MOTOTRBO™
REPEATER
DETAILED SERVICE
MANUAL

DR 3000 REPEATER







Foreword

This manual covers all models of the DR 3000 Repeater, unless otherwise specified. This manual provides sufficient
information to enable qualified service technicians to troubleshoot and repair the DR 3000 Repeater to the component
level.

For details on radio operation or basic troubleshooting, refer to the applicable manuals available separately.

These servicing instructions are for use by qualified personnel only. To
A reduce the risk of electric shock, do not perform any servicing other than
caution that contained in the Operating Instructions unless you are qualified to do
so. Refer all servicing to qualified service personnel.

Product Safety and RF Exposure Compliance

Before using this product, read the operating instructions for safe usage
A contained in the Product Safety and RF Exposure booklet enclosed with
Caution your product.

ATTENTION!

This repeater is restricted to occupational use only to satisfy ICNIRP/FCC RF energy exposure
requirements. Before using this product, read the RF energy awareness information and operating
instructions in the Product Safety and RF Exposure booklet enclosed with your product (Motorola
Publication part number 6866537D37) to ensure compliance with RF energy exposure limits.

For a list of Motorola-approved antennas, and other accessories, visit the following web site which
lists approved accessories: http://www.motorola.com/governmentandenterprise

Computer Software Copyrights

The Motorola products described in this manual may include copyrighted Motorola computer programs stored in
semiconductor memories or other media. Laws in the United States and other countries preserve for Motorola certain
exclusive rights for copyrighted computer programs, including, but not limited to, the exclusive right to copy or reproduce
in any form the copyrighted computer program. Accordingly, any copyrighted Motorola computer programs contained in
the Motorola products described in this manual may not be copied, reproduced, modified, reverse-engineered, or
distributed in any manner without the express written permission of Motorola. Furthermore, the purchase of Motorola
products shall not be deemed to grant either directly or by implication, estoppel, or otherwise, any license under the
copyrights, patents or patent applications of Motorola, except for the normal non-exclusive license to use that arises by
operation of law in the sale of a product.

Document Copyrights

No duplication or distribution of this document or any portion thereof shall take place without the express written
permission of Motorola. No part of this manual may be reproduced, distributed, or transmitted in any form or by any
means, electronic or mechanical, for any purpose without the express written permission of Motorola.

Disclaimer

The information in this document is carefully examined, and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, Motorola reserves the right to make changes to any products herein to improve
readability, function, or design. Motorola does not assume any liability arising out of the applications or use of any product
or circuit described herein; nor does it cover any license under its patent rights nor the rights of others.

Trademarks

MOTOROLA and the Stylized M logo are registered in the U.S. Patent & Trademark Office. All other product or service
names are the property of their respective owners.

© 2007-2010 by Motorola, Inc.
All rights reserved.


http://www.motorola.com/cgiss/index.shtml
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Document History

The following major changes have been implemented in this manual since the previous edition:

Added Repeater Indicator Board PMLN5643 .

Added Connector Board PMLN5644 .

Added a new set of Printed Circuit Boards, Schematics
and Parts Lists to: VHF (High & Low Power), UHF1
(High & Low Power), UHF2 (High Power) bands.

Edition Description Date
6866576D16-A Initial edition. Aug 2007
6866576D16-B Added VHF Low Power Band Information. Added issue | Nov. 2007

C boards to all bands.
6866576D16-C Added UHF2 Band Information. June 2008
6866576D16-D For UHF2 Band: changed four capacitors namely June 2009
C0811, C0812, C0719 and C0746 in Power Amp
schematic and parts list .
Added section: Summary of Printed Circuit Boards and
Bands available in manual.
6866576D16-E Added R6 Controller. Sept. 2010
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Summary of Printed Circuit Boards and Bands available:

Table below lists all the bands available in this manual and the revision of the Printed Circuit Boards used. For
details, please refer to the respective chapters.

Chapter Description PC Board Part Number Board Revision
2 Repeater Indicator Board (PMLN4814 ) 8415470H02
2 Repeater Indicator Board (PMLN5269 ) 8415470H04 D
2 Repeater Indicator Board (PMLN5643 ) 84012135001 A
3 Connector Board (PMLN4815 ) 8415472H01 A
3 Connector Board (PMLN5270 ) 8415472H05 E
3 Connector Board (PMLN5644 ) 8402133002 B
5 VHF Low Power 136-174 MHz, 1-25 W 8471495L01 A
8471495L03 C
8471495L04 D
6 VHF High Power 136-174 MHz, 25-45 W 8478023A12 P8
8478023A16 C
8478023A17 D
7 UHF1 Low Power 403-470 MHz, 1-25 W 8471165L03 A
8471165L05 C
8471165L06 D
8 UHF1 High Power 403-470 MHz, 25-40 W 8486777212 A
8486777214 C
8486777215 D
9 UHF2 High Power 450-527 MHz, 1-40 W 8471696M01 A
8471696M02 D
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Computer Software Copyrights

The Motorola products described in this manual may include copyrighted Motorola computer programs stored
in semiconductor memories or other media. Laws in the United States and other countries preserve for
Motorola certain exclusive rights for copyrighted computer programs, including, but not limited to, the
exclusive right to copy or reproduce in any form the copyrighted computer program. Accordingly, any
copyrighted Motorola computer programs contained in the Motorola products described in this manual may
not be copied, reproduced, modified, reverse-engineered, or distributed in any manner without the express
written permission of Motorola. Furthermore, the purchase of Motorola products shall not be deemed to grant
either directly or by implication, estoppel, or otherwise, any license under the copyrights, patents or patent
applications of Motorola, except for the normal non-exclusive license to use that arises by operation of law in
the sale of a product.
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Section 1
INTRODUCTION

1.0 Notations Used in This Manual

Throughout the text in this publication, you will notice the use of note and caution notations. These
notations are used to emphasize that safety hazards exist, and due care must be taken and
observed.

NOTE: An operational procedure, practice, or condition that is essential to emphasize.

A CAUTION indicates a potentially hazardous situation which, if
not avoided, might result in equipment damage.

Caution

2.0 Repeater Description

The DR 3000 repeater is available in the following frequency ranges and power levels.

Table 1-1 Frequency Ranges and Power Levels

Freq. Band Bandwidth Power Level
VHF 136-174 MHz 1-25 Watts
25-45 Watts
UHF B1 403-470 MHz 1-25 Watts
25-40 Watts
UHF B2 450-527 MHz 1-40 Watts
(1-25 Watts above 512 MHz)

This repeater is among the most sophisticated two-way repeaters available. It has a robust design
for users who need high performance, quality, and reliability in their daily communications. This
architecture provides the capability of supporting a multitude of legacy and advanced features
resulting in a more cost-effective two-way repeater communications solution.
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Section 2
MAINTENANCE

1.0

2.0

2.1

2.2

Introduction

This chapter provides details about the following:

. Preventive maintenance (inspection and cleaning).
. Safe handling of CMOS and LDMOS devices.
. Repair procedures and techniques.

Preventive Maintenance

Periodic visual inspection and cleaning is recommended.

Inspection

Check that the external surfaces of the repeater are clean, and that all external controls and
switches are functional. It is not recommended to inspect the interior electronic circuitry.

Cleaning Procedures

The following procedures describe the recommended cleaning agents and the methods to be used
when cleaning the external and internal surfaces of the repeater. External surfaces include the top
cover and repeater enclosure.

Periodically clean smudges and grime from exterior enclosure. Use a soft, non-abrasive cloth
moistened in a mild soap and water solution Rinse the surface using a second cloth moistened in
clean water, and clean any dirt or debris from the fan grill and louvers on the front side.

NOTE: Internal surfaces should be cleaned only when the repeater is disassembled for service or
repair.

The only recommended agent for cleaning the external repeater surfaces is a 0.5% solution of a mild
dishwashing detergent in water. The only factory recommended liquid for cleaning the printed circuit
boards and their components is isopropyl alcohol (100% by volume).

Cleaning Internal Circuit Boards and Components

Isopropyl alcohol (100%) may be applied with a stiff, non-metallic, short-bristled brush to dislodge
embedded or caked materials located in hard-to-reach areas. The brush stroke should direct the
dislodged material out and away from the inside of the repeater. Make sure that controls or tunable
components are not soaked with alcohol. Do not use high-pressure air to hasten the drying process
since this could cause the liquid to collect in unwanted places. Once the cleaning process is
complete, use a soft, absorbent, lintless cloth to dry the area. Do not brush or apply any isopropyl
alcohol to the top cover and repeater enclosure.

NOTE: Always use a fresh supply of alcohol and a clean container to prevent contamination by
dissolved material (from previous usage).
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Safe Handling of CMOS and LDMOS Devices

3.0

Safe Handling of CMOS and LDMOS Devices

Complementary metal-oxide semiconductor (CMOS) devices are used in this family of repeaters,
and are susceptible to damage by electrostatic or high voltage charges. Damage can be latent,
resulting in failures occurring weeks or months later. Therefore, special precautions must be taken to
prevent device damage during disassembly, troubleshooting, and repair.

Handling precautions are mandatory for CMOS circuits and are especially important in low humidity
conditions.

DO NOT attempt to disassemble the repeater without first referring to the following CAUTION
statement.

This repeater contains static-sensitive devices. Do not open the repeater unless you
A are properly grounded. Take the following precautions when working on this unit:

 Store and transport all CMOS devices in conductive material so that
all exposed leads are shorted together. Do not insert CMOS devices
into conventional plastic “snow” trays used for storage and
transportation of other semiconductor devices.

Caution

» Ground the working surface of the service bench to protect the
CMOS device. We recommend using a wrist strap, two ground
cords, a table mat, and a floor mat.

» Wear a conductive wrist strap in series with a 100k resistor to
ground. (Replacement wrist straps that connect to the bench top
covering are Motorola part number 4280385A59).

« Do not wear nylon clothing while handling CMOS devices.

» Do not insert or remove CMOS devices with power applied. Check
all power supplies used for testing CMOS devices to be certain that
there are no voltage transients present.

* When straightening CMOS pins, provide ground straps for the
apparatus used.

» When soldering, use a grounded soldering iron.

« If at all possible, handle CMOS devices by the package and not by
the leads. Prior to touching the unit, touch an electrical ground to
remove any static charge that you may have accumulated. The
package and substrate may be electrically common. If so, the
reaction of a discharge to the case would cause the same damage
as touching the leads.
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4.0

NOTE

Repair Procedures and Techniqgues — General

Environmentally Preferred Products (EPP) (refer to the marking on the printed circuit
boards — examples shown below) were developed and assembled using environmen-
tally preferred components and solder assembly techniques to comply with the Euro-
pean Union's Restriction of Hazardous Substances (ROHS) Directive 2002/95/EC

and Waste Electrical and Electronic Equipment (WEEE) Directive 2002/96/EC. To

maintain product compliance and reliability, use only the Motorola specified parts in this

manual.

® @

2" 1vl intct

245°C

& @

2™1vl intct 245°C

Any rework or repair on Environmentally Preferred Products must be done using the appropriate
lead-free solder wire and lead-free solder paste as stated in the following table:

Table 2-1 Lead Free Solder Wire Part Number List

Motorola Flux Content Melting Supplier Part - -
Part Number Alloy Flux Type by Weight Point number Diameter Weight
1088929Y01 95.5Sn/3.8Ag/0.7Cu RMA Version 2.7-3.2% 217°C 52171 0.015” 1lb spool

Table 2-2 Lead Free Solder Paste Part Number List
Motorola Part Manufacturer Part - . . Liquid
Number Number Viscosity Type Composition & Percent Metal Temperature
1085674C03 NC-SMQ230 900-1000KCPs Type 3 (95.5%Sn-3.8%Ag-0.7%Cu) 217°C
Brookfield (5rpm) (-325/+500) 89.3%

Parts Replacement and Substitution

When damaged parts are replaced, identical parts should be used. If the identical replacement part
is not locally available, check the parts list for the proper Motorola part number and order the part
from the nearest Motorola Radio Products and Solutions Organization listed in Appendix A of this

manual.

Rigid Circuit Boards

The repeater uses bonded, multi-layer, printed circuit boards. Since the inner layers are not
accessible, some special considerations are required when soldering and unsoldering components.
The printed through holes may interconnect multiple layers of the printed circuit. Therefore, exercise
care to avoid pulling the plated circuit out of the hole.

When soldering near a connector:

. Avoid accidentally getting solder in the connector.
. Be careful not to form solder bridges between the connector pins.

. Examine your work closely for shorts due to solder bridges.
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Repair Procedures and Techniques — General

Chip Components

Use the RLN4062 Hot-Air Repair Station for chip component replacement. Adjust the temperature
control to 370°C (700°F), and adjust the airflow to a minimum setting. Airflow can vary due to
component density.

. To remove a chip component:

1.

Use a hot-air hand piece and position the nozzle of the hand piece approximately 0.3 cm
(1/8") above the component to be removed.

Begin applying the hot air. Once the solder reflows, remove the component using a pair
of tweezers.

Using a solder wick and a soldering iron or a power desoldering station, remove the
excess solder from the pads.

. To replace a chip component using a soldering iron:

1.

Select the appropriate micro-tipped soldering iron and apply fresh solder to one of the
solder pads.

Using a pair of tweezers, position the new chip component in place while heating the
fresh solder.
Once solder wicks onto the new component, remove the heat from the solder.

Heat the remaining pad with the soldering iron and apply solder until it wicks to the
component. If necessary, touch up the first side. All solder joints should be smooth and
shiny.

. To replace a chip component using hot air:

P wDn

Use the hot-air hand piece and reflow the solder on the solder pads to smooth it.
Apply a drop of solder paste flux to each pad.
Using a pair of tweezers, position the new component in place.

Position the hot-air hand piece approximately 0.3 cm (1/8") above the component and
begin applying heat.

Once the solder wicks to the component, remove the heat and inspect the repair. All
joints should be smooth and shiny.
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Shields

Removing and replacing shields is recommended to be done with an Air Blower,
BOSCH GHG 600-3 or equivalent. The temperature should be set to approximately 400°C (752°F).

To remove the shield:

L A

Place the circuit board in the circuit board holder.

Add solder paste flux around the base of the shield.

Position the heat-focus head onto the shield.

Turn on the heater and wait until the shield lifts off the circuit board.

Once the shield is off, turn off the heat, and grab the part with a pair of tweezers.
Remove the circuit board from the circuit board holder.

To replace the shield:

1.
2.

N o o~

Add solder to the shield if necessary, using a micro-tipped soldering iron.

Next, rub the soldering iron tip along the edge of the shield to smooth out any excess
solder. Use solder wick and a soldering iron to remove excess solder from the solder
pads on the circuit board.

Place the circuit board back in the circuit board holder.

Place the shield on the circuit board using a pair of tweezers.
Position the heat-focus head over the shield.

Turn on the heater and wait for the solder to reflow.

Once complete, turn off the heat, raise the heat-focus head and wait approximately one

minute for the part to cool.
Remove the circuit board and inspect the repair. No cleaning should be necessary.
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Repair Procedures and Techniques — General

Notes
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Section 3
TEST EQUIPMENT AND SERVICE AIDS

1.0 Recommended Test Equipment
The list of equipment contained in Table 3-1 includes most of the standard test equipment required
for servicing Motorola repeaters.
Table 3-1 Recommended Test Equipment
Equipment Characteristic Example Application

Service Monitor

Can be used as a
substitute for items
marked with an asterisk

@)

Motorola R2670, or equivalent.

Frequency/deviation meter and
signal generator for wide-range
troubleshooting and alignment

FM Modulation 0 kHz to
10 kHz

RSG1000B
(www.ramseyelectronics.com),
or equivalent

Digital RMS 100 MV to 300 V Fluke 179 or equivalent AC/DC voltage and current

Multimeter* 5 Hz to 1 MHz (www.fluke.com) measurements. Audio voltage
10 Meg Ohm Impedance measurements.

RF Signal 100 MHz to 1 GHz Agilent N5181A Receiver measurements

Generator* -130 dBM to +10 dBM (www.agilent.com), Ramsey

Oscilloscope*

2 Channels
50 MHz Bandwidth
5 mV/div to 20 V/div

Leader LS8050
(www.leaderusa.com), Tektronix
TDS1001b
(www.tektronix.com), or
equivalent

Waveform measurements

Power Meter and
Sensor*

5% Accuracy
100 MHz to 500 MHz
50 Watts

Bird 43 Thruline Watt Meter

(www.bird-electronic.com) or
equivalent

Transmitter power output
measurements

RF Millivolt Meter

100 mVto 3V RF
10 kHz to 1 GHz

Boonton 92EA
(www.boonton.com) or
equivalent

RF level measurements
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Service Aids

2.0 Service Aids

Table 3-2 lists the service aids recommended for working on the repeater. While all of these items
are available from Motorola, most are standard workshop equipment items, and any equivalent item
capable of the same performance may be substituted for the item listed.

Table 3-2 Service Aids

Motorola o S
Description Application
Part Number escriptio pplicatio
RLN4460_ Test Set Enables connection to audio/accessory jack. Allows
switching for radio testing.

GMVN5141_ Customer Programming Allows servicer to program repeater parameters, tune
Software on CD-ROM and troubleshoot repeaters.

PMKN4010_ Mobile & Repeater Rear Connects the radio’s rear connector to a USB port for
Programming Cable radio programming and data applications.

PMKN4016_ Mobile & Repeater Rear Connects the radio’s rear connector to a USB port for
Accessory Programming and radio programming, data applications, testing and
Test Cable alignment.

PMKN4018 Mobile & Repeater Rear Connects the radio’s rear connector to accessory
Accessory Connector Universal | devices such as desk sets. Cable contains all 26 wires
Cable and is unterminated at the user end.




Programming Cables

3.0 Programming Cables

Figure 3-1 Mobile & Repeater Rear Programming Cable PMKN4010 _
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915415 CABLE
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TO MOBILE RADIO
REAR ACCESSORY
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25 1
VIEWED FROM
ﬁ FRONT (PIN END)
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11
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16
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Figure 3-2 Mobile & Repeater Rear Accessory Programming and Test Cable PMKN4016




3-4

Programming Cables

Notes
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Computer Software Copyrights

The Motorola products described in this manual may include copyrighted Motorola computer programs stored
in semiconductor memories or other media. Laws in the United States and other countries preserve for
Motorola certain exclusive rights for copyrighted computer programs, but not limited to, the exclusive right to
copy or reproduce in any form, the copyrighted computer program. Accordingly, any copyrighted Motorola
computer programs contained in the Motorola products described in this manual may not be copied,
reproduced, modified, reverse-engineered, or distributed in any manner without the express written
permission of Motorola. Furthermore, the purchase of Motorola products shall not be deemed to grant either
directly or by implication, estoppel or otherwise, any license under the copyrights, patents or patent
applications of Motorola, except for the normal non-exclusive license to use that arises by operation of law in
the sale of a product.
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Section 1
THEORY OF OPERATION

1.0

2.0

Overview

This section provides a detailed theory of operation for the Repeater Indicator Board and its
components.

Repeater Indicator Board

The Repeater Indicator board contains circuitry to drive the front panel indicator LEDs, an RTC
battery for the RTC in the transmit radio, as well as an Ethernet controller.

Front Panel Indicators

r..ﬂ.ﬁ.‘.l
Display
Driver
Ethernet to USBto
Rear Panel ' Ethernet RTC
Interface Backup
(d )

Flex to Transmit Radio

Figure 1-1 Repeater Indicator Board Block Diagram

All of the indicator LEDs that are on the front of the Repeater chassis reside on the Repeater
Indicator board. Each is controlled by a shift register (U6) data out signal and a digital transistor. The
shift register accepts serial data in from the transmit radio's OMAP processor via a SPI bus. A
74LVCOQ7 buffer (U9) level shifts these signals from 3.3 Vto 1.8 V.

The Repeater Disable LED is a dual-purpose LED that is hardware controlled initially at power-up.
As soon as VBUS power is available on the Repeater Indicator board, the hardware circuitry for the
Repeater Disable LED will cause it to blink periodically. When the software initialization is completed
by the firmware, the blink circuitry will be disabled by the firmware. At that point, the Repeater
Disable LED can be used for its intended purpose of displaying when the Repeater Disable function
is turned on.
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Ethernet Interface

3.0

The power LED is the only LED that is not controlled by the software. This bi-color LED gets turned
on green when the 13.8 V output from the power supply is valid. It turns on red when A/C power is
lost, and the repeater's backup battery is used.

The Real Time Clock (RTC) battery (M1) is connected to the transmit radio through the Control
Head Connector (J1, pin 30).

Ethernet Interface

The Repeater board uses an SMSC LAN9500 USB to 10/100 Ethernet controller (U8) to convert
data from USB to Ethernet and vice-versa. An external 128 x 8 EEPROM (U2) is used to store the
Ethernet MAC address and various USB configuration parameters. The transformer (T1) provides
isolation between the Ethernet port and the Ethernet controller.

The LAN9500 controller integrates a 10/100 Ethernet MAC, 10/100 Ethernet PHY, USB 2.0 device
controller, TAP controller, EEPROM controller, and a FIFO controller with 30 KB of internal packet
buffering. The Ethernet controller supports auto-negotiation, auto-polarity correction, HP Auto-
MDIX, and is compliant with the IEEE 802.3 and IEEE 802.3u standards. The internal EEPROM
controller is used to load various USB configuration parameters and the device MAC address upon
power-up. The USB portion of the LAN9500 integrates a High-speed USB 2.0 device controller and
USB PHY. The USB device controller configures to Full-speed when communicating with the USB
host controller on the TX transceiver board.

The LAN9500 integrates a 10/100 Ethernet MAC and an IEEE 802.3 PHY for twisted pair Ethernet
applications. The PHY can be configured for 10Base-T (10 Mbps) or 100Base-TX (100 Mbps) and
supports auto-negotiation, and full or half-duplex configurations. The controller also provides LED
control signals for indicating Ethernet speed, link, and duplex configuration status. The Ethernet
speed and Link LEDs reside on the Connector board's external Ethernet connector. The Link LED is
the yellow LED and is lit solid when an Ethernet link is valid or blinking when there is transmit or
receive activity. The speed LED is the green LED and indicates 100 Mbit operation when lit.

All of the Ethernet signals are transported to the Connector board through an Ethernet cable that
connects the Repeater board to the Connector board. The LED signals are transported to the
Connector board through an 8-pin cable that is also connected between the Repeater board and
Connector board. (Applicable for VHF/UHF 32MB repeaters).
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REPEATER INDICATOR BOARDS / SCHEMATICS /

PARTS LISTS

1.0
1.1

Repeater Indicator Board Circuits

Indicator Board circuits.

Table 2-1 Repeater Indicator Board Schematic Diagrams and Parts List

Allocation of Printed Circuit Boards, Schematics and Parts Lists

This Chapter shows the Printed Circuit Boards (PCB), Schematics and Parts Lists for the Repeater

PCB :
8415470H02 Repeater Indicator Board Top Side Page 2-3
8415470H02 Repeater Indicator Board Bottom Side Page 2-4
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2.1 Repeater Indicator Board Parts List

Circuit

Motorola Part

Circuit

Motorola Part

Circuit

Motorola Part

PMLN4814
Circuit Motorola Part Description
Ref No

co7 2113945C31 CAP, 0.1uF
Co8 2113945C31 CAP, 0.1uF
C09 2113945C31 CAP, 0.1uF
C10 2113945C31 CAP, 0.1uF
Cc11 2113945C31 CAP, 0.1uF
C12 2113945C31 CAP, 0.1uF
C13 2113945C31 CAP, 0.1uF
C15 2113945C31 CAP, 0.1uF
C16 2113945C31 CAP, 0.1uF
C17 2113945C31 CAP, 0.1uF
C18 2113945C31 CAP, 0.1uF
C19 2186154V01 CAP, 1000pF
C22 2113945C31 CAP, 0.1uF
C26 2113944A40 CAP, 100pF
c27 2113944A40 CAP, 100pF
C28 2113944A40 CAP, 100pF
C29 2113946E02 CAP, 1.0uF
C30 2113946E02 CAP, 1.0uF
C34 2113945C31 CAP, 0.1uF
C35 2113945C31 CAP, 0.1uF
C36 2113945C31 CAP, 0.1uF
C37 2113944C33 CAP, 18pF
C38 2113944C33 CAP, 18pF
C39 2113946E02 CAP, 1.0uF
C40 2313960D07 CAPP, 10uF
C41 2113945C31 CAP, 0.1uF
C42 2113945C31 CAP, 0.1uF
C43 2113945C31 CAP, 0.1uF

Ref No Description Ref No Description Ref No Description
C44 2113945C31 CAP, 0.1uF Q09 4815261H01 DTC114YKAF R43 0613958575 RES, 1.2K
C45 2113945C31 CAP, 0.1uF Q10 4815261H01 DTC114YKAF R45 0613952H42 RES, 51
C46 2113945C31 CAP, 0.1uF Q11 4815261H01 DTC114YKAF R46 0613952H42 RES, 51
C4a7 2113945C31 CAP, 0.1uF Q12 4815261H01 DTC114YKAF R47 0613952H42 RES, 51
C48 2113945C31 CAP, 0.1uF Q17 4815867H01 PZTA14 R48 0613952H42 RES, 51
C49 2113944C33 CAP, 18pF Q18 4815261H01 DTC114YKAF R49 0613952H13 RES, 3.3
C50 2113944C33 CAP, 18pF Q19 4815261H01 DTC114YKAF R50 0613952H13 RES, 3.3
Ch1 2113945C31 CAP, 0.1uF Q20 4815261H01 DTC114YKAF R51 0613958575 RES, 1.2K
C52 2113945C31 CAP, 0.1uF Q21 4815261H01 DTC114YKAF R53 0613952N01 RES, 10K
C53 2113945C31 CAP, 0.1uF Q22 4815700H01 2SB1197K R55 0613952H66 RES, 510
C54 2113944A40 CAP, 100pF Q23 4815261H01 DTC114YKAF R56 0613952H59 RES, 270
C55 2113945A09 CAP, 1000pF Q24 4815261H01 DTC114YKAF R57 0613952H66 RES, 510
C56 2113945C31 CAP, 0.1uF RO1 0613952H79 RES, 1.8K R58 0613952H81 RES, 2.2K
DO7 4815809H03 HT-S91UY R02 0613952Q95 RES, 8.2K R59 0613952R56 RES, 2MEG
D08 4815809H01 HT-S91UYG RO3 06139590Q23 RES, 8 R60 0613952349 RES, IMEG
D09 4815809H02 HT-S91URO R0O4 0613959023 RES, 8 R61 0613952349 RES, 1IMEG
D10 4887557T01 HSMF-C155 RO5 0613959023 RES, 8 R62 0613952N01 RES, 10K
D18 4815809H01 HT-S91UYG RO6 0613959Q23 RES, 8 R63 0613952H80 RES, 2K
D19 4815809H01 HT-S91UYG RO7 0613959023 RES, 8 R64 0613952H80 RES, 2K
D20 4815809H02 HT-S91URO RO8 0613959Q23 RES, 8 R65 0613952H80 RES, 2K
D21 4815809H03 HT-S91UY R22 0613952H66 RES, 510 R66 0613952H80 RES, 2K
D22 4815809H03 HT-S91UY R23 0613952H66 RES, 510 R68 0613952Q77 RES, 1.5K
D23 4815809H03 HT-S91UY R24 0613952H66 RES, 510 R69 0613952Q94 RES, 7.5K
D24 4883288Y04 HSMB-C150 R31 0613952Q46 RES, 75 R70 0613952H66 RES, 510
D25 4815809H03 HT-S91UY R32 06139520Q46 RES, 75 R71 0613952H66 RES, 510
J1 0915555H01 30 pin R38 0613952H66 RES, 510 R73 0613952G67 RES, 0
J2 0915930H01 RJ45 R39 0613952H66 RES, 510 R74 0613952H37 RES, 33
J5 0971174L01 12 pin R40 0613952H66 RES, 510 R75 0613952H37 RES, 33
M1 0985888K02 SOCKET R41 0613952H66 RES, 510 R76 0613952G67 RES, 0
Q07 4815261H01 DTC114YKAF R42 0613952H66 RES, 510 R77 0613952G67 RES, 0




2-8 Repeater Indicator Board (PMLN4814 ) PCB/Schematics/Parts List
Circuit Motorola Part Description
Ref No
R78 0613952Q95 RES, 8.2K
R79 0613952N01 RES, 10K
R80 0613952H92 RES, 6.2K
R81 0613952Q95 RES, 2K
RT1 0615471H01 THERM, 10K
T1 2515640H01 XFMR_H1260
u02 5171839H01 IC, AT93C46EN
uo5 5115391H01 TK11100CSC
uo6 5115476H01 SN74AHC594DR
uo8 5171161L01 ADM8515
uo09 5115502H01 SN74LVCO7ADR
ulo0 4815263H01 DTC144EKAF
U1l 4815867H01 PZTAl14
U1z 5114007A02 MC74LCX02
ul3 4815263H01 DTC144EKAF
ul4 5185229Y01 MAX4645EUK+T
VR1 4813977M13 6.2V Zener
Y1l 4802582571 XTAL_25MHz
Y2 4809612345 CX-91F
PCB 8415470H02
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3.1 Repeater Indicator Board Parts List

Circuit

Motorola Part

Circuit

Motorola Part

Circuit

Motorola Part

PMLN5269
Circuit Motorola Part Description
Ref No

co7 2113945C31 CAP, 0.1uF
Co8 2113945C31 CAP, 0.1uF
C09 2113945C31 CAP, 0.1uF
C10 2113945C31 CAP, 0.1uF
Cc11 2113945C31 CAP, 0.1uF
C12 2113945C31 CAP, 0.1uF
C13 2113945C31 CAP, 0.1uF
C15 2113945C31 CAP, 0.1uF
C16 2113945C31 CAP, 0.1uF
C17 2113945C31 CAP, 0.1uF
C18 2113945C31 CAP, 0.1uF
C19 2186154V01 CAP, 1000pF
C22 2113945C31 CAP, 0.1uF
C26 2113944A40 CAP, 100pF
c27 2113944A40 CAP, 100pF
C28 2113944A40 CAP, 100pF
C29 2113946E02 CAP, 1.0uF
C30 2113946E02 CAP, 1.0uF
C34 2113945C31 CAP, 0.1uF
C35 2113945C31 CAP, 0.1uF
C36 2113945C31 CAP, 0.1uF
C37 2113944C33 CAP, 18pF
C38 2113944C33 CAP, 18pF
C39 2113946E02 CAP, 1.0uF
C40 2313960D07 CAPP, 10uF
C41 2113945C31 CAP, 0.1uF
C42 2113945C31 CAP, 0.1uF
C43 2113945C31 CAP, 0.1uF

Ref No Description Ref No Description Ref No Description
C44 2113945C31 CAP, 0.1uF J2 0915930H01 RJ45 R32 0613952Q46 RES, 75
C45 2113945C31 CAP, 0.1uF J5 0971174L01 12 pin R38 0613952H66 RES, 510
C46 2113945C31 CAP, 0.1uF M1 0985888K02 SOCKET R39 0613952H66 RES, 510
C4a7 2113945C31 CAP, 0.1uF Q07 4815261H01 DTC114YKAF R40 0613952H66 RES, 510
C48 2113945C31 CAP, 0.1uF Q09 4815261H01 DTC114YKAF R41 0613952H66 RES, 510
C49 2113944C33 CAP, 18pF Q10 4815261H01 DTC114YKAF R42 0613952H66 RES, 510
C50 2113944C33 CAP, 18pF Q11 4815261H01 DTC114YKAF R43 0613958575 RES, 1.2K
Ch1 2113945C31 CAP, 0.1uF Q12 4815261H01 DTC114YKAF R45 0613952H42 RES, 51
C52 2113945C31 CAP, 0.1uF Q17 4815867H01 PZTAl14 R46 0613952H42 RES, 51
C53 2113945C31 CAP, 0.1uF Q18 4815261H01 DTC114YKAF R47 0613952H42 RES, 51
C54 2113944A40 CAP, 100pF Q19 4815261H01 DTC114YKAF R48 0613952H42 RES, 51
C55 2113945A09 CAP, 1000pF Q20 4815261H01 DTC114YKAF R49 0613952H13 RES, 3.3
C56 2113945C31 CAP, 0.1uF Q21 4815261H01 DTC114YKAF R50 0613952H13 RES, 3.3
C57 2113944A40 CAP, 100pF Q22 4815700H01 2SB1197K R51 0613958575 RES, 1.2K
C58 2113945C31 CAP, 0.1uF Q23 4815261H01 DTC114YKAF R53 0613952N01 RES, 10K
C59 2113945A09 CAP, 10000pF Q24 4815261H01 DTC114YKAF R55 0613952H66 RES, 510
C60 2113946E02 CAP, 1.0 uF Q25 4815261H01 DTC114YKAF R56 0613952H59 RES, 270
DO7 4815809H03 HT-S91UY Q28 4815261H01 DTC114YKAF R57 0613952H66 RES, 510
D08 4815809H01 HT-S91UYG RO1 0613952H79 RES, 1.8K R58 0613952H81 RES, 2.2K
D09 4815809H02 HT-S91URO RO2 0613952Q95 RES, 8.2K R59 0613952R56 RES, 2MEG
D10 4887557T01 HSMF-C155 RO3 06139590Q23 RES, 8 R60 0613952349 RES, IMEG
D18 4815809H01 HT-S91UYG RO4 0613959Q23 RES, 8 R61 0613952349 RES, 1IMEG
D19 4815809H01 HT-S91UYG RO5 0613959Q23 RES, 8 R63 0613952H80 RES, 2K
D20 4815809H02 HT-S91URO RO6 0613959Q23 RES, 8 R64 0613952H80 RES, 2K
D21 4815809H03 HT-S91UY RO7 0613959Q23 RES, 8 R65 0613952H80 RES, 2K
D22 4815809H03 HT-S91UY RO8 0613959Q23 RES, 8 R66 0613952H80 RES, 2K
D23 4815809H03 HT-S91UY R22 0613952H66 RES, 510 R68 0613952Q77 RES, 1.5K
D24 4883288Y04 HSMB-C150 R23 0613952H66 RES, 510 R70 0613952H66 RES, 510
D25 4815809H03 HT-S91UY R24 0613952H66 RES, 510 R71 0613952H66 RES, 510
J1 0915555H01 30 pin R31 0613952Q46 RES, 75 R73 0613952G67 RES, 0
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Circuit Motorola Part Description
Ref No
R74 0613952H37 RES, 33
R75 0613952H37 RES, 33
R76 0613952G67 RES, 0
R77 0613952G67 RES, 0
R78 0613952Q95 RES, 8.2K
R79 0613952N01 RES, 10K
R80 0613952H92 RES, 6.2K
R81 0613952Q95 RES, 8.2K
R82 0613952H80 RES, 2K
R83 0613952H80 RES, 2K
R84 0613952H80 RES, 2K
R85 0613952Q89 RES, 4.7K
RT1 0615471H01 THERM, 10K
T1 2515640H01 XFMR_H1260
uo2 5171839H01 AT93C46A
uo5 5115391H01 TK11100CSC
uo6 5115476H01 SN74AHC594DR
uo8 5171161L01 ADM8515
u09 5115502H01 SN74LVCO7ADR
u10 4815263H01 DTC144EKAF
U1l 4815867H01 PZTAl14
ul2 5114007A02 MC74LCX02
ui3 4815263H01 DTC144EKAF
ul4 5115391H01 TK11100CSC
VR1 4813977M13 6.2V Zener
Y1l 4802582571 XTAL_25MHZ
Y2 4809612345 CX-91F
PCB 8415470H04
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4.1 Repeater Indicator Board Parts List

PMLN5643_ Cg‘él;'t I\él)g:f[)rNocl)é Description CEZ?“ '\Iﬂgt?rNocI)é Description CEZ?“ hég:?rNocl,? Description

Circuit | Motorola Description C54 2113944A40 | 100 PF c82 2113944M22 | 15 PF Q23 4815261H01 | TRANSISTOR, NPN

Ref Part No. C55 2113945A09 | 1000 PF C83 2113944M22 | 15 PF Q24 4815261H01 | TRANSISTOR, NPN
C10 2113945C31 0.1 UF C56 2113945C31 0.1 UF cs4 2113945C31 0.1 UF Q25 4815261H01 TRANSISTOR, NPN
cu 2113945C31 | 0.1 UF C57 2113944A40 | 100 PF C85 2113945C31 | 0.1 UF Q26 4815261H01 | TRANSISTOR, NPN
C12 2113945C31 | 0.1 UF C58 2113945C31 | 0.1 UF C9 2113945C04 | 22000 PF Q27 4815261H01 | TRANSISTOR, NPN
C13 2113945C31 | 0.1 UF C59 2113945A09 | 1000 PF D10 4887557T01 | LED Bl COLOR RED Q28 4815261H01 | TRANSISTOR, NPN
c17 2113945C31 | 0.1 UF C60 2113946E02 | 1.0 UF GREEN Q29 4815261H01 | TRANSISTOR, NPN
C19 2186154V01 | 1NF C61 NOT PLACED | - b18 4815809H0L | GREENLED Q30 4815261H01 | TRANSISTOR, NPN
C22 2113945C31 0.1 UF C62 NOT PLACED | — D19 4815809H01 GREENLED Q31 4815261H01 TRANSISTOR, NPN
C26 2113944A40 | 100 PF C63 NOT PLACED | — b20 4815809H02 REDLED Q32 4815261H01 | TRANSISTOR, NPN
c27 2113944A40 | 100 PF C64 NOT PLACED | — bzl 4815809M03 | YELLOWLED Q7 4815261H01 | TRANSISTOR, NPN
Cc28 2113944A40 100 PF C65 NOT PLACED | — b2z 4815809H03 VELLOWLED Q9 4815261H01 TRANSISTOR, NPN
c29 2113046E02 | 1.0 UF C66 NOT PLACED | — p23 4815809H03 | YELLOWLED R100 | 0613952047 | 301
C30 2113946E02 | 1.0 UF C67 NOT PLACED | - D24 48010085001 ) BLUE LED RI01 | 0613952L47 | 301
C34 2113945C31 0.1 UF C68 NOT PLACED | — £ 768694915 FLTR.FERR R102 0613952N01 10.0K
C35 2113945C31 | 0.1 UF C69 NOT PLACED | - E2 [ESERSERS ) ATIREERR R31 0613952Q46 | 75
c36 2113945C31 | 0.1 UF c7 2113044M22 | 15 PF =3 7686949715 | FLTR,FERR R32 0613952046 | 75
C39 2113946E02 1.0 UF C70 NOT PLACED | — - 0915555H01 gé) ’F\,ISISE,(;,TS,\T ’ R38 0613952H66 510
ca1 2113946E02 | 1.0 UF c71 NOT PLACED | — 12 0915930H01 | RJ-45. CATS R39 0613952H66 | 510
c42 2113945C31 | 0.1 UF c72 NOT PLACED | — SHIELDED, ONE PORT R40 0613952H66 | 510
c43 2113945C31 | 0.1 UF c73 NOT PLACED | — J3 9012030001 | 8 PIN CONNECTOR R41 0613952H66 | 510
Ca4 2113945C31 | 0.1 UF C74 NOT PLACED | - M1 0985888K02 | SKT RTC BTTY LEAP R42 0613952H66 | 510
C45 2113945C31 | 0.1 UF C75 NOT PLACED | — PASTE | 1085674C03 | PASTE/NC-SMQ230 R43 0613958575 | 1200
C46 2113945C31 | 0.1 UF C76 NOT PLACED | — Q10 4815261H01 | TRANSISTOR, NPN R45 0613952H42 | 51
ca7 2113945C31 | 0.1 UF c77 NOT PLACED | - Q11 4815261H01 | TRANSISTOR, NPN R46 0613952H42 | 51
c48 2113945C31 | 0.1 UF c78 NOT PLACED | — Q12 4815261H01 | TRANSISTOR, NPN R47 0613952H42 | 51
C49 2115153H44 | CAP, CERAMIC c79 NOT PLACED | — Q18 4815261H01 | TRANSISTOR, NPN R48 0613952H42 | 51
C50 2115153H44 | CAP, CERAMIC or: 2113944M22 | 15 PF Q19 4815261H01 | TRANSISTOR, NPN R51 0613958575 | 1200
C52 2113945C31 | 0.1 UF C80 NOT PLACED | — Q20 4815261H01 | TRANSISTOR, NPN R53 0613952N01 | 10.0K
C53 2113945C31 | 0.1 UF c81 NOT PLACED | — Q21 4815261H01 | TRANSISTOR, NPN R55 0613952H66 | 510
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Circuit Motorola Description Circuit Motorola Description
Ref Part No. Ref Part No.
R56 0613952H77 | 1500 RO8 0613952755 | 12K
R57 0613952H66 | 510 R99 0613952R49 | 1.0M
R58 0613952H81 | 2200 T1 2489647C01 | TRANSFORMER
R59 0613952R56 | 2.0M u12 5114007A02 | NOR GATE
R60 0613952J49 | 1.0M 14 5115391H01 | LINEAR REGULATOR
R63 0613952H80 | 2000 '
~ou oc13050m80 | 2000 u1s 4813977M13 | DIODE
n6s 06130950180 | 2000 u2 51012124001 | IC,SERIAL EEPROM
66 0613952080 | 2000 us S115391H0L | LINEAR REGULATOR
R68 0613952N01 | 10.0K ue 5115476H01 | 8-BIT SHIFT REGISTER
& tesee | Y us 51009265001 | LAN9500
R79 0613952N01 | 10.0K u9 5115502H01 | SN74LVCO7APWR
R80 0613952H92 | 6200 VRL 4813977M13 | DIODE
R81 0613952Q95 | 8200 VR2 4813977M13 | DIODE
R e VR3 4813977M13 | DIODE
R83 0613952H80 | 2000 VR4 4813977M13 | DIODE
R el K %! 4884121Y01 | XTAL, SMT 25MHZ,
R85 0613952Q89 | 4700 S0PPM
R86 0613952H80 | 2000 R SR S
R87 0613952H80 | 2000
R88 0613952Q25 | 10
R89 0613952H80 | 2000
R90 0613952H80 | 2000
RO1 NOT PLACED | —
R92 0613952N0L | 10.0K
RO3 NOT PLACED | —
R4 0613952Q89 | 4700
RO5 0613952Q89 | 4700
R96 NOT PLACED | —
RO7 0613952E10 | 12.4K
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Computer Software Copyrights

The Motorola products described in this manual may include copyrighted Motorola computer programs stored
in semiconductor memories or other media. Laws in the United States and other countries preserve for
Motorola certain exclusive rights for copyrighted computer programs, but not limited to, the exclusive right to
copy or reproduce in any form, the copyrighted computer program. Accordingly, any copyrighted Motorola
computer programs contained in the Motorola products described in this manual may not be copied,
reproduced, modified, reverse-engineered, or distributed in any manner without the express written
permission of Motorola. Furthermore, the purchase of Motorola products shall not be deemed to grant either
directly or by implication, estoppel or otherwise, any license under the copyrights, patents or patent
applications of Motorola, except for the normal non-exclusive license to use that arises by operation of law in
the sale of a product.
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Section 1
THEORY OF OPERATION

1.0 Overview

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

2.0 Connector Board

The Connector board has two purposes: provide a place for the Repeater’'s MAP and Ethernet
connectors to be mounted and a location for the Repeater’s fan control circuitry.

To MAP Connector On
Transmit Radio

To Power
¢ @ Supply
C(l):r?t?ol To Fan

To MAP Conne ctor On To Ethernet
Rear Panel Connector On
Rear Panel

Figure 1-1 Connector Board Block Diagram

2.1 Fan

The fan control logic is provided by the fan controller IC (U51). This is a device from Cypress
Semiconductor. There are basically two functions provided by the fan controller. First, it provides a
PWM output based on a temperature input, and secondly, it provides detection of fan failure based
on the fan tachometer reading.

The Repeater’s internal chassis temperature is measured with an LM50 precision temperature
sensor IC (U52). This IC outputs a voltage that is linearly proportional to temperature at 10 mV/°C,
and with an offset of +500 mV. The output voltage of the LM50 ranges from +200 mV at -30°C to
1.1V at +60°C.
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The fan controller ID (U51) controls the speed of the fan by adjusting the PWM output (pin 1) from
0% to 100%. As long as the fan continues to work, pulses are output from the fan and input to the
fan controller (pin 2).

Starting with the PMLN5644B Connector Board, a slide switch (S1) has been added to the board
that allows the fan to be configured to a fixed full speed or variable speed operation. The factory
default setting is full speed. For applications where full fan speed is not appropriate, the slide switch
position can be moved from the default left (F) full speed, to the optional right (N) temperature
regulated position. After the adjustment, the variable speed behavior will be as follows: the fan will
idle low and be held constant from 10°C to 30°C. Between 30°C and 45°C, the fan will increase in
speed and reach full speed at 46°C.

AC/DC Power Supply

The Repeater uses the PMPN4001A switch-mode, Power Supply Unit (PSU). It is capable of 200 W
and designed for a 50 W UHF or VHF repeater system. This supply has UL, CE, and TUV regulatory
approvals and is usable in all regions by using the correct line cord. The AC input is auto-ranging
with no manual switch being specified to operate from 90 V-270 V and 47 Hz-63 Hz. It outputs a
nominal voltage of 13.8 V with a voltage tolerance of +/- 5%.

It has Power Factor Correction circuitry and is rated at 15 A across the whole operating temperature
range of -30°C to +60°C. It also has a built-in battery revert circuit with a float output available for
maintaining the charge on a battery and has UL, CE, & TUV approvals. The battery revert connector
is accessible in the back of the power supply.

The supply has over-load, over-voltage, and over-temperature protection. In an overload condition,
the PSU goes into a hiccup mode where it recovers automatically after the fault condition is
removed. During an over-voltage condition, the PSU shuts down and will have to be re-powered on
to recover. In an over-temperature condition, the PSU also shuts down, but will recover after the
temperature goes down.

The PSU is not designed to be field serviceable. If it is determined that the PSU is not functioning,
the whole unit needs to be replaced.

Battery Backup Operation (Applicable for 32 MB repeaters only)

If AC power is removed or interrupted, the repeater will switch to its battery backup until AC is
restored. The battery backup operation is controlled by a voltage sensing circuit on the connector
board. During DC operation, the circuit monitors the DC voltage of the battery connected to the
backup terminal on the PSU and enables or disables the unit accordingly to maintain reliable
repeater operation.

When the battery voltage dips below approximately 7.5V, the repeater will disable itself until either
AC is restored or the battery voltage recovers to above 10.5V. When heavy loading is present, the
battery voltage may swing from 7.5V to 10.5V as soon as the unit disables and the loading is
removed. Intermittent functionality may occur during this mode of operation, but it is normal and
expected during low battery backup operation.
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Section 2
CONNECTOR BOARDS / SCHEMATICS / PARTS LISTS

1.0 Allocation of Printed Circuit Boards, Schematics and Parts Lists

1.1 Connector Board Circuits

This Chapter shows the Printed Circuit Boards (PCB), Schematics and Parts Lists for the Connector
Board circuits.

Table 2-1 Connector Board Schematic Diagrams and Parts List

PCB :

8415472H01 Connector Board Page 2-3
SCHEMATICS
Connector Board Schematic Diagram (Sheet 1 of 2) Page 2-4
Connector Board Schematic Diagram (Sheet 2 of 2) Page 2-5
Parts List
Connector Board, PMLN4815 Page 2-6
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2.1 Connector Board Parts List

Circuit

Motorola Part

Ref No Description
U51 0104030J35 IC, Fan Controller
u52 5115022H01 IC Temperature Sensor
PCB 8415472H01

PMLN4815
Circuit Motorola Part Description
Ref No

C80 2186154V01 CAP, 1000pF
cs1 2313960D07 CAPP, 10uF
C82 2113945C31 CAP, 0.1uF
c84 2113945C31 CAP, 0.1uF
C85 2113945C31 CAP, 0.1uF
C86 2113946E02 CAP, 1.0uF
Cc87 2113946E02 CAP, 1.0uF
C88 2113945C31 CAP, 0.1uF
C89 2113945C31 CAP, 0.1uF
C90 2113945A09 CAP, 1000pF
Co1 2113944A40 CAP, 100pF
Cc92 2113945C31 CAP, 0.1uF
D50 4813978B01 Diode SMB 1A 40V
D51 4813978B01 Diode SMB 1A 40V
D52 4813978B01 Diode SMB 1A 40V
J7 2815631H01 Connector, 4 Pin
J8 0915930H01 Connector, 10 Pin
J9 0915930H01 Connector, 10 Pin
J10 2816476H01 Connector, 28 Pin
J11 0971878L01 Connector, 26 Pin
J13 2815632H01 Connector, 6 Pin
R90 0613952Q46 RES, 75
R91 0613952Q46 RES, 75
R92 0613952G67 RES, 0
R94 0613952N12 RES, 13
R95 0613952N58 RES, 39.2K
R96 0613952H81 RES, 2.2K
us0 5115391H01 TK11100CSC
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3.1 Connector Board Parts List Circuit | Motorola Part o
PMLN5270_ Ref NO Description
R94 0613952N12 RES, 13K
Circuit Motorola Part Description R95 0613952N58 RES, 39.2K
Ref No R96 0613952H81 RES, 2.2K
C80 2186154V01 CAP, 1000pF R97 0613952G67 RES. 0
C82 2113945C31 CAP, 0.1uF R100 0613959Y09 RES, 2.2
Cc84 2113945C31 CAP, 0.1uF R102 0613959Y09 RES, 2.2
C85 2113945C31 CAP, 0.1uF SH50 2686423702 SHIELD
c86 2113946802 | CAP, 1.0uF US50 5115391H01 | TK11100CSC
car 2113946E02 CAP, 1.0uF U51 0104030J35 CY8C21334
C88 2113945C31 CAP, 0.1uF U52 5115022H01 LM50
C89 2113945C31 CAP, 0.1uF PCB 8415472H05
C90 2113945A09 CAP, 1000pF
Ca1 2113944A40 CAP, 100pF
C92 2113945C31 CAP, 0.1uF
C96 2113944A41 CAP, 120 pF
c97 2113944A44 CAP, 220 pF
Co8 2113945A10 CAP, 1500 pF
C99 2314030E85 CAP, 33 uF
C100 2314030E85 CAP, 33 uF
D50 4813978B01 78B01
D51 4813978B01 78B01
D52 4813978B01 78B01
J7 2815631H01 CONN_P
J8 0915930H01 CONN_J
J9 0915930H01 CONN_J
J10 2816476H01 CONN_J
J11 0971878L01 CONN_P
J13 2815632H01 CONN_J
R90 0613952Q46 RES, 75
R91 0613952Q46 RES, 75
R92 0613952G67 RES, 0
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41 Connector Board Parts List . . .
Circuit Motorola Part L Circuit Motorola Part L. Circuit Motorola Part .
PMLN5644 Ref No Description Ref No Description Ref No Description
Circuit | Motorola Part o C113 NOT PLACED | — R98 NOT PLACED | — U50 5115391H01 LINEAR REGULATOR
Ref No Description IC
Cl14 NOT PLACED | — R99 NOT PLACED | —
u51 0104036382 CY8C21334-24PVXIT
C80 2186154V01 1 NF C115 NOT PLACED | — R100 0613959Y09 2.2
u52 5115022H01 IC TEMPERATURE
C82 2113945C31 0.1UF C116 NOT PLACED | — R101 NOT PLACED | — SENSOR
C84 2113945C31 0.1UF D50 4813978B01 DIODE R102 0613959Y09 2.2 U53 5114007M28 | 175774 1C
C85 2113945C31 0.1UF D51 4813978B01 DIODE R103 0613952M66 4750 Us4 5109817E82 LOW VOLTAGE
C86 2113946E02 | 1.0 UF D52 4813978B01 | DIODE R104 0613952M66 | 4750 COMPARATOR
ca7 2113946E02 | 1.0 UF 37 2815631H01 | CONNECTOR, R105 0613952M63 | 4420 US5 5109817F82 é%x;/AORLATTAgFE
4 POSITION, PCB
css 2113945C31 0.1UF R106 0613952M66 4750 US6 NOT PLACED
J8 0915930H01 RJ-45, CAT5 SHIELDED -
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MM
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@ MOTOROLA

DR 3000
MOTOTRBO Repeater

Chapter 4
Controller

Service Information

Issue: September, 2010



Computer Software Copyrights

The Motorola products described in this manual may include copyrighted Motorola computer programs stored
in semiconductor memories or other media. Laws in the United States and other countries preserve for
Motorola certain exclusive rights for copyrighted computer programs, but not limited to, the exclusive right to
copy or reproduce in any form, the copyrighted computer program. Accordingly, any copyrighted Motorola
computer programs contained in the Motorola products described in this manual may not be copied,
reproduced, modified, reverse-engineered, or distributed in any manner without the express written
permission of Motorola. Furthermore, the purchase of Motorola products shall not be deemed to grant either
directly or by implication, estoppel or otherwise, any license under the copyrights, patents or patent
applications of Motorola, except for the normal non-exclusive license to use that arises by operation of law in
the sale of a product.



Chapter 4 - Controller Service Information

Table of Contents

Section 1 Theory of Operation

IO O I @0 11 (0] 1= P UPPURURRPPPPRRR
1.1 Radio Power DiStribULION ......ccooviieeeeeeiceeeeeeeiiieee e
1.2 POWEEN ON/OT ..ottt
1.3 ClOCKS ..ttt ettt e e e e e e e e e e e
1.4 Serial Peripheral Interface (SPI)..........uuuuiiiiiiiiiiiiiiiiieeees
1.5 Serial Synchronous Interface (SSI) ........ouvvviiviiiiiiiiiiieiee e,
1.6 ACC ID INErfacCe .....cooeeiiieiiiiiee e
1.7 USB INTEITACE ...coieeeeeeeeieiie et e e e e e e eeeeaenees
1.8 Mobile Accessory Port (MAP).......cooo i
1.9 Repeater Interconnections Interface ...........ccccceeevieeiieeiiiiiiiiieiiiinn,

Section 2 Troubleshooting Charts

1.0 Controller Troubleshooting Chart............cccccceiiiiiiiiiiie,
2.0 Power-Up Troubleshooting Chart ..........ccccoeeiiiiiiiiiiiiiiice e
3.0 Audio Troubleshooting Chart ...

Section 3 Controller Schematics / Parts Lists

1.0 Allocation of Schematics and Parts LiSt.......ccccvvveeeiiiiiiieeceiiiiiinn
1.1 Controller CirCUILS ....coooiiiii it
2.0 Controller R1 Schematic DiagramsS...........ccoevvviiiiiireiiiiiiiiiie e e
Controller - GPS Schematic Diagram ...........cccvveeieieiiiiiiiieeeeeeeeeeeees
Controller DC Supply Schematic Diagram ..........ccccceeeeiiieeeeeeeeeeeeeeennnnnns
Controller DC Distribution Schematic Diagram ............ccccceeeeeevveiieeinnnnns
Controller Peripheral Schematic Diagram (sheet 1 of 2) ............ccceee
Controller Peripheral Schematic Diagram (sheet 2 of 2) ...........cccccee.
Controller Microprocessor Schematic Diagram .........ccccccoeeeeeeevvieneeennnn,
Controller Memories Schematic Diagram .............ceeeveviiieieeeniniinnnniins
Controller Audio and USB Schematic Diagram ........cccccoeeeeeeeeeeveeeeennnnnns
2.1 Controller R1 PartS LISt .....ccouviiiiieiiiieiiiiiiiiiieeeeeeeeeeeeeee e



3.0 Controller R2 Schematic DIiagramsS ...........uceeiiiiriieeeeeeeeieeeeeeiiiiisns e e e e e e eaaeeees 3-19

Controller - GPS Schematic Diagram.............ccvuvuiiiiiiiiiieeiee e 3-19
Controller DC Supply Schematic Diagram .............eeueuiiiniieeinieeieeeeeeeiieiiiin e 3-20
Controller DC Distribution Schematic Diagram .........cccccovveeeeeeeiiieneeeeiiiieeeeeen 3-21
Controller Peripheral Schematic Diagram (sheet 1 of 2).........cccoovviviiiiiiiiiceniennn. 3-22
Controller Peripheral Schematic Diagram (sheet 2 of 2) ...........coovviiiiiiiiiiiieinnenn. 3-23
Controller Microprocessor Schematic Diagram ..........ccceevveeeeeeeiivereeeeeiiiieeeeeen 3-24
Controller Memories Schematic Diagram...............ceiiiiiiiiieeeeeecceeeeeee 3-25
Controller Audio and USB Schematic Diagram ............ooooiiiiiiiiiiiiiiiiiiiieeeeeee e 3-26
3.1 Controller R2 PArtS LIST .......uuuuiiiiiiiiiiiiieiieiieeeee e ae e e 3-27
4.0 Controller R4 Schematic DIiagrams .........ccccooeieiiiiiiiiiiiiiiiee e e e e e, 3-33
Controller - GPS SchematiC Dialgram...........ueeeiiiiiiiaeaeaeeeei e 3-33
Controller DC Supply Schematic Diagram .............uueeiiiiiiieeieeeeieeeeeeeiiineenn s 3-34
Controller DC Distribution Schematic Diagram .........cccccooveeeeeeeiiierieeeeieeeeeenn 3-35
Controller Peripheral Schematic Diagram (sheet 1 of 2) .........ccccuvvvviiiiiiiiiiiiinneenn. 3-36
Controller Peripheral Schematic Diagram (sheet 2 of 2) .........ccoovvvvvviiiiiiicciiiennnn. 3-37
Controller Microprocessor Schematic Diagram ..........cccceeveeeeeeeeeiieeeeeeeiiceeeeeeann 3-38
Controller Memories Schematic Diagram..........coooeeeeeiiiiiiiiiiiiieeee e 3-39
Controller Audio and USB Schematic Diagram .........cccceevveeeeeeeiivereeeeeiiiiiieneneens 3-40
4.1 Controller R4 PartS LISt ........coiiiiiiiiiiiiiiiiiiieeeee et 3-41
5.0 Controller R5 SchematiC DIiagrams .............eueueieriiiiiieiiieaaeeeeeeae s 3-47
Controller - GPS SchematiC Diagram............ccevvvuiiiiiiiiieeeieee e 3-47
Controller DC Supply Schematic Diagram ..............ceeeeiiiieeeeeeeeeeeeeeeiiiee e 3-48
Controller DC Distribution Schematic Diagram ............ooooiiiiiiiiiiiiiiiiiiieieeeeee e 3-49
Controller Peripheral Schematic Diagram - (sheet 1 of 2).........ccoovvvviiiiiiicceinennn. 3-50
Controller Peripheral Schematic Diagram (sheet 2 of 2) ..........ccoovvvriiiiiciieieennn. 3-51
Controller Microprocessor Schematic Diagram .............oooveiiiiiiiiiiieiiiiiieeeeeeee e 3-52
Controller Memories Schematic Diagram..............uuueiiiiiiiiieeee e 3-53
Controller Audio and USB Schematic Diagram .........cccceovieeeeeeeiieeeiieeeiiiiceeeeeennn 3-54
5.1 Controller RS PartS LISt .....ciiiiiiieeie e 3-55
6.0 Controller R6 Schematic DIiagramsS ...........uceeiiiiiiieeeeieeeieeeeeeiiiiens e e e e e e e e aeeaes 3-61
Controller - GPS Schematic Diagram............cccuvvviiiiiiiiieeie e 3-61
Controller DC Supply Schematic Diagram ...........ccooeeeiiiiiiiiiiiiiiiiiiiieeeeeee e 3-62
Controller DC Distribution Schematic Diagram .........cccccovveeeeeeeiieireeeeeiiiceeeneenn 3-63
Controller Peripheral Schematic Diagram - (sheet 1 of 2)..........cooovvviiiiiceneennn. 3-64
Controller Peripheral Schematic Diagram (sheet 2 of 2) .........ccccuvvviiiiiiiiiiiiinnneenn. 3-65
Controller Microprocessor Schematic Diagram ..........ccceevveeeeeeeeiveeeeeeeiiieeeeeen 3-66
Controller Memories Schematic Diagram...............ceieiiiiieieeeeeeceeeeeeee 3-67
Controller Audio and USB Schematic Diagram ............ooooviiiiiiiiiiiiiiiiiieieeeeee e 3-68

6.1 CoNtroller RB PartS LISt .....ceniieee e 3-69



1-1

Section 1

THEORY OF OPERATION

1.0 Controller

The Controller section consists of 4 main ICs. These are the Texas Instrument OMAP 1710 Host/
DSP Processor (U1000), Flash memory (U2000), SDRAM memory (U2001) and the MAKO Audio/
Power Management (U3200) chip.

Figure 1-1 shows how the Controller interfaces with the RF section, and peripherals in a DR 3000
repeater. The Controller, RF section, and Accessory interface are placed on a single Transceiver

board.

——® Audio PA

Battery | PA_SUPPLY RF Interface
N 9.3V | PA_Driver_Supply
T Reg.
9.3V = 9.3V_RF
= Reg 5V 5V_RF
Reg
V2_1.875V —p| Vdd TOMAHAWK_ABACUS ABACUS RF 16
V4_2.775V—m Supply FE_TUNE || PA_BIAS || RAMP_DAC SPI SSI CNTRL B
V7_2.775V—m|
Curr. - ~~ - ] 5V_GPS 32.768KHz
Limit EXT_SWB+ 3 &
x
5 2 y Y Y
ON_OFF_CTRL o
[Femenx | [(oact | oacz | oacs | | McBSP2 GPIOs 2.8V GPS
9.3V _ SPI 4-Wire SPI SPI_1 Reo
R
g _ Togic
o ops 0 Power 11Channels |« Batt. Sense GPIOs Lt O CTRL
-~ Management ADC l— curr. Sense Shift SIRF
UART3 Ic
VBUS1,2 Curr.
T cowe
14v 4—@‘ Sw2 \2_1.875v —»|  Peripheral_IO
ve_s7sy Lav — el oo ]
e MAKO [c= ]  OMAP1710 culr. Sense
Va4 2775V (LDOs,Codec,USB,1-Wire, ADC,DAC) (MPU & DSP)
V6_2.0v
- LDOs
V7_2.775V - - RAM
V8_5V
Vvo_3v MEM I/F
V10_3.3V
12c . . USBO FLASH
< P o Atten. Audio Preamp USB_Rs232 [T | use
Interfaces
| [Voice Codec -t P UARTL .
P |USB1,2 TXCR 12c <—>
o » 4-Wire SSI
OPT_SELA awire SS1 MCBSPL || -
> GPIos ||
Audio o
PA pLL ||GPIOs [[spi_2) KEYPAD”MPU\OS' McBSP3
TDA1519C 32.768KHz I VE
iy ot gyl T
24576 MHz  32.768 KHz 12 MHz
| LADS [CoaaT] Keypad Volume Ssi [ Buffer ||«
:lv &Navigation | f& oo
—‘t Serial_Parallel IC | | | LCD Driver/LED buttons Dir. CTRL/  |[—T4
VBUS2 usB2 SYNC
): DC Supply |le— EXT_swa+
Rear Accessory (MAP)
ON/OFF Switch Option Board
VBUS1 o -GP\OS rt—
P ccalvvp
2 e
> Control Head ssi
Peripherals

Figure 1-1 Controller Block Diagram
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Controller
1.1 Radio Power Distribution
Figure 1-2 illustrates the controller DC power distribution throughout the transceiver board.
»| *TX_PA_Final (Q0702)
Battery *Antenna Switch ckt.
(33000) *Audio_PA (U3500)
l:l: Ext_SWB+ 12.6V Accessory Connectory |
L U3003 (J4000-7)
ol SW_9.3V_PA R 9.3V *TX_PA_Pre-Driver (U0700)
'I U3005 & u3006eg > *TX_PA_Driver (U0703) | U0100 GPO_4
| SW_9.3V_RF_Reg. 9.3V P_FET 9.1V
| v 1 ¥ Lo ¥
SW. *Audio OpAmp (U3502 &U3505) TX_Pwr_Cntrl *RX VCO Buffer (Q0202)
*Control Head (E4001, J4001-1) *RX FE Al 0402,
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‘ ) '
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3 eg
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- U3040
P_FET 9.1V UNSW_5V_Reg.
(Q3201) ¥ U3004
5V
‘ v
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Figure 1-2 Radio DC Distribution



Controller 1-3

Voltage regulation is provided to the controller, GPS and RF sections by the following devices:

. +9.3V_PA: U3005, U3006, and U3030

. +9.3V_CNTRL: U3040 and U3030

. +9.3V_SW: U3001

. +12.6V_Ext SWB+: U3003

. +1.5V GPS RTC: U6407

. +1.4V OMAP Core: U3201

. Supplies for the Controller section: U3200 (MAKO)

. Supplies for the RF and GPS sections: U0601, U0941,U3002,U3004,U6402, and U6406

The 9V3_PA regulator uses Op Amp U3030-1 as a controlling element. The regulated output
voltage is divided by R3039 and R3040 and compared with an accurate reference voltage (5.1V DC)
determined by VR3040. The Op Amp's output voltage at pin 1 varies the amount of conduction in
transistors Q3032, U3005 and U3006 as necessary to keep voltages equal on pins 2 and 3 of the
Op Amp. A characteristic of the Op Amp which allows the regulator to start up is the fact the output
is high when both inputs are low, which occurs momentarily at turn-on. Dual diode D3030 serves two
purposes. Diode D3030 is used to protect transistors U3005 and U3006 if the 9.3V_PA line is
grounded. When this happens Q3032's base can only be 0.7V DC and transistors U3005 and
U3006 will be turned off. Diode D3030 also provides temperature compensation of the regulated
output voltage. The 9V3_PA supply powers the low level and driver stages of the RF power
amplifier.

The MAKO and GPS regulators are powered by the 9V3_CNTRL supply. Op amp U3030-2
functions as a controlling element for the 9V3_CNTRL regulator. The regulated output voltage is
divided by R3045 and R3046 and compared with the reference voltage determined by VR3040. The
Op Amp's output voltage at pin 7 varies the amount of conduction in transistors Q3040 and U3040
as necessary to keep equal voltages on pins 5 and 6 of the Op Amp. As is the case with the 9V3_PA
regulator, the Op Amp characteristic allows the regulator to start up when both Op Amp inputs are
momentarily low at turn-on. Dual diode D3040 serves two purposes. Diode D3040 is used to protect
transistor U3040 if the 9.3V_CNTRL line is grounded. When this happens Q3040's base can only be
0.7V DC and transistor U3040 will be turned off. Diode D3030 also provides temperature
compensation of the regulated output voltage.

Regulator U3001 generates the 9.3 V required by most RF, power control, and audio circuits. Input
and output capacitors C3005, and C3006/C3007/C3046 are used to reduce high frequency noise.
R3003 and R3004 resistor divider set the output voltage to 9.3 V. This regulator output is
electronically enabled by 0 V signal at pin 2. MAKO (U3200) FET_ENX, Q3206, and Q3041 are
used to control the on-off at U3001 pin 2.

Regulator U3003 generates the 12.6V required by external accessory device at connector J4000-7.
Input and output capacitors C3012, and C3012 / C3013 are used to reduce high frequency noise.
R3003 and R3004 resistor divider set the output voltage to 12.6V. This regulator output is
electronically enabled by 0 V signal at pin 2. MAKO (U3200) FET_ENX, Q3206, and Q3041 are
used to control the on-off at U3003 pin 2.

There are a total of eight other LDO regulators used to regulate the 9.3 V supply down to specific
application voltages. U0941, U3002, and U3004 are set to supply 5 V output. U0601 is set to supply
3 V for the Abacus Il IC. U6402 and U6406 generate 2.8V for GPS Digital IO and RF circuitry while
U6407 regulator provides 1.5 V for the GPS RTC module. U3201 regulator, which is capable of
handling up to 1 Amp, is set to 1.4 V for the OMAP core.
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1.2

Switcherl (Q3200) in conjunction with the MAKO power management IC (U3200) is a highly
efficient dc-dc converter. In this application, it is configured as a synchronous buck dc-dc regulator. It
generates an accurate 3.6 V output, which supplies directly to the MAKO internal Switcher2 circuit
as well as the 1.4 V regulator for the OMAP Core (U3201). A pulse width modulated (PWM) signal is
output from U3200 pin G14 to Q3200 pin 4 and controls the output voltage level. External
components L3200 and C3203 are needed to filter out the dc-dc converter output. R3200 (0.1 ohm)
is used for current sense and over-current circuit protection with 2 A threshold. MAKO Switcher2
output 2.3 V and supplies to the rest of MAKO internal LDOs.

Switcher5 (Q3202) circuitry is similar to Switcherl. It is also configured as a synchronous buck
dc-dc regulator. It generates an accurate 5.2 V output, which supplies directly to both VBUS1 and
VBUS2 supplies. External components L3202 and C3212 are needed to filter out the output. Q3208
and Q3207 prevent internal voltage leakage onto VBUS_SUPPLY (U3200 pin B13). When the radio
is operated in the HOST mode, USB_CONNECT (U3200 pin L6) is toggled HIGH (3.3 V) turning on
PMOS FET (Q3207) through Q3208 inverter, and thus provides 5.2 V to both Q3203 and Q3204
drains. Software will enable VBUS1_CMD and VBUS2_CMD either VBUS1 or VBUS2 port base on
the detection mechanism. Note, only one of two VBUS ports can supply up to 500 mA (max) at one
time. R3207 and R3208 (0.2 ohm) are used for current sense and over-current circuit protection with
800 mA threshold. In device mode, USB_CONNECT is toggled LOW to disable VBUS supply.

The MAKO power management IC (U3200) provides eight more LDOs. Some LDOs are
programmable to meet the requirement for various ASIC devices. V2, V3, and V9 are programmable
via SPI while V4, V5, V6, V8, and V10 are fixed. See Figure 1-2 for details.

Power On/Off

The repeater is switched on by asserting the ignition sense input high. On 8 MB repeaters, this
signal is internally wired high, in both transmit and receive radios. On 32 MB repeaters, this signal is
controlled by circuitry on the Connector board. It is driven high when the repeater’s power supply is
switched on, or when the battery voltage is above 8.6 V in battery backup mode.

When the repeater’s power supply is switched on, Q4006 is driven into saturation which pulls its
collector to ground and presents an active low to MAKO IGN_X input (U3200 pin B4). When there is
no voltage at J4000 pin 25, Q4006 is turned off and its collector is internally pulled high by the
MAKO Vsave supply. Because of the noisy nature of ignition signal, a long debounce period of
250ms is used before it will be recognized as a valid input.
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1.2.1

Power-Up Sequence

Figure 1-3 details the typical power-up sequence on the mobile radio and the following events that
occur sequentially.

*TX_PA_Final (Q0702)

Y

Battery
(J3000) j:

*Antenna Switch ckt.
*Audio_PA (U3500)

Ext_SWB+
U3003

| SW_9.3V_PA_Reg 3V
U3005 & U3006

UNSW_9.3V_Reg

- SW_9.3V_RF_Reg. 9.3V

9.1V

U3040

U3001
9.3V P_FET
(Q3201)

@

Y Y

25V BPLUS&  FET_ENX PA_BPLUS Y @
BAT_7V5 -
- Switcherl 3.6V .| 1.4V_Reg. 1.4V Core (0.87mA/MHz)
SW1_SUMCOMP| (03200) a0
SW_TYPE
- Switcher2 i | 1.8V I0
PGLDO2
Bzfgﬂ‘e LOGIC_VDD @
Selection PGLDO3 A OMAP1710
For V2 LDOs (U1000)
andV3 =

MAKO V2_1.875V.

U3200) V3_1.35V|{-@ Not Used ,—> PWRON_RST (R12)

( V4_2.775V [ » MPU_RST (U20)

V6_2.9V H—w- -
V7_2.775V
v8_5V
@ V9_3V @ Not Used
ON_OFF_CNTRL V103V RST_OUT (AA20) [—b~
Ignition  (34000-25) RESETX | POWER ON RESET
(ON: >7V) IGN_X
(OFF: 0V) XTAL32_IN  XTAL32_OUT OSC_IN (Y2) 0SC_OUT (W3)
32.768KHZ 12MHZ
Y3201 I ( : } : Y1000
+20 ppm U3202 +20 ppm
— U3203 — i

Figure 1-3 Power-Up Sequence

User switches on the power supply unit which initiates an ignition sense power on state.

The MAKO (U3200) generates an output low at FET_ENX (pin E2) once it detects a valid
input at either Mech_SW (pin E4), Emerg_PB (pin F4), or IGN_X (pin B4). Q3206 dual
PNP/NPN transistor acts as a double inverter between the MAKO and Q3201 power
MOSFET switch as well as over voltage protection. This logic low at the gate of Q3201 results
in switching 9.3 V to both Q3200 Switcher circuitry and 1.4 V regulator (U3201).

Next the MAKO (U3200) asserts the RESETX (pin C5) low to the OMAP for an additional
32mS after all the DC regulators are stable. It is then de-asserted, allowing the OMAP

processor to start.
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1.3 Clocks

Figure 1-4 illustrates the controller clocks used throughout the radio.

TOMAHAWK P2 ABACUS Il
u0100 u0600

Q0100
TN 16:8MHz

CLK2 OUT »{ FREF
L

XOSC BASE ARX DAC

16.8 MHZ
TCXO

+0.5 ppm (GPS & Repeater)
+1.5 ppm (NONGPS)

MAKO P2 U1006
U3200 «bi 0SC32K_IN (V13)
EXT_CLK (N18) gl OMAPL710

OSC32K_OUT (AA13)

u1000 VSS_11 (Y13)

CLK32K_IN (P13) Y5 CLILIN (v4)

cc
@&
R
S S
88

g

| IS

<

Y3200 Y3201
D ‘D} 32768 KHz 0SC_OUT (W3) —» DSP CLK
—» TC CLK
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—
1 OMAP 3.3 Core

XouT XIN  XTAL32_IN  XTAL32_OUT
OSC_IN (Y2) —» DPLL1 —» MPU CLK
24.576MHZ 32.768KHZ

Figure 1-4 Clock Connections

The OMAP processor (U1000), which consists of an ARM and DSP core, needs three clocks for
operation: a 32.768 kHz square-wave, a 12 MHz sine-wave, and a 16.8 MHz square-wave clock.
The 16.8 MHz clock source is provided from the Tomahawk TCXO with its supporting circuitry
Q0100 buffer amplifier, routes to squarer-circuit U1006, and feed to EXT_CLK (U1000 pin N18). The
32.768 kHz clock is generated by the MAKO crystal Y3201 oscillator; converted to a gated clock by
U3202 and U3303 circuitry; then directly feed to OMAP CLK32_IN (U1000 pin P13) as well as GPS
IC (U6400). The OMAP needs the 32.786 kHz to determine the input reference clock (12, 13, or
19.2 MHz) applied to OSC_IN (U1000 pin Y2). Without this 32 kHz clock, the OMAP will potentially
program all the wrong dividers for USB and UART booting. The 12 MHz sine-wave is the main
system reference clock for the OMAP which all the internal clocks are derived from. External pull-up
on OSC32K_IN (U1000 pin V13) and grounding both OSC32K_OUT (pin AAl and VSS_11 (pin
Y13) indicating that an external 32 kHz clock is used. The 24.576 MHz crystal (Y3200) oscillator is
the reference clock for MAKO CODEC and SSi clock.
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1.4

Serial Peripheral Interface (SPI)

Figure 1-5 illustrates the controller SPI used throughout the radio.
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SPI_DR SPIF.DIN (U18) SpI.cs2 (P20) | | FEP-CS > LED_CS
CEX THK_CE GPIO_44 (P15)
LCcD
P CLOCK Interface
1.8V
DISPLAY_CS DATA
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PC |t
ABACUS Il PD (- 18V 1.8V 5v 5V
U0600 [ * * *
DOUTB
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1.8V SN74LVCO7A SN74AHC594
>
* SPI.RDY (R18) B CLOCK
SPI_CLK [ > »{DATA
MAKOP2  sp| po
U3200 b SPI.CS3 (P18) PROGM_ 10 CS Hw LED_CS
SPI_DI
SPI_CS | MAKO CE GPIO_58 (R11)
47K

Figure 1-5 SPI Connections

The OMAP processor (U1000) has two SPI busses that it uses to communicate with the various
peripheral IC's. The first is the High Performance Data (HPD) SPI bus and the second is the
multi-media card (MMC) SPI.

The HPD SPI is a synchronous serial bus made up of four lines, SPI_CLK, SPI_MOSI, SPI_MISO,
and chip select. The SPI_CLK line is used to control the speed of the data to/from the peripheral IC's
and the OMAP processor. This clock can be adjusted to different speed based on the IC's
specification.

HPD SPI module is used to interface to Tomahawk (U0100), Abacus Il (U0600), and the MAKO
(U3200). This interface operates at 1.8 V logic levels. SPI_MOSI, or commonly known as
TRANSMIT Data, is a data string from the OMAP while SPI_MISO or RECEIVE Data is data string
to the OMAP.

The MMC SPI is a 3-wire bus; consisting of SERIAL_CLK, SERIAL_DATA, and chip select. This SPI
bus is used to interface to accessory Serial-Parallel IC (U4000), the repeater board LED's and LCD
driver. For accessory Serial-Parallel IC, the logic level out of the processor is level shifted from 1.8 V
to 5V through U4001 and pull-up resistors R4100, R4101, and R4103.
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15 Serial Synchronous Interface (SSI)
Figure 1-6 illustrates the controller SSI used on DR series radios controller design.
OMAP1710
1.8V
* U1000
1.8V
1.8V
e DMCS GPIO_2 (D15) 10K
TOMAHAWK P2
U0100 TXCLK McBSP2.CLKX (Y6) Buffers Cypher I/F
SN74AVC1T45 J4002
SDTX McBSP2.DX (AAS5) DIR
ARMIO_11 (W10) U4008
SFTX McBSP2.FSX (W7)
Y GPIO_26 (AA9) T <> |SYSTEN_SYNC
* McBSP2 McBSP3 4006
CLKOUT McBSP2.CLKR (V7) McBSP3.CLKX (N14) BD\JA <>{CLOCK
ABACUS Il DOUTA McBSP2.DR (P10) U4005
U0600 <> FSYNC
FS McBSP2.FSR (W6) MCcBSP3.FSX (AA17) Ty
N
McBSP3.DX (P14) 1
c ( A P DATA_OUT
lfv McBSP1 v
¢ McBSP3.DR (T19) BMA DATA_IN
VC_DCLK McBSP1.CLKX (G21; #
MS&OOOPZ VC_FSYNC McBSP1.FSX (H15)
VC_RX McBSP1.DX (H18) oIR operation j'_?o‘t}(lo6
VC_TX McBSP1.DR (H20) Low - BeA
HIGH A-->B

Figure 1-6 SSI Connections

The OMAP processor (U1000) has a total of three SSI or multi-channel buffer serial ports (McBSP)
modules that are used to directly interface to the CODECs in the Tomahawk, Abacus, and MAKO
and between Tx and Rx radios within a Repeater.

As shown in Figure 1-6, McBSP1 is a 4-wire bus and interface to the MAKO CODEC. McBSP2 is
6-wire bus; 3-wire dedicated to the Tomahawk Tx audio and the other 3-wire to Abacus Rx audio.
McBSP3 is a 4-wire bus, and used primarily to interface between Tx and Rx radios within a

Repeater.
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1.6 ACC _ID Interface

Smart accessories use the Accessory ID (ACC_ID) Interface to help the repeater determine which

smart accessory, if any, are attached to the repeater. Figure 1-7 illustrates the ACC_ID connections
used within the radio.

1.875vV

29v

2.9V 5V
R3588 l
OMAP1710 MAKO Vrefl Vref2
U1000 U3200 R3514 R3592

HDQ (N20) | @—{ACC_ID_UP (L7)
ACC_ID_MAP (M8) |« @—p{sDAL [[spAz | ®

2-BitTranslator \
U3508

Figure 1-7 ACC_ID Interface Connections

The MAKO (U3200) serves as a driver between the OMAP ACC_ID bus and the device. Level
translator (U3508) is required to level shift between 2.9 V to 5 V.
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1.7

USB Interface

The OMAP processor (U1000) supports two USB ports. The radio makes use of these USB ports to
communicate with smart accessories, and connection to a host computer for radio programming via
CPS and tuning via the Tuner Tool. Only one of these ports is available (via the MAP connector), the
other is dedicated to the Ethernet controller.

Note: The USB ports are designed to support Motorola accessories and approved applications only
and will not support third party "Plug-n-Play" USB devices.

Figure 1-8 shows the details of the HSSI connections within the radio.

V_SW5

Q3207 »J
e
Mako 0 | VBus Disable
USB_Connect (L6) |* | VBUs Enable Joqs o
OMAP 1710 Q3208 }l
VBus1_Sens (E12)
3/6 Wire ] R3207
@ USB1_OE (B08) | E and @ Vbus1 VBusl_Cmd (C14) |
5 =p | usst_pat_Txp (c08) SPI Monit or ‘M
Pin Group 1 [_ussLDAT W1a) [t L — Register VBusl (H10) ) Q3203 | vgys -
_ -t >
DP (N6) or o To Ethernet
USB1 [ Bl - Controller
Transceiver | DM (P7) | oy
VBus2_Sens (F11)
Vbus2 VBus2_Cmd (C13) ] R3208
[_uses Txen i) | p UBLOEROLRIS 009 5 wire K] wontor [=
Pin Group 0 < [ Use0-0nr o1 | g USE2_DAT_VP (209 IF and e omly 7w
0SB0 SE0 (R8) |t USB2_SEO0_VM_RXD (C09) SPI us
[__useo_seo e | Registers -
USB2 o o - —
[ UseNT @) > UsBINTX ©0) ] Transceiver t7<—u¢
A y
=

Figure 1-8 USB Interface Connections

The OMAP processor USB host controller communicates with accessories at either 1.5 Mbps or
12 Mbps data rates depending on the accessory. Either port can be used as a host or a device, the
only limitation is that both ports cannot be used as a device at the same time.

The MAKO (U3200) incorporates two USB transceivers that provide the physical layer signaling for
the two ports. Each transceiver generates and receives the DP and DM differential signals of the
USB port. The transceiver interfaces to the OMAP processor through a three-wire interface
consisting of two bi-directional signals (SEO and DAT), and one uni-directional signal (TXEN). The
MAKO also includes two bus monitors that sense the connection or removal of a device and
determine whether or not to supply current to that device via Q3203 or Q3204 up to a maximum of
500 mA per port.
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1.8

Mobile Accessory Port (MAP)

The Mobile Accessory Port (MAP) is a newly defined Motorola accessory port that contains audio,
programmable digital 1/0O, serial interfaces, and accessory supply lines; and is similar in function to
Motorola's legacy products accessory connectors.

Table 1-1 Mobile Accessory Port Functions

MAP Pin MAP Pin Name MAKO Pin
Number
1 USB D+
2 USB_D-
USB for programming or Smart Accessory

3 V_Bus

4 USB_Ground

5 ACC_MAP_ID 2 Accessory ldentifier

6 ACC_MAP_ID_1

7 Ext SWB+ Switched Battery Voltage

8 Power Ground Ground

9 Ext_Spkr- External Speaker

10 Ext_Spkr+

11 Tx_Audio Tx Audio Input

12 Audio Ground Ground

13 Aux_Audio_Out_1 Auxiliary Audio Output (not supported in the
repeater)

14 Rx_Audio Rx Audio Output (not supported in the
repeater)

15 Aux_Audio_Out_2 Auxiliary Audio Output (not supported in the
repeater)

16 Ground Ground

17 Prgm_In_1_(PTT) Programmable Input with prescribed function
of PTT

18 Ground Ground

19 Prgm_10_2 (Monitor) Programmable Input/Output with prescribed
function Monitor

20 Prgm_IO_6 Programmable Input/Output

21 Prgm_l10O_3 (Chan_Act) Programmable Input/Output with prescribed
function Channel Activity

22 Prgm_IO_7 Programmable Input/Output
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Table 1-1 Mobile Accessory Port Functions
MAP Pin MAP Pin Name MAKO Pin
Number
23 Prgm_In_4 (Emergency) Programmable Input with dedicated function
for Emergency Switch
24 Prgm_IO_8 Programmable Input/Output (not supported in
the repeater)
25 Prgm_1 5 (Ign_Sense) Not Used
26 Prgm_Out_9 (Ext_Alarm) Programmable Output with prescribed
function of External Alarm
1.8.1 MAP Programmable 1/0Os

The MAP contains 7 general purpose I/Os. One is specifically an output, 1 is specifically an input,
and the remaining 5 can be either input or output. The MAP also contains 2 dedicated inputs. All
input signals map directly to OMAP (U1000) GPIOs, while all outputs are controlled from the OMAP
through a SPI connected shift register (U4000) referred here as the Acc_Shift_ Reg. While 7 of the 9
I/Os are general purpose and designed to be programmable through the CPS, several have
recommended functions that will be detailed below.

All of the programmable 1/0s, except the dedicated inputs, use inverted logic, IE: a 1 on the
connector as an input will be seen by the OMAP as a 0 and visa versa. Also, a 1 output by the
OMAP through the Acc_Shift_Reg will be seen as a 0 output on the connector.

Prgm_In_1 (PTT): Programmable input that has the recommended function of Push-To-Talk
(PTT). This signal connects to the OMAP GPIO_7 (U1000 pin M15) as an input.

Prgm_lO_2 (Monitor): Programmable input/output that has the recommended function of
Monitor. This signal connects to the OMAP GPIO_32 (U1000 pin B17) as an input. The output
for this signal is driven from Acc_Shift_Reg bit 0 (U4000 pin 15).

Prgm_10_3 (Chan_Act): Programmable input/output that has the recommended function of
Channel Activity (Chan_Act). This signal connects to the OMAP GPIO_33 (U1000 pin J14) as
an input. The output for this signal is driven from Acc_Shift_Reg bit 1(U4000 pin 1).

Prgm_|_4 (Emergency): Dedicated input that is having the function of Emergency
(Emerg_Sw). This signal connects to the MAKO EMERG_PB (U3200 pin F4) as an input.

Prgm_lO_6: Programmable input/output. This signal connects to the OMAP ARMIO_15
(U1000 pin E19) as an input. The output for this signal is driven from Acc_Shift_Reg bit 2
(U4000 pin 2).

Prgm_10_7: Programmable input/output. This signal connects to the OMAP ARMIO_3
(U1000 pin V8) as an input. The output for this signal is driven from Acc_Shift Reg bit 3
(U4000 pin 3).

Prgm_IO_8: Programmable input/output. This signal connects to the OMAP GPIO_24 (U1000
pin V5) as an input. The output for this signal is driven from Acc_Shift_Reg bit 4 (U4000 pin
4). This 10 is not supported in the repeater.

Prgm_Out_9 (Ext_Alarm): Programmable output that has the recommended function of
External Alarm (Ext_Alarm). The output for this signal is driven from Acc_Shift_Reg bit 5
(U4000 pin 5).
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1.8.2

1.8.3

MAP Serial Interfaces

The MAP includes 2 serial interfaces: an USB port and an ACC_ID interface. The USB port can be
used as either a device (radio is device) or as a host (radio is host). When configured as a device,
the radio can be programmed or tuned using MOTOTRBO CPS or Tuner software. When
configured as a host, various smart accessories can be used with the radio. See section 1.7 on page
1-10 for more information on the USB interface.

The ACC_ID interface is used by accessories to provide the radio with information needed to
configure the interface for that accessory. See section 1.6 on page 1-9 for more information on the
ACC_ID interface.

Note: The USB ports are designed to support Motorola accessories and appoved applications only
and will not support third party "Plug-n-Play" USB devices.

MAP Audio Signals

The MAP has Speaker and Tx audio input. Speaker audio is a differential output from the radio's
audio PA (U3500). The speaker output available for monitor functions only. Tx audio is a mic/line
level input audio for transmit, it is available in test mode only.
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1.9

Repeater Interconnections Interface

The Repeater’s architecture uses two mobiles, one for transmit, one for receive to form a repeater.
The Repeater Interconnection Interface is used to communicate between the Tx and Rx radios
within the Repeater. This is accomplished by using one of the SSI ports from the OMAP (U1000)
and level shifters/drivers (U4004, U4005, U4006, and U4007). Both data and commands/responses
can be passed via this interface. The interface consists of two separate serial paths, one from the
Rx radio to the Tx radio; and one from the Tx radio to the Rx radio. The Tx radio is considered the
master while the Rx radio is the slave, meaning that the Tx radio generates the sync and clock for
both communication paths. Figure 1-9 shows the basic block diagram of this interconnection.

Tx Radio Rx Radio
OMAP OMAP
McBSP3_Dx I I McBSP3_Dx
McBSP3_Rx McBSP3_Rx
McBSP3_Fsync McBSP3_Fsync

_FSy N L _FSy
McBSP3_Clk [] ] McBSP3_Clk
| L
System Sync [ | ] | ] System Sync
GPIO_26 GPIO_26
Dir Dir
ARMIO_11=0 ARMIO_11=1

Figure 1-9 Repeater Interconnection Interface
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TROUBLESHOOTING CHARTS

1.0 Controller Troubleshooting Chart

Problem has been
diagnosed to either the Tx
or Rx Radio. Remove
faulty radio and proceed
from here.

The individual
radio.

Will Tuner
connect to the
Radio?

No

Check these three conditions @
U3001 (pin 4=13.2V; pin 2=0V,
pin 1=1.26V) before replacing
U3001.

9.3V_RF @
pin 5 of U3001?2

Controller
OK

Check these conditions @
U3002 (pin 4=9.3V; pin 2=1.26V;
before replacing U3002.

5V_SW @
pin 1 of U30022

Check 9R1
9.1V@ E0401

Q0108 pin 2
=2.8V

Controller
OK

Check SPI programming
to Tomahawk IC.

Check Tomahawk GPO Register
settings to see GPIO_4 is set to
output HIGH.
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Power-Up Troubleshooting Chart

2.0

Repeater does not
fully initialize
(Disabled LED
stays blinking)

Can it repeat?

Power-Up Troubleshooting Chart

Re-insert or Replace
30 pin Front Panel
cable

Re-insert or replace SSI
cable

Does Repeater
initialize properly
now?

Replace Connector
Board and/or
Accessory Cable

Does Repeate!
initialize properly
now?

Troubleshoot Rx
Radio

Does Repeate!
initialize properly
now?

Troubleshoot Tx
Radio

Done

Done

Done

Do all LEDs flash
on power-up?

Replace Front Panel
Board

Done
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3.0  Audio Troubleshooting Chart

This test should be
performed with the
individual RX or TX
radio removed
from the repeater.

Using the tuner
tool, set the radio
into RX audio test

and connect an
external speaker

to the radio’s map.

This test assumes
standard RF input
60% full deviation
1kHz audio tone.

Can
the volume be
adjusted using
tuner?

Is audio present
at speaker
outputs?

Is audio present Yes Verify U3501

Self-check
completed

U3501: AUDIO ATTENUATOR
pin 9: +5V
pin 8: +5V
pin 7: GND

connections
before replacing

at pin 7 of U3505

Is audio present Yes Verify U3505

» pin 2: +2.5V

pin 6: PROBE 12C CLK

pin 5: PROBE 12C DATA

pin 1: PROBE AUDIO IN (+2.5V BIAS)

pin10: PROBE AUDIO OUT (+2.5V BIAS)

U3505: OP-AMP.
pin 4: +9.3V
pin 11: GND

connections
before replacing

at pin 6 of U3505

v

pin 5: +4.5V BIAS
pin 6: PROBE AUDIO IN (+4.5V BIAS)
pin 7: PROBE AUDIO OUT (+4.5V BIAS)

U3200: MAKO
»! TP_MAKO_DCLK: PROBE CLK

TP_MAKO_FSYNC: PROBE FSYNC
TP_MAKO_RX: PROBE DIGITAL AUDIO IN

Verify SSl input
into U3200 before
replacing replace U1000

If SSI input is not
present then

—» U1000: OMAP




Audio Troubleshooting Chart

Notes
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Section 3
CONTROLLER SCHEMATICS / PARTS LISTS

1.0 Allocation of Schematics and Parts List

1.1 Controller Circuits

This Chapter shows the Schematics and the Parts Lists for the Controller circuits.

Table 3-1 Controller GPS R1 Schematic Diagrams and Parts List

Controller R1 used on PCB:

8471165L03_A UHF (403-470 MHz), 1-25 W

8486777212_A UHF (403-470 MHz), 25-40 W

SCHEMATICS

Controller GPS Page 3-5
DC Supply Page 3-6
DC Distribution Page 3-7
Peripheral (sheet 1 of 2) Page 3-8
Peripheral (sheet 2 of 2) Page 3-9
Microprocessor Page 3-10
Memories Page 3-11
Audio and USB Page 3-12
Parts List

Controller Page 3-13

Table 3-2 Controller GPS R2 Schematic Diagrams and Parts List

Controller R2 used on PCB:

8471495L01_A VHF (136-174 MHz), 1-25 W

8478023A12_A VHF (136-174 MHz), 25-45 W

SCHEMATICS

Controller GPS Page 3-19
DC Supply Page 3-20
DC Distribution Page 3-21
Peripheral (sheet 1 of 2) Page 3-22
Peripheral (sheet 2 of 2) Page 3-23
Microprocessor Page 3-24
Memories Page 3-25
Audio and USB Page 3-26
Parts List

Controller Page 3-27
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Allocation of Schematics and Parts List

Table 3-3 Controller GPS R4 Schematic Diagrams and Parts List

Controller R4 used on PCB:

8471495L03_C VHF (136-174 MHz), 1-25 W
8478023A16_C VHF (136-174 MHz), 25-45 W
8471165L05_C UHF (403-470 MHz), 1-25 W
8486777214 _C UHF (403-470 MHz), 25-40 W

SCHEMATICS

Controller GPS Page 3-33
DC Supply Page 3-34
DC Distribution Page 3-35
Peripheral (sheet 1 of 2) Page 3-36
Peripheral (sheet 2 of 2) Page 3-37
Microprocessor Page 3-38
Memories Page 3-39
Audio and USB Page 3-40
Parts List

Controller Page 3-41

Table 3-4 Controller GPS R5 Schematic Diagrams and Parts List

Controller R5 used on PCB:
8471696M01_A UHF2 (450-527 MHz), 1-40 W

SCHEMATICS

Controller GPS Page 3-47
DC Supply Page 3-48
DC Distribution Page 3-49
Peripheral (sheet 1 of 2) Page 3-50
Peripheral (sheet 2 of 2) Page 3-51
Microprocessor Page 3-52
Memories Page 3-53
Audio and USB Page 3-54
Parts List

Controller Page 3-55




Allocation of Schematics and Parts List

Table 3-5 Controller GPS R6 Schematic Diagrams and Parts List

Controller R6 used on PCB:

8471495L04_D VHF (136-174 MHz), 1-25 W

8478023A17_D VHF (136-174 MHz), 25-45 W

8471165L06_D UHF (403-470 MHz), 1-25 W

8486777215_D UHF (403-470 MHz), 25-40 W

8471696M02_D UHF (450-527 MHz), 25-45 W

SCHEMATICS

Controller GPS Page 3-61

DC Supply Page 3-62

DC Distribution Page 3-63

Peripheral (sheet 1 of 2) Page 3-64

Peripheral (sheet 2 of 2) Page 3-65

Microprocessor Page 3-66

Memories Page 3-67

Audio and USB Page 3-68

Parts List

Controller Page 3-69

Table 3-6 Hardware ID Table R6 Controller
VHF UHF B1 UHF B2
Circuit
Ref Motorola Motorola Motorola

Part No. Desc. Part No. Desc. Part No. Desc.
R3503 0613952R07 18K 0613952R07 18K 0613952R07 18K
R3504 0613952N15 14K 1% 0613952N15 14K 1% 0613952N15 14K 1%
R3505 0613952N01 10K 0613952752 6.8K 1% 0613952748 4.7K
R3507 0613952R11 27K 0613952R11 27K 0613952R11 27K
R3508 0613952M01 1K 1% 0613952M01 1K 1% 0613952M01 1K 1%
R3509 0613952M30 2K 0613952748 4.7K 0613952748 47K
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Allocation of Schematics and Parts List

Notes
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2.0 Controller R1 Schematic Diagrams
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