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Electronics Principles 5.0
A COMPLETE PC BASED ELECTRONICS COURSE!'

- Ifyou are looking for an easy and enjoyable way of sfudymg or
- fmprowng your knowledge of electronics then this is the soﬁware. for you.

Electtons Ponciples 5 G
DC AC Power SemiCond OphAmps Malhc Logc Measwe Micio PIC Hep
2 MEASURING VOLTAGE AR 8:PICIBC71 ANALOGUE E0 DIGITAL: A/D Conviemon mnd |npud Sulecinn

Am = Required mudhpber
Ra s Meter incatance

comprehensive list of upgra details.

This software has been developed fo
teach electronics and Is suited o both the
complete novice and the more
advanced student or hobbyist wanting ¢
qQuick revision and access fo hundreds ol
electronics formulae. It Is extremely ecsy
to use. Just select a topic, which is alwoys
' A g i presented as a default diagram [no blank
= . mmil screensl) and input your own vaiues
7 . Altematively, use those from any standara
[ T o} il electronics text book to see the resultsos
E—— . E— =1 frequency response curves, calcutations,
Cakondations, ] Topkc Hotes | Priving Ifﬁﬁ:&?ﬂ'ﬂu. logic states, voltages and curents efc.

Graphics presentation has been enhanced and speeded-up with
new menus and indexing which enables a quicker access ang
more inforrnative description of the extended range of five hundred
and sixty electronics and mathematics topics.

The PIC16C84 microcontroller hardware and instruction set has been
infroduced and brought to life through colourful interactive graphics
where you can stugy the architecture of this device by changing the
data values to simulate all of the registers, directfindirect addressing,
program/data memory and input/output port configuration.  Along
with those analogue to digital functions of the PIC16C71. if you
would fke fo lean more about the principles of these popular
microcontrollers then it could not be made easier.

VR =S VO » ¥
Rasultant Vorags - 158114V

[IMPEDANCE. R.C& L Parahiel tmpedance

Electronics Principles software is cumently used in hundreds of UK and
overseas schools andg colleges to support City & Guilds, GCSE, A- IR 15

Level, BIEC and university foundation courses. Also NV&'s and ICe i = 15707~ 5088
GNVQ's where students are required to have an understanding of Lo rergm = D90 = 8309
electronics principles. B+ [15707%- NG0WF = 13406 - 1. 9884

o o] LU BN g oy

Still only £99.95% i o

EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
TelfFax: 01376 514008. sales@eptsoft.demon.co.uk http:/fwww.eptsoft.demon.co.uk
*UK and EC countries add £2 per order for post & packing. VAT should be added to the totatk
Qutside Europe £3.50 for air mail postage by retum.

Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry
date. Cheaues & Postal Orders should be made payable to EPT Educational software.
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What’s Flat, Shiny, and Exterminates CRTs? 9
Cheaper and better flat screen technologies coming in now could knock
the conventional cathode ray tube for six. Andrew Armstrong takes a fook
at some of the more promising ones for computer and television use.

An AVR Microcontroller Programmer 19
The recently-introduced AVR microcontrollers can be very fast, and can be
programmed in-circuit. Robin Abbott has designed a new programmer for
the AVRs based on his experience with PIC programmers.

Fridge Thermometer 24
Too many peaple don't know how cold their fridge should be to store food
safely, let alone how cold it is. Terry Balbimie's fridge thermometer/monitor
helps to kedp the fridge between 2 and 4 degrees Celsius.

"Hush” Noise Reduction Unit 29
Based on “Hush" technology, Robert Penfold's new noise reduction unit
requires no manual setting of the threshold level. Circuit stages analyse the
input signal and set the most appropriate level.

UHF Model Radio Controller 35
UHF radio can be more effective than the old 27MHz band. Geoff Pike
GIOGDP decided that “making a UHF radio control system should not
pose major problems, given the ease of component availability and new
construction techniques”, and developed this design.

Fast Fivers 9 - Audible Logic Probe 46
Low-cost quick circuits from Owen Bishop. This logic level probe based
on the 4046 phased lock loop measn you can keep your eyes on a Circuit
under test by sounding high and low notes for logic levels.

Guardian Light 51
Emergency lighting systems help people find their way to safety or just sit
in peace if the power fails for any reason. The Guardian Light is battery
backed and comes on automatically if the mains light fails,

Magnetic Swipe Card Reader 56
A simple ISO track 2 magnetic card reader with PC-based Turbo Pascal
software by Magnus Pihl is based on the Omron manual 3S4YR-HNR-4U,
but is applicable to other track 2 card readers.

A 27C16 Eprom Programmer 60
Running from DOS commands on a PC via a 9600 baud serial
connection, Richard Grodzik’s compact battery-powered eprom
programmer programs a basic 2kB eprom in two seconds.
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High-Performance Addressing Advances
Passive Matrix Colour

Hitachi Europe has introduced new products based on a new
passive matrix colour LCD technology which provides major
advances over existing passive matrix colour-STN displays,
especially in response times and contrast ratios. The SX3
family of LCDs ranges from 12.1 inches to 15.5 inches in
display size, have S-VGA or XGA resolution with corwentional
or LVDs interfacing.

The new technology, called High-Performance-Addressing
(HPA), is aimed primarily at the notebook, mega-notebock and
desktop PC markets.

The HPS display family includes initially three products: the
SX318003 12.1-inch SVGA with a conventional interface; the
SX33S001 13-inch XGA with an LVDS interface, and, notably, the SX38X%, a 15.5-inch XGA with an LVDS interface. A fourth
device, the SX39001 15.5-inch XGA pane! with a conventional interface, follows shorly.

HPA allows passive matrix technology to be used in applications such as multimedia which were previously forced to use more
expensive active matrix displays. The enhanced high-addressing provides response times of 150ms (twice the speed of
conventicnal G-STN) and contrast ratios of 50:1, a significant improvement over existing STN technology. In future, response
times of 80ms are expected.

In general, HPA gives response speeds closer to TFT (thin film transistor), a higher contrast ratio and less crosstalk and
shadowing. The cost is expected to fall to approximately 60 percent of the equivalent TFT display size.

The more information please contact Vince Pitt, Hitachi Europe Ltd., Whitebrook Park, Lower Cookham Road, Maidenhead,
Berks SL6 8YA. Tel 1628 585163, fax 01628 585160.
The following table compares HPA with conventional Colour-STN and TFT displays: MODMODMODMODMODMOD

Colour-STN HPA LCD Thin-film Transistor |
Technology type  Passive matrix Passive matrix Passive matrix )
Applications Data and graphic Multimedia Multimedia
Response Time 300-270ms 150-80ms 55ms
Contrast Ratio  30:1 50:1 100:1
Driving Method Dual scan Dual scan + Single Scan
Enhanced Hi- Addressing
Shadowing Low Negligible Negligible
Viewing Angle  Good Excellent Excellent
Approximate
Cost Ratioc. 50 percent ¢. 60 percent 100 percent

National Vintage Communications Fair e T e (S
The Nationat Vintage Communications Fair is coming round includes a copy of The
again. The next Fair will be on Sunday 10th May in Hall 11, the Sound and Vision
National Exhibition Centre (NEC), near the M6 motorway, Yearbook's Collectors’
Birmingham, from 10.30am to 4pm Guide. Anyone who
The Vintage Communications Fair is a collectors fair for antique wants to bock stand
radio, with rare and collectable examples of radios. tvs, space or reguires other
Jramophones, valie hifi and “all manner of electrical and details shotild contact
miechanical antiques and collectables”. TheTairis now beld twice Sunrise Press Spice
a year, usually in May and October, and expects over 300 House, 13 Belmont
speciahst dealers from the UK, the Continent and the USA. Help Road; Exeter, Devon EX1
and adwvice are on hand from representatives from collectors’ 2HF {sending.an SAE) or
clubs, socidties and specialist magazines. tel. 01392 411565
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A Cool Million Goes to Multimedia Winners
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DIY EMC
Test Facility
in Sussex

Crowborough-based
company Feedback
Instruments has made
its in-house EMC facility
availabie for hire for
EMC (electromagnetic compatibiity) testing on a DFY basis,
either as a pre-compliance measure or for seff-certification.

Feedback describe the facility as a fully-equipped screened
room completely lined with rf absorber and suitable for both
emissions testing and radiation immunity testing.

For emissions testing, the room is equipped with a
combination of antenna, preselector, spectrum analyser and
appropriate software. The immunity system consists of an
antenna, an RF generator, an amplifier, a fieild probe and GPIB
software for automatic field leveiing. Other measurements of
transients and static discharge can be camed out using readily
available systems.

The room has been designed and equipped 1o be suitable
for use by electronics engineers who are not necessarily RF
specialists. Feednacks representatives make the point that
east of use is importart and that days can be lost during new
product development if EMC tests are inconsistent. “Our
facility has been designed for the greatest possible
consistency of results and cost-effective EMC testing”, says
Mike Christieson, the Development Manager. At time of writing
prices are £540 per day, £280 per half day, ex VAT.

For more information, contact Feedback Instruments Lid.,
Park Road, Crowborough, East Sussex TN 2QR. Tel 01892
653322 fax 01892 663719. Web WWW.fok.com emalil
feadback@fdbk demon.co.uk

Maplin and CB Radio Representatives Co-Endorse
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Joint Development for Digital Imaging ICs

Wide-Ranging Stepper Materials Catalogue
Parker Hannifin Electromechanical has produced a 72-page catalogue detailing one of the
larges ranges of stepper products in the world. The catalogue covers 10 different stepper
families, and has full information on compatible motors, controllers and support software. Most
applications are catered for: Parker stepper systems are available in torque ratings from 0.5N
(Newton) m to 13Nm, drive resolutions from 200 to 50,800 steps per revolution, and speeds
up to 3000
As well as the ranges of packaged and rack-mount full and half step and ministepping
systems, the catalogue has details of Parker’s new-generation Zeta advanced microstepping
system drives. Incorporating new technology known as active damping and electronic viscosity
{patents pending), the drives provide very fast acceleration and settling times, and offer
resolutions up to 50,800 steps per revolution
Every stepper family includes a version with a built-in indexer with capabilities ranging from
to point positicning through to complex continuous path applications. The catalogue also
range of stand-alone and PC-based indexers for single- and multi-axis applications,
with powerfut software support tools running under LabView or Windows.
nformation contact Sharon Beale, Customer Services, Parker Hannafin Plc
Division - Digiplan, Balena Close, Poole, Dorset VH17 7DX. Tel 01202
sales@digiplan.com

ELECTRONICS TODAY INTERNATIONAL
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WIND GENERATORS 380 WATT

1.4 metre dia Dlades. carbon matmnx biades, 3 year warranty, 12wic
output, 24v version availabie, control electronics included, Drushiess
naodymmium cublt curve altednator, only two moving parts, maintenance
free, simple roof top instaliation, start up speed Tmph, max output
{30mph) 280w, £498 ret AIR1

HYDROPONICS

DO YOU GROW YOUR OWN?
We have a full colour hydroponics catalogue
available containing nutrients, pumps, fittings,
enviromental control, light fittings, plants, test
equipment etc
Ring for your free copy.

PORTABLE X RAY MACHINE PLANS Easy i construct
plans on @ simpke and chesp way 10 buikd a home X.ray machina!
Effective devica, X-ray seaied assemblies. canbe used for expenmental
purposes. Not @ foy or for minorsd E6/set. Ref FAXPT
TELEKINETIC ENHANCER PLANS Mystity and amaze your
friends by creating motion with no known apparent maans of cause
Usas na etectrical 0 mechanical connectons. N0 special gimmicks yet
produces postrve motion and affect Exceilent for science projects.
magic shows, party demonstrations of sefious ressarch § development
of thrs strange and amazing phychic phesomencn

4t Ret FITKEY.

ELECTRONIC MYPNCSIS PLANS & DATA This data
shows several ways 1o put $ubjects under your control included (s a futl
volume reference text and several construction plans that when
assembled can produce highly effective stimuh  This matenal must be
used cautiousty. &t & for use as entertminment at parties etc only, by
those expenenced in fs use £15/set Ref FEM2.

GRAVITY GENERATOR PLANS Thisunique pian demonstrates
8 simple stectncal phenamana that produces an ant-gravity effect You
can actually build a small mock spaceship out of simpie matenais and
WIthout any visible maans- cause i 10 levitate. £10/set Ref F/GRAY.
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Proguces up % 750,000 vofts of
discharga, expenment with extracrdinary HV affects, ‘Plasma in a jar,
St Eima's fire, Cofona. excelient sCience project of conversabon prece
£5/set Ref FIBTCIAGS,

COPPER VAPOUR LASER PLANS Proguces 100mw of
visible green hght. High coharsncy and spectral quality similar to Argon
lasar but easier BNd less costly o bulkd yet far more efficient This
parbeular design was developed at the Atomic Energy Commision of
NEGEV In Israsi. £10¢set Ref FACVL

VOICE SCRAMELER PLANS Minature solk! state system turns
speech sound into indeciphérable noise that cannot be understood
without @ second matching unit. Use on tetephone o pfevent third party
Iistening and bugging, £67set Ref FAVSS

PULSED TV JOKER PLANS Litie hand beld device utiiises
putse techniques that will compietely disrupt TV picture and sound!
works on Fi toot IISCRETION ADMISED £8/set Ref FITJS
BODYHEAT TELESCOPE PLANS Highly directional long
range cevice Uses recent technology to detect the presence of iving
bodies. warm and hot spots, heat leales et Intended for secunty, law
enforcement, research and development, otc. Excellent securnty device
ot very interesting science project. £8/set Ref FIBHT1

BURNING, CUTTING CO2 LASER PLANS Proects an
imasible baam of heat capabie of buming and Medting Mmaterials over @
considerable distance Thws iaser 15 one of the most eMcient. converting
10% input power into Useful output Not only 1$ this device 8 workhorse
in weiding, cutting and heat processing MateNals but 7 is alsc a lkely
candidate as an effectve directed energy beam weapon against
missiles, arcraft ground-to-ground, etc. Pamicle baams may wely wedl
utilize @ fasarof this type §6 biast a channel in the atmesphere for a high
energy steam of neutrons o other parbicles. The cewice s easily
appliicable 10 buming and etching wood, cutting, plastics. textiles et
£12iset Ret FACT.

DYNAMO FLASHLIOHTY interesting concept, na battenes needed just
squeeze the trigger for instant ight apparently even works under waler
In an emengency athough we haven't tned it yot! £6 99 ref SC152
ULTRASONIC BLASTER PLANS Laborstory source of some
shock waves. Blow holes in metal, produce ‘cold steam. atomae
figuides. Many cleaning uses for PC boards, jewlkery, coins, small parts
atc. £6/sat Ref FAULB1

ANT! DOG FORCE FIELD PLANS Highly eflective circult
produces tme vanabie putses of accoushcal energy that dogs cannot
toserate EGvset Ref FADOG2

LASER BOUNCE LISTENER SYSTEM PLANS Ailows you
to hear sounds from @ premises without gaining access. £42/set Ref Fi
LLISTY

PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld, has iarge transducer and bataery capactty with external
contiots  £6/set Ref FPSP4

INFINITY TRANSMITTER PLANS Teiephone iine gravber/
room manitor The uimata in homedoffice secunty and safetyl simple
to uset Call your home or office phone, push a secret tone on your
telephone 10 access ather: A) On premises sound and woces of B}
Existing comversaion with break -in capability for emergency messages
£7 Re! FITELEGRAB

BUG DETECTOR PLANS 1s that someone getting the goods on
you? Easy t0 CONSUrLCT device locates any hdden source of rado
energy! Sniffs out and finds bugs and other sources of bothersome
interference Detects low, high and UMF frequencres. ESiset Ref F/
B8O1

ELECTROMAGNETIC GUN PLANS Proects a metal obyect
2 considerable distance-requires adult supervison £5 rel FAEML2
ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! £5/set Ret F/EMA1,

SOLAR POWERED WIND UP RADIOS BACK INI These
FM/AM radio's have a solar panel and a hand operated charger! £17.95
el SOLRAD

PARABOLIC DISH MICROPHONE PLANS Listen 1o distant
sounds and voces, open Windows, sound sources m ‘hard o get' of

hostile prefises Uses satellte technology o gather distant sounds
and focus them to our uitra sensitive electromes. PLans atso show an
opbonal wireless link system £8/set ref F/PMS

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY
AND HIGH DC VOLTAGE, SOLID STATE TESLA COIL
AND VARIABLE 100,000 VDC QUTPUT GENERATOR

PLANS Operates on 9-12vdc, many possibie experiments. £10 Ref
FAHVMZ! TCLA.

/ |

COLOUR CCTV
~ VIDEO
CAMERAS,

BRAND NEW AND, CASED, FROM £39.
Works with most modern video's, TV's,
Composite monitors, video grabber cards.
Pal, 1v PP, composite, 75ohm, 173" CCD, 4mm F2.8,
500x582, 12vde, mounting bracket, auto shutter,
100x50x180mm, 3 months warranty,1 off price £118
ref XEF150, 10 or more £89 ea 100+ £88

Packs of 35 circuit diagrams covenng lasers.
SW radios. gegers bugs,char eic Packl, Packl, Packd £4 99 sach
SMOKE ALARMS Mains powered. made by the famous Gent
company, easy fit next 10 ight faings ,power point £4 95 ref SMIKX
CONVERT YOUR TV INTO A VGA MONITOR FOR £26!
Comvarts a colour TV into @ basie VGA screen. Compiete with bullt n
psu. Isad and siware ides! for laptops of a cheap upgrade Supplied
n ot form for home assembly. SALE PRICE £25 REF SA3d
*156 WATT FM TRANSMITTER Alrready assembied but some
RF knowledge wii be usefu) for setting up Preamp req'd, 4 stage 80-
108mhz_ 12-18vde, can use ground piane, yag! or dipoke £69 ref 1021
“4 WATT EM TRANSMITTER KIT Smail bt powertui FM
transmitter kt 3 RF stages. mic & audio preamp included £24 ref
1028
YUASHA SEALED LEAD ACID BATTERIES 12v 154H at
€18 ref LOTS and beiow spec Bv 10AH at £5 a pan
ELECTRIC CAR WINDCW DECERS Compiete with cable,
plug etc SALE PRICE JUST £4.99 REF SA28
AUTO SUNCHARGER 155x300mm sofar panel with diode and
Imetre leaa fitted with a cigar plug. 12v 2watt. £12.99 REF ALG10P3.
SOLAR POWER LAB SPECIAL You get 2 678" 8y 130mA
calls, 4 LED's. wire, buzzer, Switch + { relay of motor. £7.99 REF
SA27
SOLAR NICAD CHARGERS 4x AA size £9.99 ref 6P4T6, 2
C size £9 99 ref 6P4TT
GIANT HOT AIR BALLOON KIT Buid @ 4 5m circumirence,
fulty funchioning batioon, can be launched with home made Durmr St
Reusable {until you ioose itl) £12.50 ref HAY
AIR RIFLES .22 As useo by e Chinese army for training
puposes, 50 there 1s a kot aboutl £29.95 Ref EF78. 500 pellets £4.50
rel EF80.

BULL ELECTRICAL|

MAIL ORDER TERMS: CASH, PO OR CHEQUE

(ACCESS,VISA, SWITCH, AMERICAN EXPRESS)

' phone orders : 01273 203500

REGISTER FOR OUR
ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM

250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 5QT. (ESTABLISHED 50 YEARS).

WITH ORDER PLUS £3.56 P&P PLUS VAT.

24 HOUR SERVICE £5.00 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.50

FAX 01273 323077
Sales@bull-electrical.com

INFRA RED FILM 6" square piece of flexible infra red film that will
only allow IR hght through Perfect for comverting ordinary torches,
lights, headhghts etc to infra red output only Lsing standard lightbulbs
Easily cut to shape 6" square £15 ref IRF2

HYDROGEN FUEL CELL PLANS lLcads of information on
hydrogen starage and produchon. Prachcal plane 10 buikd a Hydrogen
fuei cell (good workshop faciities required) £8 set ref FCP1
STIRLING ENGINE PLANS intevesnng information pack
covering all aspacts of String engines, pictures of home made
engines made fam an aefosol can running on a candiel £12re/ STIR2
12V OPERATED SMCKE BOMBS Type 31s a 12vingger and
3smoke cannrsters, each cannister wiil fillm room in a very short space:
of yme! £14 99 ref SB3 Type 2 15 20 smalier cannisters (sutatie for
simulated equipment fires etc) and 1 ngger module for £29 re! SB2
Type 1 15 a 12v tngger and 20 large cannisters £49 ref S84

HI POWER ZENON VARIABLE STROBES Useful 12vPCB
fito! with hi power strobe tube snd control electronics and speed
control potentiometer. Perfect for interesting projects etc 70x55mm
12vdc operaton €6 ea ref FLSY, pack of 10 £49 ref FLS2
RUSSIAN BORDER GUARD BINCCULARS £179%
Probabiy the best tknocuiars in the workjl nng for colour brochure
NEW LASER POINTERS 4 5mw, 75 metre rangs, hand held unit
runs on tao AA batenes {supplied) 670nm £26 ref DEC4S

HOW TO PRODUCE 35 BOTTLES OF WHISKY FROM
A SACK OF POTATOES Comprenensive 270 page book
covers all aspects of spint producton from everyday matenals
Inciudes construction details of simple stills etc £12 ref MS3
NEW HIGH POWER MINI BUG With a range of up o 800
metres and a 3 days use from & PP this is our top seliing bugl iess
than 1° cquare and a 10Mm voice plekup range  £28 Ref LOT102.
BUILD YOU OWN WINDFARM FROM SCRAP New
publicaton gives step by step guxde to bullding wind generators and
propeliors.  Armed with this publicabon and & good local scrap yard
could make you sef sufficient in electneilyl £12 ref LOTS1
NEWLOW COST VEHICLE TRACKING TRANSMITTER
KIT £29 range 1.5-5 miles 5,000 hours on AA batteries, transmits
info on car direction, left and Ngnt turns, start and stop mformeton
Works with any good FM radio £29 ref LOT101a

CCTV CAMERA MODULES 46X70X29mm. 30 grams, 12v
100mA auto esectrone shutter, 3.6mm F2 lens. CCIR, 512x482
poxets. wdeo output ts 1v pp (75 ohm). Works directly into a scart or
video input on 8 tv or video IR sensitve £79.95 ref EF137

IR LAMP KIT Suitabie for the above camera, enablet the camens
to be used in total darknéss? £6 ref EF138

UK SCANNING DIRECTORY As supphed to Police, MOD M15
and GCHQ coverers sverything from sécret government frequencies,
eye in the sky, prsons, miltary avation etc £18 50 ref SCANG
{NFRA RED POWERBEAM Handheid battery powered lamp, 4
inch reflector, gives out powerful pure tnfrared (ightt perfect for CCTV
use, Mghtsights etc £29 ref PB1T.

SUPER WIDEBAND RADAR DETECTOR Detects both
radar and laser , X K and KA bands. speed cameras, and aki known
speed detection systems 360 degree coverage, front

Searwavoguides. 1.1%2.7 ¥4 6" fits on sun visor of dash £149 ref

CHIEFTAN TANK DOUBLE
LASERS 9 WATT+3 WATT+LASER
OPTICS

Could be adapted for laser istener, tong range communicahons el
Double beam units designed to tin the gun barrel of a tank. each unit
has two semi conductor [asers and mOler drive unts for alignement
Troile ranga. no circur diagrams due to MOD, new peice £50.0007 us?
£499 Each unit has two galiium Arsenide igecton lasers, 1 x 9 wait.
1% 3 watt, 900nm wavelangth. 28viic, 600hz pulse frequency. The
Units 8150 contain an electronic recerver 1D detect reflected signals
from targets. £199 for one Ref LOT4
NEW LOW PRICED COMPUTER/WORKSHOP/HI-FI
RCB UNITS Complete protection trom fautty equipment for
averybody! Inline unr fits in standard IEC lead (extends i by 750mm).
Fited m less than 10 seconds, resettest button, 10A rating £8.99
each ref LOTS, Or g pack of 10 at £49 80 ref LOTE. f you want & box
of 100 you can have one for £2504
DIGITAL PROPORTIONAL B GRADE RADIO
CONTROLLED CARS From Workd famous manufacturer these
are feturns so they will need attenton {usually physical damage)
cheap way of buying TX and RX phus servos ett for new projects efc
£20 each sold as seen ref LOT2DP
MAGNETIC CREDIT CARD READERS AND ENCODING
MANUAL £9.95 Caseqd with fyleads, designed 10 read standard
credn cards! complete with control edctronics PCB and manual
Covering everything you could want o know about whats hicksen in that
magnetic stnp Of your card! just £9 95 ref BAR31
WANT TO MAKE SOME MONEY? STUCK FCR AN
IDEA? We have collated 140 business manuals that gve you
informaton on setting up different DUSINESSES, YOU PBIUse these al
your lesure using the text editor on your PC. Also included is the
cenfhicate enabing you ¥ reproduce (ha seil) the manuals as much
25 you likel €14 ref EP74

HIGH POWER DC MOTORS, PERMANENT

MAGNET

12 - 24v opesalion, probably about 174 horse power, body Mmeasures
100m X 75mm wath a S0mm x Smen output shaf with a machined flat on
& Fixing issimpie using the two threaded botts protruding from the front

£22ea REF mot4
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it's Flat, Shiny, and

Exterminates CRTs

Advanced display screen technologies
are becoming cheaper and better all the
time. It may not be Jong before they
cause the conventional cathode ray tube
to face out. Andrew Armstrong looks at
some of the current contenders.

Part One: Liquid crystals; amorphous
transistors on glass, and Plasma Discharge
Panels (PDPs).

he demise of the trusted and familiar cathode ray

tube (CRT) as the main means of displaying video

and tv has been predicted for a number of years,

but to date none of the many flat screen display

technologies have proved good or economic
enough to make a significant impression. Today, the main
applications for flat screen displays are ones for which a CRT
would be quite unsuitable, and therefore for which the extra
cost or reduced performance of a flat screen display Is not a
barrier.

You may wonder why CRTs cannot be made thinner and
lighter to compete with true flat displays. After all, they give
better picture quality at a lower cost than flat-panel atternatives.
CRTs have been slimmed down a good deal over the years, but
there is a point at which the problems to be overcome increase
so much that it is not economic to proceed.

For example: look at figure 1, showing beam deflection. The
beam is deflected by means of a magnetic field. If the deflection
is truly proportional to the current in the deflection coil - which
may not be the case, since different trajectories cause the
electron beam to spend a different amount of time in the field -
then the deflection of the beam across the screen will be
disproportional. It will instead be proportional to the tangent of
the deflection angle, which is not at all a linear relationship as
the angle becomes large. This effect causes picture geometry
errors which must be corrected with more circuitry. Figure 2
shows the form of an uncorrected picture. It stretches further at
the corners, because that is where the path length of the
electron beam is longest, as it must be when you consider the
three dimensicnal properties of the deflection system.

Clearly, the thinner the CRT for a given screen size, the
worse the errer wili be. Then there are three different colours to
be corrected separately so that they all line up - and it Is
becomes clear why there is a fimit to how thin a CRT can be

Electron hopping

Ul recently, that Is. Last year, Philips Research Laboratories
agemonsirated experimental flat cathode ray tubes, which they
caled cathode ray panels (CRPs).

A 42-inch PDP screen
showing sharp images at
a wide viewing angle

This design
Incorporates
internal supports t6
avoid the giass
envelope having to be made
unmanageably thick. The problem with internal

suppoerts is that they are likely to interfere with electron
transport. The solution has been to use a machanism of
electron transport along the wall of an insulator. When an
electron strikes the surface of an insulator, it is absorbed, and
this causes the release of secondary electrons,

What is required is that the incident electron causes the
release of exactly one secondary eiectron. To achieve this, the
transport voltage has to be set absclutely correctly. Eisctrons
must hop along one wall of the tubes rather than bounce
around at liberty.

Figure 3 shows the cross section of a GRP. Electrons travel
through the selector plates by hopping and being pulied
through holes in the plates. The interesting thing about this is
that several layers of selector plaies can be cascaded. This, in
conjunction with suitable interconnections, reduces the required
number of row and column connections required to address
each phosphor dot uniquely.
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Figure 1: scanning the electron beam in & cathode ray tube

Figure 2: picture distortion due-to angular deflection on to a
flat screen

The detail of this is shown in figure 4: one entrance hole for
electrons is routed to the three separate colour dots.

Liquid crystals

Flat displays have been around for years. The first to go public
in significant quantities were liquid crystal monochrome
displays. In afiquid crystal display, the liquid crystal fayer can
either rotate or not rotate the polarisation of light passing
through .

With no voltage applied to the display, the liquid crystal
molecules line up at the surfaces in a direction determined by
the surface finlsh of the front and back electrodes, When a
voltage is applied, the molecules line up (figure 5). Because
liquid crystal displays are damaged by direct current, the drive
voltage must be an alternating voltage, with front and rear
electrodes driven in phase if the pixel is to be un-energised, or
in antiphase if it is energised. This is the widely used twisted-
nematic type of display.

To convert the change of polarisation to something visible to
the human eye, an arrangement such as that shown in figure 6
is used. Here, light cannot pass through the crossed polarisers
unless its polarisation is rotated in the liquid crystal cell.

If you want to make a vga display panel, you need 640 pixels
horizontally and 480 vertically. This, which would be considered
a miserable resolution by current standards, needs 640
separately connected vertical strips of electrode, and 480
horizontal strips, in order to address each individual pixel. The
interconnection problem is costly to solve, but it can be done,

for example, by using elastomeric connectors which press on to
metalised contacts on the edge of the display glass (figure 7).
The electronics to address this uses surface-mount ics with
multiple pins, or ball grid array connections. This is inherently
costly to make.

Still, perhaps the major problem of displays like this is how
to make the display visible, when each pixel is only addressed
for a tiny proportion of the time. The molecules must line up
with the voltage rapidly, but settle back to their un-energised
position slowly. It is not surprising, therefore, that the response
of this type of liquid crystal dispiay to changes in picture content
is a bit sluggish.

At some stage in the development of matrixed twisted
nematic displays, techniques for increasing the twist angle were
devised, and they became known as Super Twist or STN
displays. For a while they looked like going out of use, but
improved versions have been developed - see the Hitachi item
on the news pages in this issue.

Amorphous transistors on glass
Some years ago, three physicists shared the Nobel prize for
work on amorphous materials. The first product seen by the
public as a result of this fundamental research was the solar-
powered calculator. it was found to be possible to make
semiconductors using amorphous materials rather than perfect
crystais. The material had to have hydrogen added to all the
unattached bonds which would otherwise trap charge carriers.
Crystalline semiconductors gave superior performance, but
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Figure 3: cross section of part of a cathode ray
panel, showing example electron paths
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Figure 4: detail of a CRP showing how one entrance
hole is routed to three exit holes for red, green, and
blue phosphor dots
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Figure 5: rotation of light polarisation by a twisted
nematic liquid crystal cell

even a solar cell of modest efficiency made very cheaply was
more suitable to power a calculator than an expensive more
efficient crystalline one. It was also possible to make transistors
using amorphous semiconductors deposited on glass. This
permitted development of the tft {thin film transistor) display, still
widely used in notebook computers and portable televisions,

where a transistor is used to improve the drive to each pixel.

Referring to figure 8, the circuit on the left here shows that a
capacitor is charged to the voltage on the data line when the
gate line is energised. The thin film field effect transistor is acting
as a sampling switch, and the capacitor holds the sampled
voltage until the next time it is addressed.

The performance of liquid crystal displays using this technology
is greatly superior to normal stn displays. For a start, the liquid
crystal material does not need to be optimised to retain the
picture information between scans, so it can be made to
respond more quickly. Portable LCD televisions using this type
of screen have no visible problems with normal moving tv
pictures. However, the delay can be detectable by the eye on
some tft computer screens, when the mouse cursor is moved
very quickly, To detect it, though, you have to be looking for it.
Picture streaking due to crosstalk between pixels in an stn
display does not occur on tft displays. Also, because the liquid
crystal material is not optimised for one obscure function (slow
response) it can be made with a wider viewing angle. The angle
is still limited, and it is still necessary to position the screen
correctly relative to the viewer, but the problem is eased
compared with the typical STN display.

The drawback with tft displays is that there is a lot of
electronics for each pixel. Even a single pixel which does not
work can be visible, but it Is very difficult to manufacture
screens with 100% functional pixels. Therefore, quality
standards are defined which limit the number of defects in the
whole screen area, and further limit the number in the middle
area. Even so, many displays do not meet the quality standard
and have to be scrapped. This contributes to the relatively high
cost of tft displays, particularly large ones with more pixels.
Typically, a 1024 x 768-pixel computer display can cost more
than a complete machine with & 17-in crt monitor.

As an aside, based on news reports which | read at the time,
the means of using thin film transistors was first devised by a
British engineer. He was unable to get funding to develop this in
Britain or elsewhere in the EU, so the technology was
developed in Japan, whose industries have made a good return
from it.

Plasma discharge

A number of major Japanese development companies,
including Fijitsu, NEC and Panasonic, are working on plasma
display panels. These are expensive, and best suited for farge
area displays, partly due to cost and partly because the pixel
size does not fit them well for use in small displays. Large
screen televisions using this technology are available in Japan,
and will soon be available in the UK.

From the current point of view plasma displays are divided
into two categories, those which generate visible light by
ptasma formation (primary), and those which generate visible
iight indirectty by plasma formation {secondary). In the second
case, ultra violet light may be generated by the plasma, and
used to excite a phosphor which emits light at visible
frequencies. (This is basically how a fluorescent lamp works.)
Plasma is generally referred to as the fourth state of matter,
after solid, liquid and gas, and it consists of a mixture of ions
and electrons. The best known example of plasma technology
is the neon tube. By applying high voltage to cause a current
flow in the gas, the outer electrons are stripped from the
nucleus. The charged particles migrate to the pole with the
opposing charge and collide with other electrons on the way,
raising their energy level. When the electron returns to the
normal lower energy level, the excess energy is emitted as a

ELECTRONICS TODAY INTERNATIONAL




Figure 10 shows the differentiation of the
different colours. The only purpose of the
UGHT addressing electrode is to initialise the cell. The
pixel always consists of three sub-units (sub-
pixels). The sub-pixels always contain the red,
-~ EERRE ECTROD green and blue phosphors. Every individual sub-

: ' pixel can be initiallsed by the address circuitry.

The X and Y bus lines lie horizontally and
always activate a complete row. However, the X
bus lines can be individually selected, which is
necessary for the initialising process. The Y bus
lines have a common connection. The bus lines
coming from right and left are interlaced.
A major advantage lies in the fact that the
picture information is presented as a whole, and
not line by line as in a cathode ray tube, so that
the characteristic CRT flicker does not occur.
Expect variations from all the major
manufacturers. For example, Panasonic show a
flat bottorned U cross section, with slanting
sides near the top, and coated with phosphor
almost to the top. Panasonic are part of Matsushita, who
announced the world's first 26- and 40-inch colour PDPs in
Japan back in 1895, and began marketing their TH-26PD1
PlasmaView (16.77 million displayable colours) in early 1896,
Even as we write, Panasonic are planning a 42-inch plasma
television for release In the UK later this year. Fujitsu's 42-in
plasma display was demonstrated in televisions from Philips
and Grundig at the Cebit-Home Exhibition in March, and the 5-
cm thick PDS4203 has just been announced in the UK {priced
£7,800 + vat). It may be exaggerating a bit at this stage to think
of flat screens as “CRT busters”, but it is likely that they will take
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Figure 6: the use of polarisers in a liquid crystal cell

photon.

Depending on the mixture of inert gases and their pressure,
the photon may or may not be in the visible range. With primary
displays, the emission is in the visible range as red or orange.

A plasma display panel (PDP) is made up of pixels which are
actually tiny neon tubes. Presented in a simplified manner, there
is a matrix of electrodes in a space between two glass plates,
and the space is filled with inert gas.

The crossovers are the pixels. To iluminate a pixel, a voltage
sufficient to ionise the gas is applied between the two
electrodes. The colours are produced by the light emigsion of

specific phosphor compounds for the spectral ranges red,
green and blue in response to uitra violet emitted by the
plasma. The electrodes are protected from erosion by the
plasma by a magnesium oxide layer.

The phosphor, of course, cannot be behind a protective
layer. In order to protect it 20from damage a special electrode
pattern is used (figure 9). The “surface discharge” is between
two adjacent bus electrodes, and does not come into contact
with the phosphor.

over from cathode ray tube televisions sooner than expected.

NEC claim an interesting improvement on the colour
rendering, and reduced reflections from their plasma displays,
by using colour fiter for red, green, and biue, which they call
capsulated colour filters, built into the glass front pane as a
series of stripes.

The first destination for these television displays will be for
home theatres, where at present people use projection
televisions. It is in this price area that they wifl be compete at

first. When
manufacturing
experience has been
gained, and sales at
higher prices have
paid for some of the
development costs,
then we shall see
plasma panels
making inroads on
the cathode ray
tubes’ teritory.

The physics of
the full colour
AC plasma
display

In general, a plasma
display consists of a
large number of
separate cells which
contain at least two
electrodes and a

CROSSTALK TO ADJAGENT PIXELS IS POSSIBLE

Figure 7: matrixing of a STN display - crosstalk to adjacent pixels is possible
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PINHOLE CAMERA MODULE WITH AUDIO! Superb board
camera with on board sound! extra small just 28mm square (including
microphone) wdeal for coven surveillance. Canbe udden inside anything
evan & matchbox! Compiete with 15 metre cable, psu and tviver
connnectors £7395 ref COB
BBC SELECTORSWITH SMART CARD SLOT AND VIDEO CRYPT
interesting new fdem in this week ig this Setector. Ongmally made fof the
BBC to send encrypted video films 1o your VCR at night tme  The
project seems to have failed. Vary complex units consistng of @ smart
card siot in the tromt plus several switches and an IR recetver. Fuily
cased and measuring 230 x 430 x 90mm, new and boxed. On the back
ofthe unitis a scant socket plus a UMF input and output. A channel tuning
control numbeted 28 to 40 and an IR $0cket NS 1S 3 COMPIONeNEhe
tuner gaction, smart card reader mechanism and control electroncs
Plus a power Supply secton . These unis are soid as SINPRECS but we
imagine you could use ane to convert a montor 1Mo 8 TV or maybe use
the videacrypt sie of things for something #ise. Supplied complete with
manual and mains lead Clearance pnoe pust £9.95 ref BBC1X.
INLINE RCB UNITSThs in line mmature earth leakage unit
instantly shut off the mains supply in the event of any curent flowing
petween (e and earth thus preventing a potentally lethal shock IEC
plug one end, socket the other, fitted i seconds. reset button The
uibmate safety mid when worlang on electronic equipment, computers
eft. As these ¢nis are fithed with an in-line IEC plug on one end anc
socket on the other than could even be used to extend standard IEC
computer leads Pack of 3 £5.99 ref LOTSA
THE ULTIMATE ENCLOSURE for your progects must be one
of these!Well mace ABS screw together beige case measunng 120x
150 x 50mm Already fitled with rubber feet and front mounted LED
Inside 1s a peb fitad with ofher bits and preces you may find useful Sold
either as a pack of five for £10 red MO1.pack of 20 for £19 95 ref MO2
17 WATT 12V SOLAR PANEL A sciar panel designed to give a
nominal 12v. The soiar celis are tamingted within a high qualfty resin
matenall which offers excellent protecton against UV and modsture
Mourted on tempered grass in an alaumimum frame. The panet 1s :6eal
for charging sealed ipad acid batteries and a profecton dode in the
circuit prevents reversed cument flow Mounbng 1s Dy four adjustable
hooks and is by screw Max power 17 wattts. 35
ceils, 17vde peak. 433x402¢15mm, 1000mA max, 1 g Solar panel
£1%6 ref SOL4
SOLAR POWERED AM/FM RADIO A compact, AMFM mono
tadio complete with sarphone and 3 solar panel that recharges the Duilt-
in battery when placed in divect suniight or under a stong famp 1
features 8 rotary VolumeOndORF control (which muat be set 1o 'OFf for
rechanging). AM/F M $@4ecior Switch. rotary tiwng ConMrol, metal bef ciip
and socket for external 3V DC supply. Solar Radio £7.95 ref SR23
MOTOR CYCLISTS RADAR DETECTOR New in ig e Whistier
1560 Laser/Radar detector compiete with & speaker for motoreycle
heimets. Super wid band covering X K and Ka plus lasers at 950nms/
-10nm 360 degtotal permatsr protechion, detects laser, radar and VG-
2 wherever ey come from: £158.95 ref RDS
MAGIC EAR Unike previous ‘sound-magnifiers we nawe offersc
Magic Ear fits unobtrusively behind the ear rsefl Magc Ear's micro
technology 15 very advanced. Nts DUt-In MICrODhONe (S Xtremely
sensitive and there's 8150 @ volume comrol 1 Nelp you adhust o all
condibons In usa, Magic Ear 15 startingly effective. |l heip you i follow
every word of comversanon even at a distance, and enjoy thaatre,
cinema o irve muic with SIUNMING Néw sound. Comes fitted with 3 long
Iffe battenes. 8 free travel pouch, plus @ choce of 3 different ear praces
designed to fit all shapes of ear. Magic ear £16.99 ref MAGE3
RADIO METER Perhaps the best of the screntific awck-loucks of
tha past and well overdue for revvall Fascinatng, soottwng and edu-
cafionat In the vacuum insida the inverted bulb iike container the vanes
revoive. ditven TOUND Ly hoht parbcies aonet (sach vane s bisck on
one side whits on the other) Radiometer £9.99 ref SC120B
SATELLITE NAVIGATION £419 The GARMN~ GPS 38~ s the
ene navigabonal tool for the great outdoors that offers g features in
a small, ightwesght package - sl at @ truly afforcable prics. Mark your
favortte fishing spot. ree stand orcamp site OF retrace yourr steps back
10 the safety of your SIAIDNG POINT uSING our all - new TracBack feature
The GPS 38 shows you exacty where you are, whers you'vi been and
where you're going The GPS 38 features aasy, one-thumb operatien
and warghs only 255g. There's 8 ressftabie p ooometer, graphic
compass' and highway steenng guidance And R provides up t6 20
hours of use on 8 set of 4 AA battenes.  The GARMIN GPS 38 The
afferdable way to Dring you back £119 ref GPSY
DIFFERENTIAL THERMOSTAT KIT An slectronic seif as-
sembly kit designed for use in solar heating systems, heat recovery
systems etc. The principle of the ikt rs that R has two thermistors that
are placed on the fems to be measured {typecally @ solar panel and 8
watef storage tank) the controlier then operates a retay ell the tme
one wmperature 1s higher than the other The temperature dference
is adjustable A typical use would be to operate 8 pumg ail the tirme 2
SOlar panel was at @ higher temparature than the water storasge tank
Differential thermostat lit £29 ref LOTI3
10 WATT SOLAR PANEL Amorphous sificon panel fitted in 2
anodized Muminium frame. Panel measuras I by 1t with screw termi-
nats for easy connecton. One of these panels will run our solar water
pump in full sunhght although we would necommend Tat for optmum
performance two panels would be preferaable 3°x " sotar panel £5%
ref MAG4S
12V SOLAR POWERED WATER PUMP Perfect for many 12v DC
uses, ranging from solar fountains to hydroponics! Small and compact
y&t powerful Will work direct from  our $0 walt solar paned in bright
sunfight Max headI7 R Max fiow rate . 8 1pm Current:1 5A (Ref AC8)
£18.99
BOOST CELL PHONE RECEPTION ON THE MOVE!
Compared to high-powered carphones. hand-portadlo motwe phones
don't ahways work 0o well in mowing veticles. Sometimes the signal
*drops out’ duning & call, other Umes there 5 D0 Much interterence 1o gat
through at 8l However, the affordabie Cell Patch provdes a major
improvement, dramancally boosting signal reception without wires o
batteres. The 95 x 9 5em {3 3" X 3.37) mvcrothin antenna adherss to
YOUF Car winciow sunvrsor, ideally withm 61-122¢m (2-4) of the handset,
or can be camed In a pocket Workes with all TyDes of portabie cnllular
phone. Cell Patch £19 99 ref CEL1
CAT SCARER produces a blanicet of high sonic and low uRrasonic
s0und. which IS inaudihie to humans, birds and fish - go it is ideal whers
you watt to protect your bird tabre of fish pond against feline predators.
It will deter cats from your garden and other protected areas Rwill also
deser foxes. mains operated, 10 m of cable. Runmng cost wilt be
approvimately 4 p per day. Garden watcher £42 45 ref GW2

VIDEO PROCESSOR UNITS?/6v 10AH BATTS/24V BA
TX Not 100 sure what the function of these uniis s but they certainly
make gaod stnpperst Measures 390X320X 120mm, on the front are
controis for scan speed, scan delay, scan mode, loads of connections
onthe rear (nside 2x8v 10AH sealed lead acid batts, pcb's and# BA?
24v toroidial transtormer {mains i), sold as seen. may have one or
Iwo broken knobs efc due ¥ poor storage. £9.95 ref VP2X
SOLAR MOTORS Another new fine for us are these by motons
winclt tun quite happily on voltages from3-12voc. We have tned one
on our §v amorphous 6” panels and you can tun them from the sun|
32mem dia 20mm thick £1 50 each

TELEPHONES Just in this week is 8 huge delrvery of tetephones,
all brand new and boxed. Two pace construction with the foliowing
features- llluminated keyped. mce clear easy 10 use keypad, tone of
putse {swichabie), reacall, redial and pause, highflow and off ringet
swiltch and Quality corntstruction Each tesephone ts finished in a smart
off white colowr and is suppiiad with @ standard imternational lead
{same as US or modem card sockets) f you wish to have a BT tead
supphed to convent the phonet these are ako avalable 2t£1 55 each
ref BTLX Phones £4.99 sach ref PH2

INFRARED CAR PHONE KIT £7.99 interesung box of
goodies! this kit was des.gned i convert car phones to enable hands
froe chating, the kit CoMans the ToRowing nems 1) A keypad desgned
to mount in the centre of the steenng wheel, it requires a Sv PP3
baltery and transmits the NuMDErs using three on board high power
infra red LEDs 140 x 120mm 2) An infra red recerver module
COMAINTHG 3 'R photo diode, 1R fires and control eleconics 60 x 30
x $5mm {cased) 3) Controé box {nice case) 100X 170 X 35mm which
we understand Is the imgrince betwoen the nfra red and the car
phone, il 15 3150 $uPPOSHd 10 adjust the volume of your car stereo at
the same bme! made for Phillips car phones {bat we don't know the
model}Complate kit i £7.99 ref CP1

Hi power 12v xenon strobe vanaoie rate fasher moduies and
tubes £6Usetul 12v PCA fitted with control electronics and @ powerfus
Xenon 1wbet just apply 12v DG 1 the input and the tude will Aash On
the board is a small pallentometer which can be used 1o vary the fash
ratt PCH measures just 70x 55mm and could be incorporated into
many interesting projectst £6 ref FLS1 Pack of 10 s £49 ref FLS2
WANT TO MAKE SOME MONEY? Stuck for an idea? We
have coliated 140 business manuals that geve you information on
setting up different businesses. you peruse these al your Wisure
using the text adror on your PC Also inciuded 1s 8 certificate enabling
YOU 10 feproduce the manuals as much as you likelf 14 ref EFT4
TALKING WATCH Yes_ it actually talis you the time at the push
of s button. Also ieatures @ vorce alarm that wakes you up and teis you
what the time i5| Lithium cell inciuvded £8 99 ref EP26A
POWERBEAM INFRA RED Lamp. All this I8mMp grves out 15 1fre red
fight, and loads oft! perfectfor suppimenting mghtsight and surverhance
equipment. Mast mono CCTV video cameras are infra rad sensiive
80 uSed I CONUNCDON with this lamp would greatly enhance ther
opefating performance. Water resistant case and rubber covered
switch make this unt parfect for all weathers. Krypton bulb 4 D cells
required. Powerbeam lamp £29 ref PB4

GIANT SCREEN VIEWER Tum your TV picture Into a suparse
seraenl Thrs high precmsion Fresnel iens converts even the smafest
sCreen up 1o @ Massive 25, gVINg 8 crysta) clear picture at @ raction
ot the cost of & big TV. Easily fitted in minutes. Also weal for PC
monnors eic £28.95 ref SVGA2

NOGALIGHT NIGHT VISION £429 Open up a new worid of
adventures and expenences Wikdiife enthusasts ana adventurers in
the wikdemess, amateur astronomers, hunters. wargamers, piivate
oyes on survedliance, all find Nightspy indispensabie for therr use
Nightspy's unique features include @ SDeCial tube DICKECTON device,
10 eliminate over exposure, and irfrared iHurnator used h total
darkness. such as in cave expioration and operstions in dark rooms.
Tha Nightspy is ight and hand hekd, o can be mounted on @ standard
tmpod. 1t uses wo standard AA batteries and can be operated by efl
or right hand users, with or without optical glesses
Optical:Magnification. X 1.7 Field of View 10Degrees Focusing
Range 25cm %0 Infinity obyectrve Focat Length. 50 mm FN. 16
DCiopter Range +/- 3 Mechanical Length 182 mm Width 85mm
Hexght 100 mm Wesght 700 gr Electricat Power Source 3VDC, 2AA
batteries Battery Lifa. 40 hours Infra-red llluminator butlt-ip imaging
Dewce Night Vision Image Intensifier Tube £129 ref NOGA

Register with us at
www.bull-electrical.com
for your free e-mail

DRILL OPERATED PUMP Fits to any
drill in seconds, uses standard gardcn hose,
will pump up to 40 gallons per bour! £8.99
ref DRL3

NEWSLETTERS!

250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 SQT. (ESTABLISHED 50 YEARS).

WITH ORDER PLUS £3.50 P&P PLUS VAT.

24 HOUR SERVICE £5.00 PLUS VAT.
OVERSEAS ORDFRS AT COST PLUS £3.50

FAX 01273 323077

Sales@bull-electrical.com

BULL ELECTRICAL

STEREC MICROSOPES BACK IN STOCK Russian, 200x
complete with lenses, hights, filters elc elc very comprehenshe
microsoope that would normally be around the £700 mark, our pce 15
Just £289 (full money back guarantee} fuil details in cataiogue
SECOND GENERATION NIGHT SIGHTS FROM £748
RETRON Russian mght sight. 1.8x, infra red lamp, 10m-inf, standard
M42 lers, §.9kg £348 ref RET1

MAINS MOTORS 180 RPM 90X70mm, 50X5mm SOxSmm
output shaft, start cap included £22 ref MGM1

PC POWER SUPPLIES, CUSTOMER
RETURNS, ALL FAN COOLED, OURCHOICE,
BARGAIN AT 8 PSU’S FOR £9.99 REF XX17

LOW COST CORDLESS MIC 500 range, 80 - 105mhz. 115g.
193 x 26 x 39mm, 9v PP3 battery required £47 ref MAG15/1
JUMBO LED PACK 15 10mm bicoiour leds. prus S giant {55mm)
seven sagment dispiays all on a pub £8 red JUM1 Pack of 30 56mm
seven seg displays on pobs i £19 ref LEDA, pack of 50 £31 ref LEDS0
12vDC 40MM FANS MADE BY PANAFLO, NEW. £4. REF
FAN12

ELECTRONIC SPEED CONTROLLER KIT For the above
motor 15 £19 ref MAG17. Save £5  you buy themn both together, 1
mator plus speed controller mp s £41, offer price £35 ref MOTSA
RUSSIAN 900X MAGNIFICATION ZO00M MICROSCOPE
matal construchon, burlt In hght, muroe stc.  Russian shamp farmi,
group viewing screen. lots of accessones £29 ref ANAYLT

AA NICAD PACK Pack of 4 tagged AA nicads £2 B9 ref BARM
RUSSIAN NIGHTSIGHTS Model TZS4 with infra red dlumimator,
VIGWE UP 10 75 metres in full darkness in infrared mode, 150m range,
45mm lens, 13 deg angle of vew, focussing range 1.5m to nfinity. 2 AA
batteries required 950g weight £196 ref BARS1. 1 years warmanty
LIQUID CRYSTAL DISPLAYS Bargain prices,

20 character 2 tine, 83x19mm £3.99 ref SMC2024A

16 character 4 line, 62x25mm £5.99 ref SMC1840A
TAL-1, 110MM NEWTONIANREFLECTOR TELESCOPE
Russian Syperty astronomical ‘scope. evenythng you need for some
serious star gazingl up to 169x magnification. Send of fax for further
frfcrmarion 20kg, BBSXB00X1B50mmM rel TAL-1, £249

YOUR HOME COULD BE SELF SUFFICENT IN
ELECTRICITY Comprehensive plans with loads of info on
designing systems, panels, control electronics ete £7 ref Pv1
PHOTOMULTIPLIER TUBES Boxed and unused straght from
the mintstry of defence Made by EME with a MOD part no of 10/CV/
5114 and packed almost 30 years sgo | Do you have & wse? do you
want ¥ count hght particies? They would look mce on the mantie
precelOffered to you at £15 aach (we think the MOD paxd more than
this m 19581 £45 each ref PM3

CLOCK CAMERA WITH AUDIO Driscretely monror living
rooms, recephon. office. Dits of any other area Fully working ciock
houses an imsible spy camera compiete with audio. Complete setup
inchudes clock, camena. microphone, Siock battery, 15 metres of cabie,
pawer supply, adapter of erther scan or phono. Everything you naed,
na solderng required Fullinstructions included. Easily nstalied in just
& few minutes Plugs straight into VCR or TV {scarnt or phono)Clock
camera with auiio £89.95 ref OC$

AUTO RECCORD KIT Ths automate system wall instuct your
VCR to start recording when movement s detected via the PIR. Re-
cording will stop 30 seconds after your visior has left which saves
hours of tapes as the wideo only records what you wan! to see Com-
phete systern with PIR, wll work with ell remote controt video record-
ers E89 ref CVC2

TELEPHONE VOICE CHANGER Changes your vowce 1o a
new or unfamiliar ong. Simply piace over the telephone mouth prece
and speak o the changer Fully adjustabie for different vsces. Sup-
plied cornpiete with battefes ready 1 9o. Untt maasures 30 x 60
X20mm Teiophone voice changer £14.85 ref CCI

EXTERNAL CAMERA introducing the Bulldog mode! 4 vandal
fesigtAnt cameda In heavy stoat case for imenor of extenor use. Top
quality case housing a 420 line camera modute. Eech camera s sup-
plied with 8 15m cabse terminating in Scart and phono plugs Mulb
angle bracket 1o easy Installaton in By Stuabon A 12voc pu s
alscincluded Easily mstalled in 8 few minutes. plugs straght into VCR
of TV (phono or scart) Bargain price £89.95 ref CC1

GIANT INSULATORS Just in this week are some grant ceramic
msulators, sach one measures 130mm high and about 170mm dam-
ater. Finished in a high gloss brown and black glaze In the base of
each Insulator 1 @ threaded hole approx 1* diameter, rather like 3
mop/broom head thread If you afe into shoftwave radio. Crysie! sefs
or high voltage experments then these are for you (We've got one
a4 a door Stop) Not 100 sure what their originai purpose was, all we
know is they were made for export about 25 years age. never ex-
ported and been in store since then Price I8 €8 each ref INSX
NATO RACIATION MONITORS Interesting new ine! These
ace smisll modules that strap 00 your wist {strap supphed) and monk-
Tor radiation. We have siripped oné apart and they contain a smait
prece of "orpetal” this could ba something like Naphthalone of any
other rare radtabon sensltive crystal When radafion strikes the crysal,
1t scintiitates and a small amount of ght i produced in e crystal in
reaction 1o the radiation exposure. That light is then prcked up by @
micso pv cell measuring about 2mm squarel Also in the unit is @ sheet
of foil, a ewrcular metal plate (iInsulation between the two) and a small
pair of addiional parailal matal plates. NATO part no & 6665-99-225-
2314 any mformaton gratefully received!! Altemnattvely if you wish to
buy one they are just £3 each ref NATOX

MAIL ORDER TERMS: CASH, PO OR CHEQUE

(ACCESS,VISA, SWITCH, AMERICAN EXPRESS)

‘phone orders : 01273 203500

WE HAD 38,000 'HITS'

ON OUR WEB SITE
IN FEBUARY "98....

BULL-ELECTRICAL.COM
See our live camera!
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Figure 8: a TFT active matrix liquid crystal display

TRANSPARENT PIXEL ELECTRODE

compound of several inert gases (neon, argon and/or xenon).
By applying severat hundred volts to the electrodes the inert
gas will, as a result of the impact ionisation, assume a plasma
state. The result will be a mixture of electrons and ions which,
depending on their charge, will flow 1o one or other of the
electrodes.

As a result there will be collisions which are capable of
increasing the energy level of the electrons still remaining in the
ions. After some time, these will revert to their normal energy
level and will emit the absorbed energy as light. Depending both
on the inert gas compound and on the pressure of the gas, the
emission will be within the range of visible wavelengths or within
the range of UV wavelengths. UV is used in colour plasma
displays.

lorisation can be induced by DC or AC, using slightly
different electrode arrangements. In the case of the DC display,

the electrodes are embedded in the plasma cell and trigger the
plasma formation directly. This creates a simple type of signal
and reduces the expenditure on electronics. On the other hand,
high voltages have to be generated and the electrodes will be
exposed directly to the plasma which leads to their earlier
destruction.

If the electrodes are protected, for example, by an MgO
coating, and a dielectric medium is incorporated, then the
coupling to the gas is capacitive and an AC drive is needed.
The electrodes are no longer exposed and have a longer
functional life. The disadvantage is that the signal for the
triggering voltage is more complex. This technology does,
however, offer a further advantage: once the capacitor voltage
has been attained it can be utilised to add to the subsequent
triggering voltage. In this way the triggering voltage can be
reduced to about 180 volts, as against 360 volts in a DC

display, simplifying the

visibie Light

semiconductor driver
circuitry.

The triggering of an AC
plasma display occurs
basically in three phases,
as illustrated in the
waveform diagram of

Dlelectric
material

# Front Glass

Mgo Iayer""

Bus electrodes
(transparent)
UV light

Phosphor

asaie;%

figure 11.

The first phase is the
addressing or initialising
phase. During this phase all
the cells which are to
become active in the
following frame will be
preloaded. Cefls which are
not preloaded will remain
dark. The addressing

Emitted
_~vislble light

O

=555 Glass back 5?‘3
2/ / / awan /

process Is completed cell
by cell. Current will flow

Py

Figure 9: principles of the construction and function of one cell of a colour plasma display

through all the address
conductors to cells which
have to become active.
Then a pulse on bus
conductor X1 will cause the
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THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

always Surplus always
for cash! wanted for cash}

LOW COST PC's IC's -TRANSISTORS - DIODES 19" RACK CABINETS
QE OBSOLETE - SHORT SUPPLY - BULK Superb quality 6 foot 40U
- CIAL B!Iy 6,000,000 items EX STOCK Virtually New, Ultra Smart
AT 286 Sl

Less than Half Price!
Top quality 18" rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic iockable front door,
{ull helght lockable half iouvered back door
and Iouvered removable side pansls. Fully
adjustable internal fixing struts, ready punched
for any contiguration of equipment mounting
plus ready mounted intagral 12 way 13 amp
4 tsr?dm s:k'i‘lched mac‘r'?s hc;istribution stripl;nake

[ ese racks soma of the most versatile we
varisty of nputs alows comection o a Nost of comput  pave ever sold. Racks may be stacked skie by side and therefore
i ors W EGA, VGA & SVGA rgquira only two side pansis to stand singly of In muttiple bays.

For MAJOR SAVINGS - CALL FOR SEMICONDUCTOR HOTLIST

; VIDEO IMONITOR SPECIALS
grace 12Mhz HI GRADE 286 syslems Made in the USA

s ecsirial speciiication, the system was designed for fotal refia- One of the highest specification

The compact case houses the motherboard, PSU and EGA i -
card with single 5%* 1.2 Mb floppy disk drive & Integral 40Mb thtml_tors_you gm ,?’e’.' seﬁ"
chak drive mréms"mlluégoal time clock with battery backup is IS price - Uon't miss il
o as standard. Supplied in good used condition complete with =

. d keyboard, 640k + 2Mb RAM, DOS 4.01 and 90 DAY Mitaubishl FA341SETKL 147 SVGA Multisync coiour monior with fine
Guarantoe. Seaay to Run !

= HGRADE 286 DALY £99.00 (s

b HD + 3Mb Ram

e

%

s Fitted axtras: VGA graphics card £29,00 modos, {induding Amiga 1200},  Overall dimensions are: 77%" H x 32%* D x 22" W. Order as:

" 3%" floppy disk drive (nstead of 1.2 Mb) £19.95 e i P e 'aed OPT Rack 1 Complets with removable side panels. £346.00 {G)
sgrioct 6.0 for Dos - when 3%® FDD option ordered  £12.50 - hOBP'Bﬁ:m St w"o" o 0y EXCE OPT Rack 2 Re@d Less side pansis £245.00
E2000 Ethemat {thick, thin or twisted) network card £26.00 spectication. Fully guaranteed. suppi L- it

LENT Mtie used condiion, Order a8 Over 1000 racks, shelves, accessories

INTEL 486DX-33 SYSTEMS  [MiSwtiome tirs =~ Only £119m umssvca 19" 22" & 24" wide 3 to 46 U high.

d quantity of this 2nd user, superb small size desktop unil. o
[~ ht?:ad with standard simm conneciors 30 & 72 pin, Suppiied _xtemal cables for other types of computars CALL Available from stock !!.

Ewyboard, 4 Mb of RAM, S\{GA monitor oulput, 266k cache and As New - Ex Demo —
! 120 Mo IDE v wit snglo .44 Mo 35° loppy disk aive. | 7+ 25 5vGA Miteubishi Dismond Pro monitors | | 32U - High Quality - All steel RakCab
ather options availabie - call for detells. £499.00 ¢ | FUl multisync etc. Full 90 day guarantse. £325.00 (E) | \yags by Eurocraft Enclosures Lid to Ihe highest possible spec,

. rack features all stes| construction with removable
Just In - Microvitec 20* VGA (300 x 600 res.) colour monitors. side, front and beick doors, Frent and back doors are ’

D '/ " = 8”
FLOPPY DISK IVE 3% Good SH condition ~from £299 - CALL for Info hinged for easy sccess and all are lockable with
seve purchases of standard 5%° and 3%" drives enables us 10 pyyjIPS MCS35 (same style as CMB833) aftractively styled 14" five secure S lever barrel locks. The front door §
sent prime product at industry beating low prices! All units (Uniess  .ingr monitor with both RGB and standard composite 15.625 15 constructed of doubls walled steel with a
d) are BRAND NEW or removed from often brand new equib- kny video Inputs via SCART socket and separate phono jacks. °‘designar style’ smoked acrylic front panel to
Erd and ars fully tested, aligned and shipped to you with a full 90 \n1600a| audio power amp and speaker for all audlo visual uses. enable status indicators to be seen through the §
guarantee. Cail for over 2000 unlisted drives for spares or repa¥. i connect direct to Amﬁ,, and Atarl BBC computers. Ideal for all’ panel, yet remain unobtrusive. Internaly the rack §
* Panasonic JU3GH/4 720K or equivalent RFE £24. video monltoring / security applications with direct connecilon features fuily slotted reinforced vartucaLflxln
® Mitsublshl MF355C-1_ 1.4 Meg. Laptops only £286 to most colsur camerase. High 3uaﬂty with many features such as mambers fo take the heavlest of 18" rac
* Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18. front concealed flap controls, VCR correction button etc. Good equlpmant. The two movable vertical fixing struts
* Twac FD-55GFR 1.2 Meg (for I8M pe's) RFE £18. used condition -h:lry lested'- guara_nteed on'y £99 sxtras available) are pre punched for slandard
* Twec FD-55F-03-U 720K 40/80 (for BBC's eic) RFE  £29. Dimensions: W14" x H123%" x 15%" D. 3] cage nute’. A mains distrlbution panel Intermal-
£22.

BRAND NEW Mitsublshl MF501B 380K 95 - ] . ly mounted to the bottom rear, provides B x IEC 3
fasm top case with integral PSU for HH 5%" Flopp or HD £29.95 PHILIPS HCS31 Ultra compact 9" colour video moniof with stan- pin Eurg sockets and 1 x 13 amp 3 pin switched
£210.

& o . dard composite 15.625 Khz video input via SCART socket. Idsal gy} ket 1 tilation i id
Sesart :g}g‘ gmsg Hr?édmndum%hed . e for all monroring / security applications, High quality, ex-equipment %uz:wﬁace?ggrl a\ll%nd;xg,l: slls(irEr:g;ltoe: udby on
5"”9': 851 8" double sided Iﬂ%ishod & tested fully tested & guaranteed (possible minor scresn bums). In BHrac-  with top and side louvres. The top panel may be removed for fitting
Sleob i M2004.63 dgubls rseidad NEW =30 live square biack plastic case measuring W10' x H10" x 13%" D. o Integral fans to the sub plale ete. Other faatures include: fitted
Mits ubishl M2896-63-02U DS siimline NEW A Y Only £79.00 o) castors and fioor levelers, prepunched utility panel at lower rear for

8* cased drives with integral power supply 2 Mb KME 10° 15M10009 high dafinition colour monitors with 0.28° dot cable / connector access etc. Supplied In excellent, slightly used

dition with keys. Colour Royal biue, External dimenslons
pitch. Suparb clarity and modermn styling. , ok
HARD D’SK DR’VES Operates from an 15.%25 Khz 3ync RGByvldgo

by mm=1625H x 635D x 503 W. ( 64” H x 25" D x 23%° W )
) seurce, with RGA analog and compasite sync Soid st LESS than a third of makers price 1l
* TOSHIBA.(18 mm H ) MK210TMAN 2,16 Gb. New  £199.00 ; |
. Aterl Amiga, Acorn A superb buy at only £245.00 ©
TOSH.(12.5 mm H) MK100ZMAV 1.1 Gb laptop. New £115.00 Such as Atarl, Commodore el P yaton
~ w0 3%" convarsion kit for Pc's, complets with connactors £15.95 Archimedes & BBC. Measures only 13%" x 127 x y -

- P FR 30528 20mb MEM IF REE g59.95 11".Goodused condion. Oy £125 () 42U veorslon of the sbove only £345 - CALL

* CONNER CP3024 20 mb IDE I/F {or equiv.) RFE £59.95 " " "
B+ CONNER CP3044 40mb IDE UF o equiv.) AFE £69.00 20" 22" and 26" AV SPECIALS BATTERY SCOOP - 50% off I!
3" RODIME ROJ0575 45mb SCSI V/F (Mac & Acorn) £69.00 Superbly made UK manufacture. PIL all solid state colour monitors,
8" QGUANTUM 405 Prodrive 42mb SCSI I/F, New RFE €49.00 complete with composite video & optional sound input. Aftractive
" WESTERN DIGITAL 850mb IDE UF New £185. teak style case. Parfoct for Schools, Shops, Disco, Clubs, etc.In
MINISCRIBE 3425 20mb MFM I/F {of equiv.) RFE EXCELLENT Ittle used condftion with full 90 day guarantee.
§ teed 15 year service life. Fully BT & BS6290 approved. Supplied

* SEAGATE ST-238R 30 mb RLL UF Refurt 20"....£135 22" . €155 26“ £185 ® , .
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep.

* CDC 5420551 40mb HH MFM UF RFE tested
B o SPECIAL INTEREST ITEMS M6 boh tarminals. Fully guarantsed. Current makers price ovar £70
MITS, e FASIASETKL 14" Industial spec SVGAmonitors. €245 °-c ' OUr Price £35 each @ or 4 for £99

" HP C3010 2 Gbyte SCS! differential RFE tested
PR Mt dd bttt Sl QE1 AYS - 200,000 FROM STOCK

NEC D2246 85 Mb SMD interfaca. New
FUJITSU M2322K 160Mb SMD I’F RFE tested
1BM 8230 Type 1, Token ring basa unit driver £760
Wayne Karr RA200 Audio fraquency response analyser usgo Save £EEL's by choosing your next relay from our Massive
stocks covering types such as - Mifitary, Octai, Credle,

FUJITSU M2392K 2 Gb SMD I/F RFE lested £345.00
May other drives in stock - Shllpping on ali drives e code (D)
1BM 53:3501 Token Ring IDCS 20 port lobe modules y E‘égg
i . i stributi |
Trend DSA 274 Data Analgser with G703{2M) 64 Vo cPoa Wettsd, Solld State, Printad Circult Mounting, CALL US
le

THE AMAZING TELEBOX
Marconl 8310 Programmable 2 to 22 GHz sweep ganerator £6500 YOUR NEEDS. Many obsolate types from stock. Save E£££'s

Converts your ¢olour monitor Into & QUALITY CCLOUR TVII
TV SOUND & HP16508 Logic Analyser £3750 5
VIDEOQ TUNER nPS'!MA gatt‘e;n generator & gm:szﬂ E_r_;o‘rf Datector LOW COST RAM & CPU’S
3 P6621 A Dual Programmable GP1B 160 walts ' .
CABLE COMPATIBLE INTEL 'ABOVE' Memory Expansion Board, Full length PC-XT
HP6264 Rack mount variable 0-20v @ 20A matered PSU and PC-AT compatible card with 2 Mbytes of memory on board.
Card Is fully selectable for Expanded or Extended (286 processor

- H:s? g}‘ AA?% to 22H%léz four channel lest ”I:;m

Te TELEBOX i ractive fully cased mains powered unit, con- HP758 pen L high speed drum plotier Jat
wning all eiec(l'sona{‘csa':e:%w?o IYJ into a :o:t %? v?deo momnhors F8B Wardrobe size, insurance spec 1 hour rated fire sate ?:T:? nggl‘:j) ar:\.lgn;gray’:alf:.:;d ngggsdm;aﬂl;? gu%%IQQg'SRFE

by makers such as MICROVITEC, ATARI, SANYQ, SONY, EG+G Brookdeal 95035C Precision lock in amp HaH length 8 bif memory upgrade cards for PC AT XT expands
COMMODORE, PHILIPS, TATUNG, AMSTRAD eic. The composits  ¥ieW Eng. Mod 1200 compulerised inspection system memory sither 256k of 512k in 64k steps. May also be used 10 fil
w90 output will also plug directly into Most video recorders, allowing SNy DXC-3000A High quality CCD colour TV camera In RAM sbove 640k DOS limit, Compiete with data
mceotion of TV channels not normally recelvabio on most tolovE CSZ VERY Larga 3 cavity thermal shock chamber Order as: XT RAM UG. 256K. £34.85 or 512k £39.95
on recelvars® (TELEBOX MB). Push button controls on the front Phillos PW1730/10 XRA ator with accessories ¥ 2 C -

MM e 30 00 60 69 @0 £ 60

A special bulk purchase from a cancelled export order brings you
the most amazing savings on these ultra high spec 12v DC 14 Ah
rechargeable balteries. Made by Hawker Energy Ltd, typs SBS1S
faaturing pure lead plates which offer a far supesfor shell & guaran-

eanel allow ion of & fully 1 ble ‘off air UMF col telavisi Kelthley 580 CV capacitor / voltage analyser
;annels. TrEeprB'OX OMS Somi ev?ﬂusally sl 'el‘l'evis%norr'm;guengg Racal ICR4Q dual 40 channel vOIce recorcer system } ::g L g g:::: g $:§ ége.”ssgw 50 or 7%::?
WHF and UHF including the HYPERBAND ss used by most cable Flskers 45KVA 3 ph On Line UPS - New battarles 1 M8 x9 SIMM 9 chio 80ns £10.50 or 70ns

ICI R5030UV34 Cleanlina ultrasonic cleaning system ;
Mann Tally MTE4S High speed line printer e ‘. ETEMBI 7&2_5&"&3‘“@‘9""”” parity- Only £35.

intei SBC 4568/133SE Mutibus 486 Systam. 8Mb Ram .95 INTEL 486-Dx66 CPU £59.00
intel SBC 486/125C08 Enhanced Multibus (MSA) NEW FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £2€

Zota 3220-05 A0 4 pen HPGL fast drum glotters MOTOROLA 25 Mhz 88040 (XCE8040RC2SM) CPU'S £59.00
Nikon HFX-11 gg:'ghol) L 4 control unit £1450  ghipping charges for RAM / CPU upgrades is code B
08

Motorola YME rds & Components List, SAE / CALL £POA
SOFTWARE SPECIALS

Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R §00 LPM band printer £1950 -

NT4 WorkStation, complete with service pack™3
and licence - OEM packaged.

Fujitsu M3041D 800 LPM printer with network interface £1250

Perkin Elmer 2998 Isf-lr:ar-d spectrophctometer £500

Perkin Elmer 597 Infrared §i rophotometer £3500 i

VG Efectronics 1035 TELETEXT Decoding Margin Meter  £3750 Special Price ONLY £99.00 ]

LightBang 60 output high spec 2u rack mount Video VDA's_g4gs  Microsoft - Windows for Workgroups 3.11 & DOS 6.22. Supplied

Sekanlc SD 150H 18 channel dighal Hybrid chart tecordar  £1995 on 3" disks with license & documentation documentation. £39.85
DOS 5.0 on 3%" disks with concise beoks o/w QBasic . £14.95

Taylor Hobson Tallysurf ampiitiar / recorder £750 X :
wer Su lies Ex Stock System Video 1152 PAL wavefor monitor c4g5 Wordperfect 6 for DOS supplied on 3% disks with manual £24.95

il for 'np o /1 mans K4400 84Kb to 140Mb demux analyser £2950 shipping charges for software is code B

Visit oar Londo ss'lmp for a fall range of Test Equipment and other bargalns

ALL MAIL & OFFICES ILONDON SHOP ALL T ENQUIRIES
On 684 Bus Route
LONDON SE19 3XF
£100 10 dearance 0 00. (A1)=€4.00,
a‘(l%‘rtwersdmas over are subject 10 wﬁw . Camiage (A);Ca. . )-ce‘s“

Open Mon - Fri 9.00 - 5:30 Open_ Maon - Sat 9:00 - 5:30 nlsl 679 4414
Nr.Thomton Heath &
and - minmum acocourt order £50.
E@ kﬁ.m,(mmhﬂam.ws.m.mmmmm approx 8 days for shipping - faster Al goods supphed 1 o
YEARS

TV operators. A composite video output is located on the rear panel
& dwect connection to most makes of monitor or dasktop computer
| wdec systams. For complete compatibility - aven for monitors with-
ot sound - an integral 4 watt audio ampiifier and low levet Hi Fi
|ss0 oulput are provided as standard.
TELEBOX ST for composite video input type monitors £36.85
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.85
For overseas PAL versions state 5.5 or 6 mHz sound spacification,

“For cable / hyperband signal reception Telebox MB shoukd be con-

macted to a cabile type service, Shipping on all Teleboxe's, code (B)

DC POWER SUPPLIES

Virtuaily every type of power
supply you can Imagine.Over
10,000 go

[

Visit our web site

L d
: www.distel.co.uk
emeil admin@distel.co.uk

n S
Dept ET1, 32 Biggin Way e g
Upper Norwood
E’- T’-'[”\'[’-C; & Selhurat Park SR Reil Giations FAX 0181 679 1927
‘-lK ! '-- All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders
Iess stated guararteed for 90 days. All guarantees on & retum io basa basis. Al i reserved! to changs prices / spachications without pricr nctice. Crders subject 10
stock. Disoounts for volume. Top CASH prices paid for supius goods. All trademarks el © Display Electronics 1997. E&OE 018
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Figure 10: a cross section thorugh the structure of all AC Colour
plasma displays (PDPs).
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Figure 11: the waveform diagram shows the three-phase triggering

of an AC plasma display: (1) cell-by-cell addressing and initialising of

active celis for the next frame; (2) stop/display phase during which
the build-up of voltage impulses on alternate sides creates the
number of light impulses corresponding to the luminance level; (3)
extinction phase during which all the cells revert to a neutral state
for the next subframe

charge to transfer, pre-initialising the cell. This procedure will be
repeated for the remaining cells X2, X3  Xn, etc. A pre-
initialised cell will retain its charge for a considerable time. It is

this memory effect which makes cell-by-cell addressing possible.

The second phase is the stop phase or the display phase. By
applying a voltage alternately to the two bus electrodes, the ions
and electrons are forced to move to the opposite electrode. This
leads to plasma formation at the emission of light. The more
pulses that are applied, the more fight is emitted.

In fine with the increasing number of alternating pulses a
higher light sensttivity occurs. Light impulses always arise when
there is a voltage alternation. The externally applied voltage is
always directed in such a manner that it will add to the internal
voltage, exceeding the trigger vottage of the plasma cell. Cells
which are not pre-initialised do not reach the trigger voltage
solely as result of the external voftage, and so remain dark.

The third phase is the extinguishing phase. This phase is
necessary in order to restore a neutral charge distribution to all
the cells. The difference between the last two phases and the
first is that all the cells are addressed simuitaneously. Again,
unlike cathode ray tubes, line fickering does not occur in a
plasma dispiay.

A further difference between a plasma display and a cathode
ray tube is the method used to display different levels of
brightness in a pixel. This cannot be done practically by varying
voltage or current drive, because each celf would have to be
addressed individually. Plasma display brightness variation is
best camied out by time division multiplexing (TDM). The human
eye is slow to react and will integrate the separate light
impulses.

An Individual frame is divided in terms of time (figure 12}
into eight sections {subframes). In the case of a 21-inch display
there will be only six sub-frames. The sections are not all the
same length; they cormespond to the value of each separate bit
in the data word. This also means that with a vertical freguency
of 50Hz, each triggering phase will be activated eight time in
20ms. The illustration shows only the addressing and dispiay
phases.

In the second part of this article, | will be looking at Light
Emitting Plastics (LEPS), first developed at the Cavendish
Laboratories at the University of Cambridge) and now
commercialised by Cambridge Display Technology; Planar
Optical Displays (PODs) developed at Brookhaven National
Laboratory, and the new 3D tv displays.

ET1 wishes to thank the following in particular for data
and background material for both parts of this article: Frank
Cornell of JOK (Fujitsu Electronic Devices); Joanne Korosi,

MMD and Storm

Communications (Pioneer),
Blitz and Jonathan Dominic

{NEC), Ruth Lloyd

{Matsushita/Panasonic),

Linda Kandy (Mitsubishi), K
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Serial AVR

Microcontroller Programmer

Robin Abbott extends his experience built up with PIC programmers to a
programmer for the new fast, in-circuit reprogrammable AVR microcontrollers

t cannot have escaped the attentions of most

readers of this magazine that a large number of

projects now make use of microcontrollers. The

controller which has been used to greatest effect has

been the Microchip PIC. Microcontrolters in general
include a wide variety of devices offering a variety of capabilities at
different prices and in different package sizes. A recent armival to
the microcontroller scene is the AVR series from Atmel. These
devices have been hard to obtain until recently, because they have
only been in production for a little while. However they are now
becoming increasingly avallable to the amateur and educational
market. All the devices have flash eeprom prograrm memory, and
can therefore can be reprogrammed in circuit, end re-used without
the need for an ultra-violet eraser.

Regutar readers of this magazine remember that | have
designed two programmers for the PIC series of controflers over
the past three years. Abeut 1,000 of these programmers have
been built by ET readers. | decided to base a new AVR
programmer on a similar circuit, but to improve the circuit on the
basis of lessons learmed by constructors of the PIC programmers.

Throughout this article | shall make frequent comparisons
between the AVR and the PICs, because | believe that currently
most constructors who will use the AVR probably already have
experience with the PIC. The large amount of source material
available for beginners to PIC microcontroliers makes it a better
starting point than the AVR. This situation may change as the AVR
devices gain in popularity and use.

The AVR microcontroller

Currently there are only four devices readily available in the Atrnel
AVR series: two devices in 20-pin packages, and two devices in

40- or 44-pin packages. The pinouts of these devices are shown
in figure 1,

Lile the PIC, the AVR has a Harvard architecture - the program
memory is separate from the data memory, enabling the next
instructicn to be fetched whilst the previcus instruction is being
executed. Program memory varies in size from 512 words in the
1200 device, to 4096 words in the 8515 device. Each program
word is 16 bits in length, enabling most instructions to fit within a
single word.

PROGRAM |

MEMORY ; WORKING ' DATARAM MAXRAM EEPROM

(WORDS) 'REGISTERS! (BYTES) (BYTES)

/O PINS

AT90S1200 ATB0S2313
seserCht  \__J o[Qvec reserCft  \_J aof3vee
PoO[]2 9|1 PB7 (SCI) [ i H +g[_] PBY (8CK}
POI |3 18] PBE (MISQ) (TXDPDT |3 18[_] PB8 (MISO)
XTaL2[ |4 17 P85 (MOSH XTaLz[He 17 [ PBS (MOSI)
xTAL[|s 15[ 1PB4 XTALI[}S 18[] PB4
< ONTOPD2[ s 15 1PB3 {INTOPD2 16 15[ PB3 (0C)
PO}y 143 P82 INTHPOS 7 18] PE2
Ty PO4 e 137 PB (AN} (T0) PD4 [ 137 PB1 (AN}
POS[Je 12[] PBO (AINO) (ﬂ)PDi:ls 12[] P3O (AN}
GNO Clyo +1[] PO GNDE‘N 11[7] PO6 (ICP}
ATIOS4144 ATHOSH51S
(7o PRO [ oy pe0 (1 wJvee
(T et ]2 Ty Pe]2 391 ] PAD {ADD)
(AIND) Pazr_h {aIND} PB2 [ 3 3a[ ] PAT (AD1)
(AINY) PBI [T (AINT) PRI (] a7 PAZ (AD2)
{88) P84 ]85 (58} PB4 6 445( ] PA3 (ADS)
mCs) Pas 18 (MOSH) PBS (16 35[ ] PAA (ADH4)
WSy PR ] 7 (usowseér 3] ] PAS (ADS)
(sCK) PB7 [l (scK) PB7 18 33[ ] PAE (ADS)
RESET [|¢ RESET [jo 32[_] PA7 (AD7)
(RXD) PDO{ |10 (AXD} ngm a1 ce
{TXD) POI |11 (TXD) PO 1Y 01 ALE
(INTO0) PO2[] 12 (NTOO) P2 112 2fJoc8
(INT1) POA ] 13 T poarjm 28[ ] PC7 (A15)
Pos]14 PO 14 27| 1 PCB (A14)
{OC1A) POS []16 (OCHA) PDS ] 15 26[71 PCS (AV3)
1WA PDE (16 WAy PDS |16 2s[JPCAMI2)
(RO} PO 147 Ry POT 117 24 [ 1 PCA(ALT)}
xvaz2(ha xvaL2 [C|1s 231 PC2 (A10)
XTaL1C] g xTaLt i 221 PC1 (AR}
Gvo[CJz0 GHO 20 241 PCO (A}
Figure 1: pinouts of the currently available AVR devices

There are 32 general purpose registers, each of which has
similar capabilities to the W register in the PIC, and therefore a
large number of operations can be performed on and between
working registers without having to go to other memory. There are
64 configuration registers which control the ports and peripheral
devices of the AVR. The three larger devices all have internal static
ram which is up to 512 bytes in length in the 8515. Finally all
devices have an eeprom data area which is between 64 and 512
bytes in length.

The 4144 and 8515 devices have the capability to fit external

UART A D

CONVERTER CTHER BUS

TIMERS PWM | anaLeG

C'MP'R

ATS051200 242 32 a a 64 15 3 N N R N SPI
ATS0S2313 1024 32 128 128 128 g B b id iy N SPI
AT9054144 2048 32 256 64k 256 32 2 W W Y N SP|
ATS0S8515 4096 32 512 64k 510 32 2 A 4 Y N SPI
PICteCae t024 1 36 36 64 13 1 N N N N NONE
PIC18C74 4096 1 152 192 0 33 3 S S N 2/ SPI. IIC. SCI

Figure 2: comparison of AVR and PIC features
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Sl = 1000 = £00p
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POWER IN AA1 §
45 EO ved I SOCKET CONNECTIONS
9], :
__3lrock1 PIN AVR f 1] HESEM vee :I"'D
PL13 RBY {RESET
Raolt? | 2[] SCK[ 39
R? s 3] MISO{ ]38
Gl e i = i wos1 [ a7
40 PIN AVR|40
IC1 LED1 VO 0 PN AVR 5[ ]xTAL1 [3s
PIC16CSSEXT/R - -
Ra PBI PICI6CB4 R8 § 2] C4 6 MoSI as
oN o g dioh 1000, L
300R o ABI _:p—ul I 7 jmiso a4
O_L AlmcLr 40-PIN ZIF SOCKET r
<% LED2 3 8[Jsck 133
e o {0.30.6")
Razfl 9[|RE 3
INTERFACE T_.L TYPE SELECT [; i 2
c1 A7 -2 (00 =1) = = 10{JGND [y
40 PIN AVR
1 30
i = I [
RA3 a4}l 39150 Pin AVR 12[] (29
12 g 120
- 6], - -
RBS T 40 PIN AYR [#0 Pin ave 20 1‘[ :27
XL1 4.00MHz ags |1 MO8 Vs o
37
PLI/S 150SCH 1 Y o oo v avat? & 26
I 164 Apzft w i Imisa e i
osczv - RO 385 pinave | 17 o4
——
c6 cs 7 10K * 18] 123
I22p Izzp j_ 19 C]XTALY [ 22
20[|GND 21
XTaL1
|re is
Figure 3: the AVR Programmer circuit diagram

PROGRAMMER PC CONNECTOR TYPE:
PL1 | 9-WAY FEMALE  9-WAY MALE 25-WAY FEMALE  25-WAY MALE
2 3 2 2 3
3 2 3 3 2
5 5 5 i 7

Figure 4: the serial cable from programmer to host PC connections

data ram - or any external peripheral devices which operate on a Figure 2 shows a comparison of the capabilities and features
standard 8-bit microprocessor data bus. This allows the devices, of the AVR devices together with the PIC16C84, and the

to be used at the heart of far more complex systerns than
simpler microcontroliers.

The most impressive feature of the AVR is its ability to
execute most instructions in a single clock cycle. Thus its
throughput approaches one MIPS {million instructions per i e e s e ¢
second) per clock megahertz. In simple terms this makes the ' - g
device on average four times faster than a PIC operating at the

same clock frequency. When coupled with the AVR's 32 : MR |45 e :

working registers, this makes the AVR performance notably f " nemE sl M 5 e i

faster than a PIC in some applications. PR o 3 _|'.-u,.~..7.'..... -
Y ren f o Sy oy

In my opinion the AVR architecture and assembler language
is easier to use than the PIC. The AVR does not have the
difficutty of using paging bits to access different areas of data
memory. The AVR has a traditional stack with a stack pointer
operating in SRAM which allows data to be pushed and
popped, and has far deeper call nesting than the PIC’s fixed

stack which does not allow data to be saved. In addition, the e B R e e e |
wide variety of instructions, addressing modes, and the large ’

general-purpose register area on the AVR allow algorithms to {Buftr 0 wvimas ALt reas X

be developed with greater ease. B 2 gt 1

Checkmu CT74.
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CONNECTOR / CABLE
TO PROGRAMMER
2IF SOCKET (USE 20
PIN IDC DIL HEADER)

APPLICATION POWER SUPPLY
SHOULD DRIVE THE PROGRAMMER

CABLE SHOULD BE AS
SHORT AS POSSIBLE POWER SUPPLY IF POSSIBLE
= T
?[:k %40 PINAVR |
RESET
PINY, ZIF SOCKET [>- » 120 BIN AVR
APPLICATION ‘:,ﬂ(' .
CIRCUIT
§ ", l
PING, 2IF SOCKET [ 81 40 PIN AVR | Vdd[‘;_‘; :m:xg 40
’scn
320 PN AVR
APPLICATION 1k laopinavR |
cRCUT —— s
PING, ZIF SOCKET [ 37150 PIN AVR
AVR
APPUICATION 1k* - =
cirour —1 40 PIN AVA e L
PIN7, ZIF SOCKET [ > 28120 PIN AVR 40 PIN AVR
Vss
|20 PIN AVR2
PIN10, ZIF SOCKETD___-L
—'f
4.00MHz ETC 4140 PIN AVR n s -
18 i
20 PIN AVR |
| D |_‘ 5[40 PINAVR |
b XTAL1
4 20 PIN AVR

i'2 — 22D
Ul

* ONLY REQUIRED IF THE APPLICATION CIRCUIT IS DRIVING THE AVR ON THESE PINS.
RESISTOR MINIMUM VALUE IS 1k, BUT SHOULD BE HIGHER IF POSSIBLE

Figure 6: A typical circuit diagram for programming in-circuit. The power comes from the application circuit

PIC16C74, which are approximately equivalent. At the higher end
the AT90S8515 offers more memory and faster program
execution than the 16C74 with similar peripherals. Note that at the
lower end the PIC16C84 has more memary than the AT3051200,
and is also flash reprogrammabie. At the moment this AVR device
does not seem to compete too well with the PIC,

Int conclusion | believe that the AVR devices are more suited
than PICs for applications which reguire In-circuit programming,
large data storage, have a high pracessing requirement, or which
need a large amount of assembler to be wrtten.

The AVR Programmer
This AVR programmer has the following features !

The programmer is battery powered.

It operates on the senal ports of a standard PC running Windows
3.1,°95, or NT.

It automatically detects activity on the serial ports to wake itseff up,
s0 it needs no on/off switch.

The programmer uses a zero insertion-force socket, and is a
capable of programming any of the currently available AVR
devices.

The programmer reads the device type from the AVR to allow the
correct programming parameters to be used, and ensuring the

correct hex file is used to program the device. It is also capable of
detecting empty sockets or incorrectly inserted devices.
it is compatible with Atmel's AVR assembler and simulator.

Experience has proved that the earlier programmers were easy to
construct, but users had most difficulty with the senal interface.
For this reason the AVR programmer offers an additional light
emitting diode to show activity on the serial interface. In addition |
have included more notes on the use and debugging of the serial
interface in this article to assist constructors.

The host software on the PC has also been considerably
improved on the basis of comments made by constructors of the
PIC programmers. It now offers toclbars and muttiple edit
windows, each of which allows users to edit hex files within the
programmer, and increased status information to show exactly

-what processes have been undertaken with the programmer.

Programming the AVR

The AVR devices are ail programmed in similar fashion. Both the
program memory and the intemal eeprom memaory may be
programmed by this project. The AVR is an easier device to
program than the PIC microcontrolier, because the AVR has much
greater commonality among the devices in the range, whereas the
PICs have at least four different programming algorithms, and the
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LETTEF\‘! PARAMETERS ‘RETURN i DETAIL

A - K PROGRAMMER OK, WAKE UP
B AD . AD, 256 BYTES| READ 256 BYTES FROM AVR AT
K SUPPLIED ADDRESS
C | SETCURRENT |K SET INTERNAL ADDRESS
PROGRAMMING
ADDRESS
D |B0,Bo, BT, K PROGRAM 8 WORDS AT CURRENT
B1 LOCATION. INCREMENT LOCATION BY 8.
B7 B7 CS CS IS THE CHECKSUM (FORMED BY
LW ADDING THE 16 BYTES FORMING THE 8

WORD, AND TAKING THE LOWER 8 BITS
OF THE RESULT)

E AD,, AD, 16 BYTES | READ 16 BYTES OF EEPROM AT
K SUPPLIED ADDRESS
F BO . ..B7, K PROGRAM 8 BYTES AT CURRENT
CS LOCATION. INCREMENT LOCATION BY 8.
_ CS IS THE CHECKSUM.
BO K WRITE LOCK BYTE
H AD N. K READ DEVICE CODE AT ADDRESS AD
| N,BO,B1...B7 |K WRITE N BYTES TO DEVICE ON SPI BUS
J - 1 BYTE, K | READ ONE BYTE FROM DEVICE ON SPI
BUS -
K 0OR 1 K TURN POWER ON OR OFF
AD,, AD, CS, ,CS,,.K| RETURN CHECKSUM OF 256 WORDS

FROM THE DEVICE, START AT SUPPLIED
ADDRESS USING C COMMAND

ADL, AD, 0,1,K BLANK CHECK
N - K ERASE ENTIRE EEPROM
KEY:
K LETTER K, RETURNED TO ACKNOWLEDGE COMMAND COMPLETE

B, B, A SINGLE BYTE
Bn.Bn, A WORD SENT, LOW BYTE THEN HIGH BYTE
AD,AD, 16 BIT ADDRESS SENT LOW BYTE THEN HIGH BYTE

Figure 7: the interface commands for the AVR programmer

differences in programming configuration fuses across the range allows all devices to be programmed in a single socket. Although
can make a universal programmer for PICs quite hard to design. this limits the oscillator type to external crystal, this is not seen as
Like the PIC, the AVR can be programmed in either serial a major problem, because the AVR devices are likely to be used in
mode through an SPI port, or in parallel mode. The serial mode is projects requinng a more powerful microcontroller, for which a
slightty more limited than the parallel mode, because it does not crystal oscillator is more appropriate. The other minor
allow the internal resistor/capacitor oscillator 10 be selected. This disadvantage with a serial programmer such as this one is that
programmer uses a serial mode because it has a lower programming takes longer than in a parallel mode, and again for a
requirement on for pins than the paraliel mode, and more easily low-cost programmer which is not intended for production runs,
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this is not seen to be a serious disadvantage.

Uniike the PIC the AVR does not require a high voltage for
programming the eeprom, and therefore only a single power
supply is required, which allows a simple programmer such as this
one to cperate from a battery supply.

The circuit

Figure 3 is the circuit diagram of the programmer (the component
layout is shown near the Parts List at the end of the article). The
programmer is connected to a standard serial port of a PC on
which the host software runs under Windows. Although it is easier
to design an interface to a PC using a parallel port, | have always
found it harder in practice to use this port, because most PCs
have only one parallel port, and because parallel cables and
connectors are bulky and difficutt to use. In addition to this a serial
Interface will operate over longer cable runs than a parallel
interface.

The serial Interface is based on the low-cost, simple, but
effective design which has been seen on projects in this, and in
other magazines. This type of interface derives a negative voltage
for the transmission by the programmer to the PC from the
receiver data line from the PC. R4 and D1 charge capacitor C1 to
around -8V whenever the Receive line is below ground, which is
the resting state of the RS232 interface. The 300R resistor is
chosen to load the receive line at about two-thirds the maximum
allowable input impedance for an RS232 serial interface. Q1
buffers the input signal and inverts it driving the PIC directly. The
Transmit signal switches either to +5V, or is pulled down to the
voltage on Gt when there is no transmitted signal.

The serial interface is efficient for use when there is a low
requirement for duplex data exchange, it is not effective when
there is a requirement for a large amount of data to be transmitted
and received simultaneousty. For that type of application a device
such as the MAX232 should be used.

The main control of the programmer is achieved with a PIC.
(Like many of us, | had the PIC programmer to start with, and not
an AVR programmer, otherwise | would have tried to use an AVR
here.) The power consumption of the AVR during programming is
only a few miliamps, and this aliows the AVR to be powered from
the PIC during programming, reducing the requirement for an
extemnal switch transistor for the power supply to the AVR. The
PIC may be any of the 18-pin devices with a 1k by 14-bit word
memory such as the 16F84, or the 16C556 -see the end of the
article for details on obtaining programmed PICs.

The PIC detects and decodes serial input on the interrupt pin.
Any received command consists only of a single character
followed by a number of parameters. A received command is fully
executed, and the programmer reports the result of the operation
before any other commands may be sent to the programmer. This
cbviates the need for duplex serial communications, flow control,
or character buffers for the serial port.

The AVR programming interface is a standard SP! port, which
is a three-wire interface requinng a clock, data from the PIC to the
AVR, and data retumed from the AVR to the PIC. As the AVR
requires a clock to be operating during programming, the PIC alsc
has a connection to the crystal input of the AVR, and supplies a
clock to the AVR during programming. To assist diagnosis or faults
on the serial interface, two LEDs are provided and are driven from
the PIC. The use of these LEDs is described below in the section
on testing.

The power supply forthe programmer may be provided from
batteries or from a mains battery eliminator. The power supply
should be between four volts and six votts at around 20 milliamps.
Most alkaline batteries are capable of delivering as much as 1.8
volts each when fresh, and therefore three alkaline batteries are

sufficient for the programmer,

When there has been no serial input for a period of 10
seconds, the PIC enters sleep mode. During sieep mode the total
power consumption of the programmmer is reduced to 30
microamps. Thus the batteries should last for a number of years
when no programming is performed. The PIC is woken from sleep
mode by receiving an intermupt on the serial input, the PIC takes a
while to start its oscillator when it wakes from sleep mode, and
therefore the first character received which wakes up the PIC will
not be cormectly recognised. The software nunning on the PC
caters for this situation by sending a dummy character to awake
the programmer before starting any new operation.

The programmer may read the device code from the AVR
device, and reports this to the host software running on the PC.
This may be used to determine the device characteristics, and to
ensure that the correct software is used to program the device,

A push button is provided on the programmer to reset it. This
feature will probably not be required in practice, except following
the replacement of the batteries, when it may be necessary to
properly reset the programmer as the power consumption in sleep
mode is so low that the PIC may not start up property. It was
rarely required on the prototype, and the button has been left off
recent test programmers.

Construction of the programmer

The programmer is quite easy to construct as there are relatively
few components. A PCB has been designed for the programmer,
although this is not essential, and the programmer could be
constructed on Veroboard quite easily, There are two links on the
board. Insert these first, and follow with the 18-pin dil socket for
the PIC. Ali the resistors are inserted vertically. Insert the resistors
and the ic socket next, followed by the crystal resonator,
capacitors and transistors and light emitting diodes, noting that
the green LED is the one towards the left of the board. The LEDs
are inserted with the flat on the case towards the bottom of the
board, the diode D1 is inserted with the black band towards the
top of the board.

Complete the programmer with the serial socket and the ZIF
Socket. On the prototype the ZIF socket was plugged into a 40-
pin dil ic socket, although it may be mounted directly on the
board. As the ZIF socket is quite expensive, it is possible to use a
40-pin dil socket with a 20-pin dil socket mounted alongside. Pins
1 10 10 of the 20-pin socket connect to pins 1 to 10 of the large
socket, and pins 11 to 20 of the smaller socket connect to pins
31 to 40 of the large socket.

Battery clips are available for three AA size cells, with a PP3
style connector. The power supply may be connected to Vero
pins, and a standard PP3 battery with connectors wired directly to
the pins. Check all of the joints and solder connections on the
board, insert the programmed PIC, and the programmer is ready
for test.

When the programmer has been fully tested and is proved
operational the battery clip can be giued underneath the circuit
board with silicone rubber sealant, the entire programmer now sits
on the battery case.

Testing the programmer

The programmer must be connected to a PG using a standard
serial cable terminating in a 9-pin D plug. The wiring of this cable
is shown in figure 4. There are two LEDs on the board. The red
LED iluminates when power is applied to the AVR in the socket.
The green LED iluminates whenever data is received or is
transmitted by the PIC, and flashes briefly approxmately once
every second when the programmer seral interface is idie.
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Figure 8: the component layout for the AVR programmer
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program is hyper-terminal supplied by
Windows ‘95, the serial port set-up dialog box
may be found under File/Properties for this
program, Check that as you press keys the
characters are echoed. if not there is a fault in
the cable or the seral card. If keys are
received then power down the programmer
and remove the PIC, short pins 2 and 6 of the
P, PIC socket, power up the programmer and

check again that characters are echoed. If not
J then there is a fault in the serial circuitry.

|

Testing the transmit/receive lines from the PIC
I to the PC: With the terminal emulator in use
insert the PIC and power up the programmer.
Press the reset button, a 'K’ character should
be received by the PC. Now press the 'Z’ key
on the PC, the green LED should flash in
sympathy, and ‘f characters wil be
transmitted back to the PC, the programmer’s
indication that it has received data which it
does not understand.

LA AL

If the programmer stilt does not work, then
there is either an error with the PIC, or the
installation of the host software is incorrect.

nlasnooounmﬂ

Using the programmer
Either the Atmel Assembler, or the Forest
Blectronics AVRDE assembler/simulator may
be used for this programmer. Set the options
in the AVR assembler to assemble 1o Intel
inteflec 8/MDS format - this type of file usually
ends in a.HEX extension.

The host PC software is accompanied by
instructions on its use in a help file. The host

It is likety that the programmer will operate immediatety, so it
may be connected to the PC directly. The host software on the:
PC may be installed as described in the instructions which
accompany the program disks. When the host software is initialty
executed, it will attempt to find the programmer. it may find the
programmer immediately, in which case it may be used directly. If
the programmer is connected to a serial port which is not serial
port number one, then use the Module/Communications menu
option to select the comect communications port, at which point
the hast program will atternpt find the programmer and report
back when it is found. Use a serial port rate of 9600bps.

If the programmer does not work straight away, then follow this
procedure:

Testing the programmer and PIC oscillator: Press the reset button,
and the green LED should flash once every second for
approximately 10 seconds. The LED will then be extinguished as
the PIC enters sleep mode. Repeat this test with a multimeter
inserted In series with the battery pack, and check that the power
consumption in sleep mode is less than fifty micro amps.

Checking the serial port : Plug in the serial cable. Check the
voltage on pin 3 of the connector undemeath the board, it should
be around -10V, the voltage on pin 2 should be around -6V.
Remove the cable and use a crocodile clip to short ping 2 and 3
on the cable. Start a terminal emulator program on the PC, and
set the emulator to operate at 9600bps, no flow control. A suitable

software Window is illustrated in figure 5. The
40-pin devices are programmed with pin 1 towards the top of the
board, the 20-pin devices are placed in the socket towards the
top of the socket, again with pin 1 towards the top of the board.

AVR devices should never be remaoved or inserted while the
red LED is illuminated. i multiple devices are connected to the
same senal port, then uniess full switching is employed it is
advisable to remove the programmer when not in use, or it will be
repeatedly woken up by received characters.

The AVR devices have a program memory reprogramming life
time which is quoted at approximately 1000 cycies - in practice
devices operating at normal voltages should achieve much better
performance than this, and it is unlikely that this lifetime will be
exceeded.

The AVR has a lock byte which prevents the device from being
read when set, this is to prevent copying of the internal program.
Unlike the newer OTP PIC devices this byte may be set and reset
at will, allowing protected devices to rewritten aithough they may
not be read.

In circuit programming

The AVR programmer the capability to program devices which are
alreadly in-circuit. A typical circuit diagram for programming in-
circuit is shown in figure 8. Note that the power is gained from the
application circuit - and it is advisable to power the programmer
from the same 5V supply as the application. Note that the
application has a crystal which must be of greater than 1MHz in
frequency. if the circuit has a lower crystal frequency then it must
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be arranged to supply a clock from the XTAL1 pin of the
programmer, which ovenides the application clock - this is ikely to
be very difficult to amange in practice and is not recommended.

The lead from the programimer to the application has five wires,
one for the reset pin, 3 for the SP! bus, and one for ground. The
connection to the programmer should be made by using a 20-pin
DIL header on an IDC cable. in the application these pins may
need to be isolated by resistors as shown in the figure if the
application circuit attempts to drive the pins driven by the
programmer. These resistors should be greater than 1k to limit the
currert drawn from the output pins of the programmer. Mount the
resistors close to the AVR to reduce the effect of capacitance on
signal iming if this is likely to affect the application. Keep the cable
to the programmer as short as possibie.

Finally note that the application circuit should be able to
operate without damage for short penods with the AVR controller
reset and its pins in the high impedance state (this will occur
whenever the programmer is connected and powered up).

The serial communications protocol

The interface to the programmer on the serial port is quite
straightforward. It is reasonably easy to write an application in
Basic to control the programmer from the PC for special
purposes. For example the original PIC programmer was used
by one small manufacturer to test PICs on manufactured
circuit boards on a production line by running a verify
algorithm on each circuit board as it passed the test machine.

There are a total of 14 commands available to operate with
the programmer from the PC. Each command starts with a
capital letter, from letter A to letter N. The commands are
shown in figure 7. Most commands are fairly self-explanatory,
the key to the table is shown in the Figure. Bafore undertaking
any operation with the AVR it is a necessary to turn the power
to the AVR on, this is achieved with the K command followed
by a 1 character. The commands required can then be
executed, and after operations are complete, the power may
be turned off with a K followed by a 0. Note that the red LED
will always illuminate while power is connected to the AVR.

To wake the programmer from sleep mode, the A
command should be used, this will wake the PIC on an
interrupt, and force it to reset itself, the first action undertaken
will be to return a K character to the PC. If the PIC is already
awake, then a K character will be returned in response to an
A command anyway. Once the programmer has been woken
up, then all the commands required should be executed with
a maximum gap between them of about eight seconds to
prevent the programmer returning into steep mode.

The cnly commands which are of special note are the
commands to send a number of bytes to the AVR on the SPI
bus, and the command to read cne byte from the device on
the SP} bus. These commands may be used for the future
devices to imptement currently undocumented commands.
There may alsc be some occasional use for these commands
in a general-purpose SPI interface.

Please note that any locked device will require the entire
eeprom 1o be erased before any operation will be successfully
executed, apart from determining the device code.

AVR development tools and further
information

Atmel have a CD describing the complete range of AVR
products including data sheets and an assembler/simulator. if

you use this CD, make sure that the Include files are dated the

4th of July 1997, or later as earlier Include files were in error.

The entire Atmel AVR product range is described on the
Atmel web site which includes assemblers, simulators, and
data sheets for the range. The web site is at;
http:/fwww.atmel.com/. Follow the link to the products page.

Forest Electronic Developments can supply the programmed
PIC (see below), and also sell a Windows based integrated
Assembler/Simulator, they can also supply the AT9051200
and AT90S8515 devices. The programmed PIC for the project
and the Windows 3.1/95/NT host software is available on
31/2" disk. The programmed device and software is £12.00,
please add £3.00 for post, packing and handing. Forest
Electronics can also supply a complete kit for the AVR
programmer for £40.00.

Please send orders payable to:

Forest Electronic Developments, 15 Springfield Buildings,
Chippenham, Wiltshire SN15 1LS. They accept also credit
card or Switch/Delta orders on 01249 658348,
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£1 BARGAIN PACKS

If you wouid like to receive the other four £2 lists and a jot of other
fists, request these when you order or send SAE.

TEST PRODS FOR MULTIMETERS with dmm sockets. Good length
very flexible lead, Ret: DBS.

8 OHM PM SPEAKERS, sue 8" x 4°, pack of twa. These may be
slightty rusty and that is why they are so cheap but are electricaily
OK, Ret- 0102.

PAXOLIN PANELS, size 8™ x 67, approximatety 1/18" thick. pack of
two, Ref: D103,

13A SOCKET, virtually unbreakabie, ideai for trailing lead. Ret: D95,
PIEZ0 BUZZER with electronic sounder clrcult, 3¥ to 2¥ D.C.
operated, Ref DT6. N
DITTO but without internal electronics, pack of two, Ref:D75.
LUMINCUS ROCKER SWITCH approximatety 30mm sq. pack of twe,
Ref D84.

ROTARY SWITCH, 3pole. 5-way, small size 77 spindle. pack of twa,
Ref: DS4.

FERRITE RODS, 7" with coils for Long and Medium waves, pack of
two, Ref; D52.

DITTO but without coils, pack of three, Ref: D52,

MAINS DP ROTARY SWITCH with 1/4® control spindle, pack of five,
Ret: D49,

ELECTROLYTIC CAP, BOOLF at 6.4V, pack of 20, Ret.D48.
ELECTROLYTIC CAF, 10004F + 1004F 12V, pack of10, Ref: D47.
MINI RELAY with 5Y coll, size only 26mm x 19mm x 1mm, has two
sets of changeover contacts, Ref: D42,

MAINS SUPPRESSOR CAPS ). 1uF 250V A.C., pack of 10. Ref: 1050
TELESCOPIC AERIAL, chrome plated, extendable and loids over for
improved F. M. reception. Ref: 1051

MES LAMP HOLDERS, stide on to 1/4" tag, pack of 10, Ret: 1054
PAXOLUIN TUBING 3/16" internal diameter, pack of two, 127 lengths,
Ref 1056,

ULTRA THIN DRILLS, 0.4mm. pack of 10, Ref: 1042,

20A TOGGLE SWITCHES. centre off, part spring controlled. will stay
on when pushed up but will spring back when pushed down, pack of
two, Ret: 1043.

HALL EFFECT DEVICES. mounted on smail heatsink. pack of two,
Ret. 1022,

12V POLARISED RELAY, two changeover cofrtacts, Ref: 1032
PAXOLIN PANEL, 12" x 12° 1/18" thick, Ref: 1033,

MINI POTTED TRANSFORMER, onty 1.5VA 15V-0V-15V or 30V, Ref
964,

ELECTROLYTIC CAP, 32yF at 350V and 50pF section at 25V, In
alumiplum can fof upright mounting, pack of two, Ref. 935.

PRESET POTS, one magohm, pack of five, Ref: 998,

WHITE PROJECT BOX with rocker switch In top left-hand side, size
78mm x 115mm x 35mm, unprnted, Ref: 1006.

5¥ SOLENOID, good strong pull but quite small, pack of two, Ret:
1012

FIGURES MAINS FLEX, also makes good speaker lead. 15m, Ref:
1014,

CAMCHARGER
CAMCORDER BATTERY
QUICK CHARGER (WITH

RECONDITIONER & TESTER)

Brand new and boxed. Normal price £35, yours for £18, Order Ref:
15P73.

TOROIDAL MAINS TRANSFORMERS

All with 220/240¥ primary winding,
0,30V + 0.30V at 120VA, would give
you 30V at 4A or GOV at 24, price £8.
Order BPE2. Order Ref: BPGZ. 0.110V ¢
0.110¥ 5t 120VA would give you 110V
at Just over BA or 220V at 1/2A, price
£8. Order Ref. BPG3. 0.35V ¢ 0.35V at
150VA would give you 35V at 4A or TOV at 2A. Price £8. Order Ret:
8PGY. 0.35V + 0,35V at 220VA would give you 35V at 61/24 or 70V
at 31/4A. price £9. Order Ret: 9PG4. 0.110V + 0.110V at 220VA
would give you 110V at 2A or 220V at 1A, price £10. Order Ref:
19PG5, 0.45V + 0,45V at S00VA would give you 45V st 11A or 30V
at 81/24, price £20. Order Reft 20PGT. 0.110 + 0.110V at 500VA
would give you 110V at 5A or 220V at nearly 3A, price £25, Order
Ref: 25PG7.

SUPER WOOFERS. A 10" 4ohm with & pawer rating of 250W music
and normal 150W. Normal selling price for this s £55 ¢ VAT, you can
buy at £29 Inciuding VAT and carriage, Otder Ref. 29P7, The second
one is a 87 dohm. 200W music, 200W
normal. Again by Challenger, price £18,
Order Ref: 18P9, ;
Deduct 20% from these prices if you
order in pairs or can collect. Thess are
all brand new In maker's packing,

SOLOERING IROM.

Super mains powered with iong life ceramic element. heavy duty
30W for that extra special job. Complete with plated wire stand and
245mm jeads, £3, Order Ref: IP221.

YOU SAVE £40

THE JAP MADE 12V
12A-SEALED BATTERY
from regular suppliers
costs £50, you can
have one from us for
only £10 including VAT
if you caliect or £12 #
we have to send. Being
sealed it can be used in
any position and is maintenance free. All In tip top condition and
fully guaranteed, Order Ref. 12P32. Or if you want & smailler one we
have 12 2.3AH, regular price £14, yours for only £3.50, Order Ref:
3.5P11

FLASHING BEACON. Uses an XENON tube and has ambercotoured
dome with separate bracket, 12V operated. Price only £5. Otder Ref:
5P 267.

HIGH RESOLUTION MONITOR. 97 by Phifips. in metal frame for easy
mounting. Brand new, offered at less than the price of the tube
alone. £185, Order Ref: 15P1.

15W 8" SPEAKER AND 3" TWEETER. Amstrad, made for their high
guailty music centre. £4 per palr. Order Ref: 4P57.

INSULATION TESTER WITH MULTIMETER. Internally gonorates
voitages which enables you to read insulation directty in

The muttimeter has four ranges. AC/PC Yolts. 3 ranges milllamps. 3
ranges resistance and B amp range. These instruments are ex-
British Telecom but In very goed condition, tested and guarantsed
0K, probably cost at least £50, yours for only £7.50 with leads,
carrying case £2 extra. Order Ref: 7.5P4.

We have some of the above testers but slightly faulty, not working
on all ranges. should be repairable, we supply. diagram, £3, Order
Ref: 3P176.

250W LIGHT DIMMER, Will fit in piace of normal wall switch. only £2
each. Order Ret: 2P380. Note these are red, biue, green or yellow
but will take emulsion to suit the colour of your room. Pleass state
colour required.

LCC 31/2" DIGIT PANEL METER. This Is a multbrange
voitmeter/ammeter using the AD converter chip 7106 to provide
five ranges each of volts and amps. Supplled with tull data sheet.
Special snip price of £12, Order Ref. 12P19.

MINI BLOW HEATER. 1kW, ldeal for under desk or airtng cupboard,
etc. Needs only 2 simpie mounting frame, £5, Order Ret: 5P23.
MEDICINE CUPBOARD ALARM. Wil wam when cupboard door is
opened. Light makes the bell ring. Nestly cased. requires only a
battery. £3, Order Ref: 3P155.

DON'T LET IT OVERFLOW. B2 i bath, sink. cellag, sump, ete,, this
device will teli you when the water has rlsen to the pre-set level,
Adiustable, neatly cased for wail mounting, £3, Order Ref. 3P156.
DIGITAL THERMOMETER. Suitable for owtdoors or indoors. has an
extra wide temperature range -50° to +70°C. complete with heavy
duty battery which should last several years, Its sensor can be
oytside, but with the read-out Inslide, £4, Order Ret: 4P104.

HIGH CURRENT RELAY, 24V A.C. or 12V D.C., three chang
contacts, Ref: 1016

LOUDSPEAKER, 8 Ohm 5W, 3,77 round, Ref: 962,

NEON PILOT LIGHTS, cbiong for front panel mounting, with Internal
resistor for normal mains operation, pack of four, Ref: 970.

3.5MM JACK PLUGS, pack of 10, Ref: 975.

PSU, malns operated, two outputs, one 9.5V at 550mA and the
other 15V at 150mA. Ref. 968.

ANOTHER PSU, mains operated. output 15V A.C. at 320mA, Ref:
989.

PHOTOCELLS, silicon chip type, pack of four, Ref: 939,
LOUDSPEAKER, § 4 Ohm 5W rating, Ref: 939,

LOUDSPEAKER, T° x 5" 4 Ohm 5w, Ref: 949

LOUDSPEAKER, 4 circular 6 Ohm 3W, pack of 2, Ref: 951

FERRITE POT CORES, 30mm x 15mm x 25mm, matching pair Ref:
904

PAXOLIN PANEL, 81/2" x 31/2 widtn electrolytics 250pF and
100yF, Ref: 905.

CAR SOCHET PLUQ with P.C.B. compartment, Ref: 917.

FOUR-CORE FLEX suitabie for telephone extensions, 10m, Ref: 918.
PROJECT CASE, 95mm x 66mm x 23mm with removable lid, heid by
four screws, pack of two, Ret: 876.

SOLENOIDS, 12V to 24V, will push or pully pack of two, Ret: 877,

2M MAINS LEAD, 3-core with Instrument plug moulded on, Ret. 879
TELESCOPIC AERIAL. Chrome piated, extendabie, pack of two, Ref:
884.

MICROPHONE, dynamic with normai body for hand holding. Ref: 885
CROCOOILE CUPS. superior quality flex, can be attached without
soldering, five aach red and black, Ret:886

BATTERY CONNECYOR FOR PP3. superior quality. pack of four, Ref
887.

LIGHTWEIGHT STERED HEADPHONES Ref: 898.

PRESETS, 470 Ohm and 220 kilohm, mounted on singie panel. pack
of 10, Ret: 849. ,

THERMOSTAT for ovens with 1/4" spindie to take control knob, Ref:
B57.

12V-QV-12V 10W MAINS TRANSFORMER, Ret: 811.

18V-Qv-12V 10W MAINS TRANSFORMER, Ref: 813,

AIR-SPACED TRIMMER CAPS, 2pF to 20pF, pack of two, Ret: B18.
AMPLIFIER, SV or 12V operated Muliard 1153, Ret 823,

2 CIRCUIT MICROSWITCHES, ficon. pack of 4, Ret: B25.

LARGE SIZE MICROSWITCHES changeover contacts. pach of two.
Retf: B25.

MAINS YOLTAGE PUSHSWITCH with white dolly, through panel
mounting by hexagonal nut. Ret: 829.

POINTER XNOB for spindle which is Just under .47, like most
thermostats, pack of four, Ref: 833,

SMART HIGH QUALITY ELECTRONIC KITS

All kits are complete with PCB and other components in a blister pack.
If you want more information about them, we have copies of
the illustrated Smart catalogue avallable price £1.

Cat. Description Price
No. g

1003 5 watt electronic siren 285
1005  Touch switch 287
1008 SF tunction generator 6.90
1010 Sinput stereo mixer. with menitor output 19.31
1016 Loudspeaker protection unit 32
1017  Linear CB 30W amp 4.70
1020 (.5 min. time switch 4.7
1023  Dynamk headphone preamp .50
1025 7 watt hifl pawer amplifier 253
1026 Running lights 4.60
1027 NiCad battery charger 3
1030  Light dimmer 253
1032 Stereo tone control 3.55
1035  Space sound effects 2.30
1039  Stereo VU meter 4.50
1042  AF generator 250M:-16kH: 170
1043  Loudness stereo unlt 322
1047  Sound switch 5.29
1048 Electronic thermostat 368
1050 3input hi-fi sterec preamplifier 12.42
1052 3-4nput mono mizer 8.21
1053 Electronic metronome 122
1054  &input instrument mizer 2.76
1056  8v-20V BA stahiiised power suppiy 12.42
1057  Cassette head preamplifier 322
1059 Tatephone ampiifier 4.60
1060 +40Y 8 A power supply 828
1061 12V 1/2A stabilised pawer supply 3.36
1062 5V 0.5A stabilised supply for TTI 230
1063 12V 24 power supply 230
1064  +12V 0.5A stabillsed supply 32
10687  Stereoc VU meter with leads 9.20
1088 18V 0.54 stabilised power supply 253
1070  HiR preamplifier 147
1085  D.C. converter: 12V to 6V or 7.5V or 9V .53
1086  Music-todight for your car 4.60

Cat. Description Price
No. £
1089  LE.D. flasher/555 tester 161
1090  Stress moter 322
1093  Windscreen wiper controiler 368
1094  Home alarm system 12.42
1095  Lead acid battery charger 3.45
1100 2 x 18 watt Integrated amplifier 18.39
1201 Doilar tester 4.70
1103 LE.D. power meter 184
1106  Thermometer with l.e.d.s. 6.90
1107  Electronics to help win the pools 3.68
1112 Loudspeaier protection with delay 4.60
1113 2 x 18 watt power ampifier 598
1115 Courtesy light delay 2.07
1118 Xzxxx-switch, with triae. 0.10 mins 4.14
1113 Telephone line recosding device 5.25
1123 Morse code generator 184
1124  Blectronic bell 2.76
1125  Telephone lock 268
1126  Microphone preampiifier 4.60
1127  Microphone tone control 4.60
11282  Power flasher 12V d.c. 253
1133 Sterso sound-toight 5.26
TERMS
Send cash, PO, cheque or quote credt* card number = orders under
£25 add £3.50 service charge.

J & N FACTORS

Pilgrim Works (Dept. E.T.1.)

Stairbridge Lane, Boiney,
Sussex RH17 5PA
Telephone: 01444 881965
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»Chillright”

Fridge Thermometer

Terry Balbirnie’s fridge thermometer/monitor helps to keep the fridge within the
temperature at which food should be stored to prevent rapid multiplication of
troublesome bacteria.

ome people never seem to get the message. In a

recent survey, hardly anyone knew what the

temperature inside a domestic fridge should be.

Some of them should have known better - they

were chefs, housewives, shopkeepers and
members of the food processing industry.,

What's the answer?

For the very few of you who do have temporarily forgotten
the answer, the maximum temperature inside a fridge should be
5 degreesC. Some say that between 2 degreesC and 4
degressC is better. Above 5 degreesC, potentially dangerous
bacteria muttiply rapidly and can cause food poisoning. Having
the temperature set too high is a maior cause of trouble,
because people assume that food kept in a fridge Is safe,
unless it is obviously decaying. However, if the temperature is
too low, some foods become very stiff to handle. This fridge
thermometer will measure temperatures over the range 0
degreesC to 10 degreesC. Apart from measuring fridge
temperatures, it could also be put to other uses such as
checking that temperatures outdoors are not fow enough to kill
sensitive plants.

The fridge thermometer is built in a small plastic box with an
analogue (pointer-on-scale) meter fitted on top. There is a centre-
off switch for the on-off and battery checking functions. The
sensor protrudes from the front. In the prototype, the meter scale
reads degrees Celsius: zero comesponds to zero degreesC and
full-scale deflection to about 10 degrees. The scale is reasonably
linear with each 5uA equivalent to about 1 degree. However, these
figures will depend partly on the meter being used.

Some readers might prefer to label the scale with coloured
segments, like red for “too high” (say above 4 degrees), green for
“correct temperature” (between 2 and 4 degrees) and blue for “too
cold” (less than 2 degrees).

Making the test

Jo use the fridge thermometer, operate the battery check function
first. Press the switch to the “test” position. The pointer go to full
scale if the battery is in good condition. Now move the switch to
“temp” and place the unit in the fridge. After about 30 minutes
take a reading with the unit still inside. Due to the thermal inertia of
the senscr, it will take a second or two for it to warm up
significantly, so take the reading fairty quickly.

If the temperature falls cutside the ideal range, the thenmostat
should be adjusted accordingly and the fridge left for an hour or
two to let the temperature to stabilise. You can then recheck it and
adjust as necessary. The fridge thermometer should aiways be
used during a period of hot weather. Fridge thermostats are not

always good at maintaining a constant temperature; when the
outside temperature 's warm in summer cold in winter, it can affect
the fridge accordingly. The thermometer will soon show how the
temperature rises if the door is left cpen too long, opened and
closed excessively or not shut completely. Children take note!

You will need a good quality thermometer with which to
calibrate the circuit at the end of construction. The bestis a
standard mercury laboratory type with a resolution of one degree
or less. You could probably bomow one from a local schoal with,
perhaps, a payment to charity. An alternative is to use a digital
thermometer.

How it works
The circuit for the Fridge Thermometer is in figure 1. S1 is
double-pole biased with centre off. It is biased because in one of
the on, the lever will spring back to off when released. This is used
for the battery check function (test”). In the other on position, the
lever will remain at on until switched off. This is used for the
temperature measurement {*temp”). When the switch is set to
“temp” or “test”, pole b directs current from the 9V battery to the
input of IC1, a 5V regulator, This will maintain a steady voltage for
the circuit until the battery gives less than about 7V. The circuit
only requires about 4mA so, in occasional use, an alkaline PP3
battery should last for at least a year. C1 and C2 are necessary for
stable operation of the regulator.

Suppose S1 is set to “temp”. The temperature sensor consists
of a miniature bead thermistor, TH1, whose resistance falis as the
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temperature rises. The thermistor and three other resistors (RV1,
R1 and R2) are connected as a Wheatstone Bridge. This has not
been drawn in the traditional diamond-shape, as this confuses
many people. The negative terminal of the microammeter, ME1, is
connected to the junction of RV1 and TH1 and the positive
terminat to the junction of R1 and R2. Preset RV2 works with §1
in “test” to do the battery-check. ignore this part for the moment.

Fixed resistors R1 and R2 are connected in series across the
5V supply to form a potential divider. The voitage between the OV
line and the junction between these resistors (that is, the meter
positive terminal) will be approximately 3.75V with the values
shown. RV1 and TH1 make a further potential divider. Via RV1,
the voltage across the thermistor can be adjusted to 3.75V at O
degreesC; in that case, the voftage at each side of the meter will
be equal; no current will flow, and the reading will be zera. The
Wheatstone bridge is then “balanced”.

Unsteady bridge
When the temperature sensed by the thermistor rses, its
resistance falls and so does the voftage across it. The voltage at

the left of the meter is now less than at the right. Current flows
through the meter from the positive to the negative terminal ffrom
higher to lower voltage). If the temperature falls below zero, the
voltage across TH1 will exceed 3.75V and current will flow through
the meter from negative to positive. The pointer will then try to
move to the left, but this is of no consequence here.

Often, a Wheatstone bridge is only used in its balanced state
where no current flows through the meter. The voltage of the
supply is then unimportant. However, when it is unbalanced a
complex arrangement of resistors (including the resistance of the
meter itself) comes into play to determine the current flowing
through the meter. The reading then depends on the supply
voltage. Without IC1 to provide a stable supply, the reading would
change as the battery aged.

Battery test

The battery-check works as follows: with S1 at “test”, current
flows through the meter from the R1/R2 potential divider via S1
pole a and RV2 to the OV line. The preset will be adjusted so that
the pointer reaches full-scale deflection for a 5V supply. When the
battery voltage falls below about 7V, the regulator is unable to
maintain a 5V output and the pointer fails to reach full scale.

Construction

The on-off and “test”/"temp” functions were combined in a single
centre-off switch in the prototype. This was neat and avoided the
need for two switches. Some constructors may prefer to use
separate switches (depending on what is available). The PCB is
mounted on the rear of the meter itself (copper track side
outwards) using the meter's terminal posts and the small fixings
supplied with it.

Drill the hotes in the PCB for meter attachment (do not mount
the meter yet). Sclder the terminal block and all other components
in position. The terminal block will be used to connect the
thermistor and is essential for two reasons: firstly, it will make it
easy to site it remotely for calibration at the end. Secondly, when
the thermistor is attached to the PCB, the terminal block avoids
the need 1o solder it. This is significant, as the heat of the soldering
iron would permanently alter its operating characteristics. If the
specified voltage regulator is used, it will be soldered with its
rounded face towards the right-hand edge of the PCB. Note,
however, that certain similar devices appear to have their input
and output pins interchanged. f necessary, check the supplier’s
data. Wire up the switch (ff it is the specified type,

SWIb 10

——Q0V

follow figure 3) and connect the PP3-type battery
snap. Adjust RV1 to approximately mid-track
position and RV2 fully anti-clockwise (as viewed
from the left hand edge of the PCB).

Testing

Mount the meter on the PCB. The terminal marked
“+" must be connected to the pad leading to R1
and R2, or the pointer will try to move in the wrong
direction.

Connect the thermistor to the terminal block.
Connect the battery and S1 to “temp”. The pointer
will probably deflect - possibly off-scale. This will not
harmmn the meter. Adjust RV1 until the reading is zero.
Now warm the thermistor between your fingers -

—o0+9V NOM

Figure 1: the circuit of the fridge thermometer

the pointer should move to the right. Move the
switch lever to the “test” position. The meter will
give a deflection of less than full-scale if RV2Z was
left adjusted as described. Rotate RV2 sliding
centact until full-scale deflection is reached. Switch
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Figure 2: the component layout of the fridge thermometer
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Figure 3: wiring up §1

off. The thermometer must now be set up to read the comect
temperatures. If the switch springs back to off while in “test” rather
than “temp”, reverse the relevant wires on S1 pole a.

Calibration

You will need (in addition to the thermometer), a small drinking
glass with some cooking cil in it and access to a freezer (or the
freezing compartment of the fridge). You will alsc need an
assistant! Do not use water instead of cooking oil. Water would
freeze at O degreesC. Also, water conducts electricity and if the
thermistor leads were dipped in #, there would be an apparent
reduction in resistance. Using a small piece of screw terminal
block or other refiable method, connect the thermistor to a short
piece of twin wire and the other end of the wire to the terminal
block on the PCB.

Remaove the ol from the freezer and immerse the thermistor
fully. if necessary, wait until it has become more fluid, Keeping the
oil well stirred, watch the temperature and when it reaches about
minus 2 degreesC, switch the unit to “temp”. Keep stiing and
when the temperature reaches O degrees, adjust RV1 until the
pointer reads zero. At each two-degree increment, record the
reading. Put the oil back in the freezer and repeat the process,
making small adjustments as necessary.

Carefully remove the front cover of the meter by gently prising it
up from the body. With the aid of tracing paper or by careful
measurement, make a new scale to stick on top of the existing
one. Take great care to avoid damage to the pointer while doing
this. Attach the new scale and replace the cover, taking care to
engage the peg on the adjustment screw with the fork in the
meter movement. Do a spot check at 4 degreesC to ensure that
the scale is comectly placed.

Remove the wires from the terminal block and attach the
thermistor. The thermistor must be the same one used for

callbration, to avoid differences between
individual units of the same type. Detach
the PCB and drill the lid of the box to
mount the meter. The best way to cut
the large hole is to drill a circle of small
BERER ones, push out the centre, and then file
oV the edge smooth. This need not be very
' neat, as the meter will cover it up. Mount
the meter and re-attach the PCB to it.
Measure the position of the thermistor
and drill a hole in the side to
accommodate it. Bend the thermistor
wires so that its body will pass through
the hole when the case is assembled.
The thermistor should protrude by a few
milimetres. Secure the battery to the side of the box using an
adhesive fixing pad or small bracket. Attach the lid of the box,
checking for trapped wires.

COMM|

+8V VIA SW1

Using the thermometer
When switched on, the fridge thermometer will give an off-scale
reading until the temperature has fallen below about 10 degreesC.
This will not harm it. It is essential to leave the unit inside the fridge
long enough for it to reach the true temperature. This will take at
least 30 minutes, because the temperature sensed by the
thermistor is affected by the box until it has cooled down. Make a
final check on the fridge to compare the reading of the new unit
with that of the laboratory thermometer to make sure that they
comespond and that nothing has been disturbed during assembly.
But don'’t forget, when you are using your fridge, that all food
has its use-by date, and it can be unsafe to keep food for too
long, even under ideal storage conditions. Aiways follow the
manufacturers' instructions.

> | Resistors
I w 1 R1 3k3

R2 10k
q I RV1 10k min vertical preset
m RV2 100k min verticalpreset

TH1 Miniature bead thermistor with resistance
F 4k7 at 20 degrees approx. (Maplin FX21X.)
L
€N | capacitors
q C1 470n

| C2 220n

)
= Semiconductor
"':." IC1 78LOSACZ regulator
m -
- Miscellaneous
:. S1 Miniature double-pole centre-off toggle
Q switch, biased in one “on” position - see
«Q text. (Mapiin FH06G.)
® ME1 Miniature analogue panel meter with O-
| 50uA movement and a resistance of 4.3
-~ kilohms approx. (Maplin FM98G.)
2 PCB materials; alkaline PP3 battery and
5 connector; plastic box; two-section piece
o of PCB-mounting screw terminal block
S with 5mm pin spacing.
% Ali components were obtained from Maplin,
‘
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'Hush’ Noise

Reduction Unit

This single-ended design by Robert Penfold uses dynamic lowpass filtering and
downward expansion to give about 25dB of noise reduction.

igital audio has rendered

noise reduction systems of

less relevance than they

were a few years ago.

However, it will be some
time before all audic systems are cigttal,
and even then there will be many milions
of analogue recordings in our collections
for years to come. This stereo noise
reduction system is based on proprietary
HUSH technaology. The audio processing
is single-ended, and is applied only
during playback. A mixture of dynamic
lowpass fitering and downward
expansion is used, and together these
two techniques give about 25 decibels
of noise reduction. This is an unusually
high levet of reduction for a single-ended
system, but the processing is subtie
encugh to remain unobtrusive. it is
normally inaudible even to a trained ear. The harmonic distortion
performance of the circuit is very good, with a typical THD figure of
0.02 percent (0.04 percent maximum).

Ups and downs
Of the two new noise reduction techniques used by this system,
downward expansion is probably the easiest to understand. It is
when the programme material is quiet that background noise tends
to be most noticeable and objectionable. One way to reduce the
noise is to reduce the volume on quiet passages. Simply turning
back the volume contral will give the required noise reduction, but it
will also reduce the volume during crescendos. Downwards
expansion gives the best of both worlds by maintaining high volume
levels when the music is loud, but the required reduction in volume
when music is quieter. Figure 1 shows the expansion characteristic
used in this application. At the OdB levet there is unity voltage gain
through the unit, and even with the input at -200B there are only
minor losses through the circuit. At lower levels the losses become
increasingly significant, reaching some 15dB when the input signal is
at -70dB. This gives 15dB of downward expansion, which, as one
would expect, contributes 15dB to the system’s noise reduction.
There is an obvious problem with any form of volume expansion
technique, which is simply that it alters the dynamic of levels of the
original programme material. What were originally quite subtie
changes in the dynamics could easily become exaggerated and

completely over the top. This wilt certainly happen if more than a
maodest amount of expansion is used, and 1508 probably
represents the maximum amount that can be applied without any
undue effects.

Although the dynamic levels are being attered, bear in mind that
sound engineers often apply a certain amount of compression when
music is recorded or broadcast. This becomes necessary when the
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Figure 1: the downwards expansion characteristic for
the downward expander
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dynamic range of the programme material exceeds the “headroom”
of the recording or broadcasting system. Low level signals have to
be boosted slightty so that they do not drop down below the noise
level. Downward expansion counteracts this process, and more or
less restores the dynamic levels. The onginal dynarmic levels can
never be precisely restored, because the compression characteristic
is unknown, and is uniikely to complement precisely the expansion
characteristic used here. However, with some programme sources a
small amount of volume expansion gives more redlistic dynamics,
and music that has more impact.

A cut above

Combating noise using dynamic lowpass filttering refies on the fact
that high levet signals tend to mask noise. When the volume is low,
the noise is all too obvious, but at medium to high volumes it
becormes inaudible. In many respects human hearing is very precise,
but quiet sounds can not be heard through much louder sounds,
especially where the two sounds are similar.

Most readers will probably be aware that applying lowpass
fitering can reduce *hiss”. This is easily demonstrated by backing off
the treple controf when listening to any programme material that has
a high hiss level. The measured decrease in the noise might not be
very great, but the perceved reduction is usually quite significant.

The difference In the perceived and measured noise levels is due to
the way human hearing operates, particularly the fact that high
frequencies tend to stand out. Signal-to-noise measurements are
often weighted using a special fiter, which massages the results so
that they match our sensitivity to noise.

Simply apolying some top-cut fitering will give an improved
signal to naise ratio, but it will also reduce the treble content in the
signal. The brass section, vigling, and many instruments will sound
rather dull and lacking in sparkle. Crescendos tend to sound
‘muddy” and lack impact. Dynamic lowpass fittering provides the
noise reduction, but it minimises the amount of treble loss. With low
signal levels the full amount of treble cut is applied, but as the signal
level is increased, the cut-off frequency of the filter is raised. At the
highest signal levels the cut-off frequency s made so high that the
fitering is effectively removed, and audio frequency signals are left
unaffected. There is no noise reduction at high signal levels, but this
does not matter because the noise is not audible at these levels
anyway. Maximum noise reduction is applied to low level signals,
which is where the noise is most noticeable.

Although one might expect the varying amount of filtering wouid
be all too obvious, in practice it is not noticeable provided a few
conditions are met. It is apparently important to control the amount
of fitering by attering the cut-off frequency. Using a fixed cut-off
frequency and aftering the severity of the fittering will not give
“transparent” results. it is also essential that the filter responds more
readily to high frequency sounds than it does to low and middle
frequency signals, because the high frequency noise is masked
more efficientty by high frequency signals than by lower frequency
signals. if a strong low frequency sound was to lift the fitering, the
inCreased noise would not be property masked, and it would be
clearly heard to increase, producing the aptty named “breathing”
effect. Finally, the changes in the cut-off frequency of the filtter must
be implemented very rapldly so that the unit responds quickly to
changes in the dynamic levels. If the filtering does not respond
rapidly to sudden falls in volums, short bursts of hiss will be heard,
again giving rise to “breathing” effects.

Over the threshold
For the system to work property it is essential that the fitering and
expansion start to operate at the comect threshold level. If the
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Figure 2: a simplified biock diagram of the sterec noise reduction system
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THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 {300W + 300W) MXF90O0 (450W + 450W)

ALL POWER RATINGS A.M.S. INTD 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: ®independen! power supp with two toroids! transtormers @ Twin LE.O. Yu melers #
Level controts # llluminated onfol switch % XLR conneclors # Slandard T75mV inputs + Open and shor circuil
prool & Latest Mos-Fets for stress tee power delivery Ino virtually sny load * High siew rale & Very low
distortion # Aluminlum cases ® MXF600 & MXF300 fan cooled with B.C. oudspeater and thermal prolection

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.
SIZES:- MXF200 W19 xH3%" (2U)xD11"
MXF400 W19 xH5%" (3UD 12"
MXFE00 W19°xH5%" (3U)D13"
MXFI00 W19 xHS Ve (3UIXD14%"
PRICES:-MXF200 £175.00 MXF400 €233.85
MXFE600 £329.00 MXF900 £449.45
SPECIALIST CARRIER DEL. £12.50 EACH

Advanced 3-Way Sterec Actlve Crons-Over, housed in @ 197 x 1U case. Each channel has thres ievel controls:
Dass, mid & lop. The removable froni fascla aliows access 10 the programmable DIL swilches to adjust the
| cross-over irequency: Bass-Mid 250/500/800H2, Mid-Top 1.8/3/5KHZ. all al 244D per octave. Bass e swiches
| on each bass channel. Nominal 775mY input/ouiput. Fully compatible with OMP rack amplifier and i e

Price-£117.44 + £5.00 P&P

% ECHO & SOUND EFFECTS

STEREOQ DISCO MIXER with 2 x 7 band
L 4 R graphic equalisers wih bar graph
LED Yu maters. MANWY OUTSTANDING
FEATURES:- including Echo with repeat &
‘speed control, DJ Mic with talk-over
switch, & Channels with individual faders
plus eross fade, Cue Headphone Moaitor. 8
Sound Effects. Usetul combination of the
following inputs:- 3 turntables (mag), 3
“mics, 8 Line for CD, Tape, Video etc.

Price £144.689 + £5.00 P&P

SIZE: 482w 240 x 120mm

Join the Plazo revohution! The low dynamic mass {no voice coll) of a Piezo Iweeter producea an Improved
fransient responae with a lowar dislortion level then ordinary dynamic tweelers. As & crossover is not required
these units can be added 1o exisling speaker systems of up fo 100 watls (more if two are put ln series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED wiTH EACH TWEETER.

.. TYPE ‘A' (KSN1036A) 3" round with protective wire mesh. Ideal lor
bookshell and medium sized HI-Fi apeakers, Price £4.90 + 50p P&P.
TYPE ‘B' (KSN100SA) 3'4° super horn for general purpose speakers.

g TYPE B disco and P.A. systems elc. Price £5.99 + 50p PP,
g TYPE ‘€' (KSN1016A) 2°x5° wide dispersion hom for quality Hi-Fi sys-
X% tems and quality discos etc. Price £6.98 - 50p P&P.
TYPE 'D* (KSN1025A) 2°x6" wide dispersion horn. Upper frequency
TYPE C Bl response refained extending down 1o mid-range (2KHz). Sultable lor high
A A quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P.
~— Y TYPE ‘E' (KSN1038A) 33" hom tweeler with attractive silver finish trim.
"4 = gyitable lor Hi-Fi monitor syslems etc. Price £5.99 + 50p P&M,
'\ <] LEVEL CONTROL Combl onar ¢ mounting plate, lewsl conkrol
“ | andcabinet input jack sockel. 85x85mm. Price £4.90 + 50p P&R,
TYPE O = J

A new range of quality loudspeakers, designed to take advantage of 1he Jatest

peak gy and e designs. Both models utilize studio quality
12" cast aluminium loudspeakers with factory fitted griies. wide dispersion
constant directivity horna, extruded aluminium corner protection and steel
ball corners, complimented with heavy duty black covering. The enclosures
arefitted as s1andard with 1op hats for optional loudspeaker stands

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

iBIEC 12-1COWATTS (10048) PRICE £159.00 PER PAIR
iBl FC 12-200WATTS {1 00dB) PRICE £178.00 PER PAIR

SPECIALIST CARRIER DEL.£12.50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR £49.00
Delivary £6.00 per pair

THREE SUPERR HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono
250 WATTS (125 + 125) Stereo, 250W
Bridged Mono
400 WATTS (200 + 200) Stereo, 400W
Bridged Mcno
ALL POWERS INTO 4 ONMS
Features:

reo, bridgable mono % Choice ot
high & low level Inputs % L & N level
coniroia % Remote on-ofl % Speaker &
thegmal nrotection.

PRICES: 150W £49.99 250W £99.99
400W £106.95 PP £2.00 EACH

' RES. FREQ, 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB.

' RES. FREQ. 38Hz. FREQ. RESP. TO 20KHz, SENS 9448,

SUPPLIED READY BUILT AND TESTED.

Thess rmodules now snjoy & world-wide rep for quatity, r and performance st 4 resiistic prics. Four
models are available 1o sult the nesds of the prolessianal and hobby markel Ls. industry, Laiscre, Instrumental and Mi-Fi
»ic. Whan comparing prices, NOTE that all modeis Include toroidai power auppiy, integral he et sink, glaes fibre P.C 8. and
driva clreutis to power & compatible Vu meter. All models are open and shor! ¢IFcul proaf.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 walls
RM.S. Inte 4 ohms, lrequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 45V/us,
T.H.D. typical 0.002%, Input SensHivily 500mV, S.N.R.
-110 dB_ Size 300 x 123 x 60mm.
PRICE £40.85 + £€3.50 P&P

OMP/MF 200 Mos-Fei Output power 200 watls
R.M.S. into 4 chms. frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Siew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE C64.38 + £4.00 P&P

OMP/MF 300 Mos-Fet Outpul power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rale 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, SNR.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 430 Mos-Fet Quiput power ‘450 watls
R.M.S. into 4 ohms, frequency response THZ - 100KHz
.3dB, Damplng Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensltivity 500mV, S.N.R,
110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Antl-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.95 + £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. Into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Faclor >300, Slew Rste 75V/uS, TH.D. typical
0.002%, Input Sensitivity 500mV, $.N.R. -110 4B, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Detay. $ize 422 x 300 x 125mm.

PRICE £255.00 + £12.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWOD VERSIONS:
STANDARD - INPUT SENS 500mY, BAND WIDTH 100K e
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mY, BAND WIDTH 80KH:. ORDER STANDARD OR PEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKEPR
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.

ALL EMINENCE UNITS 8 OHMS IMPEDANCE

8" 100 WATT R.M.$. MES-100 GEN. PURPOSE. LEAD GUITAR, EXCELLENT MIO, DISCO.

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 9748. PRICE £32.71 + £2.00 P&P
10" 100 WATT A.M.5. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97d8. PRICE £33.74 + C2.50 PAP
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, YOCAL, EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 96dB. PRICE £42.47 + £2.50 PAP
42" 100 WATT R.M.S. ME t2-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 48Hz, FREQ. RESP, TO 6KHz, SENS 100d8B. PRICE £35.64 + C3.50 PAP
12" 100 WATT R.M.S5. ME12-100LT (TWIN CONE) WIDE RESPONSE. PA., VOCAL. STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 5808. PRICE£8.87 + £3.50 P&P
12" 200 WATT A.M.5. ME12-200 GEN_ PURPOSE, GUITAR, DISCO, YOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICEC48.71 + £3.80 PAP
$2" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103d8. PRICEL70.19 + £3.50 P&P
t5° 200 WATT R.M.S. ME18-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Mz. FREQ. RESP. TO 5KHz, SENS 98dB. PRICE £50.72 + £4.00 PLP
18" 300 WATT RLM.S. ME15-300 HIGH POWER BASS, INCLUOING BASS GUITAR.

PRICE £73.34 + £4.00 PP

L.xu. EARBENDER UNITS B OHMS (Except EBS-50 & EB10-50 which are dus! Impedaents tappsd @ 4 & 8 ohm)
ASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURRCOUND
" §Owatt EBS-50 DUAL IMPEDENCE, TAPPEQ 4/8 OHM BASS, HIFT, IN-CAR.
|RES. FREQ, 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P
10" BOWATY EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fi, IN-CAR.
RES. FREQ. 40Hz. FREQ. RESP. YO 5KHz, SENS. 93dB. PRICE £13.65 + £2.50 PEP
+0" tOOWATT EB40-100 BASS, HI-Fi, 5TUDIO.
RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB.
2" t0OWATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KH2, SENS 934dB. PRICE£42,12 + £3.50 PAP
FULL RANGE TWini CONE, MiGH COMPLIANCE, ROLLED SURROUND
8%," GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI- ARRAY DISCO ETC.
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB.
8%;" 6OWATT EB6-80TC (TWIN CONE) HI-Fi. MULTI-ARRAY DISCO ETC.

PRICE £30.39 + £3,.50 PP

PRICE £9.608 + £1.50 P&P

PRICE £10.89 + 1.50 P&P
8* SOWATT EBA-60TC (TWIN CONE]} HI-F1. MILTI-ARRAY DISCO ETC.

1ES. FAEQ. 40Hz, FREQ, RESP. TO 18KHz, SENS 89dB. PRICE £12.89 + T1.50 P&P
10" SOWATT EB10-80TC (TWIN CONE) HI-Fi, MULTI ARRAY DISCO ETC.

RES. FREQ, 35Hz, FREQ. RESP. TO 12KHz2, SENS 98dB. PRICE £16.45 + £2.00 PAP

e ol
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

| COMPLETE WITH CIRCUIT AND INSTRUCTIONS
IW TRAMSMITTER #G-104MHz VARICAP CDWTROLLEQ PROFESSIONAL
PEAFDAMANCE, RANGE UP T0 3 MILES, SIZE 38 x 123mm. SUPPLY 12V @ 0.5ANP,

PRICE £14.85 + C1.00 PAP
FM MICRO TRANSMITTER 100-108MHz. YARICAP TUNEQ. COMPLETE WATH
VERY SEWS FET MIC, RANGE 100-300m, SIZE 56 1 46mm. SUPRLY §V BATTERY.
PRICS £R A0 + £1.00 PAP

PHOTO: 3W FM TRANAMITTER
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Figure 3: the circuit diagram of the noise reduction unit. IC2 operates as a supply splitter

sensitivity is 100 fow, the full amount of expansion will not be
obtained, and the filtering will not be completely liftec at high
voiume. If the sensitivity is set too high the full expansion will be
produced over a relatively small dynamic range, and the filtering will
be fifted at middle volumes, either giving less than the maximum
noise reduction, or else making the changes In dynamic level and
filtering fairly obvious. Either way results leave a lot 1o be desired,
and the programme material would probably sound better without
any processing!

Most noise reduction systems of this type require you to seiect
the optimum threshold level carefully, and where necessary readjust
the threshold level to suit different programme material. For example,
with very noisy signals you may need to use a high threshold level,
even if this means that the full amount of expansion is not obtained,
and the lowpass filtering is never fully lited. Otherwise there can be
problems with breathing effects, and the action of the system can
become apparent to the listener. This unit does not require manual
setting of the threshold level, because the circuit includes stages
that analyse the input signal and set the most appropriate threshoid
level. This reduces the play value somewhat, but is more conveniert
as you can switch from one source to another without having to
worry about any manual adiustments 10 the unit. It autornatically
adjusts itseff to suit the signal source, whether that source is a
slightly nolsy FM receiver or an old and hissy cassette tape.

System operation
A noise reduction system of this type can either process stereo
signals using separate circuits for each channel, or the filter and
expander circuits can be controfied by a sort of averaged signal
derived froem both channels. The discrete approach is probably the
maore common one, but in this case the two stereo channels are
controlled in unison. Each method has its advantages and
drawbacks, but in practice both systems can be made o work well.
Figure 2 shows the block diagram for this noise reduction system.
This actually shows a slightly simplified version of the system, but it
includes all the main circuit blocks.

The two sterec channels are fed through identical signal
processing stages, each consisting of a voltage controlled fitter

(VCF), a voltage controfled attenuator (VCA), and an output buffer
stage. As one would expect, the VCF provides the dynamic fitering
and the VCA produces the downward expansion. The rest of the
unit supplies these stages with a control voltage that provides the
required changes in the filtering and attenuation, A mixer stage
combines the two input signals, and it is from this signal that the
both the VCA and the VCF control voltages are dertved.

It is probably best to start with the generation of the VCF contro!
voltage. This is produced by first feeding the signal through a
highpass fiter. As explained previously, the cut-off freguency of the
fiter must respond to the high frequency components in the input
signal, and largely ignore low frequency signals that will not mask
the noise very well. This three-stage highpass filtter ensures that even
the strongest of kow frequency signals will not it the filtering. The
filtered signal is fed to a peak level detector. This stage full-wave
rectifies the input signal and produces a positive DC output voltage
that is equal to the peak (positive or negative} input level.

This voltage could be used to control the VICF but, as pointed out
previously, the circuit has a threshokd detector that automatically
adjusts the sensitivity of the side-chain circuit to suit the input signal.
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The primary purpose of the
threshold detector circutt is to
discover the noise level. The input
amplitude needed to provide full
expansion and it the fitering is then
scaled to this level. This circuit
seems to be quite involved, but it is
basically just detecting the minimum
input level, which is occurs during
gaps in the main signal when only
noise is present. It is high frequency
“hiss” type noise that is of primary
importance here, and it is for this
reason that the threshold detector is
driven via the highpass fitter circuit.
Feeding the outputs of the
threshold detector and the peak

81~

detector to a differential amplifier
produces the control voltage for the
VCF. With a high output potential
from the threshold detector, the
output from the peak detector must
also be high before a positive
output signal is obtained from the
differential amplifier and the cut-off
frequency of the filter is increased.
Basically the same method of operation is used for the side-chain
that drives the controt input of the VCA. The only difference is that
no highpass fitering is used ahead of the peak detector in the VCA
section of the circuit. The threshokd detector is common to the VCF
and VCA control circuits.

Circuit operation
Figure 3 shows the full circuit diagram for the stereo noise
reduction unit. The circuit is extremely simple due to the use of a

specialised integrated circuit, the SSM2000 from Analogue Devices.

The only other semiconductor in the circuit is IC2, which is an
operational amplifier used as a supply spiitter. The half supply
potential produced at its output provides a
pseudo central supply rail, which is used
to bias some of the internal circuits of IC1.
The two VCFs are single pole (6dB per
octave) circuits that have C5 and C6 as
the filter capacitors. These set the
minimum cut-off frequency at
approximately 3kHz. A lower cut-off
frequency would give greater noise
reduction, but the affect on the wanted
signal would be too great. With strong
input signals the cut-off frequency is taken
above the 20kHz upper limit of the audio
range.

Pin 9 is the output of the mixer stage
in the side-chain, and this feeds the peak
detector for the VICA via coupling
capacitor C3. The VCFs peak detector is
driven via a passive three-stage highpass
fiter comprising C10 - R1, G11 - R2, and
C12 plus the input impedance of IC1. C7
and C8 are the smoothing capacitors in
the VCF and VCA peak detectors. C13 is
part of the automatic threshold detection
circuit. There are several pins of IC1 which

-.r.;. A

Figure 4:-the component layout for the “Hush”, The board has 37 holes by 29 strips

senve no purpose in nomal use, but the control input at pin 16 is
very useful. With SW1 closed this input is taken low, and the unit
then functions normally. When SW1 is open, pin 16 of IC1 is taken
high by R3, which removes both the expansion and the dynarmic
fitering. This provides an easy way of switching out the noise
reduction.

The current consumption of the circutt is about 10 to 12
milliamps from a 9 to 12 volt supply. A small (PP3) size nine voit
battery is just about adequate to power the unit, but a higher
capacity battery would be preferable if the unit will receive a great
deal of use. Obvicusly a 12-volt mains power supply unit can be
used if preferred, but the supply must have a low output noise level.
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Figure 5: the reverse of the stripboard, with-cutaways
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Figure 6: the hard-wiring of the offboard components: use
this in conjunction with figure 4

This makes it necessary to use a regulated supply, even though
the circuit does not actually need a well-regulated supply.

The circuit has been designed to be very tolerant and seff-
adjusting to any reasonable inpuit signal level around normal hifi
line level.

Construction

Stripboard construction is well suted to a simple circutt of this
type, and a suitable layout is shown in figure 4 (component side)
anct figure 5 {copper side). The board measures 37 holes by 29
copper strips. Construction of the circuit board follows along the
nomal lines and offers little out of the ordinary. The SMM2000 is
not a MOS device, but as it is a faidy expensive component it
should be fitted In a holder as a matter of course. It has a rather
unusual encapsulation, which is a 24-way DIL plastic type havirig
0.3-inch (7.62 milimetre) row spacing. 24-pin integrated circuits
exist in at least three different forms, with row spacings of 0.3, 0.4
and 0.6 inches. In most component catalogues only the 0.6 inch
version of 24 pin DIL. holders are listed. The easiest solution is to fit
ordinary 16 and 8 pin hotders on the board, butted together to
effectively form a 24-pin heider. This works well provided the
holders are of the same make and type. This method is unlikely to
give usable results if the holders are of different heights.

The component layout is designed to suit plastic foil capacitors
having 7.5mm or 0.3 inch lead spacing, and it could be difficuit to
fit other types into the layout. The electrolytic capacitors must be
high quality components such as aluminium electrolytics. Tantalum
bead capacitors are also suitable. Be careful not to omit any of the
fink-wires, including the small link just below C5. The longer link-
wires must either be pulled taut, or fitted with PVC sleeving to
ensure that there are no accidental short circuits.

Any medium-sized case should comfortably accommodate this
project. As the circuit never has more than unity voltage gain there
are no problems with stray feedback, and “anything goes” when
designing the general layout of the unit. Phono sockets are
specified for the input and output connectors, and these match
the sockets used on most domestic hi-fi and video equipment.
Obviously these can be changed to any type of audio connector
that fits in better with your particular set-up. The sockets are
mounted on the front panel of the prototype, but it would probably
be more practical to fit them on the rear panel.

The hard wiring is very simple and is shown in figure 6, This is
used in conjunction with figure 4 (ie point “A” in figure 4
connects to point “A™ in figure ). As the circuit only handles high
level signals, it is not particularly sensitive to stray pickup of hum
and cther electrical noise, and it is not essential to use any
screened leads, However, it must be wired into the hi-fi system (or
whatever) using good guality screened leads,

Testing and use
When using this unit, remember that it is a single-ended noise
reduction unit only used during playback. It connects between the

signal source and the input of the power amplifier. If it is only
required with (say) a cassette deck, simply connect the outputs of
the deck to the inputs of the naise reduction unit, and the outputs
of the noise reduction unit to the inputs of the power amplifier,
Matters are more involved if the unit is to be used with all the
signal sources. ft should then connect between the outputs of the
preamplifier and the inputs of the power amplifier. This is easy
enough if the pre- and power amplifiers are separate units, but
might not be possible if they are combined irto one unit. Some
combination pre- and power amplifiers have the necessary input
and output sockets marked as such. Many others have them in
the form of a tape monitor faciity that can be switched in and out.
Connecting the unit between the tape input and output sockets
enables it to be switched in and out using the tape monitor
switch.

The effect of the unit should be very obvious on any hissy
slgnal that covers a wide dynamic range. Switching SW1 on and
off during quiet passages should produce a large change in the
hiss level. There is reiatively little to be gained if the signal source
already has a low noise level, and the effect of the unit will then be
miuch less obvious. When using the unit with a cassette deck, it is
best 1o switch off the Dolby B decading of the deck when playing
Dolby encoded cassettes. The dynamic filttering of the noise
reduction unit will not provide highly accurate decoding, but it
provides a reasonable imitation of a Dalby B decoder. In the chip
manufacturer's words, #t “effectively decodes Dolby B encoded
sources.” Using the unit in addition to Dolby B decoding provides
a great deal of noise reduction, but the sound might be rather
muddy at low signal levels, and the doubie dose of dynamic
fitering may produce very apparent changes in the trebie content
of the reproduced sound.
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Microchip PIC and Motorola HC11 based development Tools

PIC Microcontroller Programmers Original - This is our original programmer for 16C5X, 16C55X,16C6X, 16C7x, 16C8x, 16F8X
devices. Price : £40 for the kit, or £50 ready built. Serial - This programmer programs the newest PIC devices in a single 40 pin multi-width
ZIF socket. Will program: 16C55X, 16C6X, 16C7X, 16C8x, 16F8X, 12C508, 12C509, PIC 14000, Also In-Circuit programming. Price : £40 for
the kit, or £50 ready built. Introductory - Will program 8 pin and 18 pin devices : 16C55X, 16C61, 16C62X, 16C7%, 16C71X, 16C8X,
16F8X, 12C508, and 12C509. Price £22 for the kit (not available ready built). Note : All our programmers operate on a PC, using a
standard RS232 serial interface (COM1, 2, 3, or 4). No hard to handle parallel cable swapping ! All programmers are supplied with
instructions, Windows programming software, MPASM, MPSIM and PICDE {Windows based PIC assembler )
PIC or HC11 Windows Based Development: PICDESIM and HC11DE allows assembly and simulation of your PIC or HC11 projects in
one Windows program. Incorporate multiple files, view help file information directly from the code, edit within project, build and track errors
directly in the source, then simulate. Simulator allows 3 breakpoint types, follow code in the source window, set breakpoints directly in code.
Run programs, or single step, or step over subroutines. Track variable values and trace for display on the Trace Analyser. Input stimuli include
clocks, direct values and asynchronous senal data. Profile your program - examine frequently called routines which are timed and use the
information to optimise out bottle necks. PIC Version Simulates up to 50 times faster than MPSIM | NEW | - 32 bit version allows full use of
Windows '95/NT4.0 facilities. Cost £30.00, or £25.00 for existing and new purchasers of any of our programmers. Please specify
Windows 3.1, or Windows ‘95 (32 bit) and either PIC or HC11 version
PIC BASIC FED’s PIC BASIC products - stralghtforward, capable, powerful, rapid development. Operating in a Windows
Development Environment our modules need no assembler or UV eraser to program your PIC's, and operate from a serial link to your PC.
The 16C74 module features - 8k EEPROM, up to 2000 lines of BASIC, 27 lines of programmable /O, 8 A/D inputs, Interrupt driven serial
R8232 interface, Peripheral 12C bus interface, LCD display driver routines, up to 178 bytes for variables and stack, extendible with optional
external RAM and ail the standard 16C74 features. Ask about the 16C57 version.
Compiler - The FED PIC BASIC compiler for the 16C74. It produces hex code to program your 16C74 directly with no need for extemal
EEPROM. Compatible with the EEPROM versions of PIC 16C74 BASIC modules - develop on an EEPROM based modute then compile and
program your PIC chips directly.
16C57 Module Kit (8k EEPROM, 4MHz) £25.00, Pre-buiit £30.00 16C57 Module Kit (8k EEPROM, 10MHz) £31.00, Pre-built £37.00
16C74 Module Kit (8k EEPROM, 4MHz) £35.00, Pre-built £42.00 16C74 Module Kit (8k EEPROM, 20MHz) £40.00, Pre-built £46.00
16C84 chip programmed with BASIC - £25.00 Compiler - £60.00, or £50.00 when ordered with a module

PIC and HC11 devices

PIC16C74/JW Erasable 20MHz  £24.00 PIC16C558 £5.00
PIC16C74-04P oTP 4MHz £8.00 PIC16C74-20P OTP 20MHz  £11.00
PIC16C57-04P oTP 4MHz £5.00 PIC16C57-10P OTP 10MHz  £6.00
PIC16C84-04P AMHz £6.00 PIC16C84-10P 10MHz  £8.00
PIC16F84-04P 4MHz £6.00 PIC12C508-04P OTP 4MHz £2.20
PIC14000-04P oTP 4MHz £10.00 PIC14000/JW Erasable £23.00
PIC12C508-04P OTP 4MHz £2.70 Motorola MC68HCS11E2 Ring for detalls
Ask about other chips!
—— Forest Electronic Developments
—_— 10 Holmhurst Avenue, Christchurch, Dorset, BH23 5PQ 01425-270191 (Voice/Fax) . -l

http:/fwww. lakewood.win-uk.netfed.htm e-mail: fed @ lakewood.win-uk.net  Prices are inclusive, please add £3.00 for P&P and handling to each order.
Cheques/POs payable to Forest Electronic Developments, or phone with credit card details. Serial Cables - £7.50
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. The complete,
powerful schematic
and PCB layout

| tools for Windows.

® Create the artwork for the PCB with WinBoard...

- Choose from over 10,000 parts in WinDraft's

compiste library of components. - Quickly route boards on up to 16 layars.

- Use SMD or through-hole components — or mix them

- Ali the utilities you need are inciuded in the for maximum fiexibility.

package from an Electrica! Rules Checker to
netist output ta printing and plotting outputs. - Unique pad-stack editor can create pads of virtually

- Cut and Paste into other Windows appiications Aty EReicialEe.

such as Microsoft Word. Makes it easy to
document your prajectst

Create a Gerber photoplot, NC Drill, pick and
@ place, and other manufacturing outputsl Tel 0 1 8 1 92 6 1 1 61
The PC Sd_tution, 2a High Road Leyton, London, E15 2BP.  Fax 0181 926 1160  hitp://www.thepcsol.demon.co.uk
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UHF radio can be more effective for model control than the old 27MHz band ever was.
Geoff Pike GIOGDP decided to try it from scratch and was pleased with the results

bout a year ago, | realised that making a uhf radio
control system should not pose any major
problems, given the ease of component availability
and new techniques In construction.

I made a start, and initially no unforeseen
problems were encountered. A first prototype was made and
tested in about three months. The design as presented here
took a bit longer to finalise, and should not be regarded as the
ultimate development of the design, but rather as a basis for
others to improve.

A constructor with average experience and some
knowledge of radio control should be able to get this going
without too many problems, but this project does require the
use of an oscilloscope, digital frequency meter, and a dicde
probe to measure rf. Those of you who are not into uhf radio
may be a little puzzled by the things that are done at these
frequencies, however, as long as you do it the way it's
described, then you shouid have minimum problems with it.
The system is suitable for all forms of model, land, sea, and air.
It will drive normal serves, and the only departures from vhf
radio control are the particular attention needed to the

installation of the receiver antenna, and the non-standard use
of a 9.6-volt receiver (Rx) nicad pack. This is because of the
demands made by the Rx local oscillator (lo). However this in
practice will not cause any great weight problems in most
models.

A model radio control licence no longer exists. However, the
uhf aliocation is always changing with respect to power. The
current situation, which can be confirmed by ringing the
Radiocommunications Agency (RA) low power section on 0171
215 2150 ext. 2058, is as follows:

1) 468.5 MHz to 458.8 MHz 1mW
2) 458.8 MHz to 459.5 MHz 100 mW erp

Obviously, the second allocation will be used for models or
anything needing some distance between the transmitter and
the receiver. This gives some 0.7 MHz of space, which would
in theory give 28 channels spaced at 25 kHz.

Model radio control articies have been published in the past
in both ETI and dedicated modeiling magazines and books.
Some of the ideas contained in this design as already
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standard. | found Paul Newell's bock “Radio Control: A
Handbook of Theory and Practice {Radio Modeller Books Lid.,
1981) on radic control useful, especially for the data slicer
comparator used in the rx decoder. It is not in print at the
moment, but you may find it in libraries.

The circuit
The transmitter

The transmitter is in two parts, the transmitter itseif and the
encoder. Both parts are shown in the circuit diagram in figure
1

The transmitter follows fairly common practice in model
radio control, accepting plug in third overtone crystals and
running from a 9.6V nicad pack. The overtone oscillator Q5 is
stabilised by the crystal X1, and the frequency is set by
adjusting L1. The osclllator is frequency modulated via a
varicap diode, D12. This changes the resonant frequency of L1

slightly. The signal is passed to the next stage for frequency
doubling (Q6), and then on to Q7, where it is multiplied by
three. The total multiplication befcre the output stage is six
times the marked crystal frequency. Final amplification is
provided by Q8 and Q9 in parallel. The output of this stage is
matched into the helical filter HF1 by L8 and VC5. Harmonic
suppression is also provided by this two-chamber filter. The
signal at this point is about 250-350 mW, and is then passed
to the antenna by either direct connection to the pcb {preferred
method) or by a short length of miniature 50R coax cable
RG174/U. Stable oscillator performance Is helped by the
regulated 7V5 supply from the voltage regulator IC8.

The encoder is of the linear ramp type, which was
previously avallable as a dedicated ic for the job. However,
here the task is carred out using discrete ics (IC1 - 4) and
associated components.

The control stick pots RV4 - RV1(Q provide a voltage which
is dependent on their position. These voltages are fed to the
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+9.6V

@ VERO PIN
O CONNECTION TO GROUND PLANE
0 THROUGH CONNECTION TO GROUND PLANE

NOTE:CAN BE REPLACED BY A 1p8 OR
2p2 FIXED CERAMIC CAPACITOR

1N4148
2V7 400mw

C170C8 TO CONTROL POT
FITTED ON WIPERS
COPPER
SIDE OF PCB
\
S RF OUT
LAYOUT DRAWING
VETO
POT ENDS
ENCODER
o OUTPUT TO TX

multiptexer, IC1, and
are commutated in
turn as the address
changes from the 7-
stage ripple counter - —_——

1C2.

Considering one channel at a time, at neutral, a stick pot
wiper voltage will be approximately 3.75V. This would be
presented to op amp iC3a’s inverting input. This would allow
the integrating capacitor C9 to charge up to this value before
{C3b, a comparator, would change state. This would then
cause the 555 monostable to produce a short pulse ¢f about
250 us, causing the 7-stage ripple counter to advance and
present the next pot wiper voltage to the MUX input and in
turn to the op amp IC3a. This would also cause C8 to
discharge via D7. The process would start over again, and C9
would linearly charge via Q2 in a time related to the voltage on
the selected stick pot.

NOTE: Q8 IS MOUNTED UP-SIDE DOWN
LONGEST LEAD IS COLLECTOR

Figure 2: the component layout of the transmitter section

TO CONTROL POT

WIPER

Re. A7, OR R8
AS REQUIRED

+9.6VIN 7.5V TO POT ENDS

Figure 3: the component layout of the transmitter encoder section

This process is repeated until the eighth count, when
something completely different occurs. Pin 15 of the MUX will
select the preset RV1 {sync) and, with the gating of D1, D2 and
D3 will cause Q1 to divert Q2's base current. This will mean
that C9 will take longer to charge up. This allows a sync pause
of up to 20ms to be generated if needed. This has not aiways
been possible with this type of linear ramp encoder.

The process is regenerative. Adjustment of RV2 changes
the value of constant current in

Q2, which in turn sets the neutral pulse widths. These are
typically 1.5 ms in duration. Time constant R18/C14 wilt control
the inter-pulse gap, which is typically 250 us; RV1 sets the
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Figure 4: the circuit diagram of the 7-channel UHF model radio control receiver

sync pause to typically 8 ms. The component layout for the main transmitter board is

| The complete system is fed from a stabilised 7V5 supply rail  shown in figure 2, and the encoder board is shown in figure
provided by IC5, the voltage regulator. SMD {surface mount 3.
device) type capacitors C1-C8 decouple the rf from the control
pot wipers. RF entering an encoder is a real pain, but this The receiver

I design seems to have high immunity against this. Please use The receiver {figure 4) is split into two boards, the receiver

: the chip capacitors here. front end/mixer/LO (figure 5), and the separate pcb with the

| | As typically four channels will be used (that is, two control NBFM decoder and digital processing and decoding (figure 6).
sticks), all unused inputs to IC1 must be connected to the vref The receiver front end consists of an rf pre-amplifier Q1 ahead

| point marked “x”. The clock signal from the 555 not only of a bipolar mixer Q2. Initial selectivity is given by LI/VC1.
advantes the 7-stage counter IC2, but is also the modulating Ahead of Q1, this signal is passed to the hefical filter HF1,
signal. This is fed to the to the bi-directional current device which gives scme degree of protection from image signals at

Q3/Q4, an n-channel and p-channe! fet {field effect transistor). 21.4 MHz from the desired signal. After mixing with the o
This ensures approximately equal and near-linear shaping of the  signal, the difference is selected by T1 at 10.7 MHz and then
[ pulse edges before they are appfied to the varicap dicde D12 passed to the nbfm IF amp and demodulator.

via R25. The lo signal is generated by a third overtone crystal
: The edge delay is about 100 us on both the rising and oscillator, and is muttiplied by 6 via Q4 and Q5. Stabilisation is
r faling edges. This shaping is provided by two methods, IC4 supplies Q3 and Q4 with a
needed to limit the transmitter signal width. RV3 is used 1o regulated 7V5 rail, and afc is applied to D2, a varicap, from the
set the overall deviation to +/- 3.5 kHz. discriminator output of IC1.
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The IF signal at 10.7 MHz is applied to IC1 via a ceramic 50
kHz wide filter. All IF ampilification is done at 455 kHz, and the
main selectivity is afforded by ceramic filter FL2. None of the
squelch or noise amp stages are used for this design. T2 forms
the quadrature detector coil and controls the level of the
demodutated signal cutput on pin 10. IC1 is not particularly
prone to ncise on its supply lines, however it is fed by a
capacitor multiplier Q8, and only loses about 0.5V in the
process, but effects excellent supply line decoupling from a
potentially ncisy environment.

AFC is conditioned by R10/C17, and is biased to mid rail
{about 2V) using R11/R31. The overall shift is about 2.5 -3
kHz. The recovered signal is de-emphasised in the network
R9/C18. This is applied to a data slicer formed by a
comparator IC2. This takes a fixed percentage of the incoming
signal as its reference at pin 3. It is smoothed by R14/C23,
and the working point established by R15. This arrangement
allows direct connection, and will ensure excellent data retrieval
under all signal conditions because the threshold level of the
comparator is not fixed, but is referenced to it. The
reconstructed encoder waveform appears at pin 7 and is
connected to the clock input of the octal counter IC3. This
signal also drives a diode pump D1/C21 and during the sync
pause of 8ms +/- R12 will cause C21 to charge up to a level
that exceeds the trigger threshold, resetting the counter ready
for the next data stream.

The eighth count on pin 10 is connected back to the clock
enable so as to disable the counter when no Tx signal is
present, preventing servo chatter.

In the second part of this article in the next issue | will
describe the construction, casing and antenna of the UHF
Radio Controller.

FROM ANTENNA
VIA CO-AX

828 FITTED HERE WITH OTHER ———

END OFF THE BOARD AND

DECOUPLED WITH C38 TO TOP
GROUND PLANE. THIS JUNCTION | &
1S THEN CONNECTED TO BOTTOM
BOARD THROUGH THE HOLE

NEXT TC HF4

HOLE FOR CONNECTION FROM R28/C38
THROUGH TO LOWER FCB

+VE SUPPLY

\» TO NFBM DECODER

|~ NOTE: VC2 1S MOUNTED
ON TOF OF Q8

O INDICATES SOLDERED CONNECTION TO TOP GROUND PLANE

-VE SUPPLY

Figure 5: the component layout of the receiver front end, mixer and local oscillator
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R10, R11

R12, R21
R13, R14
R15
R16
R17, R28
R18
R19 S
R20,R23,R31,R23, R35-36 10R =)
R22 3k3
R24 470R
R25 18k
R26 330R
R27 6R2
R28 1C0R
R29,R34 22R
- R30,R33 G680R
R32 5k6
e el 560R temporary for test only
| R38,R39 5k6 temporary for test only
| RV1 10k vertical
: i 4k7 horiz R4, R16
- 47k horiz R5
linear control stick pots R7, R24

RS
R9, R22
i o R10
- 1n surface mountsF mounted on track side. R11
bt R12
R13, R14, R28
R15 1™ ol
R17 100 - 150k: s.0.t. to ensure.
: reliable resetting of the counter
R19, R20, R2§, R27 10R £
R21 4k7
R23 470R
R29 680R
R30 22R
Capacitors
C1,£7,C8,C11-13 10n disc ceramic

C2,c3,C4 47p ceramic plate
€5,£33 4p7 ceramic plate

1n disc ceramic
56p ceramic plate
150p ceramic plate

47u 6V3 mini radial electro
680n polyester

22n Mylar/polyester
 47n Mylar/polyester

1u 10V tant electro
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miconductors <
4 ULN3859 or MC3359, or without
{(Mainline Etlectronics)
LM31%

{Cirkit)
BFY90 (Cirkit/Farnell)
(Ci l“klﬂ

Brendon Way _
972 3893. This supF

e

Maplin: PO Box 3, Rayi
Cirkit Distribution Ltd., Park Lz
EN10 7NQ. Tel 01992 448899

Farnell Electronic Components: Cana
2TU. Tel 0113 263 6311 4208

" ~ Silver wire can be obtained from Cirkit. Tinned .l
is also suitable and is cheaper.

here a supplier is mentioned alongside a part witl
detalls it indicates that the supplier listed the
ly, not necessarily that they are the sole or main

AT e———— --—--\‘ ‘
BV PQQ\ = "3 i ¢
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i - oo
. TS ] Ly
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3 +
i NBFM N ¢———nuo_| 1 C1
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- ac § |
: +
' . o Ri
- = o
/e gl
e IC1 e
}
= A2
. R31
SCALE: 1.5x FULL SIZE AT [T

AFC OUT TO RX BOARD

[ 4

Figure 6: the component layout of the receiver IF amplifier and NBFM decoder
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Mini walsrproc! TV carmars 40x40x15mm requires 9 1o 13
volis gt 120mA with composite vides outpul (io feed o &
video or & TV with a SCART umu-almsoiutm
of 450 TV lines Vertical and #nes honzontal,
slectronc aulo Iis for nearly dark (I LUX\ fo bagrt
sUNIgHt Operation and & small lens with a 92 degree fieit
of view, i focuses down to a tew CM. N s fitted with & 3
wire load (12v in gnd and videc out). Now aiso availabie
with wat moumt il and swivel case (a! the same price).
£83.57 + val = £109.95 of 10+ £89.32 ¢ vat m £104.95

lorch would) £50.00svat = €58.75 40MP size
39x38x23mem spy camera with a fixad focus pin hoie iens.
for hding behind & very smak hole. £57vat = £66.96
40MG sz 39x38x28mm camera for G’ mount lens this
pives a much clearer prcture than with the small lenses
£68.79+ VAT = £80.83 standard ‘G’ mount lers F1.8 18mm
for 40MC £26.43+vat » £31.08

3uppod and 4 digtal Inputs kK £27.00 poml Interiace 44
Mt £36.00 power inferface BA kit £48.00 Stapper kil 4
(manual control) includes 200 siep Sleppeg Mot and
control circul £23.00

DTA30 Hand held transistor analyser # tefls you which
laad is the base, the colecior and emitter anc # il is NPN
ar PNP or faulty (NEW VERSHON 0068 not say FETs &
SCRs are transstors) DTA30 £28.34

HMAZ0 hand hekd MOSFET anatyse! identifes gate drain
and source and lf P or N channe! HMA20 £38.34
Speaker cabmets 2 way speaker systems with Motorda

15 z r
Z50WRMS TTSWRMS - 100WRNMS
Bahm Schm Sohm
020z ASg-20ey  S0nz-2RNT
57 48 92dB
KOUT20:M0  AXOBA0GAS  DISu460200
21,1 168 kg

dock il coalng £139.95  £99.99 £54.94
grey ek coatng £159.97 £119.97 £64.99

(" = not nommalty i stock aklow 1 mh!ofoenvo«y)
Power amplfiers 197 rack mount with gain controks & VU
metars

STAI00 2x100Wrms (40he load) 19kg  £339.00
STAS00 2x490Wrms (dohwm load) 15kg  £585.00
LED's 3mm or Smm red or green .. Tp each yellow 11p
sach cabéa tes 9p each £5.95 par 1000 £49.50 per 10,000
Rechargeable Baftedes

AAHPT) 500mAH £0.99  AA 500mAH with soldes tags
£1.56 AA950mAM £1.75 CHP11) 12AH £220 C
2AH with solder iags €380 D{HP2) 1.2AH£2.80 D
SAH with soider tags £4.95 PRI 8.4V 110MAH (4.95
172AA with soider tags £9.55 Sub C with soider tage

of 4 42 x 16mm nicad battenss 17 immx18mm dia
with red & black leads 4.8y £5.95

ROBOT CSs

BASIC Stamps-

5 butfon cel 6V 2B0MAR battery with wires (Vana
5x2500K) £2.45
Orbrel 866 battery pack 12v 1.6AH contmns 10 sub G
celis with soider tags (the size most commonty used in
cordless scrawaivers and drits 22 dia x 42mm tall). e
easy 1 crack open and was manuleciured in 1934
£8.77 wach or £110.50 per box of 14
BCI box 190x106x50mm with siots 10 house a peb the fid
contains an edge connector (12 way 8nwn pitch) and
screw lpnmenals 1o connect o wires and 5 shde in cable
blanks. £2.95
7 segmant common anode led display 12mm  £0.45
GaAs FET low leakage current SBA73 £12.95 each £9.95
10+ £7.95
BCSATA ransisior 20 for £1.00
SLOS2 UHF Limaing ampilier LC. 18 surface mounting
p.dul with dala sheel £1.85
convertes Aekability model V12P5 12v in Sv 200ma

mmmbwlmm with data £4.95 each or

of 10 £29.50 Asrpax AB2903-C large siepping motor
1dv 7.5 step 27ohm 58mm dia body 8.3mm shatt £B.95 or

um. 1ut 250Vae 20p each,15p 100+,10p 1000+
ul S0v bipolar elactrolytic axial ieads 15p each. 7.5p
IMD-» 0.22u 250v polyester axial wads 150 each. 7.5p
100+ Potypropytene 1uf 400vac (Wima MKP 10) 27 5mm
pitch 32x28x17mm case 75p each 100+
Prilipg 123 sanes sofid alumenium axial loads 33uf 10v &
2.2l 40v 40p each, uplwoPmupﬂocsemswlq
22yl 63v axial 30p each 15p 1000+ 500pt compressian
tnmmer -60p Sofid carbon resistors very low mductance
rdeal for AF circiats 27ohm 2W, B8ohm 2W 25p each 15p
each 100+ we have a range of 0.25w 0.5w 1w and 2w
solkt carbon resistory please send SAE tor st
PC. 400W PSU (inted part 201035001} with siandard
motherboard and § disk dnve connectors, fan and mams
inletoutist connectors on back and switch on the side ( fop
for towef case) ms212x149x149mm axciuhing switch.
£28.00 sach £138.00 for 6 MX180 Dwgrial muttimeter 17
1000vac 750vac 2Mohm 200mA transestor Hfe 9y
and 1.5y barttery test 19.95
Hand held ultrasonic remote control  £3.95 CV2486 gas
tetay 30 x 10mm dia with 3 wire fermenals will also work as
a neon light 20p each or £8.50 per 100 Verbatrm RI00NM
Slreamer tape used on NC machines and
pressas eic. it looks (ke a nomal cassene with 2
ot cut ot of the top £4.95 each (£3.75 1004+) Heatsmk
tube £0.95
HV3-2405-E5 5-24v 50mA reguialor ic 18-264vac input 8
pin DIL package £3.49 each (100~ £2.25)
LM 555 tmer ic 16p, B pin DIL socket 6p all products
acvernsed are new and unused uniess ctherwise slaled
wte range of CMOS TTL 74MHC 74F Lmear Transistors
kits rechargeable balleries capaciiors tools elc. atways in

stock
Please add £1.85 towards PSP (orders from the Scottsh
, Northern irsland. sl of Man, isle of Wight and

averseas may be sutyect ta higher P&P for heavy fems).
VAT included in all paces
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Instruments

reprograimable stamp sized computers

Easy to use BASIC language

@ 8 or 16 Input/Qutput lines each 20mA capability

@ 80 or 500 Program lines

@ Re-programmable thousands of times from PC

or Mac @ 5-12vDC Supply. Stamps from £25.00 each.
Development Kits including programming software,
Stamp, Cable, Project Board and 25+ Application
notes from £79.00.

MUSCLE WIRES i

Wires that contract approx 5% when heated
{eg 250mA current) -120 page Project book
and 3 one metre lengths of wire. £40.00

STAMP BUG

Autonomous roving insect using the BASIC Stamp
as its *brain”. Approx 300mm overall length.

KITS FROM £29.00

LYNX ARM

5 Axls robot arm kit; approx size 300mm.
Control from any serial comms port or Stamp.
Includes software to run from PC. KFITS FROM £85.00

MI prices exclude VAT and shipping.
 the above lums and other products
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‘Electronics Direct’ is the One Stop Shop for all your
computing, electronics and amateur radio needs from
Nexus Direct. We are offering some sensational deals on
Subscriptions, Books & Reader Offers - all available direct
by mail order. Remember, all our prices include postage
and packing - so there are no hidden extras to add! You
can order by phone, fax or use the coupon.
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A foscinating ond unique baak that bresks new ground by exploring the
exciting world of raboics in o cleor and concise way. Both the theoretical and
pracical aspeds are presented in on uncomplicated fashion using everyday
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a loudspeaker divider, confinuity testeq *brown-out’ olarm, freezing alorm,

st OF ;e
ELECTRMICS

PR SR

ll\xv [ETe— - =

Putting Scanners into Practice

Peter Rouse

SCANNERS 3 - PUTTING SCANNERS
INTO PRACTICE

This is the fourth revised and completely updated edifion of Scanners, the complete
YHF/UHE rodt listeners guide, contoining everything you need to know fo put
your sconner 1a better use. There is a grect deol more information thon ever
before an freguency listing: in parficulor, octual frequencies used by coostol

. stations, irfiedds and the emergency services. Also included lor the first time is o

| section on the HF {short wove] band as many scanmers now cover ihis ronge.
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£12.95 Overseos

| of VHF and UHF communication bunds, and gives deloils on haw lo consiruct
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tegions, including counlry-by-country variatians.
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‘Adaptable, affordable - handy circuits for around £5. By Owen Bishop

Audible logic probe

e have described qulte a
number of logic-based
projects in this series so it
is high time that we
presented a device for
checking logic levels. Typically a logic
circuit consists of several ics, each with
14 or 16 pins, and checking involves
probing the pins one at a time to
confirm that the logic levels there are
correct. It is more convenient if you can
keep your eyes on the test circuit while
you do this, so as to be sure that you
are contacting the right pin. It is better
not have to watch an LED or a meter at
the same time. This is where this
audible checker is so appropriate. The
logic level is indicated by the pitch of
the sound produced. A high note
indicates a high logic level and a low

note indicates a low level. More later
about what it means if the note is neither high nor low.
The basis for this circuit is an ic which occupies a kind
of borderland between the digital and analogue worlds,
though it is a member of the CMOS 4000 series and so
qualifies as a logic ic. The 4046 is usually described as a
phase locked loop (PLL) ic. It contains several distinct
modules which together are used to build a PLL. PLLs are
used for locking on to a digital signal of a particular
frequency that has become mixed with cther signals of
other frequencies or perhaps just a noisy background.
PLLs can be used for restoring a badly degraded digital
signal to its original square-cut form. One of the useful
modules to be found in the 4046 is a voltage-controlled
oscillator (VCO}, and it is this part that we use in this
project. We do not need or use the other parts of the PLL.
The basic frequency of the VCO is determined by the value
of C1 and R1 (figure 1). If the voltage at the control input
{pin 9) is exactly half way between the two supply rails, the
frequency at the VCO output (pin 4) is 1/RC. If the voltage
at pin 9 drops to zero, the frequency too drops to zero. If
the voltage increases to the full supply voltage, the
frequency doubtes to 2/RC. With the values given in the
figure, the frequency ranges from zerc up to about 750Hz.
In this project we need a signal in the audio range when
input is OV. We obtain this by adding a second resistor R2
to produce a frequency offset. The effect depends on the
ratio of R2 to R1. In figure 1 the ratio is 82:27, which is
approximately 3:1. This raises the zero-input (logic low})
frequency from OHz to 750/3 = 250Hz (approx). It

increases the logic-high frequency by the same amount,
that is, from 750Hz to 1kHz.

The signal from the VCO is made audible by using it to
switch a small magnetic sounder on and off. C2 is needed
to prevent the signal from being fed back to the ic through
the power lines. The circuit includes a resistor R4 to
reduce the volume of sound. The exact value of this
depends on the type of sounder used. There is alsc a
push-button in the audio circuit so that the sound is heard
only when we want it. As you will discover, the audio
output is a depressingly screeching sound unless the
probe is connected to a point which is firmly at a steady
high or low logical level. Which brings us to the next topic.

In-between levels

In an ideal logical world all points are either at logic-low or
logic-low. In-between values do not exist. Unfortunately. in
the real world of projects being tested, there may be
several points in the test circuit that are hovering
somewhere between the two states. If, for example, the
connection to cne of the supply terminals of an ic is open-
circuit so that the ic is receiving its supply unofficially
through another input terminal, we find that the voltages at
the inputs and outputs are fairly steady, but at some level between
low and high. The tone from the probe is steady, but is intermediate
in pitch. The same may occur if there are unintended short-circuits
between adiacent terminals. If an input terminal has been left
unconnected, it ‘floats’, and its Tnput level varies ematically. The input
terminal itself or the output terminal of the same gate produces an
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Figure 1: the circuit of the logic probe
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Figure 2: the stripboard layocut of the logic
probe

unpleasant screeching sound.

Oscillation, either intended or accidental, is a cause of apparently
intemmediate voltage levels, The levels are alternating between true
logic low and true logic high but changing so rapidly that a voltmeter
applied to the terminal shows a steady intermediate reading. With
this probe this may give a two-tone ‘warble’ (can sound lke a
telephone ringing). If the oscillations are faster, it sounds more like a
continuous ‘high” but not as loud as usual. The loudness depends
on the ratio between the time spent high and the time spent low.
With a lite experience you will scon iearn to interpret the sounds
and pick out their differences.

Construction

The circuit works on any voltage in the range 3V to 15V (18V is the
absolute maximumy) and is best driven from the suppty of the circuit
being tested. It is built on a small rectangle of stripboard (figure 2).
Wea have designed it sc that the copper strips run across the wiath
of the board. The board could be housed in a small case with a ngid
metal probe at one end and the power leads emerging from the
other. The push-button is placed so that the forefinger rests naturally
on it as you hold the case in your hand. Then you can easily press
the button each time you touch the probe down on a test point.

LS1 is a mini magnetic transducer (not a piezo-transducer)
specilly intended for PCB mounting. The circuit will also work with
a range of miniature loudspeakers if they have a resistance in the
range 16 to 64 ohms. Some of these have a diameter of only 2 cm
and can be mounted on the board ff it is made slightly konger than
shown. But do not use a 'buzzer’ or any other type of sounder that
produces its own tone.

We have mounted the push-switch directly in a hole drilled in the
board. The switch is connected to wires soldered in the holes
marked A and B. Alternatively you could mount the switch on the
case and take leads from it to these two polnts. R4 in our design is
a 39-ochm resistor, which reduces the volume of sound to a suitable
level. You may find that you need a resistor of different value or
perhiaps may omit R4 and replace it with a wire link.

The circuit is so simple that it is best constructed and tested in
one session, Connection to the power supply on the test piece is by
two flexible wires ending in crocodile clips. We have had no trouble
with feedback but, if the tone is *harsh’ when the probe Is touched

* against the +V or OV supply line, try increasing the value of C2.
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Capacitors o=
c1 100nF polyeste:

c2 22nF electrolytic, a
Semiconductors i

CMOS 4046 phase-locke
BC327 or similar npn trans
‘push-to-make push-button

mini magnetic transducer, 16-

m (22 strips x 11 holes); 3
pin dil socket; 2mm
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(Premises situated close to Eastern-by-pass in Coventry with easy access
to M1, M6, M40, M42, M45 and M69}

m“hgt‘ B TR F S RFIUaNYES TN
Beckman 9020 ~ 20MHz - Dual Channel... £150
Cossot 3102 — 60MH2 Dual Channet oo .£250
Gould OS 245A/250/255/300/3000/3351/4000 ... oo nvea oo ArOM €125
Hewlett Packard 180A/180C/181A/182C from £200

from £350
...£2695

Hewlett Packard 1740A, 17414, 1744A, 100MHz dual ch
Hewlett Packard 54100D - 1GHz Q...

Hewlett Packard 54200A — SOMH2
Hewlett Packard 54201A = 300MHz qumzmg
Hitachl V650F - 60MH2 Dual Channel .
Hitachi v1 525N3028N302FNJSJFNSSOBNGSDF
Intron 2020 — 20MHZ2 %gltal Storage (NEW) ...
Ivsatsu SS 5710/8S 5702 - 20MHz..

Kikugui COS 6100 - 100MH2, 5 Channel, 12 Trace ..
Kikusui 5100 — 100MHz - Dual Channal
Meguro - MSQ 1270A — 20MHZ Digal Slorage (NEW)...
Nicolet 310 - LF. D.5.0. with twin anc Drive ..

Nicalet 3091 ~LF. D.S.
Lecroy 9450A — 300MHZ/: 5/s 0.8.0. 2
Philips PM 3211/PM 32127PM 3214/PM 3217,’PM 3234/PM 3240/PM J243/PM 32
PM 3262/PM 3263/PM 3540
Philips PM 3295A — 400MHz Dual Channel ......
Phllips PM 3335 ~ 50 MHz/20Ms/2 D.5.0.2¢ch. ......cnecee.
Philips PM 3055 - 50 MHz DUAL Timebase .
Tekironlx 434 ~ 25MHz — 2 Channel Analogue Storage .
Tekironlx 454 - 150MHz = 2 Channel

Tektronix 468 - 100MHz B.5.0.. S
Tektronix 2213 — 60MHz Dual Channel ...
Tektronix 222t — 60MHz Digital Storage 2 Channel_.
Taktronix 2245 - 60MHz Dual trace ...
Tekironlx 2235 — 100MHz Dual trace -
Tektronlx 2338 - Dual trace 100MHz (portable}. . ...
Taktronix 2225 — 50MMz dual ch
Tektronlx 2440 — 300 MHz/500 Ma/s D.8.0.2 Ch....
Tektronix 455 - 50MHz Dual Channel...........
Tektronlx 464/466 — 100MHz An storage
Tektronix 465/4658 — 100MHz dual ch
Tektronlx 475/475A — 200MHz/250kHz Dual Channel..m
Tektronix 485 — 350MHz ~ 2 channel _.....
Tektranix 5403 — 60MHZ = 2 or 4 Channel ..o cenerviarnaens
Tektronix 7313, 7603, 7613, 7623, 7633, 100 Hz 4 chm
Tektronix 7704 = 250MHz 4ch............

‘from £125

from £125
.. £AT5

e e e e

.Irom £650

Tektronlx 7904 = 500MH2 from £850
Trio CS-1022 ~ 20MHz ~ Duai Ghannel = £125
Other scopes avallable oo
SPECIAL OFFER
HITACHI V212 — 20MHZ DUAL TRACE ...£180
HITACH! V222 — 20 MHZ DUAL TRACE + ALTERNATE MAGNIFY ...£200
Advaniest 41335 10KHz — 20GHzZ (60GHZ with extemnal mmars) + Ext. Keyboavd £7250
Advantest 41318 — 10KHz - 3.5GHz ... et £4950

Ando AC8211 - Spoctrum Anal
Anritsu MS6108 + 10KHz - 2GHz — (Mint}
Anritsu MS341A + MS3407B - (10H2 - 30MHz
Anritsu MS628 - 10KHz - 1700MHz ...
Avcom PSAES5 S - 1000MHz - ponable
Hawletit Packard 3580A — 5Hz-S0KHz
Hewlett Packard 1821 with B553A (10MHz — 21GHZ)
Hewlett Packard 35601A — Spectrum Anatyser Intertace.
Hewlett Packard 3562A Dual Channel Dynamic Sig. Analyser......
Hewlett Packard 3562A Dual Channel Dynamic Sig. Ana#yssr %, =y
Hewlett Packard 853A + 85588 — 0.1 10 1500MHz ...

Hewlett Packard 1827 + 85588 - 0.1 1o 1500MHZ...
Hewlett Packard 8754A ~ Network Analyser 4- 1300MH1-
Hewlett Packard B591A — 9KHz — 1.8GH2.
Hewlett Packard 8594€ — 9KHz - 2. 9GHz
Hewlett Packard 3582A —0.02Hz - 25 6KH2 {dual d|)
Hewlett Packard 35854 -20H2 - 40MH
Hewlett Packard 8754A {opt. H26) - 4MH1 2.5GHz ..
IFR 7750 10KHz = 1GHz .
Marcon! 2370 110MHz .
Marcont 2371 — 30KHz = 2000MHz
Meguro MSA 4901 — 1-300GHZ (AS NEW)

N E T

Hevriett Packard 435A or B Power Meter {with B4B1A/84B4A)
Hewletl Packard 4279A - 1MHz C-V Melet....
Hewiett Packard 4948A ~ (TIMS) Transrmss:ion impaimmant M/Set ..........
Hewlett Packard 4972A — Lan Protocol Analyser ...............

...fram £750

Hewilett Packard 5420A Digtal Signal Anatyser ... £350
Hewlstt Packard 5335A — Hz High Parformance Systems Counter... .. £800
Hewlett Packard 5314A = (NEW) 1 Hz Universal COUHYGI ....... .£250
Hewlett Packard 5318A - Unrnversal Counter {IEEE) ... ...£500
Hewlett Packard 5183 — Waveform Recorder ... ... £1750
Hewlett Packard 5238A Frequency Counter 100MHz .. .£250
Hewlelt Packard 5370A - 100MHZ Universal TimovlCounlar --.£450
Hewlett Packard 5384A — 225 MHz Fraquency . £650

Hewlett Packard 5385A Frequancy Counter — GHz - (HP1B) with OPTS '001/003/004/005....£995
Hewlett Packard 6253A Power Supply 20V ~ 3A Twin ..........

Hewlett Packard 6255A Power supply 40V —1.5A Twin
Hewlett Packard 62668 Power Supply 40V - SA.
Hewlett Packard 62718 Power supply 60V - 3A
Hewlatt Packard 6622A - Power Supply, Dual O/
Hewlett Packard 6623A - Power Supply, Triple O/P..
Hewlett Packard 66524 = Power Supply (0 — 20V, 0'= 25
Hewlett Packard 62648 - Power Supply {0 = 20V, 0 - 25A),
Hewlett Packard 7475A - 6 Pen Plotter.._....
Hewlett Packard 75504 — 8 Pan Plotter AAVA4

HEWLETT PACKARD 62618
Power Supply 20V-50A £450 Discount for Quantities

Hewlett Packard 83555A — Millimeter — Wave source Modula 33-50GHz
Hewlett Packard B015A — 50MHz Puise Generalor ......

Hewlett Packard 8408A - Vector Vohmeler ........
Hewleit Packard 8165A — 50MHz Programmable rce .

Hewlett Packard 83508 — Sweep Oscillator Mainframe (vanous Plug ins avaiial ) e
Hewlatt Packard 8152A — Optical Average Power Meter.............. el
Hewlett Packard 81588 — Opbcal Attenuator (OPTS 002 +011)

Hewlett Packard 8180A ~ Data Generator... i

Hewlell Packard 8182A - Data Analyser
Hewlett Packard 83508 — Sweep Oscillator Malnframae (various plug-in options avadabla)
Hewlett Packard 83554A — Wave Source Module 26.5 to 40GHz .. "
Hewlett Packard 8620C Sweep oscillator mainframe ..
Hewlalt Packard 86564 — Synthestsed Signal Generator (QmMHz)
Hewlett Packard 86568 — Synthasised Signal Generator...
Hewlett Packard 8750A Stora @ normaliser .........
Hewlett Packard 8756A — ar Network Analysar
Hewilett Packard 8757A — Scalar Natwork Analyser
Hewlett Packard $803A = Audio Anatyser (20Hz - 100K
Hewlett Packard RSO3E — Distortion Analyser (Mint) ..........
Hewlett Packard 8958A ~ Collular Radio Interlace
Hewlett Packard 8901 A - Modulation Analyser ...
Hewlett Packard 8920A — RF Comms Test Sel ...
Hewlett Packard 8922 — GSM Radic Comms Test Set..
Hewlett Packard P382A Variabie Atenuatior
Hawlett Packard 18300 — Logic Anal {43 Channel

Hewlett Packard 165004 ~ Fmod MFGS1ON16515N16530N1653!A Logic Analysel e £4000
Hewlett Packard 117298 - Carner Norsg Test Se £2000
Krohn-Hite 2200 LinL.og Sweep Generalor .
Krohn-Hile 4024A Osciliator....
Krohn-Hite 5200 Sweep, Function ‘Generator .
Krohn-Hite 6500 Phase Mater.
Leader 3216 - Spgnal Generat
modulator {mint) .
Marconi 2019 - -1

Marconl 20194 — -BOKHz 1040MHz — Synthesi
Marconi 20224 — 10KH2 - 1GHz AM/FM Signal Generator ...
Marconi 2041 — (10KHz - 2.7GHz) Low Noise ...
Marconi 2365 — Modulation Meler ... -
Marconi 2610 — True RMS Voltmeto
Marconi 2871 Data Comms Analysef ....
Marconl 2955 — Radio Comms Test Set
Marcon| 8960 — Power Meter & Sensor.
Philips PM 5167MHz function Eﬂ .....
Philips 5190 L.F. Synthesiser (G.P.1.B). .
Phliips 5193 Synthesised Function Generator
Phillps 5518 Synthesised Function Genarator...
Philips PM5518 - TV Pattem G 0f
Phillps PM5716 — 50MHz Pulse Generator .,
Philips PM6652 - 1.5GHz Programmable H-qh 'Resolution Tu'nerlCoumer
Phillps PM6673 ~ 120MHz High Resolution Universal Counter ...
Prema 4000 -6 % Digit Multimeter (NEW)
Aacal 1992 — 1,.3GHz Frequency Counter
Racal Dana 9081/8082 Synth i, gen. 52
Racal Dana 9084 Synih. si E
Racal Dana 3303 R/ Lev ter & Head............
Racal Dana 9917 UHF frequency meter 560MHz ...............
Racal Dana 93024 R/F muitrvortmeter (new version)
Racal Dana 9682 Synthesisad amvim sig gen {520MHz)..
Racal 9301A - True RMS R/F Muhivottmete

Racal 6111/6151 —~ GSM Radho Comms Tast Set

Ronhde & Schwarz LFM2 - 60MHz Group Delay Sweep Gen
Rohde & Schwarz Scud Radio Code Test Set

Rohde & Schwarz CMS 54 Radio Comms Mooffor...

Rohde & Schwarz CMTA 94 GSM Radioc Comms Analysor
Schaffner NSG 2034 Line Voltage Variation Simutator .
Schafiner NSG 2224 Interfarence Simulator...
Schaffner NSG 223 Interterence Generator
Schaftner WSG 431 Electrostatic Dischargs Simutator.

serger 4031 — 1GHz Radwo Comms Test Set

Meguro MSA 4912 - 1-1GHz (AS NEW).
Potrad 641+1 — 10MHz - 18GHz .............
Rohde & Schwarz — SWOB 5 Polyskop 0.
Takeda Riken 4132 = 1.0GHz Specirum Anatyse|
Tektronlx 7L18 with maintrame (1,5-80GHz with sxtamal mllBl’S)
Taktronix 495F — 100Hz = 1.8GHz programmable .

_— TS ¥
— Ty
Adret 740A - 100KHz — 1120MHz Synthesised Signal Ganerator ..
ANRITSU ME 462B DF/3 Transmission Analyser inoves .
Danbridge JP30A - 30KV Insulaton Tester ...

Anritsu MG642A Pulse Pattlem Generator . ........
Dranetz 6§26 — AC/DC — Multifunction Analyse( .
EIP 331 - Frequancy counter 18GHz
EIP 545 - Frequency coumter TBGHz.......
EIP 545A — Frequancy countsr 18GHz .
EIP 575 — Freguency counter 18GHz !
Farnell AP70-30 Power Supgly (0-70v/30A) Auto Ra
Farnell TSV-70 MKII Power Supply {70V - 5A or 35V
Farnell DSG-1 Synthesised Signai Generatos
Farnell ESG-1000 Synihasised Signal Genarator 1GHz (as new]
Flure 5100A - Calibrator ...

Gulldiine 9152 - T12 Banery ‘Standard Cell .
Hewlett Packard J31A - Distortion Analyser
Hewiett Packard 3336C — Synthesisad Signal Generator (10Hz — 21MH2]
Hewilett Packard 3437A Sysiem voltmetef... o

ger 2720 1250MH2 Frequency Counter...
Schiumberger 7060/7065/7075 Multimeters
Schlumberger Stabllock 4040 Radio Comms Test Sel.
Solfartron 1250 - Freq. Response Anal gm

Stanford Research DS 340 ~ 15MHz yntheuud Function (NEW
wavelorm generalof ...
Systron Donner 6030 — Microwave Frequency Counter (26 SGHz) ...
Telequlpment CT71 Curva Tracer ..

Tektronlx TM5003 + AFG 5101 Am«tnry 'Funcban Gen.
Tektronix 1240 Logic Anatyser
Tektronlx DAS9100 - Senes Logic Analyse!

Tektronix - Plug-ins — many available such as S$C504, SW503, SG502,
PGS0B, FG504, FG503, TG501, TR503 + many mora ...
Tektronix AMS03 + TMS501 + P6302 — Current Probe Ampifier ...
Tektronix PG506 + TGS01 + SG503 + TM503 ~ Oscilloscope Caltbrator
Tektronix AASO01 & TM5006 MF — Programmabk) Distorbon Analyser.
Tektronix S77 — Curve Tracers .
Time 9811 Programmatle Resistance ¥ . i3 R X x
Time 9814 Voltage Calibrator o
Toellner 7720 — Programmabla 10MHz Functicn Gan (AS NEW) ..o
valhalla Scientific = 2724 Programmabie Resistance Standard
wandel & Goltermann PFJ-8 - ErrorfJittar Test Set.

Wandel & Goltermann PCM4,
Wande| & Goltermann PCM4 (+ optnons)
Wayne Kerr 4225 — LCR

Wayne Kerr 6425 — Precision Comoonem Anal yse
Wayne Kerr 8805 — Precigion LCR Meter .......
k 171 — Synthensed Function Generator

Hewlett Packard 343BA Di

Hewiett Packard 34884 — ol Unit

Hewlstt Packard 35500A Dual Ch. Dynamic Signal Analyser i
Hewlett Packard 37 11A/3712A/37918/3793B Microwave Link Anakysar ..
Hewlett Packard 33254 — 21 MHz Synthesiser/Function Gen
Hewlett Packard 3488A — HP — 1B Swlich contral unit (vanous Plug-ins available)......
Hewlett Packard 34554 &% Digit MMeter (Aptocal)...........
Hewlatt Packard 34782 - Multimeter (53 Digif) + HP = 1B...
Hewlett Packard 35854 ~ Selective Level Meter
Hewlett Packard 37764 — PCM Terminal Test Set
Hewlett Packard 3779A/3779C — Primary Mux A
Hewlett Packard 37844 — Digital Transmission Analyse
Hewlett Packard 379000 — Sl nathr\gTesv Set (No 7 und 1SDI
Hewlett Packard 4262A - Digttal LC.
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Wiltron 6405 ~ RF Analysers (1MHZ — 2GHz) ..

wiltron 66205 — Programmable Sweep Generalcr (3 G-B.SGMz)
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Guardian Light

If you lose lighting through a power cut, Terry Balbirnie’s Guardian Light provides
an automatic, battery-backed lighting system to see you through

ou have probably noticed emergency lighting
systems in shops and other public places. These
are essential to allow people to find their way
out if the mains supply fails, especially at night.
Emergency lighting helps to prevent people
panicking and saves lives, especially in a power tfailure
caused by fire.

Lighting the way

This circuit allows you to build a small emergency lighting
unit for your own home. The elderly would benefit, as they
could sit comfortably until power was restored. it would also
be useful in houses with dark passages, especially where
there are frequent power cuts. Note that this system is for
use only in private homes and other places where no
emergency lighting regulations exist.

The emergency lighting system is a unit that can be
placed on a shelf and plugged into a nearby mains socket.
There is an on-off switch and a neon indicator which
confirms that the supply is on. The lamp itself is plugged into
a socket and placed in some convenient position.

Making sense

The unit contains a 12V lead-acid battery which is
maintained in a fully-charged state while a mains supply
exists. It will then power the lamp when there is a power
failure. On top of the unit is a hole which allows light to
reach a sensor on the circuit panel. This prevents the lamp
from coming on if there is already sufficient light in the room.

The bulb could be of the car type of, say, W rating. Such
a lamp would operate for about 15 hours using the specified
battery, and this would suffice for most purposes.
Alternatively, a bulb of lower rating could be used to give a
longer operating time. You could also use a small fluorescent
light {the 12V caravan or boat type). The nominal 8W variety
{which, in practice requires about 1A) would give scme &
hours of operation. Lamps requiring more than 1A {12W)
must not be used with thls unit. This is chiefly fof the
sake of the PCB tracks.

If lead-acid batteries are left in a deep discharged state
{that is, discharged much below a certain low point) they can
suffer permanent damage, despite what the supplier's data
might say. In the present circuit, this is prevented by an
audible warning given below a nominal 10V. The famp will
atso become noticeably dimmer. The user must then switch
it off using the lamp on-off switch on the front panel.

How it works
The circuit for the Guardian Light is in figure 1. The mains
supply is connected to transformer T1 primary winding via
on-off switch S1 and fuse FS1. LP1 glows while the mains
supply is on.

The transformer has two 9V secondary windings which

are connected in series to give a nominal 18V ac supply.
This is used in conjunction with bridge rectifier REC1 and C1
to provide a smooth dc on-load output of some 18V to 20V.
Fuse FS2 provides protection to this part of the circuit.

The supply is applied to the input (pin 1) of IC1, the
voltage and current regulator. This provides a fixed voltage
output of between 13.5V and 13.8V, which is correct for
continuous {“trickle”) charging the type of battery used, and
limits the current to what is safe to supply to the circuit. The
limit used here is 200mA. C2 and C3 are needed for stable
operation of the ic.

At a low point

Disregarding the current-limiting aspect for the moment, the
charging current would normally be related to the difference
between the supply voltage and that of the battery. Thus,
with the battery terminal voltage at the low point of 10V, the
difference would be about 3.5V to 3.8V and the current
would be relatively high. As the battery charges, its terminal
voltage rises, the voltage difference decreases and the
charging current falls. When fully charged, the difference
between the two voltages is very small and only a “trickle”
current of a few milliamps remains. This may be ieft flowing
continuously and serves to keep the battery in good
condition by overcoming the small loss of charge which
inevitably occurs.

However, the process above is modified because, at the
beginning cof the charging process when the voltage
difference is at a maximum, the current is limited by IC1 to a
safe working value. This prevents damage to both the
battery and power supply. The specified transformer is of the
BVA type and can therefore supply a maximum of 333mA
into a resistive load. However, due to the smoothing
capacitor, it must be de-rated, hence the chosen current
limit of 200mA. During most of the charging cycle, the
current will, of course, be much less.
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Voltage regulation

R1 connected between {C1 pins 3 and 4 operates with
preset pot RV1, connected between pins 2 and 4, to
determine the voltage at pin 2. On construction, the preset
will be adjusted so that between 13.5V and 13.8V appears
at the cathode of D1. Therefore between 14.2V and 14.5V
must be provided at pin 2. The voltage difference is
necessary to take account of the approximate 0.7V forward
voltage drop of the diode.

The pair of resistors R2, connected between 1C1 pins 5
and 2, determine the maximum current which can be
delivered by the output. The two resistors are connected in
parallel to obtain a close match to the value required (2
ohms), The current-limiting aspect of the circuit works as
follows: current flows from pin 5, through resistor{s) R2 and
develops a small voitage across it. This is sensed by pin 2,
and if it exceeds 0.4V, the ic turns the current down to
maintain 0.4V. The resistor value required (R) for a given
current limit {f) is given by this formuia:

R = 0.4/t

However, the voltage threshoid 0.4V is subject to a certain
tolerance, as are the resistors. The small resistance of the
inter-connecting tracks on the PCB must be taken into
account, so the current limit is only a nominal figure.

The voltage difference between IC1 pins 1 and 2
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Figure 1: the circuit of the Guardian Light
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multiplied by the current flowing gives the power dissipated.
This could exceed 2W with a seriously ‘flat’ battery, so the
metal tab is bolted to the aluminium case which then acts as
a heat sink. Most of the time, the current is quite small and
the heat dissipated will be minimal.

The ins and outs

If the mains supply is on, current flows from IC1 pin 2 via
diode D1 and fuse FS3 to charge battery B1. The fuse
protects against toc much current flowing in or out of the
battery. In a mains failure, the voltage at IC1 output falls to
zero. D1 then prevents any back flow of current from the
battery into 1C1. If the lamp switch S2 is on, current flows to
the circuit section based on the dual op-amp IC3. This
contains two independent, identical op amps, 1C3a and
IC3b. The top half ({C3a) forms the light-sensing section
while the lower one (based on IC3b) is the low-voitage
warning indicator.

Look at IC3a and ignore the effect of D2 for the moment.
The inverting input, pin 2, receives a voltage equal to half the
supply (between about 8V and 7V}, due to the potentiai
divider action of R5 and R6. The non-inverting input {pin 3) is

also connected to a potential divider made up of preset RV2
and fixed resistor R4 in the upper arm, and the parallel
arrangement of light-dependent resistor LDR1 and fixed
resistor R3 in the lower one. Ignore the effect of R3 for now.
While there is sufficient light reaching LDR1, its resistance
will be low and a refatively small voltage will develop across
it. Providing this is less than half that of the supply, the
voltage at pin 3 wilt be less than at pin 2, and IC3a output
pin 1 will be low. There will be no further effect and relay
RLA1 normally-open ("make”) contacts will be open with
lamp LP2 off. When the light level drops sufficiently, the
resistance of LDR1 rises and the voltage across it Increases.
At a certain point, the conditions at IC3a inputs will reverse
with the voltage at pin 3 rising above that at pin 2. The
output will then go high, current will flow into Q2 base via
resistor R12 and the collector current will cause the relay coil
to energise. The normally-open contacts then close and
allow current to flow from the supply to the bulb.

D3 bypasses the reverse high-voltage puise which
appears across the relay coil when the current is switched
off. Without this, semiconductors in the circuit could be
damaged. R10 provides some positive feedback and
sharpens the switching action. The operating light level will
remain the same with variations in supply voltage (that is, as
the battery discharges). This is because the voltage at each
op-amp input falls in the same proportion, so the relative
conditions remain unchanged.

A bit inhibited

The bulb must not come on while there is a mains supply,
and D2 prevents this. While there is a supply at IC1 pin 2,
D2 maintains IC3 pin 2 high (supply voltage less 0.7V due to
the diode). The voltage here will exceed pin 3 whatever the
light level, noting that it is subject 1o a 0.7V “loss” due to D1
as usual. The op-amp will therefore remain off and so will the
tamp. Most LDRs have a very high resistance in total
darkness, almost an open circuit - probabty much higher
than the stated “dark” resistance. R3 is in parallel with the
LDR, so the resistance of the two can never be greater than
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Figure 2: the component layout of the Guardian Light
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Figure 3: wiring up the different parts of the unit
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the value of R3 (1M). Without R3, the voltage across the
LDR in total dark would rise to that of the supply, where It
could exceed the voltage at pin 2 and switch on the op amp
and the lamp. When more light reaches the LDR, R3 has
only a small effect.

Sound warning

In the low-voltage warning section, IC3b non-inverting input
pin 5 recelves a fixed voltage of 5.0V due to the voltage
reference ic IC2. R7 allows sufficient current to flow through
it to enable it to work. Meanwhile, the inverting input, pin 6,
receives a voltage equal to half the supply, due to potential
divider R8/R9. When the voltage across B1 exceeds 10V,
the voltage at pin 6 exceeds that at pin 5 and the output, pin
7. will be low. This will also be the case when there is a
mains supply. If the supply voltage falls below 10V, the
voltage at pin 6 will be less than 5V, pin 7 will go high and
current will pass through R13 into the base of Q1. Collector
current will then flow through the buzzer, sounding ft. R11
provides some positive feedback and, as with IC3a,
sharpens the switching action.

It is important to switch off the lamp using S2 soon after
the warning sounds. If this is not done, the terminal voltage
would eventually fall to the point where the relay “drops out”.
However, this does not happen until it reaches approximately
2V. The battery is likely to suffer some damage unless re-
charged promptly.

Battery specification

The specified battery totally sealed with a nominal capacity
of 6.5 amp-hours: it could supply, say, 0.5A for about 13
hours. However, with a bulb of very low rating it will last
longer. A larger capacity battery would be more expensive,
bulky and probably unnecessary. Note that a battery
designed for cyclic use (repeated charging and discharging)
will last longer than the ordinary kind. However, the type
designed for “float” operation will work well providing the
iamp does not discharge it to the low point too often.

The buzzer should be loud while drawing only a small
current. The prototype uses a pulsed-tone type (see the
parts list). This has the usual red (positive) and black
{negative) wires plus three others in green orange and yellow.
if the green and orange wires are connected together it

emits a pulsed tone (this was the mode I used). If the green
and yellow are joined, it gives a two-tone sound. If they are
teft unconnected, it gives a continucus tone.

Construction

The PCB of the Guardian Light is single sided (see figure 2
for the component layout). Start by drilling the four mounting
holes, and those for the components as indicated. Solder
the relay, ic socket and fuseholders FS2 and FS3 into place.
Add C1 taking care with polarity, then the other capacitors
and resistors including the preset and LDR. Add the diodes,
bridge rectifier, transistors and voltage reference device
taking care over their orientation. The voltage reference ic
has one fiat side which should face towards IC3. Only two of
its pins are connected. Solder IC1 in position as shown in
the photograph. Make sure that the metal tab slightty
overhangs the edge of the PCB to enable it to be bolted to
the metal case later.

Solder pieces of different-cotoured stranded wire to the
points labelled “battery”, *18V ac in®, *S2" and ®lamp”. Fit
spade connectors to the battery wires. Adjust RV1 and RV2
to approximately mid-track position.

Boxing up

Important: The enclosure for this project must be
made of metal and should be large enough to allow a
gap of at least 50mm between the transformer and
battery. This is because the transformer becomes quite
hot when delivering the maximum current. The life of
the battery will be significantly reduced if its
temperature is allowed to rise above 30 degreesC.

Insulate the battery tags using PVC tape If this has not
already been done. This is necessary because lead-acid
batteries can deliver a very large current if short-
circuited. This can cause wires to become red hot and
result in burns and fire as well as damage to the
battery.

Place the PCB, battery and transformer on the base of
the box in their final positions (see photograph). Because the
battery is fully sealed, it may be mounted on its slde. Make
sure that IC1 touches the case so that it can be bolted in
position. Mark the PCB and transformer fixing holes and
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remove the components. Drill these holes then attach the
PCB temporarily using 12.7mm (0.5 in) plastic stand-off
insulators on the bolt shanks. Mark the position of the hole
in IC1 tab. Remove the PCB again and drill this hole. Make
holes in the back panel for the strain relief bush to be used
on the mains lead and the power-type socket (which will be
used to connect the lamp). Make holes in the front panel for
the mains panel fuseholder, neon indicator and for $1 and
S2. Make holes also for the buzzer, depending on type. The
specified buzzer is loud enough to allow it to be mounted
inside the box as shown.

Feeling the strain

Solder the buzzer wires to the PCB. If using the specified
unit, connect the orange and green wires together (to give a
pulsed tone) or as required. Attach the circuit panel again
and make sure that all connections on the copper track side
of the PCB are clear of the metalwork. Attach IC1 using a
small nut and bolt, checking that the pins are not left under
any strain. No mounting kit or heat transfer compound is
necessary but you should scrape the paint away from the
contact area and attach the ic firmly to make good metal-to-
metal contact. Attach the buzzer.

Mount the transtormer with the solder tag on one of its
fixings. Attach the battery on the base of the box using a
small bracket. Do not connect it up yet. Attach also the
switches, neon indicator and lamp connector socket.
Measure the position of the LDR on the PCB and drill a hole
of diameter 8mm approximately in the top section of the box
to correspond. Note that the LDR should lie about 50mm
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beneath the hole. This will make its response very directional Semiconductors

and will minimise the amount of light reaching it from the IC1 L200CV

lamp being controlled (which is important). REF50Z (Maplin DB
Refer to tigure 3 and complete the low-voltage wiring. 21?2405

Note that when wiring up the lamp socket, the outer (sleeve) WihE

connection must be connected to the negative “lamp” wire . S AN4001

on the PCB {that is, the lower one). D2 1N4148
: 1, ZTX300
Malins section
Now do the internal mains wiring. Use mains-rated wire ahd
foilow all relevant safety precautions. In particular, use an &
insulating cover for the transformer primary tags and a Xl ns-rated SPST rocker switch
plastic boot on the panel fuseholder. Use fully-insulated ' 5 :.099'9- rocker or slide
spade receptacles on the mains on-off switch, panel e X
fuseholder and neon indicator connections (see photograph). ety w.'th, ssh::;mcts
Make a suitable input lead using 3A three-core wire. :
Secure it using the strain relief bush leaving a little slack
inside the case. Fit a 2A or 3A fuse in the plug if it is of the
UK pattern. Hook the earth wire and a further short piece of
earth wire through the hole in the solder tag and solder them
securely in place. Solder the short piece of wire to the
negative (sleeve} connection of the lamp socket.

o e 2

Before proceeding, check that it is impossible to
touch any mains connections at the transformer
primary, fuseholder, neon indicator, on-off switch.or
anywhere else

Finishing off

Insert the fuses into their holders. Note that fuse FS1 (for the
panel fuseholder) must be of the mains high-rupture ceramic
type as specified. Do not use a glass fuse here. Insert IC3
into its socket. Since this is a CMOS component, it is
vulnerable to damage by static charge. To avoid this, touch
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something which is earthed (such as a water tap) before
unpacking it and handling the pins.

Prepare a suitable lead for the lamp and fit the plug. The
wire should not be too thin or there will be an excessive
voltage drop (especially over a long length) and the buib
will be dim. It seems that suitable bayonet-type holders for
small filament famps are not readily available. You may end
up having to solder the wires in pasition. This is acceptable
since the lamp will probably not be on very often and will
have a very long life.

Testing

Plug the lamp into the socket. Plug the unit into the mains
and switch on.'Note that if RV1 has been set to deliver less
than 10V to the circuit, the buzzer will sound. It would
therefore be wise to cover its hole with some PVC tape
until testing is complete! Check that the neon indicator
glows. With switch S2 on and with the battery still
disconnected, measure the voltage between the battery
connectors. Adjust RV1 until it lies between 13.5 and
13.8V (clockwise rotation of the sliding contact increases
it). If 82 is off, there will be no load on the system, the
forward voltage drop of D1 will be very small and this will
result in a figure which is too low in operation. Switch off
the mains and connect the negative battery terminal only,
taking care over the polarity and observing the precautions
to prevent short circuits mentioned earlier. Switch on the
mains and measure the charging current to make sure it is.
below the limit. To do this, set the meter to a suitable
current range and connect its leads between the
unoccupied battery tag and the free wire. Since the battery-
is probably well-charged when supplied, the current is fikely

to be very low. Remove the meter and connect the battery
positive wire.

After an hour or so, switch off at the wall socket to
simulate mains failure. Shield the lamp so that light from it
will not fall on the LDR. Apply a piece of Blu-Tak to the
LDR window - the light should come on. If this does not
work, adjust RV2 clockwise a little and re-try. Switch on the
mains and it shouid go off. RV2 should now be set so that
the unit operates with the right amount of light in the room.
Clockwise rotation causes the circuit to switch on at higher
light levels. The effect can only be assessed with the lid in
position, otherwise light will reach the sensor direct. It is
best if the unit is in its final position before doing this. If
much light from the bulb reaches the LDR, the retay will
chatter on and off near the critical point, and the bulb will
flash. Position the lamp so that much light does not enter
the hole directly or by reflection from the ceiling, etc. If the
case has slots in it, you may have to tape them over on the
inside to keep light out.

With the mains switched off to simulate failure again,
allow the buib to discharge the battery to the low point.
Use the voltmeter to monitor the terminal voltage from time
to time. At 10V approximately, the buzzer should sound. At
this point, re-charge the battery. Check the current again. It
should be about 200mA. If it is too high, adjust it by raising
the value of R2. Note that the case will become warm,
especially at the beginning of the charging cycle when the
current is at a maximum.

Normally, the unit will be left in place and forgotten.
Remember to switch off the lamp promptly if the warning
sounds. Remember also to switch it on again when power
is restored.
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DELUXE SMARTCARD PROGRAMMER £79.95
Read/Write/Copy ALL types of Smartcard 180, Memory, PIC, GSM, VideoCrypt,

Telephone, D2Mac, Mondex etc. Supplied with interesting Card information. and software.

hS ARD PROGRAMN £25.00
Read, Program ISO7816 Cards (GSM. VC, Mondex etc} Supplied with ISO card
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MEGAPROM ¥PROM PROGRAMMER £69.95
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in Ram tester. Universal quality ZIF socket. free software updates.

GAL PROGRAMMER £4995
Read/Write/Copy SGS / NSC / Lattice etc 16VSA/B/Z and 22V10ONSC standarg JEDEC
files. Smart case with ZIF. Supplied with PSU, Manual & Compiler software.

P87/C51/2 PROGRAMMER £39.95
Read/Write/Copy all makes of 87C51/2 including ATMEL flash 89 series. Universal 40
pin ZIF. Smart case user friendly.

CODEMASTER £99.95
Hand Held D2mac / VC2 programmer 32 Char LCD screen & Keyboard. Store up to 7
Cards in unit. Supplied with Latest D2mac, VC2 Codes.

ALL PRODUCTS REQUIRE AN IBM PC TO OPERATE UNLESS OTHERWISE STATED.
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Magnetic Swipe
Card Reader

An ISO track 2 card reader with PC-based Turbo Pascal software, by Magnus Pihl

f you've ever wondered what kind of
information is written on the magnetic strip on
your plastic cards, or want to build a security
system around a card reader, this is for you.
The applications of this little card reader are
many, from simply exploring the technology used with
magnetic card swipe readers, to building a full access
control for an alarm system or doorlock. The application
example given here is for a PC-based system. No PCB is
needed.

How cardreaders work

There are several types of card reader: there are swipe
readers, motor-driven readers and motor driven
readers/writers. Swipe readers are the cheapest, and that
is what we will use here. There are actually two types of
swipe readers, the swipe readers with a TTL interface or
swipe readers with an RS232 interface. The swipe readers
with the TTL interface (actually just without RS232
interface) are the cheapest, and cost typically about £20,
and - guess what! - that’s what | have used in this
application.

Omron’s manual swipe card reader 3S4YR-HNR-4U is
the one used In my prototype. This reads the ISC track 2
on the card. The BP! (bits per inch) can be adjusted
manually by a switch inside the reader, and it can easily be
rebuilt to read I1SO track 1 or ISO track 3. Tracks 1 and 3
written at 120bpi, and ISO track 2 is written at 75bpi.
When reading ISO track 2, the BPI switch should be set to
758PI, the ISO standard for track 2.

A card can have several tracks that can be written on.
Cards that follow the ISO standard have three tracks. The
most used track is Track 2 is most used, so choose a card
reader that can read ISO track2, like the Omron¥s 3S4YR-
HNR-4U.The connector has nine pins, configured as
follows:

1 N.C. Not connected

2 N.C, Not connected

3 N.C. Not connected

4 RDP Read data pulse

5 RCP Read clock pulse
6 CLS Card loading signal
7 Csv Current save

8 +5V Power supply

9 Ground Ground

In this application | only use RDP, RCP, +5V and Ground.
Then, using the PC to read the RCP and RDP signals, and

convert them to Ascii, | can read out the information. See
figures 1 and 2 to see how the program decodes the
data.

You cannot encode {programme) a card with a swipe
reader. Encoders ¢ost around £500-£1000, and are always
motor-driven.

Construction

| use the PC's games port to interface to the reader. The
connector is a 15-pin DSUB connector. Using a four wire
shielded cable, connect the reader to the D-SUB

Reader configuration for the Omron 3S4YR-HNR-4U

connector as follows:

Reader D-SUB.
4 (RDP) 7

5 (RCP) 2

6 (CLS) 14
8(+5V) 9

g {GND) 4,5,6,12

{Use the cable shield as GND)
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The software
Turbo Pascal.
Program CardReader;
Uses Crt;

Const
gameport=$201;

var
ch,a:array([1..200] of integer;
l:array([1..5] of integer;
ij,p.x,cn:integer;
end_flag:integer,

Procedure Wait_start;
Begin

Repeat Until (Port{gameport] and 32)=0;
End;

Procedure Wait_clock;
Begin

Repeat Until (Port[gameport] and 16)=0;
End;

Procedure Wait_clock_end;
Begin

Repeat Until {(Port[gameport] and 16)=16;
End;

Function data_input:byte;
Begin
If (Port[gameport] and 32)=0 Then
data_input:=1
Else data_input.=0;
End;

Procedure Read;
Begin
wait_start,
for i:=1 to 200 do
begin
wait_clock;
ali}:=(data_Input);
wait_clock_end;
end;
End;

Procedure LRC_count;
begin
if end_flag=0 then
begin
if ch[cn]=15 then end_flag:=i+5;
if afil=1 then inc([1]);
if afi+1])=1 then inc(l[2]);
if afi+2]=1 then inc{If3]);
if afi+3]=1 then inc{l[4]);
if afi+4])=1 then inc(I[5));
end;
end;

Procedure Parity_check;
Begin
if (o mod 2 = 0} and (ali+4)=0)
then begin writeln(‘Parity
Error');i:=300;end;

if (p mod 2 <> 0} and (afi+4]=1)
then begin writeln(‘Parity
Error');i:==300;end;

end;

Procedure Translate;
Begin
for i:=1to 5 do
1[i]:=0;
i:=1;cn:=1;end_flag:=0,
while 1<200 do
begin
:=0;p:=0;
if afij=1 then begin j:=j+1;inc(p); end;
if afi+1]=1 then begin j:=j+2;inc(p); end;
if a[i+2]=1 then begin j:=j+4;inc(p); end;
if afi+3]=1 then begin j:=j+8;inc(p}); end;
chlcn]:=j;
parity_check;
Irc_count;
i:=i+5;
inc(cny);
end;
End;

Procedure Print;
begin
for i:=1 to 40 do
begin
if chfi]>10 then write(chli})
if ch[i]=11 then write('<');
if chlij=13 then write(* ');
if chfi]=15 then begin
write(‘>");i;:=40;end;
end;
end;

Procedure LRC_check;

Begin
for x:=1t0 5 do
begin
if {I[x} mod 2 = Q) and (a[end_flag+x-
1 ]=1 }
then begin writein{'LRC *,x," Error');
i:=300; end,
if (i[x] mod-2 <> 0) and (alend_flag+x-
1]=0)
then begin writeln{‘'LRC ',x," Error’);
i:=300; end,
end;
end,
begin

writeln;

writeln(*Waiting for card programmed with
ISC standard 3554-1976(E)’);

writeln(‘ i
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read;
translate;

it 1<300 then print else
sound(500);delay(900);nosound;

repeat
until keypressed;

end.

Decoding procedure

Cards following the ISO standard are encoded with 5 bits
per character, (unless it is alphanumeric, as tracks 1 and 3
are}. The first four bits are the actual data and the fifth bit
is an even parity check. The last five bits are the longitude
redundancy check (LRC}). This is how it works:

The Ascit tabl}\
0000 =0
1000 = 1
0100 = 2
1100 =3
0010 =4
1010=5
0110 =86
1110=7
0001 =8
1001 =9

1101 = 11 => Start sentinel
1011 = 13 =>Field separator
1111 = 15 => End sentinel

The data is written in 5-bit words, always starting with the
least significant bit, then two bits more, then the most
significant bit, and finally an even-parity check bit . All
even Ascii values should end with a zero, and all odd Ascii
values should end with a 1 to be accepted by the system
as correct data. When all 40 characters are transferred,
the last 5-bit word is a longitudinal redundancy check.
This is like a parity check, but longitudinal instead,
covering all transferred data. Thus it is easy to check that
all data was successfully transferred.

1101 0 =11 =Start sentinel
0001 0 =8
10101 =5
1000 0 =1
01101 =6
1001 1 =9
and so on ...

Waiting for card programmed with ISO standard 3554-
1976(E)

<8516998749515001 990551420185111%1>
KXHKIOOOKOOKIN IHXK

ACCOUNT NR Expires May, 1999

l DONT CARE

A
= DT
B 1111

SEE NOTE 214 +{ eoms MAX
K] l

NOTE:
1 LOGIC CIRCUIT IS RESET WITHIN 500uS MAX
2 IGNORED 8ITS FROM THE CARD EDGE ARE SELECTED
BY SWITCH ON PC8. AS FOLLOWS —

&

SEE NOTE |:¢——u

{AMP OUTPLT)

SWITCH IGNORED BITS ISO TRACK
75 7 B17S TRACK 2
210 18 BITS TRACK 1 OR 3

Figure 1: card output signal timing.

S -‘"’ﬂ
_LI—_LI b
| ‘,] I. __1.8-45)8
‘F.!Nr_‘),]
b e

DATA w 1 L (')

tain) = T(n-1). 57
min)=Tn. 172

Figure 2: output serial-data timing from the card reader

gore screened cable
-pin male DSUB connector

ELECTRONICS TODAY INTERNATIONAL




:'Dfé-t:_ennined Amateur Designer Seeks
Sponsorship for Rocket Development

Daniei Jubb, Britain's youngest participator in the interational
space race is as we write about to make a bid to put the
world's first amateur-built rocket into orbit. SV
Daniel has been designing, buiding and launching single-
and multi-stage rockets since he was nine. Now aged 13, he is
planning 1o launch his latest rocket, the 14-foot Falcon 7 MK it
n Aprit at the Otterbum Army Field Training Centre in
Northumberand, the site of two of his preMous faunches. The
latest rocket is a single-stage, reusable launch vehicle believed
to be capable of reaching an altitude of 20,000 feet moving at
around 3,000 mph. '
The Falcon 7 has an on-board computer guidance and data
logging system including components buit to Daniel's own
design. The details of the system are being kept
understandabty confidential, but the logging system can
process over 200,000 bits of information per second operating
at a speed of 19,200 Baud, and can store up t a gigabyte of
data. The data will be gathered by sensors throughout the
rocket reading information on speed, position, direction and the
internal stresses it wil undergo during fight. The rocket -
prudently - also contains a custom-buit radio data link
incorporating a modem and transmitter
The prize of US$ 2 milion offered by a private American
consortium for the first independent organigation to put a
vehicle into orbit has attracted many competitors into the world
of rocket technology.
The space race, including among dedicated amateurs and
small-rocket researchers i fraught with uncertainty. Recently
Starchaser, a two-year, £70,000 rocket project by the University
of Salford Space Technology Laboratory, crashed into a fiing
range on Dartmoor after only 200 feet of cimb when the
motors failed to ignite in synch. The rockets developers are
setting back down at the drawing board for the next step in
their mission to put a low-cost satelite into low earth orbit. Even
Stephenson’s Rocket started with James Watt's kettie, financial support in his bit to break the records.
Daniel Jubb has had several successful launches and plans Anyone who wants to join the project with some
1o fit the Falcon 7 with & larger motor capabie of taking the sponsorship and wants more details should contact Robin
rocket 20 miles into the stratosphere following his April launch. Gregson at interface PR, Brook House, 70 Spring
Daniel is looking for sponsorship from any company that Gardens, Manchester M2 2BQ. Tel 0161 907 3075 fax
may be able to provide speciafist components or some modest 0161 907 3080

Major New Award Scheme for Technology Students

" Eight of Britain's leading Industrial=companies have joined forces fo sponsor the new Science, Engineering and

- Technology Student-of the Year'Awards, with the aim of changing aititudes towards technology education.

Prizes worth more=than.£40,000 will be presented at a ceremony in June 1998. The awards will gover the'rarige of
technology education fromcivil engineering to biotechnology and compuler science. Some of the categories includé:
' Best Aeronautical Engineering student; best Electronic Engineering studerit; best Physics student. best Computer
. and Computer Softwarestudent; Best Civil Engineering student, and a number of other categories. as well as the
Science. Engineering and Technology Student of the Year.

Awards ofganiser Malcolm Turner says: “there has been an unspoken assumption that making things is less
prestigious than dealing in things. This is not the.case In the USA. France or Japan, where techalical degrees are
"among the most sought-after, or Germany, where engineering is considered to be more prestigious than medicine.

The awards can be seen as part of a movement in recent,years to raise awareness of the importance of
engineering and science in“thé UK.

Entry fofms are being delivered to UK Universities and students must be entered by their lecturers, who must be
full-time letturérs at universitigs within the United Kingdom of Great Britain and Northern Ireland. Lecturers must
send a completed, application form by not later than 15 May 1998.

Far more information=contact Turner Meredith Ltd.. 13A Loweér St., Haslemere. Surrey GU27 2NY. Tel 01428
- 6586588 fax 01428656155.
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950% discount for ETI readers
on Kenwood power supplies

Normal price inc vat exc del
PAC20-3 £264.38
PAC30-2 £264.38
PAC30-3 £287.88
PAC30-6 £464.13
PAC60-1 £346.63
PAC60-3 £464.13

ETI reader price inc vat & del
PAC20-3 £129.00
PAC30-2 £135.00
PAC30-3 £145.00
PAC30-6 £219.00
PAC60-1  £139.00
PAC60-3 £229.00

FEATURES Constant voltage/current

Twin large led displays Coarse & fine voltage control
Very low ripple & noise Output on/off switch

Floating outputs Constant current check switch

Vann Draper is offering over 50% discount to readers Ues il CoRpen SoF your WSS

of ETl magazine on the PAC range of high quality

Kenwood power supplies until May 31st. { Fisias Rndims

...... PAC20-3 power supply(s) at £129 inc vat & del

The Kenwood PAC series feature twin led displays for | PAC30-2 power supply(s) at £135 Inc vat & del
simultaneous displgy of voltage and current, very low B PAC30-3 power supply(s) at £145 Inc vat & del
noise & ripple, floating outputs for -ve or +ve grounds | PAC30-6 power supply(s) at £218 inc vat & del
and will operate in constant voltage or current modes. @ PACB0-1 power supply(s) at £139 inc vat & del

All power supplies are delivered ready to use - PAC60-3 power supply(s) at £229 inc vat & del

complete with mains lead, operating manual and a > INER
12 month guarantee.

B g

Address : l

To order simply post the coupon to Vann Draper : i
Electronics Ltd at Unh 5, Premler Works, Canal St, E !
South Wigston, Leicester LE18 2PL. 5
Alternatively tel 0116 2771400, or fax 0116 2773945, o . {
Lo : : Total £........ i

Key speclflcatlons Cheques payabte to Vann Draper Electronics Ltd :

Modsl Rating Rippie Lire reg'n  Load feg’n Or debit my visa, master, access or switch card i
PAC20-3 0-20V0-3A 0.5mVrms 4mV amv { Cardtype : 5
PAC30-2 0-30V0-2A 0.5mVrms 5mV smV * CardNo: §
PAC30-3 0-30V0-3A 0.5mVrms 5mV sMV ! | Expiy-date : SloN s o : 5
PAC30-6 0-30V0-6A 1mVrms  SmV smv - Sigriive ¢ §
e S L il aakd Overseas readers can still obtain this discount but :
PAC60-3 0-60V 0-3A 1mVrmms smv 8mv ; details vary accordmg to country Please phone or fax. :

T T T S T L T e T T e w ‘i e A . == .u..-
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Compact 27C16

Eprom

Programmer

Richard Grodzik’s compact 2k eprom programmer runs from DOS commands and
programs in two seconds per eprom

he eprom programmer in this article was designed to
program 2k 27C16 eprom in 2 seconds, using a 9600
baud senal PC connection and simple DOS
commands. It's a handily small-sized board that can
be camied around, runs from a 9-volt PP3 battery. An
onboard dec-dc converter generates the programming voitage.

The 2k eprom

The 2-kilobyte eprom has been in use for over twenty years and
always was a good starting point for eprom-based projects. It is
found in countless microprocessor “trainers' and for a long time has
been widely available in the quick-programming 12V75 version, type
2716BQ200. This project was designed to answer the need for a
quick and simple solution: to programming these devices. No
software driver is required. Object code is sent from the PC to the
Programmer using the simple DOS copy command. The RS232
protocol used for communication between the PC and the
Programmer is 9600 baud, 8 data bits, no parity, 2 stop bits. To set
up the PC for this protocal, the DOS ‘mode’ command is invoked:

MODE COM1:96,N,8,2

If the COMZ serial port is to be used, COM2 is substituted for
COM1.Then it is a simple matter to send the object code 2048
bytes (0800H) in depth using the DOS copy command, that is:

COPY FILENAME.OBJ COM1/B

A couple of seconds later the eprom is programmed. Multiple
eprom programming can be accomplished, as the onboard
fimware runs in a continuous loop and is automatically re-
configured for each successive eprom. The firnware to drive the
Programmer is contained in a PIC, and a pre-programmed PIC is
avajiable from the author (see the end of this article)

The eprom

The 27C18BQ200 eprom requires a nominal 100 microsecond
prograrnming pulse, a Vpp programming voltage of 12v756 and a
Voo supply of 6V2. Since it takes only 2.5 seconds to program the
entire eprom, a battery-based voltage source Is practical. | was
faced with the problem of generating the various voltages from a

PP3 9-volt battery. Glancing through the component

catalogues revealed a BV2 regulator (7862), availatle from Famell
glectronics. The 13V de-de converter is available mainty from the
manufacturers’ agents. Two of them do one-off orders (see end of
articte) This works out a bit mare expensive than the big catalogues,
but only'a pound or so plus the postage.

The main requirement for an eprom programmer is that no
voltage is present on the eprom socket when the eprom is inserted
or removed. At best, random data would be programmed into the
eprom; at worst, the eprom would sustain catastrophic darmage.
The circuitry associated with transistor BD140 supplies the 6V2
voltage to pin 24 of the eprom socket onty when the RAC line of the
PIC is low. Simple transistor action will then drive the PNP transistor
into saturation, the emitter/coliector junction attaining a near short
circuit and thus applying the full 6Y2 voltage to the supply pin of the
eprom. The NM0513 is also controlied by the RAQ line via a FET
(BS170) transistor switch. A low on the gate of the transistor will
ensure that the transistor is switched off. The ‘open collector’
configuration, that is, no load resistor provides a very high
impedance (a virtual open circuit) at pin 5 (the control pin) of the dc-
dc converter and the full 12V75 is applied to the Vipp pin (21) of the
eprom. A high on the RAD line will drive the BS170 transistor into
saturation and will reduce the corverter output to
1V5.Simuttaneously cutting off the BD140 transistor and isolating
the BV2 supply. A standard 78105 5-volt regulator supplies both the
NMO513 and aiso the PIC chip and 4040 counter,

The communications link between the PC and the eprom socket
is based in the PKC16C54XT/P application specific programmable
microcontroller which has been programmed to receive RS232 data
at 9600 baud. Since at that speed each bit ‘cell’ is of 104
microseconds duration, a 2-stop-bit protocol has been chosen to
create a 208 microsecond buffer zone between each received data
byte. A software delay of 104 microseconds is used during this time
for the programming pulse, the remainder used for software
overhead and ‘waiting time".

The ‘MPSIM* PIC simulator was used to develop the firmware
and is especially useful in that precise measurements of software
execution can be made 1o verify that a delay loop is of the required
time duration. The 4-MHz crystal of the eprom writer produces a
clock cycle time of 1 microseconds. The SC 1 command in the
simulator will then show real time events as the software nuns. Sure
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9-WAY D-TYPE SOCKET
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Figure 1: the circuit of the 27C16 Eprom Programmer

beats the old method of consulting the manufacturer's data sheet to
determine the execution time of each instruction and then
calculating the total time required for a software loop. | was always a

on line RA2 does not activate the counter on switch on. This was

found to be the case with the OTP but not the UV version of the

hundred microseconds out. But beware. Simulating a 1-second

delay loop on the simulator takes at least an hour!

The pumpose of the 4k7 resistor which grounds the RAT pin of

the PIC is to ensure that the RXD input (RA1) is at a logic-low levei (a

stop bit) if the communications link is disconnected. As successive
senal data bytes are received, the PIC's firmware converts them to
an 8-bit parallel data byte and presents them to the data bus of the
eprom socket via port lines RBO-RB7. The programming pulse
bums the data into the eprom and increments the eprom address
counter on the faling edge of the pulse. A simple R-C network
resets the 4040 counter on switch-on, clearing &l Q outputs to zero,
that is, address OOOCH. if a key is pressed inacivertently on the
keyboard, the corresponding character will be transmitted from the

terminal emulator to the eprom Wiiter - and

the LED will turm on. Re-powering the Whiter will re-inltiglise the
systern back to zero state. On completion of programming (when
2048 bytes have been received),the LED will go out, permitting

the safe removal of the eprom, since all supply voltages to the

socket will have been disabled.

Hints

If frequent use of the programmer is anticipated, then the reverse
vottage protection diode (D1) may be omitted, extending the useful
battery life. The CR circuit associated with the reset pin of the 4040
address counter has a long time constant to ensure that any glitch

PIC!

The PIC Listing (27C16.LST)

0001:

0002: 3

0003: LIST p=16C54

0004: B

0005: O0OOIRXD EQU1 :PAl

0006: 0003 STATUS EQU 3 ;STATUS REGISTER

0007: 000SPORT_AEQU S ;PORTA

0008: 0006 PORT_BEQU6 ;PORTB

0009. 0007 MSB EQU 7

0010:  000B COUNTR EQU OBH

0011: 0009 DLYCNTEQU 9

0012:  000A BUFFER EQU 0AH

0013: 000C BLOW EQUOCH ;BYTE COUNTERS

0014: 000D BHIGH EQU ODH

0015:

0016: 0020 BAUD_1 EQU 32 ;9600 BAUD 1 BIT
PERIOD

0017: 0030 BAUD_ISTEQU .48 ; 1.5 BITS

0018:;

0019:

0020:
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Figure 2: a suggested configuration for
accommodating a larger eprom Figure 3: the component layout for the 27C16 Eprom Programmer
0021: 0057: 0013- (REB DECFSZ COUNTR,1
0022: 0000 ORGO 0058: 0014- OAOE GOTO NEXT
0023: start 0059:
0024: 0060:
0025: 0000- 0000 NOP 0061: 0015- OCFF  MOVLW OFFH;INVERT DATA
0026: 0001- 0000 NOP 0062:
0027:  0002- 092F CALL INIT 0063: 0016- 018A XORWF BUFFER.0
0028: 0064:  0017-0026 MOVWF PORT_B ;SEND TO PORT
0029: EPROM B
0030: 0065:
0031: 0003- 0C40 MOVLW .64 0066: 0018- 0545 BSF PORT_A,2 ;CE/PGM HIGH
0032: 004- 002C  MOVWF BLOW 0067 0019- 0923 CALLDELAY ;BURN PERIOD 104 uS
0033; 0068: 001A- 0445 BCF PORT_A.2 ,CE/PGM LOW
0034:  0005-0C20 MOVLW 32 0069:
0035: 0006- 002D MOVWE BHIGH 0070: 5
0036: 0071: 001B- 02EC DECFSZ BLOW,1
0037: CYCLE 0072: 001C- 0A07 GOTOCYCLE
0038: START_BIT 0073:
0039: 0007- 0725 BTFSS PORT_A,RXD 0074:  001D- 0C40 MOVLW .64
0040 0008- 0A07 GOTO START_BIT 0075: 001E- 002C MOVWF BLOW
0041: 0076:
0042: 0009- 0405 BCFPORT_A,0 ;POWER ON 0077: 001F- 02ED DECFSZ BHIGH,1
0043: 0078: 0020- 0A07 GOTOCYCLE
0044 000A- 0C08 MOVLW 8 :8 DATA BITS 0079: 0021-0505 BSF PORT_A,0 ;POWER OFF
0045: 000B- 002B  MOVWEF COUNTR 0080:
0046: 0081:
0047: 0082: 0022- 0A03 GOTO EPROM
0048 000C- 0929 CALL DELAYIST ;1.5 BITS DELAY 0083:
0049: 000D- 006A CLRF BUFFER- ;CLEAR BUFFER 0084
0050: 0085: DELAY
0051: NEXT 0086: 0023- 0C20 MOVLW BAUD _1
0052: 000E- 0403 BCF STATUS,0 0087: 0024- 0029 MOVWEF DLYCNT
0053: 000F- 032A RRF BUFFER 0088: 0025- 02E9 REDOI DECFSZ DLYCNT,1
0054: 0010- 0625 BTFSC PORT_ARXD; 0089: 0026~ DA25 goto REDO1
0055: 0011- 0SEA BSF BUFFER,7 0090.  0027- 0004 CLRWDT
0056. 0012- 0923 CALL DELAY 0091:  0028- 0800 retiw 0

ELECTRONICS TODAY INTERNATIONAL
63




0092: RXD 0005 (0000001

0093: START_BIT 0038 00000007
0094: DELAYIST STATUS 0006 00000003
0095:  0029- 0C30 MOVLW BAUD_IST start 0023 00008000

0096:  O02A- 0029 MOVWF DLYCNT
0097:  002B- 02E9 REDOIST DECFSZ DLYCNT,1
0098:  002C- OAZB goto REDOIST

0099:  002D- 0004 CLRWDT
0100:  002E- 0800 retlw
0101:

0102: INIT

0103:  0Q02F- 0C02 MOVLW 2
0104:  0030- 0005 TRIS PORT_A
;RAQ OUTPUT 6V2,12V75 CONTROL
0105:  ;RAt INPUT RXD 9600 BAUD
0106:  ;RA2 OUTPUT PGM/CE 100 uS
0107:  ;RA3 OUTPUT OE H=PROGRAM, L=READ
0108: /
0109:  0031- 0CO0 MOVLW 0
0110:  0032- 0006 TRIS PORT_B ;RB0O-RB7 DATA

OUTPUT
O111:
0112: 0033- OCFF MOVLW (QFFH ;PORT B LINES ALL

C1,C3

HIGH o2 c4
0113:  0034- 0026 MOVWEF PORT_B C5. C6
0114; -
0115:  0035- 0445 BCF PORT_A,2 ;PGM/CE Semiconductors

LOW ic1 7862 6.2V regt
0116:  0036- 0505 BSFPORT_A0 ;POWER OFF No. 412-958) ye
0117:  0037- 0565 BSF PORT_A3 ;BURN MODE Ic2 78L05 5V regulator
0118: IC3 NMF0513S 13V de-dc cod
0119: below)
0120 IC4 PIC16C54XT/P {available p

R from the author)
0]2] 0038- 080C RETLW OCH IC5 4040 ripple counter
0122: ' D1,D2 1N4148
0123: : BS170 fet
0124: BD140 pnp transistor
0125: 0000 org O01FFh S5mA miniature led
0126:  O1FF- 0AQ0 goto start
0127854 S
0128: 0000 END 4MHz crystal
4-way zif socket
- D-type socket

Cross Reference. .
27 s miniature DIN socket and plug

Symbol Def. Value ntable PCB artwork is

'..lg-:"

e Aol ADOAg WO4AU=S QL)) 7. 99Ul JOL ISTIT S I MY

BAUD_I 0016 00000020 | post and packing, from Mr.
BAUD_IST 0017 00000030 ord Road Bradford BD3
BHIGH 0014 000000OD

BLOW 0013 0000000C

BUFFER 0012  000OOO0A

COUNTR 0010  000OOOOB

CYCLE 0037 00000007

DELAY 0085 00000023

DELAY1ST 0094 00000029

DLYCNT 0011 00000009

EPROM 0029 00000003

INIT 0102 0000002F

MSB 0009 00000007

NEXT 0051  00OOO0OE

PORT_A 0007 00000005

PORT_B 0008 00000006

REDOI 0088 00000025

REDOIST 0097 0000002B
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CHELMER VALVE COMPANY

If you need Valves/Tubes or RF
Power Transistors etc. ...then try us!

We have vast stocks, widespread sources
and 35 years specialist experience in meeting our
customers requirements.

Tuned to the needs of the Radio Amateur

Chelmer Valve Company, 130 New London Road
Chelmsford. Essex CM2 ORG. England

Tel: 44-01245-355296/265865

Fax: 44-01245-490064

DISTANCE
LEARNING COURSES in:

Analogue and Digital Electronic
Circuits, Fibres & Opto-Electronics
Programmable Logic Controllers
Mechanics and Mechanisms
Mathematics

Courses to suit beginners

and those wishing to update

their knowledge and practical skills
Courses are delivered

as self-contained kits

No travelling or college attendance
Learning is at your own pace
Courses may have

BTEC Certification and Tutoring

For information contact:

NCT Enterprises

Barnfield Technology Centre

Enterprise Way, Luton LU3 4BU

Telephone 01582 569757 » Fax 015682 492928

Midlanbank Farm, Ryelands by Strathaven, Lancashire, ML10 6RD
Tel: 01698 883334 | 884585 Fax: 884825
Send a S.AE. for your EREE Catalogue & Quote.

TLS.

Unconditional replacement or refund on any item if not as requested

TOP SELLING BOOKS

Pract’ TV or VCR Repairs-£16.95 (Both £30)
Buy/Sell/Serv'/Repair Used Equipment -

=] SERVICE

MANUALS

3 UNIQUE SERYICE MANUAL OFFERS
GUARANTEED SAVINGS TO YOU NOW!!

*LIBRARY Joining fee £65.00
You receive any Service Manuals, no matter

CD,TVor VCR-  £1095 ecach (All 3 £27)
6 Giant IC Ref Manusls - £12.95 each

DESIGNER COLLECTIONS

Comprehensiva Circuits Callactions of any make of CTV

Data Ref Guide - Identifies/ prices/ cross-ref's
£9.95 (3.5" Disk £5)
Microwave Energy & Ovens - £995
3.5" Disk Drives - £9.50
The Giant Fault-Finding Guldes:-

CTV's £16.95/VCR's £16.95

data for most models - list in Free Catalogue.

any 3 CTV Circ Collections.

as requested, prices from £8 to £49 {IE. Alba/Bush £20) Full

Amateur Kit: 10 Service Manuals {as needed), Data Rel,
Pract’ TV & VCR Repairs, Radio Repairs, Thorn Serv’ Set &

Profassional Kit: As above + 10 Serv’ Man's, Microwave
E&D, BuyiSell/Serv’ Collection & 2 More CTV Cire’s. £370

how expensive, for £10 each, and you get a £5
eredit for any you return.

*PRE-PAY MANUALS

You get 20 Service Manuals, as and when you
need them; as many or few at a time as you
want, for a one-off payment of £185
*SERVICE MANUAL EXCHANGE

£199 | | If you have a Service Manual we don't have
and necd another manual (ie. TV for TV, VCR
for VCR}, we will exchange it for FREE.

Please add £2.50 to all orders to cover Postage & Handling

WORLD'S LARGEST SERVICE MANUAL COLLECTION

Normal Prices Given (Some Manuals may be Cireaper or more Expensive)

I =‘: VCR/VIDCAM - FULL MANUALS £16.50 - CIRCUITS £8.00 COMPLETE F
CTV's / CD's - FULL MANUALS £12.50 - CIRCUITS £6.00 COMPLETE o=

AUDIO, CD, COMPUTERS, MONITORS, DOMESTIC / TEST EQUIP’, ETC.. FROM £4.00
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Video Surveillance

Pinhole Board Camera (B&W) 12v
DC, 0.1LUX, ;
380 TV Resolution A universal 20 MHz

Size: 35mmx3smm £35.00 storage oscilloscope

Pinhole Board Camara (Color) 12v
DC, 0.5 LUX,

420 TV Resolution

2 board foldable

Slze: 40mmx40mm £190.00

Audio/Video Transmitter module
12v DC, 4 Channel Selection
900Mhz-1200MHz, FM Modulation

£120.00
7 j A slimline storage oscilloscope and digital
S voltmeter with a sampling rate of up to 20 MHz.
Ot e 150.00 Inclusive software enables the recorded signals to
be displayed simultaneously on a PC screen.
e et ok AR ey, <
.00
g N Trigger: +internal, +External, Auto. EIOCU’O!:!IC Thmgfes =
Voltmeter: AC and DC. Very Friendly Prices
We also stock: Supply Voltage: 9 V to 13 V DC, 13 mA, external.
Time & Date Generator, Minature PIR etc. Trigger, ground, power & serial cables included.
Confidential Communications Limited 0 Also Available;
) : uts ©CD Camera Modules from £60
ol | danioeie Forr s e i Tl
iy o Limited A
Tel (44){(0) 181 968 0227 Fax: (44)(0) 181 968 0194 2 Chase Cottages, p,easg add £2 p&p to alf orders.
Email: 106075.276 @ Compuserve.com New Road, Aldham,
Essex CO6 3QT Tel. & Fax 01206 213322

HOW DOES YOUR EQUIPMENT MEASURE UP?

AT STEWART OF READING THERE’S ALWAYS ‘SCOPE’ FOR IMPROVEMENT!

PHILIPS PR320 Dusl Trace 400MHZ Dusl TR Cursons 1EEE [ 1]
CAN YOU BEUEVFEOI; ' mce TEXTRONIX T704A e T m LOOK!
£350 TEKTRON 2465 § Ch oM Daiay Sweer Curon BRAND NEW OSCILLOSCOPES - NEVER
1 TEXTROKDX 245728434 4 Ch 1. " E!
TENTRON it é‘ur%?‘”mms‘“m"“w i USED LIMITED STOCK
TEKTRON 2235 Dual Trace 100WHC Deiey Swwep 0% - w)
TWATS( SSET11 4 Ch 1007 Detay Sweep 550
PHILIPS 3055 231 On 5002 Doty DualTB (213
GOULD 05100 Duis Trath J0MHZ €200 Wieh Doy 240
GOULD 05300 Dusl Trace 20WHZ 200 PAMASOMIC YP3TTTA FWAM SIGNAL GENERATOR

2CUNME, 217504 Seap Desy -

OTHER SOMBINATIONS AL, 100KHZ- Y00MHZ: Pl 0 —GKHZ, Outperd =1 0cBl-Sn88 Al 0-00%: 32 Presdt

et LD Dapiay 2 Chamel SMS'S. A a4 i i My ity DR e Sl G e X

DMS 34504 DNGITAL STORAGEDMM

TEKTRONEX 2215 - DUAL TRACE S0MHZ DA Cacarsarce Frequency Counter Opergton of eneTal
SVDC Asanr suppbed). RS2X Carmes: g KENWOOO FL 1804 WOWFLUTTER METER
- & 1B MARCON! 2015 Syn AMFM Scra Gen B0KHZ-104MHT £1 s * 'fo.m mm orobes n.;. ...; ;m| B0T%-10%; Fraq 3022 1900
f s WARCON 2017 Prased Lock AWFM SgnalGen 100212067 £1750 FOR DOLY 1400 < FMSIVERAGEPEAK: Fiers
CAN YOU BELIEVE IT - A 1GHZ GENERATOR = RS I i v e katy
Unad £400 Un-Uond £500

FOR ONLY £450

Celay inchuces 2
i OMLY £400 e

OTS 40 OKGITAL STORAGE Pyl P | 030 Vol 10 Arrps
Dusé Traze 40MHZ 2057 Siorage. Cursors + On Sower Resdoul Sweep E .

WP 85404 AN M Sigrgh (G SO0KCHZ - 1024MHZ - Audkc Oplion ihetace W, 0. Supoked Crnmed It bogina bk compine wih 2 Po el Lo 0180
Ratasietel B | i o —_—.
L 5 1 Pomarie £ AMAZING VALUE AT £400
MARCON 6311 Programmabie Sweep Gen 10MHI-20GHZ £4500 GOODWLLL GYT427 DUAL
- s Ty e o
F 1
R ] PHILIPS PN 122 Progaeracie & Furc Gen 0 HZ- 0BT 1000 Froancy 104 - 3
L PR o ot o 8 001 T o ' -4 < St b
1 we 400 - X
PHILPS PUSIS2 St Fure Gen .12 27 2% DT 20 Dol Trace 20HZ A0 Mag TV Toig e == B o
U] § hoand supphed w1 2 peckes & Manua €224 TRl ™ 1swmss-mg
S als

Amw“mﬁ Mmumnumnwmmmm
Compinte with Batienes and Leads 0 Curtert 10Ames: ww'm&zzalme
FARMELL PSG1000  1OKMZ - 1GHT smsoammmamnuncw CONYERTOR
R Syrrasned Sgral Generalor Fortable s For Car ko Seryeiry Ui Used €10 ]
Un-ised £4500 Used 995 - l
550 NETROWN FARNELL, AMM2000 SOPHISTICATED . ", FARMELL LA
B on 500V Banery Meggar 6 el barsap Auternate: odulston Meer 10HZ - 2 4CHT ‘sl T
e ot ks 21 PG 00 e,
T Complate wih Eaieres arc Laads Un-Used [T Untwd 1S
=
i = POWER SUPPLES
[-", * : EARNELL AP1000 3 100Vhs, ©-J0Arx Auko Aanging 3]
= - FARNELL HEIY25 04N, 0- ket =
o el SOLARTRON TS AR LYt B i
4 172 S Berich Hultimias with lens WAYNE KERR AKM25S EARNELL Lml ommrm o
o MMMAW“EMMIWIW 26HE N2 DYt FARNELL LT 0-30¥chs, It op
muvmum‘mwmmmmm o5
HE 3502 THURLE. THARDAR TSPLT2 Brammece iy Dhees Tce GPE DS (50
Oual Trace 20M-Z Sri¥-20V:O, 0.2 3603-0.5 SeciDer: SOLASTRON T151 DU §12d0 IEEE £450 DUMAIY LOAD W TYPE THURLEY PLIZG 0-X0oks, (- 2Ams 78 Digtat 0
X¥: X5 Mugraiee: TVSyG ot SOLARTRON 7150 DMM 61224t [EEE Koot 75 Vst mv?u1mm [ me
Horty ad £150 Un-Uned £200 Trog A5 00 Un-Use €3¢ SUPFLIES AVALABLE

E STEWART of READING g | Used Equipment - GUARANTEED. Manuals supplled

110 WYKEHAM ROAD, READING, BERKS. RG6 1PL VISA | | T™isisaVERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availability before
Telephone: (0118) 926804 1. Fax: (0118) 9351696 _
Cahers Welcome # am - 5.30 pm My}u Frday {ofher imes Dy arangemart]

ELECTRONICS TODAY INTERNATIONAL
67

ordenng, CARRIAGE all units £16. VAT to be added to Total of Goods and Camage.
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Please supply:
Quantrty Project Unit-Order Code Price : Total price

Prices are Inclusive of post and packing in the UK. Overseas Post and
Packing (if applicabie): Add £1 per unit

Acldress

| enciose payment of £ w.ccevneanee ... (cheque/PO/money order in £
Sterling only) to:

PCB Senvice, READERS SERVICES DEPARTMENT, Nexus Special interests Ltd.,
Nexus House, Bourdary Way, Hemel Hempstead, Herts HP2 7ST UK.

DDDDDDDDDDDDDDDDD

Signature:

Card expiry date: ...
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STEVENAGE

Professional Sub-Contract Manufacturing & Suppliers to the
Electronics Industry

Do you have a requirement for any of the following services:

PCB Assembly (Conventional and  Product Design/Consultation
Surface Mount) Full Procurement Service

Wave & Hand Soldering PCB Test & "Bum in" Facilities
Complete Equipment Enclosure Design & Manufacture
Manufacture PCB Artwork Manufacture
Device Programming from hand Circuits Drawn Professionally
written shts or PC 314" disc Kit Procurement & Supply
Cable Harness Assembly/loom Component Sales

Manufacture Refurbishment a speciality

Card Cage and Module Wiring Top Quality Work at Reascnable
Full Inspection Rates

Phone Steve on (01438) 360406 or fax details of your requirements to us
on {01438) 352742
EQT LTD, Cromer House, Caxton way, STEVENAGE, HERTS, SG1 2DF

Electronic

SUrPIUS Components

Example price each for 25 off quantity:

27256- 2 75 78M09 .16
570286120 .78 78M12° 16 bl
27C512-2  1.80 7812 .16
2761001-20 2.60 7815 .16
CD4046BCN .20 7906 .20
CD4066BCN .10 4N25 .10
MC74HC373 .16 LM339N .09

For a Full List: Write, Phone, e-mail or 24hr Fax-on-demand

Harrison Electronics
Century Way, March, Cambs. PET5S 8QW
email: harrison.electronicsemcmail.com

Tel/Fax:(01354) 651289

ADVERTISERS INDEX
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Crown Hill Associaies............... 71" IPC. SolUtiON s e s 36
Dataman Programmer Ltd....OBC  Scientific Wire CO. ................. 72
Display Electronics ...............15  Service Trading Co......... 72
Electronic Design Asscociation 72 Stewarts of Reading...............67
EPT Educational Software .....IFG  Techno info Services................65
EQT i esing: SR 71 STEHTOL v b hlberenes i 49
(o1 ]/ o il T IBC Variable Voltage Technology Ltd
ESR Efectronic Components....34 i 72
Forest Electronics .................... 96 Verenica FNME= ST 72
Harrison Electronics......... 11 Wilson Valves ........cooeurns 72
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CROWNHILL ASSOCIATES LIMITED
The OiId Bakery, New Barns Road,

Ely Cambs, CB4 7PW
Tel: +44 (0)1353 666709 Fax: +44 (0) 1353 666710

Low cost professional quality Smart Card Systems

CHIPDRIVE EXTERN
Intsiligent programmar for Smart Cards using the International Standard
T=0 or T=] protocois also Memory and Sacure Mamory using 12C, 2-wire &
3-wire Interfaces
Supplied with software to read and write to most popular
secure smart cards , Inc GSM, PAY PHONE and
ACCESS CONTROL cards.
T=0or T=1 @ 3.579MHz
RS232 @ 9600 -11500 bps
Internal Supply / NI-MH
Size: 100x70x80 mm
Weight 660 Gram
Supplied with CardServer API for easy
development of SmartCard Applications
using Visual Basic, Delphi or G4+
Supplied with Sample Memory cards &
Secure Smar cards

iCE Compliant

Most popular smart
cards are plastic ,
the sixe of a credit
card, with an embed-
ded micnprocessor
containing an cper-
ating system and
erasable non-volatile
memory.

Physical protection
agatnst unautho-
rized tampering with
the card is provided
through tha foliowing
scheme:

The Mmicroprocessor
and memory are created as a sin-
g'e chip. This insures there are nc
data paths that can be monitored
or proved. This chip is connected
to a thin circult board and encap-
spoxy. Tha

Chip Drive Intern
3.5™ floppy bay version of the CHIPDRIVE.
Apptications are avaialable to provide SmanCard
controlled access of data on Hard drives or "PC-
LOCK", to controll aceess to the whole PC Fully
Compatible with TOOLBOX for systems deveiopment.

NEW CHIPDRIVE -micro
Fully Compatlible with TOOLBOX for
application development. Featunng
the same functionality as Chip Drive
Extern but in a small neat low cost
package, similar in size to a sman
card

sulated with an
“‘module” is then glued within a
well milied into the plastic card.
This prohibits physical access o
thae microprocessor and proviges a
more durabie medium than mag-
netic stripe cards.

The microprocessor operates un-
dor cortrol of & “built in® program
cailed an operating system. A sé-
riat intertace - which makes it Im-
possibie lo access the memaory

http://www.towitoko.co.uk
http://www.crownhill.co. uk

directly - is employed to com-
municate with the card. An
1SQ (Intemational Standards
Organization} protocol is used
to exchange cormmands and
data with the card.

Finally, Hoiograms, signature
stripes, photos, efc can be
aplied to card for additonal
security. And the card can be
custom printed with your art-
work.

Crownhill can supply OPEN
ARCHITECTURE cards, that
will alfow you the end user to
create your own operating
systam, to controil access to
the EEprom memory of upto
64Kbits (BKbytes) In size.
Crawnhill have off the sheil
operating systems for Controlt
acceass, Elecironic purse and
Portable Document applica-
tions. Others can be written to
your specification.

xQmrQOH|

TOOLBOX

Driver and application software is avail-
able for the CHIPDRIVE famlly of termi-
nats including the command set DLL for
Windows 3.11/95/NT. easy to use 16
and 32 8it DLLs with Just one function
call to the "CardServer”, a powerful
Background task which relieves the ap-
plication programmer from device and
icard administration.

iFeaturing automatic protocol and card
type detection, Allowing several applica-
tions to access one terminai dependent
on the type of card inserted.

SMARTCARDS Available from Stock:
GemPlus. Atmel, Xicor, Siemans, SGS Crownhill and more.......
SLEA4A2. 4432,4418,4428,4404. ATBBSCxx, A T24c01-16.
GPM103.GFMI1K.2K,4K, GPM416 Phone Cards, Loyalty Cards

ST Th

Crownhill can offer a broad range of smart cards from Jjust £1.00. and
Smert Card sockets for just £1.45 sa. PIC Microchlp based Smart Cards
|now avaliable at just £4.50 ea........ DEVELOP YOUR OWN SMART CARD I
Crownhiil can supply over 150 different types of IC from more than 12
siticon suppllers, which can all ba incorporated Into smart card format.
Some cards are avallable from stock, most are manufactured to the
| customers’ spacification.
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Send your requirements to:

Andy Forder
01442 266551

ETI Classified Department, Nexus, Nexus House,
Boundary Way, Hemel Hempstead, HP2 7ST
Lineage: 85p per word {+VAT)} (minimum 20 words)
Seml| display: {minimum 3cms)

£12.50 + VAT per single column centimetre

Ring for information on: series bookings/discounts.

All advertisements in this section must be pre-paid.
Advertisements are accepted subject to the terms and condftions
printed on the advertisement rate card (available on request).

VARIABLE VOLTAGE
TRANSFORMERS

OUTPUT O-ZGOV
Price P&P
PANEL MOUNT!
O05KVA2S5 amp max £33.00  €6.00 {£45.83 inc VAT)
1KVAGamp max  £45.25  £7.00 (T61.39 inc VAT)
H

0.5KVA 2.5 amp max w.oo

3KYA 15 amp max  £36.50 6
SKVA 25 amp max  £150.00 Plus Carrisge & VAT

10KVA 45 amp max  £300.00 Plus Carriage & VAT
BKVA 3 PHASE Star  £205.00 Plus Carriage & VAT
Buymractmxn\fn: 61s, KBenes! pnogs in he dountry
COMPREHENSIVE RANGE OF
TAANSFORMERS-LT- ISOLATION & AUTO
{170-240V Auko Iransier edher cased with ookt ard
mains lead of open fmme fype. Avadablc for rmedkate dedvery
S00VA ISOLATION TRANSFORMER
hea maris sumia T Core’ Wit 1O plale ang soider
comacsong. ( 2608 AG Prm 50-100-110-120V & Seresn Sac. W1 105K
B9 HI9S 2155 3 T3mm. Prick £35.00 Car, £7 00 (E49. 34 mcil}

RANGE OF XENON FLASHTUBES
Writa/Phone your enquires
ULTRA VIOLET BLACK LIGHT BLUE
FLUCRESCENT TUBES
aft 40 wat £14.00 (callers only) {£16.45 ing VAT
2 20 walt £9.00 (caBars only) (£10.58 In; VA
120 8 wan {4 .80 « 7Sp pAp {P8.52 ing VAT
%in & wan £3.96 + 50p p&p {£5.24 inc vaT)
8in 4 wat £3.96 & 50p pAp (£5.24 inc vaT)

230V AC BALLAST KIT
For sither G 9m or 12n m?n:e.os +£1,40

SKVA ISOLATION TRANSFORMER
JAs New Ex-aquipment fully shrouded Ling Nose

Suppression. Ulra Isolation Translomner with lermnal
Covers and KnoCk-Out Cab enfrnas. Primary 120:240V

120240V 5060 Hz. .005 pF Capacttance

Size L.37 2 W.18 % H.16cm viaight 52 Kilos. PRICE

£120.00 VAT
sa-warehouse. Camage on request

24y DC SIEMENS CONTACTOR
Type 3TH8022 DB 2 x NO and 2 x NC 230V AC 10A
comacts Screw or Bin Red foang. Sze H 120 x W 45 x
0.75mm. Brand New Price £7 63 ingi. PAP ang VAT,

240V AC WESTOOL SOLENIODS
TT2 Mod 1 et 1 MAx siroke 1/4 in. Base mounbng T/2in,
stroke Sios pull approx. TT6 Mod 1 Rat 2 Max strowe 18
in, Front meunling 1/2in. Front mountng 1/2 in. stroke
15008 pull BOProX. Pnumci p8p & VAT TTZ £5.88, TT8
£8 B1. SERIES 400 £7.

AXIAL COOLING FAN
230V AC 120mm square x 38mm 3 Dlade 10 watt Low
Nosse fan. Price £7.20 incd. PAP and VAT. Other voltages
and sizes avadabie from stock Please teephone your
enquines
INSTRUMENT CASE
Brand new Manut by lmhof L3t x H18 x 19¢m deep.
Removeabie 'ronl and rsar panel for easy assembly of
components. Grey righ compiete wih case fest
PRICE £16 45 mL PAP AVAT 2 ot £28 20 Inclusive.
DIE CAST ALUMINIUM BOX
with inlerna) PCB guides. Intemal size 265 x 155 x
50mm deep Price £9.93 inct pbp & VAT, 2 of £17.80
"
230V AC SYNCHRONOUS GEARED MOTORS
Brand new Ovoid Gearbox Crouzet typs moltors
H 85mm x W 55mm x D 35mm 4mm die shaft x
10mm long. 8 APM ant cw £9.98 incl pAp 4 VAT
20 RPM ant cw Deptih 40mm £11.96 nci pip & VAT,

& applcanons.
Other Wave Lo of UV TUBE avalable
for Ge I & Sensitive zoplications »
Plaass lelephons youl ¢oguiries

400 WATT BLACK LIGHT BLUE UY LAMP
GES Martury Yapour lamp suitable kor use
with & 400w PF. Baias!

£30.95 INCL.PEP & VAT

12¥ D.C. BILGE PUMPS
500 GPH 15R head 3 amp £19 04
1750 GPH 157 head § amp £34.55
Ao fow avadabie 24V D.C. 3750 GPH T5R head & amp £35.55
AX dewrgned 10 be used submerged PRICES INCLUDE PAP & VAT

SUPER HY-LIGHT STROBE XIT

Deaiged tor Disca. Theatrical uses etc.

Approx 18 poses Adistable spaed £50.00 « £3.00 pap
28 inc YAT)

Case end refiector £24.00 ¢ £3.00 pp (£31.73 inc VAY)
SAE for lurther details inciuding Hy-Light and in-
cusinal Strobe Kits.

SOLID STATE £HT UNIT
Input 230240V AC, Output approx 15KV. Produting Dmm
spark Built-in 10 sec trmer. Easdy modiled for 20sec, 30
58 10 CoNtinuous. Desigrod for bokr ignilon. Dozers of
usas in the feld of physics and slectroncs, &g supphyng |
neon or agon lubes elc Price iwss case
£8.50 + £2.49 php (£12.81 Inc VAT) NMS

EPROM ERASURE KIT
Build your own EPROM ERASURE ifor a frachon of the.
pace of & made-up uret kit Of pans less case incluges 12in
8 watt 2537 Angst Tube Bakast unit. pair of bi-pin leads.
neon inchcalor, onfolf swilch. salety microswilch and
circuit £15.00 o £2.00 p&p (£19.98 inc VAT)

WASHING MACHINE WATER PUMP
Brand ngw 240V AC. fan cookad, Can be w5ed 1of & varisly
of purposes. niet 1%in_ outiet 1in_dia. Prce includes pip &
VAT. £11.20 each or 2 for £20.50 inchaive

- 5 1560
MondeyFridey

SERVICE TRADING CO

57 BRIDGMAN ROAD CHISWICK, LONDON W4 5BB
ACCOUNT CUSTOMERS MIN, ORDER £10

FAX 0181-995 0549

Ampia
Paruing Space

@ (PROP JtM FISH GIMH) @
Over 50,000 valves stocked.
2000 different types.
vintage, miltary, audio, efc
Fasl sarnce, Send SAE for list

VALVES WANTED FOR CASH
28 Banks Avenue, Golcar, Huddersfieid,

E Wast Yorks HD7 4.7 ﬁ

Tei: 01484 654650
Fax: 01484 655659
Email: wilsonvalves @surflink.co.uk

ELECTRONIC PLANS, laser
designs, solar and wind
generators, high voltage teslas,
surveillance devices, pyrotechnics
and com-puter graphics tablet. 150
projects. For catalogue, SAE to
Plancentre Publications, Unit 7,
Old Whart Industrial Estate,
Dymock Road, Ledbury,
Herefordshire, HR8 2HS.

To Advertise in the next available issue of ET1
call

01442 266551

Remember classified get results fast

\ Professronal 88-108MHz FM Broadcasting Kits |

Dotailod Innrucuonl with Schematics

High Quality Screen Printed PCBs

High Quality Compenents

Our Pragdiict Range des
rangmtters from 0.05W to 220W

FM Stereo Coders

Audio Compressor Limiters

Antennas RF Powsr Amps

Link Transmitters anc Receivers

Gur Kits Are Aiso Available
Fully Assembled And Tested

=
7]
L
Wi DEL FYER WO D-WADE M
ACCEPT MAIOR CREDIT CARDS

emait veronicafPlegend.co.uk

W Prodwescnat PLL Fid Tranermitter for Licesvced Use o the UK

Tel 01274 883434 Fax 01274 816200

18 Vartor i 51
www. legend. Co.uk/~veronica/ Bradfurd BD13 1AR

_A_I._A_I..A_l_
Veronica
FM

SW SCIENTIFIC
WIRE COMPANY
ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RD LONDON E18 1HW
FAX 0181 559 1114

PRINTED CIRCUTT BOARDS
DESIGNED & MANUFACTURED
« PROTOTYPE OR PRODUCTION QUANTITIES
« FAST TURNROUND AVAILABLE
* PCBs DESIGNED FROM CIRCUIT DIAGRAMS
+ALMOST ALL COMPUTYER FILES ACCEPTED
EasyPC / Aries / VuTrax / CadStar
Gartwr } HPGL / IDraw and many othess.
+ASSEMBLY & TEST AVAILABLE
TELEPHONE 01232 738897
44 1292 738097

M= agar FAX - 04207 738897
"- 8 Circuits Emall - mour @ arponet.co uk

a8 AbeHbroie Hose. Bolber BT8 AGX

CALL ANDY TO
PLACE YOUR ADVERT
ON 61442 266551

TRANSFORMERS

| ][ Variable Voltage
Technology Ltd

| TRANSFORMERS

For valve and transistor circuits
HT Filament chokes high & low vollag
Standard and custom design '
large and small quantities
Unit 24E, Samue! Whites Estate, Medina
Road, Cowes, Isie of Wight PO31 7LP
Tel 01983 280592 Fax 01983 2805931

ELECTRONICS TODAY INTERNATIONAL

http://www.dontronics.com is
DonTronlcs Home Page.
Hardware: Atmel and PIC
Microcontroller prototype and
development boards, Program-
mers, SimmStick (tm).
Software: Basic Stamp |1
Windows 95 Front End,
AVRBasic for the AT90S1200,
BascomlLT for the AT8SC2051,
Multi-media “Pacman-like” Tutor-
ial for the PIC16F84 and lots
more

G

~ EDWIN -
- EED3 -
— CADSTAR -

WE CoULD BE THE ANSWER.
Contact Swirr DESIGNS Lt

Email:
Designs @ SwiftDesigns.co.uk

Phone:
01438 310133 - 01438 821811

Web:

‘ www.swiftdesigns.co.uk J
QUARTZ CRYSTALS
QUARTZ CRYSTALS 100 KH2 -
100 MHZ at low cost. Full list
available and technical advice.
Electronic Design Associates.

Tel: 0181-391-0545. Fax: 0181-
381-5258,




Practically Speaking

TERRY BALBIRNIE
How to adapt a microammeter to read a current range higher than its present full-
scale value.

| his month we shall continue with more of the
‘ calculations used in developing circuits. Last time we
‘ looked at the way in which a panel microammeter of
I the traditional pointer-on-scale (analogue) type could
be made to read voits. This time we shall ook at how
the same type of meter can be re-scaled to read a current range
higher than its present full-scale value. For example, how a 0-
100uA meter could be made 1o read up to 50mA.

Scaling up

Suppose your meter has a O - 50uA scale. You are making a battery
charger and want the meter to read up to 5 amps. You know from
the manufacturer’s or supplier's data that the meter has a resistance
of 4300 ohms (4.3 kilchms).

The solution is connect a resistor (called a shunt) in paraliel with
the meter as shown in figure 1. This resistor has a much lower value
than that of the meter so most of the current will flow through it (that
i, it will bypass the meter). At full-scale deflection, only S0uA is
allowed to flow through the meter while the balance (5A - S0uA) will
flow through the shunt. This works out at 4.99995A so, for al
practical purposes, we may regard the entire 5A as fiowing through
the shunt {the error is only 0.001 percent).

Perhaps the easiest way o understand how to calculate the
value of the shunt, R, is to find the voltage which exists across the
meter when the full-scale current of SOUA flows through it.

Using Ohms’ Law and remembering that a current of 50uA
(0.000054) fiows through the meter and this has a resistance 4.3k,
the voltage across it may be found thus:

V =1x R =0.00005 x 4300 = 0.215V

Referring to figure 1 again, it will be seen that since the ends of the
shunt are connected to the terminals of the meter, the same voltage
{0.215V) must exist across the shunt aso.

Ohm's Law is used again - this time to calculate the resistance of
the shunt. Remember, the shunt may be regarded as camying the
whole 5A and 0.215V exists across it:

R =VA=0.215/5 = 0.043 ohms

The problem is finding a resistor having such a low value. Suppliers’
catalogues do not list resistors iower than about 0.1 ohm. You could
obtain a fairty close value by connecting two 0.1-ohm units in
parallel giving 0.05 ohm. However, the error here is about 16
percent and so is not really acceptable. You could “tim”* this value
and make it a little lower by connecting a relatively high value resistor
in paraliel with the pair. For example, a paraliel arangement of 0.1,
0.1 and 0.33 ohms gives a very close result - 0.0434 ohms (an error
of about 1 percent)

Note: Performing calculation on resistors in parallel was the
subject of Practically Speaking in ET1 Issue 2 this year.

A further example will make this all clear.

Example:

You require a miliammeter scaled 0 - 250mA and you have available

C.27033W

The photo shows the shunt resistor fitted to the rear of the
microammeter

a microammeter scaled 0 - FO0UA and having a resistance of 3750
ohms.

Retening once again to figure 1, with a total curent of 250mA
{0.25A) fiowing, there will be 100uA passing through the meter. The
cument in the shunt is then (0.25A - 0.0001A) = 0.2499A. As in the
last example, we can regard 10 whole 250mA as flowing through
the shurt. The error is extremely small.

Using Ohm’s Law 1o find the voltage across the meter when 100uA
flows through it:

V =1x R =0.0001 x 3750 = 0.375V

Applying Ohm's Law again to find the resistance of the shunt and
(remembering that 0.375V exists across it):

R=WVA=0.375/0.25= 1.5 chms

Fortunately, this value is available “off the sheif".
If the new full-scale deflection is much greater than that of the meter
there is no problem in regarding the total current as flowing through
the shunt. However, if the new full-scale deflection {fsd) were to be,
say, 500uA and the meter had an fsd of B0uA, there would be a
considerable emor. In this case, you would need to say that 450U
was flowing through the shunt when daing the calculation.

You can make a new scale for the meter by removing the old
one, spraying it with matt white paint, and appilying the new
numibering using dry print lettering.

MICROAMMETER (0 - 50pA)
R = 4k3
+

SHUNT i CURRENT
B . OV

Figure 1: using a parallel resistor, in this case 0.27R, to
increase the scale of the meter
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appeared:

costs around £1 & DIECOmaREsastT S1ore up
to 512 x 12-bit instructions. it has 25 bytes
of data ram, and a completely internal
4MHz clock. As a result, 6 pins are
available for I/O. It also contains a timer, a
watchdog, and it can be programmed in
clrcuit. Perhaps you could connect your
toaster to the Internet and have its
software upgraded?

The PIC12C508 is probabiy more than
enough to control a toaster, and is suitable
for a number of other appliances which
would otherwise use complicated cams
and switches, hard-wired logic, or a more
expensive processor. Of course, the idea
of programming it in Java is probably a
non-starter, but where you are going to
make hundreds or thousands of
something, it is probably worth paying for
an extra man-day of programming to avoid
the need for a more expensive processor
in each one.

Microchip have recently announced the
PIC12CE673 and PIC12CE6G74
processors. These are the same except
that the ‘73 can store 1024 x 14-bit
instructions, and the '74 can store 2048.
They contain 128 bytes of data ram, 16
bytes of flash memory to store data while
powered down, and have a 10MHz internal

> programmed in
imer plus a

e six digital I/O
analogue to digital
puld do a lot with

ndels are available
RS/BElectromail, so
0 constructors, Now,
Sign a programmer for
project that uses one?
ample of an editorial
h may be looking for an
swer. ETt now has a page on the
ide Wab. Initially we have posted
pie of the basic inforrnation which is
often requested, such as the contents of
forthcoming and current issues, publication
dates, contact addresses, and some useful
electronics links. In future, we expect to
add any MODSMODS or updated
component supply information for projects,
in advance of the next issue reaching the
news-stands.

Also under longer term planning is a
master project index, going as far back as
is practical, notes for contrbutors, and
possibly letters and technical tips. Tell us
what you think. One thing we will lack for
the foreseeable future: there is unlikety to
be much software on the site, for copyright
reasons. The url Is
hitp://www.aaelectron.co.uk/eti/, and the
email address is eti@aaelectron.co.uk.

Please note! This is purely an editorial
web site. Enquiries relating to subscriptions,
advertising etc. should be sent to Nexus
Special Interests’ postal address {see the
panel on the right of this page), not the
email address above. Please do not expect
non-editorial enqulries to be forwarded. We
have no facilities for forwarding to other
departments, and no legions of robot
slaves to field messages that we can'’t deal
with. So please, write to the right
department if you can’t find what you
require.
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e
SYSTEMS o
eV
IAR Microcontroller Development Tools -
Y .or
C-Compilers, Assemblers, Simulators

8051, Atmel AVR, Hitachi H8

) lcrﬁfoiﬂrol
E Joojs '\

MICROCONTROLLERS
Atmel 89C,89S, 90S(AVR),
Generic 87¢C, Dallas 87C520
FLASH MEMORY

Atmel 29C, 49F
SERIAL/PARALLEL EEPROM
Atmel 24C, 25C, 59C, 93C, 28C
CONFIGURATORS

Atmel 17C, Xilinx XC17

Mot alf devices may be supported within each family

System Contents

* Combined Serial & Parallel Device Programmer

¢ Evaluation module for 8, 20 & 40-pin DIL devices
» In-System Programming {ISP} Cable

» Integrated Windows™ Development Enviranment
* AVR™ Basic LITE {1k bytes code) Compiler

= AVR™ Assembler

e Mains Power Supply Adaptor

* PC Serial Cable {Connects to PC COM Port) Figure 1

* Atmel CD-ROM Datbook Only...
* One AT9051200 DIL Microcontroller Order Code: AVR2-ST
WRITE IN BASIC RUN IN A FLASH FLASH 8051 Professional

AVR BASIC

Starter System

System Contents

¢+ Combined Serial & Parallel Device Programmer
* Evaluation module for 20 & 40-pin DIL devices

|@’ * In-System Programming (ISP} Cable

* Compiled BASIC generates - » Keil PKS1-2K Integrated Windows™ Development

tight AVR™ machine code 7t Environment (2K code limit). includes CLompiler,

* Not a Run-Time iInterpreter; Order Codes: Macro Assembler, Linker, Hex Creator, Editor & Simulator
NO code overhead! AVR-BAS-LITE ¢ Mains Power Supply Adaptor

* Target speeds comparable AVR-BAS-8K + PC Serial Cable

« Atmel CD-ROM Datbook
* Breaks the cost barrier for o One AT8958252 40-pin DiL Microcontroller
small projects System layout shown in Fig 1 above

and
+ Ideal for educational, hobbyist 4% Only...
and professional use ki el Order Code: £EQ-8051-5T1 i

D KEIL
SOFTWARE

with assembier

pVision ¢ Optimising Ansi-C
Integrated Development compiler
Environment for Windows™ = Macro Assembler

¢ Linker

¢ Software Simulator
* Integrated Editor

* Hex Creator

Starter Systems supplied with 2K
| Toolset & Development Systems
supplied with 8K Toolset are
available for Atmel, Dallas,
Siemens, Temic 8051
microcontroller derivatives

Software Simulator &
Target Debugger

Micro-ISP

Serial Programming

System forthe et et
Atmel AVR™ & _ . |
89S microcontroller ' i

| ) I
families ‘mm I

re

Typical In-System Programming (ISP)
Scenario shown below:

Supports: Atmel 895, 89LS, 90S(AVR}

10-Way DC Cabile

Targe Vee LED
Targe1 Vec

Target Powse LED
ISP 10-Way Header

Order Co
UIspP-$3-§

stem nu\ suppiled

CE

€EQUINOX

TECHNOLOGIES
EQUINOX TECHNOLOGIES UK LIMITED

3 Atlas House St Georges Square Bolton BL1 2HB England

_,NEg™

For sales tel: +44 (0) 1204 529000, fax: +44 (0) 1204 535555, e:mail: sales@equinox-tech.com, Web Site: www.equinox-tech.com

EQUINOX DISTRIBUTORS; AUSTRALIA Farncdl +61 2 9645 8388 AUSTRIA Farnell +43 0660 87 75 BELGIUM Alcom Electronics Avisa +32 3 227 36-47 Farneti 432 03 227 36 47 BRAZIL Hastec +55 11522 1799 Anacom 455 11 453 5588 DENMARK Facnelt +45 44 53
66 44 EIRE Farnell 4353 1 8309277 FINLAND Farnell +358 9 3455 200 FRANCE Farnell ¢33 474 65 94 66 Newdek +33 1 4687 2200 GERMANY Elektronek Laden +49 52 32 B1 71 Farnell +49 89 61 39 39 39 nahtek GmbH +49 7321 93850, MSC vertnebs GmbH +49 08
9945532 12 GREECE Murolec +30 15335047 4 HONG KONG Faredl 800 968 280 (HK Dwect Tof Free) ITALY Farell 44 113 231 1311 Gnfo Sakan Technology +39 51 85 20 52, Newtek taka +39 2 33 10 53 08 MALAYSIA Famel +60 3 773 800D NETHERLANDS Alcom
Elactronics BY 431 10 4519533 Antratek +31 10450 2949 Farel 431 30 241 2323 NEW ZEALAND Farnedl +64°9 357 0646 NORWAY ACTE NC +47 63898900 Jakob Hatteland Electrons AS +47 53763000 PORTUGAL Anatronk 435 119 371 834 Famell +44 113 289 0040
SINGAPORE Farnelt +65 788 0200 SPAIN Anatronic SA +34 1 366 01 59 Fainell +44 113 231 0447 SWEDEN ACTE NC +46 8 443 8 70 Farnelt +£6 8 730 50 00 SWITZERLAND Anatec Ag +41 21 748 37 41 Farnell +41 1 204 64 64 UNITED KINGDOM Abacus Potar
+44 1925 626626, Farnel +44 113 263 6311 Raoid Electromes +44 1206 751166 Quarndon Electronics +44 1332 332651 USA Hitooks Inc +1 408 296 9077 Newark Electromics #1800 718 1997, Peacttree Technalogy +1 770 BES 4002 Pioneer Standard +1 838 832 3976

Equinox reserves the rig-ht to change prices & specifications of any of the ahove products without prior notice. E&OE. Al prices are exdusive of VAT & carriage. AVR™ is a trademark of the Atmel Corporation



DATAMAN-48LV

* Plugs straight into parallel port of PC or
laptop

s Programs and verifies at 2, 2.7, 3.3 & 5V

* True no-adaptor programming up to 48
pin DIL devices

* Free universal 44 pin PLCC adaftot

s Built-in world standard PSU - for go-
anywhere programming

* Package adaptors available for TSOP,
PSOP, QFP, SOIC and PLCC

s Optional EPROM emulator

DATAMAN S4

* Programs 8 and 16 bit EPROMs,
EEPROMSs, PEROMSs, 5 and 12V FLASH,
Boot-Block FLASH, PICs, 8751
‘micracontrollers and more

+ EPROM emulation as standard

+ Rechargeable battery power for total
portability

+ All-in-one price includes emulation

leads, AC charger, PC software, spare
library ROM, user-friendly manual

Supplied fully charged and ready to uge

CIRCLE NO. 103 ON REPLY CARD |

* Programs wide range of 20 and 24 pin

logic devices from the major GAL vendors

s Supports JEDEC files from all popular
compilers

SUPPORT

* 3 year parts and labour guarantee
* Windows/DOS software included

» Free technical support for life

+ Next day delivery - always in stock

» Dedicated UK supplier, estabtished 1978

Still as unbeatable as ever. Beware of

cheap imitations. Beware of false

promises. Beware of hidden extras.

If you want the best, there's still only one
“thoice - Dataman.

Order via credit card hotline - phone
today, use tomorrow.

Alternatively, request more detailed
information on these and other market-
leading programming solutions.

SURELY NOT.
SURELY SOMEONE SOMEWHERE HAS
DEVELOPED A PORTABLE PROGRAMMER
THAT HAS EVEN MORE FEATURES,
GREATER FLEXIBILITY AND IS EVEN
BETTER VALUE FOR MONEY,

ACTUALLY, NO. BuT DON'T TAKE OUR
WORD FOR IT.
SUMMARY BELOW TO SEE HOW OTHER
MANUFACTURERS’

S4 GAL MODULE

EVEN

USE THE FEATURE

PRODUCTS COMPARE.

GaEIEE O

Orders received by 4pm will normally be despatched same day.
Order today, get it tomorrow!

DATAMAN

Dataman Programmers Ltd, Station Rd,
Maiden Newton, Dorchester, 5
Dorset, DT2 OAE, UK

Telephone +44/0 1300 320719

Fax +44/0 1300 321012

BBS +44/0 1300 321095 {24hr)

Modem V.34/V.FC/V.32bis

Home page: http:/iwww.dataman.com
FTP: ftp.dataman.com

Email: sales@dataman.com
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