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REMOTE CONTROL

for Digital Multi-Train Controller

* Infra-red, radio and wire remote control systems described
* Any 4 locomotives controlled simultaneously <
from remote controller

“\

Photo by W. A. Sharman

e

on model railway projects des-
cribes the addition of remote
_control facilities to the train controller
described in the previous issue. This
addition enables any or all of the four
control boards to be commanded by an
8-bit digital input either from the
remote controller or a computer. The
data for each controller is latched and
thus one train can be set running and
the command changed to another con-
troller to enable up to four trains to be
controlled simultaneously by the exter-
nal input. Figure 1 shows the block
schematic diagram of the remote con-
trol system.

Additions To Control
Board Circuit

Figure 2 shows the complete circuit
of the control board with the extra parts
added. As described previously, the
board works by allowing a group of TS
pulsesto be sent to the 6 common lines
depending on the direction and train to
be controlled. The length of this group
of pulses determines the speed of the
train; thus with no pulses the train is
stationary and with a full ten pulses per
group, the train is at maximum speed.
2

I he second in this series of articles

In the local mode, the number of
pulses in the group is set by selecting
one of the ten outputs from the 4017
decade counter (IC1) and using this to
trip the output gate after the appro-
priate number of pulses have been
sent. The same applies in the remote
mode, except that in this case the

output gate is tripped when the output
from the binary counter (IC101) is the
same as the 4-bit input from the
external source. This is detected by the
4-bit magnitude comparator (IC102),
The direction in travel in the remote
mode is controlled by simply gating the
TS pulses fed to the appropriate line
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| | To Computer
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Figure 1. Block schematic showing all options.
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Figure 2b. Component layout of Control board.

under control of the fifth bit of external
data.

Remote Data
Latch Board

The data for each of the four control
boards is stored by one of the four
latches (IC1 to 4); see Figure 3. The
control board to be commanded is
selected by the conditions applied to
the input lines B5 and B6, and this is
decoded by IC5 andthe diodes D2to D9
allowing the TS pulse to clock only the
required latch.

The eighth bit of the control word
may be used for any function required,
but we have shown it connected to the
power reset circuit. This requires an
output only when the button on the
remote controller is pressed, so no
latch is needed.

Remote Control Data
Encoder Board

This board enables any one of the
four control boards to be selected and
the speed and direction of the train
selected by that board to be controlled.

3
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MAPLIN

The information is turned into a serial
8-bit word and may be transmitted by
radio, wire or infra-red link to the
decoder at the train controller.

The serial data sent consists of one
long sync pulse followed by eight pulses
whose length is determined by whether
the bitis at‘1’or‘0’. A short pulseis sent
for 0 and a longer pulse for 1, but a gap
is always left between bits to enable the
counter in the decoder to step to the
next bit.

All the pulses used in the encoder
are derived from IC1 (Figure 4) whose
mark/space ratio is set to give the
critical ‘on’ period for data ‘1’ trans-
missions. The output of this IC is fed to
the decade counter (IC2) which serves
two functions. The first is to selecteach
one of the eight gates (IC3 and IC4) in
their correct sequence and at the last
two counts, send the sync pulse. The
second function of IC2 is to provide
sequential pulses to the speed control
in decimal form at the sametime asthe
binary counter (IC7) is counting up in
binary.

When the decimal count reaches
the selected speed, the binary data is
clocked into the latch (IC6). The data

o~
5 9 held in this latch is sent at the appro-
EEQE priate time during the serial word’s
S=%3 transmission. A simple diode encoder
#3835 turns the information from the control-

Figure 3b. Component layout of Latch board.

ler selector into the required two bits to
be transmitted. Sync pulses and inter-
word gaps are inserted by the gates
(IC8) andthe output is fed to the emitter
follower (TR1).
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TRAIN REMOTE CONTROL

27MHz Radio
Data Link

Transmitter

The transmitter is a low-powered
27MHz crystal-controlled circuit of
fairly conventional design. TR1 forms
an untuned crystal oscillator which
runs all the time that the controller is in
operation. The output of this oscillator
is fed to the base of TR2 which acts as
an output amplifier and modulator.
Incoming data is fed to the base of TR3
whose emitter is connected to the
emitter of TR2. Thus, when the data is
low, TR2 is turned on and passes the rf
signal to its collector and the aerial
circuit and when the data is high TR2
and TR3 turn off and little or no rf is
transmitted.

Receiver

This is built on a standard board
designed for model control purposes.
Due to the relatively short range re-
quired for this application, the rf
amplifier in the receiver is not used and
is strapped out. This reduces the effect
of high levels of external interference.
The local oscillator is crystal controlled
at 455kHz below the incoming rf fre-
quency and fed to the mixer where it
meets the incoming signal from the
aerial tuned circuit L1. The 455kHz
intermediate frequency is amplified
and fed to the detector (D1) via two
tuned circuits (IFT1 and IFT2). The
signal at the output of the detector is
fed via C16 to the data decoder and its
DC level is used for controlling the
receiver gain (agc).
Licensing Requirements

Please note that a licence is no
longer required to transmit and receive
signals in the 27MHz band being used
for model control. Since the radio link
described here meets all the require-
ments for transmitters and receivers in
this band, it is perfectly legal to use it
without a licence. Indeed, a licence for
this use is simply not available any
more.

Infra-Red Data Link

Transmitter

AC1 forms an oscillator running at
about 30kHz with a very short, but high
amplitude, pulsed output. This output
is used to switch TR2 and thus pass
high current pulses of about %A
through the four infra-red emitting
diodes (D2 to D5) for a very short
period. These pulses are turned on and
off by TR1 which is controlled by the
data input from the encoder.

Receiver

The infra-red signal is received by
the diodes D3 and D4 and the 30kHz
modulated pulses are amplified by TR1
and TR2. D1 and D2 form a detector
and provide a signal relative to the
modulation. This signal is amplified by
TR3 and any 30kHz is filtered out by its
feedback circuit. This signal now feeds
TR4 which forms an inverter and output
stage.
8

: GA89W ISS.1

Figure 6¢c. Component layout of 27MHz transmitter board.

27MHz Transmitter board.
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Figure 7a. Circuit diagram of 27MHz receiver.

Construction

Construct all boards referring to the
board legend and the appropriate parts
list, leaving the insertion of the IC’s until
last. Refer also to the special instruc-
tions below. Add the extra parts to
whichever of the control boards you
wish to control remotely.

Data Encoder Board

On this board, the Veropins have to
be inserted from the component side to
aid wiringwhen the board is mounted in

the box. Ensure that the two rotary
switches are inthe correct positions. S2
is the switch without the click-stops.

27MHz Transmitter
Board

This is a double-sided board with an
earth-plane on the component side of
the board. All the wires should be
soldered on both sides of the board
except where a clearance hole is
provided for component leads on the
earth planeside. Insert and glue the two
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27MHz Receiver board.

formers for L2 and L3 into the board
and wind the coils using 28swg
enamelled copper wire referring to
Figure 6B.

Start the windings at points A and D
and wind up the formers. When the
windings are completed they should be
fixed with cyanoacrylate adhesive and
allowed to dry before setting up the
transmitter. The aerial consists of a
length of palladium wire about 45cm
long connected to pins.

27MHz Receiver
Board

Ensure correct positioning of the two
i.f. transformers IFT1 and IFT2, and
also the two chokes L2 and L3. The
positive end of D1 is the end with the
band. Note that R1 and C3 are not used
in this application and are replaced
with a link as shown in Figure 7B. An
additional earth strap should be added
under the board using a short length of
tinned copper wire as shown in
Figure 7C.

Wind the coil L1 referring to Figure
7D using 28swg enamelled copper
wire. A length of tinned copper wire
about 1.5cm long should be soldered to
each end of R4 to form TP1 and TP2.
The aerial is made from a length of

palladium wire about 45cm long con-
nected to pin 1 on the receiver board.

The crystals used in the transmitter
and receiver must be a pair, though any
colour will do. The crystal with the
higher frequency is fitted in the trans-
mitter. The receiver should be sited as
far away from the layout as possible in
order to reduce electrical interference
problems.

Infra-red Receiver

The positioning of the infra-red
receiver diodes will affect the range of
the system. They should be shielded
from direct light both artificial and
sunlight. A simple reflector behind the
diodes and a lens system will improve
the range. Nevertheless, a range of
about 6 metres can be expected with no
additions with the transmitter pointing
directly at the receiver diodes. The

_receiver must be mounted in a metal
box with the box connected to OV, other-
wise the very sensitive circuit will pick
up radio interference.

Setting-up 27MHz
Transmitter & Receiver

Transmitter
Construct the rf monitor as shown in
Figure 8a and connect to a suitable

Solder Earth—]
Link in posn
shown. It is
advisable to
Sleeve Link
to prevent a
Short Circuit.

View on track of
27 MHz Receiver P.C.B.

Figure 7c. Addition of earth link to 27MHz
receiver board.

Push windings down so they
are close wound & near to
base, then coat with adhesive
o secure in position.

Remove varnish from wire

ends and solder under PC.B.

Figure 7d. Coil winding details for 27MHz
receiver.

1Metre
of wire Multimeter
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¥ - DC Range
¥ 9
0A91 ]

Disc

t T Ceramic

Figure 8a. RF monitor for transmitter alignment.

@ Multimeter
on lowest

DC Range

i
ZSOAQ] O.1uF

27MHz Rx

Figure 8b. Meter connections for receiver
alignment.
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AN A

Infra-red Transmitter board.

meter. Install the battery in the hand-
held controller and hold the aerial near
the wire attached to the monitor. When
the transmit button is pressed, a
reading should be obtained on the
meter. Adjust L2 for maximum reading.
Move the aerial away from the
monitor wire until a reading is just
present and adjust L3 for maximum
reading. Keep moving the aerial further
away until a peak setting is found at the
greatest distance away from the moni-
tor wire. The controller should be held
in a position as near as possible to that
in which it will be used during the
setting up of L3 to obtain maximum
output under working conditions.

Receiver

Connect the receiver to the train
controller and connect a suitable meter
to TP1 and TP2 (Figure 8b) on the re-
ceiver board. Temporarily short out the
transmit push button on the hand-held
unit in order to provide a continuous
transmitted signal. A reading should be
obtained on the meter when the hand-
held unit is brought near the receiver
aerial.

Move the transmitter away until the
reading on the meter falls and then
adjust L1, T1 and T2 in turn for

10
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TRAIN REMOTE CONTROL

maximum reading. Keep moving the
hand-held unit further away and retun-
ing the receiver until a maximum
reading is obtained at the greatest
distance. A good reading should be
obtained with the transmitter at least
7 metres away from the receiver.
Disconnect the temporary link on the
transmitter and the system should now
be ready for use.

Remote Control
Operation

Select the train or trains to be
controlled on the train controller and
switch the appropriate control boards
to ‘Remote’. The control board to be
commanded may now be selected on
the remote unit. Press the transmit
button and set the speed and direction
of the train as required. Note that there
is a short delay of about 1 second
before the decoder decides a valid
signal is being received, but after this
initial delay all information is trans-
ferred immediately.

The selected train may be left
running and another controlled by first
releasing the transmit button and then
selecting the next train, pressing the
transmit button and controlling the
speed and direction of the new train.

PARTS UST OF ADDETEONS T0 CONTRO_L

This process can be repeated until all
four control boards are in use.

In the event of the power protection
circuit being tripped, it may be reset by
first pressing the transmit button, then
pressing the reset button on the hand-
held unit. This facility may also be used
as an emergency stop by releasing the
transmit button before the reset button.
The power will remain off until a new
command is sent. Note that this condi-
tion overrides the manual reset control
on the train controller, but it may be
reset from that end by turning the
mains switch off for about 10 seconds
before re-applying power.

When usingthe 27MHz link it should
be noted that there is a minimum
distance of about 2 metres where the
transmitter will overload the receiver
and no data will be transferred.

Computer Control

The 8-bit digital input may be fed
from any computer via a suitable inter-
face unit. An interface for the ZX81 will
be described in our next issue. If the
binary word required to control the
system is converted into decimal form,
programming is accomplished as
follows.

The starting number for each of the
four control boards is:

0 for Control Board 1

32 for Control Board 2

64 for Control Board 3

«and 96 for Control Board 4
To control the forward speed of each
board, add a number from 0 to 10
inclusive to the starting number. Zero is
minimum speed and 10 is maximum
speed. For the reverse direction, add 16
to the starting number and then add a

further 0 to 10 to control the speed.

Power reset or ‘all stop’ may be
accomplished by using the number
128. Note that as each train is con-
trolled, the last data sent for that train is
held in the associated latch, so to stop
all trains, it is necessary to enter the
four numbers 0, 32, 64 and 96. It does
not matter in which direction the trains
are travelling at the time the command
is given.

The inertia or speed-up and slow-
down rate of each train may be written
into the program by arranging for the
time taken to step up from zero to the
required speed and back to zero to be
varied. By using the input ports, the
train controller can be made to control
the speed of the train dependent on its
position on the layout. Future articles
will describe suitable detectors and
interfacing for this and computer con-
trol of signals and points.

27MHz DATA RECEIVER PARTS LIST (8)

BOARD FOR REMOTE CONTROL OR

COMPUTER CONTROL (1) Resistors — ali 0.4W 1% metal film
Resistors — all 0.4W 1% metal film i ol Bed : '
BlOltol04a 100K = doff  amooK) R5 1S (m?ggg
R105 o MKD R4 10k (M10K)
semeonstons | :
ic101 4024BE ' E%i?‘a’?? - i .
€102 ‘ 40638 Qw4 Canatitrs
. . . ‘ . 22pF ceramic  {(WX480)
Mtsceﬁanegus : . . o :
SIL Submm * toggle 2 pole ' . ke & gEe _ gy
Yeopinoit Soft  (BL210  cag 10UF 16V tantalum 2 off (WWe8Y)
Notu Lmks A and 8 must be remaved from pcb ... {58 1nF ceramic 2 of (WX68Y)
. . Cisiois 100n¥ disc ceramic 4 off (BX03D)
.. s 47pf ceramic (WX526)
D Aqr A L ATC” pARTs L! s.r 2 o S cil 100uF 10V pc electrolytic {FF10L)
{ ) . pi3y 1nF mylar 2 off (WWI5R)
: . o 1uF 35V tantalum (WW8600)
Resistors — ail (MW 1% metal fnm » . o 47uF 10V tantalum - (WW758)
RiSto 12 10k : . Sof (Miowy - .
R2to8 22K . Zoff  (M22Ky  Semiconductors .
Riz 100k - (M100K) %11 . DA91 (QH72P)
: 0 i e TBA:
Canacltors o » = . 0
c1 1uF 100V pc electroiytic " (FFO1B) Miscellansous
2 10uf 35V pc electrolytic (FFOAE) L1 Former 351 (LB17T)
‘ Dust core type 6 (LB42V)
Semiconductors Enamelled copper wire 28swg (BL39N)
Dite$ 1N4148 Goff  (QL8OB) L2 Choke 33uH (WH38R)
TR1 BC548 (QB73Q) L3 Choke 1mH (WH47B)
IClto4 401748E ' (QW730) IFT1 YRCS 11098 (HX42V)
iC5 40106BE (QWs4L) {FT2 YHCS11100 (HX43W)
. X1 Crystal (see transmitter)
Miscetlaneous SKT1 Crystal socket (HX60Q)
SK1 DIN socket 5.pin A (HH34M) Bolt 8BA 4in. 2 off (BFO8J)
SK2 DIN socket 5-pin B (HH350) Nut 8BA 2 oft (BF19V)
Remote data latch pch (GAB4F) Washer 8BA 2 off {BF23A)
Veropin 2141 340t (FL2IX) 27MHz receiver pch (YQO4E)
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_ Resistors —

R1,7810,13,

. 1819
R2,11,12,17
R315

all 0.4W 1% metal film

(oABGE)
(FL21X)

R57.10.12 10k
R6 220k
R11LI3 .

. gL B
_ R3e Beaag

~ Miscelianeous

To make the function shown below, you will require ali the parts shown
in the parts list indicated.

Computer interface ¢ 1e%2;

- Wired remote control : 1,2 3, 4.
Infra-red remote control : 1, 2, 3, 4, 5, 6.
Radio remote control 1,2 3.4, T8,

_ Note that parts list 1 will be required for each control board that you
wish to modify.

As theré;re S0 many possible different combinations of these parts,
it is not possible to offer kits.
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RADAR DOPPLER INTRUDER DETECTOR

THE MAPLIN

RTX3

* Home Office type-approved microwave
Doppler detection system with up to

20m range

* Single unit covers a wide area
* Not susceptible to instability or interference

tor utilises a specially manufac-

tured microwave transceiver
module, the CL8960. The module is
assembled and presettotransmitatthe
required legal frequency of 10.687GHz
+12MHz (10,687,000,000Hz) with a
peak transmission power of 10mW.

The extremely small wavelength
(2.8cm) makes a very sensitive move-
ment detector with coverage of quite a
large area. In this design the range is
adjustable from about 2m to 20m and
the edge of the range is fairly well-
defined wherever it is set.

The unit when triggered operates an
internal LED and switches on a transis-
tor which could switch up to 15V at 1A,
but does not latch. Normally the unit
will be used with our controller unit to
which up to four of the radar modules
could be connected. This control unit
can then be used to connect to our
Home Security System via the standard
Break Contact Module. The control
interface is described laterin thisissue.

I he Maplin RTX3 movement detec-

from sound or light
* Complete unit in 133 x 70 x 38mm box can

be placed anywhere in area to be scanned
* Unit may be hidden behind thin card

or plastic

Circuit Description

The heart of the system is the
CL8960 radar module which consists of
two tuned cavities or waveguides and a
separate antenna which when fixed to
the module gives a gain of around 5dB.
One waveguide contains a Gunn diode

which produces X-band microwave
energy. This diode requires an ex-
tremely precise and stable power
supply which should be 7V £100mV at
160mA. This is derived from the 12V
power supply by ICl, a precision
voltage reference IC and two 1%
resistors R3 and R4 that monitor the 7V
rail. The current is supplied by TR3, an
emitter follower driven by TR1. C1
decouples any hf component in the
power supply.

The other waveguide contains a
mixer diode which acts as a receiver.
There is a small hole between the two
waveguides so that some of the trans-
mitted signal passes directly to the
receiver. The reflected signals from the

environment are at exactly the same
frequency as the transmitted signal as
one would expect. However, if an object
moves within the sensitive area, the
reflected frequency changes slightly
due to the Doppler effect. Even a small
movement at this extremely high fre-
quency can make changes of up to
50Hz (although of course this is only a
minute change in percentage terms —
less than 1 part in a hundred million).
For example amovement of 1 metre per
second will change the frequency by
about 70Hz.

This slightly changed frequency will
interfere with the transmitted fre-
quency in the receiver cavity and
produce a beat frequency equal to the
change. This low frequency beat is
output from the mixer diode at the
terminal marked ‘AF’. The mixer diode
requires biasing at about 38uA with a
low impedance (600¢2), therefore TR4
is required to be a common base
amplifier with the bias current supplied
by R5.

R1 D1,2:1N4148
3k9 D3 = 1IN4001

TR1 IC1:TL430C
228 1IC2=uA741C
TR3 IC3:LF353
BD139

+7V

o
-
=8
® 3
]
N
W

+7V  AF

CL8960
100uF -E
x1
R4
Clmm []51k 20 o
100nF + o5 PIN4
e C5 4n7F_4+3ys |
-E
i

Figure 1. Circuit diagram of Doppler unit.
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The AF signal is then AC coupled to
IC2, a non-inverting amp and C5
ensures that only low frequencies are
amplified. IC3b is a low-pass filter with
a cut-off frequency around 40Hz. If
higher frequencies are allowed to pass,
the unit is proneto false triggering from
for example mains-operated lighting,
especially fluorescent lamps. The com-
bined filtering in 1IC2 and IC3b elimi-
nates this possibility.

IC3a is a variable gain amplifier
which is preset by RV1 to allow you to
adjust the overall receiver sensitivity so
that areas from 2m to 20m can be
covered reasonably accurately. C11
and 12 and D1 and 2 remove the AC
component from the audio signal and
provide a DC bias to switch TR2 and
LED1. If no further movement is de-
tected, LED1 turns off after about 3to 4
seconds as set by R20.

Pins 7 and 8 will normally be left
unconnected, but ifthe unitis not being
used with our control interface then
these two pins can be wired to an
external switching systemand an exter-
nal power supply not exceeding 15V at
1A must be used. See Figure 5.

Construction

Insert the links and the 8 pinsonthe
pcb, then taking care with the orienta-
tion of the diodes, IC's, transistors and
C2, 3, 6,9, 11 and 12 place the rest of
the components except TR3 and TR5
and solder them all in position. Care-
fully align TR3 and TR5 above the holes
in the pcb and then solder them in
position, noting that no insulating
washer is required. Drill the box and
make the cut-out as shown in Figure 3,
then place a 6BA %in bolt ineach ofthe
four corner holes in the base and
tighten a nut and washer on each bolt.
Then sit the pcb on the nuts and fix with
another nut and washer as shown in
Figure 4.

Fix the antenna to the front plate of

uA741 BD131

BC548
LF353 BD139

Tt b

BC109C

.J)AF
X\
“\}o’ %v
°E k

MiniLED

TL430C
CL8960

Figure 2. Component overlay of Doppler unit.

the box using two 6BA bolts. Now fix the
CL8960 to this and tighten up. The
CL8960 is supplied with two back-to-
back diodes and a capacitor connected
across the mixer diode for protection.
These components must NOT be re-
moved. Mount C2 from the +7V pin to
the OV pin as shown in Figure 2. Fix the
LED either directly to pins 5 and 6 or to
the hole marked ‘A’ in Figure 3. Connect
the two wires between the pcb and the
CL8960 as shown in Figure 2.

The 12V supply wires can now be
connected; the positive to pin 1 and the
negative to the CL8960 as shown in
Figure 4. Make absolutely certain that
you have connected the supply theright
way round. Temporarily disconnect the
wire from pin 3 on the pcb and connect

Semiconductors .
1NA1:

_ 1N40OL

a voltmeter between that pin and the
chassis (0V). Connectthe power supply.
The voltmeter should read within £1%
of 7V, but many lower cost multimeters
have far less accuracy than TL430C
and in fact if your multimeter reads
within %V of 7V then-it is very unlikely
that there is a fault in the circuit. If all is
well, remove the power supply, recon-
nect the wire to pin 3 and switch on
again. The unit is now functioning.

The completed module is ideally
situated in the corner of a room, but
could be placed almost anywhere and
may be disguised by covering the front.
Any such covering should be thin
paper, card or polystyrene and must be
positioned not less than 2.5cm (lin)
from the front of the box.

A complete kit is available of all the above items plus an application form
for the required licence.
Order As LW73Q (RTX3 Doppler Kit
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If this is not practical, LED
may be placed in any other
suitable position.
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for External
Circuits. 8 |
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Figure 3. Box cut-out and drilling.

Licensing

Requirements

The Maplin RTX3 radar intruder
detector has been approved by the
Home Office if built from our kit of parts.
The licence will only be issued if the
following requirements are met:

i. The unit must be built from our kit
and our construction details must
be followed implicitly.

i. The equipment must be clearly and

permanently marked “MAPLIN

RTX3” and the kit includes the

adhesive label required.

The equipment must only be used

indoors.

iv. The equipment must not be used for
any purpose other than intruder
detection within buildings.

v. Any technical changes made to the
design will render the equipment
unacceptable for licensing.
Provided that the above conditions

are met, the Home Office will issue a

licence and the cost is only £3 for five

years (at time of writing). You should
note that it is illegal to operate the unit
before you have a licence and to this
end an application form is supplied
with the kit. Otherwise application
forms are available from:

Home Office,

Radio Regulatory Dept.,

R2 Division — Licensing Branch,

Waterloo Bridge House,

London SE1 RUA.

(Telephone 01-275 3058).

The application form musi state that

the equipment to be licensed is the

MAPLIN RTX3 intruder detector other-

wise a licence will not be issued.

We should like to thank those
concerned at the Home Office for their
assistance and for the prompt way in
which our application for type-approval
. was dealt with.
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Figure 5. Wiring of external alarm if not used
with control unit.
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Figure 4. Assembly.




DOPPLER MODULE

by Dave Goodman

for up to four radar modules and

an interface for one radar module.
Additional -“extra channel” pcb’s can
simply be wired on to the side of the
main pcb. Thus each interface module
could be wired to individual channels
on the Home Security System (des-
cribed in issue 2) so that after trigger-
ing, the actual unit that fired would be
indicated. Alternatively if that facility is
not required then simply connect the
relays in series as shown in Figure la
and connect them to just one channel
on the Home Security System.

The module provides the facility to
connect a standby battery pack. Twelve
nickel cadmium batteries are required
and they aretrickle-charged allthe time
mains is present. When mains fails, the
batteries take-over without triggering
the alarm. The size of battery used will
depend on how many radar units are
being used and how long you wish
standby to last after mains fails.

The current drain from the battery
for each radar module is 170mA. Thus
with 12 fully charged ‘C’' cells
(1800mAh types), four modules would

T his- unit provides a power supply

run for about three hours and a single
module for about 12 hours. Alterna-
tively, a single module would run from
12 ‘AA’ cells (500mAh) for about 3
hours.

If standby batteries are not used
then although when mains fails the
radar units cease to function and the
alarm is not triggered, when mains
returns, the radar units, in taking a few
seconds to settle, will trigger the alarm.
So it is a considerable advantage to
have standby batteries and avoid this
kind of false triggering.

This unit could be used with any
alarm system, but note that the relay
contact does not latch. The maximum
contact rating is 1A at 24V DC.

Circuit Description

The unit runs directly from 240V AC
mains via a 15V 30VA toroidal trans-
former. The secondary voltage is half-
wave rectified and smoothed by C1l
producing about 24V off-load. TR1
forms a constant current charger for
the standby battery with the current set
to 6mA by R2. Diode D3 is reverse

FIG 1a
1 to 4 Doppler Controllers
wired to a Single Channel

4 UNITS

on the Maplin Burglar
Alarm.

1 UNIT 2 UNITS Extra
Channel 3 UNITS
Channel/PSU PCB Channel/PSU PCB PCB
RA R4 R4 [
17° Nt 15 12> 11(115 11° ndo 17° tetis
o 22k 22k
[|] 22k 22k ]
o
1617 18 §
° 1617
£ ‘ T = 1617 18
5 g
&
Burglar Alarm
Main PCB

Channel/PSU PCB

Extra channel PCB'’s

FIG 1b.

1to 4 Doppler Controllers
wired to individual
Channels on the Maplin
Burglar Alarm.

I 161718

Figure 1.
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DOPPLER INTERFACE UNIT

XX LED2

REG 1=uA78M12UC
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(Bl

Terminal ?:. 12 1
Connector 17|
LED1 Channel
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D1-4=1N4001
D5:=BZY88C5V1

Figure 2. Circuit diagram of Channel/PSU PCB.

biased when mains and batteries are
present, but when mains fails it be-
comes forward biased and the +24V rail
drops to +15V. This is just sufficient to
maintain the output of Reg 1 at 12V.

With a Doppler module connected to
pins 13 and 14, the current through RS
and R10 in parallel provides a biasing
voltage across RV1. With RV1 correctty
adjusted, TR4 will be just turned on
enough to light LED1, but not enough to
operate TR3. TR2 will therefore not
conduct and the relay will remain
unoperated. If the Doppler module is
triggered, the LED in the Doppler
module lights and causes atiny current
change through R9 and R10. This
change turns TR4 fully on and TR3 will
turn on. This operates TR2 and the relay
switches. The relay will only remain
operated whilst the LED in the Doppler
module is on.

The advantage of this system is that
only two wires are required and the
wires themselves are constantly moni-
tored. The alarm will fire if the wires are
cut or short-circuited.

The extra channel pcb’s as shownin
Figure 3 are identical except that the
power supply prior to the regulator is
not included.

Construction of
Channel/PSU PCB

Fit all the resistors, R1 to R10 and fit
RV1 and solder. Fit and solder diodes
D1 to D4 and Zener diode D5 taking
care with orientation. Fit and solder the
17 Veropins and the disc capacitor C3,
then C1, C2 and TR1 to 4 taking care
with the orientation.

Relay RLA will only fitone way round,
but be careful not to force the termi-
nals, they should be carefully straight-
ened and should then fit easily. Reg 1
can now be fitted below the pcb, then
soldered and bent up so that it lies
parallel with the pcb as shown in
Figure 5.
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Bolt the 3-way connector block to
the pcb using two 6BA %in bolts and
nuts, then boltthe fuseholdertothe pcb
using a 6BA Yin bolt and nut. LED1 and
LED2 can now be connected as shown
in Figure 4. These can be mounted
directly tothe pcb or externally depend-
ing on your requirements. LED2 shows
that power is on and must be included if
standby batteries are used. LED1 is
used during testing, but can be omitted
in use. If fitted, it lights when a Doppler
module is connected.

Wire up the six colour-coded leads
from the transformer as shown in
Figure 4. Cut 8cm (3in) off the piece of
mains cable (note that this is not

N P [
+24v{ X -
£
o
o
2
3
g
3
a
c Lt ‘3‘
1000uF o
T e

o ZJ

D1 6 5
||
1=
R T LED1
tD>12 = '511'%%(35\,1 -l \\ Channel
- Nc 10, Indicator
REG 1:uA78M12UC
RLA l
o No 11c
9
b
c
——in
E common All viewed
e c b e out from below
BC548 BC212L UA78M12UC

Figure 3. Circuit diagram of Extra Channel PCB.



Figure 4. Track layout and overlay of pch's. ‘

T1/ORN

EXTRA CHANNEL
PCB

RV GA82D
1SS.2
MAPLIN

FS1

T1/0ORN masses—

See Fig! To Doppler
Module

Pin10 ()
Channel
PSU
PCB

MAPLIN

CHANNEL/ PSU PCB
GA81C
1SS.3

To Doppler
Module
P.C.B. Nut
m/,Washer
Bush
-~
W Regulator
Saldar J—=—=‘>Thermpath
V/ﬂ 1 YZ27273
Mica Bolt
Metal L
Washer Case
Completed extra channel pcb. Figure 5. Mounting regulator 1.
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DOPPLER INTERFACE UNIT

supplied in the kit) and use the piece of
brown wire to connect from the termi-
nal block live to FS1. Use the piece of
green/yellow to connect from the
terminal block earth to pin 1. These
connections are shown in Figure 4. The
mains cable itself can now be con-
nected to the other side of the terminal
block and this is also shown in Figure 4.

Construction of Extra
Channel PCB'’s

Extra channel pcb’'s can now be
constructed in the same way as the
channel/psu pcb’s, though of course
there are less components. The LED on
this board is exactly the same as LED1
on the channel/psu pcb and again
although required during testing, it can
thereafter be omitted if not required.

Assembly

Mount the transformer with the
mounting kit supplied with the trans-
former and then fix the pcb’s side-by-
side (if extra channel pcb’s are in use)
so that pin 9 on the channel/psu pcb is
adjacent to pin 2 on the extra channel
pcb and, if further extra channel pcb’s
are in use, so that pin 3 onthe left-hand
one is adjacent to pin 2 on the right-
hand one.

Fix the boards using four %in
spacers and four 6BA %:in nuts, bolts
and washers. With reference to Figure
5, bolt the regulator to the metal box
using the mounting kit smeared with
silicone grease e.g. Thermpath (not
supplled in kit) and a 6BA %in bolt, nut

CHANNEL/PSU PARTS LIST

Resistors — aﬁ 0 Wﬁt I% metaI fitm unless specified

R1,8
. Rz 2293
R3.7 47
R4 6 2k2
R5 27k
R9.10 15R {7W mrewaund) .
RV1 . 2k2 horizontal sub -min preset
. Capacitors . .
o ’479013?’ 25V axiai electmhftm ;
Lz 1000uF 16V axial electrolytic
3 100:;? disc ceramm .
Semiconductors
DL234 '1!_\}400:! .
D5 : BZYBBCHVI
- 1ED12 LED red
TR1,24  Bt2igt
TR3 - BCh48 .
REG 1 ’ uA78M12EJC ;

; EXTRA CHANNEL PkRTS l.lST

. Ressstors - aﬂ (} 4W 1% metal film uniess spemited

R16 4k7
 Ra4 2k2
R3 27k _
RS - 1k5
R7.8 _ 1BR (W wnrewound)
RVI . 2k2 horizontal sub-min preset
Capacitors .
a0 1000uF 16V axial e{ectrolyzic
€ m{}n'f’ disc ceramic
: Sem:conductors o
DI iIN4OO1
. D2 BZYBECSV]
_ LEDI  lEDred
- BE212t

and washer. The size of metal box in
which the unit is mounted will depend
on how many channels you require and
whether you are having standby bat-
teries, but whatever the size this will be
a sufficient heatsink for the regulator.

When choosing a box, remember to
leave room for the standby batteries.
These can be fitted using our battery
holders e.g. for ‘C’' cells use three
HF95D or HF96E and for ‘AA’ cells use
two HQO1B or YR62S. There may be
sufficient room for everything in the
main box of the Home Security System
in which case the back of the box will
form the heatsink for Reg 1.

If more than one channel is in use,
then wire the pcb’s together with
strapping wire by linking the pins as
follows:

Channel/PSU Extra Channel
PCB PCB
pin 9 to pin 2
pin 10 to pin 1

The extra channel pcb can then be
extended on again as follows:

1st or 2nd 2nd or 3rd
Extra Channel Extra Channel
PCB PCB
pin 3 to pin 2
pin 4 to pin 1

Setting-up

Switch the mains on and measure
the voltage between pin 13 and 14 on
the channel/psu pcb and between pin
7 and pin 8 on the extra channel pcb.
The meter should read approximately
12V. Note that pins 14 (and 8) are OV
and the +12V should be on pins 13 (and

Miscelianeous

(0B60Q)

7). The pin numbers in brackets are for
the extra channel pcb.

If all is well, connect a Doppler
module to pins 13(7): +12V and 14(8):
OV. Adjust RV1 so that LED1 lights and
check that if the Doppler module is
removed the LED extinguishes. Recon-
nect the Doppler module and continue
adjusting RV1 until the relay operates
i.e. the LED and relay are now both
operated.

Now turn the preset back until it is
roughly in the middle of the region
between the LED operating and the
relay operating, i.e. the LED is now
operated and the relay released. Con-
nect a 2k to 3k resistor across pins
13(7) and 14(8) with the Doppler
module still connected and check that
the relay operates. Otherwise further
adjustment of RV1 will be necessary.
Remove the resistor. The output can
now be wired as shown in Figure 1. &

(YKLIM)

2 off {(M1K5) T1 Toroidal 15V 30VA
i Ultra min relay SPDT (YX94C)
2 off 20mmA/Sfuse2A- {(WR20W)
2 off Chassis fuseholder 20mm (RX49D)
- Mounting kit (P) plas {WR23A)
2 off Channei/PSU pcb {GABIC)
Terminal block (3 way) (HFOIB)
- Veropin 2141 (FL21X)
. Boit 6BA in (Bg{)ﬁf’)
(FBYGE} . (BFO6G)
geszy (FW34m)
(8x030) (BE22Yy
- . {BF18L)
_ . {BL15R)
4 off OL73Q) as requ;reg ((éggﬁAj
- (QHO7H) o  require
20t (WL2T7E) .
3 off (QSSQQ) A cokmgleve kit of' pslrts contalnmg all the above |tems except those
730) marked * is available
((%ngg) Order As LW74R (Radar Chanpel/PSU Module)

. m BC548 . QB73)
20ff  (MaK7) REG i uA78MI2UC . (QLZQG} “
2off _._(M2§2K) Miscellaneous .

o (mng) RLA Ultra mun relay SPDT (YX94C)
st "((‘L lS:R)) . Mounting kit (P} pias  (WR23A)
! WREéL . Extra channel pch
e Veropin 2141
o : Bolt 68BA %in
, . Bolt 6BA %in , :
. gﬁgggg Spacer 6BA Jin  (FW3AM)
: . Washer 6BA ‘ BrR22Y)
. Nut 6BA . (BHBU) .
@) *Thermpath
. ((%'tg;g; A complete kit of parts containing all the above parts except that
208 ' marked * is available.

Order As LW75S (Radar Extra Channel Module)
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25W STEREO MOS-FET

I'FI AMPLIFIER

by Dave Goodman

VOLUME
5

* 25W per channel rms with power MOSFET output
* Very easy to build — only 7 interconnecting wires
* Extremely low total harmonic distortion

* Extremely low noise

ne of the most popular projects

we have ever produced is the

MOSFET amplifier described in
the June 1981 issue of “Electronics and
Music Maker”. Its popularity is doubt-
less due to the virtues of the MOSFET
transistors — as the article says: they
are “virtually bomb-proof — like the
best valve amps.” For reliability, free-
dom from thermal runaway and ex-
tremely low harmonic distortion there’s
nothing to touch the MOSFET transistor
for audio power output stages.

As well as offering these essential
advantages this stereo amplifier has
been carefully designed for absolute
ease of construction; this in its turn
adding to the reliability and repeatable
quality for all constructors. All the
components, bar five, mount directly
on to the main pcb and only seven
interconnecting wires are required and
they are for the headphone socket and
LED.

The inputs and outputs are on pcb
mounting DIN sockets and provision
has been made on the pcb for connect-
ing a graphic equaliser, though you will
need to drill the rear panel to make
connection. Otherwise the kit contains
everything you need including a
punched chassis finished in matt black
with legends printed on the front and
rear panels. A wooden cabinet is also

* High efficiency toroidal transformer
* Complete kit includes wooden cabinet & chassis
* No setting-up required

* All components except 5 mount directly on main pcb

supplied which has to be glued together
with a woodworker's PVA adhesive (e.g.
Resin W) and this glue is not suppliedin
the kit.

No setting-up is required. If the
building instructions are carefully fol-
lowed then the amplifier will work
correctly as soon as it is switched on.
However, a preset is provided for each
input (except auxiliary) which can be
adjusted if desired, so that when
switching between inputs, the volume
control does not have to be altered to

keep the output volume constant. In
addition, a remote control unit for
volume, bass, treble and balance will be
published shortly — hopefully in the
next issue.

Circuit Description

T1 is a toroidal transformer and was
chosen as it has several advantages
over conventional types. It is much
more efficient as it runs cooler and has
lower radiated magnetic fields keeping
stray hum to a minimum. Its small size

15 Red oin £31 Brn.
— oo
+32v HC FS2 ,TPA O 22 O L
RHC. —t 2A J
T = | '
2A A/S N\ S04 |
Yel |
R57 9 5 |
+15V 1_1’;‘ ¥ BRI O=1 s i
—()—4 (0] 1
LHC N 18 1
g5y <——J rp_s_gj'TPE :
RHC - f 14 2 o Blu.
L}
2AA/5| =) O—=N
RS8 I s1
-15V o { s
2
lé 2 o w lg Grn/Yel.
v - -3 o
o om gy fog[] -8
<
3|5 & +m o|> 8 v% 5 #IT
o 8_ ol a| ale ol 3
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Figure 1. Circuit diagram of power supply.
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25W MOSFET AMPLIFIER

BC
IC1,2&3:LF353 BC
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1k2

oV
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also allows the cabinet to be low-profile
and it has no open terminals making it
intrinsically safer.

The transformer secondary is full-
wave rectified by BR1 and smoothed by
C36 and C37. The output via fuses FS2
and FS3 deliver +32V to the MOSFET
output stages only, whilst Zener diodes
D5 and D6 and resistors R57 and R58
22

s

Signal to noise: Better than 60dB on

+1dB from RIAA)

magnetic pick-up input
Better than 80dB on all
other inputs

Channel separation: Better than 40dB

ass control: +14dB boost and cut at
OHz :

8.dB;ﬁo‘oyst and cut at
50dB to +1 508

produce +15V to drive the remainder of
the circuitry in the amplifier. IC2 and
IC3 are supplied directly from these
rails, but IC1 has further decoupling
provided by R11, R12 and C9.

ICla and b is a dual bi-fet op-amp
whose non-inverting inputs are suitably
matched for use with magnetic cart-
ridges. A degree of protection from

stray rf is also provided. The feedback
circuitry about each input produces a
response to within +1dB of the recom
mended RIAA curve. This is achieved
by using frequency selective feedback
to boost the lower and cut the upper
frequencies. Presets RV5 and RV6
control the gain of the pick-up input and
allow fine adjustment of channel
balance or reduction of volume of high
output magnetic cartridges.

RV1 and RV2 perform the same
function for the tuner input and RV3
and RV4 for the tape input. If not
required simply turn them to the end
that gives maximum volume. The auxi-
liary input level is not presettable, but is
selected along with the other inputs by
S2. IC2 is a mixer stage supplying the
tape output and has an almost perfectly
flat response over the audio spectrum.

The volume control, RV7, supplies
the selected input signal to IC3 which
looks after the tone corr pensation. RV8
gives boost or cut of the bass fre-
quencies while RV9 controls the gain of




+32 o »Fs2
SK5
TR6 |q Ir '
2SK133 4 ov |\ |
- ()
g ’_<| &)
SPKR
e 1 LH.
2
E™4
[
E
JK1
- ——— =
Lt )
_(I).e_/ |
R55 #; |
Ii:A 1
220R l4 |
.8 1
— 02—
I 1

Link to pin5

s C33
= 100nF 10~

R52

R54
=32V | »rs3
10R

L@ &

2SK133
25J48

Figure 3. Circuit diagram of MOSFET power amp.

the treble frequencies. In their centre
positions, this stage too has an almost
perfectly flat response over the audio
range. The balance control, RV10,
simply shunts the audio signal to
ground of the channel it is turned from.

Pins 4 and 5 are strapped to pins 6
and 7, but these straps can be removed
if you wish to insert a graphic equaliser.

TR1 and 2 form a differential
amplifier whose output is fed to TR5, a
voltage amplifier/driver stage. TR3is a
constant current and impedance
source which is controlled by TR4. The
output of TR5 drives the power MOS-
FET's TR6 and TR7.

Power MOSFET's have a very low ‘on’
resistance and an extremely high ‘off
resistance and display the characteris-
tic channelling effect when driving into
near short-circuits, since the forward
resistance increases as the tempera-
ture of the device rises, unlike a bipolar
transistor, where the opposite effect
causes the destruction of the device.
The effect allows circuit design to be
simple and this in turn improves the
distortion and noise figures.

Even further simplicity of design is
achieved because the gates of MOS-

FET's having such a high impedance
allows them to be connected and
biased together without suffering from
cross-over distortion. A small bias
voltage is applied from a constant
current set to around 20mA, though
this is not critical and hence no setting-
up is required.

The overall gain of the power ampli-
fier is 33 as set by the ratio of R38 to
R37. The power amp has a virtually
perfectly flat response over the entire
audio range with excellent stability and
very fast switching or slew rate which
gives an extremely wide power band-
width, yet the damping factor is still
very good.

The output of the power amp is fed
to DIN sockets SK4 and SK5 which
supply the external speakers, while JK1
disconnects this output and connects it
via R55 and R56 to a stereo headphone
when a plug is inserted.

The additional pins 1, 2 and 3 have
been included so that a remote control
unit for volume, bass, treble and
balance may be added. Details of this
easy-to-construct addition will be pub-
lished shortly — hopefully in the next
edition if space is available.

Construction
Main pcb

With reference to Figure 4 insert the
28 Veropins from the track side, then
push them firmly home with the tip of a
hot soldering iron and solder to the pcb.
Fit the thirteen links using 24 swg
tinned copper wire as shown in Figure
4. This Figure also shows how to fit and
solder the two straps required between
pins 4 and 6 and between pins 5 and 7
and again this should be done with the
tinned copper wire and soldered.

Resistors R1 to R54 and R57 to R59
can now be fitted to the pcb. Bend the
leads before insertion and push them
down on to the pcb. If you cannot read
the colour code directly, use the chart in
the resistor section of our catalogue or
the colour wheel (XLO5F). Note that R3,
4, 8 and 9 must be 1% tolerance types
and these are either marked 1% or they
have a brown ring where the gold ring is
found on 5% types.

Next insert the 1N4148 diodes, D1
to D4 and the two Zener diodes D5 and
D6. These six diodes have a black band
and must be placed on the pcb so that
this band is at the same end as the
white band printed on the pcb.
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RV1 to RV6 are preset potentio-
meters. Carefully check the values
stamped on the wiper: RV1 to RV4 are
100k and RV5 and RV6 are 10k. Fit
these to the pcb. By now quite a jungle
of leads will be forming beneath the
pcb, so solder these in position and cut
off all remaining ends close to the joint.
It is advisable to check for shorts
between tracks and soldered joints
after each use of the soldering iron.
Excess flux can be removed using
cellulose paint thinner and a stiff paint
brush, but use the thinners conserva-
tively or a sticky deposit will be formed.

Next fit the ceramic plate capaci-
tors. Their leads do not require bending
and should fit straight in. Fit the
tantalum bead capacitors C10, 11, 22
and 28 taking care that the '+ sign on
the body of the capacitor lines up with
the ‘+' sign printed on the pcb. The little
box-shaped capacitors are the poly-
carbonates and should be fitted next,
followed by the polystyrene capacitors
whose leads should be pre-formed
before fitting to the pcb.

This should also be done to the axial
electrolytics C9, 34 and 35 which
should be fitted next taking care that
the ‘+' sign printed on the pcb is at the
same end as the indentation that runs
around the body of the capacitor. The
vertically mounted electrolytics C2, 6,
25 and 31 are inserted straight into the
pcb and again must be positioned so
that the ‘+’ signs are aligned.

Now solder all the components in
position, trim the leads, clean and
check the pcb as before then mountthe
three integrated circuits. The small dot

Component
Side

PCB
Solder

Track

Pin Side

Bend with
Long Nose Pliers

Component
Side
* Link

AERARRNTE NN

Track
Side Solder

Wrap around
: : each pin

Track Side

Solder

Figure 4. Insertion of pins and links in pcb. Component overlay of main pcb shown less than full size.
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on the top of the IC body indicates pin 1
and should be positioned so that it is at
the same end as the ‘D’ shape formed
on the pcb legend. Take care to ensure
that all eight leads fit through the pch
on each IC.

Next, fit the bridge rectifier BR1.
One edge of the plastic package has a
‘+'sign painted on it and as before this
must be positioned to align with the ‘+'
sign on the pcb. Push the plastic body
right down onto the pcb.

Transistors TR1 to TR3 and TRS to
TR10 are type BC212L and their ‘D’
shaped package must line up with the
pcb legend. The same appliesto TR4, 5,
11 and 12 whicharetype BC182L. Push
all these transistors down to about 0.5
to 1cm (%in) from the pcb otherwise
they can be easily bent or broken. Fit
the two polyester capacitors C27 and
C33. These are usually colour coded
and from the top the colours are brown,
black, yellow, black or white, red or
yellow. Now solder all these com-
ponents as before.

Place the FET mounting bracket
over the pcb on the component side
and bolt in position with two nuts,
washers and 6BA Yin bolts inserted
from the track side. Ensure that the top
of the bracket is perfectly smooth and
clean. Carefully adjust the position of
the bracket so that 16 holes (4 per FET)
in the pcb are exactly centralised under
the holes in the bracket, and then
tighten the bolts. This operation is very
important as misalignment will result in
a short circuit between the FET and the
bracket (OV). One bolt passesthrough a
large area of track and to ensure that
there is a good connection between this
track (OV) and the bracket, solder the
bolt head to the track.

Smear a thin layer of Thermpath
over both sides of a mica insulator and
place it on one of the power FET's then
repeat with the other three. Place each
FET with its insulator over the mounting
bracket noting that the two leads on the
2SK133'’s are towards the rear of the
pcb (the bracket itself is on the rear
edge) and on the 2SJ48's they mount
towards the front.

With reference to Figure 5 insert two
6BA %in bolts from the track side up
through each MOSFET and tighten up
with 6BA washers and nuts. Solder the
FET leads to the pcb and then solder all
eight bolt heads to the pch.

The four small fuseholder clips may
now be fitted. The easiest way to do this
is to clip a fuse between each pair and
then place and solder the whole
assembly to the pch. Remove the fuses
when this is completed.

Fit the three 5-pin DIN sockets, SK1
to SK3, ensuring that all seven pins (2
are securing pins) go through the pcb
and none are left bent underneath.
Sockets SK4 and SK5 should be fitted in
the same way. The last two axial
electrolytic capacitors C36 and C37
can now be fitted. They mount with
polarities in opposite directions so take
care to ensure that the indentation
around the body is at the same end as

Nut

/Washer
FET 2 fﬁ g/

I 0] Mica

A ”
\;‘:‘I::%

YzzzTVv77ao T—177zz7{ Thermpath

INNNENNYN NENN\N )

PCB

Solder Bolt head to track

[ 1]

S2
Switch
board
Solder
pins
Front
— 7 3
y .
Main PCB
Spindle support grommet
mounted in chassis

Figure 5. Mounting the MOSFET transistors.

the ‘+' sign on the pcb. Solderthese last
seven items to the pcb.

The four-way rotary switch S2 has to
be prepared before it can be mounted.
Firstly, straighten all fifteen tags on the
back of the switch then cut off the tags
marked B, 5, 6, 7 and 8 close to the
plastic moulding. Secondly, cut off the
loops on the ends of the remaining ten
tags leaving as much straight pin as
possible. Refer to Figure 6. The switch
can now be fitted to the small pcbh
ensuring that all ten pins have come
through and solder them in position.

On the main pcb there are ten
Veropins situated nearthe front left side
oftheboard. Lightly tin these pinswith a
soldering iron (i.e. covereach pinwitha
thin layer of solder). With reference to
Figure 7, place S2 facing towards the
front of the main pcb and offer the
switch pcb up to the ten pins so that
they align with the ten tracks on that
pcb. Hold the board as upright as you
can and solder one pin. Resolder if the

Figure 7. Mounting switch S2.

board is not perfectly upright, then
when satisfied, solder the remaining
nine pins.

Finally, mount the four rotary poten-
tiometers on the pcb checking the
resistance values against the RV num-
bers to ensure correct placement,
before soldering. The pcb is now
complete and should be cleaned up.
Re-check all components for correct
values and correct orientation of polar-
ised components. Check for dry joints
and short circuits and carefully re-
solder any suspect joints.

If you possess a multimeter, check
for short circuits between the pins and
case of the MOSFET transistors and the
mounting bracket. Switch to ohms and
with one lead on the bracket check
each lead and case in turn. If there are
any short circuits then you will have to
strip down the mounting bracket to find
out why, but careful construction
should have prevented this.

Cut so pins may
be inserted into PCB

Cut off pins 5.6.7.8&8
as close to body as possible

JK1 Sleeving

Figure 6. Preparing switch S2.

Mounting of switch pcb.

25



Assembly

Cut the four potentiometer spindles
so that they are about 13mm (%in) long.
Remove the nuts and washers from RV8
and RV9 but leave them on RV7 and
RV10 and tighten up these two. Fit a
grommet into the selector switch hole
in the front panel, then slide the pcb
into the chassis by guiding the control
spindles in first, then lowering into
position.

Bolt the mounting bracket to the
back ofthe chassis usingthree 6BA %in
bolts and nuts, two washers and a
solder tag with the bolts inserted from
the outside. The tag washer fits on the
bolt nearest to the two 2-pin speaker
sockets. The two remaining pot mount-
ing washers and nuts fit onto RV7 and
RV10 and tighten up on to the chassis.
Make sure that all five DIN sockets line
up with the holes in the chassis and
readjust to suit.

With reference to Figure 8 slide a
piece of sleeving over each wire on R55
and R56 thensolder them between tags
4 and 5 and tags 1 and 8 of the jack
socket. Cut four pieces of wire each
125mm long, and strip and tin a short
length ateach end of each piece. Solder
these four wires to tags 2, 3, 6 and 7 on
the jack socket. Fix the jack socket to
the front panel then connect the four
wires to the pcb as follows:

JK1 tag to pcb pin
2 10
3 13
6 11
7 12

Keep all wiring as short as possible
and neatly laid out. Thin wire or cable
ties could be used to hold groups of
wires together, but there is so little
wiring in this project that it is not really
necessary and no problems should be
encountered. Figure 9 shows the com-
plete wiring arrangements.

Cut two pieces of wire each 150mm
long and strip and tin a short length at
each end of each piece. Connect one
wireto each lead on LED1. A tiny ‘+' and
‘~" sign is stamped into the plastic
beside each lead, but for those who
cannot see them the thicker lead is the
negative and the thinner lead is the
positive. See Figure 10. Fit the LED in
the chassis next to the headphone
socket and connect the two wires to the
pcb as follows:

LED1 to pcb pin
+ (thin) 17
- (thick) 16

Now mount the toroidal transformer
T1 as shown in Figure 11. Insertthe bolt
(supplied with the transformer) from
under the chassis base through the
hole in the indent. Place one of the two
rubber washers over the bolt, then the
transformer with the wires uppermost.
Put the remaining rubber washer on top
followed by the clamping plate. Tighten
in position with the nut and washer
supplied with the transformer.

Carefully scrape the enamel coating
off a short length of the end of each of
the transformer’s six wires. This can be
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Internal view of completed amplifier.

done with a sharp knife or a piece of
fine emery cloth or wet and dry. Twist
together the blue and yellow wires and
connect both to pin 18 on the pcb.
Connect a short length of wire between
pin 9 and the earth tag as shown in
Figure 9. Form the red and grey wires
around to the bridge rectifier and solder
on to pins 14 and 15 on the pcb. It
makes no difference which wire goes to
which pin.

Fix the chassis fuseholder tothe rear
panel above T1 and fit a rubber
grommet in the hole beneath it. Fix the
rotary mains switch S1 to the front
panel taking care that the small spigot
fits into the matching hole. Cut the
spindle to the same length as the other
spindles. Also trim the spindle on S2 to
this length.

Connect one of the orange wires
from T1 (it doesn’t matter whichone) to
the side tag on the fuseholder FS1, after
sliding the rubber boot over the wire
first. Cut a piece of wire about 150mm
(6in) long, strip and tin each end then
pass it through the rubber boot and
connect it tothe reartag on FS1. Solder
both wires, then push the rubber boot
forward so that it completely covers the
body of the fuseholder.

Connect the other end of this wire to
one of the top two terminals on switch
S1.Then connect the other orange wire
from T1 to the other top terminal on S1.
Strip 80mm (3in) of the outer covering
of the piece of mains lead and strip and
tin a short length of each of the three
internal wires. Put the mains lead
through the grommet in the rear panel
and terminate the blue wire to the tag
on S1 immediately below the orange
wire from T1 and terminate the brown
wire tothe tag on S1immediately below
the piece of wire from FS1.

The mains earth (green and yellow
wire) should be connected to the
earthing tag on the top of JK1. Ensure
that all the connections you have made
are properly soldered. Check carefully
for dry joints and short circuits. Insert
the 2A antisurge fuse into FS1 and
ensure that the other two fuses are NOT
inserted into their clips on the main
pcb. Fit the control knobs on to the
spindles as shown in the photographs.

Plate

Rubber
Cushions

sssss

Toroidal Transtormer

Figure 11. Mounting the toroidal transformer.

Finally check that the last section of
wiring is identical to all the diagrams.
The amplifier is now ready for testing.

Testing

Fit the 13A mains plug to the mains
cable. The rear of S1 could be covered
with insulating tape if desired and it
would then be quite safe to work in the
amplifier with the mains connected
without risk of a shock. On no account,
however, should children or untrained
persons be allowed near the amplifier
in this condition. Little fingers could
easily unpeel your carefully applied
insulating tape with potentially lethal
results.

Do not connect any loudspeakers or
inputs at this stage and fuses FS2and 3
must not be fitted. Set all the front panel
controls fully anticlockwise. Adjust pre-
sets RV5 and RV6 to half-way and set
RV1, 2, 3 and 4 fully clockwise. Give the
project a final visual inspection then
connect the mains plug to the mains
and switch the amplifier on by turning
S1 clockwise.

LED1 should light up. If it does not
switch off, remove the mains and check
fuse FS1. Ifit is still intact, try reversing
the wires on pins 16 and 17 on the pcb.
Switch on again. If all is well switch a
multimeter to 50V DC or 100V DC or
thereabouts, connect the negative lead
tothe metal chassis orthetag onthetop
of JK1 and the positive lead to pin TPA
on the pcbh. The meter should read
around +32V (#5V). Now put the
meter’s positive lead to the chassis and
connect the negative lead to pin TPBon
the pcb. Again the meter should read
the same voltage as before i.e. -32V
(*5V):

Switch off. If all is well the other two
2A fuses can now be fitted into the fuse
clipsonthe pcb. If desired and you have
sufficient knowledge, two further
checks can be made. The +15V rails
can be checked on D5 and D6 and you
should obtain a reading of above
100mV DC between the cases of the
four power MOSFET's and the chassis.

The treble, bass and balance con-
trols can now be set centrally. Speakers
may now be connected and inputs as
required. The input connections are as
follows:—

SK1 Magnetic pick-up input (5-pin DIN
180°)

Pin 1 Left channel input

Pin 4 Right channel input

Pins 2, 3, 5 Common (0V)

SK2 Tuner/Aux input (5-pin DIN 180°)

Pin 1 Auxiliary left channel input

Pin 4 Auxiliary right channel input

Pin 3 Tuner left channel input

Pin 5 Tuner right channel input

Pin 2 Common (0V)

SK3 Tape input/output (5-pin DIN
180°)

Pin 1 Tape left channel output

Pin 4 Tape right channel output

Pin 3 Tape left channel input

Pin 5 Tape right channel input

Pin 2 Common (0V)

If when any particular input is
selected there is an obtrusive hum, try
disconnecting the earth from the plug
at one end of the interconnecting lead.
Check out the remaining functions of
the amplifier and adjust the six presets
RV1 to 6 to suit your equipment if
desired.

Carefully fold the wooden cabinet
glueing the corners together with a PVA
adhesive such as Evostik's “Resin W".
Slide the chassis into the wooden
sleeve when the glue is properly set, so
that the four holes in the bottom line up
with the four holes in the base of the
chassis. Then bolt on the four rubber
feet using the four 4BA %in bolts
supplied in the kit. If you have bought
the parts separately, you will need to cut
the excess length off the 4BA 1in bolts.
The amplifier is now complete and its
reliable, superb quality should give
many years of listening pleasure.

Continued on page 30.
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KEYBOARD

FOR ZX81
MICRO-
COMPUTER

by Dave Goodman
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* Single key selection of Graphic symbols,
Function mode and Shift Lock

* Full size, full travel, 43-key keyboard
* Two-colour legend for keys is the same as

the ZX81 keyboard

* Faster, more reliable entry — use it once and
you won't be able to do without it again!

ZX81 are very much in demand at

the moment and an add-on key-
board with full size keys can offer a
great improvement over the existing
unit. Operation becomes more positive,
unlike the ZX81's touch-keyboard
where the only way to be sure you've
pressed the key correctly is to checkon
the screen. With this keyboard, the feel
is similar tothat of atypewriter and thus
entry speed is far higher and much
more reliable.

On the ZX81's touch-keyboard, to
select a graphic symbol — first the
“shift” key must be aperated and held
and then the “graphics” key operated,
then the “shift” key held and the actual
graphic symbol required pressed. On
this keyboard simply press and release
the “graphics 2” key. An LED gives an
indication that the mode is selected
and the screen cursor changes to[G] as
normal. Now any desired graphics
symbol may be selected directly with-
out pressing or holding any additional
keys. Press and release “graphics 2"
key again to returnto normal mode. The
LED will extinguish and the screen
cursor will return to [K or L].

On the ZX81l's touch-keyboard
selecting a function requires a similar
operation to selecting a graphics
symbol. On this keyboard simply press
and release the “function” key. The
screen cursor changes to [F] and an
LED flashes once to indicate that this
mode is selected. Now any of the
operator keys may be selected directly
without pressing or holding any addi-
tional keys. After selection the LED is
extinguished and the screen cursor
returns automatically for normal entry.
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Support systems for the Sinclair

Finally, this keyboard has a “shift
lock” key that electronically holds the
keyboard in shift mode after that key is
momentarily pressed. A second LED
lights to indicate that this mode is
selected. Pressing the “shift lock” key
again, extinguishes the LED and returns
the keyboard to normal entry mode.

Our own experiments have proved
that this keyboard is invaluable. No-one
who tried it wanted to go back to using
the touch-keyboard. Relief from neck-
ache was one often cited advantage!
Users described how with the touch-
keyboard one looks down to the left or
right to read the program to be entered,
then at the keyboard to select the key,
then up at the TV to check the symbol
has gone in, then often, back to the
keyboard toroll the finger around a little
more because the symbol hasn’t been

r S1 =1 $15 =R S29 =J
S2 =2 S16 =T S30 =K
S3 =3 S17 =Y S31 =L
S4 =4 S18 =U S32 =New Line
S5 = S19 =1 S$33 =Shift Lock
S6 =6 §20=0 S34 =Shift
S7 =77 S21 =P §35=2
S8 =38 S22 =Func’ S36=X
S9 =9 S23=A §37 =C
$10=0 §24=8 S38=V
S11=Grps2 S25=D S39 =B
S12=Q S26=F S40 =N
S13=wW §27 =G S41 =M
S14=E S28=H S42 =
S43/44=Space
Table 1. Key function chart.

entered (apparently a common occur-
rence), then up to the TV again, then
back to the program. When entering
with our keyboard, operators rarely
needed to move at all.

Children who used it, found they
could perform complicated operations
easily — often they could not do the
same thing on the touch-keyboard at
all! Everyone agreed that there was no
alternative on the market and almost
lynched the authorto get their handson
the prototype.

Construction

Begin by straightening and forming
thirty-three wire links, and fit these first.
Insert the six diodes, taking care to
alignt he mack band printed around the
body with the white line printed on the
PCB. Insert all resistors. For those
unfamiliar with the new colour code a
chart is printed inthe resistor sectlon of
our 1983 catalogue.

Next fit all three ICs (see Figure 3). It
is advisable to fit IC sockets when using
CMOS ICs. Fit all capacitors, noting that
Cl1l should be mounted with the
negative end towards the left hand side
of the PCB. Align TR1 and TR2 with the
legend and fit in place.

Carefully solder all componentsand
links to the PCB and cut off the
remaining ends. Before inserting the
forty-four keys fit a white plastic top to
each one. Switches S33, 32,22, 21, and
10 are doubles and S43, 44 may be
either a treble or two singles (see
Figure 4).

Now put each key in position on the
board, place a book or stiff card over the
top, and turn the whole assembly over.
Solder all the keys in place and check
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that every key is seated firmly on the
PCB. Some keys may appear out of
alignment, and if this is so, desolder
both terminals and re-position cor-
rectly. Now fit both LEDs so that they
stand 10mm above the PCB. You will
see that one lead, the anode, is longer
than the other, the cathode. LED 1
anode should be fitted to hole B,
cathode to hole A; LED 2 anode should
be fitted to hole D, cathode to hole C.
Two ribbon cables are required for
connecting our keyboard to your ZX81.
Pull the insulating cover from one end
of the 10-way and cut off the two outer
wires (only eight are needed). Solder
this end to socket 2, withthe h'ack edge
cable marker towards pin 1. Repeat
with the seven way cable and socket 1.
Make up the power connector by
using a length of screened cable and
fitting a 3.5mm plug at one end (Figure
5). The remaining end screen should be
tinned (i.e. a thin layer of solder should
be applied to it), and fitted to the PCB
0V, with the centre lead, +5V, left
unconnected for now. Cut the printed
legend and fit the pieces into the clear
caps, referring to Figure 1, and then
snap them into position on the keys.

Testing

Before connecting to the computer
a few tests are necessary. Connect a
multimeter set to 50mA, or the nearest
measurement above that is possible on
your multimeter, with the positive lead
connected to the unterminated centre
lead of the power cable and the
negative lead to the track on the PCB
‘mmediately beneath the hole marked
+V. Now connect the power cable to the
ZX81 power supply, using adaptor L.
Always ensure that Mains Power is
removed before plugging adaptor L into
the ZX81 and the keyboard. When all
tonnections have been made, switch
mains power on. Providing both LEDs
are off, the meter should read less than
1mA, or about 20mA with both LEDs on.

If all is well, switch off, remove the
multimeter, and connect the centre
conductor to the PCB by passing the
bare end through the hole in the PCB
marked ‘+V’ from above and soldering it
underneath. Note that when discon-
necting the system the mains should
ALWAYS be switched off prior to
unplugging.

Switch on again, and connect a
meter set to read DC volts between 0V
and pins 1 to 8 of socket 2 and pins 1 to
5 of socket 1 inturn. There should be no
voltage reading at any time, with the
keys pressed or released. Any faults
found must berectified before connect-
ing to the computer, otherwise the
Sinclair U.L.A. chip may be damaged.

Connecting To
The ZX81

Refer to Figure 6 for connections to
the ZX81 PCB. Insert both keyboard
ribbon cables through the slot in the
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Figure 4. Fitting of 3-way key cap.

ZX81 case above RUBOUT key @ on the
touch keyboard. Remove the flexi-
cables from both ZX81 PCB sockets and
tape them down to prevent possible
short circuits. Remove the end insula-
tion covers from both the 8 and 10-way
cables and gently push into the PCB
sockets. The two extra wires on each
cable help to make afirm connectionin
the socket, but are not used electrically.

Alternatively, two connectors can be
soldered to the ribbon cables and then
fitted into the PCB sockets. These are
RK67X and YW18U minicon plugs.
Soldering cables to the ZX81 PCB
sockets is NOT recommended. Plugthe
adaptor L into the ZX81 power socket
and connect to your TV set.

If the wrong characters are printed
you have probably got the flexible
cables plugged in the wrong way. Don't
worry, this can’t doany damage. Unplug
the 7-way cable in the ZX81, turn it over
and plug it in again. If it still does not
work do the same for the 10-way cable.
If this does not work, reverse the 7-way
cable again.

When all is well, switch off and re-
assemble the ZX81, the new keyboard
can now be mounted in its box if
required. Switch on again. LED1 will
flash on and then off and the [K] cursor

Figure 5. Wiring of 3.5mm jack plug.

should appear on the TV screen as
usual and you're ready to go.

Circuit Description

S11, the ‘graphics 2' key is con-
nected to a buffer/inverter IC1f which
together with IC1d acts as a mono-
stable. Operating S11 causes the out-
put of IC1f to go low which in turn
causes the output of IC1d to go high,
holding the input of IC1f high for the
period set by C1, R2.

Theoutput of flip-flop IC2b now goes
high and turns on the bilateral switch
IC3a which operates the ‘shift’ function
in the keyboard matrix. Also TR1
conducts, turning on LEDI. C2 dis-
charges through R3 which delays the
output from ICla from changing state.
When it does change over IClaoperates
IC3d which connects ‘graphics 2’ in the
keyboard matrix. Further operation of
S11 repeats this sequence except that
this time IC2b switches low and IC3a
and IC3d are released.

S22, the ‘function’ key is connected
to IC1b. When operated, IC3b operates
via D4 with C4 and R5 acting as anti-
bounce components. D6 becomes re-
verse biased and C5 discharges via R6,

f|knD4
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Figure 6. Interwiring.
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delaying the operation of IClc. When it
finally operates, it turns on IC3¢c which
connects ‘function’ in the keyboard
matrix. These time delays are provided
to ensure that the ‘shift’ connection
occurs before the ‘graphics’ or ‘func-
tion' connection as required by the
ZX81.

When S33, the ‘shift lock’ key is
operated, the output of IC1e goes high.
C3 and R4 are anti-bounce compo-
nents. 1C2a now operates which
switches on IC3b via D3 and TR2 which
causes LED2 to light. Re-operating S33
causes 1C2a output to go low which
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- releases IC3b and extinguishes LED2. B
PARTS Lls‘r Miscellaneous
JK1 Plug 3. 5mm plastic {HFBOB)
Resistors — all 0.4W 1% carbon unless specified S1-44 Keyswitch 44 off {FF61R)
R1 150k (M150K) Keytop 1-position 37 oft (FF625)
R2,3,6 M 3 off {M1M) Keytop 2-position 5 off (FF63T)
R4.7 100k 2 off (M100K) Keytop 3-position {FF641))
R5,8.9 10k 3 off (M10K) Keytop print ZX81 (XH58N)
R10.11 560R 2 off (M560R) 7X81 ext. keyboard pcb (GAB3E)
Capacitors (i ch;med cspper wire 24 swg = 2m Egk?]g
ci 390nF polycarbonate aptor .
2345 100nF polycarbonate 4 off {(WW41U) Fiexicable 7-way {RK30H)
C6 10nF polycarbonate (WW23G) Flexicable 10-way (RK31.0)
789,10 100nF minidisc ceramic 4 off (YR758) Cable single black b m (XR12N)
Bl 100uF 25V axial electrolytic (FB49D)
Semiconductors \
D16 1N4148 6 off (QL8OB)
LEDI,2 LED red 2 off (WL27E) A complete kit for this project excluding a case 1s available
TR1.2 BC548 2 off (QB730Q) Order As LW72P (ZX81 Keyboard Kit)
iC1 40106BE (QW64U) A case 1s also available
1C2 40278BE {QX1683) Order As XG17T (ZX81 Keyboard Case)
IC3 4066BE (QX23A)
25W STEREO MOSFET AMP Continued from page 44
PARTS L|ST Sem:conductors
Di4 N4148 4 off (QLBOB)
D5.6 BLVSQLI vV 2 off (QH 1811
STSéstors — all 0.12/;;(1 % carbon unless specified 5 off (ME8K) LED1 Chrome ‘LJED small ({‘SYSC)FZ)
; 8R1 Bridge S04 {(QLI10L)
R2,7.3748 1k 4 Of: (MIK)  1pi2389 BC212L 6off  (OB6OOD)
R3.8 22k 20 (M22K) TR4511. 32 BC182L 4ot {OB55K)
R4.9 270k . ot (*‘b’ﬁggﬁg TR6.1 25K133 20ff  (Q036P)
R5,10 100k 4 ( R7 14 25148 20t (QQ34M)
R1 15}25'30“' e c  anoop 123 LF353 3off  (WO3LD
/ Miscellaneous
giiig} e ?ng g gg (h&ﬂa;; S1 Rotary mains switch (FHB7M)
. S2 Rotary 3 pole 4 way switch  ~ (FH44X)
R15.19 22k 2 off (M22K) S ‘ i ,
SK1.2.3 PC DIN socket 5.pin ‘A 3 off (YX91Y)
R21 2427.32 2k2 10 off {M2K2) Fh
= SK4.5 PC DIN socket 2-pih 2 off (YXS0X)
R2526 39,50 15k 4 pff (M15K) %
R33)44 47k 2 off (MAT7K) JK1 DPDT jack socket {BWBOB)
s ' cewy Tl Toroidal transtormer 22V BOVA (YK18U)
R34,45 56k 2 off (M56Ky 11
FS1.2.3 2A antisurge fuse 3 off (WR20W)
R35 364647 3k9 4 oft {M3K3)
R38,49 33k 2 oft (M33K) Safusehoider 20mm (RX96E)
: R) Rubber boot (HL51F)
R42 43 5354 10R 4 oft (M1GR)
; \ Fuse clips 4 off {WH49D)
R55.56 220R {'sW) 2 off (S220R) i
i ¢ Mica insulator TO3 4 oft (WR24B)
RS7 .58 820R 2 oft (M82CR)
Small thermpath (HQOOA)
- o icatd Stereo amp heatsink - (RK25C)
RV1-4 100k horizontal sub-min preset 4 off (WRE1R) Moo (GATIN)
RVE & 10k horizontal sub-min preset 2 oft (WR58N) P pel
i § Stereo amp switch peb {GAT78K)
RV7 4k7 log dual pot (FX083) :
: ‘R7) ¢ Stereo amp chassis {XG15R)
RV8.9 47k lin dual pot 2 off (FWB7L)
RV10 10K fin pot (FW020) Stereo amp woodwork (XG16S)
- Cabinet feet 1pk fixégg;
Capacitors Grommet small 2 off { )
Ci?S 68pF ceramic 2 off (WX54J) Knob K44 3 oft (HB39N)
€2.6.2531 10uE 35V PC electrolytic 4 off (FFO4E) Knob K45 {HB4OT)
€37 10nF 1% polystyrene 2 oft (BX86T) Knob K46 2 off (HB41l)
C4.8 3n9 1% polystyrene 2 off (BX63T) Veropin 2141 28 off (FL21X)
£9 100uF 40V axial electrolytic (FBS0OE) Bolt 4BA lin 4 oft {BFOAE)
C10,11 10uF 16V tantalum 2 off (WWB68Y} Bolt 6BA Y“in 5 off (BFO5SF)
€i2 132329 10pF ceramic 4 off {(WX44X) Bolt 6BA %in 8 off (BFO6G)
C14,15,1819 68nF polycarbonate 4 0ff  (WW3IN) Nut 6BA 13 off (BF18L)
C16.20 4n7 polycarbonate 2 off (WW26D) Washer 6BA 12 off (gpggg;
| C17.21.24,26, Tag 6BA : (B 3
| 30.32 47pF ceramic 6 off (WX52G) 13A mains plug (RWB7X)
| c22,28 4uF 16V tantalum 2 oft (WW64L)) Min mains cable . 2m (XRO1B)
| C27.33 100nF polyester 2 off (BX76H) Hook-up wire yellow im (BL1OL)
[ C34,35 100uF 25V axial electrolytic 2 off (FB49D} Tinned copper wire 24 swg im (BL1SR)
36,37 4700uF 40V axial electrolytic 2 off (RK26D) Systoflex 2mm black 10cm (BHO6G)

A complete kit of all the parts listed above is available.
Order As LW71N (25W Stereo MOSFET Amp Kit)
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