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Foreword

Scope Of Manual

This manual is intended for use by experienced techni-
cians familiar with similar types of equipment. It con-
tains all service information required for the
equipment described and is current as of the printing
date. Changes which occur after the printing date are
incorporated by instruction manual revision. These
revisions are added to the manuals as the engineering
changes are incorporated into the equipment.

How To Use This Manual

This series of manuals consists of a Service Manual
(6880903Z42) and a Programming Guide (6880903Z43)
for the GR Series repeaters and the controllers available
for them. These two manuals can be used in conjunc-
tion with the service manual and RSS manual for the
mobile radios in your repeater station.

Other Documentation

Table 1 lists the locations for other documentation you
may need to set up or configure the GR Series repeaters
and controllers.

Scope Of Manual

Station, the mobile radios, and the applicable Repeater
Controller(s).

Service Policy

If malfunctions occur within 30 days that cannot be
resolved over the phone with Radius Product Services,
a defective “major” component (such as a repeater con-
troller or the power supply) should be returned. You
must obtain authorization from Radius Product Ser-
vices before returning the component. After 30 days,
you must return any defective component to the loca-
tion shown in Table 2. Make sure that the component is
shipped in its original packaging or using careful pack-
ing procedures, to eliminate the possibility of damage
while en route. During the warranty period, we will
either repair or replace the component as required. If
the component is out of warranty, you must pay a ser-
vice fee.

Table 2. Service After 30 Days

Major Component* Repair Location
HPNB8393 (GR300 Power Supply) Astron
HPN9005 (GR500 Power Supply) Star Werks, Inc.
HLN3948_ (Basic) Motorola Radius

HLN8388_ (ZR310) Zetron

Table 1. Other Documentation HLN9004_ (i50R) Instruments Associates
Information Location HLN9119_ (ZR340) Zetron
GMB300 Operation/Maintenance GM300 Service Manual HLN8389_ (ZR320) Zetron
(6880902732) HLNB8390_ (ZR330) Zetron
M120 Operation/Maintenance M120 Servgice Manual HLN9121_ (TRA100R) Instruments Associates
- - ;33%03322 S)M 1 HLN9120_ (i750R) Instruments Associates
M10 Operation/Maintenance 6880003208 HLN9447_(i20R) Instruments Associates
" - — - -
GM300 General Programming GM300 RSS Manual Obta} n authorization from the applicable repair
Information (6880902Z36) location before returning the component
i M1 1 .
xfl(fg:;?olrw General Programming Maﬁ?ﬁl\d ORSS We do not generally recommend that you make repairs
(6880903Z28) to the piece part level on the controller components.
i750R Operation/Maintenance i750R Service Manual However, we recommend that you keep Spare station
(6880904Z39) components (or a complete station) available at all
i750R General Programming i750R RSS Manual times, so that once you have identified a defective com-
(6880904745) ponent you can immediately replace it, getting the
i20R Operation/Maintenance i20R Service Manual repeater back in service within a few minutes. If a radio
(6880904740) should fail in the transmit or receive role, you can use
i20R General Programming i20R RSS Manual a mobile radio from your normal inventory.
(6880904Z55)
ZR310 Operation/Maintenance/ ZR310 Service Manual .
Propramming (6850904764) Ordering Replacement Parts
GR300/GR500 Programming GR Series . .
Information (includes Basic, i50R, Programming Guide You can order additional components and some piece
ZR320, ZR330, ZR340, and TRA100R  |(6880903Z43) parts directly through your Radius price pages. When
Controllers) ordering replacement parts, include the complete iden-

Technical Support

To obtain technical support, you can call Motorola’s
Radius Product Services (refer to address and phone
number under "Ordering Replacement Parts"). When
you call, we ask that you have ready the model and
serial numbers of the applicable GR Series Repeater

tification number for all chassis, kits, and components.
If you do not know a part number, include with your
order the number of the chassis or kit which contains
the part, and a sulfficient description to identify the
desired component. If a Motorola part number is iden-
tified on a parts list, you should be able to order the
part through Motorola Parts. If only a generic part is
listed, the part is not normally available through

November, 1997
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Regulatory Requirements

Motorola. If no parts list is shown, generally, no user-
serviceable parts are available for the kit.

The following is a list of addresses and phone numbers
to contact for replacement parts:

Technical Support

Radius Product Services
Hwy. 34 West

Mt. Pleasant, IA 52641 USA
1-800-356-1520
319-385-5395 (International)

Radius 30 Day Warranty
Radius Repair Depot
Attention: Warranty Return
1000 W. Washington Street
Mt. Pleasant, IA 52641 USA
1-800-356-1520
319-385-5395 (International)

Radius Major Component Repair
Radius Repair Depot

1000 W. Washington Street

Mt. Pleasant, IA 52641 USA

IATI Major Component Repair

(for 150R, i20R, i750R, and TRA100R)
Instrument Associates

2455 Harbor Ave.

P.O. Box 13127

Memphis, TN 38113-0127 USA
1-901-948-1490

Zetron Major Component Repair
(for ZR310, ZR320, ZR330, and ZR340
Zetron Inc.

12335 134th Court N.E.

Redmond, WA 98052-2433 USA
1-206-820-6363

Astron Major Component Repair
(for GR300 power supply)
Astron Corporation

9 Autry

Irvine, CA 92718 USA
1-714-458-7277

Star Werks Inc.

(for GR500 Power Supply)

2040 E. Algonquin Rd. (Suite 504)
Schaumburg, IL 60173
847-397-3600

Motorola Parts

Worldwide System and
Aftermarket Products Division
Attention: Order Processing
1313 E. Algonquin Road
Schaumburg, IL 60196

Worldwide System and

Aftermarket Products Division

Attention: International Order Processing
1313 E. Algonquin Road

Schaumburg, IL 60196 USA

Customer Service:
1-800-422-4210
1-708-538-8198 (FAX)

Parts Identification:
1-708-538-0021
1-708-538-8194 (FAX)

Regulatory Requirements

In the United States, the FCC regulates licensing of RF
frequencies. The terms of the FCC radio license for a
particular operation will determine the frequencies,
output power, and antenna height(s) for a given situa-
tion. The applicable “Part” of the FCC Rules and Reg-
ulations must be consulted before a Radius GR300,
GR400, or GR500 Repeater Station is activated. In
countries other than the United States, contact the local
government for licensing rules.

Any telephone interconnect equipment sold in the U.S.
must comply with Part 68 of the FCC rules. On the
repeater controller housing there is a label that lists the
FCC registration number and ringer equivalence num-
ber (REN) for this equipment. You must, on request,
provide this information to your telephone company.
In other countries additional compliance information
or testing may be required. Contact Radius Product
Services for further information.

The ringer equivalence number (REN) is useful in
determining the quantity of devices you may connect
to your telephone line and still have all of those devices
ring when your telephone number is called. In most,
but not all areas, the sum of the RENs of all devices
connected to one line should not exceed five. Contact
your local telephone company to determine the maxi-
mum REN for your calling area.

If your telephone equipment causes damage to the
telephone, the telephone company may discontinue
your service temporarily. If possible, they will notify
you in advance, but, if advance notice is not practical,
you will be notified as soon as possible. In such a case,
you will be informed of your right to file a complaint
with the FCC.

Your telephone company may make changes in facili-
ties, equipment, operations, or procedures that could
affect the proper functioning of your equipment. If it
does, you will be notified in advance to give you an
opportunity to maintain uninterrupted telephone ser-
vice.

If any interconnect equipment malfunctions, the tele-
phone company may ask you to disconnect it from the

X 6880903Z42-A
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Section 1
. Introduction to Repeaters
and Components

Overview

This section introduces you to the GR300 and GR500
Repeater Stations; outlines their major components;
physical appearance; accessories; general information
about duplexers, cables, and antenna spacing; and
basic assembly of the repeater stations.

Repeater Stations

The GR300 and GR500 Repeater Stations are unique
producs which provide low cost communications sys-
tems. These repeaters are unique because they are
designed to use off-the-shelf mobile radios for the
transmitter and receiver. This design provides addi-
tional benefits of quick repair and minimizing inven-
tory. In the GR300 and GR500 repeaters, all of the
necessary components (interface options and mobile
radios) are built into one cabinet. Both repeater hous-
ings allow space for two mobile radios, two repeater
controllers, the power supply, a duplexer, and a prese-
lector.

A few features that distinguish the GR300 Repeater
Station:

¢ Portability
The GR300 repeater is a portable, desktop unit.
e Fan

The GR300 repeater has a variable speed, tem-
perature controlled fan.

A few features that distinguish the GR500 repeater:

* Mounting
The GR500 repeater is a wall-mount unit.

* Space for Repeater Interface Options
The GR500 repeater cabinet has space for two
repeater interface options.

¢ Fan
The GR500 repeater has a fixed speed (high: 100
cfm) fan.

Repeater Controllers
The following repeater controllers are available for use
with the GR300 or GR500 Repeater Stations:

¢ Basic Controller (Basic)
(identical to R*I*C*K)

¢ Multiple Tone Community Repeater Controller
(ZR310)

¢ Basic Interconnect Controller (i50R)

¢ On-Site Repeater Controller (i20R)

* RapidCall Interconnect Controller (i750R)
e Advanced Interconnect Controller (ZR340)

¢ Selective Calling Interconnect Controller
(ZR320)

¢ Radio/Telephone Interface (ZR330)
(not a repeater controller)

e Tone Remote Adapter (TRA100R)

Table 1-1 lists these components and the basic func-
tion of the GR300 and GR500 repeaters when com-
bined with each component.

Table 1-1. Repeater Function With Components

Component Repeater Function

Basic Single-User Repeater

ZR310 Community Repeater (for up to 70 groups)
i50R Basic Telephone Interconnect

i750R Full-Feature Telephone Interconnect

i20R Multiple-Tone Panel (up to 10 groups)
ZR340 Advanced Interconnect

ZR320 Full-Featured Telephone Interconnect
ZR330 Telephone Line Extender

TRA100R Tone Remote Adapter

Each repeater interface component has its own man-
ual. The manuals are listed in Table 1-2.

Table 1-2. Documentation for Components

Component | Service Manual |Software Manual
Basic 6880903242 6880903743
ZR310 6880904Z64
i50R 6880903742 6880903243
i750R 6880904739 6880904745
i20R 6880904740 6880904755
ZR340 6880903742 6880903743
ZR320 6880903242 6880903743
ZR330 6880903742 6880903243
TRA100R 6880903742 6880903743

Mobile Radio Compatibility

Using 16-Channel Mobile Radios

® The 16-channel GM300 radios support all of the
repeater controllers.
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Physical Description

* Both of the mobile radios must be 16-channel
GM300 radios for the RSS “Repeater Mode” to
function properly.

Using 1-, 2-, or 8-Channel Mobile Radios

¢ The M10, M120, and 8-channel GM300 radios
can only be used with either the Basic Repeater
Controller (HLN3948), i50R Basic Interconnect
Controller (HLN9004), ZR340 Advanced Inter-
connect Controller (HLN9119), or the TRA100R
Tone Remote Adapter (HLN9121).

¢ RSS for the GM/GR combination must be ver-
sion RO4.00.00 or later. Use the “Generic
Repeater” definition. Both mobile radios must
be non-16-channel radios for the RSS “Repeater
Mode” to function properly.

¢ The 8-position modular shorting jacks must be
installed in the microphone jacks of both radios.

* Radios may not be operated in the “Monitor”
mode.

* JUB809 in the transmit radio must be in “Remote”
position (also the default shipping position).

* The M10 microphone with LED (HMN3001)
should not be used as it degrades repeater per-
formance. The repeater controllers have the
capability of providing a transmit indicator, so
that any non-LED microphone is compatible
when using M10 mobiles.

¢ In a bidirectional repeater, the receive radio
must be a 16-Channel GM300 radio. (Program-
ming is done in the RSS “Radio” mode).

Physical Description
The following paragraphs describe the physical char-
acteristics of the:

¢ GR300 Repeater Housing

* GR500 Repeater Housing

¢ GR300 Repeater Fan Assembly
® GR500 Repeater Fan Assembly

* GR300 Repeater Power Supply

¢ GR500 Repeater Power Supply

¢ Repeater Controllers

* Receive and Transmit Radios

¢ Duplexer
Table 1-9 and Table 1-10 show the physical dimensions
and weight of these units. Figure 1-1 shows a com-
pletly assembled GR300 repeater using a Basic
Repeater Controller. Figure 1-2 shows a completely

assembled GR500 repeater using a Basic Repeater Con-
troller.

GR300 Repeater Housing

The GR300 repeater housing provides mounting for the
units that make up a customer’s individually tailored,
free-standing repeater station. The GR300 repeater is
shipped from the factory with the fan assembly, power
supply, and base tray already installed in the repeater
housing. This is done to conserve space in the packing
box. Before you can assemble the GR300 repeater, the
housing must be partially disassembled as described in
Section 2 of this manual.

GR500 Repeater Housing

The GR500 repeater housing provides mounting for
the units that make up a customer’s individually tai-
lored wall-mounted repeater station. The GR500
repeater is shipped from the factory with the fan
assembly and the power supply already installed in the
repeater housing. To ensure proper orientation when
the GR500 repeater is mounted on the wall, the
repeater components (radios and controllers) should
be assembled upside-down.

GR300 Repeater Fan Assembly

The temperature-controlled 12 Vdc fan assembly is
mounted into the GR300 repeater housing. It keeps the
equipment from overheating and causing malfunc-
tions. A sensor connected to the heat sink on the rear of
the transmit radio monitors the temperature of the
radio and increases the fan speed when necessary.

The fan assembly is mounted in the housing using the
rear set of mounting screw holes. The three other sets
of mounting screw holes are used only when more
room is required inside the housing.

GR500 Repeater Fan Assembly

A fixed-speed 12 Vdc fan is provided for cooling the
assembled GR500 repeater. The fan operates at an air
flow rate of approximately 100 cfm.

GR300 Repeater Power Supply

The GR300 repeater operates using voltages generated
by the HPN8393 power supply. The power supply
operates from a 115/230 Vac (switch selected) power
source. The power supply provides power for the fan
assembly, both radios, and the repeater interface com-
ponent. To secure the power supply to the housing,
mounting screw holes are located on each side of the
power supply. Connectors, which supply power to the
fan assembly and the radios, are located in the rear.

GR500 Power Supply

The GR500 repeater’s power supply HPN9005 oper-
ates from a 115/230 V ac (switch selectable) power
source. The power supply provides power to the fan
assembly, both radios, and up to two repeater control-
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lers. Battery backup/revert with trickle charging is a
standard feature of the GR500 repeater’s power sup-
ply. The power supply has three connectors:

* one inside the GR500 repeater, which connects
power to the radios (the controllers obtain
power from one or both of the radios), and the
fan

¢ one outside the GR500 repeater, which connects
to an external battery

¢ one IEC ac receptacle for various line cords (US
standard, 3-prong 115 V ac cord provided).

Repeater Controllers

Except for the Basic Controller, the other repeater con-
trollers appear almost identical. They each have
mounting screw holes on each side with which to
secure them to the GR300 or GR500 repeater housing.
The Basic Controller, because of its smaller size, cannot
be directly installed into the GR300 or GR500 repeater
housing. Instead, it comes mounted on a tray which is
placed into the GR300 or GR500 repeater housing.

Connectors for cabling between the radios and the
repeater controller(s) are located on the back of each
component. Operating power for the interface compo-
nents is obtained from one or both of the radios. LEDs,
Set-Up controls, and a Programming modular jack
(where applicable) are located on the front of the
repeater controllers.

Receive and Transmit Radios

We recommend using GM300 16-channel radios. In
some applications you may be able to use 8-channel
GM300, M120, or M10 radios. It is even possible to use
the older Radius M200 or MaxTrac 300 radios, but we
do not recommend these alternate radios. Choosing an
alternate radio makes RSS programming much more
difficult, and affects the following:

* transmit duty cycle
® transmit power slump
*® receiver intermodulation performance

¢ available accessories

The GM300 radios have a mounting screw hole on each
side in which to secure the radios to the GR300 or
GR500 repeater housing. Connectors for interconnect-
ing the radios between the duplexer and the corre-
sponding repeater controller(s) are located at the back.
Controls, indicators, and the microphone connector are
located on the front panel. Top and bottom covers pro-
vide entrance into the radios for maintenance. You
should not remove these covers except for mainte-
nance purposes.

Accessories
Duplexer

The duplexer allows the GM300 radios to operate
simultaneously in the same frequency band with a sin-
gle antenna and transmission line. Without the
duplexer installed in the GR300 or GR500 repeater, it
would be necessary to use two antennas spaced apart,
with one connected to the receive radio and the other
to the transmit radio. The duplexer mounts inside the
repeater housing. The position of the mounting holes
can vary, depending upon the type of duplexer used.
RF connectors are on the rear of the duplexer, and tun-
ing adjustments are on the front.

Accessories

Many of the GM300 accessories are compatible with
the GR300 and GR500 Repeater Stations. However,
some of the accessories which plug into the GM300
radio style accessory connector are not compatible,
because some of the functions needed are not available.
Table 1-3 shows compatibility for the audio and DTMF
accessories with each repeater controller. Table 1-4
shows general compatibility for the other accessories
available with the GR300 and GR500 repeaters. Addi-
tional accessories may be compatible if custom pro-
gramming is done on the RSS and/or accessory cables
are modified.

Duplexers, Cables, and Antenna
Spacing

Duplexers

The duplexer “isolates” the receive radio from the
transmit radio in the GR300 or GR500 repeater. With-
out this isolation, the ability of the receive radio to
detect weak signals would be severely degraded by the
output signal of the transmit radio. Isolation may also
be obtained by using separate antennas with proper
spacing (distance) between the antennas. Less vertical
spacing is needed for a given isolation of land mobile
antennas than may be obtained easily with horizontal
spacing.

There are two basic types of duplexers:
* bandpass
* bandreject

The bandpass duplexer has two filters connected
together such that each filter will “pass” or appear
transparent to, a narrow segment of frequencies; the fil-
ters are tuned to different frequencies. Any signal
within the segment is transferred from or to the
antenna while frequencies outside of the segment are
“blocked."
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Table 1-3. Accessory Compatibility (Audio & DTMF)

Repeater Controller
g
22| x| é o § g 3
.l’\: é g g N E’ N | N ﬁ Part No. Accessory
XX | X]|X ]| X ] X ] X] X ]| X |HLN3145_ Public Address
XX | XXX X] X | X ] X |L1473_ Local Deskset
X X[ X ] X1 X ]| X ]| X | X |TDN8300_ DC Remote Adapter
X XXX ] X ]| X ]| X | X |TDN8301_ Tone Remote Adapter .
L1474_ DC Remote Deskset
X L1475_ Tone Remote Deskset
X XX | X HLN8375_ DTMEF Decoder
XX | XX ] X ]| X[ X] X ]| X JHMN3000_ Desk Microphone
NOT COMPATIBLE DTMF and LED Microphones *
" DTMF and LED microphones “load down” the MIC HI line and are therefore not compatible.

Table 1-4. Accessory Compatibility (General)

GR300 GR500
Repeater Repeater Part No. Accessory
X X HSN8145 (7.5 Watt External Speaker
X HLN9169 |GR500 Wall & 19” Panel Mount
X HLN9286 |GR300 19” Panel Mount Adapter
X HLN9136 |GR300 Battery Revert/Float Maintenance Charger
X HLN8449 |GR300 Front and Back Enclosures with Carry Handle

The bandreject duplexer has two filters connected
together such that each filter rejects, or “blocks,” a
narrow segment of frequencies. Again, the filters are
tuned to different frequencies but any signal outside of
‘the segment is transferred from or to the antenna
‘while frequencies within the segment are “blocked.”

Power handling may be called "Continuous Power
Input” by the manufacturer. If a Lowband repeater is
being assembled with the M200 Series Radius
radios, the power handling capability would have
to be increased to 100 Watts.

¢ Insertion loss: 3 dB maximum
The choice of which duplexer configuration to pur-

chase may be dictated by the particular application. If
several repeaters and a GR300 or GR500 repeater are to
operate at a given location, the bandpass duplexer
might provide additional rejection to the signals from
the other radios.

Less insertion loss of the duplexer means the receive
radio will be able to discern weaker signals and the
transmit radio will deliver more power output to the
antenna. The 3 dB specification will result in cover-
age range being reduced approximately 30%. Typi-
cal insertion losses quoted in catalog sheets are

Basic Specifications 1.5dB.

The basic specifications for a VHF or a UHF duplexer are: ¢ Frequency spacing: Band dependent

* Impedance: 50 ohms Frequency spacing” is the frequency difference

Isolation: 70 dB minimum

Instead of the term “isolation,” the manufacturer of
the duplexer may use the terms "Receiver (or Rx)
Isolation at the Transmitter Frequency" and "Trans-
mitter (or Tx) Noise Suppression at the Receiver Fre-
quency.”

Power handling: 50 Watts minimum

between the operating frequencies of the receiver
and the transmitter. Frequency spacing less than
3 MHz can be achieved but the physical size of the
duplexer increases dramatically. If a VHF repeater is
being assembled, be aware of the minimum fre-
quency spacing that a duplexer can provide when
choosing the operating frequencies for the repeater.
The VHF duplexers available from Motorola Radius
stock are specified at 4.5 MHz minimum spacing. In
the United States, the spacing in the 450 MHz to
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470 MHz UHF band is 5 MHz and the spacing in the
470 MHz to 512 MHz band is 3 MHz.

If the proper equipment necessary to tune a duplexer is
not available, then the duplexer must be pretuned by
the manufacturer. Be ready to provide the exact
receiver and transmitter frequencies at the time of pur-
chase. Also indicate that the duplexer will be used in a
GR500 repeater.

¢ Connector type-N

The type BNC connector may be used on the
receiver and transmitter inputs but must be avoided
for the antenna. The BNC is prone to mechanical
movement which can generate noise when the
transmitter is operating. Type UHF connectors will
suffice for VHF but should be avoided for UHFE. The
mini-UHF connector, if available for the duplexer, is
very good. Other connectors, such as the SMA and
the TNC, are very good but may be more expensive,
fragile and rather difficult to assemble in the field.
The best general performance comes from the

type-N.

The cables provided with the Gr300 and GR500 repeat-
ers mate with a type-N at the duplexer end. Any other
type of connector will require you to assemble cables.

Cables

The coaxial cables that connect the radios to the
duplexer are fabricated from RG58A /U (the cable that
is used with most of the mobile antenna kits). Since
RG58A /U does not have a perfect shield, the routing of
the cables should allow a physical separation of
approximately 1 inch.

Do not use RG58A /U as the coaxial cable that connects
the antenna connector of the repeater to the antenna.
The rather small size of RG58A /U can introduce exces-
sive losses in the system that will decrease the effective
range of the repeater.

Substitute RG400/U for short lengths and RG214/U or
1/2-inch “hardline” for the longer lengths. If the
“hardline” is used, ¢onnect the duplexer to the end of
the “hardline” with a flexible jumper cable to avoid
undue stress on the connectors of the cables and the
duplexer.

In planning a system, make sure that the various con-
nectors found on the duplexer, feedlines, feedline
jumpers and antenna are the correct mating pairs.

Table 1-5 can be used to determine which feedline to
choose for a given frequency band and line length to
maintain 1.5 dB or less power loss. Table 1-6 is a list of

Duplexers, Cables, and Antenna Spacing

Motorola part numbers for the various connectors and
cables.

Table 1-5. Maximum Feedline Length in Feet (Meters)

Band RG400/U | RG214/U | Hardline
Low (50 MHz) 55 (17) 100 (30) 300 (90)
VHF (150 MHz) | 25(7.5) 50 (15) 150 (45)
UHF (450 MHz) | 15 (4.5) 25 (7.5) 90 (27)
800 MHz 10 (3) 20 (6) 70 (21)
Table 1-6. Part Numbers for Connectors/Cables
Part Motorola Part Number
mini-UHF male connector 2884606M01
UHF male connector 2884579F04
type-N male connector 2884476G01
type-N hardline male RRX-4007A
type-N hardline female RRX-4008A
RG58A /U coaxial cable 3000475378
RG400/U coaxial cable 3084173E01
RG214/U coaxial cable 3015068A17
1/2” hardline cable 3080329A22
8 ft. jumper cable TDNB8406A*
type-N f-f adapter 5882764A01*

*Use of the type-N f-f adapter may be required to connect the jump-
er cable to the main feedline.

Antenna Spacing

Isolation between the output from the transmitter and
the input to the receiver may be obtained with physical
distance. Instead of using a duplexer, two antennas may
be spaced apart and connected to the receive radio and -
the transmit radio with separate transmission lines. The
separation necessary to yield the desired 70 dB of isola-
tion is dependent upon the frequency band of operation.
It is obvious from the following charts that, for all verti-
cally polarized antennas in use for land mobile services,
vertical spacing will get the 70 dB more easily than hor-
izontal spacing. The horizontal spacing may be reduced
if buildings, hills, or mountains are present between the
antennas; the amount of reduction has to be determined
by experiment. Table 1-7 shows the vertical spacing and
Table 1-8 shows the horizontal spacing,.

NOTE

The losses associated with long transmis-
sion lines have not been included in the
calculations of the spacings. It is readily
apparent that horizontal spacing of
antennas is somewhat useless; the cost of
the transmission lines to the two anten-
nas would be greater than the cost of a
duplexer.
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Preventive Maintenance

NOTE

The two antennas will couple to a com-
mon metallic support; the position of one
of the antennas may have to be varied to
attain the desired isolation.

.- Table 1-8. Horizontal Spacing

Frequency Spacing
(MHz) feet meters
30 12,800 3,900
150 2,600 780
400 960 293

NOTE
The following tables contain spacing
information about vertically polarized
antennas used in land mobile services.

Table 1-7. Vertical Spacing

Preventive Maintenance

Preventive maintenance of the GR300 and GR500
Repeater Stations consists of:

¢ visual inspection
¢ periodic cleaning

Visual Inspection

Check that external surfaces of the equipment are
clean, that connecting cables are not damaged, and that
connections are firm. A detailed inspection of the inte-
rior electronic circuitry is not needed or desired.

Periodic Cleaning

Periodically clean smudges and grime from the exte-
rior housing. 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.

Frequency Spacing
(MHz) feet meters

30 295 90
40 220 68
50 177 54

150 59 18

170 52 16

400 22

470 20 6
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Housing Assembly

Repeater
Controller

Preventive Maintenance
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Figure 1-1.

GR300 Repeater Station

P

|__ Tx Radio

Rx Radio

{ ) Power Supply

Duplexer

(behind plate)

Table 1-9.  GR300 Repeater Equipment Physical Characteristics

Major Component/Assembly Height Width Depth Weight
GR300 Repeater Station (includes the [10.4in. (264 mm)| 7.4 in (188 mm) |10.4 in. (264 mm)| 34 Ibs. (15.44 kg)
weights of all of the components)

GM300 Radios (each) 2.0in. (51 mm) | 7.0in. (178 mm) | 7.8 in. (198 mm) | 3.8 Ibs. (1.73 kg)
Repeater Controllers (except Basic) 1.3in. (33 mm) | 7.1in. (180 mm) | 8.7 in. (221 mm) | 1.7 lbs. (0.77 kg)
Basic Repeater Controller 1.3in. (33 mm) | 7.1in. (180 mm) | 6.7 in. (170 mm) | 1.2 lbs. (0.54 kg)
Duplexer (maximum dimensions) 1.3in. (33 mm) | 6.3 in. (160 mm) | 9.5 in. (241 mm) | 3.5 lbs. (1.59 kg)
Power Supply 2.7in. (69 mm) | 7.0in. (178 mm) | 9.8 in. (249 mm) | 12 lbs. (5.45 kg)
Fan Assembly 8.0in. (142 mm) | 7.4 in. (188 mm) [ 3.3 in. (84 mm) [ 2.1 Ibs. (0.95 kg)
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Preventive Maintenance

Housing Assembly
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Repeater

Receive Radio

Transmit Radio

Figure 1-2. GR500 Repeater Station (before mounting)

Table 1-10. GR500 Repeater Equipment Physical Characteristics

Major Component/Assembly Height Width Depth Weight
GR500 Repeater Station (includes the 7.4 in. (336 mm) [17.4 in. (790 mm)|13.5 in. (613 mm)|43.3 Ibs. (19.66 kg)
weights of all of the components)

GM300 Radios (each) 2.0in. (51 mm) | 7.0in. (178 mm) | 7.8 in. (198 mm) | 3.8 Ibs. (1.73 kg)
Repeater Controllers (except Basic) 1.3in. (34 mm) | 7.1in. (180 mm) | 8.7 in. (221 mm) | 1.7 Ibs. (0.77 kg)
Basic Repeater Controller 1.3in. (33 mm) | 7.1in. (180 mm) | 6.7 in. (170 mm) | 1.2 Ibs. (0.54 kg)
Duplexer 1.3in. 33 mm) | 6.3in. (160 mm) | 9.5in. (241 mm) | 3.5 Ibs. (1.59 kg)
(maximum dimensions)

Power Supply 3.7 in. (168 mm) | 4.3 in. (195 mm) |11.6 in. (527 mm)| 12 lbs. (5.45 kg)
Fan Assembly 48in. 218 mm) | 4.8in. (218 mm) | 1.5in. (68 mm) | 1.3 Ibs. (0.59 kg)
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Section 2
GR300 Repeater Station

Overview

This section contains information about the perfor-
mance, basic disassembly and assembly of the GR300
Repeater Station, and about tuning the duplexer.

Performance

The GR300 repeater is not a high performance repeater,
but it is designed to withstand constant use. It was
designed and tested with GM300 mobile radios. The
GR300 repeater package is designed for fixed locations
where protection from the elements (snow, rain, etc.)
can be provided. The station is intended to be relatively
light and portable.

The fan is continuously variable. This variability mini-
mizes noise in office environments while providing
maximum cooling at elevated ambient temperatures or
during heavy transmit duty cycles. The station is
defined as intermittent transmit duty cycle, but it may
have a surprisingly lower power slump when keyed
for long periods in an office or shop environment.

The GM300 radios used in the station provide a means
to program the receiver for two levels of sensitivity.
These levels allow the GR300 repeater to be more
usable in both urban and rural locations.

Basic Disassembly/Assembly

In order to conserve space in the packing box, the
GR300 repeater housing is shipped completely assem-
bled with the fan assembly, base tray, and (in later
models) power supply installed. To gain access to its
mounting holes and equipment shelves, the GR300
repeater housing may have to be completely disas-
sembled. With the GR300 repeater housing disassem-
bled, you can begin to install the radios and other
components before reassembling the housing.

Before beginning installation, remove all items from
the packing container and check them against the items
referenced in one of the parts lists on page 2-5. This
ensures that you have received all items necessary to
assemble the GR300 Repeater Station. Immediately
report any missing or damaged items to Radius Prod-
uct Services.

The following steps explain how to disassemble the
GR300 repeater housing and how to reassemble it

while installing the components (duplexer, transmit
and receive radios, repeater controller, power supply
[if necessary], and fan assembly).

Disassembling the GR300 Repeater
Housing

The following steps cover disassembly of the repeater
housing. Refer to Figure 2-8 on page 2-5 for identifica-
tion of each part and its corresponding reference num-
ber.

1. Place the GR300 repeater housing on a flat
surface with the fan assembly facing you.

NOTE
Use one of the small cardboard pieces from
the packing material as a “lazy susan” to
facilitate disassembly and reassembly.

2. Unscrew the four T15 Torx®, pan head, Tap-
tite screws (3) that secure the fan assembly
{17) to the cover (2).

NOTE
Older GR300 repeater models use metric
M3.5 screws; newer models use English
6-32 screws.

3. Remove the two T15 Torx, pan head, machine
screws (8) that secure the front plate (6) to the
cover (2). If the power supply is not mounted in
the GR300 repeater housing, remove the two
rear T15 Torx, pan head machine screws (8).

4. Remove the front plate (6) from the cover (2).

5. If the power supply (9) is not mounted in the
GR300 repeater housing, remove the base tray
(5) from the cover (2) with a firm upward
motion on the cover to unsnap it from the
base tray.
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Basic Disassembly/Assembly

Assembling the GR300 Repeater Housing

The following steps enable you to reassemble the GR300
Repeater Station. Refer to Figure 2-8 on page 2-5 for
identification of each part and corresponding reference
number.

Installing the Duplexer

1. Examine the duplexer. If four of the mounting
holes contain Pemnuts (threaded inserts), pro-
ceed to Step 3.

2. If the duplexer does not have four mounting
holes with Pemnuts, place Tinnerman clips
over four of the mounting holes of the
duplexer (refer to Figure2-1 for locations)
using needle nose pliers. Ensure that the
“threaded” sides of the clips are on the con-
nector and tuning sides of the duplexer.

Tinnerman Clip /"

Figure 2-1.

Duplexer, Bottom View

3. Slide the duplexer into the base tray (5) with
the six tuning screws facing toward the front
(side stamped with the word “FRONT”) of the
tray.

4. Secure the duplexer to the base tray with four
6-32x1/2" T15 Torx, pan head machine screws
(8). Tighten to 0.68 N-m (6 in.-lbs.) for Tinner-
man clips or 1.35 to 1.58 N-m (12 to 14 in.-lbs.)
for Pemnuts, torque. If the power supply was
already mounted in the GR300 repeater hous-
ing, skip to "Installing the Receive Radio."

Installing the Power Supply

IMPORTANT
Before installing the power supply into
the GR300 Repeater Station, place the
primary voltage select switch (on the bot-
tom of the power supply and, possibly,
under a protective plate) in the correct
position for your application.

Place the power supply (9) on the base tray
(5), using the tabs to assist in aligning it. Refer
to Figure 2-8 on page 2-5 for the location of
the tabs. The power supply heat sink should
be facing toward the back of the base tray.

Place the cover (2) on the base tray (5) making
sure that the cover mounting holes are aligned
with the base tray mounting holes.

NOTE

To leave access to the duplexer controls,
you should not yet install the front plate.
Since the front mounting holes of the
cover and the mounting holes on the front
plate are secured to the base tray with the
same screws, you should complete the
final assembly of the repeater housing
after tuning the duplexer.

If necessary, reposition the power supply so
that its mounting screw holes are aligned with
the corresponding M5 mounting holes on the
repeater housing.

, NOTE
Once the cover is attached to the base tray,
it is referred to as the “repeater housing.”

Figure 2-2. Power Supply, Rear View

Using a T25 Torx screwdriver, secure the
power supply (9) to the repeater housing (2)
with two M5 x 0.8 x 8§, pan head, machine
screws (7).

Place two 6-32 x 1/2” or M3.5 x 0.6 x 8, T15
Torx, pan head machine screws (8) in the back
two mounting holes of the cover and tighten
t0 1.35 to 1.58 N-m (12 to 14 in.-Ibs.) torque.

Tighten the M5 x 0.8 x 8, pan head, machine
screws (7) (that hold the power supply) to
1.58 N-m (14 in.-lbs.) torque.
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GR300 Repeater Station

Installing the Receive Radio

IMPORTANT
You must install a shorting plug in the
microphone jack of the receive radio. If
you do not, then the repeater may act as
a CSQ repeater instead of a PL repeater.
The transmit radio may use either a
shorting plug or a microphone.

IMPORTANT

Before installing the receive radio into the
GR300 Repeater Station, be sure to set the
jumpers inside the receive radio to the
correct positions (refer to your specific
controller manual), connect the RF and
reCFeater cables, and make any necessary
adjustments to the radios.

1. Remove the 16-pin accessory jumper plug
from the receive radio.

2. Connect the mini-UHF end of the first RF
cable to the RF connector of the receive radio
(refer to Figure 2-3).

3. Connect one end of the first repeater cable to
the accessory connector of the receive radio
(refer to Figure 2-3).

Repeater

RF Cable
f gble

Figure 2-3. GM300 Receive Radio, Rear View

4. Place the receive radio on the middle shelf
(directly above the power supply) of the
GR300 repeater housing.

5. Align the mounting holes of the receive radio
with the M5 holes of the housing.

6. Attach the receive radio to the housing with
two M5 x 0.8 x 8, T25 Torx, pan head, machine
screws (7).

Basic Disassembly/Assembly

NOTE
DO NOT tighten the screws at this time.

Installing the Transmit Radio

IMPORTANT

Before installing the transmit radio into
the GR300 repeater housing, be sure to
set the jumpers inside the transmit radio
to the correct positions (refer to your spe-
cific controller manual), connect the RF
and repeater cables, and make any neces-
sary adjustments to the radios.

1. Remove the 16-pin accessory jumper plug
from the transmit radio.

2. Connect the mini-UHF end of the second RF
cable to the RF connector of the transmit radio
(refer to Figure 2-4).

RF Cable
Repeater
/ Cable
\ K
) %

Thermistor
Cli

M5x0.8x8
Taptite screw

Ip
(Tx radio only)

Figure 2-4. GM300 Transmit Radio, Rear View

3. Connect one end of the second repeater cable
to the accessory connector of the transmit
radio (refer to Figure 2-4).

4. Place the transmit radio on top of the receive
radio.

5. Align the holes of the transmit radio with the
MS5 holes of the housing.

6. Attach the transmit radio to the housing with
two M5 x 0.8 x 8 T25 Torx, pan head, machine
screws (7).

NOTE
DO NOT tighten the screws at this time.

7. If necessary, slide the yellow lead of the fan
assembly power cable containing the ther-
mistor into the thermistor clip (Figure 2-5).
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Figure 2-5. Thermistor Clip

8. Using a T25 Torx screwdriver, secure the ther-
mistor clip to the mounting hole located on the
transmit radio heat sink with a M5 x 0.8 x 8 Repeater
Taptite screw (Figure 2-4). Tighten to 3.38 to Cables
3.95 N-m (30 to 35 in.-lbs.) torque.

Locking Tab
9. Connect the type-N end of the RF cable from

the receive radio to the appropriate port of the

duplexer (refer to Figure 2-6). Figure 2-7. Repeater Controller, Rear View

10. Connect the type-N end of the RF cable from

the transmit radio to the appropriate port of 3. Connect the transmit radio repeater cable to
the duplexer (refer to Figure 2-6). the component’s Transmit connector
(Figure 2-9).

CAUTION
To avoid damage to cable tabs and
radio components, install cables with
locking tabs up (Figure 2-7).

4. If the repeater controller requires a phone line,
connect the line to the jack at the back of the
repeater controller.

5. If the repeater controller has a grounding
wire, use the 1/4”-20 hex nut provided with
the GR300 repeater kit to connect the wire to
the 1/4” threaded stud on the inside of the

Installing the Repeater Controller GR300 repeater housing. If no grounding wire

is present, place the nut on the threaded stud.

Figure 2-6. Duplexer, Rear View

IMPORTANT
Before installing the repeater controller NOTE
into the GR300 Repeater Station, be sure Do not tighten the nut at this time.

to set the jumpers inside the receive and

transmit radios to the correct positions

(refer to your specific controller manual), 6.
connect the RF and repeater cables to the

radios, and make any necessary adjust-

ments to the radios.

Position the component so that its mounting
screw holes are aligned with the correspond-
ing mounting holes on the repeater housing.

7. Using a T25 Torx screwdriver, secure the com-
ponent to the repeater housing using two
MS5 x 0.8 x 8 machine screws (7).

1. Place the repeater controller on the top shelf of
the GR300 repeater housing, allowing the rear
panel to be partially exposed.

2. Connect the receive radio repeater cable to the _ NOTE o
component’s Receive connector (Figure 2-9). DO NOT tighten the screws at this time.
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Parts List

GR300 Housing Kit HLN3052 PL-9410268-A
REFERENCE MOTOROLA
part of fan SYMBOL PART NO. DESCRIPTION QUANTITY
1 5980517C01  FAN DC with 4 #6-32 Tinnerman clips 1
2 1580676B01  COVER 1
3 - SCREW, Taptite, 6-32 x 3/8" 4
4 0310943M73  SCREW, Taptite, M5 x 0.8 x 10mm LG. 1
5 0780676B01  BASE TRAY with rubber feet and
mounting screws 1
6 6480495C01  FRONT PLATE w/ 2 #6-32 Tinnerman clips 1
7 0310907808 SCREW, machine, M5 x 0.8 x 8 8
8 -~ SCREW, machine, 6-32 112 12
9  0180497C01 POWER SUPPLY (with Power Cable) 1
(HPN8393C)
10 3080691802 CABLE, RF
11 3080137502 CABLE, REPEATER

12 3080692B01  CABLE, DC POWER

13 0180970X01  PLUG, SHORTING (Not Shown)

14 - #6-32 “U” TYPE SPEED NUT FASTENER
(for duplexer) Tinnerman P/N C8091-632
(Not Shown)

15 0780576C01  MOUNTING CLIP, THERMISTOR

16 - TIE WRAP, APPROX. 4" LG. (Not Shown)

17 1580675802 FAN BRACKET

18 - NUT, Stainless Steel 1/4 x 20

N = NN

- s

locating tab

|
N | )

|

‘ : i Figure 2-8. GR300 Repeater Housing

(®@@for duplexer L—" gi;<‘>part of base tray
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GR300 Repeater Station

Installing the Fan Assembly

Perform the following steps to reinstall the fan assem-
bly in the repeater housing. Due to a limited amount of
space in the back of the repeater housing, you must
connect the power cable before installing the fan. To
free both hands for easier installation of the power
cable, you may want to rest the fan assembly on top of
the repeater housing.

1. Connect the 6-position fan assembly power
cable connector to the bottom connector of the
power supply (Figure 2-9 on page 2-6).

NOTE
Older model GR300 repeaters have a 4-
position in-line connector assembly. Plug
the 6-position connector into the power
supply and interconnect the two 4-posi-
tion connectors.

2. Bundle the cables using the cable tie wrap
supplied with the GR300 repeater kit.

3. Dress the cables so they do not extend out the
back of the GR300 repeater.

CAUTION
If you do not properly dress the cables,
they could be damaged by the fan
blades or disconnected.

4. Position the fan assembly (17) in the repeater
housing (2).

5. Align the set of mounting screw holes on the
rear of the fan assembly with the correspond-
ing mounting holes on the repeater housing.

6. Using a T15 Torx screwdriver and four Taptite
screws (3), secure the fan assembly (17) to the
repeater housing (2) and tighten to 1.35 to
1.58 N-M (12 to 14 in.-Ibs.) torque.

7. Using a T25 Torx screwdriver, tighten all M5
screws to 1.58 N-m (14 in.-Ibs.) torque.

8. Verify that all screws are tight and all cables
have been connected properly (refer to
Figure 2-8 and Figure 2-9).

NOTE
Do not install the front plate of the
repeater housing until you have com-
pleted all tests and adjustments under the
heading Tests and Adjustments.

Tuning the Duplexer

Before using your repeater, you must tune the
duplexer, using one of the following three methods for
ensuring that the duplexer is tuned to the correct fre-
quencies of operation:

Tuning the Duplexer

¢ Pre-Tuned Method (preferred method)
Order the duplexer from the manufacturer or
supplier pre-tuned to the desired frequencies.
This is not a “method” of tuning the duplexer
but does not require any test equipment.

* Visual Method
Use a tracking (sweep) generator and spectrum
analyzer to adjust the tuning of the passbands
and reject bands of the duplexer.

¢ “In a Pinch” Method

The following paragraphs address a simple
method of tuning a “notch” (reject) duplexer
such as the TDN7407 UHF duplexer. This is not
as accurate a method of tuning as the visual
method afforded by the tracking generator/
spectrum analyzer sweep setup but it is much
less costly. It may be sufficiently good for all but
the most exacting applications.

Use this method only when the operating fre-
quencies of the receive radio and the transmit
radio satisfy the requirements of the duplexer.
For example, the TDN7407 is designed for a
transmitter /receiver frequency spacing of 5
MHz. If the operating frequencies for the
repeater are appreciably different than that 5
MHz specification, degraded performance of
the repeater will result.

The following procedure assumes that the GR300
repeater is fully assembled and the radios and
duplexer are mounted in the GR300 repeater housing.
The radios should be connected to the proper ports of
the duplexer with the RF coaxial cables provided in the
GR300 repeater kit. The duplexer front panel cover
plate of the GR300 repeater should be removed to gain
access to the tuning screws of the duplexer.

Programming the Radios

1. Program the receive radio with an additional
“receive only” mode at the frequency of the
transmit radio.

2. Program the transmit radio with an additional
“receive only” mode at the frequency of the
receive radio.

NOTE
Instead of programming additional
modes, you can connect the coaxial
cables from the radios to the “opposite”
ports of the duplexer.

3. Connect a Communications System Analyzer
(CSA), such as the Motorola R2000 series, or
an RF signal generator to the antenna port of
the duplexer. The CSA should be operating in
the “Generate” mode. Modulate the RF source
with a 1 kHz tone at 60% system deviation to
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Tuning the Duplexer

facilitate “hearing” the signal during the tune-
up procedure.

Tuning the Receive Radio Section

NOTE
Tuning the receive radio section of the
duplexer begins with the tuning screw
closest to the antenna port of the duplexer.

1. Adjust the frequency of the CSA or generator
to that of the transmit radio.

2. Place the receive radio on the transmit radio
frequency mode defined in Step 1 under “Pro-
gramming the Radios.”

3. Adjust the level of the CSA or generator until
a weak signal is heard from the receive radio.

4. Increase the level of the CSA or the generator
by approximately 20 dB.

5. Adjust the tuning screw of the duplexer for
the greatest rejection of the signal. This will
appear as a noisier signal. If necessary:

Adjust the frequency of the CSA or generator
to that of the receive radio.

Place the transmit radio on the receive radio
frequency mode defined in Step 2 under "Pro-
gramming the Radios."

Adjust the level of the CSA or generator until
a weak signal is heard from the transmit
radio.

Increase the level of the CSA or the generator
by approximately 20 dB.

Adjust the tuning screw of the duplexer for
the greatest rejection of the signal. This will
appear as a noisier signal. If necessary:

5A. Slightly loosen the locking nuts of the

5B.

tuning screws to allow the tuning screws to
turn more freely (but not “sloppy”) and

Increase the level of the CSA or the generator
to maintain an audible 1 kHz tone.

5A. Slightly loosen the locking nuts of the 6. Repeat Steps 4 thru 5B for each .of the tuning
tuning screws to allow the tuning screws to SCrews ?n thtetd\glexet. Begin V:tlth tcllw tuning
fu t not “sl. 7y and screw closest to the antenna port and move in
m more freely (but not “sloppy”) an order toward the tuning screw closest to the
5B. Increase the level of the CSA or the generator transmit radio port.
to maintain an audible 1 kHz tone.
7. Tighten the locking nuts of the tuning screws.
6. Repeat Steps 4 thru 5B for each of the tuning
screws on the receive radio section of the
duplexer. Begin with the tuning screw closest to CAUTION
the antenna port and work in order toward the To avoid damage to the tuning screws
tuning screw closest to the receive radio port. and to allow fine tuning of the
duplexer, do not overtighten the lock-
7. Tighten the locking nuts of the tuning screws. Ing nuts.
CAUTION 8. Readjust the tuning screws of the duplexer for
To avoid damage to the tuning screws the greatest rejection of the signal. This will
and to allow fine tuning of the fine-tune the transmit radio section of the
duplexer, do not overtighten the lock- duplexer.
ing nuts.
8. Readjust the tuning screws of the duplexer for CAUTION
the greatest rejection of the signal. This will If you connected the coaxial cables from ‘
fine-tune the receive radio section of the the radios to the onomte ports of the
duplexer. duplexer, do not forget to reconnect

them to the ‘proper’ ports before plac-
ing the repeater into operation.

Tuning the Transmit Radio Section

9. Using a T15 Torx screwdriver, remount the

. NQTE _ ) duplexer front panel cover plate (6) on the
Tuning the transmit radio section of the GR300 repeater housing (2) with two 6-32 x
duplexer begins with the tuning screw 1/2” machine screws (8) and tighten to 0.68
closest to the antenna port of the duplexer. N-m (6 in.-1bs.) torque.
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Section 3
GR500 Repeater Station

Overview

This section contains information about the perfor-
mance of the GR500 Repeater Station, the basic assem-
bly and disassembly, and the steps for tuning the
duplexer.

Performance

The GR500 is not a high performance repeater, but it is
designed to withstand constant use. It was designed
and tested with GM300 mobile radios. The GR500
repeater package is designed for fixed locations where
protection from the elements (snow, rain, etc.) can be
provided. The station is intended for permanent wall
or rack mounting.

The fan is single speed to provide maximum cooling at
elevated ambient temperatures and during heavy
transmit duty cycles. The station is defined as intermit-
tent transmit duty cycle, but it may have a surprisingly
lower power slump when keyed for long periods in an
office or shop environment.

The GM300 radios used in the station provide a means
to program the receiver for two levels of sensitivity.
These levels allow the GR500 repeater to be more
usable in both urban and rural locations.

Provision has been made for mounting a receiver pre-
selector (optional) inside the GR500 repeater housing.
The preselector increases the interference rejection of
the receive radio to strong signals several MHz away
from the desired receive channel.

Contents of the Kit

The GR500 repeater kit contains two bags of hardware
(Bags 1 and 2) for assembling your repeater.

The following is a checklist of the contents of Bag 1 and
Bag 2 (with quantities listed in brackets):
Bag 1

D [8] M5 Torx Machine Screw, 8mm long (Blk)
(Motorola Part Number 0310907B08)

[4] 6-32 x 1/2 Machine Screw, Pan Head, Phillips
[4] Tinnerman Clip C8091-632

[2] Shorting Plug (Motorola Part Number
0180970X01)

OO

[2] Cable, 16-Pin (Motorola Part Number
3080577D02)

[]

[ ] [2] Tie Wraps, Nylon, 6”

D [2] Cable (Duplexer to Radio) (Motorola Part
Number 3080577D03)

D [1] Cable (Duplexer to Antenna) (Motorola Part
Number 3080577D04)

Bag?2

[ ] [1lacLine Cord

[ ] [1]Line Cord Clamp

[ ] [1]Cover for Battery Terminal Block

l:] [2] Nuts and Lockwashers for Ground Lugs

Assembly/Disassembly

Disassembling the GR500 Repeater
Housing
(Refer to Figure 3-2 on page 3-3)

1. Turn the quarter-turn front cover fasteners
counterclockwise to open the front cover.

2. Remove the bags of hardware and cables from
the housing.

3. With appropriate socket tools perform the fol-
lowing:

3A. Remove the 8-32 nuts that secure the front of
the radio/duplexer bracket in the GR500
repeater housing.

3B. Loosen, but do not entirely remove, the 8-32
nuts that secure the back of the radio/
duplexer bracket (this is the end of the
bracket with notched mounting tabs).

3C. Remove the radio/duplexer bracket.

3D. Remove the two 8-32 screws that secure the
repeater controller bracket to the front of the
power supply module.

3E. Loosen, but do not entirely remove, the two
8-32 screws that secure the back of the
repeater controller bracket to the top of the
power supply module (this is the end of the
bracket with notched mounting tabs).

3F.  Remove the repeater controller bracket.
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Assembly/Disassembly

Installing the Antenna Cable

1.

Remove the nut and lockwasher from the
bulkhead connector of the type-N male to

type-N female bulkhead cable.

Align the flat side of the bulkhead connector
with the straight side of the D-shaped hole in

the back of the GR500 repeater housing.

Push the connector, from the inside to the out-

side, through the GR500 repeater housing.

Secure the bulkhead connector to the GR500
repeater housing using the nut and lock-
washer removed in Step1l, and torque to

2.25 N-m (20 in.-1bs.).

Assembling the GR500 Repeater

1.

IMPORTANT

Before installing the radios into the
GR500 Repeater Station, set the jumpers
inside the radios to the correct positions
(refer to your specific controller manual),
connect the RF and repeater cables, and
make any necessary adjustments to the
radios. The GM300 8 Channel, M120, and
M10 radios can be used only with the
Basic Repeater Controller and the i50R.

Place the radio/duplexer bracket on a flat sur-
face with the open end down.

Installing the Transmit Radio

IMPORTANT

You must install a shorting plug in the
microphone jack of the receive radio. If
you do not install the shorting plug, then
the repeater may act as a CSQ repeater
instead of a PL repeater. The transmit
radio may use either a shorting plug or a
microphone.

Remove the 16-pin accessory jumper plug
from the transmit radio.

Connect the mini-UHF end of the first RF
cable to the RF connector of the transmit
radio.

Connect one end of the first repeater cable to
the accessory connector of the transmit radio.

Place the transmit radio, upside-down, at the

bottom (open end) of the bracket. (The rear of

the radio must be on the same end of the
bracket that contains the slotted tabs for
mounting the bracket into the GR500 repeater
housing.) Position the radio to align the holes
of the radio with the M5 holes of the housing.

6.

Aftach the transmit radio to the bracket with
two M5 x 0.8 x 8 T25 Torx, pan head, machine
screws.

NOTE
DO NOT yet tighten the screws.

Installing the Receive Radio

7.

10.

11.

Remove the 16-pin accessory jumper plug
from the receive radio.

Connect the mini-UHF end of the second RF
cable to the RF connector of the receive radio.

Connect one end of the second repeater cable
to the accessory connector of the receive radio.

Place the receive radio, upside-down, in the
middle position of the bracket (directly above
the transmit radio). Position the radio to align
the mounting holes of the radio with the M5
holes of the bracket.

Attach the receive radio to the bracket with
two M5 x 0.8 x 8 T25 Torx, pan head, machine
SCrews.

NOTE
DO NOT yet tighten the screws.

Installing the Duplexer

12.

13.

Examine the duplexer that was ordered for
the GR500 repeater model being assembled. If
four of the mounting holes contain Pemnuts
(threaded inserts), proceed to Step 14. If no
Pemnuts are present, continue with Step 13.

Using a pair of needle nose pliers, place Tin-
nerman clips over four of the mounting holes
of the duplexer (refer to Figure 3-1).

Tinnerman Clip ———P

Figure 3-1.

Duplexer, Bottom View
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NOTE
The threaded side of each clip should be
on the connector/tuning screw side of
the duplexer.

14. Place the duplexer in the mounting bracket
with the six tuning screws facing in the same
direction as the front of the radios. The
mounting holes of the duplexer must face
upward.

15. Secure the duplexer to the mounting bracket
with four 6-32 x 1/2” T15 Torx, pan head
machine screws.

16. Tighten all of the M5 machine screws to
1.58 N-m (14 in.-Ibs.) torque. Tighten all of the
6-32 machine screws to 0.68 N-m (6 in.-Ibs.)
torque for the Tinnerman clips or 1.35 to
1.58 N-m (12 to 14 in.-lbs.) for Pemnuts.

17. Connect the type-N end of the RF cable from
the transmit radio to the appropriate port of
the duplexer.

18. Connect the type-N end of the RF cable from
the receive radio to the appropriate port of the
duplexer.

Installing the Radio/Duplexer Bracket

19. Place the assembled radio/duplexer bracket
module into the GR500 repeater housing. Tilt
the module slightly upward at the front end
and slide the rear notched mounting tabs on
the radio/duplexer bracket under the 8-32
nuts of the threaded studs toward the back of
the GR500 repeater housing.

20. Press the module toward the back of the hous-
ing.

NOTE
Do not yet tighten the back mounting
nuts to attach the radio/duplexer mod-
ule to the GR500 repeater housing.

21. Slide the front mounting tabs of the radio/
duplexer bracket over the 8-32 studs. Reinstall
the 8-32 nuts on the studs and tighten to 1.80
to 2.00 N-m (16 to 18 in.-0z.) torque.

22. Tighten the back mounting 8-32 nuts to 1.80 to
2.00 N-m (16 to 18 in.-0z.) torque.

23. Connect the type-N male connector from the
bulkhead cable to the antenna connector of
the duplexer.

Assembly/Disassembly

Installing the Repeater Controller

24. Place the repeater controller bracket on a flat
surface with the open end up.

NOTE
If you are using the Basic Repeater Control-
ler, before continuing;:
¢ Remove it from its mounting tray
and replace it, upside-down, in
the tray for proper viewing when
the GR500 repeater is mounted.
¢ Slide the tray up through the open
area of the bracket and into position.

25. Place the repeater controller module, upside-
down, in the lower mounting position (near-
est the power supply).

26. Attach the repeater controller to the bracket
with two M5 x 0.8 x 8 T25 Torx, pan head,
machine screws, and torque to 1.58 N-m
(14 in.-1bs.).

Installing the Mounting Bracket for the Repeater
Controller

27. Place the assembled repeater controller
bracket into the GR500 repeater housing. Tilt
the module slightly upward at the front end
and slide the rear notched mounting tabs of
the repeater controller bracket under the 8-32
screws toward the back of the GR500 repeater
housing.

28. Press the module toward the back of the hous-
ing.

NOTE
Do not yet tighten the back mounting
screws to attach the repeater controller to
the GR500 repeater housing.

29. Using the two 8-32 screws removed in Step 3D
under "Disassembling the GR500 Repeater
Housing." secure the repeater controller
bracket to the front of the power supply.

30. Tighten all four 8-32 screws to 1.58 to
1.80 N-m (14 to 16 in.-lbs.) torque.

31. Connect the repeater cable from the transmit
radio to the transmit connector of the repeater
controller.

32. Connect the repeater cable from the receive
radio to the receive connector of the repeater
controller.

33. Install the shorting plugs in the microphone
jacks of both radios (or plug a microphone
into the jack of the transmit radio, if desired).
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Tuning the Duplexer

Tuning the Duplexer

Before using your repeater, you must tune the

duplexer, using one of the following three methods for

ensuring that the duplexer is tuned to the correct fre-
quencies of operation:

¢ Pre-Tuned Method (preferred method)
Order the duplexer from the manufacturer or
supplier pre-tuned to the desired frequencies.
This is not a “method” of tuning the duplexer
but does not require any test equipment.

* Visual Method
Use a tracking (sweep) generator and spectrum
analyzer to adjust the tuning of the passbands
and reject bands of the duplexer.

¢ “In a Pinch” Method

The following paragraphs address a simple
method of tuning a “notch” (reject) duplexer
such as the TDN7407 UHF duplexer. This is not
as accurate a method of tuning as the visual
method afforded by the tracking generator/
spectrum analyzer sweep setup but it is much
less costly. It may be sufficiently good for all but
the most exacting applications.

Use this method only when the operating fre-
quencies of the receive radio and the transmit
radio satisfy the requirements of the duplexer.
For example, the TDN7407 is designed for a
transmitter/receiver frequency spacing of
5 MHz. If the operating frequencies for the
GR500 are appreciably different than that
5 MHz specification, degraded performance of
the repeater will result.

The following procedure assumes that the GR500 is
fully assembled and the radios and duplexer are
mounted in the GR500 housing. The radios should be
connected to the proper ports of the duplexer with the
RF coaxial cables provided in the GR500 kit. The
duplexer front panel cover plate should be removed to
gain access to the tuning screws of the duplexer.

Programming the Radios

1. Program the receive radio with an additional
“receive only” mode at the frequency of the
transmit radio.

2. Program the transmit radio with an additional
“receive only” mode at the frequency of the
receive radio.

NOTE
Instead of programming additional
modes, you can connect the coaxial
cables from the radios to the “opposite”
ports of the duplexer.

3. Connect a Communications System Analyzer
(CSA), such as the Motorola R2000 series, or
an RF signal generator to the antenna port of
the duplexer. The CSA should be operating in
the “Generate” mode. Modulate the RF source
with a 1 kHz tone at 60% system deviation to
facilitate “hearing” the signal during the tune-
up procedure.

Tuning the Receive Radio Section

NOTE
Tuning the receive radio section of the
duplexer begins with the tuning screw
closest to the antenna port of the
duplexer.

4. Adjust the frequency of the CSA or generator
to that of the transmit radio.

5. Place the receive radio on the transmit radio
frequency mode defined in Step 1 under "Pro-
gramming the Radios.”

6. Adjust the level of the CSA or generator until
a weak signal is heard from the receive radio.

7. Increase the level of the CSA or the generator
by approximately 20 dB.

8. Adjust the tuning screw of the duplexer for
the greatest rejection of the signal. This will
appear as a noisier signal. If necessary:

8A. Slightly loosen the locking nuts of the
tuning screws to allow the tuning screws to
turn more freely (but not “sloppy”) and

8B. Increase the level of the CSA or the generator
to maintain an audible 1 kHz tone.

9. Repeat Steps 7 thru 8B for each of the tuning
screws on the duplexer. Begin with the tuning
screw closest to the antenna port and work in
order toward the tuning screw closest to the
receive radio port.

10. Tighten the locking nuts of the tuning screws.

CAUTION
To avoid damage to the tuning screws
and to allow fine tuning of the
duplexer, do not overtighten the lock-
ing nuts.

11. Readjust the tuning screws of the duplexer for
the greatest rejection of the signal. This will
fine-tune the receive radio section of the
duplexer.
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Mounting the GR500

Tuning the Transmit Radio Section Mounting the GR500

To mount the GR500 repeater to a wall or other mount-
ing surface, we recommend using the accessory
mounting plate (HLN9169). If you use the accessory
mounting plate to mount the GR500 repeater, follow
the directions included with it. If you do not use the
mounting plate, refer to Figure 3-5 (not to scale) for the
locations of the wall mounting holes for the GR500
repeater.

NOTE
Tuning the transmit radio section of the
duplexer begins with the tuning screw
closest to the antenna port of the
duplexer.

12. Adjust the frequency of the CSA or generator
to that of the receive radio.

13.

14.

Place the transmit radio on the receive radio
frequency mode defined in Step 2 under "Pro-
gramming the Radios."

Adjust the level of the CSA or generator until
a weak signal is heard from the transmit
radio.

CAUTION
The GR500 repeater weighs approxi-
mately 50 pounds (22.7 kg) when assem-
bled. Lifting improperly can cause
injury.
Get help from a second person and use
care when lifting the GRg)OO repeater.

CAUTION
15. Increase the level of the CSA or the generator The GR500 repeater weighs approxi-
by approximately 20 dB. mately 50 pounds (22.7 kg) when fully

16.

Adjust the tuning screw of the duplexer for
the greatest rejection of the signal. This will
appear as a noisier signal. If necessary:

16A. Slightly loosen the locking nuts of the

tuning screws to allow the tuning screws to
turn more freely (but not “sloppy”) and

16B. Increase the level of the CSA or the generator

17.

18.

19.

to maintain an audible 1 kHz tone.

Repeat Steps 15 thru 16B for each of the tun-
ing screws on the duplexer. Begin with the
tuning screw closest to the antenna port and
move in order toward the tuning screw closest
to the transmit radio port.

Tighten the locking nuts of the tuning screws.

CAUTION
To avoid damage to the tuning screws
and to allow fine tuning of the
duplexer, do not overtighten the lock-
ing nuts.

Readjust the tuning screws of the duplexer for
the greatest rejection of the signal. This will
fine-tune the transmit radio section of the
duplexer.

CAUTION
If you connected the coaxial cables from
the radios to the ‘opposite’ ports of the
duplexer, do not forget to reconnect
them to the ‘proper’ ports before plac-

ing the repeater into operation.

assembled, and can fall if not properly
mounted.

Use proper hardware and mount the
GRSSO repeater only to a structurally
sound waH or mounting surface.

CAUTION

If the GR500 repeater is mounted in an
area of high vibration, incorrect mount-
ing hardware can loosen.

To prevent loosening of the mounting
hardware, use high strength fasteners
and lockwashers to mount the GR500
repeater.

CAUTION
A dirty or plugged fan grill (on the bot-
tom of the mounted unit) can cause
overheating or improper operation.
Clean dust and debris periodically from
the grill, and allow sufficient air tlow to
the fan.

IMPORTANT
The GR500 repeater is designed for
indoor use.
Install in a location that is protected from
the weather and outdoor environment.

IMPORTANT

To operate the GR500 repeater, the
antenna feed line, ac line cord, ground
cable, (optional) phone lines, and
(optional) battery cables must be con-
nected to the bottom of the unit.

When mounting the GR500 repeater,
plan for cable access to the bottom of the
unit.

November, 1997

6880903Z42-A




GR500 Repeater Station

GR300 & GR500 Repeater Service Manual

Final Assembly

369.9 mm
(14.56 in.)

i 192.1 mm
- (7.56 in.)

NOTE:

This drawing is not actual size and not to scale. You must make your own template

from the measurements indicated.

Figure 3-5. Locations of Wall Mounting Holes for GR500 (without Mounting Plate)

Final Assembly

To operate the GR500 repeater, you must connect all of
the necessary cables and accessories to the bottom of
the GR500 repeater (refer to Figure 3-4):

1. Attach a ground wire from an absolute earth
ground to the 1/4” threaded grounding stud
on the far right of the GR500, using one of the
lockwashers and nuts provided in Bag 2.
Tighten to 2.25to 3.38 N-m (20 to 30 in.-Ibs.)
torque.

2. Connect lightning arrestors.

CAUTION
Lightning can damage the GR500
repeater and its components if the unit
is not grounded properly.
For lightning protection, ground the
GR50§ repeater to an absolute earth
ground using at least #6 gauge copper
wire, and use adequate lightning arres-
tors.

3. Connect the antenna lead to the antenna con-
nector on the far left of the GR500 repeater.

4.

If necessary, feed phone line(s) through the vane
grommet on the right side of the GR500 repeater
and connect to the repeater controller(s).

If you are using a repeater controller with a
grounding wire, use the remaining lockwasher
and nut provided in Bag 2 to connect the wire to
the 1/4” threaded grounding stud on the inside
of the GR500 repeater housing. If no grounding
wires are present, place the lockwasher and nut
on the threaded stud. Tighten to
2.25 to 3.38 N-m (20 to 30 in.-Ibs.) torque.

Connect the ac line cord to the GR500
repeater, attach the retaining clip and plug the
other end of the cord into the AC main outlet.

CAUTION

A retaining clip for the AC power cord
is irovided with your GR500 repeater
to keep the power cord plug in the con-
nector.

To prevent accidental disconnection of
the power cord, plug it into the GR500
repeater and attach the retaining clip to
the GR500 repeater housing with the
center top mounting screw of the power
supply before connecting the cord to an
AC power source (refer to Figure 3-6).
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Section 4
- Basic Repeater Controller

Overview

This section describes the system configurations, basic
operation, theory of operation, jumper configurations,
and adjustments for the Basic Repeater Controller used
in a GR Series Repeater Station.

System Configurations

The Basic Repeater Controller (identical to the
R*I*C*K) connects between two Radius mobile radios
to construct an intermittent duty radio repeater.

Possible configurations for a GR Series repeater with
the Basic Repeater Controller are:

* Single Band RT (unidirectional) Repeater
* Crossband RT (unidirectional) Repeater
* Single Band, Bi-directional Repeater

* Crossband, Bi-directional Repeater

Basic Operation

Some of the possible uses for a GR Series repeater with
the Basic Repeater Controller include:

Mobile Repeater

Mobile “Pac-RT Like" Repeater
“Suitcase” Repeater

Portable Site Repeater

"Mountain Top" (Lookout) Repeater
Fixed (Rural) Site Repeater

Fixed (Base) Repeater

Short Term, Substitute RT Repeater
Link (RA) Repeater

Theory of Operation

Setup/Knockdown (U1A, Q1, Q2, Q3, Q4,
Q11 and Q12):

U1lA is one half of an IC dual type-D flip flop, an
MC14013B. Ul1A is configured as a data latch. The
CLEAR input, pin 4, is wired low. At power-up, the
PRESET input of UlA, pin 6, is momentarily taken
high via C2 and R9 and causes the "Q" output, pin 1, to
go high and the "not-Q" output, pin 2, to go low. The
"Q" output is connected to pin 1 of J6 and the "not-Q"
output is connected to pin 3 of J6. If JU1 is across pins

1 and 2 of J6, then the repeater will be in the "Set-up"
condition at power-up. If JU1 is across pins 2 and 3 of
J6, then the repeater will be in the "Knockdown" condi-
tion at power-up.

The electronic switch, Q2/Q3, causes the Set-up/
Knockdown action by applying or removing voltage at
the ignition control, pin 10, of J3-TX. After power-up,
the Setup or Knockdown state may be changed
remotely with a signal from pin 4 of J5-RX or locally
with front panel switch S3. S3 is a momentary contact
switch that is debounced by the Q11/ Q12 latch circuit.
The yellow SET-UP LED, CR3, illuminates to indicate
the Set-up state.

As the Setup /Knockdown circuit goes from the Knock-
down to the Set-up state, Q1 is momentarily turned on
by Q3 via the C1/R2 timing circuit. The push to talk
(PTT) input of the receive radio, pin 3 of J5-RX is pulled
low by Q1 and keys the transmitter. The COR LED,

CR2, will briefly flash during the moment that Q1 is
conducting.

The external alarm input of the receive radio, pin 4 of
J5- RX, is held low by Q4 during the Set-up state. As
the Setup/Knockdown circuit changes from Set-up to
Knockdown, Q4 turns off. The transmitter of the
receive radio will key and send an Emergency Alarm if
that feature has been enabled.

VOX (Q9)

Any audio signal present at pin 1 of J1-RX or pin 11 of
J5-RX causes Q9 to conduct. This in turn will activate
the drop-out delay and push to talk circuitry.

COR Buffer (Q15)

Q15 is a dc amplifier (buffer) for the COR signal from
pin 8, through 52-3, or from pin 14, through S2-2, of J5-
RX. The output of Q15 is switched from a low state
during inactivity of the repeater to a high state with an
active low state for the COR signal.

Audio Gate (Q6 and Q8):

The audio gate, Q8, enables and disables the audio
from the receive radio. The audio input to Q8 is from
pin 1 of J1-RX or pin 11 of J5-RX. The output of Q8 is
applied to pin 11 of J4-ACC and potentiometer, R23.
The output of R23 is applied to S2-5 and S2-6. S2-5 will
route the audio to the flat transmitter audio, pin 5 of J3-
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Theory of Operation

TX and J4-ACC. S2-6 will route the audio to the micro-
phone transmitter audio, pin 3 of J2-TX and pins 2 of
J3-TX and J4-ACC.

R23 is used to adjust the receive radio audio output to
the proper level for the transmit radio audio input. The
audio gate is enabled with an active dc level low at
either pin 8 or pin 14 of J5-RX. The gate can also be
hard enabled if 52-7 is closed.

Dropout Delay and PTT (Q5, Q10, U1B
and Q7):

The dropout delay circuit uses the second half of U1, the
MC14013B dual D flip flop, to generate a PTT signal for
the transmit radio. The Q output, pin 13, of U1B is low if
the repeater is inactive. When an input signal is present
at the receive radio, either pin 8 or pin 14 of J5-RX will
be pulled low and turn off Q15. Q5 will turn on and dis-
charge C3. Q10 will turn on when the voltage across C3
is less than 4.5 Vdc. The output from Q10 pulls the PRE-
SET input of U1B high. The Q output of U1B switches to
a high state and turns on Q7. Pin 4 of J2-TX and pin 3 of
J3-TX are pulled low and key the transmit radio PTT.
The red COR LED, CR2, illuminates.

The dropout delay is generated when Q5 ceases to con-
duct. Q10 will remain on until the voltage across C3
reaches 4.5 Vdc or greater. 52-10 and 52-11 are used to
switch in the appropriate resistance to generate the
desired time constant.

S1 on the front panel is used to enable the repeater
function and will not allow Q7 to conduct unless it is in
the enable (in) position. S1 also interrupts the COR sig-
nal from pin 8 or pin 14 of J5-RX and the output of the
VOX circuit to disable the repeater.

Reverse Key-up

Whenever pin 8 of J3-TX goes low, it will pull pin 3 of J5-
RXlow. When the reverse key-up function is being used,
as in the bi-directional repeater configuration, 52-3 must
be open and no functions can be programmed which will
use pin 8 of J5-RX. A NULL with active LOW state on pin
8 will prevent any unwanted reverse key-up.

Reverse Audio Path

Audio present on pin 11 of J3-TX is routed to either pin
2 or pin 5 of J5-RX. 52-8 and S2-9 determine to which
pin the audio is routed. As with the forward direction,
a potentiometer, R24, is used to adjust the audio level.

Accessory Jack (J4-ACC)

The accessory jack, J4-ACC, is connected to J3-TX and
J5-RX such that all of the Radius standard accessories
will still be compatible. Furthermore, the standard
connections are retained (no new cables need to be
made). The only input which causes the Basic Repeater

Controller to respond is pin 3 of J4-ACC (PTT). A low
on the pin will cause a low on pin 3 of J3-TX and key-
ing of the transmit radio.

DIP Switch (S2) Functions

DIP Switch positions for the Basic Repeater Controller
(* = typical setup):

$2-1

S2-1 routes the PL/DPL & CSQ I/O signal (active low)
from J3 pin 8 of the transmit radio to J3 pin 3 (the PTT)
of the receive radio in the bidirectional repeater config-

urations. For unidirectional repeaters, 52-1 should be
OFFE.

S2-1 should be set:

* OFF* for unidirectional repeaters
¢ ON for bidirectional repeaters.

S2-2 and S2-3

$2-2 selects pin 14 of J5-RX as the COR input from the
receive radio; S2-3 selects pin 8 of J5-RX for the same
function. Either S2-2 or S2-3 should be ON with the
other switch in the OFF position. However, no harm to
the Basic Repeater Controller or the receive radio
occurs if both of the switches are accidentally ON. In
the bidirectional repeater configuration, continuous
keying of the transmitter of the receive radio occurs if
52-3 is ON, therefore S2-2 (pin 14 I/O) must be used.

S2-2 should be set:

¢ OFF* for pin 8 I/O (C5Q or TPL/DPL)
¢ ON for pin 14 1/0O (CSQ or TPL/DPL).

S2-3 should be set:

« OFF for pin 14 1/0 (CSQ or TPL/DPL)
 ON* for pin 81/0O (CSQ or TPL/DPL).

S2-4

S2-4 enables the remote Setup/Knockdown feature
which requires the MDC-1200 RapidCali signalling
format with a GM300 16-channel radio for the receive
radio. The Basic Repeater Controller supplies operat-
ing voltage to J3 pin 10 (the ignition control input) of
the transmit radio.

S2-4 should be set:

¢ OFF* for local only repeater Setup/Knockdown
e ON to enable remote Setup/Knockdown
(MDC-1200).

$2-5 and S2-6

$2-5 and S2-6 are used to select the routing of the audio
from the receiver of the receive radio to the proper audio
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input of the transmit radio. If a normal EIA de-empha-
sized audio response is selected from the receive radio,
pre-emphasized audio is required in the transmit radio
and S2-6 should be ON (82-5 should be OFF). If a flat
audio response is selected from the receive radio, a flat
audio response is required in the transmit radio and S2-
5 should be ON (S2-6 should be OFF).

52-5 should be set:

* OFF* for EIA de-emphasized /pre-emphasized
audio

* ON for flat audio.
S2-6 should be set:

¢ OFF for flat audio

¢ ON* for EIA de-emphasized /pre-emphasized
audio.

S2-7

$2-7 enables the audio path through the audio gate
(Q8). 52-7 is ON when VOX is used (EIA de-empha-
sized/muted audio must be provided by the receive
radio).

S2-7 should be set:

* OFF* for COR applications
¢ ON for VOX operation.

$2-8 and S2-9

52-8 and 52-9 duplicate the functions of 52-6 and S2-5
for the audio input to the transmitter of the receive
radio in a bidirectional repeater (note the reverse order
for the corresponding functions). The typical bidirec-
tional repeater uses de-emphasized receiver audio
from the transmit radio and S2-8 should be ON (52-9
should be OFF).

S2-8 should be set:

¢ OFF for flat audio
¢ ON* for EIA de-emphasized/pre-emphasized
audio.

52-9 should be set:

¢ OFF* for EIA de-emphasized/pre-emphasized
audio
* ON for flat audio.

S$2-10 and S2-11

52-10 and S211 select the desired drop-out delay (hang
time). With both switches OFF, the transmit radio
unkeys approximately 3 seconds after the receive radio
loses the COR indication (J3 pin 8 or pin 14 goes high).
The dropout delay is decreased to approximately 1.5
seconds if 52-10 is ON. The shortest dropout delay,
essentially “zero” seconds, is enabled by placing 52-11
in the ON position. For a bidirectional repeater, the “0”

Jumper Configurations

seconds dropout delay (S2-11 ON and S2-10 OFF or
ON) should be used.

S2-10 should be set:

* OFF* for 3-second dropout delay
¢ ON for 1.5-second dropout delay

S2-11 should be set:

¢ OFF* for 1.5/3-second dropout delay
* ON for O-second dropout delay.

$2-12

52-12 allows the output of the VOX circuit to key the
transmit radio. Note that the “zero” dropout delay
should not be used with the VOX keying. A delay of 1.5
or 3 seconds should be used to “smooth” the output of
the VOX. The audio gate must be enabled by placing
S2-7 in the ON position. The VOX circuit operates only
in a unidirectional mode (i.e. from the handset audio of
the receive radio). The VOX also responds to the noise
burst, or “squelch tail,” at the end of a transmission
and the dropout delay increases by that amount. Use of
coded squelch (TPL or DPL) is recommended.

S2012 should be set:

¢ OFF* for VOX disable
¢ ON for VOX enable.

Jumper Configurations

Table 4-1 lists the jumper settings for GM300 16-chan-
nel transmit and receive radios when used with a GR
Series repeater and the Basic Repeater Controller.
Table 4-2 lists the jumper settings for the GM300 8-
channel, M120, and M10 transmit and receive radios
when used with a GR Series repeater and the Basic
Repeater Controller. Table 4-3 lists the jumper settings
for JU1 on the Basic Repeater Controller.

Adjustments

The following steps should be performed with a ser-
vice monitor, such as the Motorola R2000 series, con-
nected to the antenna jack of the duplexer (or the
transmit radio, if applicable). The service monitor must
be operating in the duplex mode. Set the service moni-
tor to monitor the frequency of the transmit radio
while generating the duplex signal at the frequency of
the receive radio. Refer to the operating instructions of
your service monitor.
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Adjustments
Table 4-1. Radio Jumper Settings (GM300 16-Channel Radios)
Radio Jumper Receive Radio Transmit Radio
JUS551 B xX*
JU651 X* xX*
JU701 X* A
* either A or B
Table 4-2. Radio Jumper Settings (GM300 8-Channel, M120, and M10 Radios)
Radio Jumper Receive Radio Transmit Radio
JU551 B X*
JU651 X* X*
Ju809 x* Remove

*X = Either position A or B.
Note: When using the Basic R
from the controller to pin 8 of

eater Controller, if you encounter cyclical keying of the transmit radio, cut the wire running

e
tﬁe 16 conductor cable to the transmit radio.

Table 4-3. Basic Repeater Controller Jumper Setting

Jumper Default Notes
Jul Setup Setup = Both radios turn on at power-up (repeater functional).
Knockdown = Only receive radio turns on at power up.

" 10.

Remove the Basic Repeater Controller in its
tray from the GR Series repeater then remove
the Basic Repeater Controller board from the
housing by unscrewing the two long T15
machine screws at the rear of the housing. It
will be necessary to unplug the the cables
from the board.

Reattach the cables to the Basic Repeater Con-
troller board after the board is out of the housing.

Before energizing the the power supply or the
radios, ensure that the REPEATER ENABLE
switch of the Basic Repeater Controller is in
the released (out) position. Failure to "disable"
the repeater will result in keying of the trans-
mit radio.

Connect the line cord from the GR Series
repeater to a suitable 50/60 Hz ac source.

If the repeater is a GR300 or GR400, turn on
the power switch on the front panel of the
power supply.

Turn on the two radios by rotating the volume
controls clockwise.

If the yellow LED is not illuminated, press the
SET-UP momentary pushbutton switch.

Press the REPEATER ENABLE switch to the
engaged (in) position; the green LED should
illuminate.

Modulate the duplex generator of the service
monitor with a 1 kHz tone at 60 percent of full
rated system deviation.

Adjust potentiometer R23 in the Basic
Repeater Controller for 60 percent of full rated

11.

12.

13.

14.

15.

16.

17.

18.

system deviation of the transmit radio. If you
cannot achieve at least 50 percent full rated
system deviation with R23 at the maximum
setting, change JU651 in the transmit radio to
the “B” position and readjust R23.

For a bi-directional repeater, apply a signal at
the frequency of the receiver of the transmit
radio. Modulate the duplex generator of the
service monitor with a 1 kHz tone at 60 per-
cent of full rated system deviation.

Set the service monitor to monitor the fre-
quency of the transmitter of the receive radio.

Adjust potentiometer R24 in the Basic
Repeater Controller for 60 percent of full rated
system deviation of the receive radio. If you
cannot achieve at least 50 percent full rated
system deviation with R24 at the maximum
setting, change JU651 in the receive radio to
the “B” position and readjust R24.

Check the settings of the 12 positions of
dipswitch S2 for correctness.

Unplug the cables attached to the Basic
Repeater Controller board.

Place the Basic Repeater Controller board into
the housing. Attach the front panel with the
two long T15 machine screws that were
removed in Step 1.

Attach the cables to the Basic Repeater Con-
troller.

Follow the procedures in this manual to
remount the Basic Repeater Controller in its
tray in the GR Series repeater housing.
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Section 5
iI50R Basic Interconnect
Repeater Controller

Overview

This section describes the basic operation, system con-
figurations, theory of operation, jumper configura-
tions, and adjustments for the i50R Basic Interconnect
Repeater Controller.

Basic Operation

The i50R allows telephone service to be extended to
mobiles and portables.

Controls and Indicators

The front panel of the i50R phone patch contains
switches to manually control the operations of the
module and LED indicators to display the status of the
various functions.

Rptr Enable Pushbutton

The Rptr Enable button is a latching type switch that
enables the various repeater functions within the mod-
ule when it is in the "in" position and disables those
functions when in the "out" position. The Rptr En LED
reflects the position of the switch at a glance.

In order for the repeater to function, the manual Rptr
Enable switch must be in the "in" position (enabled as
indicated by the LED) and the repeater must be "set up"
(either manually by the front panel switch or remotely
by signalling to the receive radio). The COR LED illu-
minates when the receive radio is receiving a "system
mobile" (with appropriate coding, if applicable). This
will cause the repeater to activate, if enabled and setup.

Rptr Set-Up Pushbutton Switch

The Rptr Set-Up momentary switch is the manual con-
trol that alternately sets up or knocks down the
repeater. Depending on the SWB-5 and SWB-8 pro-
gramming switch positions, the repeater will power up
in the setup or the knockdown mode and may be con-
trolled remotely. The Set-Up LED indicates when the
repeater is set up.

“PTT” LED

The PTT LED will be on any time a PTT signal is being
sent to the radio from repeat PTT, patch PTT, or PTT
from the accessory input.

Patch On/Off Pushbutton Switch

The Patch On/Off momentary switch will manually
cause an access of a released patch and cause a release
of an accessed patch. The Access LED indicates when
the telephone line has been accessed by the manual
pushbutton or by a mobile command.

Additional Controls

When the front panel cover plate is removed, the two
banks of programming switches and the repeater level
adjustment potentiometer are accessible. The adjust-
ment should be made only by a qualified technician
familiar with the detailed operation of the unit since
satisfactory system operation depends on the settings.

Theory of Operation

i50R Interface/Patch Interface Circuitry

The interface circuitry portion of the i50R is straight-
forward and does not require a detailed examination of
the theory of operation.

i50R Phone Patch and Microprocessor
Circuitry

Digitally Controlled Audio Gain

The digitally controlled audio gain stage consists of
IC's U15, Ul4, U12A, U12C, U29A and U29B. The
microprocessor can select the gain stage input by con-
trol lines PCO and PC1 controlling U15, an integrated
double pole, four-throw analog switch. When one
input to the gain stage is selected, a source for the
DTMF decoder is also selected (pins 1, 5, 2, and 4 of
U15). The inputs to the gain stage are:

¢ Switched network on 0X
¢ Repeater receiver on 1X

* DTMF encoder and/or microprocessor "beep"
tone on 2X and 3X

The microprocessor can control the overall gain of the
functional block by changing digital lines P10-P17 to
the analog multiplier IC U14, allowing a 1 to 255 gain
change (gain numbers are limited by firmware to 10-
250). The current output of U14 is converted to a volt-
age by U29A and amplified by U29B. The output of the
gain stage is routed to the phone line through analog
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Internal Diagnostics

switch U12C and/ or to the transmit radio through ana-
log switch U12A.

Peak Reading Voltmeter Circuit

The voltmeter circuit consists of gain switch U12B,
U10, U13, and U17. The voltmeter input is always from
the variable gain stage. Two levels of gain are con-
trolled by digital line PAS. High gain is used to indicate
when a signal is present (VOX) and low gain to mea-
sure its present level. The output of the gain stage
U10A is fed to the precision rectifier circuit U10D and
U10C. The peak of this rectified signal is compared
with the voltage generated by counter U17 and the 1R-
2R resistance ladder in comparator U10B. If the recti-
fied signal peaks are higher than the voltage from the
ladder, oscillator U13C is gated on to increment
counter Ul7, raising the ladder voltage until it is
greater than the rectified input or the maximum
counter count of 15 is reached. The microprocessor
periodically resets the counter and reads its output to
determine proper gain numbers for the various path
configurations.

DTMF Encoder/Decoder

The DTMF encode/decode circuitry consists of U16,
U9A, and U5A. The microprocessor clock is buffered
by U5A and supplied to U16, the DTMF encoder/
decoder. The decoder receives its input from switch
U15 as described above. When the decoder sees a valid
DTMF tone pair, it asserts DV (pin 22). This line is sam-
pled every 5 milliseconds by the microprocessor. When
a data valid is seen, the microprocessor takes data
enable (DE, pin 5) low causing U16 to output the
decoded number on digital lines PBO-PB3. The outputs
are then turned off. When a DTMF tone is to be gener-
ated, the microprocessor places the digital number on
PBO-PB3 and then takes data latch low (LCH pin 17),
then back high. To turn the tone off, the microprocessor
takes reset (pin 16) high. The generated DTMF tone is
buffered by amplifier U9A and sent to the analog
switch U15 for routing. When a beep or tick is required,
the microprocessor sends a 949 Hz square wave from
P22 through C38 to switch U15.

Phone Line Limiters and Filters

Audio from the phone line is fed through high pass fil-
ter U8B to filter out low frequency hum and noise.
Audio to the phone line is routed through low pass fil-
ter UBA which provides the rolloff characteristics
required for FCC registration. Limiters Q6 and Q7 limit
the instantaneous voltage that can be applied to the
phone line. Surge protectors S1 and S2, in conjunction
with chokes L6 and L7, provide a very high degree of
surge protection to the phone patch, provided that the
frame ground connections are made as described in the
installation section.

Off Hook and Ring Detect Circuitry

In normal telephone systems, one of the telephone
lines is grounded at the central office or PBX location
and a negative voltage is applied to the other line. The
off hook circuitry of U1l detects this voltage and
informs the microprocessor via PC5. Large voltage
excursions on the phone line are detected by opto-iso-
lator U18 and sent to the microprocessor on digital line
PC4. The microprocessor times and counts these pulses
to differentiate between dial pulses, ring, etc.

Microprocessor Bus

Microprocessor U1 puts out multiplexed address and
data on ADO-AD?. These signals are demultiplexed by
address latch U2 which provides the low order address
bits to ROM U3. ROM U3 contains the patch firmware.
Peripheral interface adaptor U4 provides 24 input/
output lines for operating the various functions in the
patch.

Power Supply

Input voltage is fused, filtered, and sent to 5 V regula-
tor U7 which supplies most of the patch power. Oscil-
lator U5B generates about 100kHz which is buffed by
USC and USE and fed to VFET's Q1, Q2, and Q3. These
FET's provide a push-pull, full B+ swing output. This
signal is AC coupled and rectified by high speed
diodes D1 and D2. This voltage is filtered and regu-
lated to about -6 V for the various analog devices.

U305 provides regulated 8 V for the repeater logic cir-
Cuits.

Power Fail/Restart

When the patch is first powered up, microprocessor
reset is held low until B+ reaches about 9 V (D18, R24)
which removes the high through D3 to C13. Reset is
then allowed to go high after C13 discharges through
R23. Once the microprocessor is running, pulses are
generated at PA7, keeping C13 discharged through R20
and Q5 and preventing reset. If these pulses are lost
due to program malfunction or if power falls below the
D18-U5D threshold, reset is again asserted. JU3 is for
system emulation use only.

Internal Diagnostics

The i50R interface/patch has built in test procedures to
assist in unusual setup situations and troubleshooting
procedures. These tests are invoked through use of the
TEST and RESET buttons on the circuit board. Press-
ing the TEST button once will start test 1 and cause the
MODE LED to flash once. Pressing it again will start
test 2 and cause the MODE LED to flash twice and so
forth through test 5. Each time a new test is selected, a
test timer is set to 15 minutes. If this timer reaches zero,
the patch resets itself to idle, ready to process tele-
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phone calls. The following paragraphs describe each
test and its various indications.

Test 1

Keys the transmit radio, accesses the telephone line,
and sends a TouchCode (DTMF) star (*) at a level of
about 11 dBm (into a 600 ohm load) to the switched net-
work and about 80 mV (into a 600 ohm load) to the
transmit radio. This test can be used to check transmit
radio deviation and telephone line access.

While in this test, the MODE LED indicates the level of
the COR signal from the receive radio source selected
by programming switch SWB-4. The LED is on when
receiving a system mobile signal. In normal operation,
this COR signal is used by the patch to inhibit auto-
matic sending of ring signalling to the field mobiles, to
open the patch audio path from the receiver to the
phone line, and by the repeater interface to key the
repeater.

The STATUS LED indicates the level of the patch dis-
able input. The LED is on when the patch is disabled

(repeater in knockdown condition) and off when
enabled.

Test 2

The transmit radio is keyed and the telephone line is
accessed. The patch generates the 12 TouchCode tones
at six different levels. These tones are sent to the tele-
phone line and looped back to the DTMF decoder. The
STATUS LED illuminates on data valid from the
DTMF decoder, indicating that it is receiving its own
DTME codes. The tones are on for 100 milliseconds and
may be slowed down to 500 milliseconds by pressing
the RESET button. Pressing the RESET button again
will freeze the test at the current DTMF tone and level.
Pressing the RESET button again will allow the test to
continue at the fast rate. The highest level is adequate
to overdrive the radio transmitter and exceed the max-
imum input specification on the DTMF decoder. This
procedure may be used to test the patch DTMF
encoder/decoder and most of the audio paths in the
patch.

During this test, the MODE LED indicates the “Patch
On/Off” button position, illuminating when the but-
ton is pushed.

Test 3

The telephone line is accessed and landline signalling
is enabled. A system mobile can dial a phone number
in DTMF or dial pulse, as programmed. When not
landline signalling, receive radio audio is routed to the
telephone line with autoleveling. This test allows exer-
cise of the repeater to telephone line path, with
autoleveling.

Jumper Configurations

While in this test, the STATUS LED is on while receiv-
ing a valid DTMF tone pair. The MODE LED indicates
the level of the COR input, illuminating when a system
mobile is being received by the receive radio.

Test 4

The transmit radio is keyed and the telephone line is
accessed. Telephone line audio is routed to the transmit
radio with autoleveling enabled. This test allows exer-
cise of the telephone line to transmit radio audio path,
with autoleveling. The MODE LED is on when the
audio level on the telephone line is adequate to cause
autoleveling. The STATUS LED is on when a valid
DTMF tone is being sent to the telephone line.

Test 5

This test exercises the nonaccessed functions of the
patch. The MODE LED illuminates when off hook
(phone line voltage below threshold) and extinguishes
when on hook (voltage above threshold). The STATUS
LED flashes on when ringing is received on the tele-
phone line. The MODE LED also flashes since ringing
will cause the off hook thresholds to be exceeded.

Jumper Configurations

Table 5-1 lists the jumper settings for GM300 16-chan-
nel transmit and receive radios when used with a GR
Series repeater and the i50R. Table 5-1 lists the jumper
settings for the GM300 8-channel, M120, and M10
transmit and receive radios when used with GR Series
repeater and the i50R.

Adjustments

The following steps should be performed with a ser-
vice monitor, such as the Motorola R2000 series, con-
nected to the antenna jack of the duplexer (or the
transmitter, if applicable). The service monitor must be
operating in the duplex mode. Set the service monitor
to monitor the frequency of the transmit radio while
generating the duplex signal at the frequency of the
receive radio. Refer to the operating instructions of
your service monitor.

1. Before energizing the the power supply or the
radios, ensure that the Rptr Enable switch of
the i50R is in the released (out) position. Fail-
ure to "disable” the repeater will result in key-
ing of the transmit radio.

2. Connect the line cord from the GR Series
repeater to a suitable 50/60 Hz ac source.

3. If the repeater is a GR300 or GR400, turn on
the power switch on the front panel of the
power supply.
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Adjustments
Table 5-1. Radio Jumper Settings (GM300 16-Channel Radios)
Radio Jumper Receive Radio Transmit Radio
JUS551 B X*
JU651 X* X*
JU701 X* X*
* either A or B
Table 5-2. Radio Jumper Settings (GM300 8-Channel, M120, and M10 Radios)
Radio Jumper Receive Radio Transmit Radio
JUS51 B X*
IU651 xX* X*
JU809 xX* Remove
* either A or B

4. Turn on the two radios by rotating the volume 8. Modulate the duplex generator of the service
controls clockwise. monitor with a 1 kHz tone at 60 percent of full

rated system deviation.

5. Remove the four small Phillips head machine 9. Adjust the Rptr Lvl potentiometer for 60 per-
screws th"_‘t secure the front cover plate to the cent of full rated system deviation of the
i50R housing. transmit radio.

6. If the Set-Up LED is not illuminated, press the 10. Chgcg ﬁl‘; ?etﬁngs Oft;he di{’l;“;itchtes gfesgﬁ
Rotr Set-Up moment hbutt itch. and . SwB for correctness. (Refer to

pir Set-Lp momentary pushibution SWite Series Programming Guide, 6880903Z43).

7. Press the Rptr Enable switch to the engaged 11. Reattach the front cover plate to the housing
(in) position; the Rptr En LED should illumi- of the i50R with the four small Phillips
nate. machine screws removed in step 5.
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Section 6

ZR340 Advanced Interconnect

Repeater Controller

Overview

This section describes the basic operation, system con-
figurations, and theory of operation for the ZR340
Advanced Interconnect Repeater Controller.

Basic Operation

The Zetron ZR340 is a multi-mode, easy to use tele-
phone interconnect. Simplex VOX, simplex sampling,
intelligent sampling, and half duplex modes are sup-
ported. Digital voice delay is an available option to
enhance simplex operation.

Multi-digit DTMF access codes and toll restrict digits are
selectable to eliminate unauthorized use of the phone
line. The ZR340 allows mobile DTMF or regenerated
pulse dialing. Repeat audio processing and transmitter
control are included.

The ZR340 includes factory defaults for all programma-
ble settings so that it will function on any system
straight out of the box, or may be customized easily
using a Touch-tone telephone or DTMF equipped radio.

Phone To Mobile Calls

When the telephone line rings, the ZR340 will wait the
number of programmed rings to answer before ringing
out on the channel. This is to allow a parallel phone to
be manually answered before the ZR340 begins ringing
on the radio channel. If the phone continues to ring,
and the channel is not in use, the ZR340 will begin ring-
ing out on the radio channel until the connect code is
entered by a mobile. The ZR340 may be installed to
ring either once and wait up to 1 minute for an answer,
or ring each time the phone rings for up to 1 minute. If
a mobile has not answered within this time, the call is
terminated. Once a mobile answers, the ZR340 will
take the phone off hook and allow the call to progress.

After 10 rings past the number of programmed rings to
answer, the phone is answered and the user can enter

the program access code to remotely program the
ZR340.

Pressing the Connect button on the front panel while
the ZR340 is on-hook causes it to go off-hook and enter
into the conversation mode.

Mobile Originated Calls

To place a call, a mobile user enters the DTMF Access
Code (sign-on sequence) and unkeys. Once the Access
Code has been started, each additional digit must be
transmitted within 1 second of the last without drop-
ping carrier between digits, or the sign-on attempt will
be ignored. The ZR340 takes the phone off-hook and
sends dial tone (phone audio) to the transmitter. For
simplex installations, the transmitter is keyed for 2 sec-
onds, then unkeyed to receive mobile dialing digits.
The ZR340 will pass the mobile DTMF to the phone or
provide conversion from DTMF to pulse dialing until
there is a 5-second gap in the entered digits. The radio
timeout and call limit timers are started as soon as the
telephone is taken off-hook. During dialing, if the
mobile’s first digit matches a digit in the first digit toll
restricted string, the ZR340 will terminate the call.

The same applies for the second digit toll restrict string.

The user may enter the program access code to gain
access to remote programming.

Once A Call Is In Progress

Once a call has been connected, the call may be termi-
nated in one of five ways:

Deaccess Code

A mobile may disconnect the call by sending the Deac-
cess Code. The call is terminated immediately and 5
fast beeps are sent to the mobile indicating that the call
is over. Once the Deaccess Code sequence has been
started, each additional digit must be transmitted
within 1 second of the last without dropping carrier
between digits, or the sign-off attempt will be ignored.

Busy Disconnect

If a busy tone is detected by the ZR340 during the first
20 seconds of a mobile-originated call, the ZR340 will
disconnect and send 3 fast busy tones to the transmitter
when it detects a busy signal. The Busy Disconnect fea-
ture can be disabled.

Mobile Activity

The mobile must transmit at least once during the
radio timeout interval. If no transmission occurs dur-
ing that time, the call is terminated and 5 fast beeps are
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sent to the mobile. During the conversation, a single
beep is sent to the phone and the mobile every 3 sec-
onds starting 12 seconds before the mobile activity
timer expires. This beep serves as a warning to both the
telephone user and the mobile user.

Call Limit

Each call is limited in length. Once the Call Limit timer
has expired, the call is terminated and 5 fast beeps are
sent to the mobile. Double warning beeps are sent to
the telephone and mobile every 3 seconds starting 15
seconds before the call limit timer expires. If pro-
grammed to do so, the user may allow the mobile to
extend the Call Limit time by pressing the "*' key.

Connect Button

Pressing the Connect Button while the ZR340 is off-
hook terminates the call in progress and forces the
ZR340 back into the on-hook idle mode.

ZR340 Features

Access Code

The Access Code may be up to 9 digits in length, and
may include any combination of digits 0-9 and “*.” This
code is used to gain access to the telephone line.

Deaccess Code

The mobile Deaccess Code may be to up to 9 digits in
length, and may include any combination of digits 0-9
and #. This code is used by a mobile radio to terminate
a call in progress.

Telephone Disconnect Code

The telephone user may terminate a call in progress by
dialing the code ‘#0' from a DTMF telephone.

Toll Restrict 1

If set for Toll Restrict 1, the ZR340 does not allow a
mobile to dial a telephone number whose first digit is
in the 1st digit toll restrict table. This table usually con-
tains 0 and 1 so that long distance and operator calls
cannot be made. Up to four digits may be restricted as
the first dialed digit.

Toll Restrict 2

This feature operates in the same way as Toll Restrict 1,
but acts based on the second digit of a telephone num-
ber that a mobile dials.

Call Limit

The Call Limit is a timer which determines the maxi-
mum time that a call may last before being terminated.

The Call Limit timer may be reset using a DTMF %' if
programmed to do so. Double warning beeps are sent
to the telephone and mobile every 3 seconds, starting
15 seconds before the call is terminated.

Radio Timeout

The Radio Timeout, or mobile activity time, is the
amount of time that may elapse without the ZR340
detecting a mobile transmission before a call is termi-
nated. The timer assures that if a mobile gets out of
range (loses control of the interconnect) the conversation
will be terminated even though the mobile cannot man-
ually terminate the call. Single warning beeps are sent to
the telephone and mobile every 3 seconds, starting
twelve seconds before the call is terminated. The Radio
Timeout is programmable to 30, 45, or 60 seconds.

Courtesy Tone

The Courtesy Tone is a short 50 millisecond beep that
prompts the phone party to begin speaking. This fea-
ture is especially useful since phone callers are not usu-
ally aware that they must wait for the mobile to unkey
before speaking.

Carrier Repeat

When enabled, the ZR340 will repeat audio any time
the receive radio generates a COR signal. After the
receive COR signal ends (the mobile unkeys), the
transmitter is held up for the programmable repeater
transmit hang time.

Tx Hang Time

The Tx (transmit) Hang Time is the time that the transmit-
ter will stay keyed after the mobile unkeys during repeat
operation. It is programmable to 0, 1, 3, or 5 seconds.

Privacy Mode

Privacy Mode is intended to discourage casual eaves-
dropping. During a call with the Privacy Mode dis-
abled, the mobile audio is routed to the transmitter
(repeated). With Privacy Mode enabled, a disturbing
tone is sent to the transmitter while the mobile speaks.
This masks the mobile's half of the conversation to
other listening mobiles or scanners.

Toll Restrict

The Toll Restrict is a code which allows "privileged" users
to get around the toll restriction when making calls. This
code must be used in place of the Access Code.

Rings to Answer

The ZR340 may be programmed to ring in two ways:
on the channel one time and wait for 1 minute for an
answer from a mobile, or continue ringing for up to 1
minute while waiting for an answer. In either case, if
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the mobile does not answer within the 1 minute time-
out time, the call is terminated.

Disconnect On Busy

The ZR340 has the ability to automatically disconnect
the call when a busy tone is detected. The busy tone
detection is only enabled during the first 20 seconds of
a mobile-originated telephone call. This feature may be
disabled if desired.

NOTE
Some dial-up services will read back
numbers using computer generated
voice. These often "sound like" a busy
tone to the ZR340.

Simplex Operation

There are five simplex modes:

Simplex VOX

Simplex VOX is the standard simplex mode that keys
the transmitter using phone voice (VOX) detection.
When neither party is talking, the ZR340 is watching for
either VOX or COR indication. When the ZR340 detects
VOX, it will key the transmitter and allow telephone
audio to pass to the transmitter. When VOX drops and
the VOX hold timer expires, the transmitter is dropped
and the ZR340 goes back to waiting. When the ZR340
detects COR, it allows mobile audio to pass to the tele-
phone. When the mobile unkeys and the COR hold
timer expires, the ZR340 once again returns to waiting.

The digital voice delay option board may be installed to
enhance the Simplex VOX mode (contact Zetron Inc. to
order--refer to page iv). Since the ZR340 uses the voice
detector to know when to key the transmitter, the first syl-
lable is typically lost while the transmitter (and associated
repeater or links) comes up on channel. TPL/DPL decod-
ing will also contribute to the lost syllables. By adding the
digital voice delay board, the phone audio is delayed so
that the transmitter will have plenty of time to get "on line"
before the phone audio is passed to the mobile.

Simplex VOX with Prekey

Simplex VOX with Prekey mode is identical to the Sim-
plex VOX mode, with one exception: When COR
ceases, it is assumed that the telephone user wants to
begin talking, so the ZR340 will "prekey" the transmit-
ter. Prekeying the transmitter reduces the chance of lost
syllables while the transmitter is coming up to full
power. If the phone party does not begin speaking
before the VOX hold time expires (typically one sec-
ond), the transmitter will unkey. The ZR340 then
begins watching for either VOX or COR activity.

Simplex Sampling

When the ZR340 is connected to a radio that switches
very quickly between transmit and receive (and is not

Basic Operation

working through a repeater) the Simplex Sampling
mode may be used. Two parameters affect the sam-
pling modes: the sample rate and the sample width
times. The Simplex Sampling mode begins with the
transmitter keyed up and audio passing from the telco
to the mobile. When the sample rate timer expires, the
transmitter unkeys and the sample width timer starts.
When the sample width timer expires, the ZR340 looks
for a COR signal. If COR is not present, the transmitter
re-keys and the cycle starts again. If COR is present,
telco to mobile audio shuts down and mobile to telco
audio opens. Audio is passed from the mobile to the
telco until COR drops and the COR hold timer expires;
the cycle starts again.

Simplex Sampling with VOX to Extend Sample Interval

This mode is identical to Simplex Sampling, but the
ZR340 looks for VOX indication, as well as for COR
detection. When VOX is up, the sample rate is extended
to 4 times the normal sampling time. When the ZR340
detects VOX, the telephone user is speaking, and there-
fore sampling only needs to happen 1/4 as often.

Intelligent Simplex Mode

When the ZR340 is not working through a repeater (not
connected to a control station), the Intelligent Simplex
Mode will provide the best possible operation. This
mode uses VOX, the sample width timer and the audio
delay to provide premium simplex operation. As long
as VOX is detected, the transmitter keys and audio
passes from the telco to the mobile. When VOX drops
for the sample width time (or longer), the ZR340 allows
the rest of the audio (still trapped in the delay) to go
out the transmitter. Once the audio is out and silence
(gap) is detected, the transmitter unkeys. Just before
the end of the gap reaches the transmitter, COR is
checked. If COR is present, the mobile takes over the
call. If COR is not present, the transmitter keys again
and the remaining audio in the delay is allowed out the
transmitter. Using the delay and timing the gap, the
ZR340 is capable of sampling between words without
the loss of telephone audio.

NOTE
This feature is available only when the
optional simplex delay has been
installed.

VOX Hang Time

VOX Hang Time sets the time that VOX detection must
be gone before the telco side of the conversation is
assumed to be finished. This time should be set to the
minimum required as it slows down the conversation,
but a time too short will cause the conversation to flip
to the mobile side prematurely. This timer only affects
the VOX simplex modes. VOX Hang Time is program-
mable to 0.5, 0.8, 1.0, 1.3, or 1.5 seconds.
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Theory of Operation

COR Hang Time

The COR Hang Time can be added to the receive car-
rier detector in simplex mode to reduce the effects of
"picket fencing.” When mobiles operate in fringe areas,
or through multi-path zones, the carrier can momen-
tarily drop. When it does, the patch assumes that the
mobile has unkeyed and keys the transmitter to allow
the phone party to begin speaking. The COR Hang
Time allows the receive audio to be muted to the phone
party, but it won't assume the mobile has unkeyed
until the COR Hang Time expires. COR Hang Time is
programmable to 0, 100, 300, or 500 msec.

Sample Rate

The Sample Rate is the rate at which the ZR340 will
sample for carrier. This is not the amount of time that
it looks for carrier, but how often it looks. The sample
rate timer is used for Simplex Sampling and Simplex
Sampling with VOX. The Sample Rate is programma-
ble to 0.5, 1.0, or 1.5 seconds.

NOTE
Simplex Intelligent mode does not use
this timer.

Auto Sample Setup

This command allows the simplex sample window dura-
tion to be set automatically for any radio. Once the com-
mand is executed, the ZR340 will key the radio for 2
seconds allowing time to generate a DTMF digit into the
receiver using a DTMF equipped radio. The ZR340 will
unkey the transmitter and time how long it takes to decode
the DTME This is saved as the sample width time. Com-
mands are available to increment and decrement the sam-
ple window for fine tuning in 10-millisecond increments.

Theory of Operation

Microprocessor

To ensure a proper power-up sequence to the micro-
processor, U7, the active low reset signal, is held low
until the 12 Vdc supply and crystal Y1 have stabilized.
The reset signal is also asserted whenever the supply
dips below 8 Vdc. Zener diode CR8, R24, and R53 set
the threshold, with R54 and C36 setting the delay until
reset is allowed to become active.

VR1 provides a regulated 5 Vdc for the digital circuitry
and 5 Vdc (labeled +A) for the analog circuitry. U2D
provides a regulated 2 Vdc for an analog bias voltage.

The microprocessor, U7, controls operation of the
ZR340 by executing the instructions stored in its inter-
nal program memory. The microprocessor also con-
tains data memory for temporary data storage. User
programmed values are stored in EEPROMs U4 and
US which retain their values even when power is lost.

The microprocessor generates DTMF and progress
tones which are converted to analog signals by RP1
and U2B. This audio may then be routed by the micro-
processor to the transmit radio via U10C and to the
telephone interface via Ul1A.

Radio Interface

Receiver audio can be scaled by R86 to set the proper level
at the output of the buffer U12D. This audio may be
routed to three destinations under control of the micro-
processor. It may be gated to the transmit radio via U10A,
to the DTMF decoder via U11B and to the telephone inter-
face via Q7 and Q8. The transmit audio is amplified by
U2A and may be scaled by R87 for a GM300 radio.
Unscaled audio is available to the accessory connector.

Telephone Interface

The ring detect circuit triggers when sufficient voltage is
sensed across R20. This causes C29 to be discharged,
resulting in a ring signal being sent to the microprocessor.

The telephone line is taken off-hook under microproces-
sor control by K1. The line is coupled to the circuit by T1.
Received telephone audio may be routed to two destina-
tions or gated on and off by U11C. One path is to the
DTMEF decoder via U11B and the other is to the transmit
radio via U10B. If the VOX delay card is installed in J2 the
audio is delayed when routed to the transmit radio.

The received telephone audio also passes through the
VOX detect circuit. The level at which the VOX triggers
may be set with R75. The audio is low-pass filtered by
U13D and compared to a threshold by U12C. U8A con-
verts the level to 5 V logic to the microprocessor.

The transmitted telephone audio is generated by U2C
which sums the receive radio audio with any internally
generated tones. The transmitted audio can be muted by
the audio limiter circuit consisting of U13A, U13B, and
U13C. The limiter compares the audio with a threshold at
U13B which causes C53 to charge. When this level
exceeds the threshold at U13C the limiter turns on Q9.

DTMF Decoding

U9 performs the DTMF decoding of either the receive
radio audio or the telephone audio depending upon
the state of UT1B. When a digit is decoded, the value is
sent to an input port of the microprocessor.

Carrier Squelch Detect

JP7,]P8, and JP9 are used to route the proper inputs for
COR and PL/DPL depending upon whether 8 or 16
channel radios are used with the ZR340. JP9 is used to
direct the COR input from the transmit radio to U1C.
JP8 directs the COR input from the receive radio to
U1C which sends an active COR signal to the micro-
processor if either transmit or receive is active. JP7
routes the PL/DPL input to the microprocessor for 16
channel radios, and routes the receive radio's COR
input for 8 channel radios.
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Jumper Configurations

Table 6-1 lists the jumper settings for the transmit and
receive radios when used with a Radius repeater and
the ZR340 Advanced Interconnect Repeater Controller.
Table 6-2 lists the jumper settings for the ZR340.

ZR340 Adjustments

The following steps should be performed with a ser-
vice monitor, such as the Motorola R2000 series, con-
nected to the antenna jack of the duplexer (or the
transmitter, if applicable). Except for a simplex radio
system, the service monitor must be operating in the
duplex mode. Set the service monitor to monitor the
frequency of the transmit radio while generating the
duplex signal at the frequency of the receive radio.
Refer to the operating instructions for your service
monitor.

1. Connect the line cord from the repeater to a
suitable 50/60 Hz ac source.

2. If the repeater is the GR300, turn on the power
switch on the front panel of the power supply.

3. Turn on the two radios by rotating the volume
controls clockwise. The front panels of the
radios and the green Power LED of the ZR340
should illuminate.

Jumper Configurations

Transmit Audio Level

1. Use a DTMF equipped radio to place the
ZR340 in the programming mode (default
programming access code is 12123').

2. Key in the DTMF command '92#' (Tx test). The
ZR340 will generate a 1 kHz tone.

3. Adjust the TX Setup potentiometer for 70 per-
cent of full rated system deviation (3.5 kHz for
a 5 kHz system or 1.75 kHz for a 2.5 kHz sys-
tem).

4. Press any DTMF digit to end the test.

Repeated Audio Level

1. Complete the "Transmit Audio Level" adjust-
ment, described above, before continuing.

2. Modulate the duplex generator of the service
monitor with a 1 kHz tone at 60 percent of full
rated system deviation.

3. Key in the DTMF command '93# (repeated
audio test).

4. Adjust the RX Setup potentiometer for 60 per-
cent of full rated system deviation of the
transmit radio.

5. Press any DTMF digit to end the test.

6. Key in the DTMF command '99#' to exit the
programming mode.

Table 6-1. Radio Jumper Settings (GM300 16-Channel Radios)

Radio Jumper Receive Radio Transmit Radio
JU551 X*
JU651 A
JU701 A
* either A or B
Table 6-2. ZR340 Jumper Settings
Jumper Default Notes
JP1 Open Closed for simplex operation.
JP2 Open Closed for simplex operation.
JP3 Open Closed for simplex operation.
JP4 Open Closed to activate emergency switch.
JP5 Closed Open to use external speaker for transmit radio (cut trace).
JP6 Closed Open to use external speaker for receive radio (cut trace).
JP7 B A =M10, M120, M130 or an 8-channel GM300 receive radio.
B = 16-channel GM300 receive radio.
JP8 B A =M10, M120, M130 or an 8-channel GM300 receive radio.
B = 16-channel GM300 receive radio.
JP9 B A =M10, M120, M130 or an 8-channel GM300 transmit radio.
B = 16-channel GM300 transmit radio.
JPi0 Closed Open when VOX delay card installed (cut trace).
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ZR340 Advanced Interconnect Repeater Controller

GR300 & GR500 Repeater Service Manual

10.

11.

Apply an on channel signal at the frequency
of the receiver of the radio.

Modulate the signal with a 1 kHz tone at 60
percent of full rated system deviation.

Adjust the RX Setup potentiometer for
353 mV rms on the ac voltmeter (or 1 V peak-
to-peak on the oscilloscope).

Disconnect the ac voltmeter or oscilloscope.

Replace the top cover of the ZR340 and secure
with the four 4-40 Phillips head machine
screws that were removed in step 2.

Follow the procedures in this manual to
remount the ZR340 in the GR Series repeater
housing.

ZR340 Adjustments

Received Audio Level—Simplex Operation
The received audio level is properly set for a repeater
with the two previously described adjustments. For a
simplex (one radio) system, the received audio level is
adjusted differently.

1. Remove the ZR340 from the GR Series
repeater housing (follow the appropriate pro-
cedures outlined in this manual).

2. Remove the four 440 Phillips head machine
screws that secure the top cover to the chassis
of the ZR340.

3. Remove the top cover of the ZR340.

4. Connect an ac voltmeter or ocilloscope to pin
14 of U12D.

5. Place the service monitor in the Generate
mode.
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Section 7
- ZR320 Selective Calling
" Interconnect Controller

Overview

This section describes the basic operation, system con-
figurations, theory of operation, and jumper configura-
tions for the ZR320 Selective Calling Interconnect.

The ZR320 Selective Calling Interconnect is a plug-in
module designed for a GR Series Repeater Station. It is
the interface between a telephone line and the radio
system. allows mobiles, handhelds, and rural radio
telephones to place and receive calls. In phone-to-
mobile selective calling, the ZR320 accepts DTMF or
rotary dial click overdial for phone-originated calls.

Physical Description

The ZR320 is housed in self-contained modules, each
designed to fit on the top shelf of a GR Series Repeater
Station.

Located on the front panel are:
* Setup adjustments

* LED indicators to display the status of the vari-
ous functions

* A Programming jack used for programming
with an IBM PC via an RIB programming inter-
face

Interconnection to the transmit and receive radios is
made via the 16-pin Transmit and Receive connectors
located on the rear surface of the modules. The Phone
Line (ZR320) jack used to interconnect a telephone line
to the module is also located on the rear surface of the
unit.

Components and integrated circuits are mounted on
two circuit boards inside the ZR320 unit.

Standard Features

The following is a list of ZR320 Selective Calling Inter-
connect features.

¢ Multi-mode patch: simplex, half- and full-
duplex

* Quick Call II selective calling to mobiles,
tone+voice, and tone only pagers

¢ Enable/disable validation for 100 users

* One to eight digit DTMF mobile access
¢ One to eight digit supervisor override code

* Mobile to phone, mobile to mobile and phone to
mobile modes

¢ Direct channel access mode

¢ DTMF and rotary pulse dialing

* DTMF and dial click decode for selective calling
* Remote programming via DTMF phone or radio
¢ First or second digit toll restricts

* Half-privacy mode

* Repeat audio processing for duplex

* Repeater transmit hold timer

* Call limit and timeout timers

¢ Courtesy tones and Morse station ID

Access/Deaccess to the ZR320

In order to access/deaccess the ZR320, a specific
access/ deaccess sequence must be followed.

Access Sequence

The access sequence consists of three entries in the fol-
lowing order:

* access code-a code to be used by standard
users, which can be up to 8 digits long and can
consist of the digits 0-9 and the symbol *.

OR

toll restrict code—a bypass code to be used by a
supervisor or administrator which overrides
any dialing restrictions

* user number-a number 00-99, assigned to a
specific user.

* steering digit-an entry with which defines one
of two modes: telephone interconnect (steering
digit 9 or *) or selective calling /revertive paging
(steering digit 7).
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