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At your next party give your friends a surprise that will give them ‘Stars in their Eyes’ You've probably seen the
TV programme where contestants try to sound like well-known singing idols. Now you, your family and friends
can get that professional sound. singing and harmonising to your favourite hits. You'll hear the backing music just
like the original hit, and you sing the words when they appear on your TV screen. Your super Hi-Fi Karaoke with
its built-in adjustable echo machine makes your voice sound great. Overnight you could hecome a STAR!

Britains best value stereo Hi-Fi Pro-Sound Karaoke comes complete with everything you. your family and friends,
need for a fun-filled party. including a FREE, HIGH QUALITY KARAOKE TAPE containing 16 popular songs,
instruction manual, connection leads and FREE, HIGH QUALITY MICROPHONE specially designed for vocal use.

+ INCLUDES FREE KARAOKE VIDEO TAPE WITH 16 SONGS!

+ INCLUDES FREE HIGH QUALITY VOCAL MICROPHONE SPECIALLY DESIGNED FOR KARAOKE

* Many Karaoke video tapes available at all good video stores * Hi-Fi stereo system (with stereo VCR)

# Total audio/visual entertainment #* Connection leads supplied*  Link the Karaoke to your
VCR/TV for great family fun # Built-in echo machine = Cassette deck recorder connection for
recording your voice and music * 4 microphone inputs — 4 times the fun

+ Ideal for your PARTY BARBECUES # Make your ‘CLUB-NIGHT’ a ‘FUN KARAOKE PARTY NIGHT"!

Karaoke dmensons % Link your Karaoke to your VCK and Hi-Fi, and sing along with your favourite song whilst following

360 X 72 % 233mm. the words as they appear on your TV screen. Friends will be amazed at the ‘professional sound’ you

e Sanoat sessus can create. With the built-in fully adjustable echo machine, you can add long reverb for Smoochy

§ @g Ballads, and fast repeat to Rock ‘n’ Roll and you're a STAR!  * Sutabk for phono siputs on your he-i. phono. DIN or SCART audw output on vour VCR

L RAOK
3 MICROPHONE PARTY PACK I\?ﬁ)E(g) TX:PES

Three great Karaoke microphones specially designed for vocal use. iy
You and your friends will be able to harmonise like the professionals. Each tape shows entertaining
Stylish low-impedance, unidirectional, video films with the words to each
dynamic microphones with built-in song clearly sl}oxm on your T\
onvoff switch, in 3 popular colours, screen. The Karaoke tape has
Red, Blue and Yellow. All are supplied superb sound and picture quality
with approx. 3 metres of cable and comes ina high quality
terminated in a mono Yain jack plug. [\)Jr;lee-c;(l:fa?l?: video tapesare
[} N 5
Three times the fun for only £19.95! iva BN fromvallifood Vet Mg,

Note: Offer open to UK residents only
Overseas customers please call
0702 552911.

speaker system giving vou a really professional

HAMMERSMITH). MANCHESTER (Cheetham Hill and Oxtord Road). MIDDLESBROUGH. NEWCASTLE-UPON-TYNE (The Metro Centre. Gateshead), NOTTINGHAM. PORTSMOUTH. READING. SHEFFIELD.

:
] CREDIT CARD HOTLINE | Order Coupon Send this coupon to P.0. Box 3. Rayleigh, Essex SS6 8LR
4 ) Quantty ]C‘E’;‘c‘? Descripton Code | Prce l Total
' y oSt enox) £570_| Hi-FI STEREQ KARAOKE MIXER | 50064 | £49.95 |
NO HI-FI? ' DELIVERY £265 | AMPLIFIEDSPEAKERS | 50065 | £59.95
- \ =—— -2 . : £ [£145 | 3MICROPHONE PACK Tsooee [ £1995
NO PROBLEM! | 24 HOUR SERVICE - PHONE NOW! e
. 1 ‘ , ; ' ’ 4 WEER Max. charge
If you don't have easy access toa Hi-Fisystem. | 2 5 5 8 6 6 AdTess per ocer
't W -1 1 inati 1 o ) All tems are subject t labity, all pric lude VAT or camage
don’t worry! Used incombiration with your -~ JY{amsan v ety S e, i
- and Fro-oounc - erco F . v+ Access O Amex ) Visa 7 Delete as required Handling £140
amplified speakers eliminate the need for a Hi-Fi i Wordenngby ) o Poliesde Total
system. A built-in 20W per channel an(;phﬁe;f . Credtt Card piease sign ) authonise you to debit my Credit Card account for the cost of goods despatched
” ] = T = 1l T 1 T T 1
::?ﬁ;g]e: \t:.ll’:l}':gbba;(s)ul;ehtl)l{el’l ;meu?é‘epzzgent ] Expiry date of Creait Card Crednt Card No [ | ! T 1 (0 | | l | I - l
g '
: Vist our stores at BIRMINGHAM, BRIGHTON. BRISTOL. CARDIFF, CHATHAM, COVENTRY, EDIMBURGH, GLASGOW. ILFORD, LEEDS. LEICESTER LONDON {EDGWARE, FOREST HiLL and

sound for only £59.95 per pair!

SLOUGH. SOUTHAMPTON. SOUTHENO-ON-SEA and STOCKPORT. Pius a NEW STORE opering soon in MILTOM KEYNES. Phone 0702 552911 fof further getaus of your nearest Mapun store
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IN THIS ISSUE...

F EATURES ESSENTIAL READING!

TWILIGHT SWITCH

A versatile project, with numerous appli-
cations, that senses the ambient light
level. The output switches at dawn and
dusk; so when it is used to control night-
time security fighting it is more energy
efficient than a time-switch.

MILLENNIUM 4-20

Hi-Fi VALVE AMPLIFIER

It's what everyone has been waiting for
- the most exciting Hi-Fi project for
years! This top quality amplifier can be
built in several configurations and
sounds just great! It looks pretty
impressive too!

418MHz FM RADIO LINK

These miniature radio modules are ideal
for providing general-purpose radio con-
trol or telemetry links in applications too
numerous to mention. Presented in this
in-depth project are versatile applications
circuits and full technical details of how to
use the modules.

CONTROLLING DOMESTIC
EQUIPMENT BY COMPUTER
Ever wanted to programme your cassette
deck to record radio programmes in the
same way as you do with your VCR? Or
perhaps wished you could control that
piece of equipment from your computer?
Then this project is right up your street!
Listings are included for the Archimedes
computer, which could also be translated
to work on other PCs.

MODULAR GRAPHIC
EQUALISER POWER SUPPLY
AND INPUT SELECTOR
Presented this month is the power supply
and input selector section of the Modular
Equaliser project.
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ELECTRONICS PRINCIPLES
SOFTWARE REVIEW

John Mosely reviews a comprehensive,
low-cost, electronics tutorial package that
runs on an IBM PC or compatible.

SONY MINIDISC -

THE BATTLE OF THE DIGITS
Last month lan Poole looked at the Philips
Digital Compact Cassette format, this
month he looks at Sony's fledgling. Which
format will win the battle for consumer
acceptance? Which format is most
versatile? Which format will the record
companies choose? For the answer to
these and other questions, just turn to

page 16!

THE HISTORY OF COMPUTERS
Concluding this month, Greg Grant takes
a look at what future developments in
computing may bring.

POWER ELECTRONICS -
IN THEORY AND IN PRACTICE
Graham Dixey takes a look at SCR
circuits and how they can be used in
numerous practical applications.

:

16

22
3

WAR OF THE WORLDS?

The Mars' exploration programme has
been in the news recently; Douglas
Clarkson reveals some of the planets’
secrets and takes a look at past and
present missions 1o Mars. He also spec-
ulates about future international explo-
ration and asks, what can be learnt
about our own planet from Martian
missions.

UNDERSTANDING

AND USING PROFESSIONAL
AUDIO EQUIPMENT

Tim Wilkinson introduces the worid of pro-
fessional digital recording equipment and
looks at the formats currently in use. He
discusses the theory of operation and
practical advantages and disadvantages
of digital recording techniques.

A PRACTICAL GUIDE TO
USING VALVE TECHNOLOGY

In the concluding part of this series,
Graham Dixey examines popular valve
amplifier designs from the manufacturers
of the day.
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ABOUT THIS ISSUE ...

Hello and welcome to this New Year's issue of
Electronics!

As you will no doubt have gathered from the
cover of this issue, the Millennium Amplifier
graces us with its appearance. The first half of
the project, the power supply, is presented this
month and the conciuding half, the audio power
stage, is presented next month. This project
represents a double first for Maplin Electronics
and Electronics magazine; it's the first fully
blown valve project we've published and

made available as a kit. You may or may not
subscribe to the ‘valves sound better' theory, but
either way you can easily dip a toe in the water
with this project since all of the components are
readily available, both in kit form and individually
(see we do listen to your requests!). We've
been careful to watch the £££'s too, you
probably won't find a commercial valve amplifier
at such a reasonable price elsewhere! Since the
design is modular, with separate power supply
and audio power stages you can easily tailor the
final version to suit your own requirements;
mono, stereo, stereo from two mono-blocks,
quadraphonic — the choice is yours! You can
build the ampilifier in stages to suit your pocket,

cold, there's plenty of other projects and features
in this issue to keep you entertained throughout
the cold dark winter nights.

Reviewed in this issue is a new software
package called Efectronic Principles, it runs on
an IBM PC or compatible (sorry Atari/Amiga
users!) and provides a comprehensive
introduction to electronics theory. Because

it makes use of interactive graphics, it's a far
more interesting way of leaming than reading a
reference book; of course books do still have an
important role to play in any leaming exercise.
Component values, voltage levels and signal
amplitudes can be entered, the results are then
shown on-screen in animated form. Turn to
page 4 to find out more! As a special offer,
exclusive to Electronics’ readers, you can save
£5 on the purchase price of the package. To
take advantage of the saving, simply quote
‘Electronics — The Maplin Magazine £5 Discount’
when you order, the offer is open until 31st
December 1993 (please note that Electronic
Principles is not available from Maplin).

It you've ever wanted to add a radio link to a
project, then the 418MHz Radio Modules’ Data
File will be of interest, it explains how to use the

CORRIGENDA FOR ISSUE 72/ DECEMBER 1993

Medusa Infra-Red Remote Control Extender
Page 18, Figure 2a: The 10uF capacitor adjacent
t0 IC2 is incorrectly marked as C1, it is in fact C4.
Additionally, the polarity of this component is shown
reversed. The PCB legend is however, correct.

Page 21, column 3, line 6: '0-5A" should read
‘0-25A".

Quizzer Priority Quiz Buzzer

Page 33, Figure 2 and Page 36, Parts List; IC3

is shown as a ULN2801A, whereas it should be
a ULN2803A (QY79L).

Page 34, Figure 3 and Issue 1 PCBs: RG1 is
shown on the legend with incorrect orientation,
RG1 should be fitted as follows: align the RG1 with
the legend, rotate it through 180°, s0 that the fiat
face of the regulator is facing away from the flat
side shown on the legend, then fit. Issue 2 or later
PCBs are correct and RG1 should be fitted as
shown on the PCB legend.

PLEASE NOTE

Should VAT rates have changed in the November
'93 Budget, prices will change to reflect the new
rates.

with the option of upgrading later if you wish. modules and gives a whole host of versatile -
What does the Millennium sound like? Well, | applications circuits which can be adapted to o
personally like how it sounds, and it certainly suit your needs. The ready-built modules are

looks far more interesting than the usual black completely pre-aligned, so they are really easy MDA
or silver square box-amplifiers that are the to use — even if you've no previous experience CONSUMER PRESS
current norm. But, the final opinion is down to with RF circuits. The modules are MPT1340 .

you and your ears! Please write in and tell me approved and don't require a licence to use — chg'gy"“;gg’fj“’gg
what you think (good or bad). You never know, what more could you want? Mapiin Electronics PLC.
this could start a new trend for valve based Of course, there's lots more to read and build, as The golden age of valve
projects. . . . well as the things I've mentioned, so go on!, what ampsicanon s wih
Even if vaive amplifiers leave you completely are you waiting for?, start tuming those pages! Valve Ampilfier.
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Copyright: All maerial is subject 1o workiwide copynght protecton. and
reproduchon or mitaton in whole or part 15 expressly fortxdden. Permession to
reproduce printad crcult board layouts commercially or markatng of ks must
be sought from the publisher.

Advertisements: Whist every precauton 1o protect
the intarests of readers by ensuring, as far as possile, that advertsements
appearing in the cumment issue of Slactronics are bona fide. the publesher and
staft of the magazine cannot give any undertakings in respect of statements
or clams made by advertisers, whether on printed page or on loose insert,
Fleaders who have reasonable grounds 10 believe that they have been misied
are advised 10 contact thew local Trading Standards Office

Editorial: The views of indhidk nirid are not necessanly those
of edther the publisher or the editor. Where emors oocur comecbons wil be
published as s00n as possible afterwards.

n Electroncs. Save ingofar as prohibied by English law, kabity of every kind

ncuding negiigence is disciaimed as regards any parson in respect thereof

Project Ratings

presanted i this issue are rated on a 110 5 for ease or difficulty of

constructon 1o help you decde whether it ts within your CONSILCHON capabebes

betore you undertake the project. The rabngs are as follows.

EB  Simple to buid and understand and sukable for absoiute beginers. Basc

26 of 100ls required (g.g.. soldering iron, side cutiers, plers, wre snppers and
screwdriver). Test gear not required and no seting-up needed.

E‘ Easy 1 buid, but not suitable for absokse baginners. Some fest gear (e.g.

(S2] mutimeter) may be requred, and may afso need settrg-up or esting.

3, Average. Some skilin construction or more extensive setbng-up

€ required.

i

g_ ?M.Fmrgwaﬂhm.mww

38 or sefbng-up may be required

Fq Complex. High level of skl n constructon. speciakised test gear may be

56 requred. Construction may involve complex wiring. Recommended for
skiled construciors only.

Visit your local Mapin store, where you wil find a wide range of electronic
products. ¥ you do not know where your nearest store i, refer to the advert in
thes tssue or Tel: {0702) 552911, To avoid disappointment when intending to
purchase products from a Mapiin siore. customers are acvsed 1o check
avadabaly betore travellng any distance.

Witte your order on the form prined in this issue and send it to Mapkn
Elecronics, P.O. Box 3, Rayleigh, Essex. SS6 8LR. Payment can be made
using Cheque, Postal Order, or Credit Card.

Telophone your order, call the Mapiin Electronics Credit Card Hotine on
(0702) 554161

W you have a personal computer equipped with a MODEM, dial up Mapiin's
24-hour on-ne database and ordering service, CashTal. Cashel supports 300-
1200- and 2400-baud MODEMs using CCITT tones. The format is 8 data bits, 1
S10p b, no panty. full duplex with Xon'Xoff handshaking. Al exising customers
with a Maphn customer number can access the sysiem by simply dialking (0702)
552941. K you do not have a customer number Tel: (0702) 552911 and we wil

¥ you have a tone dial (DTMF) telephone or a pocket tone dialler, you

Can access our computer system and place orders directly onto the Mapiin
computer 24 hours a day by Simply caing (0702) 556751. You wil need

a Mapiin customer number and a personal identificaton number (PIN) to
ac0ess the system. K you do not have 2 customer number or a PIN number
Tel: (0702) 552911 and we wil happdly 1SSue you with one.

Ful detass of all of the methods of ordering from Maphn can be found in the
current Mapin Catalogue

Prices

Prices of products and services avallabie from Mapiin, shown in this issue,
indude VAT at 17-5% (except fems marked NV which are rated at 0%) and
are vaid between 3rd December 1993 and 26th February 1994. Prices shown
do not include maul order postage and handling charges, which are levied al the
current rates indicated on the Order Coupon in thes ssue.

Technical Enquiries
¥ you have a technical enquiry relating to Maphn projects, components and
products featured in Electronics. the Customer Technical Senvices Department
may be abie o help. You can obtan heip n several ways; over the phone,
Tel:(0702)556001bmeen2pma\d4pmMondabenday.sMptbic
holidays: by sending a facsmile. Fax. (0702) 553935; or by writing to: Customer
Technical Services, Mapin Electronics PLC.. P.O. Box 3, Rayleigh. Essex. $56
8LR. Don forget to nciude a stamped sefi-addressed envelape if you want a
writien reply! Customer Technical Services are unable 1o answer enquines
felating to third-party products or components which are not stocked by Mapiin.
oy y
‘Get You Working' Service
¥ you get completely stuck with your project and you are unable 10 get ¢ working,
take agvantage of the Mapin ‘Get You Working' Sence. Thes service is avaliable
for al Mapiin kits and projects with the excepiion of. ‘Data Files': projects not buit
on Mapiin ready etched PCBs: projects bust with the majority of components not
Ssupphed by Mapiin; Circuit Maker ideas: Miry Circuits or other simiar buiding
block’ and “application’ circuds. To take advantage of the service, retum the
complete kit 10: Retums Department, Mapin Electronics PLC.. P.O. Box 3,
Raylegh, Essex. $S6 8LR. Enclose a cheque or Postal Order based on the price
dmuammmmm(mtm.nmmscmbavy
o on our part, the project wil be repaired free of charge. K the tault s due any
emor on your part, you wil be charged the standard senvicing cost plus parts.

Kit Retail Price Standard Servicing Cost
up 0 £24.99 7

£26 10 £39.99 £24

£40 10 £59.99 £30

£60 10 £79.99 £40

£80 1o £99.99 £50

£100 10 £149.99 £60

Over £150 £60 minimum

Readers Letters

We very much regret that the editorial tsam are unable 1o answer technical
Quenes of any kund. however. we are very pleased 10 recene your comments about
Electronics and suggesons for projacts, features, sones. etc. Due 10 the sheer
volume of letiers received. we are unfortunately unable 10 reply 10 every leter,
however, every ietier ts read — your ime and opnion s greatly apprecaled Latters
of parbcular inkerest and sgnicance may be pubished at the Editors discreton.
wmwmummmMWsm.
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Telephone systems are undergoing a

small (well, pretty blg really) change at

the moment. It only needs the examples

of many of the large banks’ automated
telephone banking services to see what |
mean. You are given a telephone number
to call, a PIN number to identify you, maybe
a password (which could be your account
number, say) and hey presto, you've got
an electronic at-a-distance banking service
which lets you check your account balance,
pay bills, and maybe order a new cheque
book. For the user, operation is quite simple
if a little impersonal; an automatic voice
message asks you to key in numbers

on your telephone’s keyset to access the
services you want. Alternatively, you may
be able to speak to the service if it can
recognise voice too. There are many other
examples of similar systems — automatic
answering services, information desks,
service engineer call-out systems and so
on — which all use the same technology.

Such systems are only the first in a
long line which combine telephones and
computers. What we see happening is, in
fact, just the beginning. There'll be more
to come, as more and more companies
see the supposed benefits of automating
previously people-intensive services.

In reality, the service is a fairly
straightforward combination of computers
and telephones, known under various
acronyms such as, CTl (computer
telephony integration), CIT (computer-
integrated telephony), ATS (automated
telephone service), and IVR (interactive
voice response). Doubtless many more
acronyms will emerge as the technology
progresses. Whatever the acronym, though,
whatever the combination of computer and
telephone, they all have a single main
function — that of voice processing, where
the recorded voice message is actually
digitised and stored on computer disk, and
where the user’s voice is either similarly
stored or recognised by the computer as
having a specific meaning.

By considering this main function, we can
therefore see that there are only three main
derivatives of any such system:

1. Automated attendant — in which users
are greeted with a voice message. Good

with Keith Brindley

examples are speaking clocks, train or bus
timetables.

2. Voice mail/messaging — in which
users have a personal voice mailbox. This
operates just like a standard teiephone
answering machine does, except that your
outgoing message is digitally stored on a
computer, as are all incoming messages.

3. Voice or keyed response — in which
users can access features within the
system by speaking (sometimes) or keying
in access numbers. Features vary but
several standard types exist: obtaining or
leaving voice messages, electronic routeing
to departments within the organisation,
retrieval of account information, access to
leave a sales order, and so on. Indeed your
favourite component supplier, Maplin, has
such a system, called Keycall, where you
can check stock levels and place your
order.

Such systems have developed elsewhere
in the world far faster than they have in the
UK. Indeed, we lag several years behind
some countries. This is because of the very
low penetration of touch tone telephones
here, which are needed to access such
systems if they're not capable of voice
recognition. To date not many systems
have had volce recognition capabilities as
this is still a largely flaky computer area —
although rapidly improving. Basically, if
customers can't access a service there'’s
little point in having the service in the first
place. But things are slowly changing,
more and more people in the UK are buying
touch tone telephones and the current
figure (20%) of homes with a touch tone
telephone is rapidly getting bigger. Couple
this with the rise of better voice recognition
capabilities in computers and, as a direct
result, we're going to see a big rise in these
systems over the next couple of years.

| have very mixed feelings about this.
| mean, | like and use telephone banking
services, even though the quasi-human
automatic messages and responses grate
on me. | detest any form of telephone
answering machine (even the common
household varieties) and would rather leave
no message at all than blurting out what |
want to say after the tone yet, in the same
breath, | positively abhor being put on hold

with junk Muzak® to pacify me. In the end,
I guess it all boils down to the fact that such
services (all such services, of whatever
type and ability) are inevitably highly
impersonal. While | enjoy using a machine
like my computer for what it's worth (an
expensive tool, no more no less), | have
no desire to treat it as an equal by talking
to the damnable thing and worse, it ‘talking’
back. Don't get me wrong, I'm no Luddite —
far from it — there’'s few who advocate and
use technology any more than me. Any
regular reader of mine will know that, it's
just that | don't get on with electronic
appliances quite the way | do with people.
Neither do | want to. To me, a tool's a tool;
and a person’s an individual.

1 suspect there are many people like
me (indeed, | hope there are many like
me) who feel the same way. If so, all these
companies who are installing computer-
integrated telephone systems with the idea
of jumping on the automatic telephone
service bandwagon may be about to get a
big jolt if the wagon has no springs. it's not
known yet how these services’ introduction
will affect customer satisfaction. It's
certainly not known yet how they will affect
a company's sales. Maybe they will have
an adverse effect on both. Maybe what
customers really want is personal service.
Keying in numbers to get your bank
account details is much removed from
grappling with an electronic switchboard
when you ‘phone for customer help. See
that nail? When | nod my head, you hit
it with the hammer.

The image of the computer Hal in
Arthur C. Clarke's classic 2001 — A Space
Odyssey frightens me. Yet, we've only
got seven years left so let's not get carried
away with this particular field of technology
and make the image turn to reality. It's
an interesting paradox, but one way of
ensuring companies understand that
personal services are still wanted by
customers, is for customers to write,
as well as phone. Maybe, on a point of
principle, we should all do it (write, that is!)
sometimes. Perhaps Maplin have got the
right idea, since they offer both traditional
human and automated computer answering
systems!
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Reviewed by
J. R. Mosely

Above: ‘Electronic Principles’ main menu.
The software package was conceived and
written by Clive Humphris.

Below left: The transistor construction
screen, part of the transistor theory topic.

Below right: One of the several interactive
screens on AC theory.

 IBM PC BASED
‘ELECTRONICS
PRINCIPLES’

rH' software is supplied on three

3'hin. high density (HD) disks

(1-44Mb), and sets out to explain the
basic fundamentals of electronics. To run
the software you will require an IBM PC
or compatible machine with an EGA/VGA
graphics card, a hard drive with at least
3:5M bytes of free space and, preferably, a
mouse. In addition a colour monitor will

be required for best results.

from
E.PT.
Educational
Software

INSTALLATION

Installation is very simple. Disk 1 is
inserted into the appropriate 3%in. drive
and ‘install’ is typed at the relevant drive
prompt. Installation is very quick, and
when completed the program is ready for
use immediately, as no additional setting
up is required.

THE PROGRAM

As the opening introductory screen points
out, the package is made up of a series of
‘programs’, having between them over 200
menu driven user screens with fully
interactive graphics. This ‘learning
through doing’ approach encourages
experimentation. It is possible to exit the
introduction screen at any time, and this
will take you to the main menu screen.

You can now select one of the 19
‘programs’ by either pointing and clicking
the mouse, or by keying in the highlighted
letter in the menu option required. The
fact that they are individual programs is,
however, transparent, they actually behave
like subsections of the main menu.
Together the 19 submenus cover subjects
as diverse as insulators, conductors and
properties of resistance, through AC and
DC circuits, frequency related subijects, to
diodes and transistors, logic gates and
operational amplifiers. The submenu is
then further subdivided into an
introduction and various topics that cover
all aspects of the chosen subject.

As an example, the main menu option
‘Frequency and Tuned Circuits’ has nine
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topics including an introduction. The
other eight topics include: Frequency and
Wavelength; Resonance; Series Circuit
Resonance; Parallel Circuit Resonance; ‘Q°
of a Tuned Circuit; Tuned Circuit
Bandwidth; Coupling Tuned Circuits;
Acceptors and Rejectors. Again, the
introduction gives a concise and
informative overview of the selected
topic. In this instance, a topic can be
selected by either placing the mouse
cursor on it and double-clicking. or
clicking once and then clicking on
‘« OK >’ at bottom left, or by using the
menu bar. The menu bar is activated by
pressing the ‘tab’ key (normally twice to
get the cursor into the menu window). and
then using the cursor arrow keys to put the
bar on the desired topic, which is then
selected by keying ‘Enter’.

‘Ihere may be more options in the list
than can be accommodated in the menu
window on the screen. in which case it is
a simple matter to scroll the bar up or
down the list to reveal the other options.
This can also be done by clicking with the
mouse on the up and down arrow
symbols on the right-hand edge of the
menu window.

Above: An interactive screen showing current
versus voltage vectors in an RC circuit.

Above right: Demonstration of Kirchhoff's law.
Right: An example of a complex logic array.
Again it is interactive and you can enter
various binary codes which will be converted
by the array into BCD while you watch.

The introduction that accompanies the
selected submenu gives a brief overview,
and is aimed primarily at the beginner and
novice. However. it does provide a handy
refresher for the more experienced
electronics enthusiasts. After vou have
read the introduction yvou can then select
one of the topics. On selecting a topic it
becomes apparent that a colour monitor is
desirable, as colour is used extensively to
distinguish between different frequency
sine waves. for instance.
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The topic screen is normally divided into
a graphic display area, a results area and the
text area (the bottom third of the screen).
The descriptive text is concise and
informative and is generally more than
adequate. In most cases. you are invited to
insert vour own values. with the results
displayed in the relevant box. Values can be
inserted in their usual forms, for instance.
1500Q can be input as 1500, 1k5 or 1-5k.
You then have the option to select a screen
that will display the actual calculation
if you wish, or to repeat the calculation
with different values. The experienced
electronics engineer and/or designer may
well find this facility useful for calculating
circuit parameters for their own designs.

The package is very easy to use and will
provide the student. or novice, with a
more enjoyable alternative to a ‘bland’ text
book. It certainly makes learning
Electronics a lot more interesting!
Graphical representation is extremely
good with waveforms being produced
particularly well. The various photo-
graphs show the range of useful topics,
from resistor colour codes to sine wave
analysis. Students will find the ability to
check calculations a very useful feature.

Graphics

Ca = R2) -

(IR = R3) « UR2

CONCLUSION |

The package would be ideal for schools
and colleges that are offering Electronics or
related courses at various levels and a
small work book, written by Mike Tooley,
accompanies the package. The package
costs £49.95 plus £2.00 post and packing,
and can be obtained by directly contacting
E.P.T. Educational Software, ‘Pump
House’, Lockram Lane. Witham, Essex
CM8 2BJ, Tel: (0376) 514008. A demon-
stration disk is also available for £2.00.

A further useful utility, ‘Electronics PC
Toolbox'. is also available which
comprises over 100 commonly used
formulae and routines. It operates in a
manner identical to the ‘Principles’
package and is also supplied on a 3/;in.
HD disk. Again installation onto a hard
drive is possible if desired, or the utility
can be run from the floppy. To use, a
formula is selected from the menus, the
desired values keyed in and the results are
instantly displayed. The ‘Toolbox’ can be
obtained from E.P.T. Educational Software
at the above address, price £14.95 plus
£1.00 post and packing.
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PCMCIA Drive

As the computer industry standardises
on the PCMCIA interface for removable
peripherals, disk drive manufacturers
are battling to develop the drive with the
largest capacity.

Maxtor claim to be leading the way
with the MXL-105-ll, a 105MB, 1-8in.,
drive that is more than double the
capacity of other PCMCIA drives.

The size of a credit card and weighing
just 2:5 ounces, the removabile drive is
designed for use in notebook, portable
and desktop computers,

Since removable data is the preferred
storage solution for applications
requiring data security, the MXL-105-11
features a patented security system
with password protection to prevent
unauthorised users from accessing data.

Inteliigent power management
features keep power consumption to a
minimum. Less than 2W are used in the

drive’s read/write mode, decreasing to
0-025W 1n standby mode. Contact:
Maxtor (071) 831 4890.

Payphone Protection

BT is to begin trials of a unique alarm
system to help protect its payphone theft
attacks costing millions of pounds.

Telephone kiosks are to be monitored
by audio and visual alarm technology
provided by Modern Securities Limited.
The alarms can actually see and hear
attempts to break into cash
compartments and send pictures or real-
time audio confirmation over the
telephone line to Modern's 24-hour
central monitoring station.

“Confirmation of the occurrence of a
crime is essential to the projects
success”, explains Mr. Adrian Casey,
national accounts general manager of
Modern Security Systems. “It allows us
to notify police of an offence in progress
with a high degree of reliability.”

Trials are to begin shortly at 50 test
sites. Preliminary tests at a small
number of selected payphones have
already shown encouraging results. In
two incidents, verified alarm signals
forced offenders to flee abandoning
tools they were using to try to attack
cash compartments.

WordPerfect - The Next
Generation

The WordPerfect Corporation is about to
launch WordPerfect 6.0 for Windows, the
next version of its Windows-based word
processor. The package will offer
complete customisation enabling users of
the DOS version to make the transition to
the Windows environment.

“We have completely rewritten all of the
WordPerfect software to give users the best
in Windows word processing”, says Mr.
Alan Ashton, president of the WordPerfect
Corporation. *Virually every feature of the
product has been improved or enhanced in
some way as a result of thousands of user
requests, feedback from focus groups and
extensive usability testing.”

WordPertect 6.0 will require a 386
machine or higher and at least 4MB. The
complete package will retail at £329.
Contact: WordPerfect (0932) 850505.

6

An £80 million wind farm, approved in
principle by Northumberland County

Council and the Countryside
Commission, is now awaiting consent
from energy minister Mr. Tim Eggar.

Claimed to be the largest wind
wind farm is expected to be built next year
at Kielder Forest, Northumberland, eight
miles from Hadrian's Wall. The consensus
of the countryside commission now
makes government approval likely, which
means that the wind farm could start
generating by 1995,

The farm will consist of between 160
and 267 wind turbines up to 170 high
depending on the energy capability of
individual devices. Developers estimate
the farm would feed up to 80MW of
electricity into the electrical grid -
enough electricity for 48,000 domestic
homes or equivalent to half of
Northumberland’s needs.

Sateflite Data

Fans of Martin Pipe’s regular satellite
jottings may be interested to hear about
the latest edition of the Satellite Channel
Report.

Containing information gathered from
tracking stations around the world, the
new A4 volume covers alignment data,
video and audio channel information,
frequency and encryption methods for
satellites across Europe, Africa and the
Middle East.

The comprehensive guide is compiled
and updated monthly ensuring readers
obtain the latest avallable information.
This compares favourably with other
satellite magazines where preparation
lead times can be up to three months
meaning information is often out of date
before it reaches its readers.

The 80 page report compiled by Mr.
W. T. Smith, costs £15.00 and is
available exclusively from Swift
Television Publications. Contact: Swift
Television Publications (0793) 750620.

Seving Double '
Developed by Datapath, TWINdows is a
dual screen driver for use with the
Microsoft Windows based PC platform.
Itis essentially a hardware solution that
will allow multiple graphics cards to run
simultaneously in the same machine
doubling Windows workspace across
multiple screens.

Capabie of driving two 1280 by 1024
pixel screens, TWiNdows allows two
applications to be viewed full size
simultaneously. This enables an
operator t0 use a word processor on one
screen for example, and a spreadsheet
or graphics package on another. Using
TWINdows, images from one package
can be transferred to the other without
minimising either application. Contact:
Datapath (0332) 294441,

Tiwy Dats Logger

Orion Components of Chichester have -~
launched Tinytalk, a miniature, low-cost,
self-contalned data logger.

The first model in the range is the Tinytak-
Temp, a temperature logging version that
will log local temperatures in virtually any
situation — in a washing machine, in a
freezer lommy or a humidity oven.

The setf-contained data logger will fit
inside a splashproof case the size of a
35mm film canister and weighs just 28g.
The -39°C to +123°C has the widest range
and a resolution of 0-16°C at 15°C and is
optimised for water monitoring, while the
-37°C to +46°C version has a resolution of
0-26°C at 0°C suitable for perishable
products and shipping temperatures.

its non-volatile memory stores 1800
readings that can be taken at intervals

Mobile Warming

Telephone users be warned,
Vodaphone has reduced the time
allowed for a call to and from a mobile
phone to be deemed successful from
four to two seconds. Customers should
be vigilant and check their itemised bills
for these sub-five second calls.

A complaint directed towards
Vodaphone would seem appropriate, but
expect the reply we received,
“. . . other mobile phone operators
do not offer any connection period before
charging commences”. True, but in the ight
of Vodaphone's recent charge reductions

Mountain Fax Back

A Lake District mountain rescue team
have made a valuable technological
addition to their life-saving equipment.
The Langdale and Ambleside crew now
pack a mobile fax machine in their kit
whenever they are called out to a fell-
side accident.

The 40 members of the team who are
all medically tralned, also take heart and
respiratory monitoring equipment that
can provide precise details of an
accident victim's condition within
seconds. Readings are then sent via fax
to a hospital in Barrow in Furness where
a consultant can study information and
relay back advice on treatment.

The machine has already proved its
worth. A woman who suffered a heart
attack 2,000t up Langdale Fell was
treated on the spot, under the direction
of a hospital-based consultant.

b en 0-5 seconds and 4-8 hours
giving logging durations of 15 minutes to
a day respectively.

Tinytalk data loggers are launched,
interrogated and data piotted using host
software on a PC. A launch dialogue
box, allows selection of the sample
duration and entry of a text block used
to describe data. There is also the
choice of what to do when the memory
is full - either stop recording the data, or
overwrite existing data.

Off-loaded data is immediately
displayed as a graphical plot. Sections
of the plot can then be expanded to give
greater resolution, any of these plots can
then be sent to a printer. The host
software can also produce spreadsheet
output in both Excel and Lotus 1-2-3
formats. Contact: Orion Components
(0243) 778088.

Mapiin Empive Expands
The number of Maplin shops increases
by four, located at Northampton, Milton
Keynes, Stockport, and Cheetham Hill in
Manchester. The new Stockport and
Manchester shops are already open,
while the Northampton shop is due to
open on the 29th November 1993, and
Milton Keynes on 6th December 1993.
Addresses are: Northampton Shop: 139
St. James Road, , NN5 SLE,
Tel: (0604) 756726. Mitton Keynes: Office
World Building, Unit 1, Grampian Gate,
Winter Hill, Milton Keynes, MK6 1BD, Tel:
(0908) 692720. Stockport: 259-261
Wellington Road South, , SK2
6ND, Tel: (061) 480 4900, Cheetham Hill:
169 Cheetham Hill Road, Cheetham Hill,
Manchester, M8 8LG, Tel: (061) 832 2550.

S30MB CD for
Muitimedia Applications
Memory technology this month

announced the launch of CD Shuttle, a
portable CD ROM drive, that provides
customers with cost-effective multi-
media capability. The new drive joins
the Shuttle range of portable peripheral
storage devices that include DAT and
magnetic-optic products.

The 650MB read-only drive has two
data transmission speeds - 150K-
Bytes/s and 300K-Bytes/s - and
attaches to any PC port interface or host
adaptor. Other features include Kodak

Photo CD and muilti-function XA support
as well as full multimedia compatibility.

“Not only is multimedia taking off
rapidly, but the market is experiencing
considerable growth in software house,

distributing  operating  systems,
applications and reference material on
CD ROM. The CD Shuttle offers a
simple means of utilising this technology
on existing systems in the office or on
remote PCs without large-scale
hardware upgrading”, says Mr. Alan
Jones, Managing Director of Memory
Technology. Contact: Memory
Technology (071) 831 4890.
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Young Woman Carries
OW Top Engineering

A 16-year old woman has carried off the
title of ‘Young Engineer for Britain 1993".
It is the second year running that a
young woman has won the distinguished
award.

Lucy Ponter. of Bath, won the coveted
trophy, a £500 personal prize and
£1,500 for the purchase of engineering
equipment by her school. She also
carried off The Engineering Council's
Woman Into Science and Engineering
(WISE) award of £500 for the best
project by a young woman.

Lucy won the awards by inventing a
leg swing exerciser for children with
special needs, who are not able to use
their legs. She plans to be an engineer
and after winning the award said,
“Engineering is really addictive. It is
so satisfying to design and make
something which can soive a problem.”

Lucy was one of 53 national finalists,
aged 15 to 19, competing in the nationai
final of the competition organised by the
Engineering Council. They had been
selected at 12 regional events from a
record 970 young people who had
competed for prizes totalling £20,000.

Presenting the awards, The Lord
Mayor of London, Sir Francis
McWilliams, Feng, said, “It is highly
appropriate that the final of the Young
Engineers for Britain competition is
taking place in the city of London, one of
the oldest and most important business
centres of the world.

“That fact should serve to remind us
that the worlds of engineering and
commerce, often portrayed as remote
from each other, are in fact inextricably
linked. Quite simply trade, banking,
insurance and all the various business
operations carried out in the City of
London uitimately depend upon and
derive their justification from the

manufacturing and  construction
industries.”
BBC Commences DAB Speaking Science
Trials Earlier this month Professor Stephen

The BBC has begun engineering
tests of Digital Audio Broadcasting
(DAB) using high-power transmitters
in the London area, to enable research
to be carried out on the coverage
aspects of DAB.

Currently one 10kW transmitter
at Crystal Palace is in operation,
together with three other 1kW
devices at Alexandra Palace,
Reigate and Wrotham. The trans-
mitters will be operating on the same
VHF frequency - 226MHz, and
have been borrowed from the Harris
Corporation for the duration of
the tests.

Specially equipped survey vehicles
will be measuring the field strength
of the individual transmitters and
the way in which they work together
to form a single frequency network.
It is anticipated that in the UK
a number of national and local
DAB services will broadcast terrestrially
using DAB frequencies. Following the
completion of the test the BBC
expects to produce detailed proposals
for the introduction of DAB throughout
the UK.

DAB is an entirely new radio
broadcasting system, that will offer
reliable reception with high quality
sound, to a new generation of mobile,
static and portable radio receivers.
The system has been tested through-
out Europe to widespread acclaim,
having been first demonstrated
publicly in the UK at the Radio
Festival, Birmingham, in July 1991.

The BBC is the sole UK member of
the Eureka 147 Project which is
developing the DAB system. The
consortium includes broadcasters,
research establishments and receiver
manufacturers thus ensuring all aspects
of development are covered.
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Hawkings opened the Science Museum

rare wasting condition of the nervous system
— Professor Hawking's only means of
communication is via a speech i
operated by two fingers of his left hand.

Special features of the exhibition
include: the speech synthesizer
‘Liberator’ which uses pictures instead of
letters; a speaking hand that translates
the Deafblind Alphabet into synthe-
sized speech; and holograms which
demonstrate British Sign Language.

The exhibition is part of the Science
box series of exhibitions on con-
temporary science and technology and
is open to the public until January 1994,

Opening Times: 10.00am to 6.00pm
Monday to Saturday. 11.00am to 6.00pm
Sunday. Cost: Adults £4.00, Children and
Concessions £2.10. Time Required: A full
day to see all exhibitions.

Left in the Dark

Occasionally an innovative product
is launched, with a concept so simple
that engineers, designers and
technicians are left wondering how they
ever let the idea slip by. This month
Orion Electronics will leave many deep
in thought.

Troubled with visitors trying to locate
their building in the dark, the company
has launched Numberlite. By day 4in.
black digits on a white background identify
the building, while at night the numbers
autormnatically light up in bright red.

The patented system is modulay, so any
number can be made up from individual digits.
Numbertite operates from a 24V supply,
powered from 240V mains. Contact: Orion
Electronics intemational Lid. (081) 650 1126.

Top Flight Awards

Nearly 3,500 schools and further
education colleges throughout the UK
will shortly be recelving details of a new
initiative to encourage high-achieving
students into accredited engineering
degree courses.

The Top Flight bursary scheme will
provide suitably qualified students with
€500 per year in addition to their
maintenance grants for the duration of
their undergraduate courses.

Students embarking on engineering
degree courses in the Autumn of 1994,
1995 and 1996 will be eligible to apply
for the bursary providing they have
A-levet grades of AAB or equivalent.

Altogether £10 million of funds has been
provided by the Department of Education
tor this scheme, which will be ad-
ministered by the Engineering Council.

Commenting on the bursary awards,
Mr. Tim Boswell, Parliamentary Under-
Secretary of State for Education, said,
“By seeking to encourage high calibre
students into engineering this scheme
will raise awareness of the value of
engineering and ultimately help British
industry compete more successfully in
world markets.”

Up to 2,000 students a year are
expected to qualify for the bursaries and
applications will be accepted from
students attending both sandwich, part-
time and full-time courses. '

If you think that you might qualify for a
bursary contact your school or college
headteacher who should have details of
the scheme. Alternatively call the
Engineering Council for more
information. Contact: The Engineering
Council (071) 240 7891.

One of the main aims of both hardware
and software producers when they are
planning and developing new products
is to fulfil the users perceived
requirements, but in pursuing these
ends the insignificant often gets
overlooked.

For exampie, we only have to look no
further than the computer desk top. it now
seems after many successtful years of use
that the layout of the keys on a keyboard
can be used more efficiently if they are

rearranged. We also have the crazy
situation where the brand of a mouse is
often more popular than its design.

Insignificant? Well no, both keyboard

and mouse have been criticised of late
as causes of the crippling condition,
repetitive strain injury (RSI).
Assman Electronics revolutionary
concepts for their new mouse were
derived from ergonomic studies.
These were then used to
determine not only the very
different shape but also the way in
which the mouse functions. These
ideas are now combined in a single
unit, a mouse called Digitus which you
use with your thumb - only used until
recently to manoeuvre the mouse.

The design of Digitus cradles the hand
in a natural resting position, allowing the
user to operate the mouse for long
periods without experiencing the
tiredness and cramp that often
accompany inferior products.

The two button mouse is compatible
with Microsoft, Mouse Systems, IBM
and PS2. It works accurately with all
DOS systems higher than version 3.00
and is priced at £32.90. Contact:
Watford Electronics (0923) 244398.

Every possible effort has been made
to ensure that the information
presented here is correct prior to
publication. To avoid disappointment
due to late changes or amendments
please contact event organisers to
confirm detalls.

Until 30 January. Speak to Me.
Exhibition exploring the role
technology might have in improving
communications for people with
disabilities. Science Museum,
Exhibition Road, London. Tel: (081)
938 8000.

7 to 8 December. World Telecomm-
unications Conference, Financial
Times Conference Organisation,
London. Tel: (071) 251 9321.

8 December onwards. Handle with
Care First public access to the
restored 1830 railway warehouse,
Museum of Science and Industry,
Manchester. Tel: (061) 832 2244.

11 December. Children’s all-night
camp-in at Science Museum,
Science Museum, Exhibition Road,
London. Tel: (081) 938 9785.

13 to 15 December. 7th IEE
European Mobile Personal
Communications Conference, The
Brighton Centre, Brighton. Tel: (071)
240 1871.

18 December. Crystal Palace &
District, Radio Club Christmas Social,
Video/Film Show at 7.30pm. All
Saints Parish Church Rooms, Beulah
Hill, Upper Norwood, London SE19.
Tel: (081) 699 5732.

22 December. Wirral and District
Amateur Radio Club, Chairmans
Night, Chairmans Surprise Talk at
8.00pm at irby Cricket Club, irby,
Wirral. Tel: (051) 648 5892.

1 to 8 January. Model Engineer &
Modelling Exhibition, Olympia Grand
Hall, London. Tel: (0442) 66651.
12to 15 January. BETT - '94 British
Education, Training & Technology,
Olympia National Hall, London. Tel:
(071) 404 4844,

15 January. Crystal Palace & District
Radio Club, QRP (Low Power) Home
built Radio Equipment by Wayne
Dillon, 7.30pm, All Saints Parish
Church Rooms, Beulah Hill, Upper
Norwood. London SE19. Tel: (081)
699 5732.

26 January. Wirral and District
Amateur Radio Club, Surplus
Equipment and Junk Sale at 8.00pm
at Irby Cricket Club, Irby, Wirral. Tel.
(051) 648 5892.

26 to 27 January. Virtual Reality '94,
Olympia 2, London. Tel: (071) 931 9985.
29 January to 2 February. British
International Toy & Hobby Falr, Earls
Court 2, Tel: (071) 701 7127.

30 January to 2 February. European
Lightshow, Earis Court, London. Tel:
(0952) 290905.

Please send details of events for
inclusion in ‘Diary Dates’ to: The
Editor, Electronics - The Maplin
Magazine, P.O. Box 3, Rayleigh,
Essex SS6 8LR.




‘Data Files’ are intended as ‘building blocks’ for
constructors to experiment with and the components
suggested, provide a good starting point for futher
developrent.

EX  ULN3390T
Twilight Swit

This useful module owes its small size

and simple construction to the use of a
specialised optoelectronic IC. Designed
for use in twilight sensing applications,
emergency and outdoor lighting, the
ULN3390T optoelectronic switch is a 3-pin,
monolithic integrated circuit containing

a photodiode, a low-level amplifier,
comparator, voltage regulator and
output driver. The comparator is
fabricated to give the sensor
a typical built-in hysteresis
value of 50%.

IGURE ] shows a
simplified block
diagram of the internal

circuit, together with the pin-
outs of the device. Note that
the photodiode preamplifier
has its own supply regulator.
The hysteresis action in the
following stage is simply
but effectively achieved

by having a conventional
comparator alter its own
reference voltage level

with a transistor switch

in the bottom end of the
reference divider chain.
Again this stage has its

own regulator, making the

Close-up of the
completed PCB

]lgleSign by < threshold points independent
an Williamson of supply voltage level.
F E A T U R E S With its temperature-
0 : . compensated, threshold trip
Text by. . % 50% hysteresis * Pl}otodlode _ points, protection against
Alan Williamson * Temperature with all on-chip damage by bright light and
and Mike Holmes compensation electronics increased hysteresis values,

t1'1e c;evice represents a
APPLICATIONS significant design

Improvement over previous
* Night-time security % Automatic optoelectronic switches.

. . The sensor is completely
porch light % Light/dark sensor integrated with supporting
electronics. This maintains
stability throughout its
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Figure 1. Functional block diagram of ULN3390T and pin out. Figure 2. Sensor-centre location.
working life plus imumunity position of the photosensitive of 880nm). The internal is very simple and mainty
to temperature variations area in relation to the body hysteresis then prevents consists of the extra power
compared with cadmium of the device. A graph of the deactivation until illumination supply and output
sulphide cell assemblies, spectral response of the exceeds the 20pWem? level. components in addition
requires very few external photodiode is shown in Table 1 shows the essential to the IC.
components and has Figure 3. The ULN3390T electrical characteristics for To make the module as
calibrated switching switch typically turns on as the device, where output simple to use as possible, the
characteristics. illumination falls below a level saturation voltage and output switching is performed
Figure 2 indicates the of 10uW/cm? (at a wavelength leakage current refers to the by a relay, RL1. This provides
open collector output switch, normally open, normally
Also, while the IC is limited closed or changeover
z to a supply voltage of functions and allows total
1.2 2 0% o¥ 2NG 16V maximum, the output electrical isolation between
’ 99 2 =38 | switching transistor is the sensor circuit and the
3o o 38848 Pe?g:;s"-gr? rated higher, as shown in controlled circuit. The ULN3390T
g 1.0 ,'n: m— L Table 2. is quite capable of driving the
= " R relay directly but, in order to
§ 0.8 l' \ ) ) Cer'lI.l.t . increase flexibility, two extra
e I R aras N Description transistor stages are included
° ! 4 (silicon pholtodiode\ The esser_\t.ial circuit diagram to allow invertet'i or non-
o 0.6 of the Twilight Switch module inverted operation of the
a Al 1 \ is shown in Figure 4. Thanks relay, depending on the
° 0.4 ] '= to the ULN3390T IC, the circuit position of link LK1.
2 ’ 1 Photopic A
| B Yresponse (human eye) \ —
| & 0.2 ARIw X N Symbol Value
,T S[e|2| & Y i Supply voltage: Vee 25V
0 AR IR = | Output voltage: Vour 25V
300 400 500 600 700 800 900 1000 1100 Output current: Iour 25mA
Wavelength in nanometers Operating temperature range: Ta —40°C to +85°C
Figure 3. Spectral response as a function of wavelength of light. Table 2. Absolute maximum ratings of output transistor.
Characteristic Symbol Test conditions Limits
Min Typ Max Units
Supply voltage range: Vee Operating 4-0 - 16 v
Supply current: Icc E>Eorr - 30 10 mA
Output saturation voltage: Voursay Ioyr = 15mA, E<6uW/cm? - 300 500 mV
Output leakage current: Iour Vour = 18mV, E>Eorr - 0-1 10 HA
Output rise time: t 10% to 90% - 200 500 ns
Output fall time: t 90% to 10% - 200 500 ns
Light threshold level: Eon A = 880nm 6-0 10 14 UW/cm?
Eorr A = 880nm - 20 - uW/cm?
Hysteresis: AE (Eorr—Eon)/Eorr 45 50 65 %
Table 1. Electrical characteristics @ Tz= +25°C, V.. = 6V,
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device and/or cause a solder
bridge in this area!

Fit and solder Cl, followed
r by C2 ensuring correct
polarity for this component,
where the negative lead,
identified by the stripe and
(-) sign on the body, is
inserted in the hole opposite
that marked as (+) on the
legend. Lastty RLI is fitted and
soldered in place. Again
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Figure 4. Circuit diagram.

The power supply rail has a
reverse blocking diode D1 to
protect the circuit against any
accidental reversed supply
connection, followed by
decoupling capacitors Cl
& C2. Protection diode D2 is
placed across the relay coil
to protect TR2 from induced
EMF transients on switch-off.
The whole circuit is
accommodated on a
tiny PCB measuring only
41 x 38mum.

Construction

Firstly, with reference to
Figure 5, at this stage, insert
and solder the five PCB pins
followed by resistors

R1 & R4. Then you must
choose which operating mode
is required and fit the wire
link, using one of the resistor
offcuts. To energise RL1 on
the ‘light to dark’ transition
(relay active while dark), all
components are required and
the wire link is fitted in
position ‘B’. This option will
offer the lowest power
consumption in the OFF
(light) state. For applications

Input

Light to dark:

Dark to light:

Table 3. Specification of prototype.

which need to activate the
relay on a ‘dark to light’
transition, TR1, R2 & R3 are
not required and can be
oritted, the link being fitted
in position ‘A’. This results in
very similar supply current
drains for both ON (light) and
OFF (dark) states. (Figure 7
shows the differences between
the two options in more
detail.)

Fit and solder diodes
D1 & D2, noting that the silver
band at one end of the black
body of each diode must
correspond to the white stripe
on the legend. You can then
fit R2, R4 & TR1 if required,
followed by TR2. To fit the
Twilight Switch IC, OP1, first
identify the top surface (with

THILIGHT
SHITCH

|
&QJ

LKH

HILIMS LHIOIIML

Figure 5. PCB legend and track.

Supply current

43-8mA @ 12V
15-9mA @ 12V
21-4mA @ 12V
5-3mA @ 12V

the help of Figure 2), and
bend all three leads down

to an angle of 90° at a distance
of 3mm from the edge of the
package. Insert these through
the PCB until OP1 is flat on the
legend side, then bend over
and solder the three leads on
the trackside. Be extremely
careful not to overheat the

beware of creating solder
bridges in this area. After

the PCB has been checked

for correct placement of
components and the quality
of solder joints, this completes
the assembly of the module.

In Use

Table 3 indicates the typical
current consumption of the
module in the two different
modes of operation for the
two states. If it is intended

to be battery powered then
the inverting option (link in
position ‘A’) offers the least
power drain during the dark
period, while the non-
inverting option (link in
position ‘B’) offers the least
during the light period. The
relay contacts, which are
single-pole changeover,

can be connected to make
or break when energised as
appropriate. This is illustrated
in the wiring diagram

—

To +12V

| l |
!
HO OV
Load «+—1QO NC
(to be

-—1+0QC
switched) { «—

<+—1-0O NO

(LT47)

Make { -—-0C
contacts

Break {4———0 NC
contacts

Figure 6. Wiring diagram.
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Fitting link A’
Note: Components not shown

ore not required. D1
* ﬁ—O'FV
| RL1
| cy
O—————0ONO , bV 7] gg
e 027X o——oc  Tczmer [ e oc
3 ——ONC = 1 LKAT T
TS1 1 o )o
£ LKA TR2
R4 —
~ ) Oolee @
oc =
5 ONC e © TR2
oQV
Fitting link ‘B’ D1
, it -o+v
i RL1 S -
n e O
R1 D2 —oC ac2mmc ac
TR é NC - g g
3 | R2 \
o s Q- @.
2
T TR2
KBy o ONlge @
g = o0 o
R3 ONC
OQV
Figure 7. Circuits and component legends for the two build options.
Figure 6, along with the (resistive load only), except for mains use! If you wish capable of switching resistive
supply connections. that the close proximity of the to control mains powered loads up to 10A at 240V AC,
The circuit requires a PCB tracks only allow a safe devices then the on-board suitable for lighting or
supply of nominally 12V DC maximum voltage at the relay should be used as a appliances up to 2kW (3A
at 50mA maximum, but can contact connections of ‘master’ to operate a higher max. for inductive loads). It is
be as high as 16V. The relay is 50V, which should not be power mains rated relay, such a PCB mounted type and has
capable of switching 28V DC exceeded. This arrangement as Order Code YX9TF. This is a 12V coil with a low current
at 1A, or 120V AC at 500mA is, therefore, NOT suitable a SPCO ultra-miniature relay consumption of 37mA,
Twilight Switch PCB
O +V
OO0V (Lta7)
ONC
O C
O NO
To +12V
of PSU Opto Switch PCB
+V
O +V  (Lpss)
OC
O -V
O -V
»
To OV
of PSU
The completed Twilight Sensor PCB. Figure 8. Connecting Zero-Crossing opto-switch.
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PCB / Schematic CAD - From £98

and so can conveniently
share the sensor module's
supply.

The PCB has a single M3
mounting hole, and should
ideally be mounted at this
point to a threaded M3
support pillar. In this way it
could be mounted behind a
protective panel or in a box
with a window for the Twilight
Sensor IC.

Figure 7 shows the two
alternative forms of the circuit

when the PCB is built as
described earlier for
inverting or non-inverting
operation of the on-board
relay. Figure 7 illustrates the
circuit with components
omitted for the link ‘A’ option,
together with a version of the
PCB legend showing only
those components required.
The version in Figure 7, for
the link ‘B’ option, shows that
all the components are

EASY-PC - For single sided and
multilayer boards to 17"x17".
Phenomenally fast and easy to use.

Over 17,000 installations worldwide.
EASY-PC Professional for boards up to
32" x 32" at .001" resolution, 16 layers.
Schematic capture and netlist extraction -
integrates seamlessly with PULSAR and
ANALYSER |},

Logic Simulation - from £98

£
g
8
=
&
g
. e emee e | WeEK!

PULSAR and PULSAR Professional -
Full featured digital logic simulators.
Allow you to test your designs quickly
and inexpensively without the need for
sohisticated test equipment.

PULSAR can detect the equivalent of a
picosecond glitch occurring only once a

Analogue Simulation - from £98

R13 1k
R2,4 10k

CAPACITORS

SEMICONDUCTORS
D12 1IN4001
TS1 ULN3390T
TR1 BCS557
TR2 BC547

cl 100yF 25V Radial Electrolytic 1
c2 100nF 80V Disc Ceramic 1

RL1 Micro Min Low Power Relay 1

TWILIGHT SWITCH PARTS LIST

RESISTORS: All 0-6W 1% Metal Film

2 (MI1K)
2 (M10K)

(FF11M)
(BX03D)

“(QL73Q)

(CP94C)
(QQ168)
(QQ14Q)

Pl o

The Maplin ‘Get-You-Working’ Service is not
available for this project.
The above items (excluding Optional) are available
as a kit, which offers a saving over
buying the parts separately.

Order As LT47B (Twilight Switch Kit) Price £5.95.
Please Note: Where ‘package’ quantities are stated
in the Parts List (e.g., packet, strip, reel, etc.), the
exact quantity required to build the project will
be supplied in the kit.

The following new item (which is included in the kit)
is also available separately, but is not shown in the
1994 Maplin Catalogue.

Twilight Switch PCB Order As GH63T Price £2.20.

Foeis o i=% men == == | ANALYSER lll and ANALYSER il Pro.
—— A ,—]._| Powerful linear circuit simulators have full
b \ --| graphical output, handle R's, L's, C's, Bipo-
= Eolls \_, ~=| lar Transistors, FET's, Op-Amp's, Tapped
"I—\ R ' | Transformers and Transmission Lines etc.

o -~ | Plots Input and Output impedances, Gain,
/ = | Phase and Group Delay. Covers 0.001 Hz
e e " s _oaee | 1O greater than 10GHz.

For full info, phone, fax or use enquiry card: uE=R)

TAWARD
Number One Systems Ltd. X —o-
REF: MAP, HARDING WAY, SOMERSHAM ROAD,

ST.IVES, HUNTINGDON, CAMBS, England, PE17 4WR
Telephone: 0480461778 (7 lines) Fax: 0480 494042
International: +44 480 461778 Credit Cards Welcome

Chelmer Vaéve Company

cvc High Grade Arudm Valves

Maior Brands e.g., Mullard, Brimar, Philips, GE (UK), GE (USA), ek.

G234 Mulord,
GZ37 Mullord.
6CA7/EL34 GE ..
GLEGA Sylvans

=
» ity o O i ¥ \/ Power Vi
bumtin bf'zw.a siobility and reliability. -

PRE-AMP VALVES POWER VALVES - cont.

EB1CC (GOLD PN)
E82CC (GOWD PN ...
EBICC (GOLD PN) ...
EBACC (GOLD PN ...
EBOF

EB3F
8SL7GT

SSN7GT

POWER VALVES
2A3(OCTAL or {4 PN)........ccooevorvnnnne £1400  524GT £3.50
21 £22.00
3008 £50.50
811A £9.50
845 £29.90
EL34/BCAT ........oncnsiciisiiisinninenens £7.50 (UX4)

ELB4/6BQS €400  4PN(lor 21T} i £11.00

Add £1.00 per valve lor maiching i !
Plus Post & Podking £3.00 + VAT ot 17-5% for UK/Eurape.
Send/Fax order with cheque or credit card deloils fo:
Chelmer Vaive Co., 130 New London Road, Chelmsford, Essex CM2 ORG
Tek (02435) 263863 Fox: (0243) 490064
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SWSCRIBE 1'0

BRITAIN’S
BEST SELLING
ELECTRONICS MAGAZINE!

LTHONIGS, &

The Mophin M9 7% **%

% 2FREE ISSUES if you agree to
subscribe by Direct Debit or Continuous
Credit Card, saving you £5.64!

s FREEDELIVERYTO YOURDOOR,
and there are no additional carriage
charges.

 YES, SAVE MONEY by taking
asubscription, it's cheaper than
buying each individual copy.

% 5% SUBSCRIBERS’ DISCOUNT
CLUB CARD saves you money on
further purchases!

% PLUS - News, reviews, readers letters, competitions and lots, lots more besides!

To subscribe just send a cheque/postal order for £9.96 made payable to Maplin Electronics, P.0. Box 3, Rayleigh, Essex SS6 8LR. OR you can take advantage of
our offer of two free issues by completing the coupon below and agreeing to pay by Credit Card or Direct Debit. The two free issues offer only applies if you use one
of these two methods of payment. Simply fill in the ‘Payment by Credit Card'’ or ‘Payment by Direct Debiting Mandate' and return it to Maplin. Every time, about

1 month before your subscription is due, we will send you a letter giving details of the subscription rate and telling you the date on which we will charge your Credit
Card or debit your bank account. If you do not wish to continue your subscription, you have until that date to let us know, and we will then cancel your authority to bill
your Credit Card or cancel your mandate. Otherwise, if you do nothing, your subscription will continue. The authority or mandate you give us does not allow us to
charge anything other than the Maplin Magazine subscription. The benefit to you is that you no longer need to remember to re-new your subscription or send off any
more cheques or postal orders. Payment is made automatically.

OVERSEAS SUBSCRIBERS - SUBSCRIBE NOW!- Phone +44 702 554155 Ext. 326 or 351.
Subscription rates for 6 issues are: £14.50 (or 37 IRCs) in Eire, Europe and surface mail outside Europe; £20.50 (or 53 IRCs) Air Mail outside Europe.

TAKE THE NEXT 2 ISSUES OF THIS MAGAZINE FREE!!

Because we're so certain that now you've seen the Maplin Magazine you'll want 1o receive it regularty, we're offering to send you the next two issues free of charge with
absolutety no obligation to continue. Just fill in the details below and if after receiving two issues you do not wish to continue, just let us know at least one month before the next
issue is due and we will cancel your subscription. The two free issues will be yours 10 keep whatever you decide. If you aiready have a subscription, fill in the details below and
we'll add two issues free of charge to your current subscription. SEND NO MONEY NOW. About 2 weeks before the third issue is due, we will charge you £9.96 for the next six
issues, unless you have cancelled. This offer is not available to those already paying by Direct Debit or Continuous Credit Card or those who have stopped payment by either
method within the last year. THIS OFFER IS OPEN TO RESIDENTS WITH U.K. ADDRESSES ONLY. PLEASE START MY SUBSCRIPTION WITH ISSUE 74.

EITHER
* PLEASE ADD YOUR ADDRESS, SEE BOTTOM RIGHT *
PAYMENT BY CREDIT CARD. Please charge my Credit Card Account

| authorise you until further notice in writing to debit my CREDIT CARD account Account No

by £9.96 and in future, with any amounts which, after notification, MAPLIN [ N I A I O A A R A O O O |
ELECTRONICS PLC may debit thereto in respect of my subscription Signature Date

to the Mapiin Magazine. |

OR

PAYMENT BY DIRECT DEBITING MANDATE in favour of Maplin Electronics PLC, P.O. Box 3, Rayleigh, Essex SS6 8LR. DIRECT
Direct Debit payment option is only open to customers with bank accounts in the U.K. including Channel Isles, Isle of Man and N, ireland, Debit
Please note: Instructions cannot be accepted to charge Direct Debits 10 a Deposit or Savings Account. ebi

| authorise you untll further notice in writing to charge my account, with you, any
amounts which MAPLIN ELECTRONICS PLC may debit thereto by Direct Debit
in respect of my subscription to the Maplin Magazine.

1 will inform the bank in writing if | wish to cancel this instruction,

lunderstand that if any direct debit is paid which breaks the terms of this
instruction, the bank will make a refund.

Signature Date

Bank Sort Code Bank Account Number
| | | | 1 | 1 | | | 1 |

Name of Account to be debited

The Manager '

Enter your address and Maplin customer number, if known.

Post Code

If you wish, you can put this form in an envelope and address it to: Maplin Electronics, Freepost, P.O. Box 3, Rayleigh, Essex $S6 2BR.
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P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone, Credit Card Sales (0702) 554161; Enquiries (0702) 552911.
A different postal code i cHly shown on the reply pard

make offers of products or services which we believe will be of interest to our
customers. If you do not wish to receive this information please write no in the box.

On occasion Maplin Electronics may permit other reputable companies to E

ORDER COUPON

I any COMespONdence DISase QUONS YOuX CUSIOMer NUMbet Date

A auteveibbey ELECTRONICS | e

PostCode.............ccovevaun. Phone No. ...........ccovvvccvveecearrvaaarnnns

1T IS MOST IMPORTANT THAT YOU INCLUDE YQUR POSTCODE

Block capital letters please. Keep a copy of your order.

*Ploase enter catalogue page no. where item appears. It not in catalogue, write Mag for Magazine or SO for Special Offers etc. If not using 1994 catalogue, enter date of catalogue here: 19............
Description (for your information only) Page’ Order Code Quantity | PriceEach | £ Total p £ cc'm' ' I:gegl [
Price Change Leaflet (Please write 1 in quantity, if required) C|A|[9 9 H FREE 0 00 0 00
|
1 | S —
| )
roO MESE Jasus 8 Total this sheet £ |
e | Overseas customers Office Use Only T
A incucing Channellses || — Total other sheet(s) £
et and Eire, please deduct ca ICA [PO
VAT where applicable P Totalforgoods £
and tick this box. Total |
c | | Camiage charges for Large, fragie. or heavy ilems as
% S2RegiOmos I shown in catalogue. M otal i thes box excoeds £5.70 you 4_|
author ot Card ] iched need only pay £5.70 (Max Carr Charge per order £5 70)
authorise you to debit my credit card account for of goods despa : sy
you 4 T Deduct value of Credt NoteNo ........ R Carriage Charges
Cre&CmdNumw(T I l I I | | ] l I I I I l | I I Enclose the numbered Credit Note with this order. | (A £
) Deduct value of Gift Token No ) g';g
Access/American Express/Visal.............ocooovvvevirrernnens Delete as required. | (Enclose Gift Token with order.) £3'1 5
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d X Crackers for
Emakey ) vom i buld]

%’I ”Il l '
Put down those mince pies, pick
up your soldering iron and make
a Merry Christmas with these
festive projects from Maplin!

D YOUr
as Trea
decorations

This fine example of arboreal
high-technology is decorated
with 21 low-current LEDs in
three seasonal colours: Red,
Yellow and Green, which can be
made to flash or twinkle at three
different rates. The kit contains
everything you'll need, plus
a full-size template which
can be stuck to card,
hardboard, etc. to help you
make your tree. Full details
can be found in Electronics

j§ d—

1;,,_‘]

. \ | | PROJECT
CRACKER RATING

Y
it ' Sort the ‘Cold Turkeys’ from

souwy \ the ‘Christmas Crackers’ this
puppine | yuletide, with this simple to
build ‘Fest-0-Meter'. The unit uses
the resistance of your

skin to ‘measure’ your level of
Seasonal Joviality, and lights the
LEDs accordingly: see if Granny's
had enough sherry trifle, or if
Dad's drunk enough of the
Christmas spirit yet. ‘Hours of fun’
are to be had trying to get all six

TURKEY

LEDs to light by pressing your Issue 48 (XA48C).
thumb on the contacts - if you LED Xmas Tree,
succeed, you are rewarded with Order Code LP83E

a festive tune! Full details are in £9.95.

| Electronics Issue 60
(XAB0Q).
Fest-o-Meter,
Order Code LT18d,

Jingle Balls,
Jingle Balls!

Based around the UM66 series CMOS LS| chip,
this module plays a 64-note melody of “Jingle
Bells”, “Santa Claus is Coming to Town”, and
“We Wish You A Merry Christmas”. Certain to find
_ many applications during the festive

season, e.g., seasonal doorbell, toys,
decorations, novelties etc.

Full constructional details can be
found in Electronics Issue 26
{(XA26D).
Simple Melody Gen 1
Order Code LM43W
£2.75.

Suparstar

Give the fairy a rest this year and ‘yule’ have the
smartest tree in the street! Lift your tree’s decorations
into an astral plane with our 19-LED, four colour,
twinkling Christmas Star. The kit is designed
around the CMOS 4060 iC, and includes all the -
items needed, except the star itself which you Follow Yonder Star to your local Maplin store in: Birmingham. Brighton, Bristol, Cardiff,
can use your own creative flair to design. Chatham, Coventry, Edinburgh, Glasgow, liford, Leeds, Leicester, London (Edgware,

. i Forest Hill and Hammersmith), Manchester (Cheetham Hill and Oxford Road),
Full constrpctlonal details can be found Middlesbrough, Newcastle-upon-Tyne, Nottingham, Portsmouth, Reading, Sheffield,
in Electronics Issue 41 (XA4](]). Slough, Southampton, Southend-on-Sea and Stockport. Plus a NEW store opening soon
LED Xmas Star, Order Code, in Milton Keynes. Phone 0702 552911 for further detalls of your nearest Maplin store.
LP54J, £7.75. All iterns subject to availability. Prices include VAT.




ow with advances in IC
Ntechnology and digital signal

processing, significant improve-
ments can be made to audio recording.
Both systems have been well engineered
and have a lot to offer, but their
approaches are different in many
respects. The Philips system uses a new
tape which retains compatibility with the
old cassettes which can still be played on
new DCC machines. Sony have opted for
a disc based system. Which of these two
will gain dominance in this fiercely
competitive market remains to be seen.
But whichever one it is, it may take about
two years before a clear trend is visible.

Why Digital?

Digital audio systems are well established
in the Hi-Fi market. The Compact Disc
(CD) was the first to appear in the
consumer market, and gave a tremendous
leap forward in performance over
anything else which was available. With
a virtually flat response, and minute
levels of noise and distortion, the death
knell of the traditional vinyl disc was
sounded.

16
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Model MZ1.

In view of this performance, the CD
soon gained acceptance and sales quickly
rose, reaching a level of about 800 million
per year. Now CDs are the accepted
medium for listening to high quality
music recordings. This fact is borne out
by radio broadcast stations, who almost
exclusively use CDs as the medium for
their music material.

Apart from their improved per-
formance, CDs gained popularity be-
cause they were easy to use. No longer
would the slightest scratch ruin a
recording as happened with vinyl discs.
Even if a small scratch appeared, this
would be overcome by the digital error
compensation in the player.

Another advantage was that CDs
are much smaller than their vinyl
counterparts. A CD can store up to 74
minutes of material and it is just over
4'%in. in diameter. On the other hand, an
LP has a 12in. diameter and a maximum
playing time of about 60 minutes — and
this requires the disc to be turned over
unlike the CD.

Finally being digitally controlled, it is
very easy to programme a CD player to

'MiniDisc and

1t out for dominance in the

market-place. Both systems
e aimed at the same sector

of the audio market — that is

as a replacement for the

ing, but very successful,
pact.cassette, which has

play tracks in any order, repeating some
as many times as required. Most new
players have this and many more
facilities built into them.

Whilst the CD offers many advantages
it is not completely without its
drawbacks. The main one is that it does
not lend itself to use in moving systems
which are liable to vibration and knocks.
Mechanical jolts can set the laser off
track, thereby disrupting the play. With a
growing requirement for ‘Walkmans’ and
in-car systems there is a major gap in the
market which can be filled. At the
moment there are many in-car and
portable CD players. However, the
portable ones could certainly not be used
whilst jogging. Whilst the in-car players
are satisfactory for normal motoring and
use sophisticated anti-vibration mounts,
they are not always foolproof when it
comes to bumpy roads and potholes.

Requirements

The compact cassette has given excellent
service for many years, and will continue
to be used in the future. However, to
find out public opinion about the per-
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formance of the cassette a survey was
commissioned. This revealed that over
three quarters of the people surveyed
were satisfied with the portability of the
cassette.

In other areas people were not as
enthusiastic. Over half the people
interviewed were dissatisfied with the
reliability of the cassette. Another of its
disadvantages proved to be its random
access capability with just under 50% of
those interviewed saying they would like
an improvement in any new system.
Finally the sound quality did not live
up to today’s standards. Despite im-
provements in tape head technology and
signal processing systems like Dolby,
analogue cassette systems cannot live up
to the performance offered by a CD. This
lack of performance resulted in about a
quarter of its users being dissatisfied.

Recordable
discs.

Basic System

In view of the information obtained from
the survey it was necessary that any new
system should be portable, and capable
of being used in a Walkman. It should
also have improved sound quality, better
access to different tracks and it should
have a higher reliability than the
analogue cassettes.

In fulfilling these requirements Sony
decided to opt for an optical recordable
disc system. This is hardly surprising
since Sony have been developing optical
disc technology in various forms for
about twenty years. In fact they were
involved in the initial release of the CD
and they are one of the licensees.

After the launch of the CD much of
their research was directed towards a
recordable optical disc system for use in
the computer industry. However, this
research has now been put to very good
use in the audio industry for the
MiniDisc.

Not only have Sony had to develop
a new form of storage medium in the
form of the disc, they have also
made an enormous investment in the

January 1994 Maplin Magazine

development of the signal processing
to enable the data to be stored on the
disc.

The MiniDisc itself is smaller than a
CD and this means that the amount of
data which it can store is less. If it is to
have the same playing time, then the
actual amount of data used to store the
sounds must be reduced. From this
requirement Sony developed their
ATRAC (Adaptive TRansform Acoustic
Coding). This is very similar in its
function to the Philips Digital Compact
Cassette PASC (Precision Adaptive Sub-
Coding) system because it reduces the
amount of data needed by only storing
those sounds which can be perceived.

Finally, the system has been made
portable. When a portable CD player is
used on the move, or in a car, sharp
vibration can displace the laser. This can

s e
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cause skipping or drop outs in the music.
To overcome this the MiniDisc has a large
RAM to store enough data to allow the
laser to regain its place, thereby giving
continuous play.

The Disc

As the name implies the disc is quite
small. The actual rotating disc measures
only 64mm in diameter and this is
housed in a plastic cartridge measuring
72 x 68 x 5Smm. This forms part of the
overall disc and gives it an appearance
very similar to that of a 3'4in. computer
disc.

There are two types of disc. The first
can only be used for playback. Once
manufactured there is no way of
recording onto them. These discs would
normally be used for pre-recorded

albums available from the shops. The
front of the disc is clear and can be used
for artwork. On the reverse side there is
a shutter which protects the disc when it
is not in a player. When the disc is
inserted into a player the shutter opens
to reveal the playing surface of the disc.
This enables a laser to read the data
stored on the disc in the form of pits and
bumps virtually identical to those on a
normal CD.

When reading a disc, the laser tracks
from the centre where there is a lead-in
area, to the outside. This is another
similarity to the CD, but of course it is the
exact reverse to the old vinyl discs.

Recordable Discs

It is in developing the recording
technology that Sony has devoted a large
amount of research effort. The fact CDs
could not be used for
recording until recently
was one of their major
drawbacks. As a result,
it was recognised that it
was very important that
the MiniDisc should
have this facility.
Without this it was felt
the system would have
little chance of success.

The recordable discs
are somewhat different,
so allowing the discs to
be overwritten an
unlimited number of
times. In terms of visible
differences they have a
shutter which reveals a
section of both sides of
the disc. In fact this is
an indication that a
different process is used
to store data on these
discs.

To achieve the re-
cording capability, it
was necessary to em-
ploy a system which,
although different,
would be compatible and use many of
the same components. The solution,
devised by Sony, is called ‘Magnetic field
Modulation Over-write’ (MMO).

One of the keys to the operation of the
system is the disc itself. This consists of
four main films on the top of a plastic
base. The films are very thin and have to
be very uniform if they are to perform
correctly. The key layer consists of a
material called ‘terbium ferrite cobalt’.
This is located between two layers
of silicon nitride with an aluminium
layer on top. It is within the terbium
ferrite cobalt where the actual data is
stored.

The manufacture of these discs
presented a number of problems which
have been successfully overcome. The
thin layers in the disc are deposited onto
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the plastic substrate using a process
called ‘sputtering’. In its basic form this
technique involves evaporating atoms in
a vacuum and then depositing them onto
another surface under the action of an
electric potential.

An improved system developed jointly
by Sony and Materials Research
Corporation in the USA, enables very
uniform layers to be deposited. The
system gives the lowest particle
contamination level of any sputtering
system to date. This leads to much higher
production yields and reduced
production costs. As a further benefit, the
system gives a ten fold increase in speed
over other systems which are available.

When recording, the laser scans the
underside of the disc as it rotates and
causes the magnetic material in the disc
to be heated to 180°C, which is above its
Curie temperature. At this point the
material looses any magnetism it
previously possessed. As the disc rotates
the laser spot moves away from this point
on the disc and it begins to cool down. As
this occurs the magnetic material takes on
the magnetic orientation of its
surroundings. A magnetic head is placed
above the disc and the flux which it sets
up is the flux which is taken up by the
sections of the disc as they cool down, see
Figure 1. The laser acts as the ‘key’ that
enables the recording to take place and the
magnetic head writes the data onto the
disc. Thus digital data can be transferred
onto the disc, simulating the pits and
bumps of the pre-recorded material.

This writing process has proved to be
very reliable. It has a very large power
margin and this minimises the distortion
of the data on the disc. This means that
there is much less jitter on the data than
on other systems. In addition, the basic
MMO system is very resilient to any disc
tilt which may occur. Again this can
cause data jitter. However, as the laser is
only used to raise the temperature of the
magnetic layer it has less effect on the
magnetic spot shape. The result of this is
that there is much greater reliability
when the disc is played back. It also
means that the same recording density as
a CD can be achieved.

Playback

The playback system is just as cunning as
the one used for recording because the
two storage systems use the same pick-up
even though they operate in slightly
different ways. Despite the fact that it is
dual function, the pick-up is based
around the idea used for CDs.

For pre-recorded material a 0-5mW
laser is focused onto the surface of the
disc as shown in Figure 2. The light is
reflected back off the surface and
detected by two photodiodes also shown
in Figure 2. The level of light reflected
then indicates the presence or absence of
a pit. If the light is reflected directly back
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Figure 1. Recording on a MiniDisc.

Random Access

One feature of the CD which has been
widely used is the ability to select tracks
quickly and easily. Naturally, this facility
has been built into the MiniDisc, but
including this facility was not as easy as
might be expected. There is little problem
with pre-recorded discs because the same
system used on CDs has been
incorporated. The start and finish points
of the tracks are known and these are

AT Pre mastered
Motion minidisc
of disc
Analyser Photo
diode 1
Reflection from
pits gives low
intensity light Photo
Laser diode 2 >
Reflection from
‘Burips’' gives
high intensity
light
Figure 2. Playback on a playback only disc.
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reflected light
varies with disc
magnetisation
Photo
Laser diode 2 >

Figure 3. Playback of a recordable disc.

this will indicate the absence of a pit. If
there is a pit then the light will be
diffracted and a much lower level will be
detected by the diodes. These light level
variations correspond to the digital data
which can then be processed by the in-
built electronics.

To read a recordable disc, the process
is somewhat different, although exactly
the same pick-up is used. The light from
the laser, which is polarised, strikes the
disc and is reflected back. However, the
polarisation of the light is rotated slightly
in a forward or reverse direction
depending upon the magnetisation of the
disc at that point.

The reflected light passes through what
is called a ‘polarisation beam splitter’.
This separates the light of different types
of polarisation and distributes it to the
two photodiodes as shown in Figure 3. In
this way the light reaching the
photodiodes is dependent upon the
amount of polarisation shift when the
light is reflected and hence the
magnetisation on the disc. Each
photodiode converts its light energy into
electrical signals and hence the digital
data recorded on the disc is read.

stored in a directory on the disc. This
directory, called the ‘Table of Contents’
(TOC) stores all the relevant information.
When a particular track is required, the
player refers to the TOC and moves to the
correct position.

The system for achieving random
access on recordable discs is rather more
complicated. The system uses a ‘pre-
groove' to give the location information.
These ‘pre-grooves’ are microscopic
grooves which are pressed into the
surface of the disc at manufacture and
they give location information at
intervals of 13-3 milliseconds.

To enable the player to find the correct
start and finish points, the locations are
stored on the disc in a reserved area
called the ‘User Table of Contents’
(UTOC). This is very similar to the
directory on a computer disc where all
the locations of the programmes are
stored.

This system allows random access of
tracks to be performed virtually as fast on
recordable discs as on the pre-mastered
ones. This can be achieved to an accuracy
of 13:3ms, which is more than adequate
for most applications.
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Memory

One of the major problems of the CD is
lack of portability. Although portable CD
players can be moved whilst they are
playing, any shock can cause them to
skip or jump. As a high degree of
portability is necessary for the MiniDisc,
it was important to incorporate a method
of overcoming this problem.

As the disc is played, or recorded, the
laser has to move across the surface of the
disc, so a solution had to be sought to
overcome the effects of shock. The actual
method used was to incorporate a
memory into the system. The data can be
read from the disc faster than it is
required by the decoding system. In this
way it is possible to read data ahead of
when it is required and store it in the
memory. If the laser is displaced by a jolt
the memory will start to empty as it
continues to give out data to the decoder.
until the laser finds its position again.
When this happens, the memory will
start to fill up again ready for another
interruption in the data from the disc. In
this way the music is not interrupted,
despite any jolts displacing the tracking
of the laser, see Figure 4.

Some figures are useful to illustrate the
system. In current MiniDisc systems one
Megabit memories are used. The data can
be read in at a rate of 1-4 M-bits/s, but it
is only required at a rate of 0-3 M-bits/s,
giving up to three seconds of stored data.
This is more than sufficient for the laser
to regain its position, and on one
demonstration it was just enough to
allow the disc to be removed and re-
inserted without any interruption to the
music!

Obviously, in most cases the laser will
not be continually jolted, and so a point
is reached when the buffer memory is
full. When this occurs data will cease to
be read from the disc until the memory
empties slightly and more data can be
read in, so data is read into the memory
from the disc in bursts as it is required.

Data Compression
The MiniDisc relies on the small size of
the disc to give it that all important
feature — portability. Unfortunately
reducing the physical size of the disc also
reduces the amount of data which can be
stored. If the data was stored in the same
way that it is on a CD, then it would only
be possible for a MiniDisc to give about
fifteen minutes playing time. Clearly this
is not acceptable, and as a result, Sony
have developed a system of reducing the
amount of data which needs to be stored.
Called ATRAC, it is very similar to the
Philips PASC system described in the
article describing the Digital Compact
Cassette in Issue 72 of Electronics.

A CD uses a 16-bit data sample every
0-02ms, regardless of the content of the
waveform. However, such a large data
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Figure 4. Shock resistant memory.

word is only rarely needed, and with a
degree of signal processing it is possible
to identify only those portions of the
signal which need to be stored.

During ATRAC, encoding the data is
divided into time segments of up to
11-6ms, but in 0-02ms increments. Then
using a system called ‘modified discrete
cosine transform’ the waveform is
analysed.

During the analysis, two main features
are used — the first being the threshold of
hearing. It is found that the sensitivity of
the ear varies considerably with

frequency, being at its most sensitive at
about 4kHz and falling off above and
below this frequency. Any sounds which
are below this threshold, as shown in
Figure 5, will not be heard, and can
consequently be ignored by the encoding
system.

The other effect occurs when two
sounds are very close together in
frequency. When this occurs it is found
that the larger signal tends to mask the
weaker one out as shown in Figure 5.
The closer the frequency the greater the
masking effect.

Hearing
threshold of
the ear with
no saunds
present

Audible

Hearing
threshald
with signals
present

Inaudible

Signals which
are encoded
by atrac

Figure 5. Signals encoded by ATRAC.
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Figure 6. Block diagram of MiniDisc system.

To utilise this effect ATRAC splits up
the audio into sub-bands. Unlike the
PASC svstem. ATRAC uses different
width bands dependent upon where they
are in the audio spectrum. The reason for
this is that the masking effect is not a
direct function of the frequency
difference in Hertz. As a result, the lower
frequency bands are narrower than the
higher frequency ones. Below 500Hz the
bandwidth is about 100Hz and above this
frequency the bandwidth increases by
about a fifth everv band.

The svstem then analvses the
frequency components in each band to
see if anv sounds are likelv to be masked
out. If so. then the weaker sounds will not
be encoded. saving valuable disc space.
In total, the saving is such that only about
one fifth of the data needed bv a CD is
required by the MiniDisc. This means
that the MiniDisc can store a full 74
minutes of music. A block diagram of the
MiniDisc system is shown in Figure 6

On the Market

Sony currently have a number of units on
the market. Possibly the most publicised
is the MZ-1 recorder/plaver. This small
unit is capable of giving verv high quality
low noise recordings from a very
compact handheld unit. The M2-1 is
likely to be used in a verv wide spectrum
of applications from home entertainment

to interviews and recordings for 2 (Stereo)
broadcast use. 5Hz to 20kHz
The cost of the MZ1 is around £500, Dynami . 105dB
but for anvone looking for a slightly Not measurable
cheaper Walkman for plavback onlv then : 44-1kHz
there is the MZ-2P. At around £400 it is ATRAC
still well above the cassette based i EFM
Walkmans in price. but it offers a verv i . CIRC.
high quality plaver. even capable of being speed: 1-2 to 1-4ms (Constant Linear Velocity)
linked into a Hi-Fi svstem. 2 74 minutes :

For home use. Sony have launched the 72 X 68 X 5mm
MDS101 which is a mini sized stacking isc di 64mm
unit which is designed to fit in with most
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Model MDX U1 RDS.

home Hi-Fi systems. The cost of this unit
is about £700.

Finally Sony have not forgotten the car
market. Their MDX U1 is a top of the
range in-car stereo system. The radio
itself comes complete with RDS and the
unit has a price tag in the region of £850.

Although the prices may seem high,
like all new systems, prices are expected
to fall when sales start to rise and other
manufacturers come into the market.

Currently a large number of other
companies are interested in the MiniDisc
system. Kenwood, Sharp, Sanyo, Denon,
Akai, Aiwa and many other major
manufacturers have licences. In view
of this it should not be long before a
wide variety of units are ready for

demonstration or actually in the shops.
When this happens, it is expected that
the prices will fall to a point where more
people will start to buy them.

Recorded material is also important,
and a number of record labels are
distributing MiniDiscs including Sony’s
own label. Like the Digital Compact
Cassette, the new discs are only available
in a limited number of shops at present.
When an assistant in one well-known
chain store was asked whether they
stocked them he apologetically replied
they did not. Then as a reason he said
they were rather small anyway!

The overall licensing process for
MiniDisc technology is ongoing. In May
1993 a total of 53 different companies

had agreements for the use of different
aspects of the system. There were 32
hardware related agreements, 18 related
to pre-recorded material, including
production and custom pressing, and 18
related to blank media. This large
number indicates that there is a very high
degree of support for the MiniDisc in the
industry.

Conclusion

The new MiniDisc system has many
good design features built into it. The
small size of the disc, its easy of use, and
portability will no doubt appeal to many.
However, behind this the system has
been cunningly engineered, enabling two
very different types of disc to use the
same pick-up. In addition, the recording
surface is protected in a case which is an
integral part of the disc. This is obviously
a great improvement, as any user of
computers will be able to testify when
comparing the 3';in. discs against the
5',in. ones.

However, despite all these advantages,
many people will see it as yet another
medium for which they will need to
build up a completely new library of
music. In this area the Philips DCC
system has a distinct advantage, but it
does not have the random access

capability.
T ol It will take some time for the market
erminoiogy trend to be discerned. Most people are
Term Meaning waiting to see what happens before
DCC Digital Compact Disc buying. However, there is a very large
CDh Compact Disc degree of industry support and this alone
ATRAC Adaptive TRansform Acoustic Coding could force the acceptance of this system
PASC Precision Adaptive S i for the future.
MMO Magnetic field Modulation Over-write
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10. The Future - Towards the Brain
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he building of an electronic manufacture. Consequently,
‘brain’ is an idea that has optical computers have become
been around for at least a distinct option.

half a century, and if the concept Optics are inherently

has a father, it is the British parallel, and since light signals

computer scientist Alan Turing, don't interfere with each other,

of ‘Turing Machine’ fame. Before communications channels can

this dream can become reality, be far more densely packed

however, the electronic hardware than their electronically-

will have to be reduced in signalled counterparts. They

physical scale quite considerably. therefore offer the possibility
The total area of the average of huge parallel systems

modern Large Scale Integrated operating at far higher

circuit (LSI) is already speeds than is possible with

minuscule, yet it has to become a electronics. The photon could

great deal smaller still to come even therefore replace the electron as the

moderately close to the scales of the basic building block of future computer

brain. So what have we got to do to and communications systems.

achieve this level of technology? Are we That, though, is some years away yet.

working towards this goal now, either Just as thermionic valves got smaller

by Greg Grant
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consciously or unconsciously? Assuming and a great deal more efficient towards
we are, can we succeed, and will there \ / the end of their active lives, so also are
be any other technological spin-offs from certain types of ICs. In fact there is at
the development work? least a couple of orders of improvement
All of these questions require a out around 10 operations in a second, to be had from the present generation of
writer to brashly push his way into a each of which consumes about 10-¢ solid state devices.
field littered with the remains of those Joules of energy. This makes it infinitely For example, current chip-packaging
who have gone before — technological more efficient than present-day techniques are such that only a tenth of
prediction. That said, let’s take a look at computer technology, and about a factor the package is actually used by the IC. If
what’s happening presently and what it of ten million more efficient than any inter-device connection techniques were
may lead to in the next century. computer technology we can imagine. to be improved, the amount of chip
To begin with, we've come a long way Hence computer science’s interest in space required could be reduced
this last half century or so. Forty eight the brain. But how close are we to considerably.
years ago there wasn't a single computer approaching this sort of efficiency? While a micron is minute on a
in the world. Presently there are many Presently charging up the gate of human scale, it is massive on an atomic
millions of them, and in another half a small transistor takes around 10-13 one. For example, a 1pm piece of
century they’ll be as common as the joules. In another decade, this figure will semiconductor material is a ‘bulk’
change in your pocket. have come down to around 10-'5 joules, material. Once you bring the dimensions
A modern feature-laden digital beginning to come close to the sort of below 20nm, or some 35 atomic layers,
watch, for example, does far more energy economy of the brain. it isn’t, and thanks to the development
computing that either ENIAC, or the The Italian electronics giant Olivetti of molecular beam epitaxy, a technique
MIT’s ‘Whirlwind’, ever did. What’s recently announced its A5 computer. It for depositing atoms layer by layer, such
more, the cost of computing has been will have the performance of a laptop in thin material layers are now possible.
reduced drastically over the same the size of an electronic organiser or, as In fact, it’s becoming a feat in itself to
period, indeed by a factor of around they are currently called, a palmtop. keep tabs on all the developments going
ten million, according to one report. Then there are Flash Memory ICs, on in computer technology. In 1989, for
Present-day microprocessors, for which retain their information when the example, the generally accepted modem
example, carry out some ten million power has been removed. Presently the standard was 1,200-bit/s. A mere three
operations per second, burning up about Intel Corporation has put twenty of these years later this had risen to 9,600-bit/s.
1W of power in the process. In energy ICs onto what it terms a ‘Flash Card’, We can safely say that hardware will
terms, a single chip carrying out one which gives some 20M-bytes of storage continue its relentless advance, as
operation consumes around 107 joules on a piece of plastic having all the bulk indeed it has done these last forty-odd
whilst the computer, of which the chip of a Diners Card. What’s more, the years. As to the spin-offs, they will
is but a minute part, uses up about 10- Microsoft Corporation has developed manifest themselves as obtusely as, one
joules per operation. This means that software for it, which means that the suspects, they’ve done in the past, one
the entire machine is only some two card can mimic an operative hard disk. example of which is the ‘Clean Room’.
orders of magnitude less efficient than In the autumn of 1991, IBM This byproduct of computer
one of its integrated circuits. announced the development of the first manufacture is presently so efficient
The transistors the chip contains polymer that has a photo-refractive that one such area contains no more
currently have minimum dimensions of effect, in which light causes the than a single half-micron particle of dust
10-6 metres, or 1 micron (1um). By the year electrical charges within the material to per cubic foot of air. This means that
2000, the computer industry will have move, altering its refractive index. This such areas are 1,000 times cleaner than
reduced these measurements further by could mean optical storage devices the average operating theatre!
a factor of ten or thereabouts. Impressive capable of holding 10® bits of Equally we could end up with a
really, isn’t it? Yes — provided you know information on an area the size of a full product which — although difficult to
nothing about the brain and its stop. relate to computers — has a universal
capabilities. This discovery is timely, for many use. Teflon was such a byproduct of the
To begin with, the human brain research scientists and engineers Space Race and, as we approach the
contains some 10 gynapses at which reckon that we’ve reached the limit of atomic level, who knows what properties
a nerve pulse arrives ten times every inter-chip speed and handling capacity, we'll discover in a variety of materials
second or so. In short, the brain carries due to the increasing difficulties of IC and subtle combinations of substances.
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against making similar mistakes.
Presently, semiconductor LASER
techniques are advancing at a faster
rate than computer technology
generally, Such devices will have a
considerable influence on the design and
ergonomics of future optical computers,
amongst other things.

Looking further ahead, there is
the on-going development of super-
conducting materials, an area of
scientific technology which is still very
much in its infancy, yet one whose
applications in computer technology
could be crucial. Equally it may be that
a technique or device that appears
original or advantageous turns out to
be theoretically more stunning that its
practical application. One past example
of this sort of paradox was the Wankel
engine. Here too we must be prepared
for the occasional disappointment,
for that which reads better than it
lives.

That said, we are likely to be as
surprised over the next forty years as we

So much for what can, fairly it transpired that the power he’d have been over the last forty. Those past
accurately, be deduced from what we envisaged using was already past its developments weren't simply surprising
know currently. Babbage, you may prime. — they changed our world completely. We
recall, realised early on that his This didn’t nullify his deduction, but are, I suspect, in for another resounding
brainchild needed power, although merely made it dated. We must guard repetition'
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There has been an increasing
resurgence of interest in valve
amplifiers in recent times. While

rival magazines have featured PROJECT T

odd valve circuits over the past RATING H E
few years {if sporadically), the
great empire of Maplin has

mainly ignored the subject - MAPLI N
until recently.

Most commercial, ready-made
valve amplifiers are classed

in the high-power, Hi-Fi end of
st | MIILLENNIUM
altitude prices may begin at

£1,200 or £1,500 and go up

to however much you think you

ought to pay, in one instance, S — ——

the equivalent to the price of
a house (honest!).

o R My 20WVALVE
POWER

HE resurgence has also
I affected many members of

the Electronics staff, here at
Maplin. The idea to produce a valve Afinished Sterso
amplifier was sparked off by Graham version of the
Dixey's series of features on ‘Valve Millennium 4-20.
Technology', and somebaody's ()
suggestion to follow this up with
more projects.

Further enquiries by this author
revealed that at the more modest,
lower powered end of the audio
amplifier spectrum, nothing much is
available in valve form. Furthermore,
any ambitious ideas about 40 or
50W designs were curtailed by
the need to moderate costs (to
you, the customer) to a reasonable
level. Valve amplifiers always cost
much more than their
transistorised counterparts, mainly
because of the amount of
‘ironmongery’ involved. This may
have something to do with why the
‘at least one stereo in every
household’ situation is more a
modern-day phenomenon. The result
of all this was to settle for a stereo
20W design, which we present FEATU R Es
here, and it fills a gap which has
been left empty for a very long time. * Class AB1 Push-Pull Output

Non-Hybrid Traditional 4-Valve Design

OVERVIEW
& PSU
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In order t:oF;elp spread expenses « Simplified Construction Using PCBs
while putting it together, the r Expandable Modular Concept

complete system has been
organised into just two separate
kits. In this way each kit can be #* No Setting Up Required
bought and built as and when funds
permit, as an alternative to a large
financial outlay all at once at the

o¥tst, TS compdind APPLICATIONS

complete mono amplifier module,

. Mono or Stereo Options

Minimal Test Equipment Needed

and a power supply unit as a #* Domestic Hi-Fi/Stereo Music Systems
BRPaES. GaTLL S, RIS Small-Scale Public Address

stereo power amplifier, you wiill 3 Yy 4

require two identical amplifier kits, ¥ Musical Instrument Amplification

and the PSU. The PSU is able to
supply a pair of amplifiers, but it
can also cater for a mono version
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(Other variations, include three-way
and 'quadraphonic’, or a pair of
‘'monoblocs’, which will require
two PSUs.)
The fully enclosed chassis (in this
case, for the PSU) is common to
all the units in the design, and all
can be joined together to make a
complete assembly if desired. More
details about how to do this will be
presented in Part Two.
The main advantage of using
the individual chassis is, apart from
allowing each kit to be completed
individually, that each unit will be
self-contained and screened from
its neighbours, communicating with
them only via holes made for wiring
looms. For the Power Supply
Unit, this is restricted to the
earth, HT supply line and
heater pairs — only up
to twelve wires
in total.

A Brief Description
of the Amplifier

Part One of this project is primarily
going to deal with the construction
of the PSU section, but a brief
description of the actual amplifier
is in order, so at least you will
know what it's about!

Figure 1 shows a block diagram
of the amplifier (primarily intended
as one of a stereo pair) while the
circuit diagram is shown in Figure 2
It is thoroughly traditional in design
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and is typical of high quality power
amplifiers of the 1350s and '60s.
It offers an output of up to 20W
r.m.s. into 8Q2, operating in class
AB1, and has a total distortion
figure of around 0-4%, and an
input sensitivity of 220mV. A
more detailed description will be
presented in Part Two; suffice to
say for the moment that, like ali
class B amplifiers (including solid
state ones), it has three distinct

Assembled Power Supply Unit PCB.

Figure 1. Block diagram of the ‘Millennium 4-20' amplifier.

stages (as in Figure 1), these being
a push-pull power output stage, a
preceding phase-splitter stage (even
transistor and IC power amps have
phase splitters, although they are
not obviously clear to see), and
some form of front-end stage which
can incorporate a negative feedback
loop to set the gain and control the
overall circuit.

The brief history of how this
design evolved is interesting in itself.
A rough idea was ‘cobbled’ together
using scraps of data gathered from
here and there, and then, as more
detailed data was obtained, it began
to take on a more practical aspect.
At this point the output stage was
more or less established, and the
specification of the output
transformer determined. This was a
crucial step, because the design of
both the remainder of the amplifier
and the power supply hinges on
that of the output transformer.

Ignoring pressure from other
sources (sorry, Alan!) to adopt
a ‘concertina’ type phase splitter,
where equal value cathode and
anode resistors are used to derive
the opposing-phase drive signals,

o

The PSU chassis prepared for assembly.
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| stuck to the intention of using
the long-tailed-pair, push-pull
configuration (V2a and b in Figure
2). This was because:

1. the unity gain version is already
demonstrated in the Velleman K4000
design, and | wanted to show the
other vaniation;

2. | know this configuration
from experience and have used
it successfully before for various
purposes; and

3. it reduces the number of
signal coupling capacitors otherwise
required. Apart from that it has a
kind of elegant symmetry.

The main argument against the
long-tailed-pair configuration is
that there is a mismatch of signal
amplitudes between the two
opposing phase outputs, due to
losses incurred in coupling the signal
through to V2b via the common
cathode connection. (While V2a

operates in common cathode mode
and is an inverting amplifier, V2b

is a non-inverting amplifier working
in commoned signal grid mode,
receiving its input at its cathode.)
The result is that the (non-inverted)
output from V2b anode is at a
slightly lower level than that of
anode V2a, but this is not a huge
error and is easily corrected (to
be discussed in Part 2). This is in
part due to sensible design of the
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Figure 2. Circuit diagram of the amplifier.

26

Maplin Magazine  January 1994



stage, and the fact that the ECC83
was developed with this kind of
application in mind, amongst
others, and although the otherwise
obtainable, effective amplifying
power of each valve is reduced
by half, the stage still manages an
open loop gain of 28dB with close
symmetry.

However, not using the unity gain
splitter, which must be preceded
by an amplifying stage as it has no
signal gain of its own, and which
could incorporate the negative
feedback loop, meant that a further
valve was needed at the input to
fulfil this function. The EF86 was
chosen, mainly because it is a single
device in one ‘envelope’ (valve-speak
describing the glass tube). Having
to use one half of a triode pair, for
instance, would have defeated

the object of being able to treat
one amplifier as a complete, self-

contained, single entity, and a |

complete single module, as explained
earlier.

Shortly after this, more data
became available, namely genuine
Mullard circuit designs, and it
turned out that what | had put
together was very similar to an
original Mullard design published
in 1962! From this information
the design was finally ‘beaten into
shape’ in the form shown in Figure 2
— for instance, one detail overlooked
was that many valves have one
thing in common with some
modern analogue ICs; the peripheral
circuitry must be adapted to the
device, and not the other way
around. (The main revisions affected
the values of resistors associated

Amplifier type:

Line supply voltage (HT):

HT current consumption:
Heater current consumption:
Maximum output power:

Gain:
Input sensitivity:
Frequency response:

Risetime (1kHz square-wave):
Overshoot and ringing
(1kHz square-wave):
Phase shift error:
Signal-to-noise ratio:
Output noise (input grounded),
hum:
white Noise:
Harmonic distortion:
Intermodulation distortion:
Beat-note distortion:
Output impedance:
Damping factor:

Output Transformer Details
Primary anode-to-anode
impedance (Rys):
Screen grid taps:
Winding distribution:

Speaker load matching:
Low frequency cut-off:
Primary resonant frequency:

Class AB1 ‘Ultra-Linear’

400 to 450V DC

125mA nominal (HT = 440V)

3-5A

20W rm.s. (27W absolute maximum,
HT = 440V)

30dB

220mV for 20W Dutput

25Hz to 30kHz + 0-5dB @ 20W
—3dB @ 75kHz @ 20W

<<10Hz to <40kHz + 0-5dB @ 1W
4us

=10%
20° @ 20kHz
89d8

<3mV peak

<2mV peak

0-05% (0-1% @ 27W)

0:7% of carrier (1% @ 27W)*
0-25% (0-3% @ 27Wit
<02

50 approx.

B6-6kN

43% from CT

Five sections of interieaved
primary and secondary windings
8<2 only

25Hz @ 20W throughput
80kHz approx.

* 10kHz carrier modulated with 40Hz at a ratio of 4:1.
1 Equal amplitude signals of 14 and 15kHz.

Iltems marked (¥) and (1) are based on Mullard’s equivalent prototype amplifier.
Some of these values may vary slightly for different kit amplifiers.

Table 1. Specification of Amplifier.

with V1.) The proposed output

transformer design was nearly |

correct also (amazing!) and needed
only minor adjustment. The final
specification is listed in Table 1.

The result of all this is that the |

final design, as you see it now, is

so close to the Mullard original as
to be virtually identical — simply
because Mullard had already worked
out all the finer design details
beforehand; | merely rediscovered

the problems that they cured along

the way. Mullard’s circuit has been

public domain information since early
times, and the amplifier had, to use

an expression, become 'a legend in

‘ its own lunchtime. . . .

1 VALVE AMPLIFIER PSU PCB

P2
D1—-4 1N400O6 F2 HT+,
C2-5 100nF | T j— !
c2 \ Ca 250mA
[ N /Vl/ Ij RY ‘\
| N\ 470k
T ' F f
SK1 F11A i—TS1 240 350 I |
L L l : Sur l
ol o | ¢ 300ma | 350v N — '
= $ | 500V | !
ol Ng“o cemme b % |
— — == |
OE | 220n;—] | r
1 l # &-.:‘ R2P—$ ’ P1 :
i ; P3 _1993___3?9‘_’5 ------------------- J
"N | 3.15v 74 ! — —0
1
§
1o 6.3V AC
£, |
[ ] B * A

Figure 3. Circuit diagram of the power supply unit.
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Valves versus
Transistors

Why bother, you may well ask
(especially you younger readers);
aren't transistors supposed to be
better, isn’'t that why they made the
valves obsolete? It's not really a fair
comparison; valves and transistors
are as different as chalk and cheese.
Semiconductaors are simply more
convenient to use compared with
valves, which consume lots of
power, take up a lot of physical
space and output no mean amount
of heat.

However, as signal amplifiers,
valves have a superior linearity that
may only be equalled by some FETs.
This means that, as audioc amplifiers,
any harmonic distortion introduced
practically consists of even
harmonics only (2nd, 4th, etc.)
in the case of triodes, i.e., there
are few odd harmonics. Since the
human ear follows a logarithmic law
to interpret the scale of tones (as
it does a logarithmic scale of sound
levels), even harmonics arising from
harmaonic distortion go relatively
unngticed, whereas odd harmonics
are detectable. One result of this -
as borne out in listening tests - is
the ability of this amplifier to handle
a complex mix of musical harmonics
and manage to keep them distinctly
separate, instead of smearing into
each other. This is quite apart from
the unique transfer characteristic,
the way valves actually handle the
flow of electric current as nothing
else does. If the quality of the
sound is important then, for many
afficianados, valves excel.

Transformer primary
input voltage:
Valve heater (secondary)
circuit type:
Heater output voltage:
Heater output current:
HT secondary ocutput voltage:
HT secondary output current:
HT output voltages,
no load:
single amplifier powered:
two amplifiers powered:
HT Ripple:
Power Consumption,
single amplifier:
two amplifiers:
Cold switch-on mains in-rush
current at full load:
Primary side protection:
Main line DC HT protection:
Unloaded or open-circuit HT
reservoir discharge method:
Unloaded HT reservoir
discharge time:

240V AC 50Hz

Earthed centre-tap balanced AC
6-:3V AC 50Hz (3-15V -0 - 3:15V)
7A maximum

350V AC maximum

250mA maximum

480 to 500V DC

430 to 440V DC (half load)
370 to 400V DC (full load)
< 6% of total DC at full load

HT Heater Total Mains current
55W 22W 77W >320mA
aBWwW 44W 140W < 700mA
=>800mA

1A ‘quick-blow’ fuse
250mA anti-surge fuse

Constant leakage resistor

1 minute approx., 500V to OV

Table 2. Specification of Power Supply.

The other component that may be
regarded as 'highly suspect’ as far
as sound quality goes is the output
transformer, essential for matching
the valves’ high output impedance
to the low impedance of a
loudspeaker, and | must admit
that | myself have been guilty of
believing audio transformers to be
hopeless at carrying audio with any
semblance of quality. This is a myth
of course; if the item in question is
horribly designed and crudely made
this may be true. However, if well
designed (and valve transformer

design is a law unto itself, and
almost in danger of being lost

to posterity along with other
‘ancient skills’ like shoeing horses
and thatching roofs), it's a totally
different story.

The Power Supply
Unit

The amplifier is not going to do
anything for us however without
a suitable power supply! Therefore
the remainder of the text deals
with constructing the PSU, which
should be built and tested first.

R1

P3
O}

CHASSIS

TB1
C4

MAPL IN

VALVE
AMPLIFIER PSU

ce

C6

4 r F

Cl

@vE

O

P1

af.

0]

Fs2

Figure 4. PCB legend and track. Important Note: for safety reasons the ready-made PCB must be used, since this has a
solder resist. PCB track is shown here for information only.
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Power Supply
Description

The circuit of the PSU is shown

in Figure 3, and the details of its
power output is rather different to
that normally associated with solid
state circuitry! {(see Table 2). There
isn’t really very much to it, the main
component being transformer T1,
whose function is to provide the

HT source and the valve heater
current.

Firstly, 240V AC mains power
comes in via a fused and filtered
euro inlet chassis socket SK1. Earth
is directly connected to chassis
through the metal body of the
socket, while both Live and Neutral
are taken to the DPST front panel
on/off rocker switch SW1. From
here it is applied to T1 primary.

The valve heater secondary is
at the standard low potential of
6-3V AC, and has a centre-tap
connected to OV. This results in
equal and opposite phases of 3-15V
alternating around earth potential,
and is the classic method of
preventing hum injection into
sensitive circuitry from heater
wiring. In addition, this is further
aided by all heater wires being
communicated to the various valve
heater pins as twisted pairs, such
that the opposing electric fields
cancel out.

The heater current output
capacity of 7A may be surprising,
but this of course is the main area
where valves are wasteful of power.
Most of this output is consumed
by the four EL34 output pentode
valves (for a stereo system),
which are extremely current hungry
(1-5A each). The remaining 1A is
distributed among the remaining
small-signal valves.

The HT winding is single phase, as
opposed to the traditional bi-phase
configuration, as a concession is
made here to semiconductor
technology and a bridge rectifier, D1
to D4, is used. It would have been
nice to go completely ‘valve’ and
employ a bi-phase rectifier such as
the GZ34, but the diodes are by far
the cheapest option, and the single
phase winding that these allow
greatly reduces the cost of the
transformer also. In addition the
peak voltage between any two
points never exceeds the peak of
430 to 500V, and this minimises
the risk of creepage on the PCB,
on which these diodes are contained
with the other HT components.

The output of the HT winding,
of 350V AC (max.) at 250mA
(approx. 100W), is applied after
rectification to the main reservair
C1, charging it to approximately
400 to 450V DC (depending on
load; 500V DC if no load). In parallel
with this is the safety discharge
resistor R1 (more of which later).
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Figure 5. Mounting capacitor C1.

M3 Nut
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M3 Shakeproof @
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Figure 6. Mounting terminal block TB1.

WARNING!

Before proceeding with any kind of
wark on this circuit, take heed —
high voltages CAN KILL! NEVER
touch any high voltage part of

the circuit with either fingers or
uninsulated tools unless the power
is OFF! While power is on, you
should only touch any part of a
circuit with an insulated test probe
when required. Every time you switch
off, adopt the following industrial
safety procedure, known by the
anacronym ‘SIDE’, which spells out
the following steps:

SWITCH OFF - Switch off the main
PSU front panel rocker switch, and
switch off at the mains outlet wall
socket.

ISOLATE - Pull the mains lead out of
the mains inlet socket at the back of
the PSU.

l

DISCHARGE - Discharge the main
line HT reservoir capacitor to zero
volts (NOT with a screwdriver!).
EARTH - Earth the main line HT to
chassis OV with a leakage resistor
to prevent any electrolytics
recovering a charge from their
own dielectric absorption.

In the design of the PSU
‘discharging’ and ‘earthing’ is
automatically taken care of by R1
in the PSU circuit. Please note that it
may take the resistor up to 1 minute
to completely discharge the unloaded
HT to OV. To make doubly sure, you
MUST test the main line HT with a
multimeter set to high DC volts (e.g.,
500 or 1,000} before touching any
part of any circuit. This shall hereon
be referred to as ‘the SIDE
procedure’. DON'T CUT CORNERS!

Construction

Building the PSU will be mainly
carried out in two parts. To begin
with it may be easier (and, perhaps,
more familiar) to assemble the PCB.

With reference to the PCB legend
Figure 4 and the Parts List, begin by
inserting and soldering the five PCB
pins into their respective holes at
P1 to P5. Note that the largest
of these will only fit in the larger
hole near the top of the board, P1
("OVE’). This will be the common
earth terminal for the PSU.

Fit resistors R1 and R2, noting
that R1 is a 1W carbon type.
Before any more bulky components
are installed, fit and solder diodes
D1 to D4, and ceramic disc
capacitors C2 to C5. Do make
sure the diodes are all the correct
way round, where the cathode
marker band at one end of the body
of each aligns with the white marker
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Figure 7a. Chassis drilling details.

on the PCB legend! Next install the
fuseholder clips for FS2, followed
by C6.

Prepare and fit the 68uF 500V
can electrolytic C1, as graphically
shown in Figure 5. First, attach and
solder short lengths (about %in.) of
stranded black hook-up wire to the
two M4 solder tags supplied with
the kit hardware, before fixing the
tags to the threaded terminals
of the capacitor. WARNING: the
polarity of this capacitor is not
clear; the (+) terminal is only
identified by a tiny (+) symbal
embossed on the black insulator
material adjacent to the actual
plus terminal itself, DON'T get them
confused! The (+]) terminal must
correspond to (+) on the PCB

legend when C1 is strapped in place.

Attach the solder tags to the
threaded terminals of C1 using the
M4 hardware supplied with the
capacitor. Place the shakeproof
washer underneath the tag washer;

30

this prevents the tag washer
twisting round when the fixing
screw is tightened. Both tags must
point down toward the PCB, where
the (+} terminal is towards the
centre of the PCB.

Trim and strip the hook-up wires
to reach and pass through the (+}
and (-) PCB haoles when you lay C1
in position on the board. It is held
in position by two 140mm tiewraps
used in combination; that for the
top loop is inserted fully through
one of the holes provided in the
PCB up to its catch from the track
side, looped over C1 and then down
through the hole on the other side.
The lower tiewrap is then used to
secure these two ends underneath.

Solder and trim the hook-up
wires to their solder pads on the
track side of the PCB. You may
now insert 1%in. fuse FS2 (250mA
anti-surge type).

Lastly, fix the 3-way screw
terminal block in position at TB1

as shown in Figure 6 using the
two long M3 screws, nuts and
shakeproof washers. DO NOT
overtighten or the block will be
distorted. Connect a short iength
(approx. 1%in.) of black 3202 wire
between the larger common OVE pin
(P1) and the central screw terminal
of the black, aon the side facing in
toward the centre of the board.
Double-check the PCB for the
quality of solder joints and correct
orientation of compaonents. Once
the PCB is installed in the chassis
it will be quite awkward to remove
again to correct errors! Using an
ohmmeter, check again the correct
polarity of all four rectifiers D1 to
D4 - there should be the same high
resistance registered on the meter
scale when the probes are applied
to the ‘IN 350V’ input pins P4,
P5 either way round, which will
increase to approximately 470 to
500k<2 and stap once C1 has
charged. If this is not the case,
trace and rectify the problem now.
The PCB includes a solder resist
on the track side. After removing
flux with a PCB cleaner, track side
solder joints should be covered with
a conformal coating to help the
solder resist prevent creepage,
or tracking, between points of high
potential difference. Some areas are
at the full HT line potential (up to
500V DC), specifically in the areas
occupied by D1 to D4, C1 and FS2.

Preparing the
Chassis

Cutting and drilling details are given
in Figure 7a and b. All holes are made
in the main body of the 8 x Bin.
aluminium chassis; the removable lid
will become the bottom, not the top!
In summary these are:

Top panel: rectangular cut-out for
T1 solder-tag side with four 5mm
dia. bolt holes, plus two 4mm dia.
holes for M4 PCB support pillar
screws in the positions indicated.
Front panel: neon rocker switch
SwW1.

Rear panel: fused euro mains inlet
socket.

Right-hand side panel: cable loom
access hale near rear end (%in. dia.).
The transformer T1 is designed
along the traditional style for valve

transformers in general, and its
main feature is the method of
mounting. T1 is actually mounted
on top of the chassis, and is not
enclosed inside it. For this reason it
has a steel top cover to shield the
internal former and comply with
safety requirements. The other
side of the former possesses all
the connection points, and this is
inserted fully into the interior of the
chassis and is out of harm's way in
use.

Important note: due to the
heavy gauge of the heater windings,
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Figure 7b. Alternative method for making the cut-out for the transformer.

these are not terminated with
conventional solder-tags. Instead
the actual copper wire is brought
out and sleeved for direct
connection. Although strang, avoid
bending them about more than is
absolutely necessary.

It can be rather awkward making
the cut-out and drilling for T1,
but I've found one good trick is to
proceed as shown in the sequence
Figure 7b. Remove all four bolts
from the transformer and remaove
the top cover. Using the cover as a
template, position it on the chassis
top according to Figure 7a, and

draw round it with an indelible felt-
tipped marker (such as a fine tipped
PCB pen) to trace the rectangular
outline. Then mark the four corner
boit hales by ringing them round
inside with the pen. On removal of
the cover the four bolt holes will be
marked exactly, as the first stage
in Figure 7b. Do not reassemble
the transformer yet.

Drill the four holes out to Smm
diameter. Now comes the tricky bit,
but ingenuity is to the rescue. Using
a steel rule and the indelible marker,
draw two lines between each pair
of holes that share the longest side

of the rectangle in each case, such
that each line touches the edges
of both holes on the inside of the
rectangle.

Stand the core of T1 up on its
longest side on the chassis top such
that two bolt holes align with two of
your drilled holes. Laoking vertically
down the edges of the former you
can now mark where the ends of
the former will be and draw two
lines ACROSS the rectangle,
intersecting the first twao lines. You
should now have an inner rectangle
which, when cut out as in the last
part of Figure 7b, is in area equal
to the space required for the T1
former, complete with solder-tags,
etc., to pass through, but which
does not encroach on any of the
boit holes (important to maintain
strength in the chassis).

If you are going to use a nibbling
tool to cut the rectangle, you
cannot operate it from inside the
box due to an acute lack of
manoeuvring space. In this case,
drill a small hole (e.g., Y4sin.) at
each corner of the inner rectangle
from the outside, turn the chassis
over and join these hales using a
short straight edge and the marker
pen on the inside surface. After
making a hole big enough for the
nibbler you can then trace its
course by following the lines on
the inside.

Don’t forget also the rear mains
inlet and front panel switch cut-outs
(Figure 7a). The same trick can be
used for these. Also, to the rear of
the right side of the chassis, a "zin.
dia. hale is needed for cable exits
to adjoining chassis. This then has
the 9-5mm grommet inserted. An
adjoining chassis will have to have
a corresponding %in. (15mm) dia.

This arrangement

for ONE
corner only

This arrangement
far other
THREE corners

|

/ M5 Balt
\ Fibre
1

} /wosher
e

MS
Shakeproof
washer

Remove varnish

\ Top

caver

Transformer
care

under shakeproof Former
woshers ot ALL
M5
Shakepraaf
g /wosher
— 2
Chassis
MS /s"lr' H B8 3 Top
Shakeproof | panel
washer Fibre /,.,;::
\ washer *——Ploin washer
Nut Nut\ MS
T B Shakeproof
washer

Figure 8. Mounting the transformer T1.
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Figure 9. Mounting the PSU PCB.

hole to clear the outer diameter of
the grommet when it butted up to
the PSU chassis.

Assembling The
Chassis

With all holes prepared, begin by
mounting T1 with reference to
Figure 8 (the sooner you get used
to man-handling this lump the
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Figure 10a. Mains side wiring diagram.

_better). First of ali, to comply
with Class 1 requirements for
mains powered equipment, we must
ensure that the core and top cover
of T1 are satisfactorily earthed to
the chassis metalwork on fitting.
This is not necessarily automatic
because the core is varnished and
may be insulated. With a strong
knife or similar, remove the varnish
layer surrounding ALL mounting
holes on the bottom (tag) side.
With T1 upside-down on the
bench (solder-tags uppermost),
gently manoeuvre the chassis over
the solder-tags, heater wires and
former until it seats on the core.
The mains input connections must
be toward the rear, and the HT
secondary and heater wires must be
toward the front panel. This method
is preferable to trying to insert T1
into the chassis from above, which
will certainly break an exposed
fine wire or two if it slips. With it

2

properly seated {(modify the cut-out
to fit if necessary), carefully turn the
whole assembly over.

Replace the steel top cover and
re-insert three of the four corner
bolts which should drop straight
through the chassis beneath. Don’t
forget to include the fibre washers!
However, the fourth boit shouid
have its fibre washer replaced with a
MS shakeproof washer (see Figure
8). At the same time you must
manoeuvre a M5 shakeproof washer
undemeath each corner of the core
until each boit passes through them
(four in total). The teeth of these
washers wili bite into both the core
and chassis when the bolts are
tightened, ensuring electrical
continuity between these two, as
graphically shown in Figure 8.

Supporting the chassis on its side
with T1 in situ (don't let it move!),
replace three of the remaining fibre
washers, plain washers, shakeproof
washers and nuts only onto those
bolts also having fibre washers at the
top, and tighten lightly. For the bolt
having the shskeproof washer at the
top, only replace its M5 shakeproof
washer and nut, excluding the
plain and fibre washers. By having
shakeproof washers at top and
bottom, this bolit wiil ensure
that the top cover is electrically
connected to the chassis also.

Using a screwdriver above and a
2BA or equivalent spanner beneath,
tighten all four bolts evenly a bit at
a time, swapping diagonally. Do not
overtighten or the fibre washers
may be destroyed. These are
important for those boits that have
them, as they help prevent each
attempting to behave as a shorted,
single-turn winding as they pass
through the core.

This done, install the mains
rocker switch by pressing it into its

Inside view of the PSU chassis showing wiring.
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Figure 10b. Secondary side wiring diagram.

rectangular cut-out (all terminals
orientated toward what will be the
top of the chassis) then the fused
euro mains inlet socket at the rear
(fuse tray toward what will be the
bottom of the chassis). The body will
automatically make an earth
connection with the chassis when
secured in place with two M3 x
10mm bolts, shakeproof washers
and nuts. If you are going to paint
the chassis first, make sure to leave
bare metal around the vicinity of
this socket’s fixing points, or mains
earth may be isolated from the
chassis by the paint!

Finally, mount the two M4 x
14mm threaded spacers to the
inside of the chassis if not already in
place, using the two M4 x 10mm
screws through the top panel, see
Figure 9.

Mains Wiring
Complete the mains side wiring with
reference to Figure 10a. Prepare
two 7cm lengths of green/yellow
6A wire with one %sin. push-on
connector crimped and soldered
onto two stripped ends (no
insulating sleeve required), and push
the connector onto the '/sin. earth
terminal of SK1. One wire connects
to the PCB (see next section), the
other connects to an M3 solder tag
which bolts to the case.

Prepare one blue and one brown
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Inside view of the prototype PSU chassis.

8cm lengths of BA wire with
insulated '/sin. push-on connectors
at each end, and include the
insulating boot for SK1. Prepare a
further blue and brown pair 11cm
long, with insulated connectors at
one end of each only.

Referring to Figure 10a, connect
together the Live and Neutral
terminals of the euro mains inlet
socket SK1 with the lower (as you
see them now) Live and Neutral
terminals of the rocker switch
SW1 (not the central pair), with
the Brown and Blue 8cm leads. Also
push the black earth lead from the
earth terminal of SK1 through the
boot, and cover all connections of
SK1 with the boot. The boot should
be stretched over the rear end
of the metal body of SK1, and will
need persuading with a thin bladed
screwdriver or similar, and perhaps
a little lubricant. (It may be a good
idea to press the boot onto SK1 as
soon as you receive the kit to ‘train’
it into the right shape before final
assembly.) Likewise connect the
11cm Brown and Blue leads to the
central terminals of SW1. After
slipping on 1 inch lengths of heat
resistant sleeving, strip and solder
the other ends of these leads to the
240V mains primary solder-tags of
T1; trim lengths to suit. To fit the
transient suppressor, sleeve its
leads with offcuts from G6A wire and

connect directly between the
primary solder-tags of T1. Cover
both tags with the heat resistant
sleeving.

Finally install the 1A fuse FS1 into
the fuseholder tray of SK1 (the tray
is released by squeezing the clips at
either side). If the PSU is going to
be physically joined to further
chassis (which is almost certain),
you will need to make up an earthing
strap from the remaining green/
yellow B6A wire with a M3 solder tag
at each end. Upon two chassis being
bolted together, the earthing strap
must connect both electrically by
being attached to each via dedicated
fixings, using M3 x 10mm bolts,
shakeproof washers and nuts at
each tag washer. The M3 hole
adjacent to SK1 position
on the rear panel (Figure 7a)
is for this purpose.

Wiring Up The PCB
With the chassis upside down and
the front panel facing you, the PCB
is mounted onto the two 14mm
pillars with the terminal block
nearest T1 (i.e. uppermost). Fix in
place with two M4 x 6mm screws
into the pillars, see also Figure 9.
The positions of these pillars in the
chassis as shown equate with the
positions of the mountings of the
amplifier PCB for neatness; you
may move them if you wish.



Refer to Figure 10b for the
secondary side wiring. Before you
do anything else, now is a good
time to connect up the heater wires
from T1, which all go to the top side
of the 3-way screw terminal block
TB1. First solder together the red
sleeved centre tap pair. Beginning
with one of the black sleeved single
wires, manipulate all three to insert
and secure them into the top side of
the terminal block such that the red
sleeved pair is in the middle (and
connected to the ‘OVE’ pin P1 on
the PCB), and the black ones are
at the outermost ends of the block.
These wires are extremely stiff and
you wili need long-nosed pliers and
lots of patience! Screw down each
fairly tightly in its terminal to ensure
a good connection. Double-check
with an ohmmeter that you have
continuity (very low resistance)
all the way through from one end
to the other, and to the common
‘OVE’ pin P1 on the board.

Strip and wrap and solder the 6A
green/yellow earth wire from SK1
to pin P3 marked ‘CHASSIS’. Check
with an ohmmeter for continuity
between ‘OVE’ pin P1 and the
chassis itself, it should be 100£2.
The function of the 100£2 resistor
R2 is to block any earth loop formed
between chassis mains earth and
circuit or signal earth (‘OVE'),
without the two completely losing

contact for screening purposes.
If internally wired up properly as
described, it is possible to connect
the amplifier(s) with PSU physically
attached to a mains earthed signal
source with a screened lead, with
continugus screening on both cables
if stereo, commoned at the source
end by the source’'s common earth
without creating an audible hum loop.
Using the black hook-up wire,
wrap and solder two lengths
between the ‘IN 350V’ pins P4 and
PS5 and the 350V secondary tags
of T1, and sleeve the tags with heat
resistant sleeving. This completes
the construction of the Power
Supply Unit.

Testing The PSU

With the chassis still upside down
and the bottom cover off, plug a
euro mains lead into SK%, switch
on at the mains socket and switch
on the front panel rocker SW1. The
red neon lamp should light and the
transformer may be heard to hum
slightly (the chassis might even feel
"tingly’ to touch, but don’'t worry,
it's only vibration!).

Set a multimeter to its highest
(e.g., 500 to 1000V) AC range,
and with insulated probes check
for 350V AC (approximately) at T1
secondary output pins P4, PS on
the PCB (‘IN 350V’). Remove
probes. Switch to 10V AC range or

equivalent, and check heater supply
output across the terminal block. It
should be 6-3V between both black
leads, and 3-15V between either
and the common earth ‘OVE' P1

on the PCB.

Switch to a high DC volts range
(500 to 1000V), and test the main
fine HT output against ‘OVE’ (black
probe to P1, red probe to P2). It
will very likely be quite high at nearly
500V DC or so. In actual use, with
amplifiers connected, the HT level is
reduced, due to internal winding
resistance in the T1 HT secondary,
to <450V. Remove probes.

Switch off at the front panel.
Stand by with the multimeter
probes and re-check the HT level.

It should be falling; this proves that
the safety discharge resistor R1

is working. If you need to sort out
a problem, carry out the complete
SIDE procedure BEFORE TOUCHING
ANYTHING! It will take nearly a
minute for the HT to completely
discharge, in the absence of any
other load.

If all is well after the above tests,
switch off at the mains socket and
remove the mains lead. Apply both
the Mains Warning and High Voltage
Warning Labels to the bottom cover,
and temporarily fit it to the chassis
with four of the self-tap screws
provided, until you need to open it
again to connect up an amplifier,
which will be next month.

SEMICONDUCTORS
D1-4 1N4006

MISCELLANEQUS
Aluminium Chassis AC86

R1 470k 1W 1 (C470K)
R2 10022 il (M100R)
CAPACITORS

C1 68uF 500V Can Electrolytic 1 (DM57M)
C2-5 10nF 1000V Disc Ceramic 4 (JLO4E)
Cc6 220nF Mylar 1 (WWBS83E)

T Valve Amp Mains Transformer1 (DM54J)
SK1 Fused Mains Inlet/Filter 1 (KR99H)
Insulating Cover for above 1 (JKB7X)
FS1 F1A 20mm Fuse 1 (WR03D)
TS1 250V AC Transient Suppressor 1 (HW13P)
FH1,2 1'%in. Fuse Clip 2 (KU28F)
FS2 T250mA 1%in. Fuse 1 (UKOOA)
81 5A Terminal Block 12-Way 1 Strp (HFO1B)
Black Hook-Up Wire 1 Pkt (FA26D)
Red Heat-Resistant Sleeving 1m (BL70M)
1mm PCB Pin 1 Pkt  (FL24B)
1-3mm PCB Pin 1 Pkt (FL21X)
Push-0n sin. Connector 1Pkt (HF10U
Push-0n "4in. Covers 1 Pkt (FEB5V)
9-5mm Grommet 1Pkt (UX63T)
Green/Yellow BA Wire 1m (XR38R)
Brown 6A Wire 1m (XR34M)
Blue 6A Wire 1m (XR330L)
M4 Threaded Spacer 1 Pkt (FG39N)
M4 x 10mm Steel Boit 1 Pkt (JY14Q)

VALVE AMPLIFIER PSU PARTS LIST

RESISTORS: All 0-6W 1% Metal Film (Unless specified)

4 (QL78K) e i

1 (XBE8Y) PCB

M4 x Bmm Steel Bolt

M4 Solder Tag

M3 x 20mm Steel Bolt
M3 x 10mm Steel Bolt
M3 Steel Nut

M5 Shakeproof Washer
M3 Shakeproof Washer
M3 Solder Tag

140mm Long Tie-Wrap
DPST Red Neon Rocker Switch
Mains Warning Label

High Voltage Warning Label

Instruction Leaflet
Constructors’ Guide

1 Pkt (JY13P)
1 Pkt (LR63T)
1 Pkt (JY25C)
1 Pkt (JY22Y)
1 Pkt (JDB1R)
1 Pkt (BF42V)
1 Pkt (BF44X)
1 Pkt (LR64U)
2 (BFS2A)
1 (YR70M)
1 (WHA480C)
1 (DM55K)
1 (GH59P)
1 (Xu4asy)
il (XH780U

The Maplin ‘Get-You-Working' Service is available for this project,
see Constructors' Guide or current Maplin Catalogue for details
The above items are available as a kit, which offers
a saving over buying the parts separately.

Order As LT44X (Valve Amplifier PSU Kit) Price £49.95 C6.
Please Note: Where ‘package’ quantities are stated in the Parts
List {e.g., packet, strip, reel, etc.), the exact quantity required
to build the project will be supplied in the kit.

The following new items (which are included in the kit) are
also available separately, but are not shown in the 1994
Maplin Catalogue.
Valve Amp PSU PCB Order As GH59P Price £3.65.
High Voltage Warning Label Order As OM55K Price 95p.
Valve Amp Mains Transformer Order As DM54J Price £26.95 C5.
B68uF 500V Can Electrolytic Order As DM57M Price £8.95.
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Rectification is the process of con-

verting an alternating voltage into a |
unidirectional one. This may be|

performed by using a unilatera
device such as a diode and, in the
last article, we looked at a numb
of circuits that did just that. Th
DC output voltage depended pri
marily upon the value of the AC

input voltage and upon the nature

of the rectifier circuit i.e. half-wave
or full-wave type. Apart from these
considerations, there was no other
control over the value of the out-
put voltage. You can use a more
sophisticated stabiliser section,
after the basic transformer/rectifier
stage, which would itself incorpor-
ate the required degree of control.
The diode, by its very nature,
always started to conduct when it
had sufficient forward voltage, this
being about 0-6V for silicon
devices.

SCR for short, is a four-layer diode

with a third terminal, known as
the ‘gate’. This electrode allows the
conduction point (in time) to be deter-
mined by the application of an exter-
nal signal. Thus, the limitation that the
device will always begin to conduct
when the forward voltage across it
reaches approximately 0-6V is lifted.
Since the SCR only conducts when the
gate conditions are right, and when the
anode is positive with respect to the
cathode, it follows that the SCR can
also be used to rectify an AC input.
Additionally, there is the added advan-
tage that the output is fully controllable
by governing the conduction point of
each cycle of the alternating input.

In this article, we shall look at a
number of rectifier circuits that make
use of SCRs. However, before we do
so, it is useful to look briefly at the use
of the SCR in fields where rectification
is not required but where the ‘latching’
property of the SCR can be usefully
employed. These applications are
usually found where the supply is DC.

THE Silicon Controlled Rectifier, or

THE SCR AS A LATCH

In Part One of this series, we discussed
the basic principles of operation of the
SCR. We found, for example, that it
was possible to make the SCR go from
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a DC blocking condition to one of
conduction, by supplying the correct
combination of forward voltage and
gate current. For a given forward volt-
age, a particular value of gate current
will cause the device to switch from
the non-conducting to the conducting
state. The lower the forward voltage
across the SCR, the more gate current
is required, and vice versa. If the for-
ward voltage between anode and cath-
ode is high enough, the SCR will
conduct even when the gate current is
zero. There are various ways of supply-
ing the gate current and Figure 1
shows a circuit embodying what must
be the simplest method.

In this circuit, the SCR is required to
switch on a lamp. With the two

S2 St
+12V OFF ON
o—qu ojo
12v R1
LAMP  4k7
SCR R2
CcC106D 1k0

Figure 1. Simple SCR lamp switching
circuit with manual commutation.

switches, S1 & S2, in the conditions
shown, the path for gate current is
open. The DC supply on the anode of
the SCR is insufficient on its own to
cause the device to conduct. Only
when switch S1 is closed does a path
for gate current exist, through R1 into
the SCR gate. The proportioning of the
two resistors, R1 & R2, is such that suf-
ficient gate current flows to cause the
SCR to conduct. The lamp will then
light. Switch S1 need only be a
momentary push-button; releasing it
will not cause the lamp to go out, even
though doing so automatically inter-
rupts the gate current. This is the
‘latching’ action referred to earlier. This
action is inherent in the SCR and
depends upon a certain ‘holding cur-
rent’ flowing in the SCR between cath-
ode and anode. This holding current is
usually very small, certainly much less
than the normal anode current in the
load, so latching will always take
place. The only way to switch the SCR
off again is to reduce the anode current
below the holding current value. The
easiest way to do this is simply to
interrupt the anode current momen-
tarily. There is a finite time for which
this interruption must be held, but
manual operation of this type always
ensures that this criterion is met.
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Figure 2. A lamp switching circuit using a second SCR and a commutating capacitor.
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Figure 3. A light-operated alarm circuit.

COMMUTATION IN
DC CIRCUITS

The process of turning off an SCR is
termed ‘commutation’ and in this cir-
cuit the process is carried out by the
switch S2. This is obviously an easy
way of doing it, but it does have a
drawback as the ‘OFF’ switch has to
be able to switch the full load cur-
rent. This is not always convenient,
especially with regard to the reliability
of the switch contacts. Since semicon-
ductor devices, including SCRs, are
also capable of a switching action (and
have the advantage of having no
mechanical contacts), it is possible to
have commutating circuits using a sec-
ond SCR as the switching device.
However, the commutating action is
performed in a different manner, not by
open-circuiting the current path
through the SCR but by momentarily
short-circuiting the conducting SCR,
which has the same effect of robbing it
of its current and so switching it off. A
circuit that performs this action is
shown in Figure 2, which makes use of
a commutating capacitor. As a result of
its action, the ‘OFF’ push-button switch
no longer has to handle the load cur-
rent which, in some cases, can be of
the order of hundreds of amperes.

When power is first applied to the
circuit, neither SCR is on.

Operating push-button S1 supplies
the gate of SCR1 (the main SCR) with
enough current to turn this SCR on and
so energise the load. This now pro-
vides a charging path for C1 through
R3 & SCR1. This capacitor, the so
called commutating capacitor, rapidly
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charges up to the full value of the sup-
ply voltage, the right hand plate being
positive. If now the push-button switch
S2 is operated, the slave SCR (SCR2),
turns on and its anode voltage falls to
about +1V. Since there is a voltage of
approximately 12V across C1, its left
hand plate falls instantly to about
-11V, thus reverse biasing SCR1 and
turning it off — but, how is SCR2 itself
switched off?

Once SCR1 is switched off, the only
current path for the load is through C1
& SCR2. Naturally this can only be a
momentary current path, as C1 charges
up in the opposite direction. The pre-
vious situation has effectively reversed
because, when SCR1 is next switched
on, it will now commutate SCR2, so

Load
1
—
-
Load voltage
SCR RV
D
Gote
current
(@) g
Load
It
volaoe Time
ol o be
(b)

Figure 4: a), The simplest type of controlled
rectifier circuit; b), waveforms of the load
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