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HANDBOOK AMENDMENTS

Amendme:its to this handbook (if any), which are on coloured paper for ease
of identification, will be found at the rear of the book. The action
called for by the amendments should be carried out by hand as soon as
possible.



BERYLLIUM OXIDE - SAFETY PRECAUTIONS

INTRODUCTION

The following safety precautions are necessary when handling components
whicn contain Beryllium Oxide. Most RF transistors contain this material
although Beryllium Oxide is not visible externally. Certain heatsink
washers are also manufactured from this material.

PRACTICAL PRECAUTIONS

Beryllium Oxide 1is dangerous only in dust form when it might be inhaled or
enter a cut or irritation area. Reasonable care should be taken not to
generate dust by abrasion of the bare material.

Power Transistors

There is normally no hazard with power transistors as the Beryllium Oxide
15 encapsulated within the devices. They are safe to handle for
replacement purposes but care should be exercisad in removing defective
items to ensure that they do not become physically damaged.

They MUST NOT:

{a) be carried loosely in a pocket, bag or container witnh other

components where they may rub together or break and disintegrate
into dust,

(b)  be heated excessively (normal soldering is quite safe),
(c) be broken open for inspection or in any way abraded by tools.

Heatsink Washers

Heatsink washers manufactured from Beryllium Oxide should be handled with
gloves, cloth or tweezers when being removed from equipment. They are
usually white or blue in colour although sometimes difficult to
distinguish from other types. Examples of washars used are 917797, 917216
and 700715.

They MUST NOT:

{(a) be stored loosely,

(b) be filed, drilled or in any way tooled,

(c) be heated other than when clamped in heatsink application.
DISPOSAL

Defective and broken components must not be disposed of in containers used
for general refuse. Defective components should be individually wrapped,
clearly identified as "DEFECTIVE BERYLLIA COMPONENTS" and returned to the
Equipment Manufacturer for subsequent disposal.



CMOS HANDLING PRECAUTIONS

The input impedance of a CMOS device is of the order of 1014 ohms. The
breakdown of voltage of the oxide within the device is about 100 volts. As
static voltages of up to 4KV can be generated by stroking silk, nylon or
creative plastic containers, it is essential that precautions are taken to
prevent high voltages occurring at the leads of CMOS devices, as follows:

(1) The tips of soldering irons should be earthed to the earth plane of
the board being soldered.

{2} The devices should not be stored in plastic bags or containers

(unless the plastic has been specially treated with anti-static
chemicals).

(3) Operators should not wear nylon or plastic gloves, or rubber-soled
shoes.

(4) As many leads as possible should be 'shorted' with the fingers
during handling.

f5) Do not remove the input connection with the device connected to the
supply rail.
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GENERAL
Frequency Range:

Channels:

Channel Spacing:

Frequency Stability:

Operating Mode:

Duty Cycle:

Antennas:

Power Supply:

Battery Life:

Weight:

Current Consumption:

Dimensions:

TRANSMITTER

OQutput Power
(nominal)

Peak Deviation:
(Nominal)

AF Response:

PRM 4700
FD 276

30MHz to 88MHz

9 programmable and 1 manually selectable from a possible
2321

25KHz
Better than + 10 ppm

Simplex; or two frequency simplex (half duplex) on the
programmable channels only. Voice (F3E); data (FID), or
encrypted Voice (FIE) up to 16K bit/sec.

Continuous without external or internal forced cooling up
to +55°C (for supplies up to 12 V, and 0/C Load).

0.5m helical or, 1lm tape antenna, 1.4m or 2.5m whip

10V 2Ah Nickel Cadmium battery, type MA 4705A

10V Alkaline Manganese Primary battery, type MA 47058 ('D'
cells) or MA 4705C ('C' cells)

Regulated supply from TA 4703A Amplifier or MA 4704A
Vehicle Interface Unit.

MA 4705A 10 hours

mﬁ Z;ggg 3g Egﬂ;g Dependent upon cell type, quality and age

at 209C for 1:1:8, Transmit: Receive: Standby Ratio (10
sec. Tx).

PRM 4700 2.0 kg; with MA 4705A 3.0 kg.

Standby 30mA Typical

Receive 100mA Typical at 10.5V supply
Transmit 1.5A typical 1.8A max.

Width 158mm

Height 58mm

Depth 210mm (282mm including MA 4705A)

(347mm including MA 4705B)

Manpack: Low  10mW
High 4W
Vehicle: High 25W with TA 4703A Amplifier

+ 5KHz
Voice 400Hz to 3.0kHz Less than 6 dB relative
Data: 30Hz to 8.0kHz to 1 kHz

"NORMAL VOICE' and 'WHISPER' modes

Tech Spec 1



Pilot Tone:

Harmonic Emission:

RECEIVER

Sensitivity:
(Nominal)

AF Output Power:
(nominal)

Internal

Squelch:
External

Deviation:

AF Response:

ENVIRONMENTAL

Immersion/Humidity:

Temperature:

PRM 4700

SRR anigal e

150Hz with 3kHz deviation (Nominal)

Better than - 40dB Below Carrier

0.2 uV p.d for 12 dB SINAD with 5KHz deviation.
1.25mW into 3009 for 5 kHz deviation.
Carrier operated

150Hz Tone operated

Accepts up to 10kHz Deviation (from 50kHz channel spaced
Radios)

Voice 400Hz and 3.0kHz. Less than 6 dB down relative to

the level of 1 kHz. (Into 300 ohm
load).

Data 30Hz and 8kHz. Less than 3 dB down relative to the
level of 1 kHz. (Into 10 k load).

A1l units are enclosed in fully sealed cases.

Operational -40°¢C to +70°C
Within full spec. -300C to +55°¢C
Storage -409¢C to +859C

Tech. Spec. 2
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ROLE

1. The PRM 4700 is a VHF FM Transceiver. The equipment can be used in
manpack, vehicle or ground station roles.
DESCRIPTION

£a The PRM 4700 is a fully waterproof, extremely compact and lightweight

transceiver which operates in the frequency range 30-88MHz. Manual
frequency access and nine programmable channels are available, channel
selection being carried out by a single switch.

3 Channels may be programmed manually using the front panel keyboard or by
using the MA 4073B Programmer or MA 4083B Fill Gun.

4. The radio may be programmed to operate in either simplex or two frequency
simplex (half duplex) mode. A1l nine channels can be programmed for
single frequency operation, two frequency operation or a mixture.

B, If required, frequency selection can be carried out manually using the
front panel keyboard frequency controls. In this mode, Single Frequency
operation only is available.

h. The radio can accept 16k bit/sec digital signals and this allows the use
of an optional external encryption device. (MA 4423).

1s A Built in Test Equipment (BITE) facility is provided to check the
transceiver each time it is used. This facility checks the accuracy of
programmed channels, the control system and the receiver functions. In
transmit, power output is confirmed by the presence of sidetone in the
handset.

B The keyboard provides a simple means of operational control incorporating
snap action keys. When the handset is connected an audible tone is given
confirming that a key entry has been made.

9. As a manpack, the PRM 4700 is normally powered by a 10V nickel cadmium
rechargeable battery MA 4705A attached to the base of the unit. The
battery can be recharged in situ via a front panel socket. The MA47058
non-rechargeable battery, using primary cells, is available as an
alternative. (Battery life is extended by the use of 'economy' circuits
in the receive mode). The PRM 4700 can be powered by a regulated supply
from the TA 4703A VHF Amplifier or the MA 4704A Interface Unit.

164 The transceiver is designed to provide automatic rebroadcast facilities
using the MA 4009B Rebroadcast Unit (Voice signals) or the MA 4709A
Rebroadcast Unit (Voice or 16k-bit signals).

i In the vehicle role, the PRM 4700 is used with the Vehicle Interface Unit
(VIU) MA 4704A, or VIU and 25 Watt amplifier TA4703A. Associated AMU's
are the BCC 587B (Band Switched) or the BCC 588 (Wide Band).

PRM 4700 1-1
Part 1
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12.

13.

In the ground station role, the PRM 4700 is used with the TA 4703A and

MA 949M mains power supply and audio amplifier.

antennas such as discones or log periodics can he used.
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CONTROLS AND CONNECTORS (Reference Figure 2.1)

1. The function of the controls and connectors are as follows:-
(1) Audio Connector SK1 Used for connection of handset or headset.
Also for battery charging and connection
(2) Audio Connector SK2 of ancillaries. (SK1 is used for data and

external programming; SK2 for rebro and
vehicle interface connections).

(3) Whip Socket SK3 For connection of whip antenna.

(4) Channel Selection Set to CH 0 (fully anti-clockwise)
Switch (CH) or CH 1-9

(5) Gain Control Switch Selects power off, audio volume,

microphone normal or whisper (W) and
squelch disable (*). Microphone
sensitivity is increased by 4 times when
whisper (W) is selected. The selected
levels are:-

Position 0 Power off

1 Whisper with minimum audio
vo lume

2 Whisper with increased audio
vo lume

3,4,5 Normal microphone operation,
increasing audio volume

6 Normal microphone operation,
maximum audio volume

7 Squelch disabled with Tlow
audio volume, normal
microphone

8 Squelch disabled with
increased audio volume, normal
microphone

KEYBOARD

(6) 10MHz selection switch) Increments digit(s) each time a key is

(7) 1MHz selection switch) pressed. Will cycle through digits if

PRM 4700 9.1
Part 1
FD 276



(8)  100kHz selection switch)

(9) 25kHz selection switch)

(10) PROG
(11) PR
(12) LOAD
(13) LAMP

(14) 50 o SOCKET SK4

key is held pressed for more than one
second.

NOTE: 25kHz selection increments in ?25kHz
steps.

Press once to initiate channel programming
sequence for transmit and receive
frequencies. Press again to initiate
channel programming for receive only.

Press to select HI PWR (high power) or LD
PWR (Tow power).

Press to enter programmed frequency into
store.

The display is illuminated when this key
is pressed.

For connection of dipole antenna or VIU.

NOTE: An audible indication is given in the handset or headset when any
key (6) to (12) 1is pressed, in a valid mode.

DISPLAY

XX XXX MHz

CHO to9

PROG

PROG RX

HI PWR

LO PWR

SIGNAL

PRM 4700
Part 1

The display indicates the status of the transceiver as follows:

Normally displays the Receiving or
Transmitting frequency (different in the
case of two frequency simplex). During
programming displays the frequency
selected ready for entry into store.

Channel 0 is used for manual selection of
frequency. Channels 1 to 9 are pre-
programmed channels, which can be used for
single or two frequency simplex (transmit
and receive on differing frequencies).

Denotes that programming of Tx and Rx
channels is selected.

Denotes that programming of Rx channel is
selected.

Denotes that High TX output Power is
selected.

Denotes that Low TX output Power is
selected.

Denotes that an incoming signal has heen
detected.



PREPARATION FOR USE (See Fig. 2.1 & 2.2)

3 s (1) Place the transceiver in the pouch.

{2) Clip the battery to the base of the unit. (See Fig. 2.3)

{3) Clip the flap to the pouch with the padded part under the bhattery.

{4)  Fit the antenna into the whip socket (3).

(5)  Connect the handset or the headset to an audio socket (1) or [2).

(6) Close the 1id of the pouch, securing the 1id around the whip and
handset cable.

(7)  Fit the pouch on the back, or sling the pouch from the shoulder.

NOTE: Two tynes of pouch are available, one for backpack usa, [the strap
clips around the operators belt) or one for hip use {the helt is
removable if required, and the operaior can strap the pouch to his
helt).

OPERATION

4 The transceiver can be operated in channel or manual moda.

OPERATION PROCEDURE - CHANNEL MODE (See Fig. 2.1)

. (1)  Move switch (5) from the OFF position. Check that the complete
display (as illustration) is displayed for approximataly five
seconds (part of BITE, see Chap. 5 Para. 4). The display then
presents the channel selectad, reception frequency and Tx power
level selected.

(2)  Select the required channel using switch {4).

(3)  The transceiver is now in the receive condition. Adjust gain
control {5) to give required listening level, with signal present.
(* is squelch disable position and has two volume levels),

(4) If a signal is detected on the selectad channel, SISGNAL is indicatad
in the display.

(5)  Press PWR (11) to change power level ready for transmission. HI PWR
or LO PWR is indicated. Low power should be used if practicable to
extend battery life and reduce the risk of intercention.

(6) Press the PTT switch on the handset or headset and speak into the
microphone to transmit. NOTE: W = Whisper can be selected on switch
(5) for ambush type operation.

NOTE: 1) If required, the PTT switch can be pressed at switch-on,
overriding the BITE function and allowing immediate
transmission. Quickly releasing the PTT will give
immediate reception.

PRM 4700 2-3
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2) The Internal Channel RAM Battery retains the Channel
Frequencies when the radio is turned off.

OPERATING PROCEDURE - MANUAL MODE

6. (1) Carry out the procedure given in para. 5(1).

(2)  Set switch (4) fully anti-clockwise to display CH 0. The
transceiver is now in the receive condition at the frequency last
ised in manual mode. To change frequency press keys !5) to (9) as
required.

(3)  Carry out the nrocedures given in paras. 5(3) to 5(5).

SITING FOR OPERATION

7s The PRM 4700 operates at low power and high frequencies; consequently the
location of eguinment greatly affects its operating range. Line-of-siqght
communication normally can be expected, therefore location on a hil] ton
or a tall building will increase the operating range.

Vallays, densely wooded areas and sites near sources of electrical

intarference should be avoided.

EFFECTIVE RANGE

8. The effactive range between manpacks in high power mode using *.4m whip
antannas is approximatzly as follows:-

Over open rolling tarrain Alem

In wooded country 5km

In built-up areas 3km

Over open watar 30km

2.5m Whip: Approximatay 40% increase in range, for lowar frequencies

Tape: Slightly less range than 1.4m YWhip

Battle Whip: Considerably less range than 1.4m Whin, with best range

around 50MHz.

AFTER IJSE

9. After use proceed as follows:
1Y Turn switch (5) to OFF.

(2) Unplug antenna and if using a rod antenna dismantle from the ton by
withdrawing and folding over each section in turn.

f3)  Remove handset or headset.

BATTERY

10. The MA 4705A is a rechargeable battery using ni-cad cells.

11. Cells are protected against an external short circuit by an internal
thermistor which automatically resets itself when the short circuit is
removed.

PRM 4700 Pl

Part 1

FD 274



MA 4705A BATTERY CHARGING-USING MA 945> (>ee rig. =.4)

12. The MA 9455 is a two way charger capable of charging one or two nickel-
cadmium batteries detached from the manpack or via audio sockets, with the
hatteries attached to the radios. Proceed as follows:-

NOTE :

(1)

-
1N
S

o

W)
A

(4)

The charging rate switch on the MA 9455 must be set to Rate 1.

Set the MA 9455 SUPPLY switch to OFF, and the SUPPLY VOLTAGE switch
to suit the voltage supply, using a screwdriver.

Connect the MA 945S SUPPLY plug to the supply.

If charging is carried out with the hattery attached to the radio,
sat the PRM 4700 switch (5) to OFF.

Plug one of the MA 9455 flying Teads into

(a) The contacts of the hattery, using adastor lead ST719115, when
the hattery is removed from the radio,
OR
{H) Plug one of the MA 9455 flying leads into an audio socket (1) or
e

Switch on the MA 9455 and check that the associatad charging
indicator lamp lights.

TE: A fully discharged battery will be completaly recharged in

approximataly fourteen hours.

A five way battery charger, MA 973F, is availahle for charging up to
Five MA 4705A batteries when detached from tne manpack.

CHANNEL FREQUENCY PROGRAMMING

13 Channel frequency programming can be carried out from the front panel [as
Follows) or by using an MA 40738 Programmer or MA 40838 Fill Gun (refer to
aporopriate handbooks).

CHANNEL FREQUENCY PROGRAMMING FROM FRONT PANEL [See Fig- 2.1)

14. Channel frequency programming, using the front panel controls, is carried
out as follows:-

(1)

(4)

PRM 4700
Part 1
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Select channel to be programmed at switc (4), observing channel
number indicated on display.

Press PROG (10) and check that PROG is indicatad on the display.
Fnter required frequency using keys (5) to (9).

Press LOAD (12) and check that PROG is axtinguished. This indicates
that the frequency is loaded into the channel for both transmit and
receive functions.

N
]
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15.

WORKING WITH OTHER RADIOS

If a different frequency is to bhe programmed for reception, carry
out the procedure given in (1) to (4), bhut in (2) press PROG (10)
twice and check that PROG RX is indicated on the display. This

denotes that the frequency, when loaded,

will be used for reception
only. On Pressing LOAD (12), PROG RX is extinguished.

The PRM 4700 will operate with other tynes of VHF/FM transceiver in the
frequency range 30MHz to 88MHz, including those designed for 50kHz channel
spacing with 10kHz deviation.

TABLE 2-1 ANCILLARY EQUIPMENT (See

w 2a2)
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Whip Antenna, Flexible Mounting 2.5M
Whip Antenna, Flexible Mounting 1.4M
Tape Antenna 1.0M

Battle Antenna Helical 0.5M

Ni-cad 3attery 10V

. Primary Battery (D size cells)

Primary Battery (C size cells)
Battery Chargers

Adaptor le2ad (for MA 945S Charger)
Telephone Handset

Carrying Bag (Waist)

Carrying Bag (Back)

Carrying Frame

Headset &% Boom Microphone

AUDIO Amplifier

Loudspeaker Amplifier

Encryntion Unit Speech (Portable)
Programmer

Fill Gun

Rebroadcast Control Unit (Voice)
Rebroadcast Control Unit (Voice/Data)
Local/Remote Control Unit

AMU {Vehicle) Band Switched

AMU (Vehicle) Wideband

Mains power supply

Vehicle Interface Unit - Low Power
Vehicle Interface Unit - High Power
Field Test Set

Hand Generator

PRM 4700

Part 1
FN 2745

ST 719094
ST 719519
ST 712272
ST 719518
MA 47057
MA 47058
MA 4705¢
MA973F, MA 945S
ST 719115
ST 712275
ST 712274
ST 712273
ST 719796
ST 719214
MA 987¢C
MA 4988A
MA 44563
MA 40738
MA 40838
MA 40093
MA 4709A
MA 4985B8/4985A
3CC 5878
3CC 588
MA 949M
MA 4704A
MA 4703A
CA 4610A
MA 4190A

ST — = S—
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PRM 4700 Front Panel
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Display (Shown in Power-up Condition)

IRACAL] Front Panel and Display Fig 21
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HELICAL ANTENNA

5-WAY BATTERY

CHARGER MA978F CARRYING POUCH

_MAL985B
LOCAL

MA4S86A
REMOTE

HANDSET NICKEL

CADMIUM
BATTERY
MA4T705A

TAPE 2-5m 1.4m ROD
ANTENNA ROD

IRACAL|

Manpack Station Items Fig 2.2



BATTERY CONNECTIONS

/\

~
BATTERY
(D PIVOT
REAR PANEL
rd
BATTERY \ /
PACK CLAMP REAR PANEL

FIXING SCREWS

RADIO BATTERY
HOOK OVER
PIVOT

TOGGLE FITS
OVER CLAMP

IRAICAL] Rear Panel and Battery Attachment Fig 2.3

(TH5160]



CONNECTION FCOR CHARGING
BATTERY WHEN IN SITU ON
THE MANPACK

7y
UNIVERSAL BATTERY /,
CHARGER 4
MA945S "
e 5 \
77 <
A C SUPPLY CABLE /// )N,
(100-125V OR 200 -250V) —AJ
/) )\
““BROWN &)

YELLOW/

GREEN/ BLUE l, \\/(
\ /|

10 EARTH TO NEUTRAL  TO LINE S

TERMINAL TERMINAL OF TERMINAL OF
A C SUPPLY A C SUPPLY l

i
|
Q \ ;
b

/,4
+

12/24v D C CONNECT
SUPPLY CABLE TO INPUT

BLACK
(NEGATIVE)

BATTERY

RED "@)

(POSITIVE) CUNNECTIONS FOR CHARGINS
BATTERY WHEN REMOVED
FROM THE MANPACK

[RAICAL|

Battery Charging Fig2.4
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CHAPTER 3

INTRODUCTION

L. This chapter gives information on the use of the PRM 4700 Transceiver in
vehicle systems and fixed station applications. Typical vehicle itams are
shown in Fig. 3.1.

TYPICAL SYSTEMS
Typical Low/Medium Power System (Figure 3.2) with MA 4704A

2. This sysiem uses a Vehicle Interface Unit (VIU) MA 4704A which allows the
unit to be suppliad from either a 12V or a 24V vehicle system. The VIY
also allows the transceiver to operate with either a Type 400 or a Type
500 Vehicle Harness System. The TX power outnuts available are the same as
for the Manpack.

Typical High Power System (Figure 3.3) with TA 4703A

3, This system is the same as the above with the addition of a high Power TX
outnut of 25 Watts nominal.
TYPICAL BASE STATION (Figure 3.4)

4. The systam can be operated from an AC input using the MA 949 Power Unit
ahich incorporates a loudspeaker and amplifier. Either a high power
system, using a TA 4703A, or a medium power systam using a MA 4704A can be
usad. Several antenna options are possible including: BCC 588, or 3CC 5878
and 2m. Whip; RA 959 discone or MA 751 log periodic.

ANTENNA SYSTEMS

s The BCC 538 is a simple wideband AMU, which only requires an R.F. coaxial
cable feed. (Figs. 3.2 - 3.4). A more efficient antenna system consisting
of an 11 band AMU, the BCC 5878, is also available. A control lead is then
also requirad between the TA 4703A/MA 4704A and the AMU. For base station
usa the RA 959 is an omni-directional antenna, and the MA 751 directional
with high gain. Both are wideband.

REBROADCAST FACILITY
Introduction

6. Radio rebroadcast enables the signals received by one radio set to be
simultaneously retransmitted by a second radio, on a different frequency.
The station, therefore, comprises two transmitter-receivers and is capabhle
of simplex operation only. The two units are connected by a special
harness incorporating the MA.4009B Rebroadcast Unit. The radios may he
both HF, both VHF or one of each.

PRM 4700 9.1
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MA 4988A
LOUDSPEAKER
AMPLIFIER

BCC 5878 or

BCC588

ANTENNA

MATCHING
UNIT

MA 40098B
REBROADCAST

TA4703A CONTROL UNIT
AMPLIFIER

[RAICAL| :
Vehicle/Station Items Fig 3.1
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MA 4073B/MA 40838
PROGRAMMER
L_rJ
I
I
HANDSET l
Y HANDSET
| (OR PROGRAMMER)
SK 1
PRM 4700
TRANSCEIVER
2 METRE
WHIP ANTENNA
50 OHM
CONNECTOR SK 2
AUDIO SIGNAL AND
RF POWER CONNECTOR
12 OR 24V DC | MA 4704 A BCC 588
> | VEHICLE INTERFACE BOX ANTENNA
50 OHM MATCHING
= UNIT OR
rcoﬁﬁecm; Bl 2820
- o ( WITH CONTROL
TYPE 400 OR TYPE 600 —
HARNESS
IRIAIC/AIL] Low/Medium Power System Fig 3.2
TH 5160
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MA 4L073B/MA4L083B
PROGRAMMER

T
I

HANDSET \P
| HANDSET (OR PROGRAMMER)
SK 1
PRM 4700
TRANSCEIVER 2 METRE
WHIP ANTENNA
SK 2
AUDIO SIGNAL |50 OHM RF
AND CONNECTOR
POWER CONNECTOR
12 OR 24V DC | TA¢T03A BCC 588
> Ul VHF POWER AMPLIFIER ANTENNA
50 OHMRE JMATCHING
F————{uniT OR
CONNECTOR Y 5¢ 5878
o Ne (WITH CONTROL
TYPE 400 OR 600 4 LEAD)
SERIES HARNESS
RACAL| High Power System Fig 3.3
[TH 5160]
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MA 4073B/MAL083B
PROGRAMMER 2 METRE
WHIP ANTENNA

- HANDSET \/
Inm OR DISCONE
5 (RA959)
% LOG PERIODIC
; {MA 751)
HANDSET {
(OR PROGRAMMER)I (
SKI
PRM 4700 SK?2 TAL703 | BCC 588
TRANSCEIVER § POWER SUPPLY | VHF POWER l ANTENNA
I < Il AMPLIFIER MATCHING
- aND AUDIO S00HMRE] jN1T - OR
BCC 5878
- A | LEAD)
CONNECTOR
Tt ]
N
MA 949M
PSU WITH AMPLIFIER 26V
AND LOUDSPEAKER I POWER SUPPLY
AUDIO SIGNAL
B P
im <
AND 11V SUPPLY

AC SUPPLY

Typical Base Station Using
Power Unit and Loudspeaker Amplifier Fig3.4
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Uses

The ?ebranCast Facility may be used for tactical reasons or to overcoms
the inability of the stations to work over the distance or terrain ‘
required. A whole variety of configurations is available for extending
range or establishing a link around high ohstacles, in both manpack and
mohile roles. (See MA 40098 Handbook). 1In a venicle, the harness system
(BCC 400 or 500) can be used for rebroadcast.

Description

For portahle use the MA.4009B control unit is included in a kit which also
contains a carrying bag and two 5 meire cable assemblies. The MA. 400983
will permit Soth automatic or manual rebroadcast and includes a "break-in’
facility which enables the operator to switch both sets to transmit when
he wishes to speak on the two frequencies simultaneously.

Selection of Operating Frequencies

ted so

selecte
iver of

e rac

The two channels F1 and F2 to he used for rebroadcast must H
that the transmitter of either set will not interfere with t
the other.

T O

e
n

-

Figure 3.5 shows the rebroadcast interference graph where the iransmit
frequency is plotted from left to right; the receive frequency is plottad
from bottom to top. The straight full lines and the heavily shaded area
in the middle represent combinations of frequencies where interfarence is
most likely to occur. The broken line and lightly shaded area rapresent
frequencies where there is less probabilitv of interference.

(€)]



HIGH PROBABILITY OF INTERFERENCE

OR — — —— SOME PROBABILITY OF INTERFERENCE

/)

88

TH5160/1

FR,RECEIVER FREQUENCY (MHz)

FT1=2FR +IF

I\

60 70 80 8

FT, TRANSMITTER FREQUENCY (MHz)

Rebroadcast Chart for 2x PRM 4700 at 10 metre separation | Fig3.5

Check for operation in both directions, i.e. when F1 = reception frequency,
F2 = transmission frequency, and when F2 = reception frequency and
F1 = transmission frequency. IF = 21.4 lMHz.

]

Operation

1d5 A rebroadcast link is represented in Figure 3.6.

PRM 4700 3-7
Part 1
FD 276



AUDIO SK2

1 LPrma700
SET B

f PRM 4700
L~ SET A

THS5160 PRM 4700

HANDSET OR
HEADSET
WITH BOOM

REBROADCAST

CONTROL UNIT MICROPHONE
MA 40098
Rebroadcast Link Fig 3.6

Set

=
193}

A and € use the same operating frequency, FI
Sets B8 and D use the same operating frequency, F2
A rebroadcast link is set up as follows:

(1) Place SET A and SET B PRM 4700 transceivers on a level surface and
interconnect them using the two cables and the MA.4009B Rebhroadcast
Control Unit as shown in Fig. 3.5. Space the sets as far apart as
the cable allows i.e. 10 m, and ensure that the cable is connected
to AUDIO 2 socket on each transceiver.

(2) Install the whip antenna into each set.

(3) Set SET A to frequency F1 and SET B to frequency F2 and the voluma
switch on each transceiver to a middle position i.e. not whisper and
not squelch override.

(4) With both sets in the RECEIVE condition, ensure that the SIGNAL
indicator is not displaysd on either Set A or Set B.

PRM 4700 3-8
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(9)

(6)

(9)

>et the MA 4009B to MANUAL mode. Switch to 'Tx-A' and check that
the SIGNAL indicator of Set B is not displayed; switch to 'Tx-B' and
check that the SIGNAL indicator of Set A is not displayed.

If the SIGNAL indicator 1is displayed in (4) or (5) above, the
frequency of one or both of the sets must be changed and the above
procedure repeated. (See Rebroadcast Chart, Fig. 3.5).

Connect a telephone handset to the MONITOR socket on the MA.4009B
Control Unit.

Switch the spring loaded MODE switch to BREAK-IN which will cause
both SET A and SET B to transmit and instruct the operators of the
remote transceivers, C and D, that the rebroadcast link is
operational.

Set the MODE switch to AUTO; the 1ink will now operate
automatically whilst the rebro operator may monitor traffic through
the link.

MANUAL OPERATION

The link is normally operated in the AUTO mode where switching is
automatic on receipt of a signal. There are, however, nccasions when
automatic operation cannot be used and it becomes necessary to revert to
manual, i.e.:

When one of the sets is H.F.

When the interference, noise or jamming is so great that false
switching occurs and an operator is needed to distinguish hetween
wanted and unwanted signals.

In this MANUAL mode, the rebro operator decides the direction of traffic
and switches his station to rebroadcast in the correct direction, TX-A or

TX-B.

12 .
(a)
(b)
13.
PRM 4700
Part 1
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AUl LR Y L E S

GENERAL

{ 9 No equipment can be expected to work properly unless it is kept in first
class condition by reqular maintenance conscientiously carried out. This
is the responsibility of the operator who is in direct charge of the
equipment and NOT of the workshop repair staff.

L The tasks: in the case of the PRM 4700 are simple and few in number as
detailed below. They are performed daily when the equipment is in use,
and periodically when in store. The PRM 4700 is a fully sealed radio and
is NOT to be opened by the operator.

TABLE 4.1 ROUTINE CHECK LIST
Item to be checked Procedure

i Completeness Check that the equipment is complete with
accessories.

2 Exterior Surfaces Remove dust, dirt and moisture from
equipment surfaces.

3 Controls Check that controls work smoothly, are
tight on their shafts and do not bind.

4. Sockets Check that the sockets are tightly secured
to the front panel.

B Handset Inspect for cuts in the cable and secure
connection to plug.

6. Battery MA 4705 A/B/C Inspect for corrosion of terminals and
establish when the battery was charged or
cells changed.

Remove cells from MA 4705B/C before
storage, and wipe clean any corrosion
inside especially around cassette
connections.

P Whip Antenna Inspect for damage, loose fit and state of
inner cord.

3. Carrying Pouch Inspect for damage.

9. Transmitter-receiver Perform steps in operation checklist in
Chapter 5.

PRM 4700 4-1
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CHAPTER 5

GENERAL

L 38 The procedure outlined is to be followed when checking the set and

' accessories. This check is to be done as part of preventive maintenance
(Chapter 4) or in the event of set failure. It is designed to enable an
operator to quickly prove that the set is functioning correctly or to
localise the fault if it is not. The following points are to be observed
at all times:

(1) The operator is not to open sealed equipment under any
circumstances.

(2) The set will not normally be removed from its parent installation in
order to perform maintenance,

{3) The user is to take remedial action where this is stated Lo be
specifically within his capability.

{4)  The user is not to make adjustments or replace items unless he can
make a confirmatory test.

OPERATIONAL CHECKS

2, (1) Operational checks, as given in Table 5.1 should be carried out
using a second, tested, PRM 4700 unit to allow transmission and
reception in various modes to be checked.

(2) Both units should be programmed using the same freguencies, and a
mixture of single frequency and two-frequency channels should be
used,

(3) If it is required to check the unit for data transmission and
reception, data units should be connected to both transceivers, and
programmed with identical codes.

(4) Prior to carrying out checks, ensure that a fully charged battery,
or a suitable power supply, is connected (see Fig. 3 for battery
attachment).

FUNCTIONAL CHECKS

3 Functional checks can be carried out as follows:

(1) Select either * position at switch (5). Noise is heard when the
receiver is operational, with no signal present.

(2) Sidetone is heard in the handset or headset during transmission.
This denotes that the transmitter is operational.

PRM 4700 5-1
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(3) If BATT is indicated on the display at any time {other Lhan for five
seconds after switch-on), it denotes that the battery voltage is
Tow. (Approximataly 8 Volts). The hattery should be charged or
changed as soon as possible. '

s~
E
~—

An intarrupted (warbling) tone is heard in the handset or headset if
a frequency outside the range of the equipment (88MHz to 89.975MHz)
is selectaed, an intarnal synthesizer fault occurs, or the hattery
voltage is too low. {Less than 7 Volts).

BUILT-IN TEST EQUIPMENT (BITE)

When the radio is first switched on, BITE 1is activated. Thi

is giv
complete display presentation for five seconds as shown in Fi

g. 2.

[
= N
ol

.

If the BITE detects a fault, an indication E1 to £4 is flashed in the
display for about five seconds and an interrupted tone is heard in the
handset or headset. The transceiver then returns o normal oneration (if
possihle).

The indicated faults ar

D

Tl R0OM (Read Only Memory) Fault No operator

ractification
action is

nnssihle

1
H)

RAM {Random Access Memory) Fault

R

Denotes that stored frequency informaiion is deqgraded. The channel
frequencies can he re-loaded, or the transceiver can be operatad in
manual mode {(channel 0).

M
W

£4 Receiver Fauli. No operator rectification action is possible.

If a non-rectifiable fault is denoted, further testing can be carried out
using the Field Repair Test Set CA 4510A and associatad handhool, or flow
chart Table 5.1.

(RS



TABLE No. 5.1 FREQUENCY AND CHANNEL CHECKS

SELECT EITHER”
(SQUELCH DISABLE)
POSITION OF VOL.SW.

SELECT
CHANNEL 1

IS
TX AND RX
POSSIBLE?

NO

) CHANGE
Ve FAULT CLEARED TR UK MANPACK
S BATTERY

SELECT CHANNELS
2TO9IN
TURN

TX OK CHANGE
HANDSET

IS

TX AND RX
POSSIBLE?

X OK CHANGE
SET CHANNEL SWITCH ANTENNA

TO O SET FREQ.

CONTROLS TO 30.00MHz

IS
TX AND RX
POSSIBLE?

SELECT 40MHz TO
80MHz IN
10MHz INCREMENTS

N \
TX AND RX
POSSIBLE AT o

EACH
FREQ?

SYNTHESIZER
AND PROGRAMMED
MEMORY OK

TRANSCEIVER
FAULTY

™M 4700
rart 1
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2.

CHAPTER 6

TION & DISMANTLING

INTRODUCTION

The PRM 4700 comprises a metal chassis with four separata modula
compartments protactad by metal covers. (See Fig. 6.1).

Cront and rear Panels are affixad to the chassis, the chassis being
protected by a metal slide-on cover,

Dimensions: W 158mm, H 53mm, D 210mm
Yleight: 2.0kq {excluding battery)

FRONT PANEL

The front panal casting contains:-  [See Fig. 5.3 and 5.4)

=

Antanna Sockat

50 o Socket for V.I.U. connection

7-way input/outnut sockets (two)

Frequency Select &% Channel Programning kayhoard
.C.D. and Display Oriver Sub-Module

Channel Switch
On/0ff Voluma
AM.U. Board
Control Board Sub-Module

e

W0 GYOY B W
S B St

O]

witch

— —— T
SESE I S L

CHASSIS

The chassis contains the following Modules:-  (Se2

Synthesizer Board + 3 micro boards
Receiver Board
Y P.A. Board

’
{
!
{
/

}  Audio Motherboard + 10 micro hoards
)
\

A (GAD DY ¥

(
The Motherboard is screwed to the chassis {See Fig. 6.7).
DISMANTLING

Care should be exercised when removing the Audio Motherboard and
Synthesizer Board to avoid damage to the micro PCRs.

Unscrew the two 12mm self retaining screws tn remove rear panel.

To remove main cover slide rearwards.

The four Modules are now accessible by removing the screws from the
appropriate cover.

N~
GO PO =
N S e

PCB Removal

PCBs are removed by gently prising off the coaxial connectors {where
necessary), unscrewing with a 5mm A/F box spanner the captive spring-
loaded 5mm Hexagonal-headed pillars, and on the P.A. Board the M3

PRM 4700 6-1
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crosshead screws. The board is then pulled carefully rearwards by the
oxtractor handle at the rear to disconnect from the multiway socket in the
motherboard.

Front Panel Dismantling

5. (1) To remove the front panel:

{a) Pull out the coaxial socket from the corner of the P.A. module.
(b)Y Remove the four M3 countersunk screws from the side panels.

(c) Carefully 'hinge' back the chassis and disconnect the three

flexible cable connectors from the Motherboard. The front panel
is now free. (See Fig. A.3).

o~
(o]
ef
i o
[¢2]

control hoard may now be removed as follows:
fa) Disconnect the flexihle cable from the contro? hoard.
{b) Remove the four M3 cross-head screws from the hoard.
¢) Carefully unplug the whole board from the front panel.
(3)  The AMU hoard may he removed as follows:

‘a) Unsolder the three wires from the AMJ board.

(b) Remova the three M3 cross-head screws and the board may he
removed.

fc) The whip sockat or 50-ohm socket may now be removed if required.
{4)  The display/driver board may he removed as follows:
‘a) Remove the Control Board as described abhove.

{b) Unscrew with a 5 mm A/F box spanner the four hexagonal-headed
pillars.

&£

{c) Unscrew the two M3 cross-head screws from the hoard. The board
may now be removed from the panel complete with display unit.
(See Fig. 6.4).

{5) To remove the Channel and Volume switches:
{a) Remove the Control Board as described above.

(b) Remove the Channel and Volume knobs by loosening the grub screws
with a 1.2 mm A/F Allen Key and withdrawing the knobs.

(c) Unscrew the nuts securing the switches with an 8 mm A/F box
spanner.

(d) The two switches may now be withdrawn complete with flexible
cable and connector.

PRM 4700 -2
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(6)

(7)

NOTES
7. (1)

(2)

(33

r4)
PRM 4700
Part 1

T e

To remove the Audio Sockets:

fa) Remove hoth the Control Board and the Disnlay/Driver bhoard as
described above.

[b) Remove the M3 cross-head screw securing the Audio flexible cable
to the front nanel.

e
i

(c) Unscrew the nuts securing the Audio sockets to the front nane’

using a 21 mm A/F box spanner.

(d) The two sockets may now be withdrawn complete with flexible
~ahle and connector.

To remove the keypad:

fa) Remove hoth the Control Board and the Nisnlay/Driver Board as
dascribed ahove.

{6) Unscrew the two hexagonal pillars and the two cross-head screws
securing the metal plate over the kayoad.

{c) Remove the metal plate and the kaypnad from the front panel.

The replacement procedurs of boards or components is the direct
~eversal of the dismantling nrocedura. FEnsurae that the exiractor
nandle is not trapped under the cover when this is replaced.

Take care when removing screws, nuts or pillars not to lose the
washers fittaed underneath.

Nota that the desiccator sachet locatad in the rear panel should he
changed whenever the set is dismantled.

The coaxial plugs and sockets are colour-coded for identification.

6-3
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INTRODUCTION

1. The PRM 4700 YHF transceiver is a modular equipment shown in hlock diagram
form in Figure 7.1.

o | TOWER ¢ b RECEIVER
~ | AMPLIFIER -
] o Tﬁ
16 WAY 16 WAY
0}
AUDIO 5| SYNTHESIZER
34 WAY 16 WAY
E— MOTHERBOARD —
FLEXIBLE FLEXIBLE FLEXIBLE CHASSIS
B S R A EsasE eE
Lo} FRONT PANEL
, L CONTROL ]
AMU A {}

|>< [ LCDDRIVER ]

CH
Q ——
l@mmw
® Oppss O

IRAICAL|
[THS18071]
Block Diagram PRM 4700 Fig 71
RM 4700 2.1
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L4 wnen ine itransceiver 1S TI1rst switcned on a nHulit-in taest equipment iblic)
sequence is initiated. During BITE operation the microprocessor controls
a self test nrocedure, a channel memory check and two receiver tests.
When the PTT switch is operated the BITE checks the transmitter {presence
of sidetone).

RECEPTION (See Fig. 7.2)

Js Frequency or channel data is fed from the front panel frequency keys or
the channel switch in parallel form to the microprocessor. The parallel
data input to the microprocessor is used to produce serial data which is
sant to the Synthesizer board to detarmine the frequency of the Receiver
hoard VCO (Voltage controlled oscillator).

4, The incoming frequency modulated vf signal from the antenna is fed through
the AMU board and switched via a PIN diode on the PA board and apnlied to
the rf amplifier on the receiver board. The amplified rf signal is mixad
with the outnut of the receiver VCO and the difference frequency fed to a
saries of IF {intermediate frequency) filters and IF amplification stages.
The output of the final IF amplifier is apnlied to a crystal quadrature
detector circuit. A carrier detect output from the detactor is usad to
onen the squelch to enable the audio output of the detector to bhe appliad
to the audio amplifier on the audio board. A 150Hz pilot tone detect
civcuit fad from the audio circuit is used to detsct the nresence of an
incoming signal when the transceiver is used as part of a rebroadcast
station.

; The level of audio outpnut is sat by the front nanel ON/OFF, volume switch
SW2.

D When no incoming signal is present current saving circuits on the audio
hoard are implemented to conserve the radio bhattery.

TRANSMISSION (See Fig. 7.3)

F As on raception, frequency or channel data is fed from the front panel
frequency keys or the channel switch and used by the microprocessor to
{94

produce serial data to determine the frequency of the transmitter VCO on
the synthesizer board.

. Juring transmission voice signals from the microphone, are fad to the
microphone amplifier and speech clipper circuits on the audio board, and
used to frequency modulate the Synthesizer board transmitter VCO. 15k -
bit/s data is fed directly to the clipper circuit. A PTT signal from the
handset is fed to the control hoard microprocessor to nut the radio to the
transmit mode.

9. A 150 Hz pilot tone generated in the synthesisar is passed through a band
pass filter on the receiver board before being added to the audio
modulation on the synthesiser board.

10, The frequency modulated transmitter VCO output signal on the Synthesizer
board is fed to the power amplifier board where the signal is applied to a
buffer amplifier. In the high power mode the signal is fed to a driver
stage and an output high power amplifier, in the low power mode the signal

PRM 4700 7-2
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is fed to a low power amplifier stage. The amplified signal is routed
through one of three output low pass filters (LPF) and fed to the AMY
hoard. The output of the AMU hoard feeds the whip antenna and the 500 BN{

sockets.

Sidetone

11. When the correct level of transmitter RF signal is present a dc voltage is
fed from the P.A., board to the RF DET input of the audio bhoard. This dc
level is used to enable the audio path so that the outout of the
microphone amplifier can be heard in the handset earpiece as sidetone,
only when there is sufficient signal at the P.A. outnut.

PRM 4700 7-3
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CHAPTER 8

INTERCONNECTIONS
INTRODUCTION
1. The interconnections between the various sub-assemblias, controls, sockets

and terminals are shown in the interconnection diagram Fig 2. The
Motherboard PCB layout is shown in Fig. 1. (Located at the end of Part 1).

FRONT PANEL

2. Connections from tne front panel to the Motherboard, whera they can he
unplugged are made via three flexible cahles; from the switches, from the
sockets, and from the Zontrol Board. A coaxial cable from the AMYJ Board
can he unplugged on the PA Board.

AUDIO SOCKETS (See Fig. 3.1)
3 Audio equipment may be connected to either Audio socket. The pins of these
sockats are used as follows:
SK1
A Microphona/Data input.
B +10.5Y Supnly input/output.
c PTT/4k bit data programming input,.
D ov.
F Voice/Data Control of pin A. ( 1 V = Data and MMute Tone)
F Variahle Audio output.
G W/B Data output.
SK2
A Microphone input. (+10 V = Mut2 Tone)
3 +10.5V Supply input/output.
C PTT/4kx bit data programming input.
n Qv
E Channel in use (tone operatad for Rehro) {0 V = 150 Hz Netactad)
= Variable Audio output
5 Fixed Audio outnut.
NOTZ: A D.C. 0O/P Proportional to the vol. zontrol setting for use by
ancillaries is superimposed on the var. audio 0/P from pin F {SK1 %
SK2)
4k BIT DATA

4, Programming of channel frequencies {with MA 4073B programmer or MA 40833
fill gun) and extasnded control of the following functions is possible
using the 4k bit PWM input on pin C.

Channel Request (0-9)

Program Fixed Frequency

Program 2nd Fixed Frequency

Tx Power Mode

Squelch override
PRM 4700 8-1
Parl 1
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B Frequency data is sent from the 50 ohm front panel socket for control of
filter switching in the TA 4703A, MA 4704A, and band selection in the BCC
5878 AMU. (After modification to format)
It is a 4k bit PWM signal in the form of modulated d.c. keying to O V. It
is sent only at channel change and at Rx-Tx-Rx changeover, and is of AmS
duration. The format of the 16 bit serial word is shown in Table 8.1,
Table 8.1
50 OHM SOCKET FREQUENCY DATA FORMAT
16 BIT WORD
! 0
2 0
3 25kHz
4 50k Hz
5
7 100k Hz
3
9
10 "
1 1MHz
12
13
}ﬂ 10MHz
L3
15
N.B. Sent only once at channel change, and Rx-Tx-Rx changeover for 4mS.
PRM 4700 8-2
Part 1
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For further information of the 4k bit PWM data tormai see Fara. 5 and "Aa
4073B handbook.

50 OHM CONNECTOR




THE PLUG SHOWN MATES
WITH THE FRONT PANEL ¥
AUDIO SOCKETS SK1,SK2. ,

- |
[
HANDSET
| :
OR HEADSET
| N/ }
SKT 1 O6 | ‘\ |
SKT 2 | ’
D B
Og O R 2
Jlock PTT
2lock
\O o SWITCH
[o A
Handset /Headset Plug Connections
v e—
SK1 VOICE /DATA CONTROL , VARIABLE AF O/P
SK2 ClU TONE
O
F o (SK1 VOICE OR DATA I/P
E A SK2 VOICE 1/P
06
N
oP BO <4p—+VE
c
PTT/4K-BIT DATA EXT. SUPPLY
PROGRAMMING: }(IO-SV) INPUT,
BATTERY
CHARGING INPUT
0 VOLTS OR SUPPLY
: ‘VEJ OUTPUT.
j SKT1 W/B O/P

1 SKT 2 FIXED AUDIO O/P

Audio Socket SK1& SK2 Connections

RACAL] Fig8. 1
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FdAPTcR 9

FAULT LOCATION
INTRODUCTION

1. Functional checks, intended for operator use, are given in Chapter 5. If
the checks reveal a fault condition the flow charts in this chapter should
be used to allow faults to be isolated to a hoard or stage. Fault finding
information for the various modules is given in the appropriate Parts of
this handbook.

LITHIUM BATTERY RENEWAL

2. The Tithium battery on the Central Control PCB is necessary for the
retention of channel frequencies. It is recommended that this battery is
renewad after 5 years.

NOTES ON USE OF FLOW CHARTS

3. The test points referred to in the Flow Charts {excent TP1, PA) are part
of 15SK5 which is positioned on the Mother Board near to the Receiyer
Board. TPl (PA) is positioned at the rear of the P.A. Board and consists
of a pair of sockets for the connection of a co-axial lead. 15SK5 and TPI
(PA) can be accessed by removing the outar sleave of the radio but without
the need to remove the individual hoard covers.

Note: TP24 15SK5 = 0 V.

4. The volume control is assumed to be numbered from 9 to 8, i.e. 0 = OFF or
fully anti-clockwisea.

B . The radio should be powered from a 10.5 V/2 A powar supply connectad to
pins B3(+ve) and D(-ve) of SK1 or SK2 on the Front Panel, or across the
battery contacts at the rear of the chassis (+ve t=rﬂ1na1 marked red} as
indicated in the flow charts.

5. Test equipment. See Chapter 10.

PRM 4700 9-1
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START

SET VOL. CONTROL TO ‘OFF

SELECT RX(PTT HIGH) 1>0 AEELC10.5v 1>0 CHENGE 1>0 e
TO SK2 FRONT AUDIO
APPLY 10.5V TO SK1 e Tl BOARD
CHECK CURRENT 1=0 HECK, FANEL ;
=8
-0 10
APPLY 10,5V TO SK2 >0 CHANGE 1>0 ﬁﬁRA()NN(ETE
CHECK 1=0 .
AUDIO BOARD AL
1-0 e
10
APPLY 10,5V TO 1>0
BATT. CONTACTS (R
CHECK 1=0 w7
=0
5 CHANGE AUDIO BOARD CHANGE FRONT PANEL
SHEGKTPIG #ay o CHECKTP16 > 95V [ CHECK TP16 > 9.5V T
—— PASS PASS PASS
APPLY 10,5V TO SK2
SELECT VOL POS 8
CHECK CURRENT
IS BETWEEN 80mA AND I> 120mA CHANGE FRONT PANEL
ARD
120mA. BEMSE A I A | REPLACE AUDIO BOARD
CHECK | = 120mA
PASS PASS PASS
R
CHANGE AUDIO BOARD | FAIL
APPLY 10.5V TO SKI CHECK | < 120mA ]
CHECK CURRENT > 80mA [ FAIL
Bosd REMOVE P.A. RX, SYNTH CHANGE FRONT
PASS Le| BOARDS IN TURN CHECK PANEL. CHECK
R | < 120mA EACH TIME FAIL I < 120mA
PASS PASS
APPLY 100V 5 i,
HANGE AUDIO BOARD
TO BATT. CONTACTS — R
FAIL CHECK | ~ 80mA REPLACE FAULTY
CHECK CURRENT
>H0mA BOARD. CHECK
PASS %P“SS | < 120mA
@ PASS
SWITCH OFF.. ;
| ! CHANGE 4
SWITCH ON AGAIN FAlL ' T e La| CHANGE FRONT PANEL
CHECRDISRLAY ALL SEGMENTS ON RHECRIL % 2howy
ALL SEGMENTS ON
PASS PSR
PASS
R
| FaIL ERROR E1. E2, £3 CHANGE FRONT PANEL |
CHECK BITE FAIL SHOWN AL | CHECK BITE
PASS
PASS ERROR g ;\
(NO ERROR SHOWN) £4 SHOWN .
CHECK CHANGE
DISPLAY LAMP FAIL FRONT PANEL
CHECK DISPLAY LAMP
PASS
PASS
PROGRAM CHANNELS 0-9
(30 — 88MHz) TS
FROM FRONT PANEL
PASS
SWITCH OFF RADIO,
THEN SWITCH ON, CHECK
PROGRAMMED CHANNELS | FAIL
PASS
(P CHANGE
FRONT PANEL
s @ RETURN TO START
PROGRAM RADIO
WITH 4K BIT EAIL
CARRY OUT FLOW CHART 3
porery RECEIVER FAULT LOCATION
SWITCH OFF RADIO, THEN
SWITCH ON
CHECK PROGRAMMED FAIL
CHANNELS
PASS

CARRY OUT FLOW CHART 2
TRANSMITTER FAULT
LOCATION

PRM 4700
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FLOW CHART 2 TRANSMITTER FAULT

- LOCATION
START
105V APPLY
TO SK2 SELECT
.0l ._.ow,&mm FAIL | CHANGE PA BOARD CHANGE INTER-CONNECT FLEXI
i CHECK TX CURRENT CHECK TX CURRENT >1.4A
AND 30 MHz .
CHECK TX CURRENT PRSE
T»mm PASS
. FAIL FAIL | CHANGE AUDIO BOARD
CHECK POWER - 3w CHECK SUPPLIES. (SEE TABLE 9.1) Ay beE s e
_ PASS PASS
SELECT 88MH: FAIL ' O0L | YES | CHANGE SYNTHESIZER BOARD 1S OOL YES | CHANGE SYNTHESIZER BOARD | YES | cpianGE INTERCONNECT FLEXI
TONE . TONE CHECK 00OL TONE B i
CHECK POWER > 3w BN 00L TONE PRESENT ANESLT PRESENT L TONE PRESEN
PASS NO @ NO NO | Pass [ No
® ®
CHANGE PA BOARD |FAIL | CHANGE INTERCONNECT FLEXI
| SPEHE PR S SHECK FUWER 5 W FROGE [RLIPAT lna CHANGE MINICOAX LEAD | FAIL | CHANGE SYNTHESIZER BOARD
T Teass PASS RE-5-DoV PP CHECK POWER > 3W CHECK POWER > 3W
PASS [pass [ pass
SELECT 52MH: FAIL CHANGE PA BOARD | FAIL | 1{ANGE INTERCONNECT FLEXI H ,1.
CHECK POWER > 3W CHECK POWER >3W CHECK POWER > 3W DISCONNECT I155K6 (PA)] a; CHEREE B4 SBARD G0 | e iemem s e
CONNECT TEST LEAD CLECE BOWER = o i cH BONER b Sy
_n»mm @ PASS CHECK POWER > 3W
PASS [Pass PASS
CHANGE SUPPLY TO sK1 | FAIL 1cHANGE FRONT PANEL @
CHECK POWER > 3W CHECK POWER > 3W
CHANGE FRONT PANEL
_ PASS @ CHECK POWER > 3W
PASS
CHECK WHIP O/ P FAIL CHANGE FRONT PANEL PASS
>20V PP CHECK WHIP O/P > 20V P P,
‘n>mw
SWITCH TO LP CHANGE PA BOARD
CHECK POWER O/P > 5mW [FAN | cHEecK POWER O/ » smw LEAL_ICHANGE INTERCONNECT FLEXI
30. 52. 88MHz 30, 52, B8MH:z CHECK POWER O/P>5mw
PASS ALL PASS PASS
R
SETVOL TO 6 EAIL APPLY 1kHz MODULATION | pai EAIL CHANGE FRONT, PANEL
"MUTE TONE' (SK2) (SK2) B0mV PD nxmvnm%uco_w (TP2) REMOVE MODULATION
CHECK DEVIATION < 250H:z CHECK DEVIATION > 4kH:z mV..p CHECK DEVIATION < 250Hz2
PASS PASS PASS PASS
CHANGE SYNTH. BOARD
REMOVE AUDIO CHECK DEV. < 250Hz
- PASS
APPLY 1kHz MODULATION PIN A CHANGE AUDIO BOARD
FAL FAIL CHANGE

(SK2) 60mv PD
CHECK DEVIATION > 4kHz

FAIL

_

CHECK AUDIO (TP2)
> 600mV P.P.

CHECK AUDIO (TP2)
> 600mV P.P

FRONT PANEL

PASS

REMOVE MODULATION
SWITCH ON "PILOT TONE'
CHECK DFVIATINN

PASS

PASS

CHANGE SYNTHESIZER BOARD
CHECK DEVIATION > 4kHz

|@

DEVIATION > 4kHz

CHECK

PASS

FAIL | CHECK 150H2 QBEA_HW__NTx\.,zom SYNTHESIZER mo.»xb

PASS




REMOVE MODULATION

B e U

PASS

SWITCH ON 'PILOT TONE' | Fa|L

CHECK DEVIATION
> 2 5kHz AT 150Hz

CHECK

> 600mV pk-pk

150Hz (TP19) | FAIL |CHANGE SYNTHESIZER BOARD
CHECK DEVIATION > 2 5kHz

I'pass PASS PASS
CHANGE RECEIVER BOARD
| CHECK DEV. » 2 5kHz
CHANGE TO SK1 (MUTE TONE. SK2) CHANGE FRONT PANEL
APPLY 1kHz MODULATION CHECK DEVIATION
PIN A 60mV PD > 4kHz
CHECK DEVIATION > 4kHz e
PASS
SWITCH TO W/8 (SK1) EAIL ; FAIL CHANGE FP
NO MODULATION S T CHECK DEVIATION
(UNMUTE TONE. SK2) < 250Hz
HECK DEVIATION < 250H
ek N PASS PASS
PASS
CHANGE

CHEC

SYNTHESIZER BOARD

K DEVIATION < 250Hz

PASS

PASS

FAIL

APPLY AUDIO 2mV PD PIN A (SK1) | FAIL CHANGE AUDIO BOARD
CHECK MODULATION < 350Hz CHECK MODULATION < 350Hz
PASS PASS
PASS
INGHEASE PO A0 TV PK/PK | FAIL | CHANGE AUDIO BOARD @ RETURN TO START
CHEEK am<_3_mz il CHECK DEVIATION > 4kHz
PASS
SWITCH TO N/B (SK1) ‘MUTE TONE'
(SK2). I/P TO SK1 FAIL CHANGE AUDIO BOARD
REDUCE AUDIO TO 2mV PD CHECK DEVIATION > 2kHz
AT 1kHz. SET 'VOL TO 6
CHECK DEVIATION > 2kHz
_m»mm
SETVOL TO 1 FAIL | CHANGE FRONT PANEL | FAIL| cHANGE AUDIO BOARD
mmccnomm»—&c,_.w I/P 10 CHECK DEVIATION > 2kHZ CHECK DEVIATION > 2kHZ
L.om 2
CHECK DEVIATION > 2kHz PASS PASS
PASS
SETVOL 70 2 FAIL
REPEAT ABOVE -
Jpass
INCREASE AUDIO I/P
TO 60mV PD. SET
VOL TO 6. CHECK =
AUDIO O/P PIN F SK1 FAIL FAIL [CHECK RF DETECTOR {TP15)
> 90mV rms, > 5V DC
_ PASS PASS
CHANGE TO SK2 'MUTE TONE | FAIL CHANGE FP

CHECK VARIABLE AUDIO O/P
SK2 > 90mV ims

CHECK AUDIO O/P
PASS SK2 > 90mV rms

T»,mm
CARRY OUT FLOW CHART 3
RECEIVER FAULT LOCATION

PASS

CHANGE AUDIO BOARD
CHECK AUDIO O/P » 90mV rms

PASS

CHANGE PA BOARD FAIL | CHANGE AUDIO BOARD
CHECK RF DETECTOR (TP15) CHECK AUDIO O/P
> 5V DC > 90mV_rms
PASS PASS
CHECK AUDIO O/P SK1 |
> 90mV ims _
PASS

PRM 4700
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START

APPLY 10 5V TO SK2

FLOW CHART 3. RECEIVER FAULT LOCATION

! 5“;¢;§‘f,;’;g;%” YES SELECT 34MH: YES 1 check suppLies |PA'Y | CHANGE AUDID BOARD
i e 0OL TONE PRESENT? (TABLE 91 CHECK SUPPLIES
i OOL TONE PRESENT? i
PASS I PASS
5 NO
CHANGE COAX YES CHANGE Rx BOARD YES CHANGE SYNTH BOARD
BLSYNTH = 0OL TONE PRESENT? 00U TONE PRESENT?
0OL TONE PRESENT?
SO NO [no
R R)
-
SELECT 60MHz FAIL | CHANGE INTERCONNECT |FAIL CHANGE FRONT PANEL
CHECK TPY < IV FLEXI CHECK TP < 1V CHECK TPY < 1V
PASS PASS PASS
R
N 7
CHANGE Rx
BOARD
PASS
SELECT 38MHz YES P, FAIL | cHANGE INTERCONNECT |FAN CHANGE FRONT PANEL i
OOL TONE PRESENT? CHECK TP3 AV FLEX! CHECK TP9 - av CHECK TPY AV l
NO PASS Teass
B
CHANGE Rx BOARD
CHECK TPS - 4V
PASS
(n
e
] \ fail | CHANGE AUDIO BOARD
i FAlL E
[ APPLYRF P 3aMH CHECK TP12 - 95V Eniicipre © 95y
l 3V PO CHECK TPYT 3% TP6 - 65V VB8 - B
e PASS PASS
SELECT 60MH: ™ R”g?g/cfo‘:"ﬁ(éﬁgsi%““ 5 CHANGE Rx
HERLY, FE 1E apiatiz INJECT 60MHz (3,V) PL3 BOARD
3 .
34V CHECK TP11 > 3v Bk T ey CHECK TPT1 > 3V
PASS — PASS
£
CHANGE Rx BOARD CHANGE COAX PA RX CHANGE PA BOARD
CHECK TP11 - 3V CHECK TP1T 3V CHECK TP11 - 3y
R
SELECT 60MH: FAIL CHANGE Rx BOARD
APPLY RF i P 60MH: CHECK TP11> 3V
3uV pd CHECK TP11 3v
PASS PASS
INCREASE RF | P TO 100,V pd P
MODULATE SIG WITH 1kHz = YES FAIL &
a5kHz DEV CHECK AUDIO BOTH FAIL? CHEEK TRY] - SO0 an (*HLC::?E::R S’S:"R’Dp b
SK2 PIN F > 6504V pp ’ ‘ o
PING - 13Vop NO PASS PASS
BOTH PASS
CHECK AUDIO O P FAIL | CHANGE AUDIO BOARD
TP22 - B50MY p CHECK AUDIO O P
TP23 - 13Vopp TP22 BH0MY p p
TP23 -1 3vpo
8OTH | PASS
CHANGE FRONT PANEL
CHECK AUDIO FAIL CH(?:EGCEKTUO(;% o CHECK AUDIO K2
SK1 PIN F 650mY p o N e PIN F - 650mV
! g PING - 13V pp
PASS PASS PASS




PRM 4700 Part 1

FLOW CHART 3 RECEIVER FAULT LOCATION
(contd)

From sheet 1

i

RECEIVER SERVICEABLE

CHECK AUDIO Eall CHANGE AUDIO BOARD FAIL, CHANGE FRONT PANEL
SK1 PIN G > 500mV o p CHECK SK1 PIN G > 500mV p p CHECK SKI PIN G > 500mV pp
P PASS PASS
R
SWITCH OFF SIGNAL i
CHECK AUDIO SK1 PIN F il
> 6504V p p (NOISE)
PASS FAIL CHANGE Rx BOARD
5 <
‘ THECKTRS = W CHECK TI < 1v
y
SELECT VOL 6 CHECK PASS PASS
AUDIO SK1 PIN F MUTED
FAlL
R
PASS CHANGE AUDIO BOARD
CHECK TP < 1V
PASS
SWITCH ON SIGNAL (3pV pd) | FaiL FAIL
CHECK AUDIO SK1 PIN F CHECK TPS > 4y CHANGE Rx BOARD
>13Vpp CHECK TPS > av
P
ASS l ASS PASS
CHANGE AUDIO BOARD
CHECK TP5 > 4V
PASS
2 CHANGE AUDIO BOARD
SELECT VOL POSNS FAIL SELECT VOL PSNS FAIL |SELECT VOL POSNS 1.2 3
123456 78 CHECK 123456 78 CHECK 4.5.6.7.8 CHECK AUDIO
AUDIO PRESENT SK1 PIN F AUDIO PRESENT TP22 PRESENT SK1 PIN F
PASS lPASS PASS
CHANGE FRONT PANEL
CHECK AUDIO PRESENT SK1 PIN F
PASS
SWITCH OFF MODULATION FAIL REMOVE Rx BOARD FAIL | CHANGE FRONT PANEL
CHECK SK2 PIN E > 9V CHECK SK2 PIN £ > 9V CHECK SK2 PIN E > 9V
- ‘r*Ass PASS
PASS
CHANGE Rx BOARD
CHECK SK? PIN £ > 9V
PASS
R
MODULATE SIGNAL WITH FalL FalL
150H a 3cHz DEV CHECK TP7 <1V e Lt e
CHECK SK2 PINE < 1V
PASS 3
sz ‘ SS PASS
CHANGE FRONT PANEL
CHECK SK2 PIN £ < 1V
PASS
PR Ll MH T F
Y tadan o S UTaN AL | cHance inTer connecT | TATD CHANGE PA BOARD
S8V pp FOR APPROX 4nS FLEXI CHECK 4K BIT O P CHECK 4K BIT 0/P
FASS PASS PASS

9-4
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TABLE 9.1
Supply Voltages

(Referred to in Flow Charts 2 and 3)
(Not current-Saving, Vol. position 8)

gg?gt Function Receive Transmit
16 10V >9.5V >9.5 YV
12 10 V RX >9.5V < 1V
10 10 V RX SYNTH >9.,5V < 1V
18 7V >6.5V >6.5V

6 7 V RX >6.5V < 1V

3 7 V RX SYNTH >6.5V < 1V
14 7V TX < 1V >6.5V

PRM 4700
Part 1
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CHAPTER 10

INTRODUCTION

1. The following is a list of test equipment required for test and fault
finding procedures on the complete transceiver.

TEST EQUIPMENT

2 (1) PRM 4700 Switching Interface Unit TJ947.

(2) Power Supply

Voltage 3 10.5V
Current 3 2A Maximum
Example 2 Farnell L30-2

(3) R.F. Power Meter

Frequency - 30MHz - 88MHz
Ranges : 30mW, 10W
Impedance - 50 @
Preferred Type 4 Farnell 2081

(4) Digital Frequency Meter

Frequency : 150Hz - 88MHz
Accuracy - Better than + 1 part in 107
Example : Racal, 9912/04A/09

(5) Modulation Meter

Frequency 3 30MHz - 88MHz
Deviation Measurement : up to 10kHz
Impedance - 50 Q

Example : Racal Type 9009

(6) AF Generator

Frequency : 30Hz - 8kHz
Impedance : 600 ohms
Output : 180mV emf
Example . Racal 9083

(7) Oscilloscope

Frequency : 0 - 100MHz
Sensitivity - 50mV/cm
Example ! Tektronix Type 465 or similar

(HP 1740A/H07) with probe and
50 ohm adaptor.

PRM 4700 10-1
Part 1



(8) RF Signal Generator

Frequency : 1IMHz - 150MHz
Impedance : 50 Q

OQutput 3 0.2uV - 1lvVemf
Preferred Type : Hewlett Packard 86408

(9)  AF Power Meter

Frequency : 30Hz - 8kHz
Power 2 Up to 10mW
Impedance - 300 ©/10 k@
Example -~ Dymar type 2085

(10) Distortion Analyser (SINAD Meter)

Frequency - 0 - 20kHz
Example 3 Hewlett Packard 333A Distortion
Analyser.

(11) Multimeter

Example - Avometer Model 8

(12) Digital Voltmeter

Range : 0 - 100V
Resolution z 100uv
Example : Racal 4001

(13) Leads and Adaptors

Coax 700664 1.0m 3 off
'N' to 'BNC' Coax adaptor

(14) Ancillaries

Battery - MA 4705A, ST 719759 2 off
Whip - 0.5m, ST 719518 2 off
Handset : ST 712275 2 off

(15) 16K-BIT Generator

Racal TJg4l - Use Low Output Terminals

PRM 4700 10-2
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CHAPTER 11
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INTRODUCTION

1. This chapter gives overall test procedures for the complete Transceiver.
Random adjustments should not be made.

OPERATION OF CONTROLS AND BITE

2. (1) Connect PL1 and PL2 of the TJ 947 to Audio SKTs 1&2 respectively on
the PRM 4700. Connect a power supply set to 10.5V to + V2 and OV on
the TJ 947 with a multimeter set to AMPS in series. Switch the
TJ 947 to 'Rx'.

(2)  Switch on Unit and check that all segments of the display can be
seen. Wait 5 seconds and check that no error is displayed (BITE).

(3) Check all controls for smooth action.
Check that the volume control indicates the correct positions.

TRANSMITTER TESTS

. (1) Connect a coax lead from the 50 @ SKT of the PRM 4700 to the RF
Power Meter. Select the 10 W range on the Power Meter. (Ensure that
the output at the rear of the Power Meter is correctly terminated).

(2)  Switch on the radio and select channel 0, select 30.000 MHz and HI
PWR on the keyboard.

(3) Switch the TJ 947 to 'Tx' and adjust the Power Supply to give 10.5V
between pin B (2) and pin D (2) of the TJ 947. Check that the supply
current is less than 1.8A.

(4) Check that the power cutput is greater than 3.0W. Repeat for the
following frequencies.

40.000 MHz
50.000 MHz
60.000 MHz
70.000 MHz
80.000 MHz
88.000 MHz

(5) Select 30.000MHz and LO PWR on the keyboard. Select the 30mW range
on the Power Meter.

(6) Check that the power output is between 5.0mW and 30.0mW. Repeat for
the following frequencies.

40.000MHz

50.000MHz

60.000MHz

70.000MHz

80.000MHz
PRM 4700 88.000MHz 11-1
Part 1
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(7)  Connect the Frequency Meter to the attenuated output at the rear of
the Power Meter. Check that the frequency is 88.000MHz + 880Hz.

(8) Disconnect the Frequency Meter and connect the Modulation Meter to
the output of the Power Meter. Select the 10W range on the Power
Meter. Select 30.000MHz and HI PWR on the radio keyboard.

(9)  Switch out AF Filter on Modulation Meter. Set Pilot tone switch on
TJ 947 to 'ON'. Check that deviation is between 2.5kHz and 3.5kHz.

Repeat for the following frequencies:

40.000MHz
50.000MHz
60.000MHz
70.000MHz
30.000MHz
88.000MHz

(10) Connect the Frequency Meter to the AF Output on the Modulation
Meter. Check that the frequency is 150Hz + 2Hz.

(11) Switch Pilot tone switch on TJ 947 to 'OFF'. Connect AF Signal
Generator to AF Input terminals (2) on TJ 947 and set Generator to
give 180mv emf (from 600 Q) at 1kHz. Set volume control on radio to
position 3.

(12) Set frequency on radio to 30.000MHz. Check deviation is between
4.0kHz and 6.0kHz. Repeat for the following frequencies.

40.000MHz
50.000MHz
60.000MHz
70.000MHz
80.000MHz
88.000MHz

(13) Reduce level of AF Signal Generator to give 3.0kHz deviation. Reduce
frequency of Generator to 400Hz and check that the deviation is
greater than 1.5kHz.

{14) Increase frequency of Generator to 3.0kHz and check that the
deviation is greater than 1.5kHz. Disconnect AF Generator from TJ
947.

(15) Connect AF Signal Generator to AF input terminals (1) on TJ 947 and
set switch to 'W/B'. Set generator to give 3kHz deviation at lkHz

modulating frequency. Reduce frequency of generator to 30Hz and
check that deviation is greater than 1.5kHz.

(16) Increase frequency of generator to 8kHz and check that deviation is
greater than 1.5kHz. Disconnect AF generator from TJ 947.

(17) Connect Tow output terminals of 16K-BIT Generator, TJ841, to AF
Input terminals (1) on TJ947. Check deviation is 5kHz + 1.0kHz.

PRM 4700 11-2
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RECEIVER TESTS

4. (1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

PRM 4700

Part 1

Set the TJ 947 to 'RX'. Adjust the power supply to give 10.5V
between pin B2 and OV of the TJ 947. Set the Volume Control on the
PRM 4700 to position 8. Check that the supply current is less than

120mA.

Connect a handset to an audio socket on TJ 947. Check that noise is
heard in the handset (squelch defeat).

Connect a coax lead from the 50 Q socket of the radio to the RF
Signal Generator. Set the radio to Channel 0 and select 30.025MHz on
the keyboard. Set the Signal Generator to 30.025MHz with a frequency
modulating signal of 1lkHz at 5.0kHz peak deviation. Set output level
to 0.6uV emf.

Connect the SINAD meter to the AF 0/P FIXED N/B terminals of the

TJ 947. Set the Volume Control on the radio to position 6. Check
that the SINAD is greater than 12dB. Switch off the carrier of the
Generator and ensure that AF O/P is muted. Repeat for the following
frequencies.

40.025 MHz
50.025 MHz
60.025 MHz
70.025 MHz
80.025 MHz
87.975 MHz

Switch off the carrier of the Signal Generator and wait for 10
seconds. Check that the supply current is less than 35mA.

Increase the output level of the Generator to 100uV emf. Connect a
10k Q AF power Meter to the AF O/P FIXED W/B terminals of the TJ 947
and note the power level. Reduce the modulating frequency of the
Generator to 30Hz and check that the AF level does not fall by more
than 3dB relative to lkHz.

Increase the modulating frequency of the Generator to 8kHz and check
that the AF level does not fall by more than 3dB relative to lkHz.

Disconnect AF Power Meter from AF O/P FIXED W/B terminals of the

TJ 947 and connect to AF 0/P FIXED N/B terminals. Change power meter
to 300Q. Reset the modulating frequency to 1kHz and note the power
level. Reduce the modulating frequency of the Generator to 400Hz and
check that the AF level does not fall by more than 6dB relative to
1kHz.

Increase the modulating frequency of the Generator to 3.0kHz and
check that the AF level does not fall by more than 6dB relative to
1kHz.

Disconnect handset from TJ 947. Reset the modulating frequency to

1kHZS Check that the AF power output is between 0.8 and 1.6mW (300 @
load).

11-3



(11)

(12)

(13)

Connect the AF Power Meter to the AF 0/P VAR terminals of the
TJ 947. Set the Volume Control on the radio to position 6.
Disconnect the handset from the TJ 947. Check that the AF power
output is between 0.8mW and 2.0mW (300 Q load).

Connect an AVO meter to pin E(2) and OV on the TJ 947. Check that
the voltage is greater than 9.5V.

Reduce the modulating frequency of the Signal Generator to 150Hz and
the peak deviation fo 3.0kHz and set the output level to 0.6uV emf.
Check that the voltage on pin E(2) is less than 1.0V.

AIR TESTS

5s (1)

(2)

(7)
(8)

PRM 4700
Part 1

ol . TS By i

Select two manpacks and fit with batteries, whips and nandsets.

Program channels 0 - 9 on each manpack with the following
frequencies:-

30.050 MHz
35.050
45.050
50.050
55.050
60.050
65.050
75.050
80.050
87.950

i
CHe
CH.
CH.
CH.
CH.
CH.
CH.
CH.
CH.

WONO O WMN O

Switch both sets to Volume Control position 6 and channel 0. Check
that audio is muted when neither set is transmitting. Establish
communication on Channel 0. Repeat procedure for channels 1 - 9.

Select one channel and switch the Volume Control to position 2.
Check for communication by whispering into the handset.

With neither set transmitting, switch the Volume Control to position
3. Check that the audio is unmuted and noise is heard.

Check that the communication can be established in Volume Control
position 8 and that the noise level decreases when the other set is
transmitting.

Press LAMP button and check that display is illuminated.

Switch Volume Control to OFF position. Disconnect battery, whip and
nandset.
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APPENDIX 1
PERFORMANCE CHECK LIST

|
| Sub-Clause Upper | Lower
7 Number Teeh Limit | Limit |Result
2. (2) Bite * *
(3) Operation of Controls * *
TRANSMIT
3. (3) Supply Current 1.8A
| (4) Power Qutput (High) 30.000MHz - 3.0W
| 40.000MHz - 3.0W
1 50.000MHz - 3.0W |
60.000MHz L - 3.0W
70.000MHz L. 3.0W
| 80.000MHz - 3.0W
: 88.000MHz - 3.0W
E (6) Power Output (low) 30.000MHz | 30mW 5.0mW
z 40.000MHz i 30mW 5.0mW
| 50.000MHz - 30mW 5.0mW
‘ 60.000MHz | 30mW 5.0mW
i 70.000MHz I 30mW 5.0mW
g 80.000MHz - 30mi 5.0mW
5 88.000MHz - 30mi 5.0mW
(7) Frequency 88.000MHz i +880Hz -880Hz |
(9) Pilot Deviation 30.000MHz f 3.5kHz 2.5kHz
40.000MHz . 3.5kHz 2.5kHz
50.000MHz . 3.5kHz 2.5kHz
I 60.000MHz 3.58kHz 2 .5kHz
! 70.000MHz + 3.5kHz 2.5kHz
80.000MHz E 3.5kHz 2.5kHz |
88.000MHz 3.5kHz 2.5kHz ;
(10) Pilot frequency 88.000MHz 152Hz 148Hz
L (12) 1kHz Deviation 30.000MHz 6.0kHz | 4.0kHz
40.000MHz 0.0kHz 4.0kHz
50.000MHz 6.0kHz 4.0kHz
60.000MHz 6.0kHz 4.0kHz |
| 70.000MHz 6.0kHz 4,.0kHz |
| 80.000MHz 6.0kHz 4.0kHz
. 88.000MHz gG.OkHz 4.0kHz
L(13) AF B/W N/B 400Hz | 1.5kHz |
PRM 4700 11-5
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APPENDIX 1
PERFORMANCE CHECK LIST Cont.d

Sub-Clause N Upper Lower ren 14
Number Test Limit | Limit | Result
(14) AF 3/W N/B 3.0kHz 1.5kHz
(15) AF B/W W/B 30Hz 1.5kHz
(16) AF B/W W/B 8kHz 1.5kHz
(17) Data Deviation 6.0kHz | 4.0kHz
RECEIVE
4. (1) Supply Circuit 120mA
{2) Squelch Defeat * *
(4) Sensitivity at 0.6uV emf 12dB
SINAD at 30.025MHz 1248
40.025MHz 12dB
50.025MHz 12dB
60.025MHz 12dB
70.025MHz 12dB
80.025MHz 12dB
87.975MHz 12dB
Carrier Squelch 30.025MHz * *
40.025MHz * *
50.025MHz * *
60.025MHz * *
70.025MHz * *
80.025MHz * *
87.975MHz * *
(5) Standby Current 35mA -
(6) Audio Bandwidth 30Hz 3dB -
(7) Audio Bandwidth 8kHz 3dB -
(8) Audio Bandwidth 400Hz 6dB -
* Record Result as Satisfactory or Unsatisfactory
PRM 4700 11-6
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APPENDIX 1
PERFORMANCE CHECK LIST Cont.d

g e | Lomer st
(9) Audio Bandwidth 3.0kHz 6dB
(10) Power Qutput (Fixed into 300 @
5kHz deviation 1.6mW 0.8mW
(11) Power OQutput (Variable) into 300 ¢
5kHz deviation 2.0mW 0.8mW
(12) C.1.U. No Pilot Tone 9.5V
(13) C.I.U. 150Hz, 3.0kHz deviation 1.0V
AIR TEST
5. (3) Communication on Channels 0-9 * *
(4) Whisper Mode * *
(5) Squelch Defeat * *
(6) Communication in noise Mode
; Noise quieting * *
i (7) Display I1lumination * *

* Record Result as Satisfactory or Unsatisfactory.

PRM 4700 11-7
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CHAPTER 12

COMPONENTS LIST

Lot Description Rﬁﬁ%gegart
Ref.
MOTHERBOARD PCB (AA708502)

CONNECTORS
PL1 9 Way Plug 708921/9
PL2 21 Way Plug 708921/21
PL3 11 Way Plug 708921/11
SK1 34 Way Socket 992104/5Q
SK2 16 Way Socket 992105/EQ
SK3 16 Way Socket 992105/EQ
SK4 16 Way Socket 992105/EQ
SK5 24 Way Socket 992437/EQ
MISCELLANEOQUS

Polarizing Key 936911/EQ

Lug 914054

Spacer (4 Used) 708913
PRM 4700

Part 1
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CHAPTER 1
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INTRODUCTION

The Receiver Board provides the following circuits:
(1) Receiver voltage controlled oscillator (vco)
(2) Receiver RF Amplifier

(3) Receiver Mixer

(4 IF Filters and IF Amplification

(
(

S

5) Discriminator
6) Carrier and 150 Hz Squelch detection circuits.

For ease of description the Receiver Board is considered in three
sections, the receiver VCO, receiver and squelch circuits.

CONSTRUCTION AND LOCATION

The Receiver Board is mounted on the lower half of the chassis assembly.
The printed circuit board is rectangular of dimensions 140 mm x 80 mm.
Connections to the board are made by a 16 way edge connector and three
coaxial connectors.

PRINCIPLES OF OPERATION

Receiver VCO (Figure 1.1)

The receiver VCO forms part of an electronic servo-control system or phase
Tocked Toop (PLL). In a phase locked loop the frequency of the VCO is
related to a crystal reference frequency. Typically the VCO frequency, F,
is divided by a ratio N, which is controlled by the frequency selection
switches to give a frequency F/N which is fed together with a sub-multiple
of the reference frequency to a phase comparator. The comparator compares
the relative phase of the two inputs and gives an output voltage which
controls the frequency of the VCO in such a manner as to reduce the
frequency error to zero (see Chap. 7, Synthesiser Board).

Only the receiver VCO itself and its associated components are on the
Receiver Board, the remainder of the phase locked loop forms part of the
Synthesizer Board. The d.c. varactor control voltage from the Synthesizer
Board is fed down the same coax as the VCO output to the Synthesizer

Board.

The receiver VCO covers a frequency range of 51.4MHz to 109.4MHz (in 25kHz
steps), i.e. 21.4 MHz above the received frequency.

PRM 4700 1-1



10.

1.

12.

Because of the wide frequency coverage of the receiver, the VCO frequency
range is split into the following two bands, 51.4MHz to 59.4MHz and
59.4MHz to 109.4 MHz.

Receiver (Figure 1.2)

The received signal, after passing through the AMU and the PIN diode
switch on the PA PCB, is applied to the tuned RF amplifier. Tuning
components for the RF amplifier are switched to cover the wide input
frequency range in two bands, 30MHz to 37.975MHz and 38MHz to 88MHz. The
RF amplifier is varactor tuned, the tuning voltage being derived from the
Synthesizer Board. A single tuned circuit is used before the RF amplifier
and a double tuned circuit following.

The output of the double tuned circuit is applied to a double-balanced
quad FET mixer together with the receiver VCO output. The resulting
difference frequency of 21.4MHz (intermediate frequency) is filtered (in
order to remove unwanted mixing products) by an 8 pole crystal filter,
amplified and filtered again, this time in a 2 pole crystal filter to
reduce IF noise. After high gain IF amplification the signal is
demodulated in a crystal quadrature circuit, and applied to the Audio
Board.

Squelch Operation

Under no signal conditions a d.c. signal proportional to the noise output
from the IF/demodulator stage is app?ied to the carrier squeich integrator
and detector circuits to mute the audio stage. When a signal is present
the noise output is reduced and the squelch is opened to enable the audio

stages.

The demodulated audio is applied to a 150Hz filter and detector circuit,
the d.c. output of which is taken to pin E of SKT 2 on the front panel,
channel in use (CIU), and used when the radio forms part of a rebroadcast

station.

In the transmitter mode the 150 Hz tone from the synthesizer is passed
through the same 150 Hz filter (to remove harmonics) and forms the 150 Hz
pilot tone, which is added to the transmitter audio signal in the
synthesizer.

PRM 4700 1-2
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CHAPTER 2

INTRODUCTION

ls This chapter describes the circuits of the receiver board. The
description is divided into three sections, receiver VCO, receiver and
squelch circuits. A complete circuit diagram of the receiver is given in
Figure 2 at the rear of this part of the handbook.

RECEIVER VCO (Fig. 2.1)

e The frequency range of the receiver VCO is 51.4MHz to 109.4MHz covered in
two bands. The additional tuning components required for the lower band
51.4MHz - 59.4 MHz are selected by the control board.

i The oscillator transistor is TR2. The tuned circuit for the higher band
59.4MHz to 109.4MHz comprises L4, C8, C10 and D3. D3 is a varactor diode
whose capacitance varies according to the d.c. voltage applied when the
device is reverse biased. As the voltage at the cathode of D3 varies from
the Synthesizer Board via R5, L6 and PL2, the diode capacitance is varied
and hence the frequency of oscillation of the VCO varies. D4 clamps the
level of oscillation at the gate of TR2.

4. The additional tuning components required for the Tow frequency band are
L1, C2, C3, C4 and C5. These are brought into circuit when D1 and D2 are
forward biased by the band switching circuit TR1, controlled by the
voltage on pin 14, determined by the Control Board.

P The output of the receiver VCO is applied to an output buffer amplifier
consisting of TR3 and its associated components. The balanced output of
TR3 from the secondary winding of Tl is fed to the double balanced mixer
stage. '

Varactor Control Voltage

6. The d.c. varactor control voltage is applied to the cathodes of the
varactor diodes via the inner core of the co-axial lead at PL2 from the
Synthesizer Board. L6 and Cl6 stop any RF components from affecting the
varactor control voltage line.

Band Switching (Fig. 2.1)

7. On the high band, 59.4MHz to 109.4MHz, the five PIN diodes D1, D2, D9, D13
and D16 (Fig. 2.2) form a series chain and are reverse biased and no
additional tuning components are in circuit. When a receiver frequency in
the low band is selected the PIN diodes are forward biased and the
additional tuning components are brought into circuit.

8. The biasing at the anode end of the PIN diode chain is fixed at +7 V via
R32, and the cathode end is controlled by TRl which is switched by the
Control Board. When a receiver frequency in the Tow band is required the
base of TR1 is high, turning TR1 on and forward biasing the PIN diodes.

PRM 4700 2-1
Part 2



15

On the high band TR1 is turned off and the PIN diodes are reverse biased,
due to 20 V supply, via R2.

D1, D2, D9, D13 and D16 act Tike switches, bringing the additional tuning

components into circuit when required. (PIN diodes have a low impedance
to RF when forward biased).

TP1 L6

10V RX SYNTH —n
T cis ol

H/L 14
BAND

20V

[5“ Wl

R3 T
o £ e §H E
" ——Cci5
< 5
3

TR
T0O MIXER

Fi1G.23

'n
19 N
I
E‘“"T
R SR __l;;
o
T (
i :

BB :
A o | Do

T -
. ov

VARACTOR CONTROL VOLTAGE (VT)

0 RF. AMP l
F16.22 e G5
T0 RF AMP
F16.2.2

ov

10

3
i Receiver VCO Circuit Fig.2.1

RECEIVER CIRCUITS

Tuned RF Amplifier (Fig. 2.2)

The RF input to the Receiver Board (from the P.A. board) enters the
receiver board on coaxial socket PL3. The signal is then applied to a
tuned RF amplifier TR5 and its associated components.

PRM 4700 2-2

Part 2

TH 5160/1



11. The input tuned circuit of TR5 on the high band comprises L8, C25, C26 and
D8. When a frequency in the low band is selected D9 will be forward
biased and additional tuning components C28 and C29 are brought into
circuit. The resonant frequency of the parallel tuned circuit is
dependant on the voltage applied by the Synthesizer Board to the cathode
of varactor diode D8.

12. The output of the tuned circuit is applied to gate 1 of TR5 via a tap on
L8 and C30. R34, R35, R36, R37 and R39 provide bias for the FET. D11
protects TR5 against very high level input signals. The output from the
drain of TR5 is applied via C41 and R43 to a double tuned circuit. D12
and R38 reduce overload effect caused by high level input signals. On the
high band, L14 is tuned by C40, D14 and C42 in the primary circuit, and
L15 is tuned by D15 and C44, C45 in the secondary circuit. When a
frequency in the low band is selected D13 and D16 will be forward biased
and additional tuning components C37, C38 on the primary side and C46, C47
on the secondary side are brought into circuitry. Table 2.1 shows the
tuning components for each band for all of the tuned circuits in the
receiver VCO and the rf amplifier. The output of the double tuned circuit
is applied to the input transformer of the mixer, via a tap on L15.

Note: The d.c. return for the source of TR5 is via R39, L7, the inner of
the coax connected to PL3, and the PIN diode components on the P.A.
Board. (See Part 4 page 2-10).

13. The same varactor tuning voltage (derived from the Synthesizer Board)
which tunes the VCO is used to tune the RF Amplifier. In order that the
RF Amplifier 'tracks' the VCO accurately over the whole of the frequency
range it is necessary that the 4 varactor diodes D3, D8, D14 and D15 are
closely matched to each other, indicated by a common colour marking.

TovCco
FIG2.1

VI
(FIG2.1)

WHITE c23

P A -+

,_l
-
-
—
8
1
i
E

e =
ov 5 2
L10 L l _IEB
I BRI T [ % P
C24 R40 13 L16
B T R31 Lt .- Py
1 R 30
§

Tuned RF Amplifier Circuit Fig.2.2
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Table 2.1 Effective Components in Tuned Circuits

4 Additional

Circuit High Band Components
on Low Band
Receiver L4 C8 L1 C2
VCOo C10 D3 £3 €A
C5

R.F. Amp L8 C25 €28

i/p tuned C26 D8 €29
circuit
R.F. Amp L14 C40 C37
o/p tuned C42 D14 €38
circuit primary C41 R43
R.F. Amp L15 C44 Ca6
o/p tuned C45 D15 C47
circuit
secondary

Mixer Stage (Fig. 2.3)

The output of the RF amplifier is applied to a mixer, which comprises TR7,
TR8, TR9 and TR10 and associated components in an FET double balanced
configuration. The output of the RF amplifier is applied to the primary
of transformer T2, the components L17 and C56 forming a series trap to IF
signals. The balanced input, from the receiver VCO, is applied to the
gates of the FETs TR8, TR9, and TR7, TR10. Two pi-networks match the
output of the mixer stage to the crystal filter XL1, one network
comprising L18, C60 and C62, the other comprising L19, C59 and C6l. The
output from these networks, at a frequency of 21.4MHz, is fed via further
matching components L20 and C64 to crystal filter XL1. Connector PL4 is
used as a test point for alignment and fault finding.
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Mixer Circuit Fig. 2.3

Intermediate Frequency Amplifier (Fig. 2.4)

The 21.4MHz output from the mixer is applied to an 8 pole bandpass filter
¥L1. L20 and L21 can be adjusted to provide minimum distortion of the
demodulated audio signal, by optimising the filter terminating impedances.

The output of XL1 is applied to the first staae of I.F. amplification TRI1
and its associated components, via the matching components L21 and C66.
Thermistor R74 is used to temperature compensate the total receiver gain
and ensure correct squelch operation over the whole temperature range.

The output of TR11 is then applied, via C70, to ML3, a thick film IF
amplifier. Because of the gain of the IF amplifier the signal at the
output of ML3 is applied, via C72, to a 2-pole 21.4MHz bandpass filter,
XL2, to reduce the wideband noise applied to ML4. XL2 input and output
terminating impedances are determined by L22, C73, R77 and L23, C75, R7/8

respectively.
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IF Amplifier Detector Circuit ML4 (Fig. 2.5)

18. Integrated circuit ML4 incorporates a high gain IF amplifier, quadrature
detector circuit and squelch circuit.

19. The output of XL2 is applied to ML4 pin 1 via C74. The demodulated audio
output is derived from pin 6 of ML4. The output at pin 12 is used to
drive the carrier squelch detection circuit. The d.c. output,
proportional to signal level, at pin 13 is taken via pin 1 to a test point
on the Motherboard (TP11).

20. XL3 (a 2 pole crystal), T3, C94, L24, C91 and C93 form a phase shift

network for the quadrature detector circuit of ML4. This is coupled into
the I.C. via C85 and C90. (€91 is adjusted for minimum audio distortion.

SQUELCH CIRCUITS

Carrier Squelch Detection (Fig. 2.6)

21. The output of ML4 squelch drive circuit (pin 12), which is a series of
pulses inversely proportional to receiver input signal level, is applied
to integrator circuit R14, R15 and C19 to produce an average dc level from
the pulses. The integrator output is inverted by MLla operational
amplifier. The gain of MLla is set by R16 and R19. The inverted output
of ML1la is applied to the non-inverting input of ML1b. R20 and C21 form a
second integrating circuit to further smooth the squelch signal. The
threshold at which ML1b will give an output is determined by divider chain
R21, R22 and R23. R22 sets the level at which a received rf signal will
open the squelch. Hysteresis action is provided by R26, R27 connecting
the non-inverting input of ML1b to its output. The amount of hysteresis

is set by R26.

22. Under no signal conditions the output from the squelch drive circuit of
ML4 will have a high pulse content above a d.c. level of approximately 1V.
After integration the inverting input of MLla will be high and so the
output of MLla will be low. This voltage will be below the threshold set
by R22 so the output of ML1b will be low; thus there will be no carrier
detect output to the control board.

23. When an RF signal is present the output from the squelch drive circuit of
ML4, pin 12, will be reduced. This will cause the output of MLla to
rise. If the RF signal is large enough, then the voltage level at the
non-inverting input of ML1b will be sufficient to overcome the threshold
set by R22 and a carrier detect output will be present.

24, TR4 is concerned with the current-saving operation of the circuit (see
para. 35).
25 R22 sets the receiver input level at which the carrier detect output goes

high and so allows the received input signal to be heard at the audio
output. R26 sets the hysteresis i.e. the difference in level between the
receiver input level which opens the squelch, and the receiver input level
that closes the squelch.

audio output enabled.

N.B. Squelch opens
audio output disabled.

Squelch closes

PRM 4700A 2-7
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Carrier Squelch Circuit Fig.2.6

150Hz Tone Detection (Fig. 2.7)

The audio output of ML4, pin 6, is applied to a 150Hz bandpass filter
ML2a. The 150Hz output of ML2a is rectified by D17 and D18 and smoothed
by R58 and C53 and applied to a level detector voltage doubler ML2b. RS9,
R60 and R61 form a potential divider chain. R60 is adjusted to set the
level at which the 150Hz tone is detected. With no 150Hz tone present the
output of the diode detector rests at about 5 V due to the potential
divider R57 and R56. Thus pin 6 of ML2b is above the level set by R60 and
the output of ML2b is low and TR6 is turned off. As the level of 150Hz
tone increases, the output of the detector reduces until it goes below the
level set by R60. Then the output of ML2b will go high causing TR6 to
turn on, placing Ov on the Channel in Use line which is fed to pin E,
audio socket SK2 for use in a rebroadcast station. (Pin E SK2 is
connected to pin C SK2 of the other radio in a rebroadcast station, thus
operating the other radio's PTT line and changing it to transmit). R62
connected to the non-inverting input of ML2b, is set for the required
amount of hysteresis on the channel in use output.

Diodes D20 and D21 compensate for the temperature variation of the diode
detector D17, D18 to ensure that the CIU threshold remains constant.

Diode D19 ensures channel in use line goes low only when 150 Hz and
carrier is detected. When carrier is detected cathode of D19 will go high
and so be reverse biased removing its clamping action on the positive
input of ML2b.

150Hz Transmitter Pilot Tone

The 150Hz o/p of the synthesizer board is filtered by ML2a for use in the
transmitter. The level of the 150Hz fed to the Motherboard (where it is
summed with the Tx audio input to the Synthesizer) can be adjusted by R46.

PRM 4700 2-8
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CURRENT-SAVING MODE

Introduction

30. The current-saving mode enables the current drawn by the whole radio to be
reduced to less than one-third its normal value when no signal is being
received so as to extend battery life. On the Receiver Board this is
achieved by switching some parts of the circuit on and off at a rate of
6Hz: 20mS on and 140mS off. During the 20mS sampling period, the squelch
circuits 'look' for the presence of a signal and, if detected, the carrier
detect line goes high. This is fed via the Control Board to the Audio
Board which then stops the switching and the normal current mode is
resumed. The switching waveform is generated by the Audio Board
(see Part 3 Page 2.8).

VCO and Mixer

31. During current-saving the VCO is switched on before the rest of the
circuit to enable the synthesizer to lock up. This ensures that the full
20mS sampling period is available for signal detection, regardless of the
lock-up time of the synthesizer (see Fig. 2.8). Hence the VCO supply is
*10V RX SYNTH'.

32. The mixer is powered by the same supply as the VCO so that when it turns
on it does not throw the synthesizer out of lock due to the change in
loading of the VCO.

PRM 4700 2-9
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10V — —

10V Rx SYNTH
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- -

LOCK - UP TIME OF
SYNTHESIZER

Current - Saving Waveforms. Fig.2.8

RF Amplifier and ML4

33

These circuits are powered by the '10V RX' supply which switches at the
standard rate of 20mS on and 140mS off.

IF Stages (TR1l and ML3)

34.

These circuits are powered by '7 V RX' which is the same function as '10 V
RX' but simply regulated to 7 V.

Carrier Squelch (Fig. 2.6)

35.

PRM 470
Part 2

This circuit (MLl and associated components) is powered by '7V RX'. This
ensures that the carrier detect output is always low during the 'off'
period of 140mS. Note that the potential divider for ML1lb runs off 7V
(continuous) to ensure that when MLlb is powered up at the beginning of
the 20mS period its output remains low. The function of TR4 is to
suppress the pulse which appears at pin 12 of ML4 as ML4 switches on at
the beginning of the 20mS period, and which would otherwise charge up C19
and inhibit carrier detect. This is achieved by C18 charging up at the
beginning of the 20mS period, causing TR4 to momentarily turn on and clamp
C19 to O V. When C18 is fully charged TR4 turns off and normal squelch
operation is resumed. D5 prevents excessive negative voltage swing at the
base of TR4 from the charge on C18 when the supply turns off.

0 2-10



36.

38.

39.

40.

150Hz Squelch (Fig. 2.7)

This circuit (ML2 and associated components) is not current-saved and is
powered by the 7V (continuous) supply (except ML2b reference divider,
which uses 7 V RX).

During current-saving, the audio output of ML4 (pin 6) produces a pulse at
the beginning of the 20 mS sampling period. This would cause the 150 Hz
filter to ring and activate the 150 Hz detector. If carrier detect were
also activated at this time, a false CIU output would be produced. C97
prevents this happening by momentarily pulling up pin 3 of ML2a (from 7 V
RX) at the same time as pin 2 goes high so that the output (pin 1) does
not change.

RX BITE

In the Built in Test Equipment (BITE) sequence at switch on of the radio,
the receiver is tested by checking for squelch operation on a channel
coincident with a harmonic of the reference oscillator, then stepping up
to 40 channels away until noise is detected.

Carrier squelch operation is checked at 32 MHz (5th harmonic of 6.4 MHz).
The harmonic of the reference oscillator is gated on the Synthesizer Boar
(for 5 seconds only after switch on, See Part 7 page 2-13) to the Receiver
Board pin 16 (Bite feed). A length of printed circuit track couples the
signal to the receiver tuned RF amplifier stage. If the receiver circuits
up to the carrier detect circuit are working correctly, then an output
will be passed to the Control Board.

For the second part of the test the Control Board steps the Synthesizer
frequency up to 40 channels higher than 32 MHz. During this time the
Control Board is looking for an audio output from the audio detector line
of the Audio Board, which it should receive if the Rx detector and audio
circuits are functioning correctly and one of these 40 channels is clear,
without a signal.

PRM 4700 2-11
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CHAPTER 3

INTRODUCTION

| Table 3.1 gives details for full alignment of the Receiver Board and for
measurement of the main parameters of this board while it is fitted to a
PRM 4700 unit. This may be necessary for routine purposes, but should
always be carried out after any components have been replaced.

2. It is assumed in the procedure given that all other boards in the unit are
working correctly and within their specifications.

3 A1l adjustments must closely follow the procedure given, and random
adjustments must not be made.

INITIAL CONDITIONS

4. A 10.5 V power supply should be connected to pins B (+ve) and D (-ve) of
SK2 on the front panel of the unit. This may conveniently be done using a
Racal Test Jig TJ 947.

G Testing starts in the RECEIVE mode (RX), i.e. pin C of SK1 and SK2 should
be open-circuit.

6. Note that in Tests Nos. 4-7 it is necessary to connect an external power
supply to TP5 to manually tune the RF Amplifier. Also, these tests may be
done using TJ 756 Front End Tuning Box. Positions 1 and 2 should be used
for tuning at 30 MHz and positions 5 and 6 for tuning at 88 MHz. Signal
Generator input to the TJ 756 should be 21 mV pd. (10 V supply). When not
using TJ 756, two RF signal generators and an RF combiner are required.
TEST EQUIPMENT REQUIRED

7. (1) Oscillsocope

Frequency Range : 0 - 110 MHz with 500 input
Suitable Instrument: HP 1740A/HO7 or Tektronics 465 with probe
(2) DM
Voltage Range : 0-20V
Suitable Instrument: HP 3476A
(3) RF Signal Generator
Frequency Range : 20 - 90 MHz
Suitable Instrument: HP 8640B
(4) AF Signal Generator
Frequency : 150 Hz
Suitable Instrument: Racal 9083
PRM 4700 ‘ - |
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(5) Distortion Factor Meter

Suitable Instrument: HP 333A or 332

(6) DC Power Supplies

Unit 1 : 10.5V, 1A
Unit 2 21 =15V (V)
Suitable Instrument: Farnell L30BT or 2 off Farnell L30-2.

(7) Test Jig
Racal TJ 947

(8) Front End Tuning Box

Racal TJ 756
or

{9)  RF Signal Generator

Frequency Range 30-90 MHz
Suitable Instrument: Racal 9081

and

Signal Generator Combiner

Frequency Range 30-90 MHz
Suitable Instrument: Hatfield Type 3250

LINK, LK1

8. A removable link, LK1, is provided for test purposes and is used in the
alignment procedure (Table 3.1). Ensure that this Tink is pushed firmly
in after test.

PRM 4700 3-2
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TABLE 3.1

Receiver Board Alignment

Tﬁgt Parameter Mode RF Input Freq Monitor Adjust Limits Notes
MHz
1 High Band 38.000 TPS L4 v 0.05v Repeat Tests 1 & 2
Rx until both are
2 Tracking (PTT high) 88.000 €10 15V 0.1v correct
Vols 8
3 Low gand Vol. 8 30.000 TPS§ L1 v 0.05v
Tracking
Set €26, C40, C45, C59, C91 to mid position. Remove Link LK1. Disconnect 155K10 (Rx - synth coax).
Connect Vy supply to TP5.
4 Froqt End EXT VT 30.0MHz 8.0mV pd PL4 into 500 L8 Adjust for maximum
Tuning, Low appliad to Vp =1V Oscilloscope amplitude
band TP5 See Para. 6
5 Vol. 8 29.6 + 30.4MHz PL4 into 502 L14 & LI5 Adjust for good
3.5mV pd each oscilloscope crossover of two-
Equal amplitudes tone wave-form
Vi = 1v
6 Front End Vol. 8 88.0MHz 3.5 mV pd PL4 into 500 C26 Adjust for max-
Tuning, EXT Vy Vp = 15V oscilloscope Amplitude
digh Band applied to
TP5
{ Front End Vol. 8 86.0 + 90.0MHz PL4 into 502 C40 & C45 Adjust for good
Tuning, EXT Vp 1.6mV pd each oscilloscope crossover of two-tone
High Band applied to Equal amplitudes wave-form
TP5 Vy = 15V
8 REPEAT TEST 4/5 and 6/7 ALTERNATELY UNTIL NO FURTHER IMPROVEMENT CAN BE OBTAINED Remove EXT Vt
Reconnect 15SK10
Disconnect scope from
PL4
9 Discrim- Vol. 3 10mV pd, 1kHz mod 21.400 Audio 0/P c91 Inject IF from 509
inator 10kHz deviation, Pin G, SK2 (A-C coupled).
Pin 1 ML4 Adjust for minimum
distortion
10 Filter 1 Vol. 8 100 V pd, 1lkHz mod 30.025 P8 L20, L21 Set €59 to mid-
10kHz deviation, position. Replace LK1
502 SKT Front Adjust for minimum AM
Panel on IF waveform
11 Filter 2 Vol. 8 100 V pd, 1lkHz 30.025 Pin 1, ML4 L22, L23 Adjust for mini-
mod 10kHz devi- num AM on IF waveform
ation, 500 SKT [AQdic O7p— ~— 7| — — T T T T T T L I i T T
J ¢ Note AF distortion
Front Panel Pin G SK2 Less than 10%
12 Filter 2 Vol. 3 100 V pd, lkHz mod 30.025 Audio 0/P L23 Remove probe from ML4
10kHz devation Pin G SK2 Re-adjust L23 for
same distortion as in
(11) above
12a | Distortion Vol. 8 100 V pd, 1kHz mod 30.025 Audio 0/P Less than Reduce deviation
5kHz deviation Pin G SK2 5% and check distortion
13 Sensitivity Vol. 8 0.3 V pd, IkHz mod 30.025 Audio 0/P C59 12dB min Adjust T59 for best
5kHz deviation 34.025 Pin G SK2 SINAD SINAD at 30.025 MHz
37975
38.025
60.025
87.975
14 Carrier Vol. 6 1kHz mod, 5kHz 87.975 Audio 0/P R22 6dB SINAD Adjust RF level and
Squelch deviation Pin G SK2 R22, for squelch to
Threshold open at 6dB SINAD
15 Carrier Vol. 6 1kHz mod, 5kHz 87.975 Audio 0/P R26 2 - 3dB Measure RF level
squelch deviation Pin G SK2 below that in Test
Hysteresis 14 where squelch just
closes
Return to test 14
if R26 is adjusted
16 Carrier Vol. 6 1kHz mod, 5kHz 30.025 Audio 0/P Check squelch opens
Squelch deviation Pin G SK2 and closes
Threshold
PRM 4700 3-3
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TABLE 3.1 (Continued)

T
‘?fot Parameter Mode RF Input fjlféq Monitor Adjust Limits Notes
17 150Hz Tone TX (PTT Disconnect Sig Gen 30025 500 SKT R50 = Adjust R50 to give
Tow) LO PWR Connect Modulation Front Panel maximum output, then
Vol. 8 Meter to SK4 modulation 3.0kHz adjust R46 for
meter (Filter R4G deviation correct level
Qutt)
18 CIU High RX (PTT Recaonnect Sig Gen 30.025 Pin £ SK2 R6Q >9.5V 1ka Pull up to 10.5Y
high) 0.5 ¥ pd, no mod, {CIU) fully reqd., pin £ SK2.
Yoi. 3 clockwise
19 Cil Low Vol. 8 5V nd, 150Hz 30.025 Pin E SK2 RGO <0.8V Adjust R60 so that
1.2kHz devi- (C1U) CIU just falls for
1.2kHz deviation.
20 CIu Vol. 8 0.5 V pd, 150Hz 30.025 Pin £ SK2 >9.5V When deviation is
Hysteresis Mod, 0.5kHz devi {CIU) reduced to 0.5kHz CIU
ation should go high.
PRM 4700
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CHAPTER 4

FAULT LOCATION

INTRODUCTION

Fault location on the Receiver Board is carried out by checking voltages
and waveforms at various points on the board and by using the Flowcharts
provided.

TEST EQUIPMENT REQUIRED

The equipment required for fault location is listed in Chapter 3.

VOLTAGES AND WAVEFORMS

The information given in Tables 4.1, 4.2 and 4.3 should be used in
conjunction with the circuit diagram, Fig. 2 to which the nodes refer.

A1l voltages and waveforms are nominal and are measured using an
oscilloscope with a 1Mq/10pF probe unless otherwise stated. A1l RF and IF
voltages must be measured using a probe with a very short earth lead

( 0.5 inch).

USE OF FLOWCHARTS

The first flowchart, Table 4.4, tests the RF and IF stages. The second
flowchart, Table 4.5, tests the squelch and CIU functions, and assumes
that the RF and IF stages are working correctly. The charts provide a
guide to the area or group of components where the fault may exist but are
not intended to be exhaustive. The tests are performed with the faulty
board in a PRM 4700 unit in which all the other boards are known to be
working and within their specifications.

GENERAL

If any components are changed or any adjustments made during fault finding
the alignment and testing procedure given in Chapter 3 should be followed
before returning the board to service.

PRM 4700 4-1
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TABLE 4.1

Receiver Board Voltages

DC VOLTAGES (Receive Mode) Vol. POS '8'. Apply 10.5 V to pins B and D of SK2

* Use DVM

NODE RF INPUT 30 MHz 88 MHz NOTES
1* NONE 4.96 0.02
2> NONE 0.63 15.93
3* NONE 1.42 13.39
5 NONE 1.00 1.22
7 NONE 2.78 2.96
8 NONE 0.81 0.81
9 NONE 1.00 15.00
10* NONE 4.58 7.01
11* NONE 3.78 8.31
12 NONE 3.16 3.16
13 NONE .31 65.31
14 NONE 3.64 3.54
15% NONE 2.98 9.80
17 NONE 2.19 11.47

20 NONE 2.08

22 NONE 5.09

24 NONE 0.63

28 3 uV pd 2.88

30 - NONE % 5.49

33 NONE 0.47

U 0.3 uV pd 0.27

34 NONE 1.40

35} NONE 2.80

" 0.3 uV pd 3.65

36 NONE 3.01

37 NONE 0.63

] 0.3 u pd 5.50

38 NONE 3.18 3.18

40 0.3 uV pd 5.16 5.16

41 3 kHz dev 5.50 5.50

42 @ 150 Hz 1.45 1.45

43 ) 5.63 5.63

40~ 1.16 1.16

41 | NONE 5.50 5.50

42 f 5.25 5.25

43 0.02 0.02

.
PRM 4700 4-2
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A.C. Voltages (Receive Mode) - A1l Sine Waves

TABLE 4.2

NODE RF INPUT MODN 30 MHz 88 MHz NOTES
pk-pk pk-pk
4 NONE NONE 640 mV 900 mV
) NONE NONE 4.0V 2.0V
15 20 mV pd NONE 600 mV 720 mV
18 20 mV pd NONE 250 mV 120 mv Use 10 pF scope
19 NONE NONE 2.6 V 1.5V probe with short
21 1wV pd NONE 90 mV 130 mV earth
23 1 mv pd NONE 640 mV 880 mV
25 100 pV pd NONE 240 mV 300 mv
26 10 pv pd NONE 120 mv 150 mv
27 10 wv pd NONE 150 mv 200 mV
29 100 wV pd | 1kHz (5kHz dev) | 750 mV 750 mv
3 100 uV pd | 1504z (3kHz dev)| 4.8 V 4.8 V
TABLE 4.3
A.C. Voltages (Transmit Mode) - LO PWR (150 Hz)
NODE pk-pK
31 Use TP19, Motherboard 700 mV Triangular wave
32 540 mV Sinewave
39 2.0V Sinewave
PRM 4700 4-3
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TABLE 4.4 RECEIVER BOARD FLOW CHART RF AND IF STAGES

APPLY 10,5V TO SK2

SELECT RX (PTT HIGH)
SELECT VOL POS. 8
AND 88 MHz

SELECT 30MHz

YES
- 00L TONE PRESENT?

YES [
L

=
SUSPECT LOCAL |
OSCILLATOR B

OL TONE PRESENT?
o NO

CHECK TP5 = 15V + 0.1

FAIL
’ l
|

CHECK TP6 -+ 1 0OV pk-pk
FAI[

[ PASS

‘ PASS

‘ SELECT 30 MHz YES CHECK NODE 2 Al
! 00L TONE PRESENT? < IV DC
lNo PASS
T FAIL
CHECK TPS = 1V 4 0.1V
LFASS

CHECK TP6 = 2.0V pk-pk

| S S——
PASS

SELECT 88MHz. APPLY RF I/P

FAIL

FAIL

SUSPECT LOW-BAND
COMPONENTS OF
LOCAL-OSCILLATOR

88MHz. 20mV pd. NO MOD. CHECK
NODE 18 ~ 100mV pk-pk

l PASS

SELECT 30.025 MHz
APPLY RF 1/P 30.026 MHz

FAIL

—i‘ SUSPECT RF AMP
SUSPECT LOW-BAND

20mV pd, NO MOD. CHECK
NODE 18 -+ 200mV pk pk

l PASS

REDUCE RF 1/P TO
ImVpd. CHECK TP7

FAIL

COMPONENTS OF
RF AMPLIFIER

SUSPECT MIXER

75mV pk-pk

¢ PASS

I CHECK NODE 23

]
j FAIL

SUSPECT XL1

500mV pk-pk

PASS

REDUCE RF I/P TO 10pV
pd. CHECK NODE 26

FAIL

OR TR11 STAGE

100mV PK-PK

¢PASS

SUSPECT ML3

SUSPECT XL2

j CHECK NODE 27 FAIL
i >>120mV pk-pk
IPASS

REDUCE RF /P TO 3uV
pd CHECK NODE 28
25v DC

FAIL

SUSPECT ML4 AND

lPASS

INCREASE RF /P TO 100pV
pd. MODULATE SIGNAL
WITH 1kHz AT 5kHz DEV

CHECK NODE 29
> 650 mV pk-pk

lPASS

CHECK AUDIO DISTORTION

FAIL

FAIL

DISCRIMINATOR STAGE

SUSPECT

(PIN G SK2) - 5%

-

l
o

lPASS

REDUCE RF I/P TO 0.3uV
p.d CHECK SINAD

FAIL

DISCRIMINATOR
CIRCUIT

SUSPECT ML4
STAGE

(PIN G SK2) ~ 12dB

i PASS

SELECT 87.975MHz.
APPLY RF 1/P 87.975MHz

L

FAIL

0.3V pd. CHECK SINAD
(PIN G SK2) > 12dB

‘PASS
PROCEED TO FLOW CHART 2
SQUELCH & ClU

PRM 4700
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TABLE 4.5 RECEIVER BOARD FLOW CHART SQUELCH & CIU

START

V

)

SUSPECT DIODE
DETECTOR STAGE

SWITCH OFF RF I/P CHECK NODE CHECK NODE 35
SIGNAL. CHECK > 36 = 3V VOLTAGE < MODE Ek:EE\;(:JS)%E();&(a
NODE 37 < IV DC DC APPROX P 36 VOLTAGE FAIL FAIL
PASS FAIL PASS PASS
SUSPECT
ML1a STAGE
i
SUSPECT ML1b CHECK NODE 33
STAGE > 0.5V AVERAGE DC PASS
FAIL
SUSPECT
ML4 STAGE
FAIL PASS
APPLY RF I/P 30MHz CHECK MODE CHECK NODE 35
0.3uV pd. CHECK 36 = 3V VOLTAGE > NODE i“fi'\(/ ';‘\(P’F?F':-g)‘(‘
NODE 37 > 5V DC F DC APPROX PASS 36 VOLTAGE FAIL ’ FAIL
PASS PASS SUSPECT
ML1a STAGE
CHECK NODE 33
<03V DC PASS
FAIL
SUSPECT
ML4 STAGE
\
CHECK PIN E SK2 BHE6R NOBE CHECK NODE 40 SUSPECT
> 9.5 (1K PULL-UP TO CHECK NODE 43 40 - 58V VOLTAGE > ML2a/DIODE
PIN B). RF I/P SIGNAL [ Z* <05V 7 DG APPROX = NODE 40 " DETECTOR
UNMODULATED VOLTAGE STAGES
PASS PASS FAIL PASS
\
SUSPECT ML2b
SUSPECT TR6 STAGE STAGE
PASS PASS
MODULATE RF I/P SIGNAL — CHECK NODE HAE =
WITH 150Hz AT 3.0kHz DEV HECK SC?VD 3 - 40 = 5.8V N
- AP
CHECK PIN E SK2 < IV | FAIL FAIL DC APPROX PASS i EAIL
PASS
SQUELCH & CIU CHECK NODE 39 Stfmsf;CT
SATISFACTORY - > 3.5V pk-pk BAIL STAG‘E
PASS
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CHAPTER 5
COMPONENTS LIST

gg} Value Description Rat Tg] Racal Part Number

RECEIVER PCB (AA708505) - Component Prefix 13

Resistors
a W

R1 220k Carbon Film 1/4 5 927773EQ
R2 1M5 Carbon Film 1/4 5 933361EQ
R3 1M5 Carbon Film 1/4 5 933361EQ
R4 1M Carbon Film 1/4 5 927803EQ
R5 10k Carbon Film 1/4 5 927768EQ
R6 47 Carbon Film 1/4 5 927752EQ
R7 470 Carbon Film 1/4 5 927758EQ
R8 180 Carbon Film 1/4 5 927981EQ
R9 220 Carbon Film 1/4 5 927756EQ
R10 ak7 Carhon Film 1/4 5 927765EQ
R11 180 Carbon Film 1/4 5 927981EQ
R12 560 Carbon Film 1/4 5 928067EQ
R13 100k Carbon Film 1/4 5 928070EQ
R14 22k Carbon Film 1/4 5 927770EQ
R15 1.5k Carbon Film 1/4 5 927984EQ
R16 100k Carbon Film 1/4 5 928070EQ
R17 220k Carbon Film 1/4 5 927773EQ
R18 56k Carbon Film 1/4 5 928127EQ
R19 180k Carbon Film 1/4 5 929481EQ
R20 3k9 Carbon Film 1/4 5 927823EQ
R21 22k Carbon Film 1/4 5 927770EQ
R22 5k Variable 20 912659EQ
R23 15k Carbon Film 1/4 5 927986EQ
R24 Not Used

R25 Not Used

R26 20k Variable 20 914169EQ
R27 18k Carbon Film 1/4 5 927987EQ
R28 10k Carbon Film 1/4 5 927768EQ
R29 22k Carbon Film 1/4 b 927770EQ
R30 47k Carbon Film 1/4 b 927772EQ

PRM 4700 5.1
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gg?' Value Description Rat Tg] Racal Part Number
R31 10k Carbon Film 1/4 5 927768E0
R32 820 Carbon Film 1/4 5 927983EQ
R33 1M Carbon Film 1/4 & 927803EQ
R34 10k Carbon Film 1/4 5 927768EQ
R35 100k Carbon Film 1/4 5 928070EQ
R36 100k Carbon Film 1/4 5 928070EQ
R37 100k Carbon Film 1/4 5 928070EQ
R38 47 Carbon Film 1/4 5 927752EQ
R39 470 Carbon Film 1/4 5 927758EQ
R40 ™ Carbon Film 1/4 5 927803ED
R41 47 Carbon Film 1/4 5 927752EQ
R42 10k Carbon Film 1/4 5 927768EQ
R43 10 Carbon Film 1/4 5 927750EQ
R44 10k Carbon Film 1/4 5 927768EQ
R45 1M Carbon Film 1/4 5 927803EQ
R46 100k Variable 20 929741EQ
R47 10k Carbon Film 1/4 5 927768EN
R48 33k Carbon Film 1/4 5 927771EN
R49 15k Carbon Film 1/4 5 927986EQ
R50 100 Variable 20 917066EQ
R51 300 Metal Oxide 1/4 2 920755EQ
R52 330k Metal Oxide 1/4 2 992090EQ
R53 100k Carbon Film 1/4 5 928070EQ
R54 82k Carbon Film 1/4 5 928544EQ
R55 100k Carbon Film 1/4 B 928070EQ
R56 100k Carbon Film 1/4 5 928070EQ
R57 10k Carbon Film 1/4 5 927768E(
R58 100k Carbon Film 1/4 5 928070EQ
R59 12k Carbon Film 1/4 8 927769EQ
R60 20 Variable 20 914169EQ
R61 58k Carbon Film 1/4 5 927802EQ
R62 220k Carbon Film 1/4 5 927773EQ
RG3 22k Carbon Film 1/4 5 927770EQ
R64 47 Carbon Film 1/4 5 927752EQ
R65 220 Carbon Film 1/4 5 927756EQ
R66 150 Carbon Film 1/4 5 927755EQ
R67 47 Carbon Film 1/4 5 927752EQ
R68 220 Carbon Film 1/4 5 927756EQ
R69 220 Carbon Film 1/4 5 927756EQ
R70 100 Carbon Film 1/4 5 927754EQ
PRM 4700 B

Partiz



Tol

gg?, Value Description Rat y Racal Part Number
R71 6.8k Carbon Film 1/4 5 927767E0
R72 6k8 Carbon Film 1/4 5 927767EQ
R73 22k Carbon Film 1/4 5 927770EQ
R74 150 Thermistor 992803EQ
R75 150 Carbon Film 1/4 5 927755EQ
R76 47 Carbon Film 1/4 5 927752EQ
R77 1.5k Carbon Film 1/4 5 927984EQ
R78 1.5k Carbon Film 1/4 5 927984EQ
R79 10k Carbon Film 1/4 5 927768EQ
R80 10 Carbon Film 1/4 5 927750EQ
R81 15k Carbon Film 1/4 5 927986EQ
R82 10k Carbon Film 1/4 5 927768EQ
R83 Not normally fitted

R84 2k7 Carbon Film 1/4 5 927763EQ
R85 ak7 Carbon Film 1/4 5 927765EQ

Capacitors

F v
C1 10n Ceramic 100 20 927395EQ
C2 10p Ceramic 100 2 921130EQ
C3 56p Ceramic 100 2 991135EQ
c4 100p Ceramic 100 2 919723EQ
C5 15p Ceramic 100 2 921134EQ
C6 10n Ceramic 100 20 927395EQ
c7 10n Ceramic 100 20 927395EQ
c8 150p Ceramic 100 2 919648
c9 10n Ceramic 100 20 927395EQ
c10 1.0-3.5p Variable 992093EQ
cl1 10n Ceramic 100 20 927395EQ
C12 1n Ceramic 100 20 937085EQ
c13 In Ceramic 100 20 937085EQ
Cl4 1n Ceramic 100 20 937085EQ
C15 In Ceramic 100 20 937085EQ
Cl6 in Ceramic 100 20 937085EQ
C17 1n Ceramic 100 20 937085EQ
C18 10n Ceramic 50 10 927395EQ
C19 470n Tantalum 35V 20 915168EQ
c20 100n Ceramic 50 10 936877EQ
€21 220n Tantalum 35V 20 916030
€22 10n Ceramic 100 20 927395EQ
C23 10n Ceramic 100 20 927395EQ
C24 10n Ceramic 100 20 927395EQ
€25 10n Ceramic 100 5 990151EQ
PRM 4700 5-3
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EE;, Value Description Rat Tg] Racal Part Number
C2¢ 1.8-10p Variable 926303
ce7 10n Ceramic 100 20 927395EQ
€28 68p Ceramic 100 2 926613
C?9 10n Ceramic 100 20 927395EQ
€30 In Ceramic 100 20 937085EQ
€31 10n Ceramic 100 20 927395EQ
€32 10n Ceramic 100 20 927395EQ
£33 10n Ceramic 100 20 927395EQ
C34 10n Ceramic 100 20 927395EQ
€35 10n Ceramic 100 20 927395EQ
36 10n Ceramic 100 20 927395EQ
€37 68p Ceramic 100 2 926613
€38 10n Ceramic 100 20 027395EQ
€39 10n Ceramic 100 20 927395EQ
€40 1.0-3.5p Variable 992093EQ
cal 10n Ceramic 100 20 927395EQ
ca2 10n Ceramic 100 5 990151EQ
of: X 10n Ceramic 100 20 927395E0
ca4 10n Ceramic 100 5 990151EQ
C45 1.8-10p Variable 926303
C46 68p Ceramic 100 2 926613
ca7 10n Ceramic 100 20 927395EQ
Ca8 100n Polycarbonate 100 5 923956
Ca9 100n Polycarbonate 100 5 923956
€50 1.0u Tantalum 35 20 919635EQ
£51 1.0u Tantalum 35 20 919635EQ
C52 1.0u Tantalum 35 20 919635EQ
€53 470n Tantalum 35 20 915168EQ
€54 10n Ceramic 100 20 927395EQ
€55 10n Ceramic 100 20 927395EQ
C56 330p Ceramic 100 2 921148EQ
C57 10n Ceramic 100 20 927395EQ
€58 10n Ceramic 100 20 927395EQ
C59 1.0-3.5p Variable 992093EQ
C60 3.9p Ceramic 100 +1/4p 925603
Chl 33p Ceramic 100 2 919841EQ
C62 33p Ceramic 100 2 919841EQ
€63 10 Ceramic 100 20 927395EQ
Ch4a 68p Ceramic 100 2 926613
C65 10n Ceramic 100 20 927395EQ
PRM 4700 5-4
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Cet Rat Tol Racal Part Number

Ref. Value Description ¥

C66 39p Ceramic 100 2 921314
C67 10n Ceramic 100 20 927395EQ
€68 10n Ceramic 100 20 927395EQ
€69 10n Ceramic 100 20 927395EQ
c70 ~10n Ceramic 100 20 927395EQ
c71 10n Ceramic 100 20 927395EQ
C72 10n Ceramic 100 20 927395EQ
crd 39p Ceramic 100 2 921314
C74 In Ceramic 100 20 937085EQ
C75 33p Ceramic 100 2 919841EQ
C76 10n Ceramic 100 20 927395EN
Cc77 1n Ceramic 100 20 937085EQ
C78 10n Ceramic 100 20 927395EQ
€79 100p Ceramic 100 2 919723EQ
€80 4.7u Tantalum 16 20 919636EQ
c81 Not Used

c82 10n Ceramic 100 20 927395EQ
C83 10n Ceramic 100 20 927395EQ
cs4 10n Ceramic 100 20 927395EQ
€85 10n Ceramic 100 20 927395EQ
C86 10n Ceramic 100 20 927395EQ
c87 10n Ceramic 100 20 927395EQ
C88 10n Ceramic 100 20 927395EQ
C89 10n Ceramic 100 20 927395EN
€90 10n Ceramic 100 20 927395EQ
€91 1.8-10p Variable 926303
€92 10n Ceramic 100 20 927395EQ
€93 47p Ceramic 100 2 919646EQ
c94 3.3p Ceramic 100 +1 919724
C95 In Ceramic 100 20 937085EQ
C96 Not normally fitted

97 10n Ceramic 100 20 927395EQ
Diodes

D1 BA482 991318EQ
D2 BA482 991318EQ
p3x | Varactor

D4 BAW62 918982
D5 BAW62 913982
06 Not Used

n7 BAWG6?2 918982
p8* Varactor

D9 BA482 991318EQ
D10 Not Used

P TR VT

* D3, D8, D14, D15 - Matched set of Four: BR712283



ggi. Value Description Rat T21 Racal Part Number
D11 BAW6Z 918987
D12 BAW62 918982
D13 BA48?2 991318EQ
D14 Varactor

D15 Varactor

D16 BA482 991313EG
D17 IN6263 936862EQ
D18 IN6263 936862EQ
D19 BAW62 9138982
D20 BAW62 918982
D21 BAW62 918982

* D3, D8, D14, D15 - Matched set of Four: BR712283

NB

Single diodes may be changed provided they are of

code as the rest of the set.

Transistors

TR1

TR2

TR3

TR4
TR5

TR6
TR7
TR8
TR9

TR10
TR11

BCX38A

Field Effect
BFRI1A
ITX237

BF982

ZTX337

Field Effect Matched 4

BF982

Integrated Circuits

ML1
ML2
ML3
ML4

Transformers

Tl
T2
T3

Inductors

PRM 4700
Dart 2

L1
L2
L3
L4
L5

CA2904Et
CA2904E
Thick Film I.F. Amp
CA3089E

Transformer Assy
Transformer Assy
Transformer Assy

Coil Assy 2nd L.O.

Choke

Choke

Coil Assy 1st L.O.

Choke 10

the same colour

992085EQ
712408
992087EQ
923171
992094EQ

936866EQ
AR712281

992094EQ

992098EQ
992098EQ
DR711831
923961

AT710801
AT710799
AT710800

AT710807
926238EQ
926238EQ
AT701806
926500EQ

56



Cet Tol
Ref. Value Description Rat % Racal Part Number
L6 10 Choke 10 926238EQ
L7 10 Choke 10 926238EQ
L8 Coil Assy R.F. Input AT710803
L9 10 Choke 10 926238EQ
L10 10 Choke 10 926238EQ
L1l 10 Choke 10 926238EQ
L12 22 Choke 10 937213
L13 10 Choke ) 10 926238EQ
L14 Coil Assy lst R.F. Output AT710804
L15 Coil Assy 2nd R.F. Output AT710805
L16 10 Choke 10 926238EQ
L17 0.1 Choke 5 992421EQ
L18 8.2 Choke 10 936857EQ
L19 8.2 Choke 10 936857EQ
L20 Coil Assy Mixer Output AT710808
L21 Coil Assy I.F. AT710802
L22 Coil Assy I.F. AT710802
L23 Coil Assy I.F. AT710802
L24 Coil Assy I.F. AT710802
Miscellaneous
XLl Crystal Filter 8-pole BR712276
XL2 Crystal Filter 2-pole BR712277
XL3 Crystal Discrimminator BR712278
FX1 Ferrite Bead 907488
Connector 16-way 992107EQ
Socket Co-ax 50 Q 930649EQ
Ferrite Core for L1, L4, L8, L14,
L15 and L20 935753
Ferrite Core for L21, L22 and L23 992103EQ
LK1 Link Shorting 990776EQ
Extractor Handle BD709031
Bush - Resistor %W (Black) 707207
Bush (Orange) 703009
Bush (Green) 702971
Transformer Clamp 708867
Connector Header 2-way 708919
Pad Mounting 7092 921760
Double Coil Can (L14 and L15) 706195
PRM 4700 5-7
Part 2
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CHAPTER 1
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INTRODUCTION

The Audio Board Module performs the following functions:

(1) Amplification of microphone audio signals

(2) Peak clipping of transmit audio and data signals

(3) Variable audio output gain control and whisper control

(4) Receive audio filtering, switching control and amplification
(5) Voltage regulation and supply switching

(6) Squelch, out of lock control, and detection for BITE.
CONSTRUCTION AND LOCATION

The Audio Board Module consists of the Audio Motherboard of dimensions

140mm x 56mm onto which are mounted ten plug in Micro Boards. The
motherboard is connected to the main chassis by means of a 34 way

connector.

NOTE: Repair of individual Micro Boards is not recommended.
The complete Micro Board should be unplugged and replaced.

PRINCIPLES OF OPERATION

Receive Audio Path (Fig. 1.1)

The discriminated audio output from the Receiver Board is applied to the
Wideband Amplifier MB5 on the Audio Motherboard (which includes the Rx
gate controlled by the squelch). The Wideband Output is fed to pin G SK 1
on the front panel for use with 16 K-bit ancillaries.

The output of MB5 is also fed to the input of Bandpass Filter MB6. The
Bandpass Filter has a bandwidth of 400Hz to 3KHz to remove the 150Hz pilnt
tone and any noise above 3 kHz.

The audio output of the Bandpass Filter is routed 3 ways:

(1) Via the Gain Control MBl and the Output Amplifiers MB1O to the
Variable Audio Output. The Variable Audio Output is used to drive
the handset earpiece.

(2) Via a switch on MB4 and the Output Amplifiers MB1O to the Fixed
Audio Output. The Fixed Audio Output is used to drive a vehicle
harness or loudspeaker system.

PRM 4700 1-1
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(3)  Back to MB5 where it is detected and fed to Audio Det. The Audio
Det. line is fed to the Control Board where it is used in the
Receiver BITE test.

6. when the 00L or keyboard tone are required they are fed to the input of
Wideband Amplifier MB5.

TO CONTROL BOARD
I RS

“AUDIO
DET

WIDEBAND
QU TPUT
PIN GTSKH
i Sl i T TOUTPUT AMPLIFIERS!
DETECTOR H | MB10 |
l e , - -
! [ BAND PASS FILTER 7 |
! WIDEBAND i 400~ 3 kHz b (1 =1
i AMPLIFIER ]| | weel | |
| MBS ne kHr  L00Mz | ! ; .
AUDIO | . .5 -_ s !
OUTE ’J; k‘]x (-A»T&M i } s, 08 L,{l_ - i i FIXED
o W 1]~ oy 1ot
BOARD o | S - |
] [ B HPF |
£ S NS | | | SOy — l
v Tx 8
- b iy
== T| OUTPUT
AUDIO | v
| CONTROL t i 2 o e o o s o v B e el
I MB7 i ¢ l
J AUDIO L
5 l _ SIGNAL A
wone J
{OOL OR ¥KEYBOARD)
Tr SIDETONE [SE——— ZLFROM
GAIN FRONT FANEL
CONTROL —— - ——BIT1 *VOLUME CONTROL
MB1 SWITCH
i - BIT O
Functional Diagram : Receive Audio Path. Fig. 1.1
Transmit Audio Path (Fig. 1.2)
[ The microphone audio signal is fed to the Microphone Amplifier MB3.

Whisper Control MB2 increases the gain of the Microphone Amplifier by four
times when the PRM 4700 is in Whisper mode. Whisper mode is selected by
the 'W' positions on the front panel Volume Control switch.

8. The output of MB3 is fed through the Clipper MB4 (via a resistor on the
Audio Motherboard) to the Tx Audio Output, which is then fed to the
Synthesizer Board where it is used to modulate the VCO. The 1504z pilot
tone is added to the Transmit Audio as it enters the Synthesizer Board.

PRM 47900 1-2
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Wmaa MICROPHONE AMPLIFIER] [

MIC 1_@ |
MIC 2 [ss, |

10.

Transmit sidetone for the handset earpiece is provided by the output of
the Clipper MB4 which is summed into the receive audio path at the input
to the Wideband Amplifier MB5. (See Fig. 1.1)

Tx 150Hz TONE
SIDETONE FROM RECEIVER
A

DATA PATH

CLIPPER

|
| : v
[ S
!
e |
| | | MBA CLIPPER I
=17 | ! . PIN E_ WIDEBAND
i | SKT1~ CONTROL
| |
‘ 8IT 2| FROM
| WHISPER FRONT PANEL
L - : CONTROL BIT 1 ¢ VOLUME CONTROL
S - MB2 airo SWITCH

Functional Diagram : Transmit Audio Path. Fig 1.2

Transmit Data Path

16 K-bit data from a 16 K-bit ancillary (e.g. Encryption Unit) is applied
via MB3 to the Clipper MB4. When the 16K BIT ancillary is plugged in SK1
the Wideband Control {Pin E) is grounded and Data mode is selected in MB4.
The output of MB4 is fed to the Transmit Audio Output pin and then to the
Synthesizer Board where it is used to modulate the VCO.

PRM 4700 1-3
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CHAPTER 2

INTRODUCTION

The circuit and functional descriptions are given below for each Micro
Board. For ease of description the ON/OFF circuitry is included in the
description of Micro Board 1. The overall circuit diagram, Fig. ?,
showing interconnections of the Microboards is at the end of Part 3.

MB1 GAIN CONTROL AND ON/OFF SWITCHING

MB1 and associated components carry out on the following functions:
(1) Radio supply ON/OFF switching

(2) Audio volume selection

(3) Audio output gating

Radio Supply ON/OFF Switching

Supply ON/OFF switching is performed by VMOS FETs. The FETs have a very
low source to drain resistance of approximately 0.3 Ohms when turned ON.
When the front panel Volume Control switch is in any position other than
OFF, at least one of the BIT 1 to BIT 3 lines will be grounded. This
ground potential is applied via a series resistor and diode to the gate of
a FET power switch. Table 2.1 shows the function of each FET.

Table 2.1 FET Functions

e

FET Function

TR2, TR3 | Switch for radio battery (TR2 and TR3 in
TR4 Switch for DC input from parallel to

Audio SK 1 reduce voltage
TR5 Switch for DC input from drop from battery
Audio SK 2 supply).

When the gates of the FETs are grounded they will turn ON and conduct.
This switches the power from the supply source, either DCl, DC2 or BATT,
via the radio supply fuse FS2 to the 10V line, pin 8. Figure 2.1 shows a
simplified diagram of the supply switching circuit. The FETs fuses, and
Zenner Protection circuit are on the Audio Motherboard.

PRM 4700 2-1
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BATT 3

BATTERY O~
D6\ :
!
|
DG 2k |
CONNECTED | FS2 8
10 SK 2 4 > %0v
| 2A z
s A | D7 5
[ 18V x
5 FS1 :
DC1 O——O><D—
CONNECTED 2A |
TO SK1 |
|
! MB1 '
| i
| &] i
! !
BIT 0,1,2,3. (V. WHEN VOLUME CONTROL IS IN ANY
OTHER POSITION THAN OFF)
Simplified Supply Switching Circuit Fig 2.1
SUPPLY PROTECTION CIRCUITS
b Fuse FS1 protects FETs TR4 and TR5 from damage should either the NC1 or

DC2 input be shorted to ground whilst volts are being applied to the other
input. The 18V zener diode D7 protects the radio supply from high voltage
spikes and provides reverse voltage protection. If reverse volts are
applied to either DC1, DC2 or BATT inputs, D7 will be forward biassed and
conduct causing FS2 to blow. Diodes D5 and D6 allow the hattery to be
charged from the DC1 or DC2 inputs on the front panel, but do not allow
current from the battery to flow out of DCl or DC2, with the volume
control in the OFF position. Overvoltage protection (greater than 18 V)
at either DC1, DC2 or BATT inputs, is provided by MBl, taking the gate of
the FET up to the supply input volts and so turning if off.

Audio Gain Control

6w The BIT O to BIT 3 BCD output from the front panel Volume Control switch
is applied to Gain Control MBl. The audio output from MB6 is fed to MB1
where it is switched through one of six fixed resistors which form the
input resistances to the variable audio amplifier on MB10. The BIT 0O to
BIT 2 BCD inputs are used to select the fixed resistor required and
therefore the gain of the audio amplifier. The BIT 3 Tine ensures that a
logic 1 is fed to the ON/OFF switching circuit maintaining the radio in an
ON condition even when BIT 0, BIT 1 and BIT 2 are all at logic 0. Table
2.2 shows the BCD control bits for each Volume Control switch setting and
Figure 2.2 the functional diagram. An audio control signal from MB7 will
inhibit the audio output of MB1 (See Para. 19).

PRM 4700 2.9
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Table 2.2 Volume Control Switch
SW2
VOLUME CONTROL SW2 FUNCTION
SWITCH BIT 2 {BIT1 | BITO
0 RADIO OFF
T
1 1 1 0 § WHISPER
2 1 0 1 W
3 1 0 0
4 0 1 1
5 0 1 0 NORMAL
z 6 0 0 1
7 0 0 0 SQUELCH
8 1 1 1 DISABLE
.r— MB1 : [ MB10 !
AUDIO SIGNAL ! l yfs. l
BITO ﬁ}_’_ i + l VARIABLE
T AUDIO OUTPUT
X . OPIN19
Birr b GAIN R | | / l
CONTROL 1 8
a1 | uefie | oerEE wox
s l INHIBIT l l s W e | l SETTING) FROM MB2
BiIr3s - | .
| | 1
. S B SO SR
AUDIO CONTROL )
FROM MB7
Volume Control Functional Diagram. Fig. 2.2
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MB2 WHISPER CONTROL

The BCD input from the Volume Control switch (Bits 0, 1 and 2 only) is fed
through MB1l and applied to Whisper Control MB2. MB2 gives two binary
outputs, Squelch Off and Whisper, plus one dc output. The dc output
voltage, which depends on the Volume Control setting, is superimposed on
the Variable Audio Output and can be used for remote volume control of
ancillaries, e.g. on encryption unit. Table 2.3 shows the truth table for

MB2.

Table 2.3 Whisper Control MB2 Truth Table

R

VOLUME
SWI

CONTROL INPUTS
TCH TT 7T BIT I [BIT O | WHISPER O/P SQUELCH O/P | D.C. GUTPUT

0

RADIO OFF

i
2

Ov - 0.1v
v - 0.7V

1 1 0 1|
0
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MB3 MICROPHONE AMPLIFIER

The two microphone inputs, pin A SK1 and pin A SK2 on the front panel, are
summed together at the input of the Microphone Amplifier MB3. The output
of MB3 is fed to the Clipper MB4. 1In Whisper mode the gain of the
Microphone Amplifier is increased by a factor of 4 times, if the input
control from MB2 goes high. A data signal from Pin A SK1 passes straight
through MB3.

MB4 CLIPPER

MB4 amplifies and clips the Microphone Amplifier output signal or the data
signal. It also switches the 7V TX supply. Two audio switches control
the narrow band/wideband (DATA) switching. A third switch controls the
~aceived filtered audio from MB6 to the fixed audio amplifier in MB1O.

7V TX, 7V MIC

10.

When the TX ON input to MB4 is grounded the 7V TX and 7V MIC supplies are
switched ON, being fed from the 7V supply on MB4. The 7V MIC Tine also
switches ON the clipper circuit which is internal to MB4, and also MB3.

Peak Clipping and Switching

11.

Wwhen the Wideband Control, pin 18, is at 7V, j.e. pin E SK1 is open
circuit, the PRM 4700 is in narrowband mode of operation. In this mode

PRM 4700 2-4



12.

13.

14.

156.

MB4 amplifies and clips the audio output of Microphone Amplifier MB3 to a
level of approximately 1V peak to peak.

When the Wideband Control, pin 18, is grounded, i.e. pin E SK1 is
grounded, the PRM 4700 is in wideband mode of operation. 1In this mode the
data input from pin A SK1 on the front panel does not pass through tne
amplifier circuit on MB3, but instead passes straight from M33 to M34 via
€8. The data signal is then amplified and clipped in the same way as
audio signals are in narrowband mode.

Fixed Audio Control

When a carrier is detected by the Receiver Board the Control Board grounds
Squelch Override, pin 3, which in turn grounds the Audio Control lTine. In
this condition the output of Bandpass Filter MB6 is switched through to
the input of the fixed audio amplifier on MB10. When the Audio Control
line is at 7V there is an open circuit between the output of Bandpass
Filter MB6 and the input to the fixed audio amplifier on MB10. In this
condition there is no fixed audio output.

MB5 WIDEBAND AMPLIFIER

MB5 provides receive audio gating, a wideband summing amplifier and an
audio detector. MB5 is normally supplied by 7V CARR, hut in transmit mode
is supplied by 7V TX via a diode on MB5 which couples the two supplies.
The potentiometer Rl on the Audio Motherboard sets the Fixed Audio Output
level, by setting the gain of the wideband amplifier.

The Rx gate is turned ON when the RX GATE input to MB5 is grounded. In
transmit mode 7V TX turns the Rx gate OFF, which breaks the signal path
between the Discriminator Input and the output of Wideband Amplifier MB5.
Three inputs are summed in the Wideband Amplifier MB5:

(1) Discriminator Input signal from the Receiver Board

(2) 00L tone or keyboard tone from the Control Board

(3) Sidetone from the Clipper MB4.

The Audio Det. line, pin 31, is used only during the receiver BITE test.
It acts as a flag for the Control Board to indicate that a signal has heen

received. Figure 2.3 shows the circuit functions of MB5, and Table 2.4
the input and output conditions.

PRM 4700 2-5
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wiB AUDIO OUTPUT
ouTPUT TO GAIN CONTROL MBI

VD - (0. 5. il 3
( AND CLIPPER MB4

N

L I o
‘ SET i (A I
| l AF O | i | | 1 |
o ' s, | e e | AUDIO |auoio oericr
—i. ( Balk ——l {=L ‘ — b DETECT t- A LT
¢ _

. 10 CONTROL -
CIRCUIT J Sell 3

NeuT | " L R
T T T i ~ [ |
o o | | | wioesao | e l |
} Lo o mes ] |
R — - |
| MBS WIDEBAND AMPLIFIER ‘
[ e | e e i Jes s o 5 s e e
N Ix 00L OR KEYBOARD
TONE
Rx GATE SIDETONE
AUJDIO FROM

FROM MB7 CLIPPER

OUTPUT

MBS Wideband Amptlifier Functional Diagram. Fig 2.3

Table 2.4 MB5 Input and Output Conditions

» Conditions Input Output
7V Tx=170VYor | Disc I/P NIL
RX GATE = 7 V

7v Tx or RX GATE} DISC I/P W/8 0/P

=0V
X TONE W/B 0/P
X CLIPPER W/B 0/P

0/pP
¥ Doesn't Matter

MB6 BANDPASS FILTER

18. MB6 provides a handpass filter with a bandwidth of 400Hz to 3KHz. The
board has two cascaded active filters, the first a 3KHz low pass filter to
remove unwanted high frequency noise and the second a 400Hz high pass
Filter to remove the 150Hz pilot tone. The output of Bandpass Filter MB6
is applied to the audio detect circuit on MB5 and, via MB4 and MB1l, to the
Output Amplifiers MB10. Figure 2.4 shows the Bandpass Filter block
diagram.

PRM 4700 2-0
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[MBS BANDPASS FILTER
l JkHz LOOHz
WIDE BAND g S T ouT
> e IPUT
AMPLIFIER l ~ AUDIO
TN -
: AMPLIFIERS
l LPF HPF
L
Bandpass Filter Block Diagram. Fig 2.4
MB7 AUDIO CONTROL
19. M7 provides 7V CARR switching, control of the current saving circuit on

MB8, control of the receiver gate on MBS and control of the switch in the

audio path on MB4 and inhibit input to MB1l. The outputs present are

determined by the five inputs: RF Detect, Squelch Override, 00L Control,
Tone and Squelch Off. The Stop Current Save output is at Ov when the 7V
CARR voltage is present. Tone input can be 00L, Invalid Frequency or
Keyboard Tone. Squelch OFF is derived from the Squelch Disable Switch on
the front panel. Table 2.5 shows the truth table which describes the

operation of MB7.
Table 2.5 M37 Audio Control Truth Table

INPUTS OUTPUTS
STATE RF | SQ [00L | oy |SQ | RX | 7V | AUDIO | STOP
DET | OVER | CONT oFF | GATE | CARR | CONTROL | €/
CURRENT SAVING 0|1 1 1 0l 1 0 1 1
SQUELCH DISABLED 0o |1 1 1 1| 0 1 0 0
TONE 0o |1 1 o | o] 1 1 0 0
SQUELCH DISABLED TONE 0o |1 1 0 1|1 1 0 0
SYNTH 00L NO TONE 0o |1 0 1 0| 1 1 0 0
SYNTH 0OL NO TONE
SQUELCH DISABLED o1 jo (1 p1p1l ol 0 0
SYNTH 00L, TONE 0o | 1 0 o | o 1 1 0 0
SYNTH OOL. TONE SQUELCH
S [SABLED 0o | 1 o | o 11 1 0 0
SIGNAL RECEIVED ol o 1 1 ol o 1 0 0
SIGNAL RECEIVED
SQUELCH DISABLED 010 1 1 110 1 0 0
ol o 1 0 o] o 1 1 0
0| o 1 0 1] 0 1 1 0
0| o 0 1 o0l o 1 1 0
BITE 0| o 0 1 1] 0 1 1 0
0| o0 0 0 0| o 1 1 0
olo | o |o 1] 0 1 1 0
X 1| X X X x| o 1 0 0

N.B. SQ OVER 1is at 'l' when TONE is '0' except in BITE STATE.

TH 5160 /71



MB8 SUPPLY SWITCHING

20. MBS provides various switching and timing functions. The innuts to the
hoard are as follows:

(1) 7V and 10V supplies from the Voltage Regulatnr M39.

(2) Stop Current Save (SCS) from the Audio Control MB7. This is open
circuit in the current saving mode.

(3) 00L SYNTH from the Control Board. This is grounded when the
synthesizer is in lock, 7V when out of Tlock.

(4) TX EN from the Control Board. This is grounded in receive mode, 7y
in transmit. In transmit mode, TX EN switches OFF the 7V RX, 7V RX
SYNTH, 10V RX, 10V RX SYNTH and RX ON lines, and switches the TX ON
line (pin 17) to OV.

21. When the PRM 4700 is in a receive mode other than Squelch Off and no
carrier has heen detected for at least 7 seconds, the radio will enter the
current saving mode. When in current saving the radio is repeatedly
switched ON for 20mS and OFF for 140mS by MB8. Since there is a delay
while the synthesizer comes into lock, the 7V RX SYNTH and 10V RX SYNTH
supplies are switched ON first, but the remaining receiver supplies, 7V RX
and 10V RX from MB9, are not switched ON, output RX ON high, until the
receiver VCO has locked onto frequency. Figure 2.5 shows the relative
timing of the waveforms.

7V AND 10V Rx
SYNTHESIZER 0 L
(PINS 12 AND 18) 3 SYTHESIZER OOL

e
1

0oL
SYNTHESIZER 0 L
PR o N 140mS S B

PIN 13 !

14516071

x

]
o

Current Saving Waveforms Fig 2.5

PRM 4700 2.8
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22

23.

24.

25.

00L CONT Delay

When the synthesizer is out of lock the OOL SYNTH Tine, pin 1, goes high
to 7V. Then, after a delay of approximately 30mS the OOL CONT Tine, pin
28, is grounded. The delay allows the phase locked loop time to lock, so
that premature action is not taken by the Control Board to signal out of
lock during the period when the synthesizer is coming into lock.

MB9 VOLTAGE REGULATOR

MB9 provides the 7V regulated supply plus the 7V RX and 10V RX switched
supplies. The 10V battery supply is applied directly to MB9 and the
source of the FET TR1. The 7V regulated output is present whenever the
PRM 4700 is switched ON and is set by the potentiometer R3 on the Audio
Motherboard. Both the 7V RX and the 10V RX supplies are current saved and
are enabled when the RX ON line from MB8 is grounded.

MB10 OUTPUT AMPLIFIERS

MB10 provides two audio amplifiers, one with fixed gain and one with
switchable gain. The input to the fixed audio amplifier is fed from the
output of Bandpass Filter MB6 via a switch on MB4, while the input to the
switched gain amplifier is fed from the output of Gain Control MBL.

The Fixed Audio Output, pin 4, is used to drive a vehicle harness audio
amplifier or a loudspeaker system. The Variable Audio Output, pin 19, is
used to drive the earpiece of the operator's handset. A DC voltage,
dependent on the volume control setting, is added to the variable audio
output at pin 19 (See Fig. 2.2).

Potentiometer R1 on the Audio Motherboard is used to set the Fixed Audio
Output to 1.25md for a received signal with 1KHz modulation and 5KHz
deviation.

TVRX SYNTH -—————-é—n~

10V RX SYNTH
16 MB8 17, Tx ON

———e 2
TX EN SUPPLY SWITCHING

OOL SYINTH ———>— 1

OOL CONT —6—2

IR Rx ON

10V L II
— 6
4

MB9Y
VOLTAGE REGULATOR rf —

17* Jlg
7v 7V RX

ML8 and MLS Supply Switching and Regulation. Fig.2.6

TH5160

SET 7V

10V RX —_——
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INTRODUCTION

CHAPTER 3

1. Table 3.1 gives details of the alignment and measurement procedure for the
main parameters of the Audio Board Module whilst fitted to a PRM 4700

Unit.

This may be necessary for routine purposes, but should always be

carried out after any components or Micro Boards nave been replaced.

2 It is assumed in the procedure given that all other boards in the unit are
working correctly and within their specifications.

3. A1l adjustments must closely follow the procedure given, and random
adjustments must not be made.

INITIAL CONDITIONS

1. A 10.5 V power supply should be connected to pins B (+ve) and D (-ve) of

SK1 on the Front Panel of the unit.

Racal Test Jig TJ 947.

(SF]
»

This may conveniently be done using a

Testing starts in the Receive mode (RX), i.e. pin C of SK1 and SK2 should

be open-circuited, Pilot Tone OFF and Narrow Band (N/B) mode selected.

TEST EQUIPMENT REQUIRED

oy
@

(1) Oscillsocope

Suitable Instrument:

HP 1740A/H07 or Tektronix 465 with probe

(2)  Audio Signal Generator

Qutput Impedance
Qutput Level
Frequency Range

Suitable Instrument:

O]

Suitable Instrument:

(4) Audio Power Meter

Impedance
Range

Suitable Instrument§

(5) Power Supply

Qutput

Suitable Instrument;

(6) Test Jig

Suitable Instrument:

PRM 4700

D g R . ]

6009

1.5mv - 1.5 V emf
400 Hz - 3 kHz
Racal 9083

HP 3476A

3000

10 mW

Dymar 2085

10.5 V at 200 mA
Farnell L30-2

Racal TJ 947



TABLE 3.1

Alignment Parameters

Tﬁat parameter Mode Inputs Monitor Limits Notes
1 ON/OFF VoL 0 Pin B SK1 = 10.5V PL1 pin 8 <l.0v
2 ON/OFF voLS 1-8 pin B SK1 = 10.5V PL1 pin 8 >9.8V
3 ON/OFF VoL O pin B SK2 = 10.5V PL1 pin 8 <1.0V
4 ON/OFF voL 1 pin B SK2 = 10.5V PL1 pin 8 >9.8V
5 ON/OFF VoL 0 BATT CONTACT = 10V PL1 pin 8 <1.0V
6 ON/OFF VoL 1 BATT CONTACT = 10V PL1 pin 8 >9.8V
7 Over Voltage VoL 1 Switch input to 24V PL1 pin 8 < 1.0V Reduce input voltage to
Pin B SK1 10.5V before next test
(- ]
8 7V Regulator voL 1 7V MB9 7.1V £ 0.1V Adjust R3, Measure using
pin 17 DVM or AVO
L
9 X Supplies VOL 8 7V RX >6.8V DVM
MB9 pin 19
10V RX >9.7V DVM. Ensure 10V input is
PL1 pin 2 accurate
10V RX SYN | >9.8V DVM. Ensure 10V input is
MB8 pin 18 accurate
7V RX SYN 6.4V + 0.3V DVM
pLl pin 11
00L CONT >6.5V DVM
MB8 pin 2
7V TX <l.0v VM
PL1 pin 15
19 TX Supplies TX, LO PWR 7V TX >6.8V DVM
30.025MHz PL1 pin 15
7V RX <1.0V DVM
MB9 pin 19
7V RX SYN <0.2V DVM
pL1 pin 11
11 Current Saving RX, VOL 1 7V RX On time: Scope
MB9 pin 19 17-26mS
off time:
120-170mS
12 Audio Control RX, VOL 3 TPl 0 For Tests 13-19, 1 is
6.5V, 0 is 0.5V
TP2 1
13 SQ Override RX, VOL 7 TP1 1
and 8
P2 0
14 RF Detect TX, LO PWR TPl 1
30.025MHz
15 00L RX, CHAN O TPl 1
89.000MHz
16 | Tone RX, CHAN O TPl 1
89,000MHz
17 Bite RX, CHAN O P2 il
89,000MHz
voL 7
18 RX Audio RX, CHAN O 500 BNC SKT 30.025MHz, Fixed Audio 5mi Use 3000 AF Power Meter.
30,025MHz 1kHz mod 10kHz devi- 0/P Pin G Adjust R1.
yoL 1 ation 100uV pd SK2
19 Wideband Output RX, VOL 1 509 BNC SKT 30.025MHz, W/B 0/P 1-2v peak to peak sinewave.
1kHz mod 10kHz devi- Pin G
ation 100wV pd SK1
L _
PRM 4700 3-2
part 3
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TABLE 3.1 (Continued)

Géat Parameter Mode Inputs Monitor Limits Notes
20 Mute RX, VOL 1 Remove Input Fixed Audio | >25dB Use 3002 Power Meter.
0/P Pin G Below 5my Note Level Compares
SK2 to that in Test 18
21 Audio Detect RX, VOL 1 502 BNC SKT 30.025MHz, Audio DET >3V
1kHz mod 10kHz devi- D2 Cathode
ation 100uV pd
22 Audio Detect RX, VOL 7 Remove RF Audio DET <1.0V
D2 Cathode
23 RX Mute TX, LO PWR 500 BNC SKT 30.025MHz, Fixed Audio | >25dB below Use 3002 AF Power Meter.
voL 7 1kHz mod 10kHz devi- Output 5mi Note level compared with
ation 100wV pd Pin G SK2 that in Test 16
24 Variable Audio RX VOL 6 502 BNC SKT 30.025MHz, Variable 5mW + 2dB Use 3009 AF Power Meter.
1kHz mod 10 kHz devi- Audio 0/P
ation 100wV pd pin F SK2
25 Bandwidth RX VOL 6 500 BNC SKT 30.025MHz, Variable -6dB Less than 6dB down
400Hz mod, 10kHz devi- Audio 0/P relative to lkHz
ation 100wV pd Pin F SK2
26 Bandwidth RX VOL 6 502 BNC SKT 30.025MHz, Variable -6dB Less than 6dB down
3kHz mod, 10kHz devi- Audio 0O/P relative to lkHz
ation 100wV pd Pin F SK2
27 Volume 5 RX VOL 5 500 BNC SKT 30.025MHz, Variable 4 - 6dB below Vol 6
1kHz mod, 10kHz devi- Audio 0/P (Test 21)
ation 100wV pd Pin F SK2
28 Volume 4 RX VOL 4 502 BNC SKT 30.025MHz, Variable 11 - 13d8 below Vol 6
1kHz mod, 10kHz devi- Audio 0/P
ation 100uV pd Pin F SK2
29 Volume 3 RX VOL 3 507 BNC SKT 30.025MHz, Variable 17 - 19dB below Vol 6
1kHz mod, 10kHz devi- Audio O/P
ation 100wV pd Pin F 5K2
30 Volume 2 RX vOL 2 500 BNC SKT 30.025MHz, Variable 17 - 19dB below Vol 6
1kHz mod, 10kHz devi- Audio 0/P
ation 100uV pd Pin F SK2
31 Volume 1 RX vOL 1 502 BNC SKT 30.025MHz, Variable 22 - 24dB below Vol 6
1kHz mod, 10kHz devi- Audio 0/P
ation 100uV pd Pin F SK2
32 Volume 8 RX VOL 8 500 BNC SKT 30.025MHz, Variable 4 - 6dB below Vol 6
1kHz mod, 10kHz devi- Audio 0/P
ation 100uV pd Pin F SK2
33 Volume 7 RX vOL 7 502 BNC SKT 30.025MHz, Variable 17 - 19dB below Vol 6
1kHz mod, 10kHz devi- Audio O/P
ation 100uV pd Pin F SK2
34 TX Qutput TX VOL 3 MIC 1 I/P 30mV emf TX Audio 0.65 - 0.95V Peak to peak, use scope
1kHz (600Q) Pin A SK1 0/P MB4
Pin 7
35 MIC Sensitivity TX VOL 3 MIC 1 I/P 1kHz (600Q) TX Audio 6mv emf + 3dB Set TX Audio 0/P to be
Pin A SK1 0/P MB4 600mV peak to peak
Pin 7
36 MIC Sensitivity TX VOL 3 MIC 2 1/P Pin A SK2 TX Audio 6mv emf + 3dB Set TX Audio 0/P to be
0/P MB4 600mV peak to peak
Pin 7
- 37 Whisper TX VoL 1 MIC 2 I/P Pin A SK2 TX Audio 1.5mV emf Set TX Audio 0/P to be
0/P MB4 + 3dB 600mV peak to peak
Pin 7
38 Wideband TX W/B MIC 1 I/P 1.3V peak to TX Audio 0.65 - 0.95V Peak to peak squarewave,
Transmit peak 1kHz pd Pin A SK1 0/P MB4 use scope
Pin 7
PRi1 4700 3-3
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TABLE 3.1 (Continued)

Tﬁat Parameter Mode Inputs Monitor Limits Notes
39 JC Control TX voL 1 Variable <0.1V Measure DC voltage with
Audio O/P e DVM. Ho load on Variable
VoL 2 Pin F SK2 0.5 - 0.7V Audio O/P Pin F SK2 or
Pin F SKi

yoL 3 1.0 - 1.4y
VOL & 1.6 - 2.0V
VOL 5 2.1 - 2.8V
VoL 6 2.7 = 3.3V
VoL 7 1.0 - 1.4V
VoL 8 2.1 - 2.6Y

PRM 4700

part 3
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CHAPTER 4

v e s o s e e s o o St o

INTRODUCTION

1a Fault location on the Audio Board Module is carried out by checking
voltages and waveforms at various points on the Audio Motherboard and by
using the Flowcharts provided.

TEST EQUIPMENT REQUIRED

2. The equipment required for fault location is listed in Chapter 3.

VOLTAGES AND WAVEFORMS

2 The information given in Tables 4.1, 4.2 and 4.3 should be used in
conjunction with the circuit diagram, Fig. 2 to which the nodes refer.
A1l voltages and waveforms are nominal and are measured using an
oscilloscope with a 1IMn probe unless otherwise stated.

USE OF FLOWCHARTS

4. If a fault is known to exist in the Power Supplies, the Supplies Fault
Tinding Guide, Table 4.4 should be followed to trace the fault to either
the Micro Boards or one of the major components on the Audio Motherboard.

Similarly, if a fault is known to exist in the Transmit or Receive Audio
paths, the Transmit Audio Fault Finding Guide, Table 4.5 or the Receive
Audio Fault Finding Guide, Table 4.6 should be followed to trace the fault
to one or more of the Micro Boards.

w
.

GENERAL

6. Care should be taken not to bend the Micro Boards on their pins. If this
action is repeated the pins may break off causing irreparable damage to
the Micro Board and the Audio Motherboard.

7. Repair of individual Micro Boards is not recommended. The complete Micro
Board should be unplugged and replaced.

3. If any components are changed or Micro Boards replaced during fault
finding the alignment and testing procedure given in Chapter 3 should be
followed before returning the board to service.

PRM 4700 4-1
Part 3
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TABLE 4.1

Audio Board Voltage and Waveforms - Transmit, Receive and

Receive Current Saving Modes

Apply 10.5 Volts to SK2

NODE TITLE ™ RX RX C/S
01 10V >9,8YV P9.8V >9.8YV
02 7V 7V 7V 7V
03 6V 6V 6V
04 2V 2V 2V

10V —

05 RX ON 10V ov l I I
ov !
20ms«ui '.uo:ns -{
7V :

06 7 V RX oV 7V I l l
oV —
0V

07 10 V RX ov 10V I l l l
ov
6V

08 7 V RX SYNTH oV 6V | I s‘
ov
10V

09 10 V RX SYNTH ov 10V I l ll
ov

10 STOP C/S ov Y 6V

(Use 10 Ma Probe)

11 SQ OFF 7V oV

12 7V TX 7V oV oV

13 TX ON ov 7V 7V

14 7 V MIC 7V ov oV

L
PRM 4700 4-2
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TABLE 4.2

Audio Board Voltages and Waveforms - Receive Mode

Input Conditions:

Set radio Rx frequency to 30.025 MHz on Front Panel. Input 30.025 MHz, 1 kHz
modulation, 5 kHz deviation, 100 uV pd to 50 ¢ BNC (SK4)

NODE | CONDITIONS | ¢ouponent COMPONENT
15 0.8 V peak to peak
16 ov
17 0.7 V peak to peak
18 15 mV peak to peak
19 VoL 1 <0.1V 130 mV peak to peak
VoL 2 0.5 - 0.7 V| 230 mV peak to peak
VoL 3 1.0 - 1.4 V | 230 mV peak to peak
VoL 4 1.6 - 2.0 V | 480 mV peak to peak
VoL 5 2.1 -2.6V | 1.04 V peak to peak
VOL. 6 2.7 - 3.3V | 1.8 V peak to peak
yoL 7 1.0 - 1.4 V | 230 mV peak to peak
VoL 8 2.1 - 2.6V | 1.04 V peak to peak
20 0.7 V peak to peak
21 1.8 V peak to peak
i 22 >3.5YV | Ripple

PRM 4700
Parti3r
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TABLE 4.3

Audio Board Voltages and Waveforms - Transmit Mode

Input Conditions:

Input 30 mV emf 1 kHz from 600 ¢ to pin A SK1.

DC AC

NODE | CONDITIONS | coupoNENT COMPONENT

23 YOL 3 1.04 V peak to peak

VoL 2 3.8 V peak to peak

24 VoL 3 1.2 V peak to peak squarewave
25 VoL 3 0.8 V peak to peak squarewave
26 VoL 3 30 mV peak to peak

27 VoL 2 7V

PRM 4700 4-4
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TABLE 4.4 SUPPLIES FAULT FINDING GUIDE

)

SELECT VOLUME
CONTROL POSITION 8

SUPPLY TO SK1
FAIL
CHECK PL1 PIN 8 CHECK MB2 PIN 2 FAIL CHECK MB9 PIN 5
= 10.5V FAIL =7V IS GROUNDED
PASS PASS PASS
CHECK FUSES SUSPECT TR1
FS1 AND FS2 FAIL REPLACE FAULTY FUSE
PASS
CHECK MB1 PIN 7
N GRTENEIET o SUSPECT MB1
PASS
CONNECT 10.5V
SUPPLY TO SK2 SURPECT T o
CHECK PL1 PIN 8
PECT TR5
= 10.5V FAIL SUs
PASS
CONNECT 10V
SUPPLY TO BATT
TERMINALS
CHECK PL1 PIN 8 SUSPECT
=10V FAIL TR2 AND TR3
PASS
CHECK MB2 PIN 2
=7V FAIL
PASS
CHECK MB9 PIN 6
USPECT MB8
IS < 1.8V FAIL Sus .
PASS

PRM 4700
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1B9

PIN 5
YED

58

R1

27-09-85 08:4344

CHECK MB9 PIN 19
IS 7V AND MBS
PIN 2 IS 10V

FAIL

PASS

CHECK MB8 PIN 12
IS 6V AND MBS
PIN 18 IS 10V

SUSPECT MB9

FAIL

PASS

SUSPECT MB8

CHECK
TP = 7V

FAIL

SUSPECT MB7

PASS

SELECT VOLUME
CONTROL POSSITION 6
AND WAIT 10 SECONDS

CHECK
MB8 PIN 6 > 6V
(USE 10MQ PROBE)

FAIL

PASS

CHECK MB8 PIN 13
HAS C/S WAVEFORM

CHECK
MB7 PIN 4 = 7V

FAIL

SUSPECT MB2

PASS

SUSPECT MB7

PASS

CHECK MB9 PIN 19
AND MBS PIN 2
HAVE C/S WAVEFORMS

FAIL

PASS

CHECK MB8 PIN 12
AND MB8 PIN 18
HAVE C/S WAVEFORMS

FAIL

SUSPECT MBS

PASS

SELECT TRANSMIT
MODE ON RADIO

FAIL

CHECK MB4 PIN 3
=7V

FAIL

CHECK MB4 PIN 4
IS GROUNDED

PASS

SUSPECT MBS

PASS

PASS

CHECK
MB4 PIN 18 = 7V

FAIL

SUSPECT MB4

PASS

D
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TABLE 4.5 TRANSMIT AUDIO FAULT FINDING GUIDE

START

INPUT 0.5mV pd
TkHz SINEWAVE
PIN A SK2

SELECT VOLUME
CONTROL POSITION 1.
CONNECT 10.5V SUPPLY
TO SK2

CHECK MB2 PIN 3
=7V

FAIL

SUSPECT MB2

PASS

CHECK MB3 PIN 1
IS 150mV pp ac

FAIL

SUSPECT MB3

PASS

INPUT 2.0mV pd
TkHz SINEWAVE
PIN A SK 2

SELECT VOLUME
CONTROL POSITION 6

CHECK MB5 PIN 4

IS 160mV pp
5Q. WAVE
PASS

CHECK MB6 PIN 12
IS 270 mv pp
SINEWAVE

PASS

CHECK MB10 PIN 4
IS 40mV pp
SINEWAVE

PASS

CHECK MB10 PIN 13
IS 620mV
SINEWAVE pp

PASS

FAIL

FAIL

FAIL

FAIL

CHECK MB10 PIN 13
pp AMPLITUDES FOR
EACH VOLUME CONTROL
POSITION (REFER TO TABLE B)

FAIL

PASS

CHECK MB10 PIN 13
DC COMPONENTS FOR
EACH VOLUME CONTROL
POSITION (REFER TO TABLE B)

FAIL

CHECK MB3 PIN 1
IS 150 mV pp ac

FAIL SUSPECT MB3

PASS

INPUT 60mV pd
1kHz SINEWAVE
PIN A SK 2

CHECK MB4 PIN 11
IS 1.4 pp SQ. WAVE

FAIL

PASS

SUSPECT MB4

CHECK MB4 PIN 7
IS 0.8V pp SQ.WAVE

FAIL I

PASS

PASS

CHECK MB10 PIN 3
IS 250mV pp AC

PASS

FAIL




“FAIL |

SUSPECT MB5

FAIL

SUSPECT MB6

FAIL

SUSPECT MB1

FAIL

SUSPECT MB10

FAIL

SUSPECT MB1

FAIL

SUSPECT MB2

SUSPECT MB7

FAIL

FAIL

CHECK MB4 PIN 1
GROUNDED

PASS

SUSPECT MB4

CHECK MB10 PIN 6 FAILL suspecT MB1O
1S 650mV pp
PASS
CHECK MB5 PIN 7 FAILI  cUspeeT MBS
IS 250mV pp
PASS
INPUT 1.3V pk-pk
8 kHZ SINEWAVE
PIN A SK 1, W/B
PASS
CHECK MB4 PIN 10 FAIL
1S 3.6 pp SUSPECT MB3
PASS
| CHECK MB4 PIN 10 FAIL
| 1S 08Y pp SQWAVE SUSPECT MB4
PASS
STOP
TABLE B
Volume Control pk-pk de
Position Amplitudes (mV) | components (V)
1 50 <01
2 90 0.5-0.7
3 90 1.0-1.4
4 160 1.6-2.0
5 360 21-26
6 640 2.7-3.3
7 30 1.0-1.4
8 360 2.1-26




TABLE 4.6 RECEIVE AUDIO FAULT FINDING GUIDE

o

INPUT RF SIGNAL
30.0256MHz, 100uV pd,
1kHz MOD™., 5kHz DEV"
TO 50Q BNC (SK4)

SELECT VOLUME
CONTROL POSITION 1
Rx MODE, 30.025MHz

CONNECT 10.5V SUPPLY
TO SK2

CHECK MB10 PIN 13
pk-pk AMPLITUDES

FOR EACH VOLUME CONTROL
POSITION (REFER TO TABLE A)

PASS

CHECK MB10 PIN 13
DC COMPONENTS FOR
EACH VOLUME CONTROL

POSITION (REFER TO TABLE A)

SUSPECT MBH1

CHECK MBS PIN 4
IS 760mV pk-pk CHIEC(;(R"C’)'EJ?‘S'ENDM SUSPECT MB7
WITH 4.0V DC FAIL FAIL
PASS PASS
SUSPECT MB5
CHECK MB6 PIN 12
IS 700mV pk-pk SUSPECT MB6
WITH 3.3V DC FAIL
PASS
CHECK MB10 PIN 4
IS 20mV pk-pk SUSPECT MB1
WITH 3.5V DC FAIL
PASS
CHECK MB10 PIN 13
IS 120mV pk-pk SUSPECT MB10
WITH 0V DC FAIL
PASS

PASS

PRM 4700
Part 3

FAIL
TABLE A
Volume Control pk-pk
Position Amplitudes (mV)
SUSPECT MB2 1 120
FAIL
2 220
3 220
4 440
5 960
6 1700
7 220
8 960




)

CHECK MB10 PIN 3
IS 1V pk-pk
WITH 3.3VDC

PASS

CHECK MB10 PIN 6

FAIL

CHECK MB4 PIN 1
IS GROUNDED

PASS

SUSPECT MB4

IS 2V pk-pk

PASS

CHECK MB5 PIN 7

FAIL

SUSPECT MB10

IS 240 mV pk-pk
with 4.0V DC

PASS

REMOVE RF INPUT
SELECT VOLUME
CONTROL POSITION 8

CHECK MB5 PIN 18

FAIL

SUSPECT MB5

IS GROUNDED

PASS

FAIL

SUSPECT MB7

CHECK THAT THE KEYBOARD
TONE IS HEARD IN THE
EARPIECE WHEN THE
PWR BUTTON IS PRESSED

FAIL

FAIL

LE A

-pk dc
'des (mV) Components (V)
0 =104
0 0.5-0.7
0 1.0-14
10 1.6-2.0
50 21-26
)0 2.7-3.3
20 1.0-1.4
50 21-26

PASS

Cm )

SUSPECT MB5

SUSPECT MB7
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CHAPTER 5
COMPONENTS LIST

Cct. s _ Tol Racal Part
Ref. Value Description Rat 9 Number

AUDIO PCB (AA 709112) Component Prefix 11

e W

R1 20k Variable 914169 EQ
R? 120k Carbon Film i 5 929046 EQ
R3 50k Variable 932128 EQ
R4 3.3k Carbon Film E 2 910111 EQ
RA 1.0 Carbon Film 1/3 5 924659
Capacitors

T v
C1 1.0 Tantalum 35 20 919535 EN
c2 100n Ceramic 50 10 936877 EQ
C3 10 Tantalum 16 20 923569 EQ
c4 470n Tantalum 35 20 915168 EQ
Cs 47 Tantalum 16 20 923804 EQ
(5) 4.7 Tantalum 16 20 919636 EQ
c7 100n Ceramic 50 10 936877 EQ
C8 2.2 Tantalum 16 20 921089 EQ
c9 10n Ceramic 100 20 927395 EN
c10 10n Ceramic 100 20 927395 EQ
c11 10n Ceramic 100 20 927395 EQ
Diodes
D1 BAW 62 918982
D2 IN6263 936862 EN
D3 BAW 62 918982
D4 BAW 62 913982
D5 IN4001 915256 EQ
D6 IN4001 915266 EN
D7 BZX70C18V 929462
Transistors
TR1 ?2N6349 992083 EQ
TR2 2N6849 992083 EQ
TR3 2N6849 992083 EQ
TR4 2N6849 992083 EQ
TRE 2N6349 992083 EQ
PRM 4700 5-1
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FD 276

gg?: Value Description Rat T§] Rﬁﬁggeiart
Inductors
L1 10uH Choke 10 926238 EQ
Microboards
MB1 Gain Control Micro PCB 779000
MB2 Whisper Control Micro PCB 779001
MB3 Microphone Amp Micro PCB 779002
MB4 Clipper Micro PCB 779003
MB5 Wideband Amp Micro PCB 779004
MB6 Bandpass Filter Micro PCB 779005
MB7 Audio Control Micro PCB 779006
M38 Supply Switching PCB 779007
MBI Voltage Regulator Micro PCB 779008
MB10 Output Amps Micro PCB 779009
Miscellaneous
FSl Fuselink 2A 992213 EQ
F§2 Fuselink 2A 992213 EQ
Connector 34-way 992106 EQ
Extractor Handle 8D709032
Bush Resistor iW 707207
Heatsink Plate 708865
Heatsink Ring 936663
Heatsink Finned 992171 EQ
Mounting Pad 705 919348 EQ
Terminal Post Lug 914054
Connector Sockets for Micro Boards 937117
PRM 4700 5-2
Part 3
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CHAPTER 1

S S ST T

INTRODUCTION

i The Power Amplifier Board comprises the following circuits:
(1) Buffer amplifier
(2) Driver amplifier
(3) Output amplifier
(4) Low power amplifier (10 mW stage) and switching circuit
(5) Output bias control (ALC)
(6) Low pass filter circuits (3 bands) and switching circuits
(7) High voltage generator
(8) AMU data driver
(9) RF Detectors
(10) Receiver Switching

CONSTRUCTION AND LOCATION

2. The Power Amplifier (PA) board is a printed circuit board mounted on the
top side of the chassis assembly. The board is rectangular of dimensions
140mm x 80mm. Connections to the board are made by a 16 way edge
connector and three coaxial connectors.

PRINCIPLES OF OPERATION

S The frequency modulated output of the transmitter VCO on the synthesizer
assembly is applied to a buffer amplifier stage. 1In the high power mode
the output of the buffer amplifier is fed to a push-pull driver stage and
on to a push-pull power amplifier. The gain of the power amplifier is
determined by an output bias control circuit. The output of the power
amplifier is applied to one of three low pass filters depending on the
transmitter frequency. The filters cover the following bands:

(1) LPF 1 30MHz - 42.975MHz
(2) LPF 2 43MHz - 51.975MHz
(3) LPF 3 62MHz - 88MHz
4. The output of the selected filter is applied to the 50 ohm antenna socket

and via the AMU transformer to the whip socket.

PRM 4700 1-1
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.

In the low power mode the output of the buffer amplifier is applied to a
separate Tow power amplifier and on to the selected low pass filter
circuit as described in para. 3 and to the front panel sockets as in

para. 4.

h. In the receive mode, the input from the 50 ohm socket, or AMU transformer
and whip socket, is passed to the Receiver Board via a PIN diode switch on
the P.A. Board.

PRM 4790 1-2
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CHAPTER

INTRODUCTION

This chapter describes the circuits of the power amplifier board. For
ease of description the circuits are considered under the following
headings:

(1) Buffer Amplifier

{2) Driver Stage

(3)  Output Amplifier

(4)  Outiput Bias Control (ALC)

(5) Low Power Amplifier

(6) Low-Pass Filter Circuits
(7) High Voltage Generator
(8) RF Detactor

(9)  AMU Data Driver

(10) Power Supplies
(11) Receiver RF Patn
The circuit diagram of the Power Amplifier is given in Fig. 2.

Buffer Amplifier (Fig. 2.1)

TR1 and its associated components form a buffer amplifier. This stage
amplifies the signal from the transmitter VCO on the Synthesiser Board and
provides a defined input impedance.

The output of the buffer amplifier is applied via transformer Tl to the
driver stage in the high power mode, or the low power amplifier in the low
powayr mode.

Driver Stage (Fig. 2.2)

The output from T1 is applied to the bases of TR4 and TR5, a push-pull
Class B amplifier stage. In the high power mode 10V is sup011ed to the
stage via L3 (see para. 7). The RF output of the driver stage is applied
to the output amp11f1er stage via transformer T3. In this condition the
emitter voltagﬂ of TR4, TR5 (TP2) rises to about 2V, thus reverse-biasing
PIN diode D2, which switches off the diode and prevents the RF signal
flowing into the Low Power Stage. The RF output is also applied to the
high voliage generator circuit via C31 (See para. 14).

PRM 4700 2.1



6
TV T — ?
iCM Tt

[ a—
J I }TO DRIVER STAGE
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INPUT 3! i
) }; cZ2 R30 (Fig 2-3)
et ——
i¢ . 8
R28 ;L g L2 ?
b ——p
@)
/KD2 TR&
L5 T0 LOW POWER
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Output Amplifier (Fig. 2.3)

(@a]
.

The output amplifier stage is formed by push-pull Class A amplifier TR9
and TR10 with their associated components. R33 and R34 provide bias
current for TR9 and TR10. R40, C26 and R41l, C27 provide negative feedback
for TR9 and TR10 respectively. The output of TR9 and TR10 is applied via
T4 to the selected output filter circuit. Pluggable link LK2 is provided
for test purposes, so that the output of this stage can be checked into a
50 ohm load, or so that the filters can he checked independently.

. A voltage-limiter circuit is formed by D8, D9, R43, D10, D3l and G728,
when the load on the output of the P.A. Board is 50 ohms, D8 and D9 charge
up C28 to about 20V, and the diodes virtually cease to conduct, having no
effect on the collector voltage of TR9 and TR10. When the output load
changes such as to make the collector voltage swings increase, D8 and D7
will further charge €28 until it reaches the zener voltage of D10 and D31
plus the supply voltage i.e. 22.5 V. Any further increase in collector
swing will cause D8 and D9 to conduct heavily, the current limited only by
R43, causing the collector voltage to be limited and protecting TR9 and
TR10 against an excessive positive voltage swing. In addition, this
circuit contributes about 20V to the High Voltage Generator via L7 (see
para. 15).

FROM BIAS
CONTROL CIRCUIT

(Fig 2-4) v

S -

10 HIGH VOLTAGE

— GENERATOR (Fig 2.7)
[]Raa DRJL Hma % §
r 5
6 [L7
10V R40
f_‘], L
wimn C 26
r~ TR9 .
=
@: 08 . DLKZ 5 TO FILTERS o
J—cza R38 ¥ tj (Fig 2.6) é
L R83 g
R36 L | ‘gn
ot JRH 3
FROM DRIVER J 13
(Fig2 2) R35
R37
o TSR | moo =7
€25 R39
T —_— Abs ZRomn /7177
c27 ——>10V
[:R“ ] ke C8 7
Output Amplifier Figz.3

N
!
(U8}
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Qutput Bias Control (ALC) (Fig. 2.4)

When High Power is selected, the Control Board feeds a logic 1 (5v) to pin
13 of the P.A. Board (provided also TX is selected, the Synthesiser is in
lock and the 4 K-bit data stream is completed). Then pin 6 of ML1b goes
high, causing pin 7 of ML1b to go Tow, turning on the bias network for
ML1la via D12 and R20. Also TR6 conducts, feeding 10V to the driver stage

via L3.

The 10V supply for the output amplifier TR9 and TR10 is applied to the
centre tap of T4 via R21, R44 and L6. The voltage across R21, which is
proportional to the current drawn by the output transistors, is monitored
and compared with a reference level set by R16 and regulated by zener
diode D11. The output of MLla drives TR8 and TR7 which controls the base
bias of TR9 and TR1O and hence maintains a constant current in the output
amplifier. Thus the ALC potentiometer, R16, sets the current taken by the

output amplifier.

v D Gl - e fe— T T B | e e s
‘jmz E R21 [L

R
{:'RS '-t:’CI. o i J

A L1
R2 ce SET ALC.
; MLla R13

—LTR6 TR8 g2 ,CHDRW R16
(]E — RV o L ey i

[ N (= T, L.

RN 3
ML1b h . 78 0N €12

"
5 ™ —
—1+ ™3 R10
>7_‘ P = [ R17 [ R19
- L L - ——
e

1el -
| = :ﬁpqm 2= T
1 m=C2 -[-53 E}RB J-'R’L . " ”J” : i[jﬁ‘zo |
ST T l[ == E
i L I_ - F—ii» ; Yoz )
l IR

RS &L

4 ] 1
-Ecza R33 QRM RAL ;3w
: 4

T0 OUTPUT

AMPLIFIER {Fig 2.3) SV SURLY 15
10V SUPPLY TO OUTPUT AMPLIFIER
DRIVER (Fig 2.2) (Fig 2-3)

Qutput Bias Control Fig 2.4
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10.

Tl
FROM BUFFER | —— E
AMPLIFIER -
(Fig 2-1) E —

Low Power Amplifier (Fig. 2.5)

TR2 and its associated components form a common base amplifier. The
buffer amplifier output signal is applied from T1 via D2 to the emitter of
TR2. When Low Power is selected 5V is applied from the Control Board to
pin 1 and via R58 to the hase of TR1l. TR1l will turn on, causing TR3 to
conduct. The 7V TX voltage is then applied via TR3 and R48 to the base of
TR2, causing TR2 to conduct. At the same time the High Power input (pin
13, Fig 2.4) from the Control Board will be low, causing TR6 to turn off,
thus disabling the driver stage by removing its supply voltage.

When TR11 is turned on it causes TR3 and TR12 to conduct, grounding the
cathode of PIN diode D7 via L5. This allows the emitter current of TR2 to
flow through D2, Tl, T2, R51, D7 and L5 to ground. Thus PIN diodes D2
(input switch) and D7 (output switch) are turned on, allowing the RF
signal to pass into the Lower Power Amplifier stage and out via T2, R51,
D7 and C67 to the selected filter circuit. A pluggable 1ink, LK1, is
provided for test purposes, to enable the output of the low power
amplifier to be checked independently of the filter circuit. (Provided
the load has a DC path to ground).

67
!

b CURRENT FOR

i LPF PIN DIODES

150,3 (Fig 2.6)

i

RE OUIPUT
——>T0 LPF'S

(F1g 2 6)

} Pp— ———
[jﬂso

ik 10 CB4
—F—>RF DETECT
(Fig2-6)

t
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12.

13.

D13 and C68 form a reverse power detector protecting the Low Power
Amplifier against high level signals at the antenna. When the reverse
power exceeds approximately 1 Watt, it produces a negative voltage on the
anode of D13 sufficient to turn off TR12 causing its collector to he
pulled up to the high voltage line via R60. This turns off D7 and hence
protects R50, R51 and the Low Power stage from damage.

Low-Pass Filter Circuits (Fig. 2.6)

When a frequency in the range 30 to 42.975 MHz is selected the Control
Board feeds a logic 1 (5v) on the LPF1 line at pin 4. TR18 will conduct,
which in turn causes TR13 to turn on, connecting D23 and D26 PIN diode
cathodes to ground via L9. Part of the current from the driver stage
(TR4, TR5) then flows via R56, L8 and R57, L25 through the PIN diodes thus
switching them on (approx. 30mA per diode in high power). Note that in
low power the same switching circuit is used, but the current is derived
from the low power stage and is reduced to approx. 10mA per diode.

When a frequency outside the range 30 to 42.975 MHz is selected, the
Control Board feeds a logic 0 (OV) on the LPF1 line at pin 4. TRI18 and
TR13 then turn off, causing the collector of TRI3 to be pulled up to the
high voltage line via R6l. Thus PIN diodes D23 and D26 are reverse-hiased
and hence turned off, disconnecting LPF1l from the circuit. In this case
either LPF2 or LPF3 would be connected into circuit, depending on the
frequency selected, in the same way as LPFl described above.

PRM 4700 2.5
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14.

15

16.

RF FROM
DRIVER
{Fig2 2)

High Voltage Generator (Fig. 2.7)

The high voltage generator is used to reverse-bias the PIN diodes in the
Low Pass Filters and in the receive path when these circuits are not
required. The output of the driver stage (T3 primary) drives a two-stage
diode-capacitor voltage multiplier, comprising D14-D21 and C31-C35. This
gives a DC output equal to twice the peak-to-peak voltage at the collector
of TR5 (approx. 30V dc).

The voltage multiplier is connected in DC-series via L7 with the voltage-
limiter circuit on the output stage formed by D8, D9, R43, D10, D31 and
€?8 (see para. 6). This produces a level of typically 20V DC on C28,
making a total of about 50V at the output of the generator (high power
mode, 50 ohm load). If the P.A. output load is not equal to 50 ohms, the
output of the high voltage generator may rise far above 50V, so a 68V
zener diode (D22) limits the output voltage to prevent the voltage ratings
of the PIN diodes and switching transistors being exceeded.

In the Tow power mode there is no RF output from the driver stage or the
voltage-limiter circuit. However, DC flows from the 10V supply into the
voltage multiplier via T4, D8/D9, R43 and L7. This provides about 5V at
the output of the generator, TP5 (10V minus the diode voltage drops) which
is sufficient to reverse-bias the PIN diodes in low power.

=3

;I; €31 €32 TP5
It 1t
) D'7 D18 D19 | D20 R78
— Byt

D21
Bl N IS i .
%] 17§ 1%l . .

|

v
v
v 2

i ] §L6 %” = ¢35 R77 -Lcas /Np22
il i

—— m==c33

T W

o /7}77 HIGH VOLTAGE

OUTPUT
TO Fig2 5 & 2.6

wos HIGH VOLTAGE OUTPUT

T4 10 Fig 2-9

2 —e
c28
R00 -
D9 — s -
- ZS‘D]!
——>10V

=87

!

OUTPUT AMPLIFIER (Fig2 3)

High Voltage Generator Fig2.7
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17.

18.

19.

20.

Z1 .

RF Detectors

To enable sidetone circuitry on the audio board during transmit an RF
detect signal is generated on the P.A. Board and fed to the Audio Board.

In High Power (Fig. 2.6) this voltage is generated by D29, C55 at the 50
ohm output and fed to pin 11 via L27. The RF detect signal will only
enable the audio sidetone if the RF output is present, thus giving a
confidence check of transmitter output.

In Low Power (Fig. 2.5) the RF detect signal is generated by the peak-to-
peak voltage detector D5, D6, C21 at the output of the low power stage.
This voltage is fed to pin 11 via R52.

AMU Data Driver (Fig. 2.8)

Frequency information in the form of a 4 k-bit serial data stream is fed
from the Control Board to pin 5 of the P.A. Board. This drives TR20, a
constant-current sink with open-collector output which is connected to the
50 ohm RF output via L26. The data stream is present for only 4mS after a
frequency change or after a RX-TX or TX-RX change. The information is
used to change filter bands on the Vehicle Interface Unit, and/or to
change bands on an external AMU. Note that in transmit the RF power
output is inhibited by the Control Board until the data transmission fis
completed.

TO RF OUTPUT
(Fig2-6)

L26

TR20

-L ce2
R74 .TCB‘ R75

b

TH 5160/1

iy

5
amm Lk BIT

AMU Data Driver Circuit Fig 28

Power Supplies

The board is supplied by the following voltages:

10V (TX and RX)
7V TX
10V RX.

PRM 4700 2-9
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In transmit the Power Amplifier Board is supplied from the 10V supnly
voltage with the exception of the buffer amplifier TR1 and the hias
currents for TR? and TR12, which are supplied by the 7V TX supnly. 1In
receive, the 10V RX supply only is used to switch on TR19.

Receiver RF Path (Fig. 2.9)

22 The received signal enters the Power Amplifier Board at the 50 ohm coaxial
input PL4, and is fed via C39 and PIN diode D30 to the RX coaxial socket
PL2. In the receive mode the 10V RX supply at pin 10 turns on TR19 which
grounds the cathode of D30 via L?24. Current then flows from the RF
amplifier on the Receiver Board via the inner wire of the coaxial cable
connecting to PL4 and through D30, L24 and TR19 to ground. Hence D30 is
switched on, allowing the received signal to pass through to the Receiver
Board. In the radio's current saving mode the current through D30 is
economised at the 6Hz rate until a signal is detected. 1In the receive
mode all three low-pass filters are switched off so that the transmit
circuits are disconnected from PL4.

23. In the transmit mode the 10V RX supply is at 0OV and hence TR19 is turned
off causing its collector to be pulled up to the high voltage supply via
R79. Then D30 is reverse-biased and hence switched off.

PL2
Q=== RX
;
mn
HIGH VOLTAGE SUPPLY R82
FROM F1G2.7 \VAREL
R79
L24
i bs YL
TR19 .I-caa -
R81 10 =
— —= "} = 10V.RX. 2
v
b C37 R80 ;
=
" e C 39
cL8
AN — | 5 o B
(Fig 2-6) ;L:
RF Path Control Circuit Fig29
PRM 4700 2-10
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CHAPTER 3

INTRODUCTION

1. There is only one adjustment available in the Power Amplifier sub-
assembly. This adjustment should be made exactly as described and random
adjustments should not be made in an attempt to improve performance.

24 Table 3.1 gives details of the alignment and measurements procedure for
the main parameters of this board while fitted to a PRM 4700 Unit. The
procedure should always be carried out after any components have been
replaced or adjutment made.

3. It is assumed in the procedure given that all other boards in the unit are
working correctly and within their specifications.

INITIAL CONDITIONS

4. A 10.5 V power supply should be connected to pins B (+ve) and D (-ve) of
SK2 on the Front Panel of the PRM 4700. This may conveniently be done
using a Racal Test Jig TJ 947.

5. Testing commences in the TRANSMIT mode (TX), i.e. pin C of S5K1 or SK2
should be grounded, Pilot Tone OFF and Narrow Band (N/B) mode selected.

TEST EQUIPMENT REQUIRED

6. {1)  Power Supply (10.5 V, 1.5A) : e.g. Farnell L30-2
(2) RF Signal Generator i e.g. HP 86408
30 - 88 MHz
2 V rms emf 0/P, 50 Q
(3) RF Power Meter (30 mW, 10 W) : e.g. Farnell 2031/100
50 2, 30 - 88 MHz
(4) DVM with high impedance £ e.g. Racal 9077A
probe 10M ohms
(5) Ammeter, 2A - e.g. AV0 8
(5) Oscilloscope 0 - 100 MHz : e.qg. HP 1740A/H07 or Tektronix
465 with probe and 50 ohm
adaptor
(7) Distortion Factor Meter - e.qg. HP 333A or 332
(8) Test Jig - Racal TJ 947
PRM 4700 ‘ 3-1
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TABLE 3.1

Alignment Procedures

FD 276A

hi;t [Parametcr Mode RF Input gggq Monitor Adjust Limits Notes
1 | TX Current TX, HI PHR 30.000 | Supply R16 1.5A 502 Toad
HI PWR Current
2 High TX, HI PWR 30.000 TP5 (DYM) - > 36V Probe must be> 110MQ
Voltage
Generater
3 HI PWR TX, HI PWR 30,000 Power - > 3.0W 10.5V supply Pins B
Output LPF 1 35.000 Qutput, 502 & D SK2
40.000 SKT, Front
42.975 Panel
4 HI PUR TX, HI PHR 43.000 Power - >3.00 10.5V supply Pins B
Output LPF 2 50.000 Output, 500 & D SK2
55.000 SKT, Front
60.000 Panel
61.975
5 TX, 62.000 Power - >3.00 10.5V supply Pins B
| 3 70.000 Output, 500 & D SK2
; 75.000 SKT, Front
80.000 Panel
35.000
| 88.000
6 TX, HI PWR 88,000 RF DET TP15 - =5V VM
Motherboard
7 LPF Raverse TX, LO PWR 30.000 TP5 (DVM) - > 5V DVM Probe must he
Voltage 110Ma
Supply
P8 LO PR X, 30.000 Power - 5 ~ 30md
Output LPF 1 35.000 | Output, 500
( 40.000 SKT, Front
42.975 Panel
g TX, LO PWR 43.000 Power - 5 - 30md
PE 2 ! 50.000 Output, 500
| 55.000 SKT, Front
! 60.000 Panel
61.975
10 P %, LD PWR 62.000 Power - 5 - 30mAd
Qutput LPF 3 70.000 Output, 507
75.000 SKT, Front
80.000 Panel
35.000
88.000
il | RF-DET, LO TX, LO PWR 88.000 RF BET TPl5 - > 5V
PR Motherboard
12 | Receive RX 0.3 V pd, 1kHz 30.000 SINAD, Pin G - >12dB8 SINAD
Switching mod, 5kHz dev SK2 minimum
13 | 4k-bit CHAN 0 - Voltage - > 8V p-p Disconnect Power
Qutput Depress and (Scope) 500 Meter
hold 10MHz SKT, Front -
button Panel (with
5602 pull-up
to 10V)
PRM 4700
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CHAPTER 4

INTRODUCTION

1. Fault Tocation on the Power Amplifier Board is carried out by checking
voltages and waveforms at various points on the board and by using the
Flowcharts provided.

TEST EQUIPMENT REQUIRED

2a The equipment required for fault location is listed in Chapter 3.

YOLTAGES AND WAVEFORMS

3. The information given in Tables 4.1, 4.2 and 4.3 should be used in
conjunction with the circuit diagram, Fig. 2 to which the nodes refer.
A1l voltages and waveforms are nominal and are measured using an
oscilloscope with a 1IMQ/10 pF probe unless otherwise stated. All RF
voltages must be measured using a probe with a very short earth lead
( 0.5 inch). To remove driver heatsink, gently prize off. Push back on
after test.

USE OF THE FLOWCHART

4. The flow chart Table 4.3, covers the main fault conditions that are likely
to occur. It provides a guide to the area or group of components where
the fault may exist but it is not intended to be exhaustive. The tests
are performed with the faulty board in a PRM 4700 unit in which all the
other boards are known to be working and within their specification.

GENERAL

5 If any components are changed or any adjustments made during fault finding
the alignment and testing procedure given in Chapter 3 should be followed
before returning the board to service.

REMOVEABLE LINKS, LK1 AND LK2

6. Pluggable Tlinks LK1 and LK2 at the output of the Low Power and High Power
Amplifiers are provided for fault finding. If they are removed, ensure
after the test that they are plugged in securely.

PRM 4700 4-1
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TABLE 4.1

Voltage and Waveforms - Transmit Mode

Apply 10.5 V to SK2

Node or Conditions Voltage or Waveforms
Test Point
LO PWR HI PWR
TP1 30.000 MHz 0.3V p-pRF | 0.3V p-p
88.000 MHz 0.3V p-pRF| 0.3V p-p
TP2 30.000 MHz 0.8 vV DC 2.0V DC
88.000 MHz 0.9 vV DC 1.4 v DC
TP3 30.000 MHz 9 Vv DC
88.000 MHz 9 v DC
TPS 33.000 MHz 7.6 V DC 40 v DOC
88.000 MHz 8.6 V DC 45 v DC
01 Transmit 7 vV DC 7 v DC
02 30.000 MHz 7.5V p-p RF | 14 V p-p RF
88.000 MHz 9V p-p RF 9 V p-p RF
a3 30.000 MHz 2.5V p-pRF | 2.5V p-pR
88.000 MHz 3.0V p-pRF| 3.0V p-pR
04 30.000 MHz Driver 2.7V p-pRF| 7.6 V p-pR
88.000 MHz Heatsink 2.9V p-pRF | 4.8V p-pR
Removed
05 30.000 MHz 10 V p-p RF
88.000 MHz 13 V p-p RF
06 Transmit 1.8 v DC
07 (LK1) | 30.000 MHz 1.7 V p-p RF
88.000 MHz 1.7 V p-p RF
08 30.000 MHz Driver 4.5V p-p
83.000 MHz Heatsink 3.5V p-p
Removed
09 30.000 MHz Driver 15 V p-p
88.000 MHz Heatsink 15 V p-p
Removed
10 30.000 MHz 4.5 V p-p
88.000 MHz 2.0 V p-p
11 30.000 MHz 28 V p-p R
38.000 MHz 22 ¥ p-p R
PRM 4739 4-2
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TABLE 4.1 (Continued)

Node or Conditions Voltage or Waveforms
Test Point
LO PWR HI PWR
12 (LK2) | 30.000 MHz 42 \ p-p RF
88.000 MHz 36 V p-p RF
13 Transmit <1V DC 5V DC
14 Transmit 10.5 vV DC 10.5 vV DC
15 Transmit 9.5 V DC <1V DC
16 88.000 MHz <1V DC 4.3 V DC
17 88.000 MHz <1V DC 8V DC
18 88.000 MHz 9V DC <1 Vv DC
19 88.000 MHz 10 v DC 3.8 v DC
20 30.000 MHz 9.5 V DC 33.5 V DC
88.000 MHz 10 Vv OC 34 V¥ DC
21 30.000 MHz 1.6 V p-p Rf 42 V p-p RF
88.000 MHz 1.6 V p-p RFf 30 V p-p RF
22 30.000 MHz 3V DC 22 V DC
88.000 MHz 11 v DC 14V DC
23 30.000 MHz 5.4 V DC 5.4V DC
50.000 MHz <1VDC <1Vvne
88.000 MHz <1vVvnDne <1vnC
24 30.000 MHz 0.8 v OC 0.8V DC
50.000 MHz 0V DC 0V DC
88.000 MHz 0V DC 0V DC
25 30.000 MHz <1V DC <1vVvDC
50.000 MHz 7V DC 40 v DC
88.000 MHz 7V DC 40 v DC
26 Transmit 4.5 vV DC <0.5 V DC
27 Transmit 6.0 V DC 6.8 V DC
PRM 4700 4-3
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TABLE 4.2

Voltages and Waveforms - Receive Mode

Node or Conditions Voltage or Waveforms
Test Point
28 Receive, Volume < 1vDC

Control Position 8

29 Raceive, Volume 10.5 ¥ DC
Control Position 8

30 Receive, Volume sV
Control Position 8 ‘JW ‘{L{lj}
CHAN O, press 10 MHz button ov

pRM 4700 4-4
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TABLE 4.3 FAULT FINDING GUIDE

PRM 4700
Part 4

o

SELECT TX, HI PWR

CONNECT 10.5V SUPPLY J

TO SK2

CHECK RF POWER @
50Q BNC > 3.0W

SELECT TX
@ 30,50 AND 70MHz LO PWR
PASS
SELECT TX
LO PWR
CHECK RF POWER @ FAIL
SR TIE e | oo
@ 30,50 AND 70MHz COLLECTOR = 7V #
BAGE PASS
CHECK DC @ AL SUSPECT TR12
LKl <1V CIRCUIT
PASS
SUSPECT D7
OR LOW POWER AMP
CIRCUIT
SELECT TX, LO PWR
30,000MHz
CHECK RF DET(R52)  |FAIL SUSPECT
> 5V DC. |—_‘ D5, D6 CIRCUIT
PASS
SELECT TX, HI PWR
CHECK RF DET (L27) FAIL I —
> 5V DC D29 CIRCUIT
PASS
% B



CHECK RF POWER @

SUSPECT
BUFFER CIRCUIT

YES
500 BNC > 5.0mW CHECK TR1 EMITTER FAIL
@30, 50 AND 70MHz IS 2.5V pp RF
PASS PASS
NO
SELECT HI PWR
30,000 MHz
" FAIL CHECK ML1 PIN 7 FAIL SUSPECT
CHECK TP3 > 9V DC bn MeEL
PASS PASS
SUSPECT TR6
CIRCUIT
CHECK TR7 COLLECTOR | FAIL CHECK ML1 PIN 1 FAIL SUSPECT
IS 4.8V DC IS < 1V DC ML1a STAGE
PASS PASS
SUSPECT
TR7, TR8 CIRCUIT
CHECK TR4 AND
TR5 COLLECTORS ARE | FAIL SUSPECT
15 V pk.pk RF DRIVER STAGE
PASS
CHECK TR9 AND .
TR10 COLLECTORS ARE | FA! SUSPECT
28V pk-pk RF OUTPUT STAGE
PASS
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table 4.3 (Continued)

O

SELECT HI PWR
50,000 MHz

SELECT RX, SELECT HI PWR
S0 OFF 30.000 MHz
CHECK D30 FAIL SUSPECT CHECK TP5 FAL
CATHODE < 1V TR19 CIRCUIT > 38V DC
PASS PASS
INPUT 20mW RF FAI
HECK LK1
(MEASURED INTO 50Q) . - 30V e
TO PL2.
PASS
CHECK RF POWER FAIL SUSPECT D30, CHECK CATHODE | FAI
@ PL4 > 16mW C39 CIRCUIT D23 <€ 1V DC
PASS PRESS
RECONNECT NANOHEX CALBES. CHECK CATHODE FA
CONNECT 560Q PULL D24 AND D25 R
UP RESISTOR FROM 50Q > 30V DC
BNC SK TO 10V
PASS
CHECK RF POWER
SELECT CHAN 0 @ 50Q BNC SK ﬂ
PRESS AND HOLD > 3.0W
10MHz BUTTON
PASS

CHECK 4K BIT FAIL
DATA @ 50Q BNC SUSPECT TR20
IS 10V pk-pk CIRCUIT |
PASS
< STOP )

PRM 4700
Part 4




FAIL

FAIL

SUSPECT HIGH
VOLTAGE GENERATOR

FAIL

SUSPECT TR12.
D7 GIRCUIT

FAIL

SUSUPECT TR13
SWITCHING CIRCUIT

FAIL

SUSPECT D24, D25,
D27, D28 OR TR14
AND TR15 SWITCHING

|

SUSPECT LPFY

S e ey

|
|
E
|

CHECK CATHODE
D24 < 1V DC

FAIL

SUSPECT TR14
SWITCHING CIRCUIT

PASS

CHECK CATHODE
D23 AND D25
» 30V DC

FAIL

SUSPECT D23, D25
D26, D28 OR TR13
AND TR15 SWITCHING

PASS

CHECK RF POWER.
500 BNC SK
> 3.0W

FAIL

SUSPECT LPR2

PASS

SELECT HI PWR
70,000 MHz

CHECK CATHODE FAIL SUSPECT TR15
D25 < 1V DC SWITCHING CIRCUIT
PASS
CHECK CATHODE —— SUSPECT D23, D24,
D23 AND D24 D26, D27 OR TR13
> 30V DC AND TR14 SWITCHING
PASS
CHECK RF POWER. FAIL
500 BNC SK SUSPECT LPF 3
> 3.0W
PASS

Cowr
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CHAPTER 5

gg? Value Description Rat T%1 Racal Part Number

POWER AMPLIFIER PCB (AA 708506) Component Prefix 14

Resistors
y ]
R1 10k Carbon Film 1/4 5 927768E0
R2 100k Carbon Film 1/4 5 928070EQ
R3 22k~ Carbon Film 1/4 5 927770EN
R4 47k Carbon Film 1/4 5 927772EQ
R5 100k Carbon Film 1/4 5 928070EQ
RG 10k Carbon Film 1/4 5 927768EQ
R7 10k Carbon Film 1/4 5 927768EQ
R8 470 Carbon Film 1/4 5 927758EQ
R9 470 Carbon Film 1/4 5 927758E0
R10 470k Carbon Film 1/4 5 927774EQ
R11 100k Carbon Film 1/4 5 928070EQ
R12 100 Carbon Film 1/4 5 927754EQ
R13 100 Carbon Film 1/4 5 927754EQ
R14 100 Carbon Film 1/4 5 927754EQ
R15 2k2 Carbon Film 1/4 5 927762E0
R16 200 Variable 936909EQ
R17 2k Carbon Film 174 5 992161EQ
R18 2k2 Carbon Film 1/4 5 927762EQ
R19 2k2 Carbon Film 1/4 5 927762EQ
R20 1k Carbon Film 1/4 5 927760EQ
R21 0.22 Metal Film 0.7 2 927016
R22 1k Carbon Film 1/4 5 927760EQ
R23 100 Carbon Film 1/4 5 927754E0
R24 1k5 Carbon Film 1/4 5 927984ENQ
R25 330 Carbon Film 1/4 5 927757EQ
R26 22 Carbon Film 1/4 5 927751EQ
R27 100 Carbon Film 1/4 5 927754EQ
R28 100 Carbon Film 1/4 5 927754EQ
R29 33 Carbon Film 1/4 5 926465E0
R30 22 Carbon Film 1/4 5 927751EQ
PRM 4700 5-1
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Cct Tol

Ref, Value Description Rat 9 Racal Part Number
R31 330 Carbon Film 1/4 5 927757EQ
R32 10 Carbon Film 1/4 5 927750EQ
R33 150 Metal Oxide 3 2 918353EQ
R34 150 Metal Oxide 3 ? 913353EQ
R35 100 Resistor Chip 1/8 5 999001 /101R
R36 10 Resistor Chip 1/8 5 999001 /100R
R37 10 Resistor Chip 1/8 5 999001 /100R
R38 100 Carbon Film 1/8 5 928013EQ
R39 100 Carbon Film 1/8 5 928013EQ
R40 330 Metal Oxide 3 ? 910200EQ
R41 330 Metal Oxide 4 2 910200EQ
R42 330 Metal Oxide 3 2 910200EQ
R43 47 Metal Oxide 1 2 919603
RA4 33 Metal Oxide 3 2 920592EQ
R45 470 Carbon Film 1/4 5 927758EQ
R46 10 Carbon Film 1/4 5 923887EN
R47 100 Carbon Film 1/4 5 927754EQ
R48 1k Carbon Film 1/4 5 927760EQ
R49 10k Carbon Film 1/4 5 927768EQ
R50 2 Carbon Film 1/4 5 927751EQ
R51 22 Carbon Film 1/4 2 927751EQ
R52 22k Carbon Film 1/4 5 927770E0
R53 18k Carbon Film 1/4 5 927987EQ
R54 18k Carbon Film 1/4 5 927987EQ
R55 12k Carbon Film 1/4 5 927769EQ
R56 22 Carbon Film 1/4 5 927751EQ
R57 22 Carbon Film 1/4 5 927751EQ
R58 1k Carbon Film 1/4 5 927760EQ
R59 100k Carbon Film 1/4 5 928070EQ
R60 M Carbon Film 1/4 5 927803EQ
R61 1M Carbon Film 1/4 5 927803EQ
R62 M Carbon Film 1/4 5 927803EQ
R63 M Carbon Film 1/4 5 927803EQ
R64 10k Carbon Film 1/4 5 927768EQ
R65 10k Carbon Film 1/4 5 927768EQ
R66 10k Carbon Film 1/4 5 927768EQ
R67 390 Carbon Film 1/4 5 927982EQ
R68 390 Carbon Film 1/4 5 927982EQ
R69 390 Carbon Film 1/4 5 927982EQ
R70 1k Carbon Film 1/4 5 927760EQ
PRM 4700 5-2
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g;;. Value  Description Rat T%] Racal Part Number
R71 1k Carbon Film 1/4 5 927760E0
R72 1k Carbon Film 1/4 5 927760EQ
R73 2k7 Carbon Film 1/4 5 927763EQ
R74 2k2 Carbon Film 1/4 5 927762E0
R75 22 Carbon Film 1/4 5 927751EQ
R76 Not normally fitted
R77 470k Carbon Film 1/4 5 927774EQ
R78 47k Carbon Film 1/4 B 927772EQ
R79 1M Carbon Film 1/4 5 927803EQ
R30 10k Carbon Film 1/4 5 927768EQ
R31 10k Carbon Film 1/4 5 927768EN
R82 100k Carbon Film 1/4 5 928070EN
R83 330 Carbon Film 1 2 910200EQ
Capacitors
F v
ct 10n Ceramic 100 20 927395EQ
c2 10n Ceramic 100 20 927395EQ
€3 10n Ceramic 100 20 927395EQ
c4 0.47u  Tantalum 35 20 915168EQ
£S5 10n Ceramic 100 20 927395EQ
C6 10u Tantalum 16 20 923569EQ
c7 10n Ceramic 100 20 927395EQ
c8 10n Ceramic 100 20 927395E0Q
C9 1n Ceramic 100 10 937121EQ
c10 In Ceramic 100 10 937121EQ
c11 In Ceramic 100 10 937121EQ
C12 10n Ceramic 100 20 927395EQ
g3 10n Ceramic 100 20 927395EQ
c14 100n Ceramic 50 10 936877EQ
C15 10n Ceramic 100 20 927395EQ
C16 10u Tantalum 16 20 923569EQ
Cc17 10n Ceramic 100 20 927395EQ
C18 10n Ceramic 100 20 927395EQ
c19 10n Ceramic 100 20 927395EQ
€20 10n Ceramic 100 20 927395EQ
21 100p Ceramic 100 2 919723EQ
€22 10n Ceramic 100 20 927395EQ
c23 10n Ceramic 100 20 927395EQ
C24 4n7 Chip 50 5 999034 /472P
€25 4n7 Chip 50 5 999034 /472pP
PRM 4700 5-3

Part 4
FD 276



gg; Value Description Rat b4 Racal Part Number
C26 10n Ceramic 100 20 927395E0
c27 10n Ceramic 100 20 927395EQ
€28 10n Ceramic 100 20 927395E0
€29 10n Ceramic 100 20 927395EQ
€30 10n Ceramic 100 20 927395EN
31 100p Ceramic 200 10 990708EQ
€32 100p Ceramic 200 10 990708E9
€33 10n Ceramic 100 20 927395EQ
C34 100p Ceramic 200 10 990708EN
€35 100p Ceramic 200 10 990708EQ
€36 10n Ceramic 100 20 927395EQ
c37 10n Ceramic 100 20 927395EQ
€38 10n Ceramic 100 20 927395EQ
€39 10n Ceramic 100 20 927395EQ
c40 10n Ceramic 100 20 927395EN0
cal 68p Ceramic 63 2 926613
c42 120p Ceramic 63 2 923721
ca3 120p Ceramic 63 2 923721
ca4 12p Ceramic 63 2 921131EQ
C45 100p Ceramic 100 2 919723EQ
Ca6 33p Ceramic 100 2 919841EQ
c47 63p Ceramic 63 2 926613
c48 10n Ceramic 100 20 927395EQ
c49 10n Ceramic 100 20 927395EQ
€50 47p Ceramic 63 2 919646EQ
c51 82p Ceramic 100 2 923963EQ
G52 82p Ceramic 100 2 923963EN
(83 82p Ceramic 100 2 923963EQ
€54 33p Ceramic 100 2 919841EQ
£55 100p Ceramic 100 2 919723EQ
€56 10n Ceramic 100 20 927395EQ
C57 22p Ceramic 100 2 919649
C58 22p Ceramic 100 2 919649
€59 68p Ceramic 63 2 926613
€60 68p Ceramic 63 2 926613
C61 22p Ceramic 100 2 919649
C62 56p Ceramic 100 2 921135EQ
€63 27p Ceramic 100 2 919647
C64 10n Ceramic 100 20 927395EQ
Ch5 1.0p Tantalum 35 20 919635EQ
Ch6 10n Ceramic 100 20 927395EQ
c67 10n Ceramic 100 20 927395EQ
€68 10n Ceramic 100 20 927395EQ
Ch9 10n Ceramic 100 20 927395EQ
C70 10n Ceramic 100 20 927395EQ
oM AT7N0 £_A



Cct . Tol -
Ref. Value Description Rat y Racal Part Numbe
C71 10n Ceramic 100 20 927395EN
C72 10n Ceramic 100 20 927395EQ
c73 10n Ceramic 100 20 927395EQ
Cc74 10n Ceramic 100 20 927395EQ
C75 10n Ceramic 100 20 927395E0
C76 10n Ceramic 100 20 927395E0
c77 10n Ceramic 100 20 927395EQ
c78 1.0u Tantalum 35 20 919635EQ
€79 1.0u Tantalum 35 20 919635EQ
€80 1.0u Tantalum 35 20 919635EQ
c81 In Ceramic 100 10 037121EQ
82 In Ceramic 100 10 937121EQ
€83 10n Ceramic 100 20 927395EQ
cs4 100u Alum. Tubular 25 +50-10 990450E0
85 10n Ceramic 100 20 927395E0
C86 4p7 Ceramic 100 ? 923955
c87 10n Ceramic 100 20 927395EQ
Diodes
D1 BAW 62 918982
D2 PIN Diode 200 V AR711921
03 BAW 62 918982
D4 BAW 62 918982
D5 BAW 62 918932
Db BAW 62 918982
D7 PIN Diode 200 V AR711921
D8 BAV 10 918130
N9 BAV 10 918130
D10 BZV85C6V?2 991514EQ
D11 BZX79C5V6 921749
D12 BAW 62 918982
D13 BAW 62 918982
D14 BAW 62 918982
D15 BAW 62 918982
D16 BAW 62 918982
D17 BAW 62 918982
D18 BAW 62 918982
n19 BAW 62 918982
D20 BAW 62 918982
PRM 4700 5-5
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Cct

Tol

Ref. Value Description Rat 9 Racal Part Number
D21 BAW 62 918982
D22 BZX79C68V 992089EQ
D23 PIN Diode 200 V AR711921
D24 PIN Diode 200 V AR711921
D25 PIN Diode 200 V AR711921
D26 PIN Diode 200 V AR711921
D27 PIN Diode 200 V AR711921
D28 PIN Diode 200 V AR711921
D29 BAW 62 913982
D30 PIN Diode 200 V AR711921
D31 BZV85C6YV2 991514EQ
Transistors
TR1 BFR96 992086EQ
TR2 2N3866 917219EQ
TR3 1TX212 923172
TR4 2N3866 917219EQ
TR5 2N3866 917219EQ
TR6 IRFD9120 992084EQ
TR7 7TX550 931489
TRS 1TX237 923171
TR9 BLV10 .
TR10 pLylg  Matched Pair AR712289
TR11 1TX237 923171
TR12 7TX341 936209
TR13 7TX341 936209
TR14 ITX341 936209
TR15 ZTX341 936209
TR16 1TX237 923171
TR17 1TX237 923171
TR18 7TX237 923171
TR19 ZTX341 936209
TR20 BCX38A 992085EQ
Integrated Circuits
ML1 LM2904N 992098EQ
Transformers
Tl Transformer Assy AT710809
T2 Transformer Assy AT710812
T3 Transformer Assy © AT710810
T4 Transformer Assy AT710811
PRI 4700 5-6
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Cct

Ref Value Description Rat " Racal Part Number
Inductors
pH
L1 10 Choke 10 926233E0Q
L2 2.2 Choke 10 933957EQ
L3 1.0 Choke 10 926500EQ
L4 1.5 Choke 10 926323EQ
L5 10 Choke 10 926238E(]
L6 022 Choke 10 926334EQ
L7 10 Choke 10 926238EQ
L8 10 Choke 10 926238EQ
L9 10 Choke 10 926225EQ
L10 10 Choke 10 926225EQ
L1110 Choke 10 926225EQ
L12 Coil Assembly AT710813
L13 Coil Assembly AT710821
L14 Coil Assembly AT710814
L15 Coil Assembly AT710815
L16 Coil Assembly AT710816
L17 Coil Assembly AT710852
L18 Coil Assembly AT710852
L19 Coil Assembly AT710816
L20 Coil Assembly AT7108183
.21 Coil Assembly AT710857
122 Coil Assembly AT710819
L23 Coil Assembly AT710820
L24 10 Choke 10 926238EQ
L2s 10 Choke 10 926238EQ
L2610 Choke 10 926238EQ
.27 10 Choke 10 926238EQ
Miscellaneous
Socket Co-ax 50 930649EQ
Plug 16-way 992107EQ
LK1 Link Shorting 990776EQ
LK2 Link Shorting 990776EQ
Extractgr Handle BD709031
Heatsin 708704
Heatsink Ring (2 off) TOF TR4s TRS 995948 g
RF Shield (between filters) 709077
Connector Header 2-way 708919
Transformer Clamp (for T4) 702178
Transformer Clamp (for T1l, T2) 708867
Transformer Clamp (for T3) 708992
Bush Resistor iW (Black) 707207
Bush Insulating (Red) 703073
Bush (Green) 702971
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INTRODUCTION

1x The Front Panel Assembly contains the Display Board, the Antenna Matching
Unit (AMU), the Control Board, and the flexible connectors.

DISPLAY BOARD

2. The Display Board carries the liquid crystal display which is read via an
aperture in the front panel. The Display Board is a module which must be
replaced (if necessary? as a complete item, (refer to Part 6).

AMU
. The AMU (fig. 4) consists of a wideband transformer which matches the

output of the power amplifier to the whip antenna, on transmit. In
receive it matches the receiver RF amplifier to the whip antenna.

CONTROL BOARD

4. The Control Board performs the following functions:

(1) Establishes a bi-directional serial and parallel data interface with
the PRM 4700.

(2)  Controls circuitry within all parts of the PRM 4700 in accordance
with the microprocessor software program.

(3) Provides the facility for channelized operation and the storage of
channel data when the radio is switched OFF.

(4) Monitors the radio status continuously, reads the front panel
switches, and provides the data for the LCD display on the Display
Driver Board.

{5) Provides a warning tone for the Audio Board when the synthesizer is
out of lock (0O0L), or an invalid frequency has been selected. It
also provides the blip tone when a key is pressed on the keyboard.

(6) Provides a lamp driver circuit for the LCD backlights.
(7) Receives and responds to external frequency and mode data.

(8) Provides a 5 Volt regulator for the Control circuit and also for the
Display/Driver Module.

B The behaviour of the Control Board is totally defined by a set of
instructions held within the microprocessor, ML5. This set of
instructions, encoded as 8-bit words (bytes), is known as the software.

CONSTRUCTION AND LOCATION - CONTROL BOARD

6 The Control Board is a P.C.B. of dimensions 112 mm x 45 mm located in the
Front Panel and plugs component side into the LCD driver board. A 21 way
flexible connector plugs into the track side and connects to the

motherboard.
DM AT700 4



Microprocessor Integrated Circuit MPU ML5

/. The microprocessor CMOS integrated circuit consists of an eight bit MPU, a
2k byte read-only-memory (ROM) and a 112 byte random access memory (RAM)
plus other functions required for the operation of a microprocessor. The
ROM holds a preset programme the software which instructs the MPU in its
processing action. The RAM performs the following functions:

(1) MPU Stack - necessary for executing sub-routines.

(2)  Temporary storage of data during programme operation.
(3) Channel memory during radio operation.

Channel Memory ML4

8. When the radio is switched off it is necessary to store the channel
information. A separate random-access-memory RAM ML4 with a battery back-
up is used. During operation channel information is stored in the
microprocessor RAM with ML4 being constantly updated with the channel
data. This means that for any reason the microprocessor operation is
interrupted channel data is stored in ML4. As the RAM is volatile the RAM
supply is protected when the radio is off by a standby 2 volt primary cell
circuit.

Interrupt Integrated Circuit ML6
9. The following inputs are applied to ML6:
(1) CHAN1
(2)  CHANZ
BCD input from SW1 channel switch
(3)  CHAN3
(4)  CHAN4
(5) Low battery warning
(6) Press to talk or Data (PTTDAT) from pin C of the front panel sockets
SK1 and SK2.
(7)  Key select - high when a front panel key is operated.
(8) Carrier Detect (CARDET) when a received signal is detected.
(9)  Synthesizer out of lock (0OL).
(10) MPU acknowledge of an interrupt.

10+ When any of these inputs are altered an interrupt is generated to tell the
microprocessor that action is required. Instructions for interrupts are
contained in the software. The microprocessor acknowledges receipt of an
interrupt by applying a reset. '

PRM 4700 1-2
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INTRODUCTION

1.
under four areas:
(1) Microprocessor ML5
(2) Channel Memory ML4
(3) Interrupt I.C. ML6
(4) Additional Circuitry
MICROPROCESSOR ML5
Interconnections

2. Power Supply VDD pin 40
0 Volt VSS pin 20
Reset RES
Timer TIMER
4MHz Oscillator 0sc1, 0sC?
NUM NON-USER MODE
Interrupt Request IRQ
PORT A (PAO - PA7)

3.

PRM 4700

Part 5

CHAPTER 2

For ease of description the Control Board (Fig. 2) will be considered

+5 V Supply

Used to reset MPU to provide an
orderly software start-up
procedure. RZ? and C9 give a
delay on switch-on. D7 provides
a discharge path for C9 when
radio is switched off.

Connected to ground via 150k
resistor, allows operation of
internal timer.

XTL1, R18, C4 and C6 are
components required for use with
internal oscillator circuit.

Connected to ground by 10k
resistor, to disable self-check
facility.

Input signal from ML6. Normally
logic '1l' except when state of
any of ML6 inputs changes when it
is logic '0'.

When the pins of Port A are used as an output then they perform the

following functions:

2-1



AOQ DSC1 LCD digit select code input 1

Al DSC2 LCD digit select code input 2 To display drivers
A2 CSM LCD driver chip select master (See Part 6)

A3 CSS LCD driver chip select slave

A4 LCD data on four lines (LCDATO - LCDAT3)

A5 Only an output when the display needs updating for example

A6 a new frequency or channel.

A7

A5 SYNDAT Dual function with LCD data when set to an output, to
A6 SYNCLK carry the clock SYNCLK and data SYNDAT for the

synthesizer board LSI.

A5 CARDET These pins are normally an input for the carrier

A6 AFDET detect CARDET and noise (BITE? detect, AF DET. Also
A6 is a dual function input with the LOW BATT warning
circuit.

PORT B (PBO - PB7)

4. BO KEY1
81 KEY2
B2 CHAN1
B3 CHANZ
84 CHAN3
B5 - CHAN4
B6 KEY3

A1l the above are inputs. The 3 KEY lines carry parallel data from the
front panel keyboard encoder IC on the display driver board. The 4 CHAN
lines carry parallel data from the Binary Coded Decimal channel switch Sul

on the front panel.

87 PTTOUT. An output at logic 'l' in transmit mode (i.e. inverse to
normal PTT). Referred to as TXEN elsewhere.

PORT C PCO - PC7

B« co Serial Data input/output for the Channel Memory ML4.
| Clock pulse output for MLA4.
c2 Interrupt acknowledge (reset) output for ML6.

€3 SYNENV. SYNTHESIZER ENVERLOPE Framing pulse output to latch
synthesizer Data (SYN DAT)

ca TONE. Audio output (warbling tone) when synthesizer is out of lock,
or invalid frequency selected and blip-tone when keyboard fis
operated.

C5 HIPWR. Logic '1' when high power is selected. (Tx must be selected
and synthesizer in lock).

C6 BANDSW. Output used for band switching on receiver board and in
the Tx synthesizer circuits. Logic 'l' in low band Rx (30-37.975
MHz) and high band Tx (50-88.000 MHz).

C7 Input derived from the PTT/4k-BIT data at PIN C of front panel
audio sockets. (See para. 23).

PRM 47930 2-2



10.

PORT D (PDO - PD7)

DO QoL An input at logic '0' when the synthesizer is out
of lock.
Nl SQUEL Squelch override output applied to audio board.

Logic '0' when CARDET = '1', or during BITE, or under
valid remote control.
Logic 'l' when sending any tones.

D2 AMUDAT Serial Data Output for external Vehicle Interface
Unit (VIU), applied to 50 ohm BNC socket via Power
Amplifier Board.

D3 LOPUWR Logic '1' output when low power is selected. {Tx
must be selected and synthesizer in lock).

D4 LPF1
Logic 'l' output for the required LPF

05 LPF2 on the P.A. board.

D6 LPF3

D7 An output to drive TR4 a constant current source, for data
acknowledgement (see para. 24).

Built in Test Equipment (BITE) (Flowchart Page 2-8)

When the radio is switched on the microprocessor performs a self test
routine and carries out testing of the receiver. The Carrier Detect test
for the receiver is carried out at 32 MHz in order to receive the 5th
harionic of the Syntnesizer reference 6.4 MHz. Transmitter testing is
carried out only when the press to talk is applied.

The BITE routire is completely controlled by the software but can be
overridden by pressing the PTT switch. If a faulty condition exists, a
flashing 'E' & Evrror numbers appear on the front panel display to indicate
the area of the fault.

The indicated faults are:

=1 ROM fault

E2 RAM fault

£3 Channel memory degraded
£4 Receiver fault

WAIT Mode

The WAIT mode (which is written into the software) places the
microprocessor in a low power consumption mode, when it has completd its
last task. In the WAIT mode all Port A to D I/0 Tines remain at their
last state. If an interrupt is generated from ML6 then the microprocessor
will begin to operate, carrying out the required instructions contained in
the software.

PRI 4700 2-3



CHANNEL MEMORY ML4

11. When the radio is switched off channel information is stored in ML4, a
random access memory (RAM) (Fig. 2.1). As this is a volatile memory a Z
volt battery Bl is provided as a supply when no external power is
supplied. The lithium copper-oxide battery will retain the channel
information in the RAM until the voltage at TP4 falls to approximately 1.0
volts, giving a Tife of at least 5 years at 250C.

12 In both the read and write modes of ML4, address and data are transferred
via a two wire bi-directional bus SDA and SCL.

13. During radio operation ML4 is constantly updated with any change of
channel information. When the radio is switched on data is applied from
ML4 to the RAM of the microprocessor.

14. When the radio is switched off D5 will be forward biased and the 2 volt
battery Bl is applied to pin 8 to provide approximately one microamp of
current required to store the channel information in ML4. When the radio
is switched on D6 will be forward biased to apply power to PIN 8. D5 will
now be reverse biased and no current will flow, conserving the life of the

battery.
+5V
Bl R19 DS D6 !
I‘ﬂ——‘ 1 B e
ov
L
ke 6
LA ov
2l Al
3 ML4 8
—=1A2 Voo
—! ®
Vss TP4
SDA scL - 5y
5 6 T
—0V [ | ©
| I z
| — |
P2 TP3 L TA'L—]:—“]
@—
PIN 28 PIN 27
MLS MLS

Channel Memory ML4 Fig. 2.1
INTERRUPT I.C. ML6

L The inputs to ML6 (see Page 1-2) are all important functions so tnat if
any of them change then action is required by the microprocessor. The
output of ML6 is normally a logic 'l'. When any input changes then ML6
goes to logic '0' to tell the microprocessor action is required, and the

input data must be read.

16. After the microprocessor has carried out the required action determined by
the software, an interrupt acknowledge is applied from the MPU to pin 0 to
reset the output of ML6 to logic 'l'.

PRM 4700 2-4
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ADDITIONAL CIRCUITRY

Low Battery Warning

17. The LCD will display BATT if the radio battery voltage falls to
83V +1 volt.

18. The battery input voltage (+10 V supply) is applied to D3 and R6 (Fig.
2.2). If the battery input is high enough then the voltage at TP7 will be
greater than the 5 V reference, and the output will be "pulled" high by
the pull-up resistor. If the battery voltage falls and the level at TP7
falls below 5 V then the output of ML2a will be a logic '0'.

19. If the battery voltage falls, the logic '0' is applied to microprocessor
ML5 pin 5, and also to ML6 Pin 2 to generate an interrupt for
microprocessor action.

Press to Talk

20. When the radio is in the receive condition there is no input to the
PTT DAT line, therefore the inverting (-) input of ML2b is "pulled up" to
10 V by R3. ?nder these conditions the output of ML2b will be at logic
'0' (Fig. 2.2).

21. When the press to talk switch is operated the PTT DAT line will be at 0 V.
The output of ML2b will be pulled up to 5v by the pull up resistor at the
output.

22 . The output of ML2b is applied to pin 21 ML5, and to ML6 pin 1 to generate
an interrupt to request action by the microprocessor.

1
+10v

. 1
Jo %o Th
TP7
® : : PIN 5
L |

701 . N8 IML1b

1 ML

l ) PIN 2
R6 ca H4 _~ML2a
R15
ov —

7 . 5 ML6

PIN |
RI R13
2 ML2b
PTTDAT ==—{___} i P 6{
-LCI o, MLS
I ov ZPBIN 20

THS5160/1

MLS

- PIN 36
R16
R9
D4
ov
Low Voltage Detector and PTT/DATA Control Fig22
PRM 4700 2-5
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23.

2b.

26.

Channel Data Input

When the MA4073B Programmer or the MA4083B Fill Gun are used to program
channel data, the 4 k-bit input from the MA4073B or MA4083B is applied to
the PTT DAT line from either of the front panel audio sockets.

How the microprocessor distinguishes between the 4 k-bit data input and
the constant logic '0' Tlevel of the PTT input is decided by the software.
If the input is channel data then the programming source requires a reply
from the microprocessor. On completion of data transfer the
microprocessor generates an acknowledgement in the form of a data stream
identical to the input data. This is applied to the

PTT DAT line via pin 36 ML5 and constant current source TR4 (Fig. 2.2).

Key Select

When any of the front panel keyboard switches are operated a logic 'l!
from the display driver board encoder is applied to the key select line.
C11 and R25 form a switch debouncing circuit.

5V Regulator

TR5, TR2, TR3 and their associated components form a 5V series regulator.
To ensure that the microprocessor resets properly under various power
supply switch on conditions, the regulator gives no output until the input
voltage reaches a threshold of 6V because TR5 is turned off by TR2. When
the radio is switched on, current flows in R4, R5 and 5.6 V Zener D2.

When the voltage drop across R5 reaches 0.6V, TR2 will turn on allowing
current to flow through R12 and R14, turning on TR3. This increases the
base current of TR2 and creates a regenerative effect. When the input
voltage has stabilised at a nominal 10V, TR5 functions as an emitter
follower regulator, with zener diode D2 providing the voltage reference.
gase current for TR5 is supplied by TR2 which is turned hard on. A5 volt
output is provided for the Display/Driver Module.

+5v D4

TO DISPLAY/
DRIVER

MODULE @ =
R4

RS

TR2

TH5160/1

ov D)

1
10V ==—=———

5V Regulator Fig.2.3

PRM 4700 26
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LAMP DRIVER

27 TR1 controlled by the LAMP SWITCH line from the LAMP key on the Display
Driver Module, drives the two LED's in the LCD (See Part 6 Page 2-1).

PRM 4700 2.7
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CHAPTER 3

INTRODUCTION

Fault location on the Control Board is carried out by checking voltages
and wavaforms at various points on the board and by using the Flow chart

nrovided.

TEST EQUIPMENT REQUIRED

(1) DC Power Suppiy: 10 V, 1A

Suitabie Instrument: Farnell L30-2

(2)  Oscilloscope

Frequency Range : 0-100 MHz
Suitable Instrument: HP 1740A/HO7 or Tektronix 465 with probe.

VOLTAGES AND WAVEFORMS

The information given in Table 3.1 should be used in conjunction with the
circuit diagram, Fig. 2 to which the nodes and test points refer. All
voltages and waveforms are nominal and are measured using an oscilloscope
with a 1 MQ/10 pF probe unless otherwise stated.

USE OF FLOWCHART

The Control Board Flow Chart, Table 3.2, can be used to locate a fault on
a Control Board whilst it is fitted to a PRM 4700 Front Panel. For ease
of access to the various test points, the complete chassis assembly should
first be removed from the Front Panel, including the Interconnect Flexi
(see Part 1, Chap. 6 for removal procedure). The Control Board can then
be powered up by connecting +10 V to pin 1 of PL1 and O V to any
convenient point on the Front Panel metalwork (e.g earth screw near 50 Q
BNC socket). Note that the on-off switch and channel switch will now be
ineffective.

Tne Display/Driver Board and Keyboard are assumed to be working correctly.
The chart provides a guide to the area or group of components where the
fault may exist but is not intended to he exhaustive.

PRM 4700 3-1
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TABLE 3.1

Voltages
PL1, Pin 1 = 10.0 V, Pin 2 O/C

| NODF | VOLTAGE
1 5.0V
2 5.0V
3 10.0 V
4 9.8 V
5 5.5 ¥ pk-pk | Sinewave, 4.0 MHz
TPl 4.0 V pk-pk | Sinewave, 4.0 MHz
TP? 5.0V
TP3 5.0V
P4 4.8V
 TP5 5.0 V
P6 5.0V
TP7 7.0V
P8 5.6 V
L

* Note: Scope must he A-C

PRM 4700
Part 5
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TABLE 3.2 CONTROL BOARD FLOW CHART
START

REMOVE FRONT PANEL
FROM CHASSIS ASSEMBLY.

APPLY + 10V TO PIN 1, PL1 FAIL
(CONTROL BOARD), 0V TO - SUSPECT 5V
EARTH POINT ON FRONT PANEL. REGULATOR

CHECK PIN 14, SK1 (CONTROL
BOARD) = 5V + 0.5V

PASS

Y

CHECK FAIL
PIN 21 ML5 < IV =

PASS

SUSPECT
Y ML2b STAGE

CONNECT PIN 2, PL 1 (PTT)| FAIL
TO GROUND. CHECK
PIN 21 ML5 > 4V

PASS

CHECK PH;VL ML2a FAIL - SUSPECT
>

ML2a STAGE

PASS
\

CHECK PIN 38, ML5 FAIL SUSPECT XTAL
= 4V pk-pk AT 4MHz OSCILLATOR STAGE

PASS

FAIL
CHECK TP6 > 4V —

PASS

SUSPECT ML6

OPERATE EACH KEY BRI
ON FRONT PANEL IN TURN
(EXCEPT ‘LAMP’). DISCONNECT |
AND CONNECT PIN 2, PL1 (PTT) | FAIL
TO GROUND.
EACH TIME CHECK
TP6 MOMENTARILY GOES LOW

(< 1V)
PASS
SWITCH OFF 10V SUPPLY. | FAIL CHECK BATTERY | PAIL REPLACE
CHECK TP4 > IV VOLTAGE > 1.2V BATTERY B1
PASS PASS
Y

DISCONNECT PIN 2, PL1 FROM GND.
SWITCH ON 10V SUPPLY. - SUSPECT
CHECK FOR ERRORS ON DISPLAY. D5/R19
E3 DISPLAYED? YES SUSPECT ML4
OR MLS
NO
YES
E1 OR E2 DISPLAYED? - SUSPECT ML5
NO
OPERATE "LAMP' BUTTON | paq|
ON FRONT PANEL. CHECK -~ SUSPECT TR1 STAGE
DISPLAY ILLUMINATION.

PASS

CONTROL BOARD SATISFACTORY

PRM 4700
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CHAPTER 4

COMPONENTS LIST

Tol

Let Value Description Rat % Racal Part Number

Ref.

A.M.U. PCB (AA708863) Component Prefix 18

Capacitors

cl 10n Ceramic 100 20 927395EQ
Transformers
Tl Transformer Assy 710822
Miscellaneous
Transformer Clamp 708866
Terminal Post 914054
CONTROL PCB (AA708509) Component Prefix 16
Resistors
0 W
R1 10 Carbon Film 1/8 5 932806EQ
R2 33 Carbon Film 1/8 5 990751EQ
R3 1.5K Carbon Film 1/8 5 931458EQ
R4 5.6k Carbon Film 1/8 5 932330EQ
R5 5.6k Carbon Film 1/8 5 932330EQ
R6 10k Carbon Film 1/8 5 928015EQ
R7 47k Carbon Film 1/8 5 928018EQ
R8 10k Carbon Film 1/8 5 928015EQ
R9 22 Carbon Film 1/8 5 930125EQ
R10 2.2k Carbon Film 1/8 5 928020EQ
R11 M Carbon Film 1/8 5 932336EQ
R12 22k Carbon Film 1/8 5 928017EQ
R13 100k Carbon Film 1/8 5 936823EQ
R14 47k Carbon Film 1/8 5 928018EQ
R15 1M Carbon Film 1/8 5 932336EQ
R16 470 Carbon Film 1/8 5 936814EQ
R17 3.3k Carbon Film 1/8 5 936818EQ
R18 10M Carbon Film 1/3 5 926676EQ
R19 100 Carbon Film 1/8 5 928013EQ
R20 10k Carbon Film 1/8 5 928015EQ
R21 10k Carbon Film 1/8 5 928015EQ
R22 47k Carbon Film 1/8 5 928018EQ
R23 150k Carbon Film 1/8 5 930127EQ
R24 10k Carbon Film 1/8 5 928015EQ
R25 M Carbon Film 1/8 5 932336EQ
PRM 4700 4-1
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Cet, Value Description Rat Tol Racal Part Number
Ref. %
Capacitors
NE v
C1 In Ceramic 100 10 924031EQ
c2 10n Ceramic 100 20  927395EQ
C3 100n Ceramic 50 10  936877EQ
ca 22p Ceramic 100 2 919649
C5 10n Ceramic 100 20  927395EQ
C6 22p Ceramic 100 2 919649
c7 6.8 Ceramic 10 5 992122EQ
ca 100n Ceramic 50 10  936877EQ
C9 5.8 Ceramic 10 5 992122EQ
C10 100p Ceramic 63 2  919723EQ
cl1 100n Ceramic 50 10 936877EQ
C12 in Ceramic 100 10  924031EQ
Diodes
D1 3AW 62 918982
D2 BZX79B5V6 990672EQ
N3 BZX79C3V9 925667
D4 BAW 62 918987
N5 IN6263 936862E(
D6 IN6263 936862EQ
D7 IN6253 936862EQ
D3 IN6263 936862EQ
D9 BAW 62 913982
Transistors
TR1 7TX237 923171
TR2 7TX212 923172
TR3 ITX237 923171
TR4 7TX237 923171
TR5 7TX237 923171
Integrated Circuits
ML1 47% Resistor Network 7-way 5 992091EQ
ML2 LM2903N 991573EQ
ML3 150k Resistor Network 8-way 5 936897EQ
ML4 PCD8571 992095EQ
ML5 MC146805G2CP BR714359
ML6 MC145318CP 931479
ML7 150k Resistor Network 8-way 5 936897E0
ML8 150k Resistor Network 8-way 5 936897EQ
PRM 4700 4-2



Cet Value Description Rat Tol Racal Part Number
Ref. %
Miscellaneous
XTL1 A4MHz Crystal Quartz 991165EQ
Bl Battery 992099EQ
Connector 21-way 3D708920/21
Socket (16 off for SK1) 990185EQ
Socket (40 off for ML5) 937117
Terminal Post 914054

Pin Mini wrap (fits into 914054) 934875

PRM 4700 4-3
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INTRODUCTION

The DISPLAY/DRIVER MODULE consists of a PCB on which is mounted several
surface-mounted 'chip' components and the Liquid-Crystal Display itself.

ASSEMBLY

The module is screwed into the Front Pane! such that the Display is
visible through an aperture in the panel. A sealing ring in the Nisplav
Clamp ensures a water-tight seal between the Display and the Front Panel.

The keyboard is in two parts. The keys themselves consist of a one-piece
rubber moulding mounted in the Front Panel casting and retained hy a metal
nlate. The rear tips of the keys are electrically conductive, and each
one when pressed shorts together two gold-plated contacts on the
DISPLAY/DRIVER Board. The keyboard moulding also acts as a water-tight
seal with the Front Panel.

The DISPLAY/DRIVER module connects directly to the CONTROL hoard by means
of a 16-way two-part connector.

Liquid-Crystal Display

The display itself is clamped between two plastic mouldings which are then
attached to the PCB by two screws. FElectrical contact is made to the
display by means of two flexible conductive strips compressed between the
NDisplay and the PCB. These strips consist of alternate layers of
conductive and non-conductive rubber so that they conduct across their
width but no across their length.

Backlighting of the display is achieved by means of twn Light-Emitting
Diodes mounted on the PCB which protrude into the displav housing so that
light is reflected from the back of the housing through the display.

-
i
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INTRODUCTION

The following are mounted on the display driver board:

(1) Front panel keyboard contacts.

(2) Two front panel display driver IC's and pull-down resistors.

(3) Keyboard encoder I.C. and pull-down resistors.

(4) Front panel Tamps.

{(5) Front panel liquid crystal display.

The 5 volt regulated supply is provided at Pin 14 by the Control Board.
Keyboard

When a front panel keyboard switch (other than lamp key) is operated 5v is
applied via the switch to one of the inputs of the keyboard encoder I.C.
The output of the encoder is fed to the KEY 1, KEY 2 and KEY 3 Tine and
routed to the microprocessor on the Control Board (see Fig. 2 Part 5).
When a key (other than lamp key) is operated a logic 'l' is applied to the
Key Select line to tell the microprocessor that action is required. Table
2-1 shows the truth table for the keyboard encoder.

Table 2-1 Truth Table for Keyboard Encoder

Qutput Line: Key 1 Key 2 Key 3
Selected Key Pin 11 Pin 12 Pin 13
NONE 0 0 0
LOAD 1 0 0
10MHz 0 1 0
1MHz 1 1 0
100kHz 0 0 1
25kHz 1 0 1
PROG 0 1 1
PWR 1 1 1

Logic '0' = 0V Logic '1' =5V

Display Illumination

When the lamp key is operated 5v is applied to the LAMP SWITCH 1line and
fed via pin 15 to a lamp driver circuit on the control board (See Part 5
Page 2-6). The output of the Tamp driver is Ov when the lamp key is
operated and is fed via pin 16 to the cathodes of the two LEDs which
ilTuminate the display.

PRM 4700 2-1



Display Drivers

4. There are two IC's, master and slave, which are used to decode the inputs
from the Control Board and drive the appropriate segments of the display.
These inputs are applied to pins 3-10 (see Fig. 2 Part 1 Control Board),
from pins 3-10 on the Control Board (See Part 5 Page 2-2).

PIN TITLE FUNCTION

3 LCDAT3

g tggﬁ;?l} Four lines of data to LCD

6 LCDATO

7 CSS Slave Display Driver Select

8 CSM Master Display Driver Select

9 DSC2 LCD Digit Select Code 2
10 DSC1 L.CD Digit Select Code 1

PRM 4700 2.2

Part 6
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CHAPTER 3

FAULT-FINDING

1s Before investigating a possible fault in the DISPLAY/DRIVER Module, the
CONTROL Board should first be checked for correct operation (see Flow
Chart, Table 3.2, Part 5).

2 Fault-finding on the DISPLAY/DRIVER Module is limited to checking
operation of the Keyboard Encoder, Lamp Switch and LED's.

Keyboard Encoder

. 9 Without removing the Front Panel from the Chassis check the Encoder by
pressing each key in turn and measuring the voltages at pins 11, 12 and 13
of SK1 on the Control Board (see Table 2.1). Note when any key is pressed
KEY SELECT (Pin 2) should be at Logic 'l'.

LAMP SWITCH AND LED'S

4, s in Para. 3 above, press the LAMP key and check that the voltage on pin
15 of SKI1 on the Control Board is +5 volts. Check also that pin 16 is
less than 1.5 volts, and the two LED's in the LCD are 1lit.

Module Repair

5, No attempt should be made to replace soldered components on the
Display/Driver Board. If a fault is suspected on the PCB, the whole board
should be replaced with a new tested unit.

6. The L.C. Display, Display Housing or Elastomeric Connactor Strip may he
replaced if required.

Display Removal (See Fig. 3.1)

7. First remove the Display/Driver Module from the Front Panel as described
in Chapter 6, Part 1.

8. Remove the two screws securing the Display Assembly to the PCB thus
releasing the complete assembly.

Display Re-Assembly (See Fig. 3.1)

9. Note that during assembly great care must be taken not to handle the L.C.
Display or the tracks of the PCB. The whole module must be kept free from
dirt, especially the keyboard pads.

10. Fit L.C. Display into Display Clamp, carefully noting the orientation of
the tab on the L.C. Display to guideway in clamp.

11. Fit backlight with elastomeric connector strips as shown, and press firmly
into position.

PRM 4700 3-1
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12. Fasten PCB to display clamp with the 2 counter-sunk screws. Note this
operation is to be done taking great care at all times not to distort the
connector strips as the screws are tightened. Tighten screws until clamp
touches PCR.

PRM 4700 3-2
Part b6
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Description Quantity Racal Part No.
Display/Driver Module 1 ST708508
PCB (with soldered components) 1 ER712252
L.C. Display 1 DR712285
Elastomeric Connector Strip 2 AR712296
Jisplay Clamp 1 BD708731
Backlight Housing 1 BD708733
Screw M3 x 12 2 918386
CSK. REC. HD. CpP
PRM 4700 4-1
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CHAPTER 1

GENERAL DESCRIPTION

INTRODUCTION

The synthesizer board provides 2321 channels at 25 kHz spacing derived
from a single crystal reference. During transmission a Phase Locked Loop
(PLL) Tocks the frequency of a Voltage Controlled Oscillator (VCO) to the
crystal reference which is then Frequency Modulated to provide the
transmitted signal used to drive the P.A. The output frequency of the
transmitter VCO is determined by the front panel keyboard frequency
selection or the channel switch setting via the channel memory, or
external frequency data applied to a front panel socket.

Tx VCO Frequency = Transmit frequency indicated on LCD.

During reception the synthesizer PLL is used to control the frequency of
a separate VCO which is located on the receiver board. This receiver ViU
is at the frequency set by the front panel controls + the intermediate
frequency (I.F.) of 21.4 MHz.

Rx VCO frequency = Rx frequency indicated on LCD + I.F. (21.4 MHz).
The following functions are also provided by the synthesizer board.

(1)  The modulating signal is low pass filtered at 3KHz for audio. For a
16K bit data signal the low pass filter is switched to cut-off at

8KHz.

(2) The 150Hz Pilot Tone which is used during voice transmission, is
generated and switched in or out as required.

(3) A 32 MHz signal is produced to test the receiver during the BITE
sequence.

(4) A nominal 20 V supply, generated by the synthesizer, is made
available for use on this board and on the receiver board.

(5) The correct operation of the PLL is continuously monitored. An Out
Of Lock (00L) condition will result in a warbling tone being heard
in the operator's headset. (The same tone can be heard when an out
of range frequency is selected on the front panel.)

CONSTRUCTION AND LOCATION

The Synthesizer Board consists of a Motherboard of dimensions 140 x 56 mm
onto which are plugged three Micro Circuit Boards and an LSI. The
iotherboard is connected to the main chassis by means of a 16 way
connector. One coaxial cable connects to the Receiver Board and one to
the P.A. Board. -

PRM 4700 1-1
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PRINCIPLES OF OPERATION

Phase Locked Loop

s A block diagram of the Synthesizer PLL is shown in Figure 1.1. The PLL
uses a 6.4 MHz crystal oscillator to provide a stable reference frequency.
A reference divider, internal to ML3, divides this to a sampling frequency
of 12.5 KHz. The PLL is then used to lock the frequency of the VCO to a
multiple of the sampling frequency. When this occurs, hoth the reference
divider and the programmable divider will be giving a 12.5KHz output to
the phase comparator, with the feedback loop ensuring that the two signals
are locked together in phase. The VCO frequency is then defined as N x
Sampling Frequency, where N = the product of prescaler and programmable
divider division ratio.

Voltage Controlled Oscillators

6. There are two voltage controlled oscillators, one on the synthesizer board
covering the range 30 MHz to 88 MHz for the transmitter, and one on the
receiver board covering the range 51.4 MHz to 109.4 MHz for the receiver
local oscillator. The power supply to the oscillator which is not being
used is switched off so that it has no effect.

LSI CIRCUIT

7. The large scale integration (LSI), ML3, contains the reference divider,
the programmable divider and phase comparator. Because the VCO frequency
is too high to feed directly into the LSI, a Prescaler is used, its
division ratio of 40 or 41 being set by the LSI. This device then forms
part of the programmable divider. The data to set the ratio by which the
VCO signal is divided is sent by the Control Board to the LSI where it is
held in memory. The phase comparator provides two pulsed outputs, either
“pump-up" or "pump-down" converted to a voltage level in the Pump/Filter
and used to correct any VCO frequency error. The LSI also provides an
output (00L) which is used to provide an audible warning if the PLL is out
of lock (00L). A 200 KHz output is used to drive the 20V generator and
provide a 150 Hz pilot tone output, both of which are derived from the
reference frequency.

MODULATION CONTROL

8. A characteristic of the modulation system is thal as the transmitted
carrier frequency increases the audio input level it requires fis reduced.
This is achieved by a modulation control circuit, the gain of which is
inversely proportional to the carrier frequency thus maintaining the
frequency deviation at a constant level, across the whole frequency range.

MODULATION

9. The block diagram of Figure 1.2 shows how the modulation is applied to the
PLL. The output of the modulation control circuit is applied first to the
transmit filter. This is a low pass filter which can bhe switched to one
of two bandwidths. For a microphone input the bandwidth is 3KHz. When a
DATA input from a 16K-bit ancillary is fed into the front panel audio
socket SKT1, the filter switches to a bandwidth of 8KHz. The filtered
output is used to frequency modulate the transmitter VCO, and also a pulse
width modulator.

PRM 4700 1-3
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12.
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Without pulse width modulation, the VCO modulation would be seen as
frequency errors by the PLL which would try to cancel the modulation out
by pulling the VCO back towards the carrier frequency. B8ecause the
bandwidth of the PLL is nominally 1KHz the audio frequencies within the
loop bandwidth would be attenuated. To compensate for this the 12.5 KHz
output of the fixed divider is also modulated by the pulse width
modulator. The two inputs to the phase comparator are then modulated

together so that the PLL sees no errors.

POWER SUPPLIES

The synthesizer board power supply is derived from the radio supply which
has a nominal output of 10V. A 7V and 7V Tx supply are provided by a
regulator on the audio board. A voltage multiplier on the synthesizer
board provides a nominal 20V supply for the charge pump and the same 20V
is used on the receiver.

Under receive no signal conditions current saving circuits are in
operation to preserve the radio battery controlled by the 7 V Rx SYN Tine.
The supplies to the 0/P Buffer Amp, Prescaler, and Charge Pump are
switched at the 5 Hz rate, and the two LSI inputs are toggled at 10 kHz
rather then at operating frequency.
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|
|

|
|

|
|

|
' |
|

VCO CONTROL l
I—‘. 5 S

i PHASE |l PUMP UP

= (GRS 5 =
euFFEE\ l:rzz SCALER | mﬁfg& ICOMPARATOR) PUMP/ FILTE
o ; } 2 ek PUMP_DOWN
T 10 BA 40/41 DIVIDER @
Eaa
| | ‘

B 40741 : -
CONTROL

MOOUE ATION COnTRoL  FILTER
s 1 ] X !
AUTG Vo<Ty /7(" PULSE 12.5 FIXED
! - | ‘ > |REFERENCE]
~_ WIDTH KHz
PO - MODULATOR oivioer | 125Kz
3KHz (AUDIO) | '
8KHz (DATA) L ML |

(TH5150]

i/ /!f N
|
-

_GAIN _CORRECTION

64 MHz
REF

Synthesizer Overall
Block Diagram. Fig12

PRM 4700 1-4

Part 7



f:gra.

9
10
14

i3
19
22

5
26
27
28
32
35

Table

2ol

Fig No

NN NN MNP DN DN NN
¢ e s+ e 8 % e v 1 e € %+
WO~ O U W=

PRM 4700
Part 7

CHAPTER 2

CIRCUIT DESCRIPTION

CONTENTS

INTRODUCTION

Reference Frequency Oscillator and Reference Divider
Transmitter Voltage Controlled Oscillator
Prescaler

Programmable Divider

Phase Comparator and Lock Detector

Charge Pump and Loop Filter

20V Generator

Principles of Modulation

Modulation Control

Audio Filter

VCO Modulation

Pulse Width Modulation

150Hz Switching

Current Saving

BITE Gate

TABLES

Control Voltage Range

ILLUSTRATIONS

Transmit VCO Circuit

Input Buffer and Prescaler Circuit
Prescaler/Programnable Driver Block Diagram
Charge Pump, Loop Filter Circuit, and 20 V Generator
Block Diagram : Synthesizer Modulation
Modulation Control Circuit

Effect of Modulation Control Circuit
Modulation Control Waveforms

Audio Filtering and PWM Circuit

MB20 Block Diagram

150Hz Switching

6.4 MHz Oscillator and Current Saving Circuit
BITE Gate Circuit

o
o
I

Circuit :

Contents

[} !
et b b e ek e ] O O) O OO TN b =

PO == O

[ R A |

i i 1 t 1 1
&

PO PO T PO DO NN NI NN NN MY
§

2-6

I T T N |

[ IR D B |

Nl\:NNNNrI\)NNNNmr\J
b e e O O OO0 SN DY B0 T

WO O



CHAPTER 2

INTRODUCTION

1« A1l of the synthesizer circuits except the receiver VCO are contained on
one printed circuit board. Three micro printed circuit boards are mounted
on the synthesizer containing the charge pump, 20V generator and the Tx
audio filter and PWM circuits.

Reference Frequency Oscillator and Reference Divider

2. The output frequency of the synthesizer is locked to the 6.4 MHz
temperature compensated oscillator (TCX0) module. The TXCO output is
applied via gating circuit ML2C, to the reference divider input of ML3 pin
15 which can be monitored at TP1. The main purpose of the divider is to
provide the 12.5 KHz sampling frequency to which the VCO is locked. Two
other frequencies are taken from the divider chain:-

(1) 200 KHz (ML3 pin 16). Used in the 20V generator.

(2) 150 Hz (ML3 pin 17). Used to provide the 150 Hz Pilot Tone.
(Actual frequency is approximately 148.8 Hz.)

Transmitter Voltage Controlled Oscillator (Fig. 2.1)

3 The frequency range of the transmitter VCO is 30 MHz to 838 MHz covered in
two bands. The lower band is 30 MHz to 49.975 MHz and the higher band is
50 MHz to 88 MHz. Band switching is controlled by the microprocessor on
the control board.

4. The oscillator transistor is TR8 with base bias provided by R35, D15, and
R36. The main tuning components are L4, C20 and D13. 013 is a varactor
diode whose capacitance varies according to the dc voltage applied when
the device is reverse biased. As the voltage at the cathode of D13 is
increased, the diode capacitance reduces and hence the frequency of
oscillation of the VCO increases. The control voltage from the Charge
Pump, MB22, is applied to D13 via R34. (Also to the Rx VCO via L8).

b When a frequency in the high band 50-88 MHz is selected, the band
switching Tine from the control board is high at pin 6 of the synthesizer
board. This voltage at the base of TR6 causes TR6 to conduct which in
turn causes TR7 to conduct. When TR7 conducts current flows from 7V TX
through R33, L3, D14 and L4. PIN Diode D14 is now forward biased and
additional tuning component L3 is placed in parallel with L4 so reducing
its inductance.

5. The audio output of the Tx Audio filter is applied via C13 and R27 to the
cathode of varactor diode D10, (a double varactor in which only one half
is used). As the voltage at the cathode varies the frequency of
oscillation of the VCO will vary as a function of the AF applied.

PRM 4700 2-1
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An automatic level control circuit is formed by D11, D12, C17, C13, C19,
L2, R29 and R30. C19 and D12 form a peak detector circuit. When the r.f.
voltage at the anode of D12 is high enough PIN diode D11 will conduct.

R29 and R30 set the threshold at which D11 conducts. When D11 conducts it
appears as a resistance to the r.f. across the tuned circuit to dampen the
amplitude of osciilation.

<o

The output of the VCO is fed out via a buffer siage TR9, output
transformer T1 and coaxial socket PL2 to the power amplifier board. A
second output via R41 provides a signal to the buffer stage TR10 for the
synthesizer loop. In receive the RF signal for the loop comes from PL3.

VCO MODULATION

N
BAND S — ST
LOGIC 1
50-88MHz
™ L
.Las R32 [Y]Ras %cu
Il pler o 3
[ans 1 o 26
i JRE, 33 :CZZ s 'F
HRJ w36
R37 J\1R8 s 0 TRIO
& —, —-+ 3
- c23 3
1 T &
R28 ar oy SIZJB o ]}T‘ LEH] n
SN " N i[g—
T oi B
bio '$c25
—4 R4O s===(27
_,Lc,6 [Jmo -Lcna wheClg | w20 ca I
OV emes—
1 T T
e
rﬂii‘ CONTROL
L“J S N IR
Pe
N\ Tx OUT
Via'rs o
Transmit VCO Fig 2.1
Prescaler (Fig. 2.2)
9. The output of the synthesizer buffer stage is fed to the prescaler ML4 at

a level of approximately 400mV pk-pk. This device uses emitter coupled
logic (ECL) to divide down the VCO frequency to a Tow enough frequency for
the programmable CMOS divider of ML3. The prescaler is controlled by the
control output of ML3 pin 7. R50 is a pull up resistor for this output.
With this pin low it will divide every 40 pulses at its input to give one
pulse at its output. When this pin is high it will divide by 41. TRI11 is
held ON in transmit and received signal modes via gate ML1C and TR1, so
providing a 7 V supply to ML4. In current saving mode it switches the 7 V
supply at 6 Hz (See Para. 32).
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TR1
FIG 212

7V
R4 OUTPUT TO
MODULATION CONTROL (C9)
[ W\TRI N
5 P7
OM Tx VCO e T
FROM Tx
(F1G. 2.1) —>— m—%
. [Jre
i TP6
R48 2 8 T
40/41  oPl3 L5 ML3
TR10 C32 SP8793 /P PIN 6

3 !
\
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B~
[=2]

(=;]

&

~3
N
=
=z
~

THS160/

s : ® I/P ML4
j X ‘O 1 5 ML3

R.2 w29 wm(C30 | [R47 R4S w=msm(C33 C35

T
] T conTROL VOLTAGE

I
Rx IN
PL3

Input Buffer and Prescaler Circuit Fig. 2.2

Programmable Divider

10. The overall function of the programmable divider and prescaler is to
divide the input frequency by "N". When the output of the dividers is
equal to the sampling frequency of 12.5KHz, the synthesizer is in lock and
the VCO frequency is then defined by:-

Fvco = N x 12.5 KHz.
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12.

PRESCALER PROGRAMMABLE DIVIDER (PART OF ML3)

I
|
|
|
i

FVCO -] PIN 6
o A + 40/41 J 7' +A >-— 12-5KHz
| ]
l 2
CONTROL OF |
gixvllxscim | RESET N=B.41+(A-B) 40
: =A.L0+B
i
| b +B
|
I
LPIN 7
+
|
|
|

Prescaler/Programmable Divider Block Diagram  Fig 2.3

The programmable divider is formed by a counter inside ML3 which is set to
count to "A" at the beginning of each sample period. With the prescaler
set to divide by 40 the VCO frequency is:-

Fvco = A( 40 x 12.5 ) kHz
50 the counter controls the frequency in 500 KHz steps.

Further 12.5 KHz steps in frequency can be added from 0 to 487.5 KHz by
counting extra pulses with the prescaler. In operation the Prescaler
divides by 41 until the count in another programmable counter in ML3
reaches 'B' and then divides by 40 until the first counter reaches 'A'.
Then both counters are reset when a pulse passes to the output (see Fig.
2.3). The prescaler division number is set by ML3 Pin 7. The first
counter has received 'B' pulses during the Prescaler division by 41
period, and therefore requires a further (A-B) pulses to produce an output
pulse. Therefore the total number of input pulses required to produce an
output is:-

N A-B). 40

nou

B.41 + (
A.40 + B
The frequency is now defined by:-

Fvco = {{ A x 40 ) + B)12.5 kHz.

B is set as a number from 0 to 39. For 25 KHz channel spacing, only even
numbers are used so:-

1

30.000 MHz A =60 ; 8 =0 ; N = 2400

for Fvco

i
i)

for Fvco = 30.025 MHz 60 ; B =2 ; N = 2402

]

30.475 MHz A 38 ; N = 2438

i

60 ; B

i

for Fvco

30.500 MHz A

1]

61 ; B =0 ; N = 2440

i

for Fvco
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14.

16.

17.

The frequency data which sets the correct value of "N" is sent from the
control board and stored in ML3. When the synthesizer frequency is
changed new data is sent in serial form using the DATA, CLOCK and ENVELOPC
inputs. At the beginning of every sample period the data is then used to
set the values of A and B. For the example of Fvco = 30.475 MHz, the
prescaler will give 60 output pulses, dividing by 41 for the first 38
pulses and then by 40 for the other 22 pulses.

Phase Comparator and Lock Detector

“or the VCO frequency to be correct the output of the programmable divider
must be Tlocked to the output of the reference divider. The phase
comparator in ML3 does this by comparing these two outputs and producing
two pulsed outputs on the "pump-up" and "pump down" output Tines.
Depending on whether the divided VCO output is at a Tower or higher
frequency than the divided reference frequency, one of these pulses is
lengthened. Pump-up pulses will cause the VCO frequency to increase and
pump-down pulses cause the frequency to decrease.

A third output from the comparator is the out of lock (00L) line (Pin 19}.
This line is high while the VCO is being locked onto frequency. When the
correct frequency is reached the Q00L line then goes Tow. A continuous
high indicates that the synthesizer loop is unable to Tock the VCO onto
the required frequency. When the synthesizer is switched off during a 140
ms current saving period, the 7 V Rx SYN line is low, making the output of
gate ML1C a Togic '0', and components D16 and R53 ensure that the 00L SYN
Tine from the board is held low. Thus the Control Board will not generate
the 00L signal.

Charge Pump and Loop Filter (Fig. 2.4)

The charge pump circuitry is mounted on a Micro PCE MB22 and the loop
filter is formed by C41, C42 and R55. The purpose of the charge pump and
the loop filter is to convert the digital pump outputs of the LSI to a
voltage level appropriate to the required frequency. This tuning voitage
is applied to the varactor diode of the transmitter VCO via R34, and to
the varactor diodes of the receiver VCO and RF tuned circuits on the
Receiver Board via L8 and PL3.

If the vCO frequency is too low, negative pulses on the "pump-up" line are
appliad to the charge pumps and charge is pumped into the loop filter from
pin 14 MB22. This charge is stored in C4l to give a higher voltage level
for the varactor diodes. If the VCO frequency is too high, "pump-down"
pulses are fed to the charge pump and the voltage to the varactor diodes
will fall. To ensure stability of the phase locked loop and to give a
short lock-up time, C42 and R55 are combined with C41l to give the required
filter response. Because we require a steady tuning voltage, TR12 is used
as a buffer stage to ensure that charge does not leak from the loop
filter, and the control voltage is taken from its source. Pin 16 of MB22
provides a constant current source for the varactor control line, and also
in the current saving mode turns OFF TR12 when the 7 V SW line on pin 20
goes low. A higher voltage than the 7 volts available is required for the
varactor to cover the required frequency range (see Table 2.1). In
addition as the loop comes into lock, overshoot has to be allowed for, and
the maximum control voltage is therefore set to about 20 V.

PRM 4700 Z=5

Part 7



20 V Generator

13. The 20 V generator derives its input, a square-wave at 200 kHz from ML3
pin 16. The output of nominally 20 V is fed to the charge pump micro PCB
and to the Synthesizer Board pin 14 for use on the Receiver Board.

PS5

20V

MU3 3200kHz 9 i
PIN 167 20¢
GENERATOR
AAT79011 +Lcuo
=

14 0/P E TRiZ

2 ¥ D19

ML3 L PUMP UP
PiN Hy

ML3 PUMP_DOWN 2
PIN107

AAT79012 o Gkl

S é;;‘;%:ctl

FILTER
__CONIROL VOLTAGE —

R34 (Tx V2O
L8 (RxVOD)
(FIG 2.1}

Charge Pump, Loop Filter Circuit
and 20V Generator Circuit Fig 2.4

=

Table 2.1 Control Voltage Range

MODE BAND APPROX. CONTROL VOLTAGE RANGE
LOW BAND RX 30-37.975 MHz 1.0 - 7.5 volts
HIGH BAND RX 38-88 MHz 1.0 - 15.0 volts
LOW BAND TX 30-49.975 MHz 2.5 - 8.5 volts
HIGH BAND TX 50-88 MHz 3.5 - 12.0 volts
Principles of Modulation
19. Figure 2.5 is a general diagram of the synthesizer modulation system. The

transmit VCO frequency, dependent on the loop filter control voltage, is
modulated by the audio from the output of the low pass filter. The
amplitude of the audio is frequency corrected by an output from the
Prescaler (See Para. 22-24).

20, As the VCO frequency is modulated the 12.5 KHz entering the phase
comparator from the programmable divider is also modulated. If this was
compared directly with the 12.5 KHz output of the reference divider, this
nodulation would be seen by the phase comparator as errors in the VCO
frequency. The phase comparator outputs would then vary the VCO control
voltage to try and cancel out the frequency modulation. With a nominal
loop bandwidth of 1 KHz the modulation would then be Tost at low
frequencies. It is thus necessary to stop the phase comparator from
seeing these errors.
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This is achieved by the Pulse Width Modulator. This circuit takes tne
output of the reference divider at 12.5 KHz, modulates and then feeds it
to the phase comparator so that now both the reference divider output and
the programmable divider output are equally modulated. The phase
comparator now sees no error and the control voltage no longer tries to
cancel out the modulation.

GAIN CORRECTION

CONTROL VOLTAGE

|

1 PRE - | _|PROGR- A

N SCALER AMMABLE

vco + DIVID- '
40741 ER

PHASE | [\JPUMP/
2 FILTER

N

PULSE WIDTH COMP -
FILTER MODULATOR . ARATOR[ |

AUDIO ~o REFER-

S 1ENCE
INPUT N I

DIVID - '
Vourt A
out

VN

ER
fvco

AN

6-4 MHz
REF. FREQ.

RACAL

[THs160] Block Diagram:
TH 5160
Synthesizer Modulation Fig2.5

Modulation Control (Fig. 2.6 and 2.7)

The modulation system used has the characteristic that as the VCO
frequency increases, the deviation level also increases for a set audio
input. Because the same level of deviation is required for all carrier
frequencies the Modulation Control circuit is used. As the carrier
frequency increases, the audio gain of this circuit decreases. This is
shown in Figure 2.7. The circuit is formed by TR2, TR3 and TR4 with their
associated components.
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TV Tx % 4 *
L
R12 ; R13 R15

MODULATION < g
CONTROL  ~f-
| TR4 MB 20
alipe, 10 C|7 R H‘@> ™ PIN 20
R ———
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DEVIATION e
_L TR2 | LEVEL z
c8
=
RIA ulew C11 et C12 | [
-=C9 | RIS RI6
DEVIATIGN
JI ; DS
FROM ML4 PIN 3
(FIG. 2.2)
Modulation Control Circuit Fig. 2.6
n\
RESPONSE WITHOUT
\\ FREQUENCY CONTROL
~
g ~
DEVIATION KHz ~ =
(LOG) e — — — e o o e e — —— RESULTANT RESPONSE =
b

/ EFFECT OF MODULATION
= CONTROL,GAIN o< 1 /F

CARRIER FREQUENCY
(LOG)

Effect of Modulation Control Circuit. Fig.2.7

23. A square wave output from the 40/41 divider is fed to the gate of buffer
TR2 causing it to switch on and off. This in turn causes TR3 to switch
off and on. When TR3 is off C1l1l will charge up via TR4 and the voltage at
the collector of TR4 rises. The rate at which Cl1l charges depends on the
audio signal voltage. Figure 2.8 shows that Cl1l will charge to a lower
level at 60 MHz than at 30 MHz because it only has half the time to charge

up .

N
]
0

PRM 4700
Part 7



24. The final part of the modulation control circuit is
by TR5, C12 and R16 to remove the high frequencies.

a peak detector formed
The overall gain of

the synthesizer board is set by R16 to give the required deviation level.

LEVEL OF
CHARGE OF C11
AT 60 MHz

AUDIO INPUT

40/41 DIVIDER
OUTPUT AT 60MHz

LEVEL OF
_~AUDIC OUTPUT
AT 60MHz

TH S180/!

40/41 DIVIDER
OUTPUT AT 30 MHz

P e W
LEVEL OF - ~ -
CHARGE OF ~ LEVEL OF
AT 30 Mz e _AUDIO OUTPUT
N - AT 30MHz
~ —NOTE HIGHER
R THAN THAT AT
1/2T 60 MHz

Modulation Control Waveforms. Fig.2.8.
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Audio Filter (Fig. 2.9)

25 The modulating signal is low pass filtered by MB20 before being used to
modulate the PLL. Pin 17 of MB20 is used to set the filter to one of tw>
bandwidths. When this input is high the bandwidth is 3KHz. When pin 17
is low this is increased to 8KHz so that a 16K-bit data signal can be
transmitted. The filter output can be monitored at TP2.

7V Rx —¢- W/B CONTROL (FIG. 2.11;

SYN

v R21

7VTx =1 _L -
+

ci4 MODULATION
R20 ,77; BALANCE

R22

™2
[]R' w6 8", 4
20] ase SWITCH

1 |r23

FILER |17

/P D7 1 < ML3 PIN 14
ME20 PULSE | _EC(; < (PULSE O/P)
Tx AUDIO 1P

MODULATION FILTER & PWM — e i’i
(lgc 2*-7*———6) ci3 vilar o AA779010 5 . o z
4 veo PULSEZ 6 'M::’LVSM e
/ ML1b &
15 10 TPL
LOW BAND
Ri9 MODULATION
BALANCE
Fig 2 1< YCO MODULATION | ' /7]”
BAND b
SWITCH
Audio Filtering and PWM Circuit Fig.2.9
VCO Modulation
26. The output of the transmit filter modulates the transmit VCO frequency via

varactor diode D10 (Fig 2.1). As the voltage at the cathode varies the
frequency of oscillation of the VCO will vary as a function of the AF
applied. In the high band, 50-88 MHz, the VCO audio comes directly from
the output of the transmit filter. When the VCO is switched into the Tow
band, pin 6 low, the audio level required by D10 becomes approximately a
third of that provided by the transmit filter. The band switch input to
MB20 (Fig 2.10) then switches in an attenuator circuit part of which is
formed by R18 and R19. R19 allows the required attenuation to be set.

P2 MODULATION BALANCE

FILTER
I SWITCH

I/P PULSE

A/F FILTER PWM
1/P orp

THS16C

AF
syt
TO VO -

BAND SWITCH
MB20 Block Diagram Fig 210
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Pulse Width Modulation (Fig 2.9)

27. The Pulse Width Modulator is part of MB20. During transmit the sampling
output from the reference divider is gated out through ML3 pin 14 as a
positive going pulse edge. R23 is a pull up resistor for this output.
This pulse edge is delayed and modulated by the pulse width modulator
before returning to the phase comparator of ML3. The level of modulation
is set up using R22. 1In receive, when the modulation circuits are
switched off, the input to ML3 pin 13 is held high by 7V RX SYN on Pin &
of ML1b, and the reference divider output is internally gated to the phase
comparator inside ML3.

150 Hz Switching (Fig. 2.11)

7V Tx
RS54
RS6 DI8 46
{}——>——=== W/BAND
MB20 «
PIN 17 R57
8 MUTE
FIG. 2. S :
(F16.2.9) "= 150Hz
2 RS8
12 3 9 _150H -
n_1 —=—SYN. 3
150Hz 13 -
ML3 > i
PIN 17 ML2a z
150Hz Switching Fig.2.11
28. The 150 Hz pilot tone which is used during transmission is yeneracveu iium

the output of the reference divider. The tone is gated and then filtered
by R58 and C43 before leaving the board. In transmit the tone then passes
through the 150 Hz filter on the receiver board before being mixed with
the synthesizer audio input, on the Motherboard.

29. The Mute input is used to switch off the 150 Hz tone for test purposes by
applying +10V to the front panel audio SK2 pin A and therefore Pin 8,
which inhibits the 150 Hz at the output of ML1d. This allows the transmit
deviation to be measured without the pilot tone.

30. The Wide Band control input Pin E SK1, is pulled low when a 16 K-bit DATA
ancillary is connected to the front panel audio SK1. This pulls Pin 16
low, which inhibits the 150 Hz at the output of ML2a since, under these
conditions the pilot tone is not required.

<1 When the radio is in the receive condition the 7 V Tx line is at 0 V, and
heace R54 causes ML2 pin 2 to be low thus switching off the pilot tone.
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Current Saving (Fig. 2.12)

s CURRENT SAVING 500U SYN
1
2
- T . -
| | = /D2 T
L » 1
; 5 s L i e
V Rx woss— e = R2 C6
A [ s SR I SR Lo s
7f MLIc TR i
= L ﬂ = C2 R
TV Ty e R1 T é
P
| Y |
i L
R4L  1/P BUFFER, PRESCALER, AND
(FIG. 2.2) CHARGE PUMP SUPPLY
6-4MHz Oscillator and Current Saving Circuit Fig 2.12
32. Under no signal conditions during receive, the current saving circuitry on

the Audio board causes the 7V Rx SYN Tine to be low for approximately 140
mS in every 160 mS. When both 7V Rx SYN and 7V Tx are low ML1 Pin 10 is
low, TR1 if OFF and, the supply to the prescaler, and input buffer TR1O
and Charge Pump is switched off, by TR11 (via R44) to reduce power
consumption. (See Fig. 2.2) :

39 During the 140mS off period ML2c and ML2d form a 10 kHz free-running RC
oscillator. The 10 kHz output of the oscillator is applied to I/P pin 6
(via R24) and 1/P pin 15 of ML3 to ensure that the dynamic dividers in ML3

do not draw current when no Rx signal is present.

34. The 10 kHz free-running oscillator formed by ML2c and ML2d is stopped,
when a signal is received (or in Tx), by either input to MLlc going high,
and TR1 collector going low. Thus input 13 on ML2 is clamped at '0' and
input 9 of ML2c clamped at 'l'. Similarly via R44, TR11 is turned ON and
supply is switched ON to the prescaler, input buffer TR10O and charge pump.

BITF Gate (Fig. 2.13)

15, when the radio is switched on the voltage at pin 5 of ML2b will be 7V
therefore opening the gate for the 6.4 MHz and its harmonics to be used
during the receiver BITE sequence. The 5th harmonic (32 MHz) enters the
Receiver Board at Pin 16 where it is picked up by the Rx input. As C3
charges the voltage at pin 5 of MLZb will fall so that after approximately
five seconds the gate is closed at the end of the BITE sequence.
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CHAPTER 3

INTRODUCTION

1. Table 3.1 gives details for full alignment of the Synthesizer Board and
for measurement of the main parameters of this board while it is fitted to
a PRM 4700 unit. This may be necessary for routine purposes, but should
always be carried out after any components have been replaced.

2. It is assumed in the procedure given that all other boards in the unit are
working correctly and within their specifications.

3. A1l adjustments must closely follow the procedure given, and random
adjustments must not be made.

4. The TCXC is pre-aged, therefore frequency adjustments are required at
infrequent intervals (i.e. check about once per year)

INITIAL CONDITIONS

5. A 10.5 V power supply should be connected to pins B (+ve) and D (-ve) of
$¢2 on the front panel of the unit. This may conveniently be done using a
Racal Test Jig TJ 947.

6. The tests should be followed in numerical order. In the chart the
following abbreviations have been made which refer to the switching on the
interconnection box TJ 947:-

(1) TX/RX/RX Economising: Refer to whether the radio is in the Transmit,
Receive (Squeich Overriden) or Current Saving state (Squelch - no
signal).

(2)  Tone/Mute: Refer to the 150 Hz pilot tone switch.

Tone = Pilot Tone ON.
Mute = Pilot Tone OFF.

(3) Nrow/Wide: Refer to the selection for N/B or W/B.

Nrow = Narrow Band MIC I/P selected.
Wide = Wide Band DATA I/P selected.

TEST EQUIPMENT REQUIRED

7. (1)  Power Supply

Yoltage : 10.5 ¥
Current 3 2 A
Suitable Instrument : Farnell L30-2
PRM 4700 3-1
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(2)  AF Generator

Frequency X 1 - 10 kHz sinewave
Output Level X 1 V pk-pk
Suitable Instrument : Racal 9083

(3) Oscilloscope

Frequency ; 0 - 100 MHz
Suitable Instrument : Tektronix 465 or HP1740A/HO7
with probe

(4) Digital Frequency Meter

Frequency : 100 MHz
Accuracy : Better than +1 part in 107
Suitable Instrument : Racal 9912

04A/09 option

(5) Modulation Meter

Frequency : 30 - 90 MHz
Deviation Measurement: 100 Hz to 10 kHz
Suitable Instrument : Racal 9009

(6) RF Power Meter

Frequency . 30 - 90 MHz
Range : 30 mW
Impedance 5 500
Suitable Instrument : Farnell 2081

(7) Distortion Analyser

Frequency ¥ 0 - 20 kHz
Suitable Instrument : HP333A or 332

(8) Interconnection Box Racal TJ 947

NOTE: Items 4, 5, 6 and 7 may all be replaced with a Marconi Modulation
Meter 2305 with option 46883-527G.

™

PRM 4700 3-
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TABLE 3.1

Alignment Procedures

-
ngt parameter Audio Input éggggtions ;ggq Monitor Adjust| Limits Notes
1 Synthesizer 0ff TX Tone Nrow 50.000 Motherboard < l.2v
Lock TPl
2 150Hz Tone X Tone Nrow Motherboard > 0.5V p-p Using Oscilloscope
a/P TP19 < 1.0V p-p
RX Tone Nrow No Signal
TX Mute Nrow No Signal
TX Mute Wide No Signal
TX Tone Wide No Signal
3 20V X TPS > 17V Using Oscilloscope
Generator
4 RX BITE RX ML2 Pin 4 Signal only Switch off power
present for supply for at least
3 to 5 secs. sec then switch on
after switch
on
5 Frequency X 50,000 RF Freg PL2 TCX0 50Hz At 259C
6 Economising RX Economising TP1 Period The oscillation is
Clocking >75S broken by pulses of
Oscillator < 170 S 6.4MHz. Measure
< 5.8V p-p required signal using
Oscilloscope on
TP6 > 3.8V p-p 20 S/div
7 Prescaler RX TP6 No Signal Disconnect PL3
(Reconnect after
Test)
8 ViU Power X 30.000 RF Power > 7mH 50Q load
Low Band 40.000 Output & < 16md
49.000 RF Freq *1kHz
at PL2
g VCO Power X 50.000 RF Power > 7md 500 load
High Band 60.000 Qutput & < 16mW
70.000 RF Freq +1kHz
80.000 at pPL2
88.000
10 | Modulation 1.0kHz TX Wide 70.000 Demodulated R22 & | Cleanest Modulation Meter with
Balance Sinewave RF 0/P PL2 R16 Sqr.uWave Filter Out AF 0/P to
Hiah Band 1.0V p-p 5kHz dev Oscilloscope Display
pd W/B I/P max amplitude & 1
cycle of waveform
11 | Modulation 1.0kHz TX Wide 40.000 Demodulated R19 Cleanest Modulation Meter with
Balance Sinewave RF O/P PL2 Sqr.Wave Filter Out AF O/P to
Low Band 1.0V p-p Oscilloscope Display
pd W/B I/P max amplitude & 1
cycle of waveform
12 | Frequency off X 30.000 1MHz RF Freq PL2 +1kHz
Syntnesis steps to
39.000
.IMHz steps
to 39.900
25kHz steps
to 39.975
13 | RX Lock Up off RX Economising 30.000 Motherboard < 8mS Using Oscilloscope
Time & 34.000 TP1 See Chap. 4 Table 4.3
Frequency 37.000
Range Low
i Band
L
| 14 | RX Lock Up RX Economising 38.000 Motherboard < 38mS Using Oscilloscope
! Time & 50.000 TP1
Frequency 60.000
Range High 70.000
Band 80.000
88.000
15 | Deviation 1.0kHz Sine | TX Mute Nrow 50.000 Demodulated R16 5.0kHz Modulation Meter with
Wave 60mV RF 0/P Filter Out
rms pd
N/B I/P
PRM 4700 3-3




TABLE 3.1 (Continued)

Thst parameter Audio Input éggggtions &ggq Monitor Adjust| Limits Notes
16 | Filter 5kHz Sine TX Wide 50.000 Demodulated > 4.0kHz Modulation Meter with
Switching Wave 1.0V RF 0/P Filter Out
p-p pd W/B
/P
5kHz Sine TX Mute Nrow < 2.3kHz
Wave 60mv
rns pd N/B
1/p
17 | Modulation 1.0kHz Sine | TX Mute Nrow 30.000 Demodulated < 10% Modulation Meter with
Balanced Wave N/B 40.000 RF 0/P Filter Out
Distortion 1/P Set to 49.000
Low Band give 3kHz
dev
18 | Modulation 1.0kHz Sine TX Mute Nrow 50.000 Demodulated < 10% Modulation Meter with
Balanced Wave N/B 60.000 RF 0/P Filter Out
Distortion 1/P Set to 70.000
High Band give 3kHz 80.000
dev 88.000
19 |Residual 0Off X 30.000 Demodulated < 250Hz Modulation Meter with
Neviation 40.000 RF 0/p Filter In
Low Band 49.000
20 | Residual off X 50.000 Demodulated < 250Hz Modulation Meter with
Deviation 60.000 RF 0/P Filter In
High Band 70.000
80.000
88.000
PRM 4700 3-4
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CHAPTER 4
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INTRODUCTION

1. The flow charts, Tables 4.4 to 4.7 of this chapter, should be used to
locate a faulty stage in the synthesizer. The procedure should,
preferably, be carried out at room temperature, unless the fault occurs
only at extremes of temperature.

CMOS HANDLING PRECAUTIONS

2. The input impedance of a CMOS device is of the order to 1014 ohms. The
break-down voltage of the oxide within the device is about 100 volts. As
static voltages of up to 4 kV can be generated by stroking silk, nylon or
certain plastic containers, it is essential that precautions are taken to
prevent high voltages occurring at the leads of CMOS devices, as follows:-

(1) The tips of soldering irons should be earthed to the earth plane of
the board being soldered.

(2) The devices should not be stored in plastic bags or containers
{unless the plastic has been specially treated with anti-static
chemicals).

(3) Operators shculd not wear nylon or plastic gloves, or rubber-soled
shoes.

(4) As many leads as possible should be 'shorted' with the fingers
during handling.

(5) Do not remove the input connection with the device connected to the
supply rail.

TEST EQUIPMENT REQUIRED

3. The equipment required for fault location is listed in Chapter 3.
VOLTAGES AND WAVEFORMS (Nodes and test points refer to circuit diagram
Fig. 2).
4, To assist in fault finding Table 4.1 gives typical voltages and waveforms

at two transmit frequencies (in a radio set up to give 5 kHz deviation).
The audio input can be either:-

(1) Narrow Band, 150 Hz tone off.

or 1 kHz sinewave at 60 mV rms pd into N/B input.

(2) Wide Band.
1 kHz sinewave at 1.0 V pk-pk pd into W/B input.

PR 4700 4-1
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[t is necessary to mute the 150 Hz pilot tone to carry out voltage and

"

J s
waveform testing. If a TJ 947 interconnection jig is not available then
the circuit shown in Fig. 4.1 must be used to mute the 150 Hz tone.

22uF PRM4T700
SIGNAL 'ﬂ SK2
GENERATOR PIN A
4k7 s
g
+10V ¢
150Hz Mute Circuit Fig4.

6. Table 4.2 gives typical voltages and waveforms at one receive frequency.
There are two columns; one for the normal receive state, 7 V Rx high, and
one for the 140 mS "OFF" condition which ocurs during current saving, when
both 7 V Tx and and 7 V Rx SYN are low. This can be seen in Table 4.3.

7. A1l voltages and waveforms are nominal and are measured using an
oscilloscope with a 1 M ohm/10 pF probe unless otherwise stated. A1l RF
voltages must be measured using a probe with a very short earth lead (less
than 0.5 in).

USE OF FLOW CHARTS

8. The flow charts cover the main fault conditions that are liable to be
seen. They provide a guide to the area or group of components where the
fault may exist but are not intended to be exhaustive. If the fault can
be described under one of the following headings then that chart may be
used.

Table 4.4 00L in both Transmit and Receive
Table 4.5 00L in Transmit only
Table 4.6 00L in Receive only
Table 4.7 Modulation distorted or missing
PRM 4700 4-2



A removable link, LK1, is provided to enable the phase locked loop to be
opened to aid 'fault' finding. The tests are performed with the faulty

board in a PRM 4700 set to low power, in which all the other boards are

known to be working and within their specifications.

GENERAL

9. If the fault is not clear, first follow the test and alignment procedure
in Chapter 3 until the fault becomes evident. If any components are
changed or any adjustments made during fault finding, this procedure
should again be followed before returning the board to service.

TABLE 4.1

Voltage or Waveforms - Transmit Mode

Apply 10.5 volts to Pin B and D of SK2. Mute 150 Hz tone, LO PWR, Audio I/P as

Para. 4.
Node or Tx TX
Test Point 40.100 MHz 80.000 MHz
TP1 6.4 MHz - 6.5 V p-p 6.4 MHz - 6.5 V p-p
TP2 AF 280 mV p-p @ 1.8 V DC AF 140 mV p-p © 1.6 V DC

03 1-8V ; 1.6V : .
O.SV:J/\_—;/‘I\‘ 0-5v—r |\t |\
- 8:5us
| le-sop '4 tiﬁ;w
P4 '” i L jt‘“‘)" H

I‘-BOIJS‘.* i‘-80}us-h1;
TP5 19V 19v
TP6 5.9V /—] /~| S-GVrl (] f] r
i'—',us*i o o
TP7 6.9 V 6.9V
P8 6.0 V 9.0 V
1 6.9 V 6.9 V
2 6.9 V 6.9 V
3 AF 540 mV p-p @ 5.5 V DC AF 540 mV p-p © 5.5 V DC
PRM 4700 4-3
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,Ipb1er4.l Cont inued

S -

hod@ or Tx Tx
Test Point 40.100 MHz 80.000 MHz
3.1V
4 / l / l 2-2V
16V b ; I"V—/\—/‘—/l—/
k—u.o’s-a* 0-5ps—> e
Without Modulation Without Modulation
5 AF 280 mV p-p @ 0.52 V DC AF 140 mV p-p @ 0.32 V DC
6 6.8V 6.8V
7 85 mV p-p @ 0.6 V DC 130 mV p-p @ 1.5 V OC

6.8V 6-8Y
8 M
0-4V

04V :
—’q Tus -*‘ 6us
[80}:5—# t: 80/:5 41

9 oV 5.3 ¥
19 -1.2V 6.7 V
il AF 80 mV p-p @ 3.5 V DC AF 125 mV p-p ® 3.5 V DC
12 0.65 V 0.6 V
13 0.95 V 1.0V
14 RF 3.8V p-p@0VDC RF 3.7 Vp-pBOVDC
15 0.75 V 0.75 V
16 RF 2.4 V p-p @ 0.7 V DC RF 2.1 Vp-p 8 0.7V DC
17 RF 2.7 V p-p @ 1.4V DC RF 3.2 Vp-p@1.4VDC
18 RF 5.3V p-p@6VDC RF 5.2 Vp-p@6VDC
19 RF 2.0 V p-p @ 0.8 V DC RF 1.5 V p-p @ 0.8 V DC
20 RF 0.6 V p-p @ 4.8 V DC RF 0.45 V p-p @ 4.8 V DC
21 oV ov
5-4V
22 - I! '! 5.4 V
afs——l L— 80ps «-l
| -
PRM 4700 4-4
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Table 4.1 Continued

Node or Tx Tx
Test Point 40.100 MHz 80.000 MHz
23 0.1V 0.1V
24 0.6 V 0.6V
S.BVW S-SVW
25 & 26 5 LV i A 5-4V -‘ :
70ns %—70ns
&BOFS“! L—SU}JSJ

TABLE 4.2

Voltage or Waveforms - Receive Mode

Apply 10.5 volts to Pins B and D of SK2. Mute 150 Hz tone, LO PWR.

Node or Rx Rx (Current-Saved)
Test Point 58.600 MHz 58.600 MHz
7 V Rx High 7 V Rx Low
TPl 6.4 MHz - 6.5 V p-p 8.5 kHz 7 V p-p
TP2 0.1V oV
TP3 oV oV
TP4 7V oV
TP5 19V 19V
P6 5'“” ” /l / 8.5 kHz 5.5 V p-p
—4 L—ogps
TP7 6.9 V oV
P8 6.0 V Approx. 6.0 V
1 6.9 V oV
2 6.9 V 8.5 kHz
PRM 4700 4-5
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Table 4.2 Continued

Node or Rx Rx
Test Point 58.600 MHz 58.600 MHz
7 V Rx High 7 V Rx Low

3 (U ov

4 0.4V -0.1V

5 Y nv

6 0.1V 0oV

7 ov ov

8 oV 0oV

g oV 0oV

10 oV ov

11 3.5V 3.5V

12 ov )

13 oV )

14 (VY oV

15 oV ov

16 oV oV

17 0.1V oV

18 0.1V oV

19 RF 2.0 V p-p @ 0.8 V DC oV
20 RF 0.65 V p-p @ 4.8 V DC oV

21 oV 6.2 V
22 5.4 V oV
23 0.1V 6.8V
24 0.6 V 0oV

25 S\ 0V

54V d !
26 -*{ tj:;u~4 6.9 V
PRM 4?00 4-5
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TABLE 4.3

Typical Supply Switching and Lock Up
Waveforms during Current Saving

25mS 135mS

7VRX SYN
e
I |
t2
I ] i
O0L SYN
[
[
—Pp rr‘__

LOCK UP TIME = t1

N.B. When measuring lock up time in current saving the OOL line must remain Tow
during period t2, i.e. until the 7 V Rx line goes low. The OOL line is
not necessarily continuously high during period tl.

PRM 4700 4-7
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TABLE 4.4 FAULT FINDING GUIDE FOR OOL IN BOTH

( START )

Y

SELECT TX O0OL FREQUENCY.
CHECK LK1 IS INSERTED.

Y

TRANSMIT AND RECEIVE.

10.5V at SK2

FAIL
) SUPPLIES OR SUPPLY
7 ys
CHECK TF7 = 8.7V SWITCHING FAULTY
PASS
\
FAIL
CHECK ML3 PIN 20 -
o =t e SUSPECT ML3
PASS
\
CHECK ML3 PIN 19 > 6V FAIL - OOL DETECT FAULTY
WHEN PL1 PIN 3 > 6V SUSPECT ML3
PASS
\
SWITCH TO RX. FAIL 7V Rx SYN OR
CHECK TP4 > 6V. i ML1 FAULTY
PASS
Y PASS
SET TX 40MHz RETURN TO Tx 0OL
CHECK MB20 PIN 15 < 1V PASS FREQUENCY.
SET TX 50MHz CHECK TP1 = 6.4MHz
CHECK MB20 PIN 15 > 4V > 5V pk-pk.
FAIL FAIL
Y Y
REMOVE MB20 PASS S TCXO OR ECONOMISING
AND RETEST - M CIRCUITS FAULTY
FAIL
\

REMOVE SYNTHESIZER BOARD
AND RETEST ON PL1 PIN 6

PASS

SUSPECT SHORT ON
BANDSWITCH LINE

i FAIL

FAULT IS ON ANOTHER
BOARD




oL

MHz

e )

NISING

i

SUSPECT ML3

ETY

SUSPECT CIRCUITRY
ASSOCIATED WITH MB22

SUSPECT
I/P BUFFER

] FAIL REMOVE MB21. CHECK FAIL
CK TP5 - - by B
CHECK TP5 > 17V dprt el oo =
PASS PASS
L |
SUSPECT TP5 SHORTED TO
OV OR MB21 FAULTY
Y
IF TP < 1V, CHECK PULSES | _
AT ML3 PIN 10 LENGHTENED. | PAIL REPLACE MB22 FAIL
IF TP8 > 16V, CHECK PULSES AND RETEST L
AT ML3 FIN 11 LENGTHENED.
COMPARE WITH TABLE 4.1 PASS
PASS
Y Y
SET FREQUENCY TO RETEST FOR 00L
32 3MHz AND REMOVE LK1. CONDITION
LINK TO 7V
(e,g. TP7)
PASS
Y
CHEC,K F,REOUENCY 1 FAIL CHECK ML4 PIN 5 FAIL
TP6 = 1/40 TO 1/41 OF L | o Bk e s oof B
FREQUENCY AT PL2 AND = & 5 ?PQOB"E i(\)/lAX -
IS > 3.8V pk-pk (12p )
PASS
PASS
Y
SUSPECT PRESCALER
Y
CHECK ML3 PIN 7 EAIL L
APPEARS AS A SQUAREWAVE. REPLACE ML3 Al

(32.3MHz Tx only)

PASS
\

AND RETEST

PASS

j

SET PROGRAMMED FREQUENCY
TO KNOWN OOL AND ADJUST
VOLTAGE AT TP8 FOR
THIS FREQUENCY AT PL2

RETEST FOR OOL
CONDITION

e

SHORT ON PINS 11, 12 OR 13PL1
OR FAULTY PROGRAMMING

4-9




( START )

1

SELECT Tx OOL FREQUENCY.
CHECK LK1 IS INSERTED.

Y

TABLE 4.5 FAULT FINDING GUIDE
ONLY

10.5 VOLTS AT SK

FAIL
CHECK TP7 > 6.7V = | 7V Tx SUPPLY
AND ML1 PIN 8 > 6.7V o OR ML1 FAULTY
PASS
]
CHECK TP3 WAVEFORM HAS | LINK ML PIN 610 7V
RAMP TIME BETWEEN
o (e.g. TP7) ISSYNTHESIZER
4 AND 30 puS NOW IN LOCK? |
(SEE WAVEFORM TABLE) - |
PASS NO
\
SET Tx 40MHz -
CHECK MB20 PIN 15 < IV AlL BAND SWITCHING
SET Tx 50MHz W CIRCUITRY FAULTY
CHECK MB20 PIN 15 > 4V
PASS ,
ML1 FAULTY ® i CHECK TP4 > 6V
PASS
\ \
FAIL
CHECK TP5 > 17V - SUSPECT MB21 REMOVE LINK OF 7V
PASS
Y
FA SUSPECT Tx VCO AND
CHECK FOR CONTINUOUS It »|  O/P BUFFER. REMOVE LK1
RF O/P AT PL2 > 5mW AND APPLY 1 TO 16V TO TP8
FOR FAULT FINDING
PASS
A
Y
CHECK FREQUENCY AT TP6 FAIL I/P BUFFER
< 3MHZ at > 3.8V pk-pk - FAULTY
PASS
Y
YES

ISTPS < 1V OR > 16V?

NO
\

SUSPECT MB22 AND ASSOCIATED

COMPONENTS OR
EXCESSIVE CAPACITANCE
LOAD ON TUNING LINE TP8

PRM 4700
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GUIDE FOR 0O0OL IN TRANSMIT

NLY

TS AT SK2

YES

IZER

ID
LK1
2 TP8

SUSPECT MODULATION
REMOVE LINK TO 7V. FAIL CHECK MB20 PIN 20 IS PASS CONTROL CIRCUIT
CHECK TP2 < 45V. . 1 7O 1.5V BELOW TP2 - TR2, TR3 AND
ASSOCIATED COMPONENTS
PASS FAIL
\
FAlL | SUSPECT MB20, COMPONENTS
CHECK MB20 PIN 8 AND TRACK TO PIN 8.
> 6.5V e CLEAR FAULT AND CHECK
THAT R21 IS NOT DAMAGED.
PASS
Y \
IS ML1 PIN 3 NO IS MB20 PIN 4 YES
CONTINUOUSLY < 1V? cah B\ B SUSPECT MB20

YES

Y

iNO

SUSPECT ML1,
R23 AND ML3

SUSPECT R22

4-10




TABLE 4.6 FAULT FINDING GUIDE FOR OOL IN RECEIVE ONLY.

C START ) 10.5 VOLTS AT SK2

|

SELECT RxOOL FREQUENCY,
CHECK LK1 IS INSERTED.

PASS
\

CHECK TP7 > 6.7V

PASS
\

FAIL

Y

CHEDK TP4 > 6V

FAIL

7V RxSYN
OR ML1 FAULTY

PASS

SET Rx 37MHz
CHECK MB20 PIN 156 > 4V

SET Rx 38MHz
CHECK MB20 PIN 15 < 1V

PASS

|

RETURN TO Rx OOL

FAIL

REMOVE MB20

FAULT IS ON
ANOTHER BOARD

\

FAIL

AND RETEST

PASS

\

FAIL

REMOVE SYNTHESIZER
BOARD AND RETEST
ON PL1 PIN 6

PASS

1

MB20 FAULTY

FREQUENCY. CHECK
TP5 > 17V

PASS

|

FAIL

SUSPECT MB21

DISCONNECT PL3 AND
TEST CONTINUITY
FROM PL3TO TP8

FAIL

SUSPECT L8

PASS
Y

RECONNECT PL3.
CHECK Rx BOARD TP6
FOR CONTINUOUS RF

O/P LEVEL

SUSPECT SYNTHESIZER
BANDSWITCH LINE SHORTED
o]

FAIL

PASS

\

CHECK FREQUENCY AT
TP6 (SYNTH) IS BETWEEN
1 AND 3 MHz AT
> 3.8V pk-pk

SUSPECT Rx BOARD VCO AND

BANDSWITCHING. REMOVE LK1
AND APPLY 1 TO 16V TO TP8
FOR FAULT FINDING

FAIL

PASS

ISTP8 < 1V OR > 16V?

SUSPECT C29 AND RF
SIGNAL PATH FROM Rx VCO

A

YES

NO

\

SUSPECT MB22 AND
ASSOCIATED COMPONEN
OR
EXCESSIVE CAPACITIVE

LOAD ON TUNING LINE TP8

TS




TABLE 4.7 FAULT FINDING GUIDE FOR INCORRECT

START

Y

SELECT Tx 40.1MHz.
APPLY 1kHz TONE IN DATA
MODE. CHECK R16 IS NOT

FULLY ANTICLOCKWISE.

¥

MODULATION

10.5 VOLTS ON SK2

FAIL

SUSPECT MB20, R20 AND
COMPONENTS TO PIN 14

CHECK FOR AF FAIL CHECK FOR AF
AT TP2 il AT MB20 PIN 20
Faas PASS
o ¥ Y
CHECK AF AT TP2 IS FAIL SUSPECT
NOT DISTORTED MODULATION CONTROL
PASS A
Y
CHECK THAT pk-pk AF AT
TP2 1S HALVED WHEN FAIL
FREQUENCY IS CHANGED
FROM 40.1 MHz TO 80 MHz
PASS
_ !
IS DEMODULATED AF FROM ALL FURTHER FAULTS ARE
PL2 DISTORTED? NO LIABLE TO BE RECTIFIED
CHECK FREQUENCIES SHOWN b BY REPLACING MB20 OR
IN ALIGNMENT PROCEDURE. BY ADJUSTING R16
YES
1]
LINK ML1 PIN 6 TO 7V
(e.q. TP7) HAS DEMODULATED [ NO SUSPECT
O/P FROM PL2 CHANGED MB20 AND D7
AT 40.1MHz AND 80MHz?
YES
¥
REMOVE LINK TO 7V. _—
SW‘TCH FROM 49 TO 5OMHZ, o SUSPECT
CHECK MB20 PIN 14 pk-pk AF MB20, R18 AND R19
INCREASES BY 2 TO 4 TIMES.
PASS
Y
CHECK RF O/P AT TP2 IS FAIL

BETWEEN 5 AND 20mW.
CHECK FREQUENCIES SHOWN
IN ALIGNMENT PROCEDURE.

PASS

1

SUSPECT
Cc16, D11, R27, R17
AND LEAKAGE
FROM THIS TRACK

SUSPECT VCO
AND ALC CIRCUITRY
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CHAPTER 5
COMPONENTS LIST

Cct. .. Tol Racal Part
Ref. Value Description Rat y Nigmber

SYNTHESIZER PCB (AA 709105) Components Prefix 12

Resistors

2 W
R1 220k Carbon Film E 5 927773 EQ
R2 47k Carbon Film 4 5 927772 EN
R3 220k Carbon Film i 5 927773 EN
R4 220k Carbon Film P 5 927773 EN
RS 47k Carbon Film 4 5 927772 EQ
R6 5.6k Carbon Film i 5 930007 ENO
R7 68 Carbon Film 3 5 924326 EO
R8 ™ Carbon Film 3 B 927803 EQ
R9 Not Used
R10 Not Used
R11 M Carbon Film i 5 927803 EQ
R12 5.6k Carbon Film 4 5 930007 EO
R13 18k Metal Oxide 2 900994 EQ
R14 100k Metal Oxide i 2 915190 EQ
R15 1.2% Metal Oxide 3 2 911179 EQ
R16 5k Variahle 912659 EQ
R17 M Carbon Film 3 B 927803 EQ
R18 3.3k Carhon Film % 5 927764 EQ
R19 5k Variable 912659 EN
R20 1k Carbon Film 4 5 927760 EN
R21 33 Carbon Film i 5 926465 EQ
R22 10k Variable 915565 EQ
R23 5.6k Carbon Film i 5 930007 EQ
R24 10k Carbon Film 4 5 927768 EQ
R25 Not normally fitted
R26 Not normally fitted
R27 220 Carbon Film P 5 927756 EQ
R28 820 Metal Oxide i 2 917065 EN
R29 10k Carbon Film 3 5 927768 ENQ
R30 1k Carbon Film 5 5 927760 EQ
R31 M Carbon Film P 5 927803 EQ
R3? 47k Carbon Film i 5 927772 EQ
R332 1k Carbon Film 3 5 927760 EQ
R34 1k Carbon Film E 5 927760 EO
R35 1k Carhon Film 4 5 927760 EQ
PRM 4700 5-1
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ok Tol Racal Part

Ref. Value Description Rat " Mo
R36 150 Carbon Film 3 5 927755 EQ
R37 33 Carbon Film 4 5 926465 EQ
R38 22 Carbon Film % 5 927751 EQ
R39 220 Carbon Film 3 5 927756 EQ
R40 470 Carbon Film 3 5 927758 EQ
R41 2.2k Carbon Film i 5 927762 EQ
R42 1k Carbon Film P 5 927760 EQ
R43 33 Carbon Film i 5 926465 EQ
R44 5.6k Carbon Film 3 5 930007 EQ
R45 2k2 Carbon Film 4 5 927762 EQ
R46 10k Carbon Film 4 5 927768 EQ
R47 5.6k Carbon Film i 5 930007 EQ
R48 220 Carbon Film 3 5 927756 EQ
R49 150k Carbon Film % 5 928071 EQ
R50 10k Carbon Film i 5 927768 EQ
R51 Not normally fitted

R52 Not normally fitted

R53 47k Carbon Film 4 5 927772 EQ
R54 220k Carbon Film % 5 927773 EQ
R55 5.6k Carbon Film + 5 930007 EQ
R56 10k Carbon Film 4 5 927768 EQ
R57 220k Carbon Film i 5 927773 EQ
R58 150k Carbon Film i 5 928071 EQ
R59 220k Carbon Film 3 5 927773 EQ

Cagacitors

W v

Cl 100n Ceramic 50 10 936877 EQ
c2 in Ceramic 100 10 924031 EQ
£3 4.7 Tantalum 35 20 921167 EQ
C4 4.7p Ceramic 100 +ip 923955

€5 100n Ceramic 50 10 936877 EQ
C6 150p Ceramic 100 10 990164 EQ
c7 0.68 Polyester 50 10 992471 EQ
C8 1n Ceramic 100 10 924031 EQ
c9 1n Ceramic 100 10 924031 EQ
C10 100n Ceramic 50 10 936877 EQ
cl1 150p Ceramic 100 10 990164 EQ
c12 1n Ceramic 100 10 924031 EQ
C13 10n Ceramic 100 20 927395 EQ
cl4 10 Tantalum 16 20 923569 EQ
€15 10 Ceramic 100 20 927395 EQ

PRM 4700 52
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Cct. Tol Racal Part

Ref. Value Description Rat % Number
Cle 1n Ceramic 100 10 924031 E
c17 150p Ceramic 100 10 990164 EQ
c18 100n Ceramic 50 10 936877 EQ
c19 150p Ceramic 100 10 990164 EQ
€20 10n Ceramic 100 20 927395 EQ
€21 100n Ceramic 50 10 936877 EQ
€22 10n Ceramic 100 20 927395 EQ
€23 1n Ceramic 100 10 924031 EQ
c24 150p Ceramic 100 10 990164 EQ
L] 4.7p Ceramic 100 +ip 923955
C26 1n Ceramic 100 10 924031 EQ
c27 10n Ceramic 100 20 927395 EQ
C28 100n Ceramic 50 10 936877 EQ
€29 in Ceramic 100 10 924031 EQ
€30 10n Ceramic 100 20 927395 EQ
L3l 100n Ceramic 50 10 936877 EQ
€32 1n Ceramic 100 10 924031 EQ
€33 1n Ceramic 100 10 924031 EQ
C34 in Ceramic 100 10 924031 EQ
€35 100n Ceramic 50 10 936877 EQ
€36 a7 Tantalum 16 20 923804 EQ
€37 Not normally fitted

€38 Not normally fitted

€39 10 Tantalum 16 20 923569 EQ
€40 4.7 Tantalum 35 20 921167 EQ
€4l 100n Polyester 63 5 990597 EQ
C42 10n Polyester 63 5 990587 EQ
€43 100n Polyester 63 5 990597 EQ
Diodes

01 1N4149 914898 EQ
D2 1N4149 914898 EQ
D3 1N4149 914898 EQ
D4 1N4149 914898 EQ
D5 1N4149 914898 EQ
D6 1N4149 914898 EQ
D7 1N4149 914898 EQ
08 Not normally fitted

D9 Not normally fitted

Dlo BB212 992088 EQ
PRM 4700 5-3
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Cct C L. Tol Racal Part
Ref . Value Description Rat y Number:
D11 PIN Diode 200 V AR 711921
N1z 5082-2811 3B Y 919450 EQ
N3 DKV6523B 934850
D14 BA48?2 991318 EN
n1s 1N4149 914898 EQ
Dis 1N4149 014898 EQ
D17 1N4149 914898 EN
D18 1N4149 914898 EQ
N19 1N4149 914898 EQ
Transistors
TR1 ITX 237 923171
TR? J309 936854 EN
TR3 7TX 313 916063
TR4 ZTX 212 923172
TR5 ITX 313 916063
TR6 ITX 237 923171
TR7 ITX 212 923172
TR8 BFR 96 992086 EOQ
TR9 FLE.T. AR 712013
TR10 BFX 89 916627
TR11 7TX 212 9273172
TR1?2 F.E.T. AR 711676
Integrated Circuits
ML1 HEF 40718 992096 EN
ML? HEF 4011UB 992097 EQ
ML3 Synthesizer L.S.I. BR 712151
ML4 SP 8793DP 990804 EQ
Transformers
T1 Transformer Assy AT 710798
Inductors

uH
L1 Not normally fitted
L2 10 Choke 10 926238 EO
i3 0.1 Choke 5 992478 ENO
L4 Coil Assy AT 710797
L5 10 Choke 10 926238 EQ
PRM 4700 5-4
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Dart 7

Tol Racal Part

gg:: Value Description Rat 9 Number

L6 10 Choke 10 926238 EQ

L7 10 Choke 10 926238 EQ

L8 10 Choke 10 926238 EQ

L9 10 Choke 10 926238 EQ

Microboards

MB20 Tx Audio AA779010C

MB21 20 V Generator AA779011

MB22 Charge Pump AA779012
Connector Socket (22 off for Microboard) 937117
Terminal Post 914054
Mounting Pad T018 919312

Miscellaneous

LK1 Link Shorting 990776 EQ
Socket 20-pin I.C. 992100 EQ
Connector 2-way BD 708913/2
Socket Co-ax 50 ohm 930649 EQ (2 off)
Plug 15-way 992107 EQ
TCX0 6.4 MHz BR 712317
Extractor Handle BD 709032
Transformer Ciamp 706193
Bush Resistor iW (Black) 702707
Bush (Green) 702971

PRM 4700 5-5
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TRANSCEIVER V.H.F. PRM 4700

FIGURE 1

Description

Front Panel, Printed
Plate Marking
Nut M2,5
Screw, Grub M2,5x6
Knob, Silk Screen
Connector Nut
Whip Stud
'0' Ring, Whip
Shroud, Whip
'0' Ring, Whip
Connector, Coax Skt. Fix
Solder Tag in
Insulator Mount
Washer M6, Thin
Solder Tag 3/8in
Washer M6, Crinkle
Nut M6, thin
A.M.U. PCB Assembly
Washer M3, Crinkle
Screw M3x8
Socket Assembly, Flexible,
Comprising:
Connector, 1l-Way
Connector Socket, 7-Way
Capacitor, Chip InF
Flexible PC
Switch Assembly, Flexible
Comprising:
Connector, 9-Way
Flexible PC
Switch, 10-Way
Switch, 9-Way
Keyboard Seal
Back Plate
Pillar
Pillar
Screw M3x6
Display Seal
Display and Driver Module
Pillar
Control PCB Asembly
Tension Pin
Rear Panel, Blank
Screw, Rear Panel
'0' Ring Seal
Contact Stud
Seal, POS
Seal
Screw Mdx6 ST.ST.
Hook
Screw M3x6, Black
Desiccant Sachet
Spring Assembly, Battery,
Comprising:
Rivet, Pan Hd.
Rivet, Csk Hd.
Clip
Seal
Nut M3
'0' Ring (Front & Rear Cover)
Sleeve
Motherboard/Control Flexible
Assembly

RACAL Qty/
Part No. Unit

708387
709068
922392
992372EQ
708716
991464EQ
706196
990880EQ
706198
990080EQ
990837EQ
909527
708706
928331
900477
917707
927436
708863
917705
917845
709118
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e T T g S e N ) S S S S i =

992111€Q
990305EQ

999021/102p 1
713565

709119

i

992112EQ
713566
712268
712269
709075
708729
703128/40
700123/82
917844
708711
708508
700107/135
708509
992200€EQ
708390
708712
918846EQ
708703
706671
701291
926580
708710
705749
712178/1
AA708702
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992177EQ
992178EQ
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701292
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708739
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Figure/
Item No.
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PRM 4700
Part 8

PCB CHASSIS

Description

Screw, M3x6 Csk.
Mother PCB Assembly
Screw, M3x6 Pan Hd.
Screw, M3x8 Pan Hd.
Washer, M3 Crinkle
Spring, Earth
Insulator Front, Blank
Panel Front, Blanking
Nut, M3

Screw, M3x5mm.

Power Amp. PCB Assembly
Washer, Plain, M3
Screw, M3x10

Pillar, 7mm.

Seal, Positive
Contacts

Seal

Plate Rear, Blanking
Tag, Solder

Retainer

Capacitor 100V 10nF.
Cover, Audio

Cover, Power Amp.
Chassis, Main M/C
Audio PCB Assembly
Cover, Synthesizer
Wire Clamp

Cover, Receiver
Receiver PCB Assembly

FIGURE 2

Synthesizer PCB Assembly

Wire Clip

RACAL
Part No.

918382
708502
917844
917845
917705
708819
708723
708722
917825
918573
708506
918086
917818
700123/83
706671
708713
701291
708728
919872EQ
709114
927395EQ
708846
708849
708718
709112
708848
708726
708847
708505
709105
709115

Qty/
Unit

N
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Part 8

Description

Battery Pack, Case
Seal

Fastener

Screw M3x10

Seal M3

Securing Block
Mounting Plate
Circlip

Nut M4

Solder Tag 3BA
Washer, Crinkle M4
Battery Assembly
Clamp

Screw M3x8

Washer M3
Insulating Lamina
'0' Ring, Large
Cover

Washer, Special
Screw, Captive
Screw, M4x10

‘0" Ring

Hook

Rubber Moulding
Screw M3x56
Contact Board
Fuse PCB

Spring

'0' Ring

Contact

BATTERY BOX MAATOHA

FIGURE 3

RACAL
Part No.

708796
708304
708881
708878
992173EQ
708813
708382
920723
920590
929169
922408
709113
708879
928212
928759
708877
708800
708794
708994
708811
708911
918846EQ
708306
708883
928195
708810
708912
707742
703357
707426

Qty/
nit
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INTRODUCTION

1. The Battery Charger MA.945B can be used to charge various Racal nickel-cadmium
batteries of 12V, 18 V, or 24 V. These batteries may be charged in situ or when
removed from their associated manpacks. See page 2 para. 7.

CONSTRUCTION

2. The unit is assembled in a splashproof plastic case of dimensions 290 mm (11.4 in)
x 90 mm (3.5 in) x 162 mm (6.4 in). The weight of the unit is 3.05 kg (6.7 ib)

approx.

3. The front panel of the unit is illustrated in fig. 1, and carries all controls and

connectors, as under:-

(a) Supply input plug

(b) Supply ON/OFF switch

(c) Supply voltage selector switch
(d) Charge rate selector switch
(e) Charging indicator lamp

(f) Battery lead

4. Two separate fuses, one for a.c. the other for d.c. input supplies, are mounted

internally.

ELECTRICAL CHARACTERISTICS

=P Inputs: 12-15 volts or 24-30 volts d.c.
100-125 or 200-250 volts a.c. 45-60Hz.
Approx. consumption is 40VA a.c., 40W d.c.

Outputs: The optimum charging current for each battery is obtained automatically
when the charge rate is selected in accordance with the table given
below.

Charge Rate Nominal Current Battery Voltage
1 200mA 12v
2 350mA 12v
3 350mA 18V
4 350mA 24V

WARNING: INCORRECT CHARGE RATE MAY DAMAGE THE BATTERY .



OPERATING INSTRUCTIONS

6. Two input supply leads are provided with the unit, one for connection to an a.c.

supply and one fitted with crocodile clips for connection to a d.c. supply. Either
of these leads will connect into the supply plug on the front panel of the battery charger.
The unit is protected against damage if the wrong connector is used. For example, if the
supply selector switch is set to the a.c. position and a d.c. supply lead is connected, the
charger input circuit cannot be completed.

7. The charging output lead is permanently attached to the battery charger and is
terminated in a plug which is connected to an AUDIO socket on the front panel of
o manpack when charging 12V, 18 V or 24 V batteries. Adaptor cables can be provided
for charging these batteries when they are removed from their manpacks, or for charging
equipment not using Pattern 105 sockets. The adaptor cables are listed in fig. 1 page 7 and

illustrated in fig. 5.

8. The procedure for using the battery charger is as follows: -

IMPORTANT NOTE: To prevent damage it is essential that the SUPPLY
VOLTAGE and CHARGE RATE selectors are correctly set

before applying the supply.

(1) Set the SUPPLY VOLTAGE selector to the required position.

(2)  Set the CHARGE RATE selector to the appropriate position in accordance with
the table on Fig.4.

(3)  Ensure that the battery charger power switch is not set to ON.
(4) Connect the charging output lead to an AUDIO socket on the front panel
of the manpack or to the battery (see sub para. 9).

WARNING: WHERE AN A.C. MAINS INPUT SUPPLY IS BEING USED,
ENSURE THAT THE SUPPLY IS SWITCHED OFF BEFORE ANY
CONNECTIONS ARE MADE.

(5)  Select the correct input supply lead (a.c. or d.c.) and connect it to the
supply plug on the front panel of the battery charger.

(6) Check that the fuse FS1 is of the correct rating (500mA for 240V or 1A
for 120V operation).

(7) Connect the other end of the supply lead to the supply as follows:-



OPERATING INSTRUCTIONS (Cont'd)

AC Input Supply Cable AC Mains Supply
Brown Wire to Line (L)
Blue Wire to Neutral (N)
Yellow/Green Wire to Earth (E)

DC Input Supply Cable DC Supply
Red Wire to Positive Terminal
Black Wire to Negative Terminal

NOTE: Either polarity of the d.c. supply can be earthed.

(7) Complete the input supply and set the battery charger power switch to ON.

(8) Check the CHARGE IND lamp. This will be illuminated while a battery is
being charged. I[f this lamp is not illuminated, check that the battery
circuit is completed before suspecting any fault in the battery charger.

(?)  An adaptor cable is provided to enable o battery to be charged when it is
not installed in a manpack. To make use of this facility, connect the
socket (SKT3) of the adaptor cable to the plug (PL2) on the charging output
lead. Connect the ferrules on the other end of the adaptor cable into the
sockets on the battery; red lead (+ve) to red socket and black lead (-ve) to
black socket. Operate the battery charger as detailed in this paragraph,
omitting operation (4).

(10) A discharged battery will take approximately fourteen hours to charge.

A discharged 4025A or 24V .4AH battery requires sixteen hours.

CIRCUIT DESCRIPTION
AC Input Circuit

4" The a.c. supply is connected to pins C and F of free socket SKT1, which mates
with plug PL1 on the battery charger. Pins D and E are linked within the free
socket SKT1. The line side of the supply, on pin F of plug PL1, is routed via the Supply
switch SA2, the link between pins D and E and fuse FS1 to the 120V primary windings of
transformer T2. The neutral side of the supply, on pin C of PL1, is fed via the supply switch
SA1 and the selected contacts on wafer SB1F of the SUPPLY VOLTAGE switch to the
appropriate primary windings of transformer T2. When a 200-250V input is selected, the two
primary windings are connected in series by switch SB1B; the switch connects the windings
in parallel when a 100-125V input is selected.



DC Input Circuit

10. The d.c. supply is connected to pins C and F of free socket SKT2, which mates

with plug PL1 on the battery charger. The positive supply circuit, on pin C of
plug PL1, is fed via the Supply switch SA1 and the selected contacts on wafer SB1F of the
SUPPLY VOLTAGE switch to the centre tap of the 24 and 12 volt primary windings of
transformer T2. Pins A and B are linked within the free socket SK2. The nejative side of the
d.c. supply is via the Supply switch SA2, the link between pins A and B in socket SKT2,
fuse FS2 and diode D1 to the emitters of transistors TR1 and TR2.

1. Transistors TR1 and TR2 are connected in ad.c. to a.c. converter circuit
operating as follows. When the supply is made to the circuit, differences in gain
and leakage currents cause an unbalance between TR1 and TR2. Assume TR1 passes more
current than TR2, this will produce an unbalance current in the primary winding of the
transformer T2 which will cause a voltage to be developed across it. This voltage is applied
to the primary of T1. The secondary of T1 feeds the bases of the two transistors such that
TR1 will receive more base current and hence draw more collector current and TR2 will
receive less and tend to switch off. This effect causes TR1 to become fully switched on with
nearly the full d.c. supply voltage being applied across half the transformer T2 primary

winding.

12. The magnetic flux in the core of T1 increases until it becomes saturated.

Immediately this occurs, the secondary voltage collapses which removes the base
current from TR1 which switches it off and a reverse e.m.f. is produced which applies drive
to TR2 base. TR2 then conducts until core saturation occurs in the reverse direction. The
process then repeats with TR2 being turned off and TR1 turned on again.

13. This sequence carries on being repeated at approximately 400Hz, the waveform
generated in T2 being a square wave. The output from the secondary being applied
to the rectifier circuit (paragraph 15).

14. Transformer T2 is tapped to allow for a 12V or 24V d.c. input; the tappings are
selected by switch wafers SB2F and SB2B.

Rectifier and Regulator Circuit

15. A full wave rectifier, diodes 1D4 to 1D7, is connected across transformer T2
secondary. Capacitor C4 is the reservoir capacitor, The rectified voltage developed
across the reservoir capacitor is applied to a constant current regulator gircuit.

16. Transistor TR3 forms a simple type of series regulator. Zener diode 1D3 provides a
stabilized reference voltage of 4.7 volts to the base of TR3. Transistor TR3, in

series with either 1R4 or 1R5, is connected in the negative line from the bridge rectifier. The

appropriate resistor and hence the correct charging current is selected by switch SC,



Rectifier and Regulator Circuit (cont'd)

17. An increase in charging current will increase the volts drop across the selected

resistor and cause the emitter of TR3 to become more positive. As a result the base/
emitter potential of the transistor is reduced, the transistor impedance increases and the
charging current is reduced to its previous level.

18. The indicator lamp LP1 illuminates when the charging current flows. Diode 1D8 is
included in the circuit to prevent the battery from being discharged through the
charging unit, should the supply fail or be switched off, with the battery connected.

COVER REMOVAL

19. The charging unit cover is held in position by two large slotted screws on the back
panel. The complete unit is assembled on the rear of the front panel, and all
components are readily accessible when the cover is removed. The location of all components

is illustrated in Fig.2.

TESTING AND FAULT FINDING

Protection Circuits

20. The battery charger will not operate if the a.c. supply connector is used with the
voltage selector switch set to one of the d.c. positions, or the d.c. supply connector
used and the voltage selector set to one of the a.c. positions. No damage is done to the
equipment in either of these conditions as the supply circuit is not completed. Damage can
occur if the SUPPLY VOLTAGE or CHARGE RATE selectors are set to an incorrect voltage
range, therefore it is essential that the correct selections are made before applying a supply .

21. The battery charger will not operate if the d.c. input supply leads are connected in
reverse polarity as diode D1 cuts off the supply to the inverter circuit in this

condition.

22. Protective fuse FS1 (400 mA/1A) is provided in the a.c. supply circuit, and F52
(4 amp.) in the d.c. supply circuit.

23. No damage will occur if the charging output lead is temporarily short-circuited.

24, The charging indicator lamp LP1 will not be illuminated if the battery circuit is

not completed.

25, Diode 1D8 prevents the battery from being discharged if the charging supply fails or
is switched off, and the battery is left connected.



TEST EQUIPMENT REQUIRED

26.

(a)
(b)
(c)

(d)

A 50Q £ 5% 20W resistor.
Two Avo Model 8 multimeters, or similar 20,000 ohm per volt instruments.

A variac covering the range 0-250 volts at 2A, example Duratrak type
V5HM.

A variable d.c. power supply 0-30 volts at 5A, example APT TCUSS.

TEST PROCEDURES

AC Input Supply

27.

(1

Connect the output adaptor cable to the output plug of the MA .9458B and
connect to a 50 ohm £5% 20 watt resistor via a multimeter set to the 1A
d.c. range. Connect a second multimeter set to the 100V d.c. range
across C4.

Set the CHARGE RATE selector switch to 4 and the SUPPLY VOLTAGE
selector switch to 240V a.c.

Connect the a.c. mains supply lead to the supply input plug and connect
its wire-ended terminations to a 2 amp. Variac set to 250 volts.

Switch SA (SUPPLY) to ON and check that the CHARGE IND lamp is

illuminated.

Check that the reading on the 1A d.c. multimeter is between 280 and 420mA .
Check that the reading on the 100V d.c. multimeter is approximately

50 volts.

Set the CHARGE RATE selector switch to 3 and check that the reading on
the 1A d.c. multimeter is between 280 and 420mA .

Check that the reading on the 100V d.c. multimeter is approximately
34 volts.

Set the CHARGE RATE selector switch to 2 and check that the reading on
the 1A d.c. multimeter is between 280 and 420mA .

Check that the reading on the 100V d.c. multimeter is approximately 34 volts.

Set the CHARGE RATE selector switch to 1 and check that the reading on
the 1A d.c. multimeter is between 170 and 230mA .

Check that the reading on the 100V d.c. multimeter is approximately 36 volts.

Set the Variac to 125 volts, the CHARGE RATE selector switch to 4, the
SUPPLY VOLTAGE selector switch to 120V a.c. and check that the reading
on the 100V d.c. multimeter is approximately 50 volts.

Switch SA to OFF and disconnect the a.c. mains lead and Variac.



DC Input Supply

28.

Connect the d.c. supply lead to the supply input plug and connect its
crocodile clip terminations to a 5A power supply.

Set the SUPPLY VOLTAGE selector switch to 12V d.c. and the 5A power
supply to 15 volts.

(3) Switch SA to ON and check that the reading on the 100V d.c. multimeter
is approximately 53 volts.
(4)  Set the SUPPLY VOLTAGE selector switch to 24V d.c. and the 5A power
supply to 30 volts.
(5)  Check that the reading on the 100V d.c. multimeter is approximately
55 volts.
(6) Disconnect the 100V d.c. multimeter and re-connect it between TR3
collector and the chassis, and check that the reading is zero.
(7)  Switch SA to OFF and disconnect all test equipment.
EQUIPMENT ADAPTOR CABLE NO.
TRA 906 700654/D
TRA 921 700654/D
TRA 922 700654/D
TRA 929 700654/D
TRA 931 700654/D
TRA 932 700654/D
TRA 965 719235
TRA 967 719235
TRA 971 719235
PRM 4160 719235
PRM 4021 719115
PRM 4031 719115
PRM 4031 719115
Clansman 790032
series
PRM 4090 79041 4*
TRA 6929 AA6808
(Racal USA)

TABLE 1

Cables marked * connect directly to the radio, not the battery



MA9458

Cet. I Tol Racal
t .
Ref. Value Description Rat % Part Number
MAP458 Chassis
Capacitors Vv
Cl 0.1 Polystyrene 160 20 900066
C3 0.1 Polystyrene 160 20 900066
C4 500 _ Electrolytic 75  +50-10 917848 /£Q
Cé 0.1 Polystyrene 160 20 900066
Diodes
D1 Rectifier S6103K 924628/EQ
Insulator kit for D1 916099
Transistors
TR1 2N3055 915654
TR2 2N3055 915654
TR3 2N3055 915654
Transformers
T1 CT 710016
T2 CT 710049
Plugs
PLI 7 way 928332/EQ
PL2 6 way 910130
Switches
SA DPDT Lever 3A 930821/EQ
SB 4 pole, 4 position rotary 711088
SC 2 pole, 4 position rotary 711087
Fuses
FS1 1A (120 V operation) 991170/EQ
500 mA (240 V operation) 990989/EQ
FS2 4A 90693 1/EQ
Q



Cect. C . Tol Racal
Ref. Value Description Rat. % Part Number
LamEs
LP1 4.5V,0.27 W 916078
Lamp holder, yellow 916077
Fuseholder 912190
Miscellaneous
Adaptor lead (MA9458B/CLANSMAN BATTERY) ST720032
10

A AOASR



Cect. - Tol. Racal
D t
Ref . Value escription Rat . % Part Number
PCB Assembly (705177)

Resistors W

1R1 1K Wirewound 6 5 913662/EQ
1R2 100 Wirewound 6 5 913684EQ
1R3 Not used

1R4 15 Wirewound 6 5 913706/EQ
1R5 33 Wirewound 6 5 913698/EQ
1R6 2k Wirewound ) 5 913655/EQ
Capacitors \

162 47 Electrolytic 35 20 917478/EQ
] C5 O . ] Polys fyrene ]60 20 900066

1C7 Y0n Ceramic 200 20 9943%4/£EQ
1C8 10n Ceramic 200 20 991396 /EQ
1€9 10n Ceramic 200 20 991396 £Q
1C10 10n Ceramic 200 20 991394 /EQ
1C11 0.1 Polystyrene 160 20 200066
Diodes

1D2 1N4002 911460/EQ
1D3 1IN4734A 991749 /EQ
1D4 3052 928691 /EQ
1D5 3052 928691 /EQ
1D6 3082 928691 /EQ
1D7 3052 928691 /EQ
1D8 1N4002 911460/EQ

11



LIST OF MECHANICAL COMPONENTS

DESCRIPTION PART No.
Case Assy. 702514/2
Cover 7051781
Front Panel 704681/3
Frame 703657/7
Carrying Strap 711032/3
Pillar 701215/1
Washer 702001/1
Spacer M3 x 4 Clear 927749
Clamp, Capacitor 909295
Cable Gland Black 929384
Nut 3" Black Nylon Lock 930435
Nut, Potentiometer Lock 906368
Clip Plasklip NX1 Black 900205
Clip Plasklip NX2 Black 900123
Screw M3 x 6 Rec.Pan Hd.Stl. 917844
Screw M3 x 8MHex. Hd. Sti. 921413
Screw M3 x 12 Rec.Pan Hd.Stl. 917846
Screw 6-32 UNC x 5/16" Rec. Pan Hd.5tl. 909904
Screw 4-40 UNC x 5/16" Rec. Pan Hd.5tl. 912569
Screw M4 x 20 Slot.Pan Hd. St.Stl. 922362
Washer 3/8" 1/D Lock and Seal 916074
Washer 3/8" 1/D Cri.Ber.Cu.Stl. 904252
Washer M3 Cri.Ber.Cu.Stl. 917705
Washer 4BA Cri.Ber.Cu.Stl. 904248
Washer 6BA Cri.Ber.Cu.5Stl. 904247
Washer 3/8" I/D L/Gauge Bright Small Stl. 906268
904243

Washer 4BA Bright Small Stl.



DESCRIPTION

PART No.

Washer 6BA Bright Small Stl.
Washer 6BA Bright Large Stl.
Nut M3 Full Hex. Stl.

Nut M3 'Nyloc' Zinc Plated Stl.
Nut M4 'Nyloc' Zinc Plated Stl.

Retaining Ring 5/32"
Washer M4 Bright Stl.
Screw M3 x 8 Hex Hd. Stl.
'0' Ring Main Case
Fuseholder '00'

Lampholder Yellow

Seal '0' Ring

Insulator Kit

Connector Plug 7 Way Fixed
Connector Plug 6 Way Free
Electrical Cap

Fuse Link 500 mA

PCB Assy

904244
904240
917825
920597
923858
921786
918087
921413
711130
912190
916077
909929
915890
928332
910130
711069/2
906850
705177
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FIVE OUTPUT BATTERY CHARGER TYPE MAQ78F

The MAQ78F is similar to the MA978A (as described in this
Manual) except for the five battery charging lead terminations.
The MA9Q78F is fitted with five special connectors to suit

the MA4705A battery, as used with the PRM4700 Transceivers.

The following additional items should be added to the
Mechanical Parts List for the MA978F.

Description Racal Part Number
Plug Body CD709101

Plug Cover BD709102
Connector AD709103
Connector Spring AD709104

Screw M3 x 10 Stainless Steel 921313

Screw M3 x 4 Socket Head 919844

RA A AA™ O A 01 3 - - 3



Battery Charger Type MA.978



ALTERNATIVE TRANSISTOR TYPES

This addendum is applicable to the following equipments:-

A 531 MA 924L MA 930P MA 936 TA 970 MA 9858 MA 990

MA 90/ MA 92¢ MA 930V MA 937 TA 970H MA 9848 MA 991

MA 923 MA 927 MA 930X MA 9378 TRA 971 MA 987 MA 4001
MA 924 MA 930 MA 933 MA 949 MA 978 MA 988

MA 9248 MA 930L MA 935 MA 949 MA 984 MA 9888

'E-line' (ZTX) Transistors may be used as o replacement for the original transistors listed below.
Orientation of transistors on printed circuit boards (PCB's) should be carefully noted as
illustrated below.

Original Transistor Replacement Transistor
Type Racal Part No. Type Racal Part No.
BC 182 Q17465 altemative ZTX 237 923171
SX 3711 915119
BC 212 919122 il b H va ZTX 212 923172
SX 4060 914092
2N 5450 915133 alternative ZTX 3705 923170
*2N 5448 915118 alternative ZTX 3703 923169

Configuration (os viewed from lead side of tronsistor).

=)
o
c A &
£ &

ANoT7eE — FLATS NoOTE - £LArSs
S LosE OPPoBED

JODENT o Pc B ) DENT oA Pc 5.

Original Transistor Mounting Method Replacement Transistor Mounting Method

eTPA" il - AAA O Coma®me o d TOOO ~m tha AMA 02N Sarlec Aare ON 544R 771X 3703 must
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FIVE_OUTPUT _BATTERY CHARGER

INTRODUCTION

1. The Battery Charger MA. 978 can be used to charge up to five MA.948A batteries

as used with the TRA.965 and TRA.967 transceivers, or up to four MA. 980 batteries
as used with the TRA.971 Telecal. Each battery may be charged when attached to its
associated transceiver by the use of an adaptor lead.

2. Two input supply leads are supplied with the unit; one for connection to an a.c.
supply, and one fitted with crocodile clips for connection to a d.c. supply. Either
of these leads will connect to the supply plug on the front panel.

CONSTRUCTION

., The unit is housed in a plastic case of dimensions 290mm (11 .4in) x 90mm (3. 5in) x
162mm (6.4in). The weight of the unit is approximately 3.05kg (6.7Ib).

4. The front panel carries all controls and connectors. These are listed below.
(@)  Supply input plug.
(b)  Supply ON/OFF switch.
(c)  Supply selector switch (120V or 240V a.c., 12V or 24V d.c.).
(d)  Charging indicator lamps (one for each output).
(e)  Battery charging leads (one for each output).
5. Two fuses, one for a.c. and one for d.c. input supplies, are mounted internally.
6. The battery charging leads, which are permanently attached to the battery charger,
are terminated in miniature sockets for connection directly into the recessed pins
of the batteries. If the batteries are to be charged while they are attached to their associated
fransceivers, the miniature sockets are inserted into an adaptor cable, which in turn is plugged

into an AUDIO socket on the transceiver.

ELECTRICAL CHARACTERISTICS

7. Input Voltages: 12-15 or 24-30 volts d.c.
100-125 or 200-250 volts a.c., 45-60Hz.
8. Input Power: Approximate maximum consumption is 40W.
9. Output current: Each output delivers 200mA nominal charging current into

a 12V battery.

Page 1
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OPERATING INSTRUCTIONS

10.

AAA O70

The battery charger operating procedure is as follows:

NOTE: To prevent damage it is essential that the supply selector switch
is correctly set before connecting the supply lead.

(1) Set the supply selector switch to the required position.

(2) Connect the charger to the batteries. The charger leads are terminated in
miniature sockets which have to be pressed on to the recessed pins on the
batteries (red to red, black to black). If the batteries are to be charged
while attached to their associated transceivers, the adaptor lead type
CA 701643 should be used. In this case, press the miniature sockets on to
the recessed pins on the adaptor, and connect the adaptor lead to an
AUDIO socket on the transceiver.

WARNING: DO NOT ATTEMPT TO OPERATE THE TRANSCEIVER DIRECTLY
FROM THE BATTERY CHARGER WITHOUT THE BATTERY BEING

CONNECTED.

(3)  Select the correct input supply lead and connect it to the supply plug on the
battery charger front panel. Connect the other end of the input supply lead
to the supply as follows:

WARNING: WHEN AN A.C. MAINS [NPUT SUPPLY IS BEING USED,
ENSURE THAT THE SUPPLY IS SWITCHED OFF BEFORE ANY
CONNECTIONS ARE MADE.

A.C. Input Supply Cable A.C. Mains Supply
Brown Wire to Line (L)

Blue Wire to Neutral (N)
Green/Yellow Wire to Earth (E)

D.C. Input Supply Cable D.C. Supply
Brown Wire (Red Marker) to Positive Terminal
Blue Wire (Black Marker) to Negative Terminal

NOTE: Either polarity of the d.c. supply can be earthed.
(4)  Apply input power, and set the battery charger switch to ON.

(5) Check the charging indicator lamp for each charging circuit being used.
When a battery is being charged, the associated lamp will light. If a lamp
is not lit, check that the charging circuit is completed before suspecting a
fault in the charger.

NOTE: A fully discharged battery will take approximately 14 hours to charge.
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CIRCUIT DESCRIPTION (Figure 3)

A.C. Input Circuit

1. The a.c. supply is connected to pins C and F of free socket SKT1, which mates with
plug PL1 on the battery charger. Pins D and E are linked within SKT1. The line

side of the supply (pin F) is routed via the supply ON/OFF switch SA2, the link between pins
D and E, and FS1, to the 120V primary winding of T2. The neutral side of the supply (pin C),
is routed via the supply ON/OFF switch SAT and the selected contacts on wafer SBIF of the
supply selector switch, to the appropriate winding of T2. When 240V input is selected, the
two primary windings are connected in series by switch SB1B; the switch connects the windings
in parallel when 120V input is selected.

D.C. Input Circuit

12. The d. c. supply is connected to pins C and F of free socket SKT2, which mates with

plug PL1 on the battery charger. Pins A and B are linked within SKT2. The positive
side of the supply (pin C) is routed via the supply ON/OFF switch SA1 and the selected contacts
on wafer SBIF of the supply selector switch, to the centre tap of the 12 and 24 volt primary
windings of T2. The negative side of the supply (pin F) is routed via the supply ON/OFF switch
SA2, the link between pins A and B, FS2 and D1, to the emitters of TR1 and TR2. D1 protects
the inverter against polarity reversal of the d.c. input supply.

13. TR1 and TR2 are connected in a d.c. to a.c. inverter circuit operating as follows.

When the supply is made to the circuit, differences in gain and leakage currents
cause an unbalance between TR1 and TR2. Assume TR1 passes more current than TR2, an
unbalance current will flow in the primary of T2 causing a voltage to be developed. This
voltage is applied to the primary of T1. The secondary of T1 feeds the bases of the transistors
such that TR1 will receive more base current and hence draw more collector current. TR2 will
receive less base current and will tend to turn off. TR1 then becomes fully turned on with
nearly the full d.c. supply voltage being applied across half of T2 primary winding.

14. The magnetic flux in the core of T1 increases until it becomes saturated. Immediately

this occurs, the secondary voltage collapses, removing the base current from TR1,
switching it off. A reverse e.m.f. is produced, applying drive to the base of TR2 which
conducts until core saturation occurs in the reverse direction. The process then repeats with
TR2 being turned off and TR1 turning on again.

15. This sequence is repeated at approximately 400Hz, the waveform in T2 being a
square wave. The output from the secondary is applied to the rectifier circuit.

16. The low voltage primary of T2 is tapped to allow for either 12V or 24V d.c. input;
the tappings are selected by the supply selector switch SB2F and SB2B.

Rectifier and Regulator Circuits

17. The output from the bi-phase secondary of T2 is rectified by D1 and D2. C4 is the
reservoir capacitor.

Page 3
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18. There are five identical regulator circuits, one for each output. The action of the
regulator circuit for output 1 is described.

19. Transistors 1TR1 and 1TR2 form a current regulator. Zener diode 1D3 sets the

reference for the base of 1TR1. This sets the potential difference across 1R2 to be
the zener voltage less the base to emitter voltage of 1TR1. The current through 1R2 and
1LP1 is thus set, and it is this current which is used to charge the battery.

20, The indicator lamp TLP1 lights when a charging current is being drawn. 1D4

prevents the battery from being discharged through the battery charger should this
fail or be switched off with the battery still connected. 1D5 acts as a reversed polarity
protection diode. If a battery is connected incorrectly, the diode is forward biased and a
high current is drawn which causes the fuse in the battery to blow.

MAINTENANCE

Equipment Required

21 For the fault-finding and performance checks, the following items of equipment
are required:

(@) Multimeter e.g. Avo Model 8.
(b)  Resistor 68 ohms 5% 3 watts minimum,
(c)  Power supply 0-30V DC at 5A e.g. APT type TCUSS.

(d)  Variable Transformer, output 0-250V at 2A e.g. Duratrak type VSHM.

Dismantling Procedure

22, The battery charger cover is held in position by two large slotted screws on the
back panel. The complete unit is assembled on the rear of the front panel, there-

fore the cover can be slid off completely once the screws are released. Care must be taken

not to lose the rubber sealing ring fitted into the groove around the rear of the front panel.

23. The chassis is held onto the front panel with four screws. Figure 1 shows the
underneath view of the battery charger with the front panel tilted away from the
chassis. The circuit board, which is held in position on two pillars, is shown pulled back to

reveal the chassis mounted components.

Re-assembly

24. This is a reversal of the dismantling procedure. Care must be taken to ensure that
the rubber sealing ring is fitted into the groove around the rear of the front panel.
The cover is pressed into this groove and the screws at the rear are fastened.
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Fault-Finding

25. When charging is taking place, the indicator lamp for each output being usedshould
be lit. Should a lamp not light and the charging circuit is complete, connect the

68 ohms (3 watt) resistor in series with the multimeter (1A range) across the relevant output

and measure the current. If the current is between 120mA and 170mA, suspect that the bulb

in the relevant lamp has failed. [f the output current is less than 120mA, determine whether

only one or all outputs have failed.

26. If only one output has failed remove the input power and disconnect all batteries.

Open the battery charger and inspect for possible open circuits between the output
on the circuit board and the end of the charging lead. If continuity is correct suspect a
fault in the regulator components for that particulary output. Table 1 provides a list of
transistor voltages that may be used as an aid to fault diagnosis.

27. 1f all outputs have failed check that the right input selection has been made on the

front panel switch, that the unit has been switched on, and that the input supply is
correct. Should these checks prove to be correct remove the input power and disconnect all
batteries. Open the battery charger.

WARNING: |F MAINS IS BEING USED TO POWER THE BATTERY CHARGER, CARE
MUST BE TAKEN TO ENSURE THAT THE TRANSFORMER (T2) TERMINALS
AND THE ROTARY SWITCH WAFERS ARE NOT TOUCHED.

28. Check the fuse for the supply being used (FS1 for a.c. supply, FS2 for d.c. supply).

If a fuse has failed, investigate and rectify the cause of failure e.g. short circuit,
and renew fuse. |f the fuses are serviceable, re-connect the input supply and switch on. If
a.c. is being used, check that the voltage across C4 (can be measured across pins 2 and 4
of the circuit board) is between 29 and 31V under no load conditions. |f this voltage is
zero suspect that either T2 is faulty or the wiring between T2 and the circuit board is open
circuit. If the voltage across C4 is low, suspect that either 1D1 or 1D2 is faulty, or the
wrong voltage tap on T2 has been selected.

29. If. d.c. is being used a 400Hz tone from the inverter should be heard. [f this tone is

present check that the voltage across C4 (can be measured across pins 2 and 4 of the
circuit board) is between 22 and 24V under no load conditions. If this voltage is zero
suspect that either T2 is faulty or the wiring between T1 and the circuit board is open
circuit. If the voltage across C4 is low, suspect that either 1D1 or 1D2 is faulty, or the
wrong voltage tap on T2 has been selected.

30. |If the tone from the inverter cannot be heard, confirm that the inverter is not working

by measuring the a.c. voltage across the low voltage primary windings of T2. If no
voltage is present measure the d.c. voltage on the anode (case) of D1. If no voltage is
present, suspect that either D1 is at fault, or the wiring between PL1 and D1 is open circuit.
If the voltage on the anode of D1 is present, suspect a fault in the inverter. Table 1 provides
a list of transistor voltages that may be used as an aid to fault diagnosis.



Performance Check

31.

32.

A A A O

The following procedure enables a check to be made of the charging current for
a.c. input.

(a)
(b)

(c)
(d)

(e)

(f)

Set the SUPPLY VOLTAGE switch to 240VAC.

Mate the a.c. supply lead (CA700654/B) to the SUPPLY plug, and connect
the wire ended terminations to the variable transformer which should be set

to 200V.
Switch the battery charger on.

Connect the 68 ohm 3 watt resistor in series with the multimeter (1A range)
across each of the 5 charging oufputs in turn. The current output should be
between 170mA and 230mA. Note that the lamp should light.

Adjust the variable transformer to 100V, and set the SUPPLY VOLTAGE
switch to 120VAC. Repeat check (d).

Switch the battery charger off, and remove connections.

The following procedure enables a check to be made of the charging current for
d.c. input.

(a)

Set the SUPPLY VOLTAGE switch to 12VDC.

Mate the d.c. supply lead (CA 700654/C) to the SUPPLY plug, and connect
the crocodile clips to the 5A power supply which should be set to 15V.

Switch the battery charger on.

Connect the 68 ohm 3 watt resistor in series with the multimeter (1A range)
across each of the 5 charging outputs in turn. The current output should
be between 170mA and 230mA. Note that the lamp should light.

Switch off and set the SUPPLY VOLTAGE switch to 24VDC.

Increase the output of the power supply to 30V.

Switch on and repeat check (d).

Switch off the battery charger and remove connections.
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TABLE 1

Typical Transistor Voltages

These voltages were measured on an operational Battery Charger (MA.978).

Transistor E B C Remarks
1TR1 21.5 | 21 1.35 Output 1 B
1TR2 0.8 1.35 | 26 Short Circuited
1TR3 21.5 | 21 1.35 Output 2
1TR4 0.8 1.35 | 26 Short Circuited
1TR5 21.51 21 1.35 Output 3 | 120 or 240V a.c.
1TRé 0.8 1.35 | 26 Short Circuited [nput
1TR7 21.5 | 21 1.35 Output 4
1TR8 0.8 1.35 | 26 Short Circuited
1TR? 21.5 | 21 1.35 Output 5 )
1TR10 0.8 1.35 | 26 Short Circuited _|
TR1 0.8 0.08 | 11.8 +12V d.c. ]
TR2 0.8 0.08 [ 11.8 Input | One Output Short
TR 0.8| 0 23.7 +24V d.c. Cireuited
TR2 0.8y 0 23.7 Input B
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COMPONENTS LIST

Cct. - Tol Racal Part

Ref. Value Description Rat %  Number

Chassis Components
Resistors W

R1 1K Wirewound 6 5 913662

R2 100 Wirewound 6 5 913686
Capacitors \%

Cl 0.1 Polyester 160 10 906737

C2 47 Tantalum 35 917478

C3 0.1 Polyester 160 10 906737

C4 1000 Electrolytic 40 +]58 919117

C5 0.1 Polyester 100 20 915502
Transformers

T1 CT710016

T2 Mains CT710161
Switches

SA DPDT Sealed Lever 3A 930821/EQ

SB Rotary BR711088
Transistors

TR1 2N 3055 906371 /EQ

TR2 2N 3055 906371/EQ
Diodes

D1 6FR5 920025 /EQ

D2 10D1 909879
Connectors

PLI Plug 6-way 929140
Fuses

ES] 500mA 990989 /EQ

FS2 4A 906931/EQ



A A O79Q

Cet. . Tol Racal Part
Ref. Value Description Rat %  Number
Chassis Components contd
Lamps
1LP1 to 1LP5 Bulb 4.5V 0.27W 916078
Lampholder (Yellow) 916077
Supply Leads
A.C. lead CA700654/B
D.C. lead CA700654/C
Circuit Board Components
Resistors W
1R1 3.3K Composition 0.1 10 902514
1R2 27 Wirewound 2.5 5 913582
1R3 1K Composition 0.3 5 924680
R4 3. 3K Composition 0.1 10 902514
1R5 27 Wirewound 2.5 5 913582
IR6 1K Composition 0.3 5 924680
1R7 3.3K Composition 0.1 10 902514
1R8 27 Wirewound 2.8 5 913582
IR 1K Composition 0.3 5 924680
IR10 3.3K Composition 0.1 10 902514
IR11 27 Wirewound 2.5 5 913582
IR12 1K Composition 0.3 5 924680
IR13  3.3K Composition 0.1 10 902514
1R14 27 Wirewound 2.5 5 913582
IR15 1K Composition 0.3 5 924680
Capacitors \
: . +40 o
1C1 0.1 Disc Ceramic 250 .pq C16187/EQ
1C2 0.1 Disc Ceramic 250 +‘2*8 916187/EQ
Transistors
1TR1 ZTX 212 923172
1TR2 TIP31 922492
1TR3 ZTX 212 923172
1TR4 TIP31 922492
1TR5 ZTX 212 923172



Racal Part

g:ff‘ Value Description Number
Circuit Board Components contd
Transistors
1TR6 TIP31 922492
1TR7 ZTX 212 923172
1TR8 TIP31 922492
1TR? ZTX 212 923172
1TR10 TIP31 922492
Diodes
1D1 1R3052 921357
1D2 1R3052 921357
1D3 4.7V BZY88 C4V7 914067/EQ
1D4 1N4002 911460/EQ
1D5 1N4002 911460/EQ
1D6 4.7V BZY88C4V7 914067/EQ
1D7 1N4002 911460/EQ
1D8 1N4002 911460/EQ
1D9 4.7V BZY88C4V7 914067/EQ
1D10 1N4002
1D11 1N4002 91146¢/EQ
1D12 4.7V BZY88 C4V/ 914067 EQ
1D13 1N4002 911460/EQ
1D14 1N4002 911460/EQ
ID15 4.7V BZY88 C4V7 914067/EQ
1D16 1N4002 911460/EQ
1D17 1N4002 911460/EQ
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MA 978 FIVE OUTPUT BATTERY CHARGER

MECHANICAL PARTS LIST

Description

Racal Part Number

Boot Resistor
Boss

Bracket

Bush Transistor
Cable Tie

Cap Electrical
Case Battery Assy
Cover

Fastener Special
Frame

Gland Cable
Grommet Half
Heatsink
Insulator Mica
Lampholder Yellow
Nut

Nut

Nut Case

Nut M2.5

Nut M3

Nut M3

Nut M4

U Ring

Pad Transistor
Panel Front
Pillar

Pillar

Pin

Plasklip

Plasklip

Plasklip

Plasklip

Ring Retaining
Ring Retaining
Screw
Screw
Screw
Screw
Screw
Screw M3X6
Screw M3X8
Screen M4X20

M2.5X10
M3X10
M3X12
M3X30

Seal O Ring

Seal Rubber

Strap Carrying
Washer
Washer
Washer
Washer
Washer
Washer
Washer
Washer
Washer

M2.5
M2.5
M3
M3
M3

703073
706126
706125
921793
915371/EQ
711069
706245
701586
701074
701587
991097/EQ
919956
706128
935337
916077
906368
912542
702963
917826
920597
917825
923858
711130
921760/EQ
701588
701215
700123-20
926428
900096
900205
900123
905625
921786
934911
909904
917823
917818
935085
933201
917844
917845
922362

909887
706124
711038
702001
904240
904252
906268
916074
918653
918086
925588
917705

f o D 1 1



Racal Part Number

Description

Washer M3 928759
Washer M4 918087
Washer M4 917706
Washer M5 918661
Washer 916074
Washer M2.5 IEFTOA

MA.978
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'POZIDRIV' SCREWDRIVERS

Metric thread cross-head screws fitted to Racal equipment are of the 'Pozidriv'
type. Phillips type and 'Pozidriv' type screwdrivers are not interchangeable,
and the use of the wrong screwdriver will cause damage. POZIDRIV is a registered
trademark of G.K.N. Screws and Fasteners Limited. The 'Pozidriv’ screwdrivers
are manufactured by Stanley Tools Limited.

FD 269
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CHAPTER 1

DESCRIPTION

INTRODUCTION

1. The MA 4988A (see Frontispiece) is a compact loudspeaker amplifier unit,
with an integral 50 ohm loudspeaker, capable of operating from both
nominal 12 and 24 volt inputs. A socket is provided to connect an
external Toudspeaker of not less than 4 ohms impedance.

2, The unit is fitted with 'Larkspur' compatible input/output connectors.

TECHNICAL SPECIFICATION

3 Nominal Parameters: Operational temperature range, -300C to +70°C.

Note: When operating from a supply voltage of 24 V or ahove, into an
external speaker of less than 8 ohms with a continuous signal
(not speech) at levels above 10 watts for periods of time
greater than 20 minutes, the maximum operating temperature is
509C.

Storage temperature range: -300C to +700C.

Supply voltage range: 10 to 32 V dc.

Frequency response (w.r.t. 1 kHz into 8 ohms): -3 dB points,
Tower - not greater than 200 Hz; upper - not less than

3.8 kHz.

Signal/Noise ratio: better than 50 dB.

Distortion: better than 1% before clipping.

PTT muting: amplifier will mute when the PTT Tline is less than
or equal to 3 V.

Input level required: 1.7 V rms.

Input impedance: greater than 3k ohm.

4. Typical Performance at 1 kHz (250C).
Supply Voltage 14V 28 V
Output Current Output Current
Speaker (5% T.H.D) | Loading | (5% T.H.D) | Loading
External 4 ohm 2.4 W 410 mA 13.3 W 1010 mA
External 8 ohm 1.55 W 255 mA 8.65 W 595 mA
External 50 ohm | 300 mW 60 mA 1.7 W 115 mA
CONSTRUCTION
b The components are secured to an alloy front casting enclosed by

mounting back plate.

TH 5466/1

N 929¢c O

The mounting centres are 102 x 93 mm.
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Connectors: Connectors 1 and 2 (A model) 7-way 62GB-5016-10-7S
Connector 3 2-way 62GB-57A-8-2S

The overall unit dimensions including connectors are:-

Height: 127 mm
Width: 120 mm
Depth: 70 mm
Weight: 1 kg

CIRCUIT DESCRIPTION Figs. 2 and 4

6. An integrated circuit power amplifier ML1, and all the other unit active
components, are mounted on the printed circuit board. For muting
purposes, ML1 has an FET gate (TR3) in its audio input line and also a
switched positive power supply (TR1).

7. Unit power switch S1 'on'. With the PTT line low (less than or equal to
3 V), switching transistor TR2 is off holding hoth the power switch TR1
and the audio gate TR3 off; MLl is therefore both switched off and
jsolated from the audio input line.

8. With the PTT line high (5 V or greater), TR2 is conducting, TRl and TR3
are held in the on state connecting power and input audio to MLI.

9. Integrated circuit ML1 has integral short circuit and thermal protection;
D3 and D4 are protective diodes for ML1. See para. 4 for unit performance
with or without an external loudspeaker connected.

Audio Input

10. It should be noted that the audio input is the radio Fixed Audio signal,
pin G Connectors 1 and 2 (Fig. 2), therefore the unit Toudspeaker output
level is only controlled by the volume potentiometer R1. The radio
Variable Audio signal, pin F, routed through the unit for connection to a
headset or handset is not controlled by RI.

TU CAGE /1 1.2
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CHAPTER 2
OPERATING INSTRUCTIONS

1a With a received signal, adjust the volume control for the reugired
Toudspeaker output Tlevel.

Note: The unit Volume control has no effect on the volume at a headset or
handset connected to the unit. The volume of a connected headset or
handset is set by the appropriate control on the radio or operater
harness unit.

TH 5466/1 2-1
FD 269
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CHAPTER 3

MAINTENANCE

INTRODUCTION

1. This Chapter details the test procedure, the equipment required to carry
out the test procedure and notes on dismantling and reassembling.

TEST PROCEDURE

Equipment Required

2. (1)  Power Supply: Output voltage 28 V dc, output current 2 Amps.
Example: Weir 761.1

(2) AF Signal Generator: Frequency range 50 Hz to 20 kHz, impedance
600 ohm balanced, output level 10 mV to 3 V rms
adjustable.
Example: Gould J3B

(3) AF Power Output Impedance 8 ohm, sensitivity 50 mW to 15 W FSD
Meter: Example: Farnell 2085

(4) Distortion Factor Operating frequency 1 kHz, sensitivity 0.1%
Meter: to 100% FSD.
Example: Farnell 2065

(5) Multimeter: Sensitivity 20,000 ohm/volt dc, ohms, and
ohms x 10 k ranges.
Example: Avo 8

Continuity Tests

s With multimeter set to low ohms range, check resistance between following
connector pins. Readings must be less than 1 ohm.

Connector 1 to  Connector 2

OMMOT O ™I
MOMMO O W@

Connector 1 to Connector 3
D A

4, With multimeter set to high ohms range, check that all pins are insulated
from unit case. Insulation reading must not be less than 1 megohm.

TH 5466/1 3-1
FN 2A0



Amplifier Output Tests

(14)

(15)

(16)

Connect power supply positive terminal to Con.2 pin B and negative
terminal to Con.2 pin D. Adjust supply to 28 V and switch it on.

Connect AF Signal Generator to Con.2 pin G (high), pin D (Tow).
Connect AF Power Meter to Con.3 pin B (high), pin A (Tow).

Adjust AF Signal Generator output to 100 mV rms (emF) at 1 kHz
sinusoidal. Set AF Power Meter to 8 ohm impedance position and
50 mW full scale deflection.

Set volume control to mid position. Check that ON/OFF switch does
switch the amplifier on/off. Set switch to on position.

Check that clockwise rotation of volume control increases and
counter-clockwise rotation decreases amplifier volume repsectively.

Set volume control to its fully clockwise position. Amplifier
output power should be between 18 and 35 mW.

Set AF Signal Generator to give a reading of +15 dBm (31.6mW) on AF
Power Meter.

Increase generator frequency until AF Power Meter reading falls to
+12 dBm (15.8 mW). Frequency at which this occurs should be between
3.5 kHz and 6.5 kHz.

Decrease generator frequency until AF Power Meter reading once again
falls to +12 dBm (15.8 mW). Frequency at which this occurs should
be between 100 Hz and 200 Hz.

Set AF Signal Generator output to 100 mW rms (emf) at 1 kHz
sinusoidal.

Connect Distortion Factor Meter across leads to AF Power Meter
(Con.3 pins A and B). Distortion should be less than 0.5%.

At Con.l link together pins C and D; there should be no amplifier
output.

Disconnect link between Con.l pins C and D; amplifier output should
be as in step (10).

Set AF Power Meter to 4 ohm impedance position and 15 W full scale
deflection.

Increase AF Signal Generator output until amplifier output metered
in 10 W. Distortion recorded should not be greater than 5%.

Switch off the power supply and disconnect all test equipment.

DISMANTLING

B (1)

TH 5466/1
FD 269

Remove four M4 screws securing bhackplate. Remove backplate.
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(2)  Remove six M3 cross-head screws securing PCB. Do not remove single
slotted screw visible (secures PCB heatsink). Pivot PCB outwards
clear of loudspeaker.

(3) Loudspeaker is secured to front casting by four PCB pillars.

ASSEMBLING
7s (1) Before assembling; check all soldering for serviceability, check
sheet gasket for serviceability.
(2) Assemble in reverse order to dismantling.
TH 5466/1 3-3
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CHAPTER 4
COMPONENTS LIST

UNIT COMPONENT LIST

Circuit P Racal
Ref Description Part No.
PCB Assemly 791173
R1 Potentiometer 4.7k ohm log. 782584
Knob, potentiometer 705588
LS1 Loudspeaker 50 ohm 923410
S1 Switch, single pole 6104 992236 EQ
Board, de-coupling (2 off) 703211
Cl to C12 Capacitors, 10 nF 20% 100 V ceramic 927395 EQ
Connectors
18&2 Connector, 7 way 62GB-5016-10-7S 928128 EQ
Connector 3  Connector, 2 way 62GB-57A-8-2S 915571 EQ
Gasket 782821

TH 5466/1

cn 220
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AMPLIFIER PCB 791173 COMPONENTS LIST

Ci it N Racal
1E§¥1 Value Description PagiaNo.
Capacitors
IC1 100 nF  10% 100 V electrolytic 920566 EQ
1C2, IC5 470 yF -10 + 50% 40 V electrolytic 921537
IC3 100 nF 10 % 50 V ceramic 936877 EQ
IC4 1 nF 10% 100 V ceramic 924031 EQ
IC6 220 nF  10% 63 V MKS2 990033 EQ
IC7, 1C9 1.8 nF  10% 100 V ceramic 991685 EQ
1C8 22 uF 20 % 25 V tantalum 924032 EQ
IC10 4.7 nF  10% 100 V ceramic 920598
IC11 1 yF 20 % 35 V tantalum 919635 EQ
IC12 10 nF 20% 100 V ceramic 927395 EQ
Diodes
D1, D2 IN 4149 914898 EQ
D3, D4 IN 4001 915266 EQ
D5 Zener BZX 79C 3.9 V 925667
Integrated Circuits
ML1 TDA 2030 V 991689 EQ
Inductors
L1 5 puH RFS -2 991697 EQ
Resistors
R1,R4,R7,R9 22k ohm 5% 0.25 W carbon film 927770 EQ
R2,R3,R11 2.7k ohm 5% 0.25 W carbon film 921116 EQ
R5 1.0M ohm 5% 0.25 W carbon film 927803 EQ
R6 220k ohm 5% 0.25 W carbon film 927773 EQ
R8 1 ohm 5% 0.25 W carbon film 923887 EQ
R10 4.7k ohm 5% 0.25 W carbon film 927765 EQ
R12 10 ohm 5% 0.25 W carbon film 927750 EQ
Transistors
TR1 TIP 127 936208 EQ
TR2 IT X 237 923171
TR3 J176 933404
TH 5466/1 A_2



1. Connector 3 4. Switch S1
2. PCB 5. Potentiometer R1
3.  Loudspeaker

[RAICAL]

TH5466/1 MALS88A : Layout. Fig.1
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