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Thank Youl!

Thank you for purchasing the NHRC-4/MVP Repeater Controller. This controller has
been designed using the very latest state-of-the-art technology. Please review this
manual carefully before putting your controller into operation.

This manual represents a very large documentation effort. Your comments are
important to us. If you find an error or find any passages that are not clearly
understandable we would like to hear about it. Please send your comments to
software@nhrc.net.

Support for the controller is available by email or telephone. Please direct software-
related questions via email to software@nhrc.net. Please direct hardware-related
guestions via email to hardware@nhrc.net . Your question(s) will be answered
promptly.

Questions of a more urgent nature can be answered by telephone support. Telephone
support is available Monday through Friday, from 6 PM until 10 PM, Eastern Time.
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NHRC-4/MVP User Guide

1. Introduction
This manual describes how to install and set up the NHRC-4/MV P repeater controller. This

manual should be used in conjunction with the NHRC-4 Operating Manual, which describes
the programming and operation of the controller.
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2.1

Installation

This section of the User Guide describes the electrical interfaces used to connect the
controller to:

o Power and primary repeater (the GE Custom MV P),

Link/Remote Base radio
Communications Specialists TS-64 CTCSS Encoder/Decoder
Optional NHRC-DAD digital audio delay board(s).

It isintended for the repeater operator to use in the planning and installation of the NHRC-
4/MV P Repeater Controller into arepeater system.

The controller uses an 8 pin 0.100" header for all the primary radio's signals and DC power,
a6 pin 0.100" header for the secondary radio's signals, and a6 pin 0.100” header for an
external TS-64 CTCSS encoder/decoder for the primary radio. In addition, it hastwo 4 pin
0.100" connectors to support optional NHRC-DAD digital audio delays for both radio ports.

Each radio port requires audio and asignal present indication (CAS) from its receiver, and
supplies transmit audio and PTT to its transmitter. The controller requires 13.8 volts DC for
power, which is provided on the primary radio's connector. Be very careful when wiring DC
power to the controller, reverse polarity will severely damage the controller. The connector
pinouts are shown in the tables below.

Consult sections 3 and 4 for specific Custom MV P modification and installation
instructions.

J4 Primary Radio Port Connections

Receiver audio can typically be taken from the high side of the squelch control. This audio
must be de-emphasized with the controller's de-emphasis circuit, which provides a
6dB/octave slope. Optionally, audio can be taken from later in the receiver's audio chain,
whereit is already de-emphasized. Care must be taken that this source of audio is not subject
to adjustment by the radio's volume control. If the receiver audio has not been properly de-
emphasized, either in the receiver itself or on the controller board, the repeater will have a
very "tinny", unnatural sound to it. The NHRC-4/MV P repeater controller is shipped with
the de-emphasis circuit popul ated on the printed circuit board for main repeater audio and
without de-emphasis for remote base audio for "flat" audio response. To install the de-
emphasis filter for the remote base audio, two 100K ohm resistors must be removed (R10
and R11), and areplaced with a 10K ohm at R11, a93.1K ohm at R10, and a 0.0068
microfarad capacitor at C10 must be installed on the board. Consult the NHRC-4/MV P
Repeater Controller (Audio) schematic as areference for the modification.

The receiver must provide asignal present indication (also called CAS, COR, RUS) to the
controller. The controller requires an "active-high" signal here. If your radio only has
"active-low" signaling available, a simple inverter can be constructed with a 2N3906 and a
4.7K resistor. Connect the emitter of the transistor to a source of positive voltage, the
collector to the controller's CAS terminal, and the base to the active-low signal through the
4.7K resistor.
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Transmitter audio can be fed directly into the microphone input of the transmitter. VR5 is
the master level control for the primary radio, used to set the audio level into the transmitter.
VRG6 isthe master level control for the secondary radio. The transmitter's deviation limiter
(sometimes called IDC) should be set such that the transmitter cannot overdeviate,
regardless of input signal level. One way to adjust transmitter deviation is to set the
transmitter deviation limiter wide open (unlimited), adjust the controller's master output until
the transmitter is slightly overdeviating, then set the transmitter's deviation limiter to limit
just below 5 KHz deviation. Then reduce the controller's master output until the transmitted
audio does not sound compressed or clipped. Transmitter deviation should be adjusted with
a service monitor or deviation meter.

Transmitter keying is provided by a power MOSFET (Q1/Q9) configured in an open-drain
circuit. This can be used to key many transmitters directly. The MOSFET essentially
provides aclosure to ground for PTT. For other transmitters, the MOSFET can drive a small
relay to key the radio. Although this MOSFET can handle several amps, we recommend that
no more than 500 mA of current be drawn through it.

J4 Primary Radio Port
("REPEATER")

i)
5

Use
+13.8 Volts
CAS (active high)

PTT (active low)
Receiver Audio
Transmitter Audio
Fan/Digital output (active low)
Ground/Audio Return
Ground/Audio Return

(N[O |OT|A|WI[N (-

2.2 J3 Secondary Radio Port Connections

J3 Secondary Radio Port
("REMOTE BASE")

Pin Use
CAS (active high)
PTT (active low)
CTCSS detect (active high)
Receiver Audio
Transmitter Audio
Ground/Audio Return

o 0| [WIN |-

2.3 JTS64 Primary Radio Port TS-64 Connector
Connector JTS64 is a 6pin header that allows the easy installation of an optional

Communications Specialists TS-64 for CTCSS decode and encode. Consult table JTS64 for
hookup information.
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The TS-64 must have the JU-2 jumper cut. If you want to be able to disable the CTCSS
requirement, install a switch on the HANGUP lead, or you could wire the HANGUP lead to
the J4 Fan/Digital Output pin to alow remote enable/disable of the CTCSS requirement. If
you like, you can wire the TS-64's ENCODE OUT pin into your transmitter's CTCSS input
to encode PL on the repeater's output.

The TS-64 isnormally configured with its high-pass filter in-circuit to remove received
CTCSS tones. Jumper JP2 on the controller board must be removed when the TS-64 high-
passfilter is used. If the TS-64 is not installed, then jumper JP2 must be installed in order for
audio to pass through the controller.

Adjust the CTCSS deviation with R20 on the TS-64 board. Theideal deviation for the
CTCSStoneis 750 Hz. Consult the TS-64 INSTRUCTION SHEET for details on setting the
CTCSS frequency.

JTS64 Primary Radio Port TS-64 Connector

Pin Use to TS-64 Signal
1 +13.8 Volts +13.8V In
2 Receiver Audio Decoder In
3 Receiver Audio N/C
4 Filtered Audio High Pass Filter Out
5 CTCSS Detect RX Mute & Decoder Out
6 Ground / Audio Return Ground & PTT Input & Hangup

2.4 J1 & J2 DAD Connectors

The audio delay for the primary radio ssimply plugsin to J4. The audio delay for the
secondary radio plugsinto J5. If the audio delay is not installed, ajumper between pins 2
and 3 of the port's delay connector must be installed, or the controller will not pass audio.

J2 Primary Radio DAD
("DELAY ")
J1 Secondary Radio DAD
("RB DELAY ")

Pin Use
+13.8 Volts to Delay Board
Audio to Delay Board
Audio from Delay Board
Ground/Audio Return

AW [IN |-
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2.5

2.6

2.7

The LED Status Indicators

The NHRC-4/MV P repeater controller is equipped with five status LED’ sthat aid in setup
and troubleshooting. There are green LED’ s for each radio port (D2 and D4) that indicate
that the controller has getting avalid CAS (carrier operated switch) and, if a CTCSS decoder
is connected, avalid CTCSS decode signal. This LED should light when the repeater's
receiver is active, and, if a CTCSS decoder is present, that the correct CTCSStoneis
present. Theyellow LED (D1) indicatesthat aDTMF signal is being decoded on the
primary receiver. This LED should light for the entire duration that the DTMF signal is
present on the primary receiver. Thered LED’s (D3 and D5) indicate transmit. These LED’s
will light when the each transmitter is transmitting.

The LED’s can be disabled to reduce the power consumption of the controller. Remove
jumper JP3 to disablethe LED’s.

Using the Digital Output

The NHRC-4/MV P Repeater Controller has adigital output that can be used for various
remote control applications or to control afan on the repeater's transmitter. The digital
output is an open-drain into a power MOSFET, which is capable of sinking quite a bit of
current, but we recommend a maximum load of about 500 mA. Use arelay to drive larger
loads. The open-drain output can be used to gate the HOOKSWITCH signal to aTS-64 or
other CTCSS decoder. Software allows the output to be enabled, disabled, or pulsed. In fan
control mode, this output will be turned on when the transmitter is turned on, and turned off
a programmable amount of time after the transmitter is turned off.

Adjusting the Audio Levels

Audio Level Adjustments

Potentiometer Use
VR1 Primary Receiver Level
VR2 Secondary Receiver Level
VR3 Primary Receiver Mix Level
VR4 Beep Tone Mix Level
VR5 Primary Transmitter Master Level
VR6 Secondary Transmitter Master Level

Preset all potentiometers to midrange. Key aradio on the primary input frequency, send
some touch-tones, and adjust VR1 (the primary receiver level) until DTMF decoding is
reliably indicated by yellow LED (D1).
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The primary radio's transmit deviation is set with VR5 (the primary transmitter master level)
on the controller board and the transmitter's deviation/modulation control. The key to
properly adjusting these controls is to remember that the limiter in the transmitter is after
VRS but probably before the transmitter's deviation/modulation control. The transmitter's
deviation/modulation control will set the actual peak deviation, and VR5 will set the level
into the transmitter. Y ou do not want excessive limiting on normal speech going through the
repeater; it sounds bad and tends to "pump-up” background noise. On the other hand, some
limiting is desirable. An oscilloscope connected to the audio output of areceiver tuned to the
transmitter's frequency will show limiting as the audio gets "flat-topped" or clipped by the
limiter. Ideally, a4.5KHz deviation signal input to the repeater should result in a 4.5 KHz
deviation output, and 5.5 KHz of input deviation should result in just under 5.0 KHz of
deviation out of the repeater. A service monitor (or two), deviation meter, and/or a signal
generator are necessary to do thisjob right.

The secondary radio's transmit deviation is set with VRG6 (the secondary transmitter master
level). Enable the secondary transmitter, and adjust VRG6 for proper transmit deviation,
similarly to VR5.

Enable the secondary receiver, and adjust VR2 for reasonable deviation on the enabled
transmitters when asignal is received on the secondary receiver.

Adjust VR4 (the beep level) to set the courtesy tone and CW tone level.

VR3 is used to set the receiver audio mix level, and may not need to be adjusted from
midpoint.
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3. GE Custom MVP Full-Duplex Modification

3.1 Before You Begin

Before you begin with the duplexing modifications and installation of the NHRC-4/MV P repeater
controller, it isimperative that you verify that your Custom MV P operates correctly. This will
reduce the amount of time you may have to spend troubleshooting if you do run into problems
with the radio modifications or controller installation.

NHRC assumes no liability for any damages to your Custom MV P or you inability to perform
these modifications. |f you have any doubt about your ability to correctly perform the
modifications or to install the repeater controller seek professiona assistance. Damage to your
Custom MV P and/or NHRC-4/MV P repeater controller caused by improper installation or
hookup is not covered by the NHRC limited warranty.

We strongly recommend that you have access to a service manual for your Custom MVP, it is
nearly impossible to properly modify, tune, and maintain the radio without one.

This document is the only support available for duplexing the Custom MVP. No other assistance
is available from NHRC regarding duplexing this radio.

3.2 Duplex Modifications

3.2.1 Multi-Channel Radios

If your MV P isamulti-channel radio, you will probably want to disable the channel selector and
select channel 1 (F1) with ajumper installed on the Oscillator/Multiplier board. Consult the
Service Manua for thisjumper location.

3.2.2 Antenna Connections

In order to use the Custom MV P in duplex operation, a separate antennalead must be brought out
of the radio for the receiver antenna connection. Remove the jumper between the T/R Relay
board and the receiver input, which islocated inside the RF assembly casting. Drill a¥4” hole
adjacent to the SO-239 antenna connection, making sure you leave sufficient room to put the
cover back on theradio. Route a piece of double-shielded coax through the hole. We
recommend that you use RG-142, RG-223, or RG-400 cable here. Solder a RCA plug onto the
end of the cable inside the radio, and plug it into the receiver antennajack. Install the connector
of your choice on the other end of this cable. Thiswill serve asyour receiver antennainput.

3.2.3 Simultaneous Transmit and Receive M odification

The rest of the duplexing modifications are performed on the System-Audio-Squelch (SAS)
board. The SASboard islocated behind the front panel of the radio. Remove the front panel to
access the SAS board.
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The SAS board is shown below.

L0959l PkUG! /

e

i

Remove the GE “Channel Guard” (CG) moduleif itisinstalled. The CG moduleislocated next
to the SAS board, and can be identified by the lack of any connectors on the board. Unplug the
CG boards connections to the SAS board. Cut off or completely remove the CG encoder cable
that runs from the CG board to the exciter. Y ou may want to keep the cables and plugs from the
CG board, they may come in handy when interfacing the needed repeater signals to the radio after
all duplexing modifications have been performed.

Remove the SAS board from the radio. These boards vary dightly from revision to revision but
are fundamentally the same. Remove the 2 screws on the audio amp IC heat sink. Remove the
screw from the voltage regulator TO-220 transistor. Note the insulators over and under this
transistor, they must be re-installed later. Make note of the connections you disconnect. The
front panel assembly can be removed by unplugging the cabling and setting it aside out of your

way.

Defeat the RX oscillator control circuit. Find and cut the PCB trace that connects J904 pin 2 to
hybrid IC U902 pin 7. Refer to the service manual PCB layout. It isbest to cut thistrace on the
bottom of the PCB. Thereisaviaand asmall segment of trace leading to pin 7 of the hybrid.
Cut the trace between the via and hybrid with an X-Acto knife. See picture below:
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Strap the RX oscillator always on by placing 10V on the RX oscillator control line. You can do
this by installing ajumper from J904 pin 1 to J904 pin 2. See the picture for the jJumper location.

Defeat the RX mute circuit at U902 pin 6. Cut the trace from U902 pin 6 to J906 pin 5. It is best
to cut thistrace at the point that it makesan “S’ pattern near pin 7 of J905 and H-11. Thistrace
runs near asguare post J11. Be certain you are severing the proper connection or CAS circuit
could be disabled. See picture below:
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If your radio had a CG board installed, you will need to Reinstall R33, a 1K ohm 1/4w resistor
from H1to H2. H1 and H2 are holesin the PCB just behind J906. Be certain the resistor lead
does not contact and short against the square post J10. See picture below:

Your systems board duplexing modifications are now complete. Go back and carefully check
your work.

Note: A .100-inch center header fits nicely into the row of holes denoted on the PCB as H11
through H17. You caninstal aheader here so you can pickup the PTT line without soldering.
Do this now before you install the System-Audio-Squelch PCB.

Re-install your System-Audio-Squelch PCB in the reverse order in which you removed it. Be
careful to properly re-install the insulator over and under the TO-220 voltage regulator transistor.
Install al other screws previously removed.

Re-test your MVP now. It should receive and transmit simultaneously now. If you have
problem at this point do not proceed until you have the radio working correctly.
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4. Controller Installation and Hookup

Install your NHRC-4/MV P controller in place of the Channel Guard Encoder/Decoder you have
discarded. Use the 3 screws |eftover from the removal to mount your controller. If needed obtain
some 6-32 X 1/4 inch pan head screws to mount your controller to the mounting bosses on the
MVP.

Care must be taken to avoid shorting the transistors (Q1, Q6 and Q9) which are mounted on the
end of the controller next to the inside of radio if your controller was factory assembled with non-
insulated tab transistors or if you have replaced an insulated tab transistor with a non-insulated
tab part. If so, the use of electrical tape or some other insulating material between the transistors
and the radio is highly recommended.

Use connector s to make your connections to the controller and systems board. Thiswill make

your installation look professional and be more reliable. Controllers received for repair with
solder on the header pinswill have the header pins replaced at the customer’ s expense.

All connections to the controller are easily available on the System-Audio-Squelch PCB next to

the controller.

NHRC-4/MVP Signal Name Connection to Custom MVP
J4 Pin #
1 +10VDC +10 voltsis available on the SAS board at J906 pin 6.
2 CAS CASisavailable from J906 pin 5 (was RX MUTE).
3 PTT PTT isavallable at H17.
4 RX AUDIO Thereceiver audio is available at J906 pin 4 (VSQ-HI).
(from Receiver)
5 TX AUDIO TX Audio is supplied to the white or yellowish-white
(to Transmitter) wire that is or was connected to J13. If thisis still
connected to J13 disconnect it. Note that thiswireis
MIC-HI and J13 is the MIC-BIASvoltage supply. This
disconnects the MIC bias and will defeat the external
microphone. If alocal microphoneis desired, seek an
alternate way to provide audio to the exciter. There may
be audio loading issues with the local microphone.
6 DIGITAL This connection isoptional. If you desire to use this
OUTPUT/ feature, the now unused hang up lead from the old
FAN CONTROL channel guard board is an easy way to get this signal out
of theradio. The channel guard hang-up lead comes out
on the power/speaker jack on pin 8.
7 GROUND Ground is available at J906 pin 1.

Connections are now complete for basic repeater operation.

Before powering on your repeater go back and check your work. Apply power with the
controller disconnected and check your power supply connections. With a grounded probe
touch the PTT pin, your MVP should transmit. Check to see that your CAS signal goes to approx
7 volts when the squelch opens and goes low when it closes.

Page 12
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5. Appendices

5.1 Terminology and Abbreviations

Term

Description

CAS

CwW

Digital Audio Delay (DAD)

DTMF
ID

PTT

Carrier Activated Squelch, where receipt of a signal,
with or without CTCSS tones will activate the
controller.

Continuous Wave signals, commonly using “Morse
Code.” The term “CW?" refers to the radio emission
type, while “Morse Code” refers to the signaling type
used. Typically, they are incorrectly used
interchangeably.

Digital Audio Delay (DAD) removes squelch crashes
and allows DTMF tones to be fully muted.

Also known as “Touch Tone®” codes.
Identification

Push-to-Talk
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6. Circuit Board

6.1 Interconnections

Connector Name Purpose

J1 “RB DELAY” Connects power and audio signals for operation
of the Digital Audio Delay (NHRC-DAD) board
for the secondary radio port.

J2 “DELAY” Connects power and audio signals for operation
of the Digital Audio Delay (NHRC-DAD) board
for the primary radio port.

J3 “REMOTE BASE” Connects the secondary repeater transmit and
receive audio, PTT, and CAS signalsfor the
radio to the controller.

J4 “REPEATER” Connects the primary repeater transmit and
receive audio, PTT, CAS, fan control, and
power signals to the controller.

JTS64 “JTS64” Interfaces a Communications Specialists TS-64
to the controller for CTCSS detection.

The following page is a detailed top view of the Revision “B” printed wiring board for the
NHRC-4/MV P Repeater Controller.
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7. Schematics

The following two pages the schematic diagram for the Revision “B” Version of the NHRC-
4/MV P Repeater Controller.

Page 16 Copyright © 2001, 2005, 2006, NHRC LLC. All Rights Reserved.



U4

D6
1N5226B
3.3v

uP RESET

_PICCLK 16|
PICCLK OSC1/CLKI
0SC2/CLKO

MCLR/VPP

PIC16C84-04/P

PIC uP

HEADER 8

REPEATER

CONNECTOR

+12V
o)

RX_AUDIO
RX_AUDIO

HEADER 6

TS-32/64 =
CONNECTOR

>>RB_DISC_AUDIO
K RB_TX_AUDIO

HEADER 6

REMOTE BASE =
CONNECTOR

Cc18 C17
0.1uF 0.1uF

BYPASS CAPS

vop [H4—o0+sv
iz o1
RAO 2
RaL[HB—02
R HA—8
RA3 2—
[a MUTE
TOCKIRA4 MUTE D> MUTE
INT/RBO 2 > ? =
RBL
Res [2 RE COR
9 RE_MUTE
ggf ' RB PTT ENRB_MUTE
Rbe [ pout en
RB6 [ BEER Y BEEP
[1a  CcoR
RB7
vss 2
Dout
R18
DOUT EN 1 A an21 Q6
IRFI510G

100 —

DIGITAL (FAN) OUTPUT DRIVER

RX_AUDIO 15

+12V/

Jp2

JUMPER

TS-32/64 FILTER BYPASS

JP3

02—>>DISC_AUDIO

+svo—Io OLO\/LED

JUMPER
LED ENABLE
U2
L M7805CT
IN
o
E
c22 c19 ©
220uF 1uF
25V

E] }_LA_{CHZ PICCLK

REMOTE BASE
PTT DRIVER

3.579MHz 33pF
VLED
MAIN
PTT LED
RO
PTT EN Q1
IRFI5106
100 o
MAIN
PTT DRIVER
NOTES
+5V

1.) VLED = +5VDC for LED power
2.) ALL RESISTORS ARE 1/4W
5% TOL. UNLESS OTHERWISE
STATED.

3.) ALL CAPACITORS ARE 16V
ELECTROLYTIC / 50V CERAMIC
UNLESS OTHERWISE STATED.

VLED
R17
470
us D1
[ VReF VDD STOLED 3 Ve
IN+
ln o1
DECODE_AUDIO ) IN- oL Qé ~
R36 es o R I
QB o
Qa4 R16 o7
100K s w 2N7000
+5v 0—101 o STIGT
EST 10K a_
ic
cis
I osc1 ic S
0sc2 vss
M-8870-01
DTMF DECODER R28
470K

REMOTE BASE
PTT LED

100

NOTICE

THIS DRAWING CONTAINS
PROPRIETARY INFORMATION WHICH

IS THE CONFIDENTIAL PROPERTY

OF NHRC LLC. IT SHALL NOT BE
COPIED, REPRODUCED, DISCLOSED,
PUBLISHED OR USED IN PART OR
WHOLE WITHOUT THE EXPRESSED
WRITTEN PERMISSION OF NHRC LLC.
SPECIFICATIONS SUBJECT TO CHANGE
WITHOUT NOTICE OR OBLIGATION.

MAIN
COR LED

Q12
2N3904

MAIN
CAS/COR ISOLATION =

REMOTE BASE
COR LED

REMOTE BASE
CAS/COR ISOLATION =

PCB REV AIB

NHRC Repeater Controllers

444 Micol Road

Pembroke, NH 03275

603-485-2248
N nhrc.net

[Title
NHRC-4/MVP Repeater Controller (Digital)
[Size Document Number Rev
B NHRC-4/MVP (Digital) DRAWN BY: NILTL C

)

ate: Thursday, March 29, 2001 ISheet 1 of 2
I E




B

1t NOTE:
0.0068uF FOR FLAT AUDIO
RESPONSE:
R23 REMOVE C14,
1 CHANGE R23
AND R24 TO 100K
93.1K
+12V
c13 N
VRL
DISC_AUDIO ) 10K 01uF
POT
c1 R24 =
MAIN > [F2 R35
RX AUDIO 1 1 1
LEVEL 1UF 10K VREF . 1T > DECODE_AUDIO
U1A 0.1uF 100K
MAIN TLO64 2
RX AUDIO H
BUFFER 1
— 2
- 3
4
HEADER 4
MAIN RX AUDIO
DELAY CONNECTOR MAIN TX AUDIO
MASTER LEVEL
VR3 VRS
10K 200K R6
MAINRX  C4 POT POT 10K
AUDIO MUTE  1uF R2 R7 il
1 1 | 1
n < 2
22K 33K WF  VREF o 2> TX_AUDIO
PROC RX TLOB4 1uF
AUDIO LEVEL
= MAIN
TX AUDIO AMP
c1o
1]
[l NOTE:
0.0068UF REMOTE BASE TX AUDIO
DO NOT POPULATE FOR DE-EMPASIZED MASTER LEVEL
AUDIO RESPONSE
R10 POPULATE C10
VR2 1 2 CHANGE R10 TO 93.1K
RB_DISC_AUDIO 10K AND R11 TO 10K R8
POT 100K 10K
c2 R11 R3 8
REMOTE BASE
RX AUDIO & M VN )k ( 2
LEVEL 1uF 100K vRer 33K WF  VREF 2PRB_TX_AUDIO
u1D c9
REMOTE BASE TLO64 L TLO64 1uF
RX AUDIO
BUFFER REMOTE BASE
TX AUDIO AMP
HEADER 4 NOTES:
REMOTE BASE 1.) VREF = +6VDC (or 1/2 VDD)
‘ RX AUDIO DELAY 2) ALL RESISTORS ARE 1/4W
+12v CONNECTOR 5% TOL. UNLESS OTHERWISE
STATED.
R12 RL 3.) ALL CAPACITORS ARE 16V
R20 ELECTROLYTIC / 50V CERAMIC
10K RB_MUTE > { VN 1 UNLESS OTHERWISE STATED.
100K REMOTE BASE RX c3 22K
AUDIO MUTE 1uF
VREF RS PCB REV A/B
| BeeP)) e NOTICE
o R1o oy NHRC Repeater Controllers
1uF 10K THIS DRAWING CONTAINS 444 Micol Road
PROPRIETARY INFORMATION WHICH Pembroke, NH 03275
IS THE CONFIDENTIAL PROPERTY 603-485-2248
c12 22K OF NHRC LLC. IT SHALL NOT BE : nhrc.net
= = 220F COPIED, REPRODUCED, DISCLOSED, fTitle
25V COURTESY TONE PUBLISHED OR USED IN PART OR NHRC-4/MVP Repeater Controller (Audio)
AUDIO LEVEL WHOLE WITHOUT THE EXPRESSED
VREF GENERATION = WRITTEN PERMISSION OF NHRC LLC.  [Size | Document Number Rev
SPECIFICATIONS SUBJECT TO CHANGE | B | NHRC-4/MVP (Audio) DRAWN BY: NILTL | C
WITHOUT NOTICE OR OBLIGATION.
ate: __Thursday, March 20, 2001 Fheet 2 of 2
I 5 I c I o I €

ci4
1|l 2
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8. Parts List

Thefollowing isthe bill of materialsfor revision “B” of the NHRC-4/MV P Repeater Controller.

Schematic
Item [Qty.| Ref. Value Description Mfg. Mfg. P/N Notes
1 11 [C1 1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K or equivalent
c2 1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K or equivalent
C3 1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K |or equivalent
C4 1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K or equivalent
C6 1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K or equivalent
Cc7 1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K or equivalent
Cc8 1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K |or equivalent
C9 1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K or equivalent
Cl11 |1luF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K or equivalent
C16 |1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K or equivalent
C19 |1uF 1uF 16V Tantalum Cap Panasonic |[ECS-F1CE105K |or equivalent
2 6 |[C5 0.1uF 0.1uF 50V Z5U Ceramic Radial Cap Panasonic |[ECU-S1H104MEA |or equivalent
C13 |0.1uF 0.1uF 50V Z5U Ceramic Radial Cap Panasonic |[ECU-S1H104MEA |or equivalent
C15 |0.1uF 0.1uF 50V Z5U Ceramic Radial Cap Panasonic |[ECU-S1H104MEA |or equivalent
C17 |0.1uF 0.1uF 50V Z5U Ceramic Radial Cap Panasonic |[ECU-S1H104MEA |or equivalent
C18 |0.1uF 0.1uF 50V Z5U Ceramic Radial Cap Panasonic |[ECU-S1H104MEA |or equivalent
C20 |0.1uF 0.1uF 50V Z5U Ceramic Radial Cap Panasonic |[ECU-S1H104MEA |or equivalent
3 2 |Cl14 |0.0068uF 0.0068uF 50V X7R Ceramic Radial Cap Panasonic |[ECU-S1H682KBA |or equivalent
C10 |0.0068uF 0.0068uF 50V X7R Ceramic Radial Cap Panasonic |[ECU-S1H682KBA |Do Not Populate
4 1 |Cl12 |22uF 25V |22uF 25V Aluminum Radial Electrolytic Cap |Panasonic |[ECA-1EM220 or equivalent
5 1 |C21 |33pF 33pF 100V COG Ceramic Radial Cap Panasonic |[ECU-S2A330JCA |or equivalent
6 1 |C22 |220uF 25V |220uF 25V Aluminum Radial Electrolytic Cap |Panasonic |[ECA-1EM221 or equivalent
7 1 |D1 LED YEL |Yellow T1% LED Lite-On LTL-4253 or equivalent
8 2 |Db2 LED GRN |Green T1% LED Lite-On LTL-4233 or equivalent
D4 LED GRN |Green T1% LED Lite-On LTL-4233 or equivalent
9 2 |D5 LED RED |Red T1% LED Lite-On LTL-4203 or equivalent
D3 LED RED |Red T1% LED Lite-On LTL-4203 or equivalent
10 |1 |D6 1N5226B 3.3V |3.3V 5% 500mW Zener Diode Diodes Inc. |[1IN5226B or equivalent
11 |3 |JP1 |[JUMPER 2 Circuit Header, .100" Straight Molex 22-03-2021 or equivalent
JP2 | JUMPER 2 Circuit Header, .100" Straight Molex 22-03-2021 or equivalent
JP3  |[JUMPER 2 Circuit Header, .100" Straight Molex 22-03-2021 or equivalent
12 |2 |JTS64 |HEADER 6 6 Circuit Header, .100" Straight w/ lock Molex 22-23-2061 or equivalent
J3 HEADER 6 6 Circuit Header, .100" Straight w/ lock Molex 22-23-2061 or equivalent
13 2 A1 HEADER 4 4 Circuit Header, .100" Straight w/ lock Molex 22-23-2041 or equivalent
J2 HEADER 4 4 Circuit Header, .100" Straight w/ lock Molex 22-23-2041 or equivalent
14 1 )4 HEADER 8 8 Circuit Header, .100" Straight w/ lock Molex 22-23-2081 or equivalent
15 |3 |Q1 IRFI510G N Channel HEXFET IRF IRFI510G or equivalent
Q6 IRFI510G N Channel HEXFET IRF IRFI510G or equivalent
Q9 IRFI510G N Channel HEXFET IRF IRFI510G or equivalent
16 |3 |Q2 2N7000 N Channel MOSFET Fairchild 2N7000 or equivalent
Q5 2N7000 N Channel MOSFET Fairchild 2N7000 or equivalent
Q7 2N7000 N Channel MOSFET Fairchild 2N7000 or equivalent
17 |2 |Q4 MPF102 N Channel JFET Fairchild MPF102 or equivalent
Q3 MPF102 N Channel JFET Fairchild MPF102 or equivalent
18 |4 |Q8 2N3904 NPN Transistor Fairchild 2N3904 or equivalent
Q10 |2N3904 NPN Transistor Fairchild 2N3904 or equivalent
Q11 |2N3904 NPN Transistor Fairchild 2N3904 or equivalent
Q12 [|2N3904 NPN Transistor Fairchild 2N3904 or equivalent
19 [1  |Q13 |2N3906 PNP Transistor Fairchild 2N3906 or equivalent
20 |3 |R1 22K 22K YW 5% Carbon Film Resistor Yaego CFR-25JB-22K or equivalent
R2 22K 22K ¥sW 5% Carbon Film Resistor Yaego CFR-25JB-22K or equivalent
R4 22K 22K ¥4W 5% Carbon Film Resistor Yaego CFR-25JB-22K or equivalent
21 |3 |R3 33K 33K %W 5% Carbon Film Resistor Yaego CFR-25JB-33K or equivalent
R7 33K 33K %W 5% Carbon Film Resistor Yaego CFR-25JB-33K or equivalent
R38 |33K 33K ¥W 5% Carbon Film Resistor Yaego CFR-25JB-33K or equivalent
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22 |19 |R5 100K 100K YW 5% Carbon Film Resistor Yaego CFR-25JB-100K or equivalent
R10 [100K 100K YW 5% Carbon Film Resistor Yaego CFR-25JB-100K  |or equivalent
R11 [100K 100K ¥W 5% Carbon Film Resistor Yaego CFR-25JB-100K or equivalent
R12 [100K 100K ¥W 5% Carbon Film Resistor Yaego CFR-25JB-100K or equivalent
R13 [100K 100K ¥4W 5% Carbon Film Resistor Yaego CFR-25JB-100K or equivalent
R14 [100K 100K YW 5% Carbon Film Resistor Yaego CFR-25JB-100K  |or equivalent
R15 [100K 100K ¥W 5% Carbon Film Resistor Yaego CFR-25JB-100K or equivalent
R35 [100K 100K %W 5% Carbon Film Resistor Yaego CFR-25JB-100K or equivalent
R36 [100K 100K ¥4W 5% Carbon Film Resistor Yaego CFR-25JB-100K or equivalent
23 |14 |R6 10K 10K %W 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R8 10K 10K YaW 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R16 [10K 10K YW 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R19 [10K 10K ¥4W 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R20 [10K 10K %W 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R21 [10K 10K ¥aW 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R24  [10K 10K YW 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R25 [10K 10K ¥4W 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R29 [10K 10K %W 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R30 [10K 10K ¥aW 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R31 [10K 10K YW 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R33 |10K 10K %W 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R37 [10K 10K %W 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
R40 [10K 10K YaW 5% Carbon Film Resistor Yaego CFR-25JB-10K or equivalent
24 |13 |R9 100 100 YW 5% Carbon Film Resistor Yaego CFR-25JB-100R |or equivalent
R18 |100 100 YW 5% Carbon Film Resistor Yaego CFR-25JB-100R |or equivalent
R26 100 100 ¥aW 5% Carbon Film Resistor Yaego CFR-25JB-100R  |or equivalent
25 |1 |R23 [93.1K 93.1K YW 5% Metal Film Resistor Yaego MFR-25FBF-93K1 |or equivalent
26 |5 |R17 |470 470 YW 5% Carbon Film Resistor Yaego CFR-25JB-470R  |or equivalent
R22 470 470 YW 5% Carbon Film Resistor Yaego CFR-25JB-470R  |or equivalent
R27 1470 470 YaW 5% Carbon Film Resistor Yaego CFR-25JB-470R  |or equivalent
R32 470 470 Y4W 5% Carbon Film Resistor Yaego CFR-25JB-470R  |or equivalent
R34 1470 470 ¥4W 5% Carbon Film Resistor Yaego CFR-25JB-470R  |or equivalent
27 |1 |R28 |470K 470K YW 5% Carbon Film Resistor Yaego CFR-25JB-470K or equivalent
28 |1 |R39 |39K 39K YW 5% Carbon Film Resistor Yaego CFR-25JB-39K or equivalent
29 |1 v TLO64 Quad Op-Amp TI TLO64CN see note 1
30 |1 U2 LM7805CT 5V 1.0A Voltage Regulator Nat'l Semi |[LM340T-5.0 or equivalent
31 |1 |uU3 M-8870-01 DTMF Decoder Teltone M-8870-01 see note 1
32 |1 U4 PIC16C84-04/P PIC Microcontroller (Blank) Microchip  |PIC16F84-04I/P see note 1
33 |4 |VR1 |10K POT |10K 6mm Carbon Trimpot Panasonic |EVN-D2AA03B14 |or equivalent
VR2 [10K POT |10K 6mm Carbon Trimpot Panasonic |EVN-D2AA03B14 |or equivalent
VR3 |10K POT |10K 6mm Carbon Trimpot Panasonic |[EVN-D2AA03B14 |or equivalent
VR4 [10K POT |10K 6mm Carbon Trimpot Panasonic |[EVN-D2AA03B14 |or equivalent
34 |2 |VR5 |200K POT |200K 6mm Carbon Trimpot Panasonic |EVN-D2AA03B25 |or equivalent
VR6 [200K POT |200K 6mm Carbon Trimpot Panasonic |[EVN-D2AAQ3B25 |or equivalent
35 |1 |y1 3.579MHz 3.579545MHz Crystal ECS ECS-35-17-4 or equivalent
Additional Items
NHRC-4/MVP PCB
36 [1 NHRC-4/MVP PCB REV B NHRC REV B
37 |2 18 Pin DIP Socket Mill-Max 110-99-318-41-001 |use at U3/U4
38 |1 14 Pin DIP Socket Mill-Max 110-99-314-41-001 |use at Ul
Notes:

1. Use sockets for U1, U3 and U4.
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NHRC LLC Limited Warranty

NHRC LLC warrants that it’s assembled and tested products will be free from defects in
materials and workmanship for aperiod of NINETY DAY S from the date of shipment.
During this period, NHRC LLC will repair or replace, at our option, any of our products
that fail asaresult of defectsin materials or workmanship. NHRC LLC' s liability will be
limited to parts, labor, and return shipping for this period.

NHRC LLC warrants that its kit products will contain components that are free from
defects in materials and workmanship for a period of THIRTY DAY S from the date of
shipment. During this period, NHRC will replace any of the componentsin akit ONCE.
Subsequent replacement of any component any subsequent times is completely at the
discretion of NHRC LLC, and may require the complete return of the kit.

In no case will NHRC LLC be liable for products damaged by improper wiring
(including, but not limited to, over-voltage or application of reverse polarity), physical
damage resulting from misuse and/or abuse of the product, neglect, or acts of God
(lightning, floods, etc.).

Unauthorized modification of a NHRC product will void the warranty on the modified
product.

In no case will NHRC LLC be liable for any direct, consequential, or incidental loss or
damage resulting from the use or inability to use any of its products.

Some states or countries do not allow the limitation of incidental or consequential
damages, so the paragraph above may not apply to you.

Thiswarranty applies only to the original purchaser of the product; proof of purchase
must be presented to receive warranty service.

Copyright © 2001, 2005, 2006, NHRC LLC. All Rights Reserved. Page 21



NHRC

REPEATER CONTROLLERS



	Introduction
	Installation
	J4 Primary Radio Port Connections
	J3 Secondary Radio Port Connections
	JTS64 Primary Radio Port TS-64 Connector
	J1 & J2 DAD Connectors
	The LED Status Indicators
	Using the Digital Output
	Adjusting the Audio Levels
	
	Audio Level Adjustments



	GE Custom MVP Full-Duplex Modification
	Before You Begin
	Duplex Modifications
	Multi-Channel Radios
	Antenna Connections
	Simultaneous Transmit and Receive Modification


	Controller Installation and Hookup
	Appendices
	Terminology and Abbreviations

	Circuit Board
	Interconnections

	Schematics
	Parts List
	NHRC LLC Limited Warranty

