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These descripfions are necessanily short. Please ensure that you know
exactty whot the kit is and what it comprises before ordering
by checking the oppropriate issue of Electronics referred to in the list
The referenced back-numbers of Electronics can be obkained
subject to availability, ot £2.10 per copy.
Carriage Codes - Add; A: £1.55, B: £2.20, C: £2.80, D: £3.30,
E: £3.90, F: £4.45, G: £5.35, H: £6.00

PSYCHEDELIC WAH WAH PEDAL
e

Recapture the classic sound of the ‘70s with this superb '90s
technology Wah Wah Pedal. The kit includes o ready-made foot
pedal and is ideal for electric guitors and other musical instruments.
Order os: LT43W, £34.99 B3. Details in Electronics No. 82,
October 1994 {XA82D).

_DID
YOU MISS
THESE
PROJECTS?

INDUCTANCE/CAPACITANCE
METER ADAPTOR

Add inductance and capacitance ranges to your basic digital
multimeter. This clever unit produces a DC voltage proportional fo
the inductance or capacitance under test, which can be measured
by your existing mefer. (Case not included in kit.)

Order as: RU38R, £39.95. Details in Electronics No. 82
October 1994 (XA82D).

To order Project Kits or back-numbers of Electronics, ‘phone
Credit Card Sales on (01702) 554161. Alternatively, send off
the Order Coupon in this issue or visit your local Maplin store

Maplin: The Positive Force In Electronics

All items subject to availability. Prices include VAT

A ‘ o
LOUDSPEAKER PROTECTO

Help profect your valuable high-power loudspeakers from being
damoged by DC voltoges produced by a faulty amplifier. This unit
constantly monitors the input to the speaker and ‘disconnects” it if
a DC voltage is detected

Order as: VF44X, £9.49. Details in Electronics No. 82
October 1994 (XA82D).

Y o : .
INTELLGENT CAR INTERIOR
LIGHT CONTROLLER :
]
Add the convenience of this ‘intelligent’ device to your car. It not
only keeps the interior light on for 30 seconds after the door is shut,
but also tums it off if the ignition is switched on before the 30
seconds elapse. Plus, it turns off the inferior light after fen minutes
if a door is accidentally left open, avoiding draining the battery.
{Case not included in kit.)
Order os: LT65V, £9.99. Details in Electronics No. 82
October 1994 (XA82D).

2 METRE FM RECEIVER

An inexpensive 2 Metre frequency modulation (FM) receiver. Ideal
for the newcomer just starfing out, or for the dedicated enthusiast
who wants fo monitor a local frequency whilst keeping more
sophisticated equipment free. (Case not included in kit)

Order os: CP21X, £31.95. Details in Electronics No. 83,
November 1994 (XA83E).

STEAM WHISTLE/2-TONE DIESEL HORN

A must for serious model frain enthusiasts! Three separafe frigger
inputs allow either or both sounds to be played. This kit really does
include everything — even the whistle and hom sounds are sup-
plied on EPROM!

Order os: LT61R, £14.99. Details in Electronics No. 83
November 1994 (XA83E).

e

418MHz ENCODED FM TRANSMITTER

A DTl approved transmitter which can be encoded with one of over
4,000 different codes. The transmitter can be triggered by o clos-
ing switch contact, which can be simply a push-button, or a neg-
afive going pulsed output from other equipment, e.g., the Telephone
Bell Repeater kit, LT67X. Applications include remote control, wire-
less security systems, paging, help butions, and much more.
Order as: LT87U, £26.99. Details in Electronics No.83
November 1994 {XA83E).

418MHz ENCODED FM RECEIVER
R

A DTl approved receiver for use with the 418MHz Encoded FM
Transmitter. The receiver will only respond to o fransmitter set with
the same code.

When a correctly coded signal is detected by the receiver, on LED
lights and a piezo sounder operates. Fitting a relay (not supplied)
in place of the piezo sounder allows the receiver to operate other
electrical equipment for remote control applications. (Case not
included in kit.)

Order os: LT88V, £39.99. Details in Electronics No. 83
November 1994 (XA83E).

400W MONO/STEREQ AMPLIFIER

A compact and robust amplifier with o low harmonic distortion of
only 0-003% ot TkHz. It can be configured as either o stereo
amplifier producing 100W rms per channel into 40 speakers, or
as a bridged mono amplifier producing 200W rms into a single
4Q speaker. Total music output is 400W. Power supply voltoge is
+30 1o +35V DC for 4Q speakers or mone, and +40 to +45V DC
for 802 speakers. {Speaker not included in kit.)

Order as: VF40T, £59.99 H10. Details in Electronics No. 83
Novermber 1994 (XA83E).

TELEPHONE BELL REPEATER
R

Requiring no direct connection fo the telephone system, this unit
picks up the ringing sound and repedts it elsewhere via o remotely
wired piezo sounder. Alternatively the repeater can be connected
to the 418MHz Encoded FM Transmitter and Receiver, LT87U and
LT88VY, to produce a ‘wireless’ telephone pager. {Box not included
in kit.}

Order os: LT67X, £10.99. Details in Electronics No. 83
November 1994 (XA83E)
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sensitive, ultrasonic frequency detector; &
hand-held unit that will translate high-

frequency soundsinto an audible'form 4

which can be-easily heard. You will then
be able to sympathise with the plight of
domestic degs, and the soundtrack that
they have to'listen to, day in, day out!

SIREN SOUND GENERATOR

This compact, two-chip, low' power module,
plays a selection-of six different siten
sounds, which may:be configured
independentiy, or a cascaded mixof.your
choice ot siren types. The unit features
automatic power-down, variable pitch
control, and is capable of driving either a
loudspeaker or a piezo-ceramic transducer,

DIGITAL TACHOMETER

Equipyour older or ‘base-spec automobile
with this dashboard-mounted instiument;
whiciT'gives a digital readout of the. speed
of rotation of the engine, inrevelutions

per minute (rpm}: This will enable you to
optimise your gear changes, to allow the
engine to produce its maximum power

or tarque, to give the best efficiency:

STEREO RIAA
CORRECTION PREAMP

This.useful, one-chip, amplifier circuit will
enable record turntables fitted with moving
magnet or moving coil cartridges to be
directly connected to a line level input of
an amplifier. It operates.from a wide input
voliage range, and has the same pinout
i astheUniversal Stereo preamp module.
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~ alas, mowse your chances of becoming
extremelyMich overnight; but at least

you will be able to fully comprehend the
monster system that.swallows up your
stake each week!

MAKING YOUR OWN PCBs
USING CAD

This useful quide, by David Faulkner,
describes howto go about producing your
own professional-quality PCBs 10 yourown
custom design, with the aid of the multitude
of affordable CAD packages now available
for your home computer, in combination
with the appropriate selection of etching
Chemicals and equipment.

+-20 RIAA - CD VERSUS VINYL
In'the third and final4nstalment of this
informative series, Mike Meechan
investigates the.causes and problems

of nolse In electronic Circuits, with-a look
at transistor preamp stages, and provides
an example'of-a high-performance, RIAA
! - (DIN) phono equalisation amplifier circuit,
for you'to butld and experiment with!

gﬁ' incerfive 10 evelop a habit
/for§ 8Ng, the National Lottery. It will not;

2l

HISTORY OF ELECTRONICS 32
lan Poole finalises his in-depth investigation g

into the significant developments In
electronics.fechnology, which this time,
fooks at the arrival of the'integrated
circuit as a resutt of military motivation
towards miniaturisation.

SAILING SHIPS TO SATELLITE

This new series from the Institution of
Eiectrical Engineers (IEE), describes early
telephonic and picture transmissions
across the Atlantic ocean, the transatlantic
telephone (and you thought today’s
overseas calls were expensivel), and the
laying of telephone cable links between
the USA and Canada to Britain.

COUPLED CAVITY SPEAKERS

Another new series, this time by
professional Hi-Fi foudspeaker builder,
David Purton, it details the theory behind
this concept of speaker construction,
which offers a number of advantages over
conventional speaker design, including
reduced harmonic distortion, accurate
determination of bandwidth by means

of tuned volumes and vent lengths,

and compact cabinet size.

MS STEREO

The second instalment of this feature by
John Woodgate, describes experiments that
can be done with Mid-Side or Mono-Stereo
reproduction techniques, when applied to
drive units, power amplifiers, and the sum-
and-difference matrix, including loudspeaker
and signal processing circuits for direct MS
reproduction.
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ABOUT THIS ISSUE ...

Hello and welcome to this month's issue of
Electronics! From this issue, project kits and their
associated, separately-sold parts, such as front
pane! labels, PCBs, and so on, advertised in

the magazine, will have a new series of order
codes, which will consist of a five-numeral form,
commencing from ‘90000, and ascending
upwards. Please note, this will only apply

to items ordered from the magazine
advertisements, with the catalogue order codes
remaining as they were before. Rather like the
changes made to the telephone dialling codes,
this is needed to avoid running out of order
numbers, such is the enomity of ever-expanding
product ranges on offer here at Maplin!

This month, we present you with four great
projects to build, comprising the Ultrasonic
Detector, a super-sensitive frequency transiator,
that allows you to listen to the high-pitch (beyond
the upper limit of human heanng) sounds given
out by bats and insects, in addition to a multitude
of man-made emitters of ultrasound, such as
noisy electrical equipment, machine bearings,
alarm movement detectors, remote control
transmitters, and others. You can even use
this instrument to listen to the oscillation of the
crystal inside quartz timepieces! Then, there is
the Siren Sound Generator, a low-power, compact
module, that will come in very handy for bringing
models and toys to life with combinations of six
different noises, plus the Digital Tachometer,
which allows you to equip your car with a
revolution (rev) counter (presuming it doesn't
already have onel) to keep a check on engine
rotation speed, a useful parameter to know
about, since this enables you to keep the engine
operating within the most efficient region of its

‘revband’. Last, but by no means least, there is
the Universal Stereo Preamp, a useful ‘front end’
stage, that can be used with most types of audio
amplifier, or In conjunction with other modules in
the range, to produce a complete stereo amplifier
system.

There is a good selection of topics covered
in this issue, with articles giving the low-down
on the logistics that were required to establish
the National Lottery, Making Your Own PCBs
Using CAD, which is a useful guide to producing
professional-quality PCBs on a DIY basls,
with help from your home computer. New
series this month, include the IEE’s Sailing
Ships to Satellite, charting the development of
transatlantic telecommunications, and Coupled
Cavity Speakers, which describes an ingenious
and efficient, altemative design of Hi-Fi
loudspeaker cabinet, with comprehensive
instructions on making your own set.

In addition, there are the features, History of
Electronics, covering the story behind ICs, and
RIAA ~ CD Versus Vinyl, which in this instalment,
investigates noise, and includes a design
for a high-performance RIAA amplifier for
you to build, whilst MS Stereo proffers a
number of experniments that are possible with MS
reproduction techniques; no, not those type of
reproduction techniques! All this, plus our usual
feast of regulars. So, until next month's exciting
edition, from everyone here at Electronics, enjoy
this issuel

e

Look out for these exciting articles. headng your way soon in
future issues of Electronics' Projects In the pipeine, inciude the
Interactive Doorbell, which can replay prerecorded speech or
music to callers at your home, the Mains Power Condttioner,

a huighly effective fitter for removing interference from the mains
power supply, the Mutti-Strobe, which can flash a Xenon tube
in a cholce of @ hundred dazziing pattems. great for disco's and
partes, the Shortwave Regenerative Recerver for round-the-
world radio coverage, the PC Teletext Decoder, to enable

your PC to display Teletext pages, the Micro Controlier/Timer,
and a selecton of ever-popular audio ampifiers. Forthcoming
features, nclude Colour Printing, descnbing the latest printing
technology, the History of Defibrillation, covering the controlled-
shock gadget thak has saved many lives. Then, there is an
ftem on ‘environmentally conscious’ Low Energy Personal
Computers, and Compact Disk Interactive (CDH), giving the
low-down on this techno-shice of the multmedia market. Setting
up a Radio Shack provides pienty of tips on instailing your
amateur radio equipment to gain the maximum enjoyment from
this hobbry, whilst Secure Information highlights the problems
created by widespread computer storage of sensitve data,
and ways of protecting 1 from being fiched! UV Radiation
gives information about this potentiaily hammtul category of

light emission. in addition 1o its many uses in electronics.

Flash EPROMS inform you of this new memory technology,
which might one day, take over from conventonal desk storage,
countered by Magnetic Disks and New Applications. which
suggests that disk storage systems are likely to be around

for a while yet! Recycling Batteries descbes another ‘Green'
practice, that of rejuvenating spent battenes. Altemative Space
Propulsion looks at less hazardous and more efficient methods
of sending things into outer space, other than detonating vast
quanttties of high-octane fuel. Rest assured, however, that
Electronics will reman down-to-earth and as explosive as ever!
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Project Ratings

Projects presented i this issue are rated on a 1 to 5 for ease or atficulty of

construchon to heip you decide whether it is within your construction capabities

before you undertake the project. The ratings are as follows:

@ Simpie 1o buit and understand and suttable for absokte beginners
Basic of tools required {e.g,, soldenng iron, $id@ cutters. pliers, wire
strippers and screwdriver). Test gear not required and no setting-up

Easy 10 build. but not sutable for absoiute beginners. Some test gear
{e.g. multimeter) may be required. and may also need setting-up ot
testing

@ Average. Some skill in constructon or more extensive setfing-up

L requwred

@ AavanoedFaMyhmlove(ovsidlhoonsmmspeoahsednestgear
of setting-up may be required

@ Complex. High level of skill in construction, speciakised test gear may be
required. Constructon may involve complex wiring. Recommended for
skifled constructors only.

Ordering Information

Kits, components and products stocked by Mapiin can be easily obtained n a
number of ways:

Vist your local Mapiin store, where you wil find a wide range of electronic
progucts.

1 you do not know where your nearest store 1s. Tel: (01702) 552911. To avod
when intending to purchase products from a Mapiin store,
customers are advised 1o check availabity before traveting any distance
Wnte your order on the form pnnted in thes :ssue and send & 1o Mapiin
Electroncs. P.0. Box 3, Rayleigh, Essex. SS56 8LR. Payment can be made
using Cheque, Posta Order, o Credt Card.
Telephone your order, call the Maphn Electronics Credit Card Hotine on (01702)
554161
If you have a personal computer equipped with a MODEM, dial up Mapin's
24-hour on-line database and ordenng servce, CashTel. CashTel supports 300-,
1200- and 2400-baud MODEMs using CCITT tones: The format is 8 data bits. 1
stop bt. no panty, full duplex with XorvXoff handshaking. All existing customers
with a Maplin customer number can access the syst em? dalng
{01702) 552941. It you do not have a customer number Tel (01702) 552911
and we will happly issue you with one. Payment can be made by credt card
tf you have a tone dial (DTMF) telephone or & pocket tone dialler, you can
access our computer and place orgers directly onto the Mapiin
computer 24 hours a day by simply dialing (01702) 556751. You vl need a

Mapiin customer number and a personal identificabion number (PIN) to access
the System. ff you do not have a customer numoer or @ PIN number Tel:
(01702) 552911 and we will happily issue you with one.

Overseas customers can place orders through Mapin Export. P.O Box 3,
Raylexgh. Essex, SS6 BLR, Engiand: Tal: +44 1702 554155 Ext. 326 or 3651,
Fax +44 1702 553835

Fut details of all of the methods of ordenng from Maphn can be found in the
curment Mapin Catalogue

Subscriptions

Full details of how to subscribe may be found on the Subscription Coupon
in this 1ssue. UK Subscnption Rate: £21.96/12 montns, £10.98/6 months.

Prices

Prices of products and senvices avalable from Mapiin, shown in this issue,
include VAT at 17.5% (except tems marked NV which are rated at 0%) and
are vakd between 5th May and 31st August 1995 emors and omissions
exciuded. Prices shown do not include mail order postage and handiing
charges. which are levied at the current rates indicated on the

Order Coupon in this issue.

Technical Enquiries

1f you have a technical enquiry refating to Mapin projects. components
and products featured i Electronics, the Customer Technical Services
Department may be able 1o heip. You can obtan help in several ways; over the
phone, Tet: (01702) 556001 between 9.00am and 5.30pm Monday to Frday,
except pubke holidays: by sending a facsimile, Fax: (01702) 553935, or by
writing 1o: Customer Technical Services. Mapfin Electronics pic., P.O. Box 3,
Raylengh, Essex. SS6 8LR. Don't forget to include a stamped seff-addressed
envelope 4 you want a written reply! Customer Technical Services are unable
1o answer enquines relating to third-party products or components which are
not stocked by Mapkn.

‘Get You Working’ Service

1 you get completety stuck with your project andyouareuwtebﬁn
working, take advantage of the Maplin Get You Working' Service. This service
s avaiabie for al Mapin kits and projects with the excepfion of ‘Data Files’;
projects not buit on Mapin ready etched PCBs: projects bult with the majorty
of components not supphed by Mapin: Cecut Maker deas: Mini Croutts of other
simdar buiiding block' and ‘appicaton’ circuds. To take advantage of the senvice,
retum the compiefe kit Y0: Ratums Department, Mapin Electronics pic., PO. Box 3,
Rayleigh, Essex, SS6 8LR. Enclose a chaque or Postal Order based on the pce
of the kit as shown In the table below {minmum £17). If the fauft s due % any ermor
on our part, the prosect will be repalred free of charge. ff the fauft is due to any eror
on your part, you wil be chamed the standard seiong cost plus parts

Kit Retail Price Standard Servicing Cost

w0 £24.99 £17.00
£25.00 t0 £39.99 £24.00
£40.00 t0 £59.99 £30.00
£60.00t0 £79.99 £40.00
£80.00 10 £99.99 £50.00
£100.00 to £149.99 £60.00
Over £150.00 £60.00 mnimum
Readers Letters

We very much regret that the edtonal team are unable 10 answer technical
quenes of any lond, however, we are very pleased 10 receve your comments
about Electronics and suggesbons for projects. features. senes. etc Due to

the sheer volume of letters recefved. we are untortunately unable 10 reply to every
lefter, however, every lefter & read — your time and opinion (s greatly apprecated
Letters of parficular interest and signficance may be published at the Eddors
drscreton. Any comespondence not intended for publication must be dearty
marked as such

Write to: The Editor, Electronics — The Maoin Magazre, P.O. Box 3, Raylegh.
Essex. SS6 8LR. or send an e-mail 1 AYV@maphn demon.co.uk
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For its suppliers and implementors, the run-up to the National Lottery
was a bigger gamble than the real-thing. The Camelot Consortium
had won the lottery operation prize, by promising an extremely short
implementation timescale. This was largely achieved by using tried
and tested technology, to avoid equipment unreliability and achieve
installation targets. With some sixty million tickets being sold weekly,
the system has proved its resilience. That dependability and capacity
will be further tested as more and more retailers come on line from
outlying towns and villages across the UK, to reach about 40,000
terminals over the next eighteen months. Report by Alan Simpson

the project was a gamble from the

start. The UK's previous flurry with
a national lottery was brought to a
close back in 1825, when the head of
the lottery was last seen scuttling off
to Bolivia with most of the profits. The
present government, in a last ditch
effort to provide that much-hyped ‘feel
good factor’, gave the go-ahead and
licensed the Camelot consortium to
undertake the project. With partners
G-Tech, an experenced lottery
operator, security pninter De La Rue,
Racal and ICL, plus not a little
advertising help from Saatchi and
Saatchi, the project got under way.

I F the past was anything to go by,

June 1995  Electronics - The Maplin Magazine

A Race Against Time

So within the penod of just 20 weeks,
Racal and partners created the world’s
largest network outside the US.
Between July and November last year,
Racal Network Services connected over
10,000 retail outlets across the UK,
handling some £60 million worth of
lottery tickets. In a race against time,
Racal also installed 800 satellite links
and almost 10,000 land lines, to
connect the retail terminals to the
lottery network. Retailers will continue
to be connected over the next two
years, to achieve the target of around

27,000 by the end of 1996. At the
same time, BT, a subcontractor to
Racal, will have supplied some 23,000
private circuits by the end of next year.
No wonder this has become one of
BT's largest ever customer contacts.
So far, the only major problems have
been those involving remote terminals
failing to connect with the central
computers. “However, the blame lies,
not with the high technology involved,
but with the down-to-earth, early
generation, copper wires connected
to each terminal”, said Racal’s Steve
Hodson, who masterminds the Lottery
projects. Here, BT are working to
connect that last analogue mile to
the X.25 digital network, the coverage
of which is shown in Figure 1, or to
a satellite system. 90% of the line
costs in fact relate to that first mile;
approximately £112 per first kilometre,
compared to just £2.25 on the main
leased lines. “No one would believe

Above: Close-up view of one of the
draw machines, and the current
presenters of the BBC National Lottery
programme, Gordon Kennedy and
Anthea Turner.
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Figure 1. Map showing X.25 Digital network coverage of Figure 3. Map showing distribution of the 2,082 V-SAT
the 1,151 Local Service Exchanges (LSES) in the UK. Local Service Nodes (VLSNs) in the UK.
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Figure 2. Camelot Consortium’s UK National Lottery Network.
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what a mad, mad rush it has been,
and continues to be, to meet our
connection targets.”

The downside to all this? Well, many
potential punters complained that they
were not able to buy tickets (and thus,
a potential share of the rewards). But,
as Racal confirmed, it was just not
physically possible to connect the
whole country to the network in the
timescales imposed.

A Clear Focus

“From the very start, it was a highly
focused job. Wherever possible, we
made use of existing technology.

We didn't invest in anything new, but
made the best use of what was already
in the field”, said Steve. The main
network being used, the Govermment
Data Network (GDN]), is it so happens,
owned and managed by Racal.
Serving some 18,000 govemment
departments and commercial users
across the UK, it is by far, Europe’s
largest private data communications
network.

The main processing site is at
Rickmansworth, with a back-up centre
in Liverpool. Figure 2 shows the extent
of this network. Transactions are sent
down the X.25 network at a speed of
9-6K-bit/s to the databanks. There are
satellite uplift hubs in Stevenage and
Kingston, where 120 circuits link by
LANs, into Rickmansworth. Overall,
there are four independent routes —
two BT, two Mercury, one microwave,
and one fibre link. The system is
designed to process 425,000
transactions a minute, some way
above the expectations of generating
at the most, some 100,000
transactions a minute at peak flow. In
fact, the ‘dream-machine’ operational
offices are based in a standard trading
estate in Rickmansworth. Here, the
massed banks of DEC computers
and disks are flanked with even
more massed-arrays of communication
equipment, handling the aspirations
of the 30 million weekly punters.

Not a Terminal
Situation

The lottery terminals have been
installed at a variety of retailers,
ranging from supermarket chains such
as Tesco, to comer shops throughout
the country, from Penzance to the
Orkneys. Here, the winners are clearly
the Camelot equipment and network
suppliers. Racal has three major
partners assisting the lottery cause.
G-Tech, which was responsible for the
design of the lottery and for providing
the supporting technology. is one of
the world's major suppliers of lottery
systems, and the UK version was
based on their operations in the

US and Spain.

At the heart of the processing
system is Digital Equipment. This
supplier was chosen because G-Tech
is a long-term user, and it would
have been impossible — given the
implementation timescales - to create
the many millions of codes to meet the
transaction-processing requirements.
That same time-factor resulted in
DEC’s VAX units being chosen over
the fast Alpha-Risc processor. In fact,
the ordering of the DEC gear itself
was a gamble. The system was ordered
some five months before Camelot won
the lottery bid, with the proviso that
DEC would have repurchased the kit
if the bid had failed.

Despite losing out on the central
processor front, ICL has scored well in
the Lottery equipment stakes. Along
with G-Tech, ICL is a member of the
Camelot Consortium. but has had to
settle for the still substantial role of
supplying all the terminal equipment.
An ICL subsidiary is building the
special lottery terminals which dispense
tickets and handle the associated
accounting routines. Cementing the
lottery relationship, the company aiso
recruited Camelot’s 500 personnel,
supplying each with a PC.

A further ICL role, is that of
providing training of lottery personnel,
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Lottery fever grips the UK, as people
queue to buy their tickets.

as well as being responsible for
providing maintenance and repair
services on a seven-days-a-week fix-it
basis, even to the most remote areas
of the UK. In major cities, ICL are
guaranteeing that any problems with
a terminal will be dealt with within
two hours, by having on-hand spare
terminals. Service call logistics are
impressive. ICL expects to fend-off
some 250,000 calls when all 39,000
terminals are in place, but hastens

to add, that level of calls do not
necessarily relate to faulty equipment.
Many are "user-related’ errors such
as when replacing paper supplies,

or kicking-out the mains plug.

With One Bound -
the Satellite Link
Expedites the Dream

Where direct land-links are
impracticable, Racal is installing
satellite links to the Orion commercial
satellite, with back-up by Eutelsat
birds. Some 20% of users are on the
satellite network, resulting in the
creation of one of the largest two-way
VSAT satellite networks in Europe.
Over the next two years this will

grow to some 2,000 satellite links,
connecting up to 5,000 retailers over
the VSAT network. Figure 3 shows the
distribution of the VSAT Local Service
Nodes (VLSNs) within the UK.

Peak Loads

The network has been designed

to handle a peak load without
deterioration in speeds. This is well
within the tolerance for even Saturday
peak loading between 16:00 and
18:30, when over 30% of the tickets
are sold. This equates to some 2-4
transactions per terminal per minute
(the average time an operator can
handle the sales ticket transactions)
across the whole network. As Racal's
Steve Hodson reports, “The network
has been designed for 75% usage
running at 37'/2%, at full load — well
within the usage tolerances — and stili
meet all specifications.”

Luck of the Draw

Registering a lottery number will take
just five seconds. The customer blocks
out six of a total of 49 numbers,
which are then scanned into a
terminal. Winners claims are processed
by running their official receipts
through the scanner and network at
their local retailer, main post office, or
in the case of bumper winnings, from
National Lottery offices.

The draw itself is handled by a
distinctly non-high-tech, bingo-type
rotating drum, from which six
precisely-weighted balls emerge at
random, one at a time, as shown in
Photo 1. The numbers on the balls
determine the winners of the National
Lottery for that week. The whole event
is televised by the BBC, in what has
been described as being a tacky show!
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Closed-circuit faxes and computers in
the television studio relay the winning
combination back to the DEC
computer centres.

Safe and Sound

“Anyone out there thinking about
cracking or hacking the system had
better think again”, said Steve. Each
transaction is recorded on the DEC
computers no less than nine times at
both processing centres. Traffic on the
X.25 network is encoded using data
encryption — in fact, Racal suggest that
you would need a supercomputer and
several years to break into the system.
You might be better off to buy the
National Lottery numbers PC program
Just Lotto’, which aims to predict the
winning numbers. The program, from
COSMI UK, is based on the
mathematical iterative "Link Number®
theory, and analyses previous weeks’
winning combinations to detect
number pattems. Or you could carry
on using your ‘magic birthday number
formula.

To date, the system has had just
the one blow-out since the problems
experienced on the opening day. On
Christmas Eve last, almost a third of
the outlets went down with a systems
failure, followed by a network failure
on the same day. Both faults were fixed
within the hour, claims Racal. Racal
has, however, been praised for its
achievement by no less than Camelot’s

Week ending | Sales Figure
(millions)
19th November 1994 £489
26th November £479
3rd December £48-2
10th December £61:5*
17th December £546
24th December £55-2
31st December £5575
7th January 1995 BEVES
14th January £69-8*
21st January £61-2
28th January £61-3
4th February £62:2
11th February £617
18th February £60-9
* Indicates a Rollover week.
Table 1. Sales figures generated
by the National Lottery.

Group chief executive, Tim Holley.
“The importance of secure and reliable
communications to the National
Lottery is highlighted by the fact that
once fully established, the network
should handle transactions worth
several billion pounds a year. Against
very tight deadlines, Racal Network
Services’ efforts in rolling out the
communications infrastructure have
been outstanding.”

Even so, there has been cnticism
that major charities are losing out,
because many potential outlets were
unable to join the lottery club, and that

computer systems are not in place to
allocate the money. However, the four
other groups of beneficiaries of lottery
money, namely, the Arts and Sports
Councils, National Heritage, and the
Millennium Commission, have got
their act together in time to claim their
share of the burgeoning funds. There
is also the lurking suspicion that the
government ignored the popularist
claims of Richard Branson, who
promised that all the proceeds from
his consortium would be devoted to
charity. Also suspected was that the
government would divert the lottery
funds into propping up the health
service, or building new army barracks
and school classrooms.

Perhaps the most exciting fund
project, is the allocation of an
anticipated £1-6 billion towards the
Millennium celebration. Here, plans
exist to make a long-term impact
for future generations. Unfortunately,
no really big landmark scheme, which
would catch the imagination of the
nation, has yet emerged. Ideas direct
to the Millennium event organisers, not
the editor, please!

References

The National Lottery Newsroom,
Tel.: (01923) 425 456.

The Millennium Commission,
2 Littlesmith Street, London SWI1P 3DH.
Tel.: (0171} 416 8070.

SEETRAX CAE - RANGER - PCB DESIGN
Rangerl £100

* Schematic capture linked to PCB

* Parts and wiring list entry

* Outline (footprint) library editor

* Manual board layout

* Full design rule checker

* Back annotation (linked to schematic)

* Power, memory and signal autorouter - £50

Ranger2 £599

Al the features of Rangerl plus

* Gate & pin swapping (linked to schematic)
* Track highlighting

* Auto track necking

* Copper flood fill

* Power planes (heat-relief & anti-pads)

* Rip-up & retry autorouter

Ranger3 £3500

All the features of Ranger2 plus

* UNIX or DOS versions

*.1-Micron resolution and angles to 1/10th degree
* Hierarchical or flat schematic

* Unlimited design size

* Any-shaped pad

* Split. power planes

* Optional on-line DRC

* 100% rip-up & retry, push & shove autorouter

All systems upward compatible. Trade-in deals available.

Call Seetrax CAE for further information\demo packs.

Tel 0705 591037

Lovedean, Hampshire, PO8 0SG

All trademarks acknowledged.
6

Fax 0705 599036
Seetrax CAE, Hinton Daubnay House, Broadway Lane;,

Outputs to:

* 8/9 and 24 pin.dot-matrix printers

* HP Desk/Laser Jet, Canon BJet, Postscript (R3 only)

* HP-GL, Houston Instruments plotters

*.Gerber phetoplotters
* NC Drill Excellon, Sieb & Meyer
* AutoCAD DXF
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Using a CAD
Package

Although command-wise

AGUIDE FORTHE RARTEUR - \

they are all quite different
to use, the | have
tried allow you to place

Makmg
Professmnal

components on the screen
superimposed on a 0-lin.
-|  grid (whichis the industry
standard spacing for
components). After placing
l the components, the
connecting tracks are laid on
one or more layers (single or
double-sided boards). You
now have the option
to realign components
and/or tracks to enhance
the layout or reduce its
overall size. Once this
laborious task is completed
you can make a hardcopy
print of the layout to use
as a master for the PCB.
This is where | and many
of my colleagues have
always come unstuck
and is the main reason
for producing this article.
Basic Overview
of Operations
First, a photographic
template (known as a
positive master) is made up,
whereby the black areas
(the track) will

Above: Printing the master.

Below left: Cleaning the
boardpnortocoaungwnd\

By DAVID FAULKNER

ANY home electronics enthusiasts such as myself

own or have access to a personal computer, and as

the real price of computers continues to fall, many
more of us are finding that it makes sense to buy one.
In addition to this, the real cost of the software required
to run them has also fallen and several different software
companies now provide CAD (Computer Aided Design)
packages specifically aimed at the home electronics
constructor in the form of circuit diagram drawing and
printed circuit layout packages. Maplin currently stock Easy
PC and Seetrax Ranger, both of which are excellent value
at around £100, but there are many more available as
public domain software or shareware, which is free of
charge (for a limited trial period, after which you should
register!) and which represent even better value for the
occasional hobbyist who may only want to produce one or
two designs a month. My aim in this article is to show, step
by step, how to produce a professional quality PCB from
an amateur package.

appear black on a

translucent background.
This will eventually be
placed between the board

and an ultra-violet (UV)

source. The next stage combines all the processes
required to make the actual PCB and comprises:

Cutting the board to size.

Cleaning the board to remove oxides and grease.

Applying a UV sensitive coating (known as positive

photoresist) to the copper.

Drying of the photoresist and quality checking of

coating for dust.

Developing off the exposed photoresist to leave

a positive track layout.

Final checking and remedial touching-up of tracks.

Etching the board to remove areas of unwanted

copper leaving only the tracks.

Drilling and trimming to size.

Component build and soldering.

Making the Master

The somewhat laborious method | previously used was
to do the design work on the computer, print out onto
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Above left: Home-made drying paper, and ‘trace’ over the component pads and

box and the coated board.

Above right: Using the UV

lightbox to expose the board

connecting tracks with rub-down transfers and crépe
tape respectively, onto a clear or translucent polyester
film (Maplin photo-etch drafting pack, BW20W). This
method has served me well for many years, but has the
drawback that if any changes are made to the design it
is very difficult to update the master neatly, and usually
ends up requiring a complete retrace, which not only
takes a lot of time, but is also open to errors at every
stage.

Almost without exception, the instructions supplied
with CAD programs for making a workable master
have been vague. The most popular suggestion is to
make a hardcopy with the printer, photocopy it and
spray the photocopy with a ‘transparentiser’ aerosol
(such as that made by 3M, but which is very difficult to
obtain, and costs around £10 for a small can), the idea
being that the paper will go semi-translucent and allow
the UV to pass through to the board.

Other suggestions have ranged from spraying the
photocopy with water, WD40 and a myriad of other
liquids but, after many years of trying | can confidently
say that none of these methods work unless you have
a design with only a few very thick tracks and are
prepared to put up with fuzzy edges and a lot of
retouching work prior to etching. Another suggestion
was to use an older wet-type photocopier and having
eventually tracked one down, | found | could not get
the density required with a uniform thickness. This may
seem unimportant but if you want a good, neat result, it
is essential that the density be uniform, and in any case,
wet copiers are now superseded technology.

| tried photocopying onto clear acetate (which
melted and stuck to the hot fusing rollers!), then
the proper overhead projector film, which looked
promising until | held the copy up to the light and found
that (being a modern powder-type copier) the black
parts were full of minute holes. Copying onto clear
film using a laser copier (at a copyshop), seemed quite
good but again suffered lack of density and also the
inconvenience of having to travel to a copyshop; also,
laser copies onto clear film are not exactly cheap.

Several repro-houses were tried, and | found the best
method was to take them a double-size copy and get
them to photo-reduce it onto Positive Litho film (i.e.,
the black parts to remain black). This method actually
worked extremely well but proved to be very
expensive (around £15+ for an A4 sheet) and
combined the inconvenience of travelling or posting,
and waiting for the results, only to find an error or
subtle change in the layout is required.

The recent fall in price of the bubblejet printer, to
well under £200, prompted me to buy one (a Canon
BJ10 S$X), and in doing so, | finally attained the quality
which | had been searching for in vain over many
years of PCB design. The purchase of the printer finally
enabled me to produce a workable master in one step
in minutes, and has the added benefit that any changes

to be made only require a new printed master to be
produced, which only costs a few pence.

Even this was not without problems though, as
having tried printing on different thicknesses of paper,
polyester drafting film, the proper ‘bubblejet overhead
projector’ film and many others, | still could not obtain
a dense enough print that would block UV and would
not smudge or rub off. By chance, | tried tracing paper
and found that it had exactly the correct absorbency
properties to give a dense print which became
permanent after the ink had dried (about 15 minutes),
was very cheap to buy and was readily available from
art shops and stationers. Use a good quality paper, as
the cheaper types tend to make the ink bleed, and you
end up with fuzzy edges and close tracks running into
one another.

It is of the utmost importance that the area to
be printed on is NOT TOUCHED or handled, as
the slightest trace of grease from fingerprints,
etc., will prevent the ink adhering property.

Depending on the density of the print, you may need
to make two copies and sellotape them together along
two edges. This may appear risky with thin, densely
populated tracks, but | have found the printer to be
accurate enough not to cause a problem. The worst
case needed four prints to be made and from these, the
best matching two selected and stuck together to form
the master, but this was an exception rather than the
norm.

Making the Board

Having finally obtained a workable master, the next
stage is to produce the actual PCB.

This can be broken down into the following steps,
outlined below:

Cutting to Size

The board should first be cut roughly to size. If you
intend to spray the board yourself (which works out
considerably cheaper than using precoated boards)
allow a 3mm margin all round because the resist tends
to build up at the edges.

Cleaning the Board

For the resist to have any chance of sticking to the
board, it is essential to ensure almost medical
cleanliness when handling it. To this end, it must first be
cleaned with an abrasive cleaner such as the ‘polishing
block’ (HX04E). The board is rubbed using light parallel
strokes until a clean and even shiny surface appears.
From now on it is IMPERATIVE that you DO NOT
TOUCH the copper surface. Handle using the edges
(which is another reason why you left a 3mm margin,
didn't you!); if you do accidentally touch the surface
(even if you cannot see any fingerprint marks) repeat
the cleaning process. Failure to do so will prevent the
resist sticking to the board, so you will have to clean

it off and start again anyway.
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Applying the Resist
Having obtained a clean board, the next step is to apply
the photoresist which will subsequently be exposed to
UV and developed - | use Electrolube RP50 photoresist
(YM62S). The board should first be wiped using a clean
lint-free cotton cloth to remove the layer of copper
dust which will be present. An old (clean!) cotton
handkerchief was found suitable for this purpose and
the board is then carefully blown clear of any remaining
dust. Cover the area that you intend to spray in with
newspaper to at least a 2 foot radius. According to the
instructions the resist should be applied in subdued
lighting as it is UV sensitive. | have not found it
necessary to be too critical in this respect — common
sense should dictate that you would not spray in direct
daylight or under fluorescent lighting.

| recommend that you purchase and use a disposable
dust mask — they cost only a few pence and will prevent
the overspray being breathed in. Place the board
(copper side up) in the middle of the paper and shake
the aerosol for at least one minute. A final check to
ensure no dust has settled should be made immediately
prior to applying the resist. Spray from a height of
approximately 10in., and apply one LIGHT coating by
overlapping left to right and top to bottom or by using a
zig-zag pattern, then immediately cover the board with
a box for 30 seconds, to allow the coating to even out.
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Above left: Developing

As you can see from the photograph, | made a fan s i

assisted drying box by fitting an axial fan to a ‘Plysu’
stackable plastic storage box. This is not essential, but
it does speed up the initial drying process if you have
several boards to coat. Switch the fan on after about
30 seconds. Switching on too earty will dry the coating
before it has had time to even out, too late and you
run the risk of dust setting on the wet resist. The fan
is mounted so that it draws air in through the ‘handles’
in the bottom of the box, across the board and out
through the top hopefully taking any dust particles with
it. If you do make a similar box ensure that you fit finger
guards above and below the blades.

Above right: Drilling the
board.

Initial Drying

After 2 minutes with a fan box or 15 minutes without,
the board should be dry enough to handle — again in
subdued light. Now is the time to check to see how
much dreaded dust has settled on the coating. Do not
be too disappointed, as it is impossible to obtain totally
dust-free conditions and some dust must be tolerated.
Experience will dictate whether you remove the
coating (methylated spirit works best) and start again or
if there is not too much dust, to proceed with the next
stage. If you do need to clean off the old coating, it is
essential to re-clean the copper with the polishing block
again or else the new coating will not stick. Do not be
tempted to skip this stage because when you reapply

the resist, it will adhere like oil on water and will have  Left: Etching the board

to be cleaned off again anyway. in a bubble-etch tank.
Note use of an air pump
Final Drying to assist this process.

Having now got a board coated with photoresist

it is necessary to FULLY dry it. This means leaving

it overnight in a dark, warm place such as the airing
cupboard or using an ELECTRIC oven, preheated for
approximately 20 minutes to 100 to 150°C and then
switched off. Place the board in for about 20 minutes,
resist side up, with the door closed to keep it dark.

A fan heater will also work, placed approximately 8in.
away at | kW heat setting, remembering to keep the
board in subdued light. | have had no problems using
either method, and have found that unless you actually
burn the coating, slightly exceeding this temperature
does not appear to have any adverse effect. Do NOT
be tempted to use a gas oven as the solvent given off

is highly flammable. Also do not be tempted to rush this
stage, as when the board is put into developer after the
next stage, ALL resist will come off if it has not fully
cured.

Pre-coated Boards

If you wish, you can use pre-coated boards and the
preceding stages can be skipped, enabling you to start
here. In some cases (i.e., where the tracks are very
fine or close together, it is advisable to use pre-coated
boards, and if you need a board quickly this is really
your only option).




Exposure

At this point, switch on the heater in the etch tank

as it takes about |15 minutes to reach operating
temperature. The next stage is to expose the board

to UV, the only way to achieve repeatedly good and
consistent results being to use a light box. For most
users, a small one such as XY10L will suffice and this
has a foam pad in the lid which keeps the board firmly
in contact with the master. If this pressure is not
maintained, UV will creep around the edges and expose
the areas you want to keep (i.e., the tracks). To ensure
that you put the master the correct way up (down?) it
is a good idea to include some text with the design (it

is very easy and extremely frustrating to make a board
the wrong way up!). Once the board is in the right
place, the lid is locked shut and power applied. | have
found that with the Maplin box containing 2 x 8W UV
tubes, 12 minutes exposure time is just about right. Too
long and the edges will be fuzzy, not long enough and
the unwanted resist will be difficult to remove. Once
locked shut, the lid must not be disturbed until the
famps are out. Failure to observe this will guarantee that
the board moves and must be cleaned off and started
again from scratch.

Safety Notes

i. This type and strength of UV is not particularly
harmful to the eyes, but it is a wise precaution not
to stare directly at it.

ii. The ferric chloride used for etching is harmful to the
skin, and contact with it is not recommended for any
length of time. To this end, the use of plastic gloves
(Y)48C) when handling it or boards which have just
been removed from the tank is strongly advised. If it
does get on your skin, it will stain it brown, though
this will disappear after a couple of days. In any event,
thorough washing of the skin with copious amounts
of soapy water is recommended. The photoresist
developer is alkaline-based (e.g., Sodium Hydroxide)
and should not be used in contact with the skin for
any length of time. Again; the use of gloves is advised.
If you work carefully, it is unlikely you will splash any
chemicals in your eyes, but it is good practice to
WEAR GOGGLES. This may seem like trivial advice,
but accidents do happen even to the most

. . careful of us.
:g;rg}zzebinﬁ;dup_ If you should splash any chemical in your eyes, wash
immediately with copious amounts of water and if you
Below right: Completed PCB  are in any doubt, always err on the side of caution and
with components mounted.  SEEK MEDICAL ADVICE.

Developing the Board
Having exposed the board, it is now developed
to remove the unwanted resist which has just been
exposed to the UV and will be chemically soft. If you
have coated the board yourself with RP50 photoresist,
use photoresist developer (Y]38R) diluted one part
developer to four parts water. If you have used
pre-coated boards, use PCB developer (APO|B).
Either type should develop OK, but my experience
has dictated otherwise. | use a flat-bottomed 2 litre
ice cream container to develop in, and for small
boards | use the bottle cap as a measure.

Ideally, the developer should be maintained at
about 20°C but this is not essential. The easiest way
of achieving this is to float the developing tray with
chemical in on some warm water for a few minutes
prior to immersing the PCB. Rocking the tank gently is
essential to ensure even development, and also speeds
things up. As a guide, expect around 2 minutes in the
developer, but this depends on the area to be removed,
developer strength and temperature. Observe that the
process will speed up after the first minute. Once
complete, carefully remove the board and wash under
running water for 30 seconds. If you use a tissue to dry
it, be careful because the remaining resist will be soft
and is easily scratched off. This developer has a usable
period of only about 30 minutes once made up and is
not reusable.

Safety Note

The developers used are based on an alkaline solution
and for most people should not irritate the skin,
although the recommendation is not to be in contact
with it. If in any doubt WEAR PLASTIC GLOVES
(Y}48C) when handling the solution and boards.

Final Check

When the board has dried, the resist should be ciosely
inspected for flaws, which if left will result in breaks or
short circuits in the finished product. Take your time,
as this is the last chance you have to correct any errors.
Particular attention should be paid to the dust particles
which settled during the coating process. Any minor
flaws should be retouched prior to the etching stage
as follows; tiny dust specks which could bridge tracks
can be carefully removed by scraping with a small craft
knife. Any areas where the resist has come off can

be spotted with a PCB pen (HX02C). A ‘Dalo pen’
(FP40T) can also be used for this, but may prove too
thick for the finer areas. Holding the board at an angle
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of 45° away from you with a light reflecting on it makes
the task of seeing flaws easier.

Etching the Board

This is the point of no return, as the board must now
be etched to remove the unwanted areas of copper.
Firstly, two small (2mm) holes should be drilled in a
blank section of board near to an edge, to allow it to
be suspended in the tank. A quantity of ferric chloride
(XXI2N - crystals, or WF 0L - fluid) suitably diluted,
needs to be made up. The etching process can be
speeded up by agitating the solution, and the generally
accepted method of doing this is to pump air through
it using a small air pump (the type used in aquariums is
ideal for this). Heating the solution to around 40°C will
also considerably speed things up.

| use the Maplin bubble etching tank, comprising of:
etch tank (YZ34M), etch tank pump (YZ69A) and etch
tank heater (JU66W). The pump forces air through
several tiny holes in the bottom of the tank, which
not only speeds up the etching process but also gives
a more even etch across the board. The above tank
may be used with 625 grams (2'/; x 250 gram packs)
of ferric chloride and 625cc of hot water. Once fully
dissolved, the solution is ready for use. If you are using
the heater, set the thermostat to maximum (about
40°C) - it takes about |5 minutes to get to operating
temperature, when the internal neon will go out.
Turning the bubble pump off when the lid of the tank
is removed will ensure that no ferric chloride splashes
out.

The board is suspended in the etchant on two
titanium wires (supplied with the tank), suspended from
the lid and hooked through the holes previously drilled.
Titanium wire is a MUST as it is not attacked by the
ferric chloride. Switch the bubble pump back on and
wait. Depending on the strength and temperature of
the etchant and the area of copper to be removed,
etching will typically take up to 5 minutes with the
heater and up to 20 minutes without it, but progress
should be periodically checked. Do not leave the board
in the etchant for any longer than is necessary as the
tracks will start to be ‘undercut’, i.e., they will be eaten
away widthways.

When complete, switch off the bubble pump and
heater, and this time definitely wearing plastic gloves
(Y}48C), carefully unhook the board from the wires
and wash it under running water for | minute to
remove all traces of etchant. The etchant is reusable
until exhausted which means that quite a lot of boards
can be made. It should be stored in the etch tank or
very carefully transferred into a large glass or plastic jar
with lid. | stick a piece of masking tape over the lid of

the tank to reduce spillage in case it should be
accidentally knocked over.

Drilling the PCB
The last stage in the production of the PCB is to drill
the holes for the components, the drills used being
typically 0-6 to |-6mm diameter. If you use glass fibre
boards, | recommend the use of the carbide drill bits as
they will last ten times longer than the high speed steel
(HSS) types. However, use these with extreme caution
as they are EXTREMELY FRAGILE and ANY lateral
pressure will break them. Remember, they are not
carbide-tipped masonry drills, they are solid carbide
which is very brittle! At around £3 a go, they are not
exactly cheap either. The use of a drill stand and mini
drill is desirable for most work of this sort and essential
if using the carbide drills. Fortunately, Maplin stock
various types in the ‘Minicraft’ series. The choice is
yours, but | suggest spending a little more money and
getting the greatest precision you can afford. After all,
you will be drilling holes of less than Imm diameter
so any play in the drill shaft bearings will considerably
affect the overall size of the hole. Components such
as resistors, ICs, diodes and most capacitors require
a 0-8mm hole. Rectifiers and large electrolytics require
I-Omm upwards. When using carbide drills, use a
slow drill speed and do not be tempted to enlarge a
previously-drilled hole as the drill will snatch and break.
That just about completes the operation and the PCB
can now be trimmed to size. The remaining resist can
be cleaned off with the PCB Cleaner (DMB83E) or if
preferred, can be left on and soldered through, where
it will act as a flux to aid soldering. If cleaned off, clear
lacquer or a conformal coating should be applied as
soon as possible to prevent oxidisation of the exposed
copper. Various coatings are available in (you guessed it)
the Maplin Catalogue. Prior to the component build, a
last check should be made to ensure that there are no
bridges between tracks. Holding the PCB in front of
a powerful lamp will enable you to spot any pinholes
where the resist was thin, and these can carefully
be bridged by flowing a small amount of solder
across them. The recommended component build
is links first, then small components such as diodes,
resistors, |Cs, transistors, increasing in physical size to
capacitors, connectors and relays. If required, the solder
flux can be removed with PCB Cleaner (DM83E)
and a protective lacquer coating applied.

Further Reading

How to Design and Make Your Own PCBs, R. A. Penfold,
(WK63T), Price £2.50 NV.

AUDIO

DE LUXE MILLENTUM 30W MONOBLOCS.
£126 each, or if you are building and need
help, Tel: Norman, (0181) 427 1378 (Harrow).
SPENDOR BCII HI-FI LOUDSPEAKERS.
BBC studio reference loudspeaker, hence

CLASSIFIED

ELECTRONIC ORGAN CONSTRUCTORS
SOCIETY. For details of meetings,

Tel: (0181) 902 3380 or write to 87 Oakington
Manor Drive, Wembley, Middlesex HA9 6LX.
THE LINCOLN SHORT WAVE CLUB

m.euovnryWodnudaymghlatﬁw

superb audio quality. Normal S/H value £600. v down envelope. Then send it, with any City Engi * Club, V

£300 the pair plus p&p. Tel: (01603) 759339. &«-am%ummwgan mw"‘mwm Lincoln at 8pm. All welcome. For further
COMPUTERS Eloctronics Magazine what you want to P.0. Box 3, Rayleigh, Easex 856 S1R. S0l A
AMIPRO V1.2 WORD PROCESSOR for buy or selL. or tell them about your chub's Adverti be published as soon CRYSTAL PALACE & DISTRICT RADIO
WINDOWS, C with ,ﬁ.oolChug.!Wo as possible, space allowing. No responsibility the third Saturday of
and disks £15. Tel: (0181) 796 6683. will publish as many as we is pted for d d publication or non- cm'““’:n"“ third day of each
HALF INCH MAGNETIC TAPE, branded have space for. To give a fair share of the i :_’Jol dy N B e sl CarishiRooms.

2400 foot. Used for back-up, little wear.

£2 per reel, £lerlOreelaplul£‘2p&p

M. Brown, 2 G} th A , C 4
CV6 2HW.

SHRAREWARE FOR YOUR PC. Send 1-44MB
disk, 25p stamp and S.A.E. to: Stone Cross

UNUSED PCB SOFTWARE. ‘Easy - PC
Professional’. Very powerful - see their advert!
Cost £198, so real bargain at only £75.

Tel: (01603) 759339.

VARIOUS

ELECTRONICS MAGAZINES FOR SALE,
Electronics - The Maplin Magaxine, E71,
Wireless Woxid, efc., from 1964.

Tal: (01438) 726458 (for list).
PROFESSIONAL AUDIO TEST BENCH SET
(Marconi). Consists of 20Hz to 20Hz Audio
Oascillator; Audio Anenuaxor and lmnl meter.
Very Used by T

Company, until recently. £30 plus p&p.

Tel: (01803) 759339,

Emplywmg'.n - clearly

your advertisement
in capital letters, on a post-card or sealed-

Beulah Hill, London SE19. Details from
Wil Taylor, G3DSC, Tel: (0181) 699 §732
or Bob Burns G30OU Tel: (01737) 862170.
SCIENCE AT YOUR FINGERTIPS,

Trading Ofice. for ‘hands-on’ science experiences and
exp Saenceat Your Fingertips
Sci Rewow bership £1. For further
HAMMOND JM 126 - OSC/EOP. BBS CORNER details, please Daniel and C.

DIV/Keyer Boaxd AW/PowurSupply Board,
Mains Ty —wiring h service
manual £48, carriage paid, Seon Smyth,

20 Talbot Drive, GT13 3RR.

Tel: (0141) 989 7466.

HEALTHKIT IM-5284 MULTIMETER.
Good condition. Hardly used. £18.

Tel: (01923) 236486 (Watford).

SHED CLEAROUT - lots of very cheap
components for sale. Send S_A E. for list

to: M. Knight, 10 Daniel Road, Mancetter,
Atherstone, Warks. CV9 1PA.

WANTED

POWER AMPLIFIER IC. TA 100 or Trio
Stereo Amplifier KA 9100 for breaking.

Tel: (0181) 857 4688 (after 8 p.m.).
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APPLE CRACKERS. FirstClass Client BBS,
mainly for AppleMac and PC users. Baud rate
2-4K-bit/s to 14-4K-bi/s, 8 data bits, no
parity, 1 stop bit. Tel: (01268) 781318/780724.

MACTEL METRO/ICONEX. FirstClass
Client BBS, ApplaMac andPC users. E-mail

ddress on I d users.
Baud rate 2-4K-| bu/no 14-4K-biv/s, 8 data
bits, no parity, 1 stop bit. Tel: (0181) 843 8017
(Metro) or (01602) 458444 (Iconex).

CLUSB CORNER
WILHELMSHAVEN - (PRINCE RUPERT
SCHOOL) - Will who has knowled
oiex]mpﬂaormnphaleconmhzm
Tel: (01703) 252925 (after 7 p.m.).

Gee, 'l'he S.A.Y'F., 37 South Road, Watchet,

Somerset TAZ23 OHG.

SEEMUG (South East Essex Mac User

Group), meet in Southend, every second

Monday of each month. For details Tel:

Michael Foy (01702) 468062. or e-mail to
.dermon.co,uk.

SOUTHEND & DISTRICT RADIO

SOCIETY meets at the Druid Venture Scout

meets on the third Friday of each month.
For full programume contact: G4AX0O
Tel: (01962) 860807.
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*Tuneable ulirasonic receiver
High sensitivity *Low noise
cBuilt-in loudspeaker *Outputs |
for headphones/ tape recording ||
"' *internal battery or external
1 power supply input *Compact [
and lightweight construction

Detection and study of Bats
Detection and location of
ulrasonic sources *ldeal for :
use in schools ||
and colleges |

PROJECT
RATING

Build this super-sensitive listening e Design by Chris Barlow

device with a difference, and snoop
on the communications between bats Text py Peter Fry,
and insects that emit high-pitch (ultrasonic) 3 . Chris Barlow and
utterances — ‘bug’ the bugs! May also be . : Maurice Hunt
used fo listen in on other ultrasound sources,

enabling checks of alarm and remote control

transducers, mechanical system bearings, and

as a monitor of noisy equipment. In fact, the The completed
unit is so sensitive, that it enables you to hear e
the crystal vibrating within quartz fimepieces!

The kit also represents excellent value for money,

compared fo commercial equivalents, which can

cost hundreds of pounds.
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Power supply (internal):
Power supply (external):
Supply current:

Frequency range:
Loudspeaker amplifier:

Tape output signal level:

Tape output load
impedance:

Assembled PCB
dimensions:

Boxed unit dimensions:

Boxed unit weight:

9V DC PP3 battery
8Vto 11V DC
25mA (min)

86mA (max)
20kHz to 160kHz
382mW rms into
64Q impedance
20mV rms

10kQ

Q4 x 73:5 x 17mm
145 x 80 x 34mm
285g (including battery)

Close-up of
assembied PCB.

Insects ﬁ

20 40

sefious applications and amusement
. purposes, that extend its versatility far
beyond that of the originally intended
purpose, this being to detect and
transiate the sound of bats into a
frequency range audible to humans.

lvE* HIS project has many uses, both for
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sk .

60 80 100
kHz

Figure 1. Audio and ultrasonic frequency spectrum.,

The unit can convert utfrasonic
frequencies across the generous range
of 20kHz (beginning of the ultrasonic
spectrum) up to 160kHz, catering for

all (knownl) species of bat, resident both
in Britain and across the globe. See
Figure 1 for graphical representation

World bats

120 140 160

of the audible and ultrasonic sound
range.

This wide capture range additionally
enables many other sources of
ultrasound to be translated into audible
sound, including obvious sources, for
example, ultfrasonic intfruder alarm
and remote control transducers, which
operate at around 40kHz, but also
some surprising emitters of high-pitched
noise, such as quartz crystal-controlled
watches and clocks (operating at
32-768kHz), mechanical bearings in
motorised appliances, car engines,
etc., and ‘noisy’ electricai appliances,
for example, computers, TV sets, and
the like, some of which give out quite a
din, which makes you thankful that you
cannot nomally hear them, and also
sympathetic to the plight of domestic
dogs. who probably cant

Reference to the block diagram shown
in Figure 2, and the circuit diagram of
Figure 3, will assist with the understanding
of the following description, of how the
circuit operates. The Ultrasonic Detector
employs the direct conversion principle,

Left: The completed unit, installed into the
optional box (type HH2).
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MC1 Ultrasonic | \\\/\r Product MM | Uttrasonic
preamplifier detector oscillator
Ultrasonic IC1 1C2 IC4, RV1,2,3
microphone
~, N
Audio f\/ Audio lowpass
preamplifier filter
Y 1c3 ¥ 3
Audio power f\/ LS
amplifier
IC5, Rv4 Loud—
Figure 2. Block diagram of the Ultrasonic Detector. speaker
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Figure 3. Circuit diagram
the Ultrasonic Detector.
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whereby the incoming uttrasonic
signal is mixed with a locally-generated
utrasonic carmier of a similar frequency,
within a non-linear device. One of the
resulting products of this is an audio
beat frequency, which is filtered out
from the other unwanted mixer products
by means of low-pass fittering, prior to
being amplified to provide the audio
output of the unit,

The reason for the excellent range
and sensitivity of this unit, is due to
the utilisation of a special broadband
electret microphone, MC1, which is a
subminiature, surface-mount device,
originally designed for use in miniature
hearing qids, normally specified to
operate only over the audio range of
100Hz to 10kHz. However, due to the
microphone’s high electroacoustical
sensitivity, low vibration sensitivity, and fiat
response, it has an extended frequency
range well info the uttrasonic reglon.
Some of the cheaper commercially-
available units instead utilise a 40kHz
ultrasonic receiver ransducer (as used
in remote controf units, etc.) which only
efficienfty detects sounds at around
that frequency, resulting in the receiver
having a very narmow band of reception.
This is the opposite of what is wanted for
bat detection, since not all bats emit
that frequency, hence it restiicts the
variety of bat one can listen tol

MC1 has three connections, these
being the positive supply and ground,
and signal output. The positive DC
supply to the microphone is decoupled
by C1, with additional high-frequency
decoupling provided by the 100nF
capacitor, C2. These, in combination
with resistor R1, help 1o remove any
supply modulation from reaching the
microphone, which could otherwise
result in amplifier instability, To make
the most of this microphone, which
incomporates an integral, low-noise
FET amplifier, the signals (which may
be at very low levels with uttrasound)
are further boosted by IC1, an SL561C
ultra low-noise preamp. This is power
supply decoupled by capacitors C5
and C6, with R2 preventing any supply
modulation. The utirasonic signals from
MC1 are fed to the input of IC1 via C3,
whose vaiue, along with that of C4,
detemine the low-frequency response,
this being set to attenuate frequencies
below 20kHz. The 250kHz upper cut-off
frequency of the preamp is set by the
value of C7, and the high (45dB) signal
gain is set by the value of R3 between
pin 6 and the output. The value of
C8 was selected to reduce the low-
frequency response of this stage. The
PCB layout was designed to keep the
wiring around this sensitive ‘front end’
o a minimum, to avoid picking up stray
RF signals, else the unit would pick up
all manner of whistles, which would be
indistinguishable from the audio noise
that you want to hear. A large ground
plane has also been incomorated, to
further reduce RF interference.

The ampiified utfrasonic frequency
signals are fed to one of the inputs
(pin 1) of IC2, a doubie-balanced mixer,
with the other input (pin 10) receiving a
locally generated signal, produced by
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the Voltage Controlled Oscillator (VCO)
section of IC4, a 4046BE Phase Locked
Loop (PLL) chip. The remaining PLL
sections are not actually used, but

this IC was chosen for its low curent
consumption, and relatively stable

VCO output, in relation to variances in
the supply voltage. Since the frequency
emitted by bats is not particulany stable
(potentially varying across a 10 to 15kHz
range), slight changes in the frequency
of the VCO output e.g., baftery drainage,
etc., are not of concem. The upper and
lower frequency limits of the VCO are set
by RV1 and RV2, respectively. The tuning
control, RV3, sets the DC voltage on pin
9 of the VCO, and together with C17,
detemmines the 20 to 160kHz output
frequency.

A stable reference voltage, of +6-3V,
is generated by an intemnal Zener diode,
and is available from pin 15 of IC4. This
is used to power the oscillator on pin 16,
maintaining its stability, and provides the
tuning reference voltage to RV3. The
current drawn by the Zener diode is
limited by R21, while C19 and C20
decouple thls 6:3V supply.

The mixer, IC2, produces the sums
and differences of the two frequencies
applied to pins 1 and 10. The audio
output required is the difference
frequency between the received
ulfrasonic signal, and the output of the
local oscillator (VCO). IC2 produces two
outputs from pins 6 and 12, which are in
anti-phase (at 180°) to each other, and
which comprise of both ulfrasonic and
audio frequency signals. The unwanted
residual uttrasonic signals are shunted to
ground by C13 and C14, leaving only
the audio products. These signals (still
in anti-phase) are then fed via R15 and
R16, into the inverting and non-inverting
inputs respectively, of one half of IC3,

a low-noise J-FET op amp with a gain

Close-up showing mounting of the
microphone onto the PCB.

set at 22dB, which is used to provide

a high level audio signal. The resuttant
overall gain of the unit is around

60dB. The other half of the op amp is
configured as a low-pass fitter, set

o cut frequencies apbove 4-5kHz. The
translated uttrasonic-to-audio frequency
signals are then fed to the volume
control, Rv4, on the input of the final
amplifier stage, comprising of ICS,

a TDA7052 12w power amplifier,
designed for use in low-power battery
operated equipment, with a gain fixed
internally at 40dB.

This drives either a 64 impedance
internal specker (LS1), chosen for a
combination of low power consumption
yet good volume, or altematively,
personal stereo-type headphones, via
SK1 and R22. The socket is configured to

connect the pair of (32Q) headphones
in series, to give a 64 impedance,
matching that of the internal speaker.
Additionally, when the headphones are
plugged in, the speaker is automatically
switched out. Other types of headphones
or eampieces may also be used, their
impedance not being critical. Resistor
R22 is wired in series with the headphones,
to keep thelr volume down to safe levels.
Also provided is SK2, which supplies an
attenuated audio output for tape
recording, derived from the potential
divider formed from R24 and R25

The main 9V DC supply is provided by
a PP3-size battery, although an extemal
DC supply can be applied via SK3,
which automatically disconnects the
battery from the circuit. This supply may
be of between 8 and 11V DC, and

1Cs
swq Cae1

ca3
=
6 1 —kes

R4

R14

i =
O 00669

Figure 4. PCB legend and track.

June 1995  Electronics — The Maplin Magazine

15



reverse polarity protection is provided
by diode D1. Both power sources are
switched to the circuit by SW1, and the
main supply decoupling is achieved by
capacitors C22 and C23. An LED, LD1,
is used as a ‘power oy’ indicator, The
relatively low power consumption of this
unit allows a battery life of several hours
on a nomal PP3 type, and even longer
with alkaline varieties.

PCB Assembly

Reference to the PCB legend and frack
of Figure 4 will be of assistance when
building up the PCB.

Assemble the components in
order of ascending component size,
commencing with the wire link (fomed
from a resistor lead off-cut), followed
by the resistors, diode and capacitors
(observing polarity of the diode and
electrolytics), cermet potentiometers,
and IC sockets (observing correct
orientation of the notch or pin 1
identifler). Next, fit jack sockets SK1 to
SK3, and switch SW1, referring to Figure
5 which clarifies their positioning - they
must be fitted flush to the board. Leave
the fitting of the microphone until the
remainder of the components are
mounted on the board (with exception
of the ICs themselves, which are inserted
into their sockets at the final stage of
board assembly). The microphone,
whose pinout is shown in Figure 6, is
an expensive item, and is very small
and delicate, so take the utmost care
when handiing it. This is of extreme
importance! However, this device is
not static-sensitive, and once it is rigidly
mounted on the board, it becomes
a rugged and dependable device,
designed as it was for a long service
life in hearing aids. To assist with holding
the microphone in position for soldering,
a small quantity of Blu-Tack can be
wedged between the body of the
microphone and the location cut-out in
the PCB, which should then be carefully
removed after soldering has been done.
Great care must also be exercised
when soldering it into its cut-out area on
the PCB edge, following the steps shown
in Figure 7, since its terminal pads are
very small, and may be tom off if the
microphone gets knocked after it is
soldered in place. For this reason,
immediately after soldering its teminals
(avoiding excessive heat application), it
is vital that the body of the microphone
is secured rigidly in position by gluing it
to the PCB, filing the void between its
body and the socket for IC1, with an
epoxy resin glue, as per the last diagram
of Figure 7. Be careful not to apply
glue to either the front face of the
microphone or into the IC socket! In
case you were wondering, the area of
spare space in the centre of the PCB
is there to allow room for the speaker
magnet, when it is installed into the
casing.

Box Preparation

The Utrasonic Detector PCB assembly
is designed to fit into a hand-held ABS
plastic casing, type HH2, chosen for its
compact size, and because it is warmer
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@\ SK2

NG SK1 ! s
Discard AR

fixing nut ‘\ﬁf] Hm - 1l!”1[!
PCB

Figure 5. PCB mounting of jack sockets and power switch.

Cut off

discard

Figure 7. Microphone mounting details.

EK-3132
® & o

L
[ ]
Negotive—: Output :——Positive

Figure 6. Pinout of the
EK-3132 microphone.

fo hold when the unit is used outside in
the cold, in comparison to a metal boxi
Additionally, the RF shielding provided
by a metal box is not necessary, since
the unit operates well without it, due to
careful PCB layout, The HH2 box has
five PCB mounting pillars in the lid, with
matching (shon) self-tapping screws,
and the two halves of the box are held
together by the four (long) self-tapping
screws supplied with it. The mounting
pillars are not used, so the short self-
tfapping screws can be consigned to
your spares pot.

Follow the driling guide depicted
by Figure 8, taking care to ensure their
correct alignment the first time round! In
addition, the unassembled PCB can be
used as a template, ensuring it is kept
the right way up, since the board Is not
symmetrical, one side being shorter than
the other. Position the PCB mounting
holes central to the box, so that the side
of the board opposite to where the jack
sockets will be mounted is kept tight
to the internat side wall of the box. Use
the front panel label as a template for
driling the box lid, marking the hole

centres by pressing a pointed instrument
through the labels’ printed hole markings
into the lid. Having drilled the holes

and cleared them of any swarf, clean
the top of the box, ready to take the
self-adhesive front panel label shown

in Figure 9. Remove the protective
backing from the label and push

down firmly using a dry, clean cloth, until
it is securely in place. Carefully punch
through the label in the location of the
casing holes, using a pointed instrument.
Finally, use some foam padding, for
example, foam rubber or the protective
acrylic wadding used in the loudspeaker
packaging, fo prevent the battery from
rattiing about in its compartment,

Note that the LED does not necessarily
have to be positioned adjacent to the
'POWER’ script on the front panel label,
and you may wish to mount it instead
next to the frequency marker that will be
used most often, for example, at 40kHz,
facilitating easy tuning to this frequency
in the dark. Attematively, you may wish
to omit the LED aftogether, since it may
be distracting when the unit is used in
darkness, and may alert the bats to your
presence, if they weren’t aware alreadyl
Another option would be to include an
extra switch, so that the LED could be
tumed off if required, which would also
save a few exira mA of battery drain.

Final Assembly

It is highly advisable to test that the
circuitry works BEFORE mounting it all
info the casing - refer to the section

on Testing and Alignment, Prior to wiring
to the circuit board, and mounting the
volume control (RV4) and tuning control
(RV3) to the box, their shafts need to be
cut to a length of 13mm to accept the
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control knobs as supplied with the kit
(unless you are using an atternative
choice of knob). Clamp the shaft by

its end during the cutting, never by the
body of the potentiometer. Also remove
the locating lug/tag from the body, so
that the devices will seat properly. Next,
fit the potentiometers into the box, using
the washers and fixing nuts supplied.
Secure the knobs so that their pointers
are at the fully anticlockwise position,
and check that they operate smoothly
around their fravel, with