the pre and post-RF amplifier varactor tuned filters have similar responses. The 3 dB bandwidth
of the filter is about 50 MHz. This enables the filters to be electronically controlled by using a single
control voltage which is DACRX .
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4.2

The output of the post-RF amplifier filter which is connected to the passive double balanced mixer
consists of T301, T302 and CR306. Matching of the filter to the mixer is provided by C381. After
mixing with the first LO signal from the voltage controlled oscillator (VCO) using low side injection, the
RF signal is down-converted to the 45.1 MHz IF signal.

The IF signal coming out of the mixer is transfered to the crystal filter (FL301) through a resistor pad
and a diplexer (C322 and L310). Matching to the input of the crystal filter is provided by C324 and
L311. The crystal filter provides the necessary selectivity and intermodulation protection.

Receiver Back-End
(Refer to UHF Receiver Back End Schematic Diagram on page 6A-19)

The output of crystal filter FL301 is matched to the input of IF amplifier transistor Q302 by
components R352 and C325. Voltage supply to the IF amplifier is taken from the receive 5 volts (R5).
The IF amplifer provides a gain of about 7dB. The amplified IF signal is then coupled into U301 (pin 3)
via C330, C338 and L330 which provides the matching for the IF amplifier and U301.

The IF signal applied to pin 3 of U301 is amplified, down-converted, filtered, and demodulated, to
produce the recovered audio at pin 27 of U301. This IF IC is electronically programmable, and the
amount of filtering (which is dependent on the radio channel spacing) is controlled by the
microprocessor. Additional filtering, once externally provided by the conventional ceramic filters, is
replaced by internal filters in the IF module (U301).

The IF IC uses a type of direct conversion process, whereby the externally generated second LO
frequency is divided by two in U301 so that it is very close to the first IF frequency. The IF IC (U301)
synthesizes the second LO and phase-locks the VCO to track the first IF frequency. The second LO
is designed to oscillate at twice the first IF frequency because of the divide-by-two function in the IF
IC.

In the absence of an IF signal, the VCO will “search” for a frequency, or its frequency will vary close to
twice the IF frequency. When an IF signal is received, the VCO will lock onto the IF signal. The
second LO/VCO is a Colpitts oscillator built around transistor Q320. The VCO has a varactor diode,
CR310, to adjust the VCO frequency. The control signal for the varactor is derived from a loop filter
consisting of C362, C363, C364, R320 and R321.

The IF IC (U301) also performs several other functions. It provides a received signal-strength
indicator (RSSI) and a squelch output. The RSSI is a dc voltage monitored by the microprocessor,
and used as a peak indicator during the bench tuning of the receiver front-end varactor filter. The
RSSI voltage is also used to control the automatic gain control (AGC) circuit at the front-end.

The demodulated signal on pin 27 of U301 is also used for squelch control. The signal is routed to
U404 (ASFIC) where squelch signal shaping and detection takes place. The demodulated audio
signal is also routed to U404 for processing before going to the audio amplifier for amplification.
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Receiver

4.3

Automatic Gain Control Circuit
(Refer to UHF Receiver Front End Schematic Diagram on page 6A-18)

The front end automatic gain control circuit is to provide automatic gain reduction of the front end RF
amplifier via feedback. This action is necessary to prevent overloading of backend circuits. This is
achieved by drawing some of the output power from the RF amplifier’s output. At high radio
frequencies, capacitor C331 provides the low impedance path to ground for this purpose. CR308 is a
PIN diode used for switching the path on or off. A certain amount of forward biasing current is needed
to turn the PIN diode on. Transistors Q315 provides this current where upon saturation, current will
flow via R347, PIN diode, collector and emitter of Q315 and R319 before going to ground. Q315 is an
NPN transistor used for switching here. Maximum current flowing through the PIN is mainly limited by
the resistor R319.

Radio signal strength indicator, RSSI, a voltage signal, is used to drive Q315 to saturation hence
turning it on. RSSI is produced by U301 and is proportional to the gain of the RF amplifier and the
input RF signal power to the radio.

Resistor network at the input to the base of Q315 is scaled to turn on Q315, hence activating the
AGC, at certain RSSI levels. In order to turn on Q315, the voltage across the transistor’s base to
ground must be greater or equal to the voltage across R319, plus the base-emitter voltage (Vbe)
present at Q315. The resistor network with thermistor RT300 is capable of providing temperature
compensation to the AGC circuit, as RSSI generated by U301 is lower at cold temperatures
compared to normal operation at room temperature. Resistor R300 and capacitor C397 form an R-C
network used to dampen any transient instability while the AGC is turning on.



Frequency Generation Circuitry 6A-9

5.0 Frequency Generation Circuitry
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et Ose. MOD Out Tx VCO Circuit
Modulating
Signal

Figure 6-3: Frequency Generation Unit Block Diagram

The Frequency Generation Circuitry is composed of two main ICs, the Fractional-N synthesizer
(U201), and the VCO/Buffer IC (U241). Designed in conjunction to maximize compatibility, the two
ICs provide many of the functions that normally would require additional circuitry. The synthesizer
block diagram illustrates the interconnect and support circuitry used in the region. Refer to the
relevant schematics for the reference designators.

The synthesizer is powered by regulated 5V and 3.3V which come from U247 and U248 respectively.
The synthesizer in turn generates a superfiltered 4.5V which powers U241.

In addition to the VCO, the synthesizer must interface with the logic and ASFIC circuitry.
Programming for the synthesizer is accomplished through the data , clock and chip select lines from
the microprocessor. A 3.3V dc signal from synthesizer lock detect line indicates to the microprocessor
that the synthesizer is locked.

Transmit modulation from the ASFIC is supplied to pin10 of U201. Internally the audio is digitized by
the Fractional-N and applied to the loop divider to provide the low-port modulation. The audio runs
through an internal attenuator for modulation balancing purposes before going out to the VCO.
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Frequency Generation Circuitry

5.1

Synthesizer
(Refer to UHF Synthesizer Schematic Diagram on page 6A-20)

The Fractional-N Synthesizer uses a 16.8MHz crystal (FL201) to provide a reference for the system.
The LVFractN IC (U201) further divides this to 2.1MHz, 2.225MHz, and 2.4MHz as reference
frequencies. Together with C206, C207, C208, R204 and CR203 , they build up the reference
oscillator which is capable of 2.5ppm stability over temperatures of -30 to 85°C. It also provides
16.8MHz at pin 19 of U201 to be used by ASFIC and LVZIF.

The loop filter which consist of C231, C232, C233, R231, R232 and R233 provides the necessary dc
steering voltage for the VCO and determines the amount of noise and spur passing through .

In achieving fast locking for the synthesizer, an internal adapt charge pump provides higher current at
pin 45 of U201 to put synthesizer within the lock range. The required frequency is then locked by
normal mode charge pump at pin 43 .

Both the normal and adapt charge pumps get their supply from the capacitive voltage multiplier which
is made up of C258, C259, C228, triple diode CR201 and level shifters U210 and U211. Two 3.3V
square waves ( 180 deg out of phase) are first shifted to 5V, then along with regulated 5V , put
through arrays of diodes and capacitors to build up 13.3V at pin 47 of U201.

7 LOCK |4 gy LOCK (U409 PIN 56
DATA (U409 PIN 100)—p»———1 DATA ( )
CLOCK (U408 PIN 1 8| ok FREFOUT [19g,  FREF (U201 PIN 21 & U404 PIN 34)
— 9 GND | 8:2223,24
—
CSX (U409 PIN 2—B»—— CEX U251 = STEERING
0] |\ oom LOW VOLTAGE LINE
MOD IN (U404 PIN 40 . 43
( )—m FRACTIONAL-N IoUT > 2-POLE
' SYNTHESIZER |ADAPT | 45 LOOP
+5V (U247 PIN 4—»—— Vco DCSV — % FILTER
5, 20, 34, 34 oDO 41 | \
(U248 PIN 51 Vpp, 3.3V MODOUT (4lg, |
23 YTALL 3 LO RF INJECTION
REFERENCE AUX4 | = g TDUAL >
OSCILLATOR 24 XTALZ TRANSIS|
] AUX3 | 2 g [TORS [
«25| warp VOLTAGE
SFouT | 28,FILTERED 5V CONTROLLED
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|—>ﬂ VCP 40/\/\/\ -
VMULT2  VMULTL a(xq BIAS2 59/\/\/\ TX RF INJECTION
VOLTAGE 1ST STAGE OF PA
MULTIPLIER H_fl“ 15 48 ( )
| DUAL R5
TRANSIS{—p
< 2 YITORS
PRESCALER IN

Figure 6-4 Synthesizer Block Diagram
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5.2 VCO - Voltage Controlled Oscillator
(Refer to UHF Voltage Controlled Oscillator Schematic Diagram on page 6A-21)
r 5V
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TX Tank | TxXvco Pin16 Active Bias —| |— ™X _“Bini0 TX RF Injection
Circuit
Pin15 Attenuator—Jpm-
Vsens
Circuit
jPinis Pin2 Pinl Pins 9,11,17
. Rx-l adjust Tx-1 adjust
Vce-Logic

VSF

(U201 Pin28)

Figure 6-5 VCO Block Diagram

The VCOBIC (U241) in conjunction with the Fractional-N synthesizer (U201) generates RF in both
the receive and the transmit modes of operation. The TRB line (U241 pin 19) determines which
oscillator and buffer will be enabled. A sample of the RF signal from the enabled oscillator is routed
from U241 pin 12, through a low pass filter, to the prescaler input (U201 pin 32). After frequency
comparison in the synthesizer, a resultant CONTROL VOLTAGE is received at the VCO. This voltage

is a DC voltage between 3.5V and 9.5V when the PLL is locked on frequency.
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Frequency Generation Circuitry

The VCOBIC(U241) is operated at 4.54 V (VSF) and Fractional-N synthesizer (U201) at 3.3V. This
difference in operating voltage requires a level shifter consisting of Q260 and Q261 on the TRB line.

The operation logic is shown in Table 6-1.
Table 6-1: Level Shifter Logic

D&Z‘ié‘zd AUX 4 AUX 3 TRB
TX Low High (@3.2V) High (@4.8V)
Rx High Low Low
Battery Saver Low Low Hi-Z/Float (@2.5V)

In the receive mode, U241 pin 19 is low or grounded. This activates the receive VCO by enabling the
receive oscillator and the receive buffer of U241. The RF signal at U241 pin 8 is run through a
matching network. The resulting RF signal is the LO RF INJECTION and it is applied to the mixer at
T302 (refer to UHF Receiver Front End Schematic Diagram on page 6A-18).

During the transmit condition, when PTT is depressed, five volts is applied to U241 pin 19. This
activates the transmit VCO by enabling the transmit oscillator and the transmit buffer of U241. The RF
signal at U241 pin 10 is injected into the input of the PA module (U101 pin16). This RF signal is the
TX RF INJECTION. Also in transmit mode, the audio signal to be frequency modulated onto the
carrier is received through the U201 pin 41.

When a high impedance is applied to U241 pin19, the VCO is operating in BATTERY SAVER mode.
In this case, both the receive and transmit oscillators as well as the receive transmit and prescaler
buffer are turned off.
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6.0 Notes For All Schematics and Circuit Boards

* Component is frequency sensitive. Refer to the Electrical Parts List for value and usage.

1. Unless otherwise stated, resistances are in Ohms (k = 1000), and capacitances are in picofarads
(pF) or microfarads (UF).

2. DC voltages are measured from point indicated to chassis ground using a Motorola DC multime-
ter or equivalent. Transmitter measurements should be made with a 1.2 pH choke in series with
the voltage probe to prevent circuit loading.

3. Reference Designators are assigned in the following manner:

100 Series
200 Series
300 Series

400/500 Series

600 Series

Transmitter
Frequency Generation
Receiver

Controller

Keypad Board

4. Interconnect Tie Point Legend:

UNSWB+
SWB+
R5

CLK
Vdda
vddd
CSX
SYN
DACRX
VSF
VR

Unswitch Battery Voltage (7.5V)
Switch Battery Voltage (7.5V)
Receiver Five Volts

Clock

Regulated 3.3 Volts (for analog)
Regulated 3.3 Volts (for digital)
Chip Select Line (not for LVZIF)
Synthesizer

Digital to Analog Voltage (For Receiver Front End Filter)
Voltage Super Filtered (5 volts)
Voltage Regulator

6-LAYER CIRCUIT BOARD DETAIL VIEWING
COPPER STEPS IN PROPER LAYER SEQUENCE

SIDE 1
C LAYER 1 (L1)
¢ LAYER 2 (L2)
] LAYER 3 (L3)
& LAYER 4 (L4) { 'NNER LAYERS
{\// LAYER 5 (L5)
£ i LAYER 6 (L6)

SIDE 2
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7.0 Circuit Board/Schematic Diagrams and Parts List
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