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"..of all the products included here, this is my personal
favourife... Redlly, thats all | have to say about Quickroute

- it certainly gets my votel" Review ol 0238 & othes prodicts

EASY TO USE
Qu ckroute 3.5is ¢ powertul, afforcable and easy to use integated

schematic & PCB design system for Windows™ with its mrultipl3
button baxs, ‘ted hints” and "parts bir *, Quickroute helps youts

design quickly and efficiently
POWERFUL [SchemaicCape | |7l
Ther are four ci“erant verslons of Quickroute Jiving you 2 chace 1

of factures & pr ¢s. Quickroute is avai able wit~ multi-skeet

schamatiz caplu-e, auto-routing, ‘engineering change’ 3 TTET = o]
(modlficchon of a PCB from g schematic), copaer fill, ard ¢ rmaage | BxpotWMFaTange | | |/
of flz mpcrt/export options, See the lable for ¢ selecticn of 1 vy
fear s [wendedtooe | | [ v]

AFFCRDAS_E [ 1 |
Price: ore Designer (£149), PRO (£249) and PRO+ (£395). The I
Personal edition is cveilable for just 568, but has the manual [ 1 ] ]
prov ded on disk as on-line heip. Post & Packing is €5 (UK), £8 GC), Copper Fil

£12 avoric) VAT must be addec to the total price. Wl i g [ [ [ ]

R Bl o, Tel/Fax 0161 449 7101

route Systems Ltd., 14 _sy Lane, Marple Bridza,  Phone now
for mose

Stockport, Ske 5DD, L K. s, /.

SUCKRoUE - email info@quicksys demor.co.uk 2
Frices and specifications subject to chonge without notice. Al trode rrorks ore ackncwledgec £ respectad.
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Pico Releases PC

Potential =
= Virtual
e ; ,
Pico's Virtual Instrumentation enable you to use your i, .| I 181 g\:fttw:::m
computer as a variety of useful test and measurement : { 1 N '
instruments ar as an advanced data logger. ' ¥ | Pordtemperature |
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Hardwaré and software are supplied together as a package

- no fore worries about incompatibility or complex set-up
procedures. Unlike traditional 'plug in' data acquisition cards, PicoLog N : b
they simply plug into the PC's parallel or serial port, making ndvSrees daka ¥
them ideal for use with portabtetPC's. iogging software,

€Call for your Guide on 'Virtual lnstrumentation'.

i ';mm n.-lf’

NEW from Pico TC-08 Thermocouple to PC Converter
8 channel Thermocouple Interface

Connects to your serial port - no power supply required.
Supplied with PicolLog datalogging software

for advanced temperature processing, min/max detection and alarm.
8 Thermocouple inputs (B,E,J,K,N,R,S and T types}

Resolution and accuracy dependant on thermocouple type.

For type K the resolution is better than 0.1°C .

TC-08 ¢£ 199
TC-08 - calibration Certificate £ 224

complete with PicolLog, software drivers and connecting cable.
A range of thermocouple probes is available.

SLHA-716 & SLH#-352 Logic Analysers A DE-700 Virtual Instrument

Pocket sized 16/32 channel Logic Analysers Dual Channel 12 bit resolution

® Connects to PC serlal port. Dlgital Storage Scope
® Upto 50MHz sampling. Spectrum Analyser
® Internal and external &35 Frequency Meter
clock modes. ! = Chart Recorder
® 8K Trace Buffer. ~NTE Data Logger
Voltmeter

-
SL+4-76 £219 : The ADC-100 offers both a high
SL24-32 £349 sampling rate (100kHz) and a high
with software, power resolution. It is ideal as a general
supply and cables purpose test instrument either in the
lab or in the field. Flexible input ranges
(£200mV to +20V) allows the unit to
connect directly to a wide variety of signals.

ADE- 700 with PicoScope £199

ADE-10 g :
1 Channel 8 bit with PicoScope & PicoLog £219

® Lowest cost in the Pico range The ADC-10 gives your computer a single channel of
® Up to 22kHz sampling analog input. Simply plug into the parallel port.
® 0-5Y input range AD?-10 with PicoScope £49

Carriage UK free, Overseas£9 Oscilloscope Probes { x1, x10) £10 PicoScope & PicoLog £59

PICO TECHNOLOGY

Plco Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ B
| Tel: (0)1954 - 211716 Fax: (0)1954 - 211880 E-mail: 100073.2365 @compuserve.com ‘

Phorie or FAX for sales, ordering information,.data sheets, technical support, All prices exclusive of VAT




PORTABLE X RAY MACHINE PLANS Easy to construct
plans on a simpie and cheap way o budd a home X-ay machinel
Efectve devica. X-may sealed assembes, can be ysad for
expenmental purpases Mol & toy or [or minors! E6/set Ret FAPA
TELEKINETIC ENHANCER PLANS Mysrly and amate you!
flengs by Craating mobon with Ao known spparent means of cause,
Us#s no erecincal ormechamcal connectons, no Speasl gimmicks
yeiprodycespogtive maten and efted Excellent for science projects.
magic shows, party demonstralions of serigus research 4
developmen) of ths sirange and amazing phychic phenomenon
Bdsel Rel FITKE
ELECTRONIC HYPNOSISPLANS & DATA This catashows
seversl ways 1o pu! subpects under your comrol Induded 15 a full
volume reference lext and several consirucion plans thal when
aswmblad can produce highly efectve stmul. This matenal must
be used caubously Misfor use as enferialnment at parbes eic anly,
by those expenencedin lis use E15/s81 Ret FEHZ
GRAVITY GENERATOR PLANS Ths unique plan
demonsiraies a simple elecincal phentmena thatproducas an ant-
grawty effecl. You can actually budd & smali m ock spaceship oul of
umple maledais and without any visiée means- cause ftto levitate
E10sset Red FAGRAT
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up fo 750,000 voits of
dischame. expenment wilh extraordinary HV effects. "Plasma in a
jar, StEimo's fire, Corona, excellenl sclence project or conversstion
piece. ES/set Ref F/BTCIAGS.
COPPER VAPOUR LASER PLANS Pioduces 100mw of
wisible green light High coherency and spectral qualty ssmiar to
Argan laser but easer mhd less coslly to budd yet far more efficient.
Thispariculardesghw as devaloped afihe Alomic Ene gy Commison
of NEGEV In Isram £10/set Ref F/CVL1.
VOICE SCRAMBLER PLANS Minalure salid stale system
turns speech sound into Indecipherable nose that cannot be
understood wilhowt 3 second malching umt Use on leiephone 1o
prevent third pary kstening and bugging E6aet Rel FAVS9
PULSED TV JOKER PLANS LrtTe hand held devica utilises
pulse techniques thal wil compietsly disrupl TV picture and soundt
works an FM tool DISCRETION ADMISED. CBrset Ret FITJS
BODYHEAT TELESCOPE PLANS Highly direcional long
range device uses recent technology 1o detect Ihe presence ofliving
bogies, wam and hot spals. healleans etc Imendedfor securty, law
enforcement, research and developmert. etc Exceilent securify
dewice o wery Infereling srence project L8481 Ret F/BHTY,
BURNING, CUTTING CO2 LASER PLANS Precls an
Invisible Beam of heatcapable of buming and malfing malenals over
a conmgeradle distance This laser is one of the most effaenl
convering 10% inpul pow e1into useful auput Nof anty s 1his device
3 worhorse in welding Cuting and heal proces s ng maleras butft
Is also m Wkely candidate as an efectve ditectzd energy beam
weapon agamnst migades, aNciaft ground-fo-ground, sk Partide
BDeams may very well udhze alaser of ths hype lo blasl & channel in
the aimosphere for a high energy stréam of neulrons of ciher
pamcies, The device Is easlly applicable o burmng and elching
wood, Cuthng, plascs. lexWes efc £12/5e1 Ref FACT
MYSTERY ANTI GRAVITY DEVICE PLANS Uses smple
cohcepl Oopects fioat In &l and move 1o the fouch. Dedes gravity,
amazing gl convarsatton prece, magic ek or scrence project £6¢
set Ret FIANT1K,
ULTRASONIC BLASTER PLANS Ladoratory sousce of sanic
shock waves Blow hoes In metal, produce ‘cad” sleam, atomize
lcuides. Many cleaning uses for PC boards. (ewliery, coins. smak
pans elc £6/e! Ret FAILBI,
ULTRAHIGHGAIN AMP/STETHOSCOPICMIKE/SOUND
AND VIBRATION DETECTOR P LANS Ultasenuive device
enabies oné 1o Neat & whoid new world of sounds. Lislen through
walls, windows. floors elc. Many apphcatons shown, from law
enforcement noture ksiening Medicai hearbeal. lo mechanical
dences £6mel Rel FIHGA?
ANTI DOG FORCE FIELD PLANS Hignly effectve circull
produces tme valiable pulses of accoushcal energy that dogs
cannot olerate £6/set Ref F/IDOG2
LASER BOUNCE LISTENER SYSTEM PLANS Alows you
to hear sounds from apremises wihGul gaining access. £12/set Rel
FILLIST1
CRAWLING INSECT ROASTER PLANS Harmless high
frequency energy pulses destroy pests as lhey crawl into
the energy field) E4iset Ref F/RCR1
LASER LIGHT SHOW PLANS Do it yoursef plans Show three
methods £6 Ret FALLS1
PHASOR BLAST WAVE PISTOL SERIES PLANS
Handhald has large tansducer and battery capadfy with extemal
controls. E6s et Red FAPSP4
INFINITY TRANSMITTER PLANS Telephone iine grabber/
reommonitor The ylimaleln home/office seculity and satetyl simple
10 uset Cal your hame of office phone, push a secret lone on your
1siephone I agcess either, A} On premises sound and voices or B}
Existng conversabon wih bread-In capabilty for emergency
messages E7 Rel FITELEGRAB.
BUG DETECTOR PLAN3 15 that someone geting the goods on
you? Easy lo construct dewice locales any hidden source of radic
energyl Sniffs oul and finds bups and olher sources of belhesome
Iimererence Detects low, high and UMF frequenaes E5/set Ref F/
BD1
ELECTROMAGNETIC GUN PLANS Proects a metal object
a considérable dislance requines adull supermsion £5 ref FEMLD.
ELECTRIC MAN PLANS, SHOCK PEOFLE W([TH THE
TOUCH OF YOUR HANDI £54¢1 Ref FEMA1,
PARABOLIC DISH MICROPHONE PLANS Ustentodistant
sounds and vendes open windows, Sound sources i ‘hatd 16 g&t or
hosule premises Uses satelite lechnotogy o gather distant sounds
and focus themto our uira sensive electronics. Plans aiso show an
opbonal wireitss Wnk syslem_ £6/et ref F/PWS
2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
VARLABLE 100,000 VOC OUTPUT GENERATORPLANS
Operafes on$- 12vdc. many possibie expenments. E10 Re!FHYMTY
TCLA.

NOW OPEN AT WORCESTER ST
_W'HAMPTON TEL 01902 22039

INFINITY TRANSWITTERS The utymate ‘hug' fits to any phone
or ine, undetectable, listen fo the conversations in the room from
anywhere in ihe woldl 24 hours a day 7 days 3 week! Ju call ihe
humber and press a bution on the mil confroder (supphied) and you
can haar everything! Ring or Fax for tatest prcst

SWITCHED MODE PSU'S 244 watt, +532A +126A -5 Q.24 -
12 0.2A There s also an ophonal 3. v 25A ral 1207240% I/
P, Cased, 175x90x145mm IEC Iinie1 Sutable Tor PC use (6 d/dnive
connectors 1 mmoand] €10 ref PSU1

VIDEQO PROCE3ISOR UNITS?/€v 10AH BATTS/M2V 8A
TX Not too sure what (ne funcion of Ihese¢ units s bul they certalrniy
makegood stippers! Measures I0X3I20X120mm_on (ke fron are
controls for scan Sp eed_scandeiay, scanmode lgads of connectons
anthe rear. Insde 2 x 6y 10AH sealed lead agdbatts, pcb's and a 8A%
12v toroecea) ranstormer (mains n) Condisan notknown, may have
one o twobioken knobs due to poor sicrsge: £17.50 ref VP2
RETRON NIGHT SIGHT Recognition of @ standing man a1 300+
In 144 moonight, hermahcalty sealed, luns ofl 2 AA bantenies, B0mm
F1,5iens, 20mw infrared laser induded £325 ref RETROM
MINIF TRANSMITT ER KIT Very high gain preamp, suppied
compiele with FET efec:et mcrophone Designad to cover 85- 108
Mh2 bt easady Changed 1o cover 83-130 My Works with a commaon
v (PPI) banery 0 2W RF £7 Ref 1001

3-30V POWER SUFPPLY KIT vanatla, stabilzed power sugply
o lab use Shorl clrcuwit prolected. surtable for profesional or amaleur
use 24y 1A transiommar Is needed Io compleie ihe kIL £ 14 Rel 1007
1 WATT FM TRANSMITTER KIT Supplied w#h pero siecinc
mic. 8 30vdc A125 30v you will gel neary 2 watts] €12 ref 1005
FM/AM SCANNER KIT wei! nol quae, you have 1o urn the knob
yaur seif bul you will hear things onths radio thal you woulkd not hear
on an ondinary rago (even TV) Caovers 50 180mnz an bolh AM and
FM. Built In 5 wat amplifier, |nc speaier, £13 ref 1013,

3 CHANNEL SOUND TO LIGHT KIT Wireress system, mains
opéraled, sanarate senstyly adiusimem for each channed, 1,200 w
powar handl ng. microphane Mcuced €14-Ref 1014

4 WATT FM TRANSMITTER KIT Snal but powedul FM
tranwminer, 3 RF stages. microphone ang audio preamp Inciuded
£20 Ret 1028,

STROBE LIGHT KIT Adustabie from 1-60 hz {a 1ol faster than
conventiona sirobes). Mains operated. £ 16 Ref 1037

LIQUID LEVEL DET ECTOR KIT Uselul fo lanks, ponds, baths,
ran alanm, ak detector elc Wil swiich 2A mains. £5 Ret 1081,
COMBINATION LOCK KT 9key, programmable, -ompiate wilh
keypad, wil switch 2A& mains, 9v dc operation E10ref 1114
PHONE BUG DETECTOR K[T Ths dewice wih warm you it
somebody Is eavesdropping on your line £6 ref 1130,

ROBOT WOICE KIT Irteresting orcint that distorts your vaical
adjusiable. answerthe phone with a differéntvoce! 12vac£9drel 1131
TELEPHOKE BUG KIT Small bug powered by the phone line.
starts RINEMAUBG a5 $00N 35 1he PRone 15 picked upl E8 Rel 1135
3 CHANNEL LIGHT CHASER K[V 800 wafts per channel.
speed and direction controlssuppited with 12 LEDS {you can fttnacs
Instead o make kil meens, nol supphed) 3 12vdc £17 ret 1026

12V FLOURESCENT LAMP DRINER KIT Lighi up 4 foot tubas
from your iz battery! 9v 2a wansformer also required £8 ref 1069
VO X SWITCH KITSound activated swic hideal formaking bugging
tape recorders efc. adjustable sensiivity, £8 ref 1073,

Check out our

WEB SITE

http/ f'www.pavition.oomk/bull-eleotrioal

PREAWMP M IXER KIT 3 input mond mixer, sep bass and treble
conircls pius Individual level cantois, t8vde, Input sens 100MA. £15
ret 1052

METAL DETECTOR KIT Range 15-20cm, compieie with case
Gvoc EB ref 1022

SOUNDEFFECTS GENERATORKIT Procuces soundsranging
from bird CHps 1o sirens. Complele with speakes, add sound effects
fo youe projects for just 9 ref 1045

156 WATT FM TRANSMITTER (BUILT) 4 stage high powe:
preamp requifed 12-18vdc, can usé ground plane, yag or open
dipoke, £68 ref 1021

HURIDITY METER KIT Bulds into a preasion LCD humidiy
Meler, 9 desgn, pob. 12d display and all components included £29
PC TMER KIT Four channel cutpi controlled by your PC, wil
Swritch Migh CUmen] mmns with relays {supplied) Software suppiea
S0 you €8N program the Channeis 1o 0o whal you want whenever you
wanl Mimmum system configersboo 1s 286 VGA. 4 1,640k, sena
port. hand dive with min 100k free £24 .99

DNVINING RODS Expensive lechnotogy cannol challengethe fool

*30OME OF OUR PRODUCTS MAY BE UNLICENSABLE N THE UK

50 PORTLAND ROAD, HOVE,
nm SQT. (ESTABLISIIED 50 mm
[MAIL ORDER TERMS: CASH, PO OR CHEQ!
WITH ORDER PLUS £3 P&T PLISVAT.
PLEAKE m 7-10 DAYS FOR DELIVERYPHIONE ORDERA
ES3,VISA. SWTTCH, AMERICAN EXPRESS)
TLL- 01273 203500
FAX 01273 323077

E-mail bull@pavilion.couk

BULL ELECTRICA14

proof arfolwaler dvining, passed down from geneaontogeneraton
Seeing is beleving Use in the home, garden, Sountryside or deser,
's dhainely simpled £4,99 g palr ret £13

HUGE BUBBLE MAKING KIT Youll be amazed ui Ihe the uze
ofthe bubbles you can achetve with Ihis bubble making il Once you
hava yof ingknack 11 1S poseble lo make bubbies of upio 40 feal long
£11 D el ES

FMCORDLESS¥ ICROPHONE This urhis anfFMbraadcasing
stafign {n rminatufe 3 iransistor fransmmer with electret condenser
mic4+ e 3np design pesutnm aoumum sans vty andbroadfrequency
respunse. 90-105mhz, 56 1500ne, 500 toot range in open country*
PP3 batery iaquired £15.00 ret 15P42A

MAGNETIC MARBLES They have been around for a humber of
yearsbul sl give fise 1o cuffa®ty and amaz emenL A pack of 12 s just
£3 99 ref IR0

STETHOSCOPES A fuly funchoning stethoscope for all those
intncale projacts. Enaliles you to lislen to motars, pipes. heartbeals,
walls. insects eic €6 ref MARGPE

NICKEL PLATING KIT Proffesional electroplatng kit thal wsl
transfomm rusting parts into showpieces in 3 hours! Wil plate onlo
sted lron, bronze, Qunmelai coppar, weided siiver solderedorbrazad
|oines. Kilincludes enough to plate 1,000 sqinches Youwil also need
@ 12v supply. a conlaner and 2 12v igh! bulbs £39.99 ref NIK3S
Minature adjustable timers, 4 pole c/o output 3A 240y,
HY 12305, 12vDC adjusiable from 0-30 secs. £4.99
HY1260M, 12vDC adjuslable from 0-60 mins £4 99
HY 24058, 240v adjustable from 0-5 secs. £4.99
HY24060m, 240v adjustable from 0-60 mins. £6.99
DRINKING BIRD Remember thesa? hook omc mine gI&sSs {sup-
phed) and they drink standup.drink stanaup ETCI £4 each Ref EF1
SOLAR POWER LAB SPECLA L Yougel TWO 56 6v 130mA
scrarcedls, 4LED's, wire. buzzer, swhch plus 11eday or molor. Supert
vaue ket just £5.99 REF MAGGPS

BUGGING TAPE RECORDER Smail voce acivated recorder
ueS MKYO Ca ssefle complele with neadp hones £28,99 refMAaR G
PLUG IN ACORN PSU 19 AC 14w, £2.99 REF MAGIP 10
POWER SUFPPLY 1uly cased with mains and o leads 17v DC
900mA oulpul Bamyan pnce £5 99 ref MAGEPY

9 DC POWER SUPPLY Standard pluginiype 150ma Sv DC with
lead and DC power plug. piice for twa ks £2 99 ref AUGIP4.
COMPOSITE VIDEO KIT. Converls compoule videginto sepa-
rale M sync. V sync and vadeo 12v DC. £6.00 REF: MAGEP2.
GYROSCOPE About ¥ high and an exces e educational oy for alf
agew Prce with instructon boowet €6 Ref EF15

FUTURE PC POWER SUPPLIES These are 255x135k60mm
4 dnve connectors 1 mother board connectar, T50watt, 12v fan, 1ac
snlel and onic? swirch €12 Re! EF6.

VENUS FLY TRAF KIT Grow yourgwn camivorousplant with his
simple kn E3 rel EF 3

5"X12° AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA, Bargan pnce Just £5.99 ea REF MAGEP 12

FIBRE OPTIC CABLE BUMPER PACK 10metres for £4.98
gef MAGHPY Jideal Tor expenmaenters! 30 mfor £12 99 ral MAG13P1
ROCK LIGHTS Unususlthings these twa pleces of nock thal glow
when runbed fagethed beivved 1o ciuse runiE3 a par Rel EF29.

3 by 1" AMORPHOUS SOLAR PANELS 14 S 700mA 10
walls, alumimum tame, screw lermnals, £44.95 ret MAGAS.
ELECTRONIC ACCUPUNCTURE K[TBulds intoanelectronc
vemon Inslead of neesesl good 1o expenment with €7 ret 7P30
SHOCKING COIL KIT Budd this ima bartery operaled deviceinto
all sorts af things also gets worms oud of (he ground) £7 ref TP36
FLYING PARROTS Easty assembled kil maibudds a pamot thal
actuaty 7aps It wings and fies) 50 m range £5 ref EF2

HIGH POWER CATAPULTS Hinged am brace for stability,
tempered steel yoke, super strangth lalex power bands Departune
spead ol ammunronis In excess of 200 miesper hour Range ofover
200 metres) €7 99 ¢! RS

PHILLIPS PRO COLOUR MONITORS, SCART INPUT
QUR PRICE JUST £80 REF BARI25.

BALLON MANUFACTURING KIT Baush made, small biob
blow sinto alarge, longlastng batioan hoursotfunl £3.99 re! GWEIIR

CLEARANCE SECTION, MINIMUM ORDER
£15, NO TECHNICAL DETAILS AVAILABLE,

NO RETURNS, TRADE WELCOME.

2000 RESISTORS ON AREEL {5AME VALUE) 99P REF BAR340
AT LEASY 200 CAPACITORS {SAME VALLUE 83P REF BARMZ
INFRA RED REMOTE CONTROLS JUST 99P REF BARJ13
CIRCUIT BREAKERS, OUR CHOICE TOCLEAR 98P REF BARJ3S
MICROWAVE CONTROL PANEL S TO CLEAR £2 REF BAR 329
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 80P REF BARIOS
LOTTERY PRECHCTOR MACHINEH JuST E1,50 REF BARY13
MELLAUROVERELECTRIC HLAMP LEVELLERE2Z REFBARY11
SINCLAIR 5 16" TYRES TO CLEAR AT JUST 74P REF BAR318
LARGE MAINS MOTORS {NEW)}TO CLEARAT 75° REF BARI0
MODEMS ETC FOR § TRIFPING £2 50 EACH REF BARIZ4
110V LARGE MOTORS {NEW) TO CLEAR AT %0P REF BARIX2
WODULATOR UNITS UNKNOWN SPEC JUST 50F REF BARI23
GX4000 GAMES COSOL ES JUST £4 REF BARI20

SWART CASED MEMORY STORAGE DEVICE, LOADS OF BITS
INSIDE, PCB, MOTOR, CASE ETC. BUMPER PACK OF 5
COMPLETE UNITS TO CLEAR AT £2 50(FOR %) REF BAR 330,
2CORE MAINS CABLE 2M LENGTHS PACK OF4 £1 REFBARI7
PC USER/BASIC MAMUALS, LOADS OF INFO. £1 REF BARI
PCB STRIPPERS TO CLEAR AT 2 FOR 99F REF BAR341

3 ¥ ICORE MAINS CABLE AND 13A PLUG. 80P REF BARI2S

WE BUY SURPLUS STOCK

FOR CASH
BUYERS DIRECT LINE 0860 425692
FREE CATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
ON REQUEST WITH ORDER.
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Computer Products announces hundreds
of CE- marked AC/DC power supplies

Computer Products has announced that following extensive test and product
evaluation, its entire CL/SCL series of external AC/DC power supplies is now
CE-marked (EMC and LVD). Furthermore, every open-frame AC/DC switch-
maode power supply that the company manufactures also now carries the CE
mark. Covering output powers from 25 to 790W, Computer Products' range
of CE-marked power supplies represents one of the broadest in the industry,
enabling systems integrators and OEMSs to speed time-to-market by using
preapproved units for a diversity of applications.

All of Computer Products' external power supplies comply with both the Low |
Voltage and EMC Directives. These include the CL25 and CL40 units,
together with a new low-cost version, known as the SCL25. All three types
of power supply feature a universal input that accepis AC or DC, providing a
packaged power solution that is suitable for a wide variety of low-power,
desktop-type applications, worldwide. The CL25 and SCL25 units offer a
25W continuous power output capability, whilst the CLAQ offers 40W i
continuous, 50W peak.

Computer Products’ CE-marked open-frame AC/DC power supplies include
models from all popular families - such as the NFS, NFN, SL and XL series of
switchers - and cover a power range from 25 to 790W. The company’s new
NAL/NAN series of low-cost power supplies also carry the CE mark.
Available in 25W and 40W versions, the NAL/NAN series offers a choice of
38 models, with singie, dual and triple outputs; each features a universal
input, less than 1% output ripple and VDE noise compliance as standard.

- Computer Products was the first power supply company in the world to establish a formal EMC policy, and has made a
significant investment in this area, including the installation of a spedialist in-house EMC test laboratory and a rigorous
product evaluation programme. Despite the fact that component power supplies - that is, any power supply intended for
internal use within a product or system - need only meet the Low Voltage Directive in order to carry a CE mark, Computer
Products is qualifying the full EMC performance of every power supply series that it manufactures. The company is
committed 10 helping customers shorten design-in times by simplifying compliance testing of their own systems; the
provision of detailed electromagnetic emission and immunity information will considerably assist this process.

Teknéma shows ARM based Internet appliance at DEMO 96

Teknema Inc recently announced that it is demanstrating a prototype of its Internet anpfance at DEMO 96. Dubbed ‘Easy Rider', the
network computer is an integrated software and hardware design incomporating Teknema's ‘Web browser and systems software. Easy
Rider uses the ARM750C high integration mutimedia system on a chip.

in its simplest form, the computer consists of a processing unit wih 4 megabytes of RAM, modem connection to the Intemet, VGA
display, keyboard and mouse. Teknema estimates that the computer can be sold for under $500.

“Key 1o our design is a compact software architecture, that avoids the use of a standard operating system,” said Marco Graziano,
president and CEO of Teknema. *This really makes the browser the operating system of the network computer and simpifies both the
use and the architecture of the system.”

Easy Rider uses the ARM7500 microprocessor. Other designs of infernat appilances have stated their intention to use ARM
mMicroprocessors, but the Teknema design is the first to show full Web browsing functionality in a package so compagct and
inexpensive.

"Many designs in consumer electronics prove that ARM offers the best solution for high performance personal electronics,” said Robin
Saxby, managing director and CEO of ARM Lid. ‘Teknema's Easy-Rider is a superb example of the capabiities of the ARM
architecture and of compact software design.”

Texknema plans to have production-ready units for the second quarter of 1996. Easy Rider is available for license to computer
manufacturers or service provickrs. Teknema is actively pursuing partnerships for both the manuiacture and marketing of the device.
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Oki and ARM announce licence agreement
on 32-bit embedded RISC core

Oki Electric Industry Co Ltd and Advanced RISC Machines

{ td (ARM} today announced the licensing of the ARM7TDM1
processor core to Oki.

The ARM7TDM1 is an easy to integrate 32-bit RISC
processor core with ARM's advanced Embedded ICE
debug, DSP optimised muttiplier and the Thumb extension
to reduce system cost. Like all ARM processors the
ARM7TDM1 delivers industry ieading ratios on
performance/price and performance/power consumption Oki
judged these versatile features make the ARM core ideal for
integration into high performance custom chips and beleves
the architecture will give customers flexibility to build a wide
variety of systems.

OKJ will also be able to use and distribute ARM's
development tool suite and has options on other existing
and future ARM products. ARM licenses complete
development capabilities including hardware, software, and
models. ARM also has strong 3rd party support and has
active programs to further it.

Capitalising on the versatility of the ARM7TDOM1, Oki will
create and sell custom application specific chips and

controllers for car electronics and computer peripherals
fincluding disk drives, CD-ROM drives and printers). Also
since Okl is an expert in communications and audiovisual
technologies, the company also plans to use the CPLU core
to develop ASICs for muttimedia communications equipment
such as mobile phones, PHS, and PODA, ARM's CEOQ and
Managing Director Robin Saxby, says, “Oki brings new
expertisa to the ARM partnership and opens up new
markets to the ARM architecture. Oki will further strengthen
our position as the globa! embedded RISC: "standard”

Oki's broad peripheral library, flash memories, and
submicron process technoiogy, together with ARM's
powerful development environment and software support,
will aliow customers to rapidly develop effective 'system on a
chip’ solutions in the most cost effective manner, The
ARM7ZTMD1 core will be added to Oki's lineup ot ASICI MCU
{quick cores) alongside 8- and 16-bit controller cores. The
new ARM core will be supported in Oki's existing
semicustom design envirchment such as cell bases and
embedded arrays, as part of the company's enhanced
customer services.

EMC-compliant ministepping indexer/drives
feature ‘go-anywhere’ power supply.

Parker-Digiplan has launched EMC-compliant versions of its
highly successful PO series ministepping indexer/mator dnive
packages. Known as the POHX-E series, the motor drives
can operate from any AC supply voltage in the range 100 to
240V without adjustment, and contain ail necessary line filter
components to meet the EMC Directive - no external add-
on units are needed. These latest-generation drives are ideal
for OEMs and systems integrators seeking a complete,
ready-to-run digital positioning system for automation
equipment intendad for the European market.

PDHX-E drives incorporate all the performance features of
the other models in Digipian's renowned PD series product
range. These include the use of a 70VOC bus to maximise
highspeed torque, a choice of 3A or SA/phase peak motor
current, and an output resolution of up to 4000 steps/rev for
smooth rotation at all operating speeds. The built-in
intelligent switch-mode power supply automatically handles
power factor correction, and the drive is comprehensively
protected against thermal and electrical overload. For
apptications demanding fast deceleration of high-inertia
loads, the 5A version of the drive can be fitted with an
optional regenerative power dump.

The built-in indexer is equipped with an exceptionally
powerful controller which can be programmed over a
standard RS232C or RS485 serial link from any computer or
terminal, using an enhanced version of Digiplan’s popular X-
code motion control language. Up to 64 separate programs
can be downloaded over the link and stored in non-volatile
memory, ang then subsequently selected for execution by
external input signals, thumbwheel switches, or
automatically at power-up. Advanced programming features
include extensive branching facilities and powerful maths

functions, which enable even compiex conditional
sequences to be set up very easily. The indexer can handle
position data in the range +1 to _+268,435,455 steps,
velocities in the range 0.0001 to 200 revs/sec and
acceleration rates from 0.06 to 999,999 revs/sec/sec. For
large multi-axis applications, as many as 32 PDHX-E
drive/indexer packages can be daisy-chained to a single
RS232C or RS485 porl.

Suitable for use with any standard 2-phase stepper motor,
PBHX-E drives offer user selectable resolutions of 400,
1000, 2000 and 4000 steps/rev, making it very easy to
implement the optimum control conditions. For simple
motion control applications, or if users wish to employ an.
external controller, the drives are available with a step-
direction input option instead of the built-in indexer. Known
as the PDS-E series,
these drives offer
opticaily-isolated
inputs for differential
TTL-level step and
direction signals, as
well as nonisolated
inputs for single-ended
control signals
operating at 12V
levels. PDS-E drives
incorporate a dual-
speed clock ganerator
with adjustable
ramping for manuai
posttioning or simple
on-off control.
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Hitachi data—book |
now on CD-ROM

Hitachi Europe Limited recently announced a new CD-ROM
product data book which covers the H8 series of
microcontrollers, and the SuperH family of 32-bit RISC
devices. The new title complements the existing CD-ROMs
which cover optoelectronic devices and memones.

As well as offering the obvicus advantages to Hitachi and
its customers that CD-ROMs are easier to ship, store,
handle and update, software availaible with the discs will
allow flexible searching of the 19,000 pages of data.

For example, if a developer is interested in devices with
multiple ADCs {analogue to digital converters), then a search
facility will produce a list of suitable devices, and data
sheets can be printed if needed. Information is presented as
1ext, graphics and photos on a hybrid CD-ROM format that
can be read by Macintosh(R) and Windows(R} users. The
production process for these discs is ISO 9002 compliant to
ensure the information is as reliable as possible.

The microcontroller documentation on CD-ROM is the
next step in the Hitachi Eiectronic Application Document
System (HEADS) which aims to distribute technical
information to as wide an audience as possibie. HEADS is a
world-wide programme that aims to provide technical
documentation in an electronic format to users no matter
what system they use to read it. For example, the current
CD-ROMs use Adobe's Portable Document Format (PDF).
The PDF format allows documents to be read by Windows,
DOS, Macintosh and UNIX users, and can be used directly
on the World Wide Web.

High performance data
& acquisition sub-systems |

The new Vanguard tamily of products fom Pertland Systerns Agdditionally, this versatile approach allows the quick tum- J

offers atigh level of performance and versatiiity, and will find around of custom design analog and digital daughtercards o
applicatons in Radear, Sonar, Image Pracessing, High Energy meet individual customer requirerents. Vanguard can be easily
Research, Simulation and Tefecommuncations, integrated into most architectures, and is flexible enough to

The Yanguard cencept utlises a proen digital motherboard accept the pecuiliarities of individual applications.
design which can camry a wide range of high per fo rmance data Further informatior about Pentland’s other products and
acquisition daughterboard cards . A varsty of Frort Panex senices can be founa on the Pentland Home Page located at
interface options are available for the motherboard wiuch will the foliowing internet actdress:
provide connection to a number of system buses. it/ Avwwlinnet. oo . uklinnet/pentlancl/

Off-the-shelt high performance anaioq daughtercards offer 2
channels of A/D conversion at rates of ua 1o 30 milion samples
per second at 12-bit ,esciution; 16 channels of AT conversion at
rates of uo 10 3.756 million samples per second at 12-bit
resoiutiors and 8 channets of A/D conversion at rates of up to 1.5
million samples per second at 12-bit resciution.,

Front Panei interface options Include \™WE, VSB Front Panel
Data Port (FPDP). FPOP is a standard interface allowing direct
high speed conrection to Mercury, CSPI, SKY and Ixthos
boards. Future Cirect Data Interface ([COf) options include
RACEWAN, and C40 comm ports,

By allowing systern designers to ccmtine the analog
daughtercard and data interface option of ther choice, this
exceptiondly fliexitle product can be quickly tailored to provide
solutions te highly speciied data acquisitian systems,
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Renowned Toneohm family of PCB shorts and
bus fault locators gains ultra low impedance
measurement capability

controls are mounted on a vertical front panel, allowing
instruments to be stacked to save valuable workbench
space,

Tonechms provide a particularly easy-te-use means of
tocating short-circuits, and can be employed on bare or
loaded PCBs. The operater simply ‘walks’ a pair of probes
along the suspect PCB track, while an audible tone provides
guidance to within a few millimetres of the fault, enabling
shorts to be located very accurately even on densely-packed
boards. This approach has several key benefits. The
operator does not have to cut PCB tracks or lift compenent
leads in order to home in on the fault, and the board is
tested in an unpowered state. This reduces repair times
significantly and prevents any additional faults being caused
by the test process, All fault tracing information is echoed on
a front panel dispiay; both the 550A and the 850A have a
large 0.7 inch, 3 1/2 digit LCB. The latest supertwist LCD
technology ensures that the display has a wide viewing
angle and is clearly visible under a variety of ambient lighting
conditions.

In addition to the new milliohm measurement range, the
B50A also offers microvolt and current tracing functions for
locating *soft’ shoris and faults in bus-structured boards.
Both tracing functions use a voltage-limited drive signal to
prevent any damage being caused to sensitive components.
The microvolt range allows low resistance faults such as
faulty decoupling capacitors to be located very quickly.
Current-tracing employs a non-contact probe to measure
the current produced by the drive signal, and is ideal for
locating shorts on networks with multiple possibie causes,
such as ‘stuck-at' logic devices on bus-structured boards or
within banks of memory.

Polar's new 550A and 850A Toneohms provide the same
exceptional cost/performance as other members of the
family. The 8504, for example, costs less than £500, which
is the same price as its equivalent ten years ago.

! I .
Polar Instruments has introduced two new models to its
ubiquitous Toneohm family of low-cost PCB short-circuit
fault locator tools. Toneohms are widely regarded as one of
the most indispensabie tools - second only to a multimeter
for PCB test and repair; around 10,000 of these low-cost
instruments are in use worldwide. The iatest models, known
as the 550A and the 850A, offer a high sensitivity G to 40
millichm range which is ideal for tracing short-circuits on
PCBs with large-tracks, such as high-current power
distribution buses on backplanes, and the output stages of
power supplies, The 850A also provides a cumrent tracing
mode for locating shorts on busstructured boards. Both
models also feature a new case design: the display and ail

Quarter-size VGA LCD and touch screen controller

Arcom Control Systems announces a new STEbus interface board for driving quarter-size VGA LCD panels, providing a simple
means of adding economical graphical man-machine interfaces to embedded systems and industrial computers. This approach
is ideal for mounting a display on the front panel of a rugged 3U Eurocard rack comtaining STEbusbased hardware. An
integrated driver for a touch-screen further simplifies the design of systems intended for use in harsh industrial environments.
Dubbed SQVCrA, the new board offers a cost-effective solution for any computer system requiring a simple yet flexible user
interface. Application areas include machine automation, standalone controllers and communications systems.

The board is based on the highly-integrated Vadem VG-660 controiler. with 256kbyte of 70nancsecond video RAM. It can drive
dlsplays from 240x128 to 640x480, covering both quarter- and full-size VGA screens. It also supports a CRT, and features dual
output connectors to allow two displays to be resident in the system. Connectors are provided to interface an opticnal resistive
matrix touch sensor panel of up to 10 x 8 resolution, together with bias and contrast control button signals.

Powerful facilities help designers to optimise man-machine interfaces for industrial situations. These include hardware panning
and zooming to allow users to focus in on - say - a MIMIC diagram of a process, or to ‘page’ around different text and graphics
screen areas using touch-screen softkeys. The altarnate CRT output allows systems to fiip between a simplified display for an
operator, for instance, and a full-size CRT disptay for a supervisor or maintenance engineer.

The new SQVGA board additionally forms part of Arcom’s innovative EMC inftiative, which provides a plug-together framework
to allow designers to build custom control syslems yet self-certify them as CE-compliart. To achieve this, Arcom supplies
SQVGA with a quartersize LCD and integrated touch-screen, plus a dedicated front panei and cable assembly for its EMC-
protected rack, SQVGA costs £280.
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MUTORE2
RROEESSIONAL
EVALUATIONIBOARD)

The Tutort is a 7" x 4.5" board designed for professional
engineers, technicians and designers wishirng to rapidiy gain
a comprehensive understanding of the ITC232A chip on
which [t Is based.

As it is based on the above Intelligent Serial Interface Multi-

Function Data Acquisition and Control IC, it can be

controlled directly from a dumb ASCH terminal, a PC

Comms Utility like Windows Terminal, Procomm or Telix, or

Timely Technology’s entry level Windows SCADA

supervisory Control and Data Acquisition } program.

The hardware altows the following :

1) The manual setting of a digital 8 bit dipswitch
which is then interogated

2) Turning on and off individual LEDs on an 8 LED bar
from your keyboard etc.

3) Usage of decimal, hexadecimal and binary notation
for most data erchanges

4) Hardware Interrupts.

8 Pulse Width Modulation. Tones can be heard on a
small transducer, duty cycle changes can be seen
in the relative brightness of a small incandescent
tamp. A transistor driver is also included to show
how the speed of a DC motor might be controiled
using the built in PWM features.

€) Temperature measurement using a thermistor.

7) Using external resistors and capacitors, the
capabilities of the chip to directly read resistance
and capacitance.

8) Analogue to Digital conversion.The Tutor2 features a
10 channel, 8 bit ADC attached to a thurnbwheel
potentiometer. The voltage on the pot can be read
into the PC or terminal you are using at the time. A
12 bit ADC is also available.

9) The simplicity and power of the SPI serial interface

protocol is laid open and every facet of its

operation made available for investigation and
monitoring.

Stepping Motors. The board includes a stepper

and its driver chip, which can very readily be

controlled in a number of sophisticated ways by
means of a few ASCI| keystrokes.

Remote control over a phone line. This feature is

10)

11)

avaitable on chip, but requires the addition of

modem hardware and software .
The nardware consists of the populated PCB itseif, together
with 3 wire RS232 catile, a 240V plugtop power supply, and
a disk featuring a DOS software simulator of the chip plus
manuals and source code. The board has so many features
that many customers use it for their low voiume designs. The
DIPSWITCH and LED Array are both socketed and therefore
replaceable with DIL headers. This too assists those who
wish to adapt an existing product for their particular
application.
Prices for the Timely board start at £149.99 whilst the
[TC232A chip at the heart of the board is availabte at £20 in
volume, The CASE GUI can cost as little as £499..

PC-based calculator
tool demystifies design
and production of
controlled impedance
printed circuit boards

Polar Instruments has launched an innovative PC-based
calculator that removes much of the mystique surrounding
controlled impedance printed circuit boards. The calculator
enables users to cbtain the PCB trace dimensions
necessary to achieve a specific impedance, simply by
keying-in a few fundamental process details, such as the
thickness and dielectric constant of the materials being
used, Unlike commercial tools for this specialist application,
which tend to be complex and expensive, Polar's calculator
is exceptionally easy to use. Availabie free of charge from
the company or its distributors, the calculator is an ideal tool
for PCB designers and manufacturers serving the fast-
growing market for these high technology boards,

Running under Windows on any standard PC-compatible
computer equipped with a colour monitor, the mouse-driven
calculator employs a graphical user interface to convey
information in a simple-to-understand format. Users simply
point and click on the appropriate PCB trace icon, and
enter the necessary process data on a numeric keypad; the
calculated PCB trace geometry is displayed instantly,
allowing the effect of minor changes to parameters such as
trace positioning or board thickness to be previewed very
easily. Resuits can also be cutput to a printer, for
subsequent inclusion in manufacturing process reports or
customer documentation.

The calculator features online help, and accormmodates all
popular controlled impedance PCB fabrication technologies,
Including surface, embedded and coated microstrip, and
symmetric and coated stripline,

The calculation algorithms can handle both metric and
imperial measurements, and are based on IPC Standard
IPC-D-317A. Prior to refeasing the calculator, Polar
submitted it for extensive beta site evaluation with a number
of leading manufacturers of controlled impedance boards,
who - without exception - pronounced it an extremely useful
tool for evaiuating PCB production technigues.

Polar's controlled impedance calculator software may be
freely copied and distributed, provided it is not sold for
commercial gain and is not modified in any way.
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P rograml’hing Solutions

Universal Programmer

# lJses stardard pc prirter part
works with notebook and handbook pe’s

# Pin driver expansion can drive up to 256 pins.

# Supports over 2000 IZ's - 3 and 5 volt devices.
EPROMs_ E?PROMs, Bipolars, Flash, Serizl EPROMs
over 150 microcontrallers, WSI/Philips PSDs,

PLDs, EPLDs, PEELs, PALs, GALs, FPGAs
including MACH, MAX, MAPL & Xilinx parts

# Universal DIL (up to 48 pi1s), PLCC and gang PACs

# Powerful full colour menu driven software.

® Approved by AMD, Tl, NztSemi, etc...

@ Tests TTL, CMOS and SRAM devices (including SIMMS)

Eprom Programmer %
EPROMSs, E2PROMs, Flash and 8748/51 micros.

Fast programming algorithms. Simple colcur menu operation.

Multi-Device Programmer

@ EPROMs, E?PROMs, Flash EPROMs, Serial EZPROMs,
PtDs, GALs, PEELs, EPLDs, MACHSs, & WSI PSDs
Micros ~ Intel, Microchip, Motorola, Zilog

# Fast programming algorithms.

@ Connects direct to pc printer port.
# Simple full colour software.
@ No expensive adapters.

EMULATORS » SIMULATORS o COMPILERS o ASSEMBLERS |
PROGRAMMERS » 8051 8085 Z8 68020 77C82 BOC552
320C25 68HC1: 6301 6502 B7C751 65816 280 6809
PIC 7720 MIPS etc.

‘\ \ r Prices exclude VAT & Delivery
!O{,Mﬂ,:c,ﬁm 2 Field End » Arkley » Barnet ® Herts « EN5 3EZ  England
Telephone +44 (0)181 441 389-0 Fax +44 (0)181 441 1843 DY [mumm—

TIMELY TECHI\IOLOGY LTD :
WETH AN ANALOGUE DI GYX TN

CONTROLL AND AC!UlSlTION

SWITCHES
FLOWMETERS
VALVES

CHEMICALS

MECHATRONICS

UTILITIES

STEPPER DT
MOTOR MOTORS

Writing software is optional with this
AMAZINGLY SIMPLE but powerful
multifunction chip. Designs can be

shortened by weeks with this technology,
at both chis and board level. The |.C. costs
only £29, while the boards start at £150,

1/Q-485 170-232
BOARD = BOAARD

232 485 multidrop

YOUR EXISTING PC COMMS OR TERMINAL
PROGRAM (OPTIONAL GUI OFFERED)

ISOLATED
DIGITAL

s KREYSTROKESY

VACUUM
LINSTRUMENTS -
% LEVEL

A
FOODSTUFFS

MONITORING

BEVERAGES

POWERFUL MODEM 2
ANALOGUE INTERRLUPT
vo 5

0’...OO....-..-.....QQQ’QQQ’OQOI.’.’........I..-...l.l.-..I..t"..."'..i.."..'....

FIMELY TECHNORORY I.‘I'D. Milfhank, Keftering Road, Hittle: Cransley, Northants NNj4 1F4

- 01536 791269 Fax: 01536 790730
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t was the ancient Greeks
at the thought axperiment
level wno were firmly
convinced of the
existence of small
incivisble units that made up the
physical world. The rapid
development of physical ssiences in
the 19th century did not, however,
ccnfirn the existence of the atomic
world, even though laws of chemical
comgosition expounded 2y John
Daiton in 1808 showed compelling
evidence for the existence of atoms.
Tere was great reluctaxce to believe
ir somethirg that could ~ot be directly
observed. The basic proolem was that
no one could ‘see’ atomrs,
Te phenomenon ¢f 3rownian motion, discovered by

Robart Brawn in 1827 rad, however, puzzied many obssrvers.

This effect is best observed by, for gxample, suspending
minute polen grains in a liquid and observing the rapid and
random miotion of the collen grains. it was, however, Albert
Eingtein w10 interpreted the movement of the grains as being
Jue to melecular collisions, Based on a steady state model of
such grains setting urder gravity in a vertical column, Einstein
calculated how the dersity of grains could vary through the
layers of the column. TAis model was in fact confirmed by the
French scientist Jean P=arrin in 1808. This was to encourage
scientists to'befieve in ihe existence of atoms and molecules.

It was only eround 1955, however, that atoms as individual
unts became visible uzing techniquas of electron field
emission as developed by Erwin Muller in the USA. With this
technolegy atoms wer being-detected by high energy
electrons that streamed off a surface and were detected on a
vigwing screen. Electron beams, however, in this modz had
limited aoplication for imaging a wide range of materials and
st.rfaces.

On the small side

Tae smallest of the a-oms, Hydrogen, has an atomic diameter
o arourd 0.1 nm {1 &), Larger atoms have larger diameters.
Taking however a ref resentative figure of atomic diameter of
C.25 nm the following table gives an indication of the scale
and organisation of progressively smaller structures,

Side of No. of Atoms No. in
Cube in side Cube
mm  4,000,00C 6.4 1019

100y 400,000 6 4 1018
0u 40,000 64 1013
1u 4000 641010
100 nm 400 &4 107
10 nm 40 84104
1nm 4 &4

Table 1: Indication 3f relation of physical dimensions and
associated number of atoms. Present semiconducior
fabrication techniques are pushing towards track widths of'0.1
u or 100 nm. This s equivalent to gaps of 400 atoms wide.

There's plenty of room at the bottom
It was at the December 1959 meeting of the American
Physical Society shat the would be Nobel Prize Physicist

Figure 1: 'Tapping Mode® probe used for sampling adomic profile of atom/molecular
surfaces. (Courtesy Digital Instruments)

Richard Feynman gare a telk entitled ‘There’s plenty of room
at the bottom'. Not having given any clue about its conten:,
speculazion ranged over al kinds of topics. Feynman,
however, made everything very clear to his audience. One
main thame was the vast potential to store information at the
level of atoms. Text characters could be coded using a 1C by
10 matrix of individual atoms. This would allow 1he entire *ext
content of Encyclopaedia Britannica to be accommedated in
an arez the size of the head of a pin - an area cne sixteenth
of an inch in diame:zer.

Alsa, by using a three-dimensional s:orage cf a cube of
atoms in a 5 by 5 by 5 matrix, and using the dimension cf
thickness of 1/32th of an inch, then all of the data of 24
miflion books (such was the world's total in 1959), could de
encodad into a volume smaller than the head of a pin. No
doubt various meribers of the audience had baen carrying
out all kinds of calzulations on napking and odd scraps of
paper. Up to this point, te talk had been playing with
numbzars.

Tha more controversial portion of h s presentation,
however, was refated to assembly of atoms into structures.
This was where Faynman began to lose his audience. He
postilated the ptssibility of systems that could assemb e
structures - atom by atom. Such systems could be used to
assemble compuiers ar.d also be-seen as a general puipose
manufacturing resource. Some in the audience looked upon
manufacturing at the atomic scale as compleiely
impracticable while othars were immediately struck by “he
inevitability of such 'nanotechnotogy’

Faynman threw down two challenges. A $1000 prize-was
offered for the construction of a motor to occupy a volume
not greater than 1/64th of an inch ard a $1C00 prize for
demonstrating the abilty to pack the Encyclopaedia
Britannica at the reduced scale of 1/25000. Both challenges
would subsequently be met. The mctor was fabricated in
1960 using conventional technology. Feynman had haped
{hat his incentiva would help develop a new technology of
microfabricatior. The second prize was awearded in 1985 to
workers at Stardord University. They successfully wrofe the
firs: paragraph of Dickens 'A Tale of Two Ciiies' at a scale of
1/25,000 using an electron scanning microscope.

Having defired the challenge of new technology o7 ‘room
at the bottom', Feynman was content to le: others pursue tfie
goals of achiew ng the challenge of small structures. ~here
were plenty of other challenges in Physics ior Feynman to
explore which were glso more immadiately realisable
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Figure 2: Basic structure
of atomic switch. Lower
structure consists of
nickel atoms and the
upper structure the tip
of the STM probe. A
Xenon atom can be
moved between the two
sets of atoms by
applicaticn of a voltage
pulse of appropriate
polarity. {Courtesy |BM)

Touching and Sensing atoms
During the 1980's fundamental advances were achieved in the
field of microscopy that would enable individual atoms to be
‘imaged’ with greater ease and clarity. The development by
Gerard Binnig and Heinrich Rohrer during 1981 at IBM's
research labaratories at Zurich of the Scanning Tunnelling
Microscope (STM) provided a mechanism of ‘imaging’ atoms
by means of moving a scanning probe over a sample and
detecting atoms via the changes in scanning current that was
detected. This major achievement was recognised with the
award of the Nobel Prize to the duo in 1986. This fundamental
breakthrough n imaging technology has in turn led to major
scientific advances acress a broad range of scientific
disciplines.

This technique, therefore, could provide an image of atoms
based on the values of scanning current detected. In some
ways this process was ke a three-dimensional 'sonar' method
where objects were detected by the echo reflected back from
the material surface. Once this first approach to 'atomic
microscopy' had been daveloped, there followed a rapid
expansion in other methods of detecting
atomic structures.

One main development was the Atomic
Force Microscope. This technigque uses the
measurement of the actual force encountered
by the tip of a contact probe as it is drawn
over a section of the surface being scanned.
The basic principle that the presence of
atoms ts detected by a higher force and the
absence of atoms by a lower force. The
disadvanrtage of this approach is that the
probe can only be used with ‘robust’ atom
interfaces such as the surface of a *cut’ of
Silicon. This method, for example, would not
be relevant for scanning the delicate contours
of a protein motecule. There is also the
probiem that most solid surfaces are
contaminated by a layer of water vapour
which tends by surface tension effects to
modify the contact force.

Researchers at AT&T Bell Laboratories in
1986 successfully modified at the atomic
scale the profite of a nearly perfect germanium
crystal. By applying a small voltage across the
STM tip, a 'blip' appeared on the crystal
surface. An atom of some description had

DETECTOR

been transferred from the STM tp to the crystal surface. This
was the first time that a single abm had been ‘officially
moved. With, however, STM systems having been in use for
almost five years, researchers must have on various occasions
contaminated scanned surfaces with atoms from STM tips.

Variations on this technigue, however, have provided
improved obse-vational methods where little, if any, damage is
sustained by the surface being scanned. One approach is to
use a so-called 'Tapping Mode' technology as developed by
Digital Instruments of Santa Barbara, California, In this
technique, a probe with an oscillacing tip amplitude as
indicated in Figure 1 is scanned o.er a specific area. The
probe tip is driven by a piezoelect-ic oscillator and the probe
lip amplitude is detected by a fesdback system. When the
probe tip is *free’ of the surface it oscillates with maximum tip
amplitude. When driven down onto the atomic surface the tip
amplitude woulo be considerably raduced. For a given (X,Y)
co-ordinate, the vertical position of the probe is adjusted so
that the probe tip is beginning to detect the presence of an
atomic interface. This technique allaws even delicate structures
to be imaged successfully. In this way the profile ona 3
surface of atomic interfaces can be reiatively easily scanned.
Surfaces can also be 'imaged’ undar liquid.

Also, if sectiors of silicon are imaged by *Tapping Mode"
technology after ii has been scanned by an Atomic Force
probe which appl es force in the plane of the surface, it is often
observad that the sample surface has been altered significantly
by the atomic force probe. 'Tapping Mode’ probes, however,
have been shown not to disturb moecular/atomic interfaces
even after numercus scans.

Other types of scanning probe heve subsequently been
developed - inclucing sensor probes for electric and magnetic
fields. These techrigues are especialy reievant for the
investigation of semiconductor struckures and optical/magnetic
media.

Within the spaca of 10 years this ~as provided an array of
technigues to image the world at the alomic level. It should be
borne in mind, however, that such images are derived from
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Figure 3: Read/write system using AFV tip. A pulsed laser beam heats up an
AFM probe tip which in turn indents the media surface. Tk e presence of “pits’ in
the media is detected by movement of the canteliver system in contact with the
media surface.
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fransducer parameters such as tunnelling current, atorhic
contast force and tip oscilating amplitude. The visual
reconstruction interface ¢ such systems provides a
renonstruction image of sach structures. While with electron

m croscopy pictures usudly appear in grey, the images of
atomic scale microscopy are usually shown in tasteful pinks
and blues. The colour rer.dition, however, has more to do with
an than science.

Led by the drive towards further miniaturisation of circuits in
the semiconductor industry and also the demands of mass
storege for magnetic and magnetic/optical systems, such
systems for visualisation of structures at the atomic scale are
directly helping 1o refine such fabrication technigues and will as
a resuit permit such industries 1o maintain general trends
towards greater miniaturisation.

Such imaging technalogy is also available across a much
broader range of scientffic endeavour. There is considerable
scope, for example, in medicine and the life sciences to
observe what is taking Jlace at the atomic/melecular level
Such technology is significantly accelerating the pace of
scientific development.

Playing with atems

it was some time, however, before researchers realised that it
wzs possible to work with individual atoms and move and
arrange them in specifc patterns. Eigler and Schweizer of
IB\'s Almaden Reseach Center al San Jose in California
arnounced in 1980 that they had successfully arranged xenon
atoms. on a nickel sufstrate at a temperature of liquid Helium
4 K and under conditions of high vacuum. Initially the STM
image observed was 2f individual atoms arranged at random.
Each atom is sensed as a 1.6 A high bump with a tip bias of
0.01 V and a tunnel current of 10-9 A, In order to ‘pick up' an
atom, the probe tip is moved over a selected atom, the tunnel
current is increased by a factor of around 10 which causes the
probe to approach the atom mare closely. In this mode the
force of attraction of the atom to the probe tip is greater than
that of its attraction %o the nickel surface and the atom can be
moved by the operacor, To disengage the tunnel cufrent is
“educed to previous image only value and the probe tip
withdraws. The atoms of xenon, however, require to be placed
at stable positions cf the nickel crystal. This is how the
arrangement of atoms looks ‘neat’. The demonstration of this
ability to manipulate individual atoms for days at a time was to
encourage others to replicate such experiments. Before long all
sorts of images had been created at the atomic level.

Later in 1991 Eigles was abie to report that he had
demonstrated a sirgle atom switch using STM technolpgy. The
so-called atom switch is shown in Figure 2. The lower array of
atoms consists of Jickel atoms. The upper set of atoms are
those of the probe tip of the STM. In imaging mode the STM
imaged a xenon a*om on the nickel surface - using a tip biased
at -0.02 V. By pulsing the probe tip with a pulse of 0.8 V for 64
ms the tunnel current increased by a factor of around 8. In this
mode the xenon &tom had been transferred 1o the STM probe
tip. The application of a pulse of -0.8 V restored the tunnel
currert to its initid imaging mode - the xencn atom is back on
the nickel surface. It is conceivable that logic arrays could be
designed at the etomic level. Manipulation of atoms has also
been carried out successfully at room temperature.

Quantum Corrals
IBM broke new ground when it reported in 1993 what
happened when so called 'quantum corrals’ containing 48 iron
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Figure 4: incorporaion of microactuator into the main
suspension armn of the read/write head using magnetic

recording technology. (Couartesy IBM}

atoms were assemided on top of a cepper crystal surface.
When tne structure -with a radius of 71.3 A was scanned with
tunnelling spectroscopy, a series of resonances in the form of
concentric rings were obsarved. These wave resonances vsere
interpreted as a direct demonstration of Ihe distribution of
electrons within the confires of the ring of atoms. This is a
direct mdication of how tre configuration of atoms in such a
structure can influence thz electron energy states. This may
have applications in deve-opment of speclal waveguide
structures and in probing structures of superconducting
mater als.

Data Read Write with Atomic Force
Microscope tip

The development of atomic force microscopy, where surface
coniours are 'sensed’ by a cantilever force tip 1s finding direct
application in developments in mass s*orage. The wrile media
used is a thin il of heat-sensitive material such as pelymethyl
methacrylate (PMMA) which has a sof'ening paint of 120 oC.
The tip of a pyramidal AFM probe is i contact with rotating
media. A pulsed laser cn the undersice of the media canses
the probe tip to rapidly increase in temperature with the result
that the probe maits a pit’ on the media surface. Pulse times
are as short as 3.3 us i present systams. In the 'read’ mode,
the cantilever/tip deforms as 1t detects pits on the media
surface. This small movement is detected by a position
sensitive detector which detects a beam reflected off the
oscilating cantilaver. The read/write system is shown ir Figure
3. The size of a typica pit is around 150 nm across.

It could well be that mechanical ceformation of surface at
this level of resolution will provide the more dense storage than
magnetic or optical technology. Pits on a CD must be several
wavelengths of light in size. For a pit of diameter ten times the
wavelength of red light of 670 nm, tiis is 6700 nm. If the pit
size in decreased by a factor of N, the data storage capacity
increases by N squarsd

This technciogy, frst reported in 1992, is actively being
developed as a potential successor to existing magnetic type
mass storage systems, Researchers at Stanford University are
currently invectigating systems usirg large arrays of eround
120 such caniilever Jrobes in paralel

Microactuator for advanced data storage
I is widely aricipated that significant enhancements in mass
storage capasity wil be derived from spacing data tracks
closer logether - whatever technoogy is used to record the
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Figure 5a: Components in polyimide fabricated by use of
mask/laser ablation. {Courtesy CMF at RAL}

actual data. It has become obvious, however, that the
conventional voice call position system which presently can
cope with track densities around 4,000 tracks per inch will be
unable to access anticipated track densities of 25,000 tracks
per inch by the year 2000. This high track density is consistent
with data capacities of 25 Gb/in2,

It has been determined that the solution to this problem is
to design a two-stage servo system where large-scale
movements are undertaken using conventional servo systems
{voice call} and smaller motions are undertaken by a
microactuator which is lightweight and can undertake accurate
ultra-small controlled movements.

Figure 4 indicates how the microactuator Is incorporated
into the main suspension arm of the read/write head using
magnetic recording technology. The microactuator - around 1
mm square - is required to accelerate a mass of several mg at
10 G. Electrostatic microactuators have been successfully
developed which can achieve displacements of several
microns. The key, however, to using this technology

successfully is to integrate large scale movement and small
scale movement within independant servo feedback systems.
A joint research programme is currently underway at IBM’s
Almaden Research Center ani the Univarsity of Berkley,
California.

The trend for the future, however, in media storage using
moving media surfaces is obvicus. Research is going to
develop micro mechanical structures down through the micren
{1000 nm) mark into the sub micron {100 nm) mark and below.
At the 100 nm level the track sepération is going to be around
only 400 atoms wide,

The making of things

At present, there is a clear perspective of how things have
been made by man over the millennia. Take as the first
example the manufacture of fiint tonts. Using simple
technigues, flints for both industrial applications (e g. hide
scraping) and ceremonial use {exolic flint daggers) were the
pinnacle of achievement of hand-crafted goods. In time, the
smelting of bronze became the dominant material for creating
all manner of artifacts such as sworils, axe heads and
ornaments,

Throughout the industrial revolution, the fabrication of
complex structures such as delicate clockwork mechanisms
developed. It was, however, in the 20th century in the
semiconductor industry where techniques of micro fabrication
of semiconductors that the drive towards ever smaller '
structures has made most progress.

At an eccmorgic level the significance of semiconductor
fabrication techniques is self evidert. Major trading blocks do
not want to lose their market share o such technology
witness the involvement of the USA, Europe and Japan to
establish and maintain leading edge industries in this area.

While the economics of semiconductor fabrication
techniques are at the heart of mainstream research and
development, the use of microfabricat on technigues for other
applications are distinctly less well defined. It is probable,
however, to distinguish two separate approaches, The
conventional approach is to create micro components such as
gears or elements of conductors etc using technigues which
include laser ablation and micro fabricetion and etching. The
second approach is to assemble structures directly at the
atomic level as first demonstrated by scientists at iBM
Almaden Research Laboratory in 1990.

Prior to the development of the scanning probe
microscope, there was always some reluctance to believe that
individual atoms could be manipulated in this way. it always
been pointed out, for example, that eacn atom would have
vibrational energy of the order of kT (k Boltzman's constant
and T = absolute temperature). The ach evement, however,
gave considerable comfort to a small core of theorists who had
mapped oul in thought experiments how structures could be
assembled - atom by atom into useful structures.

Central Microstructure Facility at
Rutherford

While various centres in the UK are developing the area of
nanotechnology, the Central Microstructure Facility at
Rutherford Appleton Laboratory at Chilton in Oxfordshire has a
wide range of systems used across a diverse range of scientific
disciplines. Microstructure fabrication is taken to apply 10
structures where dimensions and tolerances are 100 nm or
less. Photomasks for circuit design tend to use electron beam
lthography while fabrication of microstructures can be

ELECTRONICS TODAY INTERNATIONAL

;




undertaken using electron beams, focused ion
beams and excimer lasers it association with
pratective masks.

There is particutar interest in developing
quantum devices which are able to exhibit
discrete quartum effects - such as the
detection of single electrons. Sermiconductor
structures can also be grown one layer of
atoms at a time using a precess of molecular
epitaxy in order to create two-dimensional
layers of charge carriers onvy 10 nm thick.

Thus while conventiona! electronics deals
with aggregate events of lage numbers of
charge carriers, such quantum devices are
being developed to demonstrate discrete
‘furmpy” events such as the passage of an
electron across a gate. The LIGA {Lithographie
Galvanoformung Abformung) technology uses
hard synchrotron x-rays tc etch relatively deep
structures - batween 20 v and 1000 u. A gold
magsk of 20 u thickness is used to protect areas
where no exnsion of material is required.

Mask-making is a key requirerment for &
wide range of microfabrication technigues. With
conventioral technology now utilising gate
wickhs of 0.5 v, a range of techniques are being
developed to achieve Ine widths of less than 0.1
u {* 00 nm = 400 atoms wide}. Such masks are
used as a key stage of semiconductor fabrication technigues using
lasars and LIGA methods.,

Excimer lasers at 193 nm have been successfully used for
micromachining. The masks used with such lasers, however, require
1o be capable of withstanding over 109 laser pulses. The CMF unit
has successiully developed a muitilayer dielectric stack capable of
withstanding such a level of exposure. Fgure S5a shows
components in polyimice created for a chrome on quartz rmask for a
microturbine project. Using a rnask and excimer laser at 248 nm,
material was ablated to a maximum depth of 125 nm. 200 laser
pulses were delivered in 4 seconds. The level of laser energy density
was 1.5 Jcm2. Figure Sb shows the pattem of the original mask
used 1o fabricate these devices. The successiul production of

Figure 7: A micro gear assembly produced by a 50 keV electron
beam lithography in 4 um PMMA resist using surface image
bllayer and reactive icn etching. (Courtesy CMF at RAL)
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Figure 6: An array of sub- 10 nm diameter silicon fieid emitter tips manufactured by a
novel CMF process at RAL. {Courtesy CMF at RAL)

components indicated that in this producticn mode excimer lasers
could provide relatively cheap alternative methcds compared with
conventional LIGA processes.

As ndicated previously fhere is considerable interest in exploiting
the characteristics of the atomic force microscope in diverse areas
of technoiogy. Figure 6 indicates an array of sup- 10 nm diameter
silicon field emitter tps manufactured by a noval CMF process.
Such units are being considered for flat panel displays and atomic
force microscope probes.

Fgure 7 indicates a 50 keV electron beamn lithography in 4 urn
PMMA resist of a micro gear assembly. The methods used included
a surface image bilayer process and reactive ion etching.

Conventional malching techniques can stib be used successfully
for fabrication of small structures. Figure 8 indicates the components
of a prototype microturbine for eye surgery produced at RALS
microwave workshop. The unit was machined in brass. The otor is
1.5 mm diameter and the casing 2 mm x 4 mm x
0.3 mm. Powered by water fow, the unit is capable
of 3000 - 12000 mpm.

There is clearly, however considerable scops for
techniguas such as laser abation in manufacture of
componants. Key aspects ¢f such technigues are
mantenance of uniforrm intensity over mask area
and robustness of the photomask. The unifonity of
the target material is also a sactor.

Biomimetics

There is no doubt that the development of
technology in the 20 th certury has significantly
helped Dy the developrrent of a wide range of new
raterias - especialy plastics and ceramics. As
material scientists investigat= the options of
nanctechnology - the fabrication of structures at the
atormic and molecular kevel, signfficant research is
being undertaken to discover what nature has done
well ard the replicate this. This process of emulating
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Figure 8:
Prototype microturbine 2 mm x 4 mm x 0:5 mm for eye surgery: Machined in brass by RAL:'s microwave workshop. {Courtesy RAL)

nature is caled Biomimetics.

In partic.ar, thee is interest in developing ceramic materials which
have the residual strength of bone and moltter of pear. Investigation
ot such natural compaunds shows that ceramic particks are very
small and isslated from each other within a protein matrix. This makes
such structures less fiable to fracture.

Nature also produces compounds very efiiciently in tenms of
energy. By companison, man-made compounds typically require
significantly higher levels of energy for their fabrication and as a
byproduct create pollutants. The process of manufacture derved from
Biomimetics as well as creating materials with improved structures
shoutd also lead to consumption of less energy and be kess pofuting.
This general drive towards more ‘natural’ materials is ilustrated in
Figure 9.

Enter Eric Drexler

Whie Feynman is recognised as having first defined the challenge of
nanotechnology, Eric Drexler has become a key individual involved in
the further development of its theory. Eric Drexler was some four
years oid when Feynman gave his talk in 1959, During his study at
MIT, Drexter became drawn to studies in space science in fields
primariy related to the conauest of space anc the migration of
humanity out into the galaxy, For Drexler, space travel was the
solution to humanitys protlems. Space travel wvould provide more

resources, more opportuniies - more challenges. Draxler became
invalved in the design of light sails that could be used for Ihe
propulsion of craft within the sclar system. The key fant of this
technology would be tc fabricate alumiriumn foil of a tew atoms
thickness s0 that very large sail armays couic be fabrizated from
small ameunts of alumrinium.

It was during the mid 1970's that Drexler began o form
concepts of nanatechnology where processss of preduction could
be undertaken at the atomic level. He was, however. inclined not to
publish his theorems openly. He had serious reservations, however,
about the down side ot such technology. A key aspent of Drexler's
vision was that of self replicating units or 'assemblers . Once such
units were made it was proposed that they could be arogrammed
to salf replicate - fike cels of the human body For Drexler this was
seen to present vast risks,

Drexier became convinced that he shourd maintain a public
sience so that society as a whole would be aole to pestpone for as
long as possitle the day when it weuk have o conframt such
controversial technology. At this point Drexler had beer unaware of
the ground breaking work of Feynman in 1959, It was with mixed
feelngs that Drexler read in the November 1379 issue of Physics
Today a review of nanolechnology - citing Feynman’s =k some 20
years previousty. From this point it was evident to Drexter that
nanctechnology was moving into the public domain where al its
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diverse pros and cons were already being debated. Drexler wouild
seek to carify his concept af nanotechniology by writing scientific
papers and presenting tutorials. His book, Engines of Creation, was
published in 1986.

In the present, Nature is the Greal Assembler. Cells grow, cells
multiply - using DNA to continue the identity of their function. Each
unit of identity coresponds to an assembly of around 50 atoms.
Bacteria also replicate anctat an even smaller scale viruses invade
cells and hijack their genetc material. The world of living things
rzplicate with remarkably Ew errors using systems which have
slowly evolved for thousands of millions of years.

in Drexler's vision of the future, 2 man-made unit called an
agsembler would be able in the first instance to assemble atoms
into a pre-determined structure. This could nvolve, for example,
seeking out a molecule d dioxin and rendering t harmiess. This
could involve manufacturng hydrocarion fuel from the molecular
structure of leaves and grass. In this bright perception such devices
could meet all of humanity's needs for energy. food, raw materials
ete. Nanotechnology had become not just an interesting cunosity.
would be the means of -otal giobal domination of all processes. This
could be both the envirenmentalist's final nightmare or the dawn of a
New Green Age. As with the tery early work now being undertaken
on genetic engineering, developments tend 1o be Iinked 1O
commercial refurns. The stability and weifare of the eco system is
not the prime directive. Will this also be the path followed by
nanotechnology”?

The other property i these asseniblers would be seff repfication.
This wouid be essentid for setting up unit marufacture so that
processes could be undertaken at bulk leved. Skeptics, however,
have indicated the view that while as a thought experiment such
concepts are highly crzative and lead to all sorts of lecture tours and
gtimulating social engagements, there 1S as yet no possibilty of
constructing such nanomachines.

As part of the Brave New World concept expounded by Drexler,
there is also room in bis philosophy for the defeat of human ageing
and the colonisation of space - very much also in conflict with any
theory that would terd to fmit the growth of human potential and
the world ecanomy and force humanity to *fit' in with natural
ecosystems.

The most recent ook published by Drexler 'Nanosystems:
Molecular Machiners, Manutacturing and Computation' is brim full of
complex equations which seek to define and mode! the bebaviour
of atomic based structures.

At his very early stage in nanotechnology, it is simply not
possibie to envisag2 how the concept of ‘intelligent” atomic
assemblers can berealised. 1t is clear, however, that they could not
be developed until well into the next century if at all.

Atomic football and atomic Lego

The existing experence, however, of 'atomic footbal’ give some
clues about what may be possibie. The atomic switch expenment
indicates how an atom could be picked from a surface, and then
replaced. There isaiso the accuracy with which individual atoms can
be located. In the (X.Y) plane this is of the order of 0.1 A or better,
The key to any kind of useful atom by atom manipulation - ‘atom
Lego' is going tobe high leveis of automation. Assuming a constant
supply of atoms wom an *atomic hopper” which could be 'injected’
onto a set surfacs 100 nm x 100 nm in size it is possibie to do
some quick surms 1o estimate the translational speed of the
scanning tip.

Assuming the atoms are 0.25 nm apant, the 100x100 om
surface comesponds to an array of 400x400 atoms. If it is assumed
that these 160,800 atoms can be placed in 10 segonds, then the
time between macements is 62.5 us and the tip velocity is

approximately 4000 nme*s. This speed is sormething like 10,000
times faster that the ST# probs that moved the xenon aloms in
1BMS logo in 1290,

This system for atomic placement obviously requires a highty
developed actuation system - of a type which has not yet been
developed. The history of ST and AFM technology, however, dces
indicate that the breakmroughs in this area tend to come unkooked
for. It mav be possible, for example, to tabricate tubes made fror
carbon - as variants of Buckminsterfullerines and use these as
companents of atomic hoppers. Atoms could be pulsed along
stacks using electrostatic actuators. There's room at the bottom for
a lot of invention.

Enter MEMS

The new buzzword within tha nanctechnology world is
Micromechanical sysiems of MEMS. Already whole new ranges of
devices and products - mary of these unfortunately of interest
the world's defence Ndustries - are on the drawing board.

MENMS is a technology area where miniaturisation of corponents
makes possible distiact new products. A small set of examples cited
so far include distribrted urattended sensars for asset tracking and
environmental/secunity suneilance, miniature analytical instruments,
embedded pressure sensars for tyres, electromagnetic beam
steering, active strustural control and inertial measurement,

MEMS is not prmarily about forcing technoiogy to the atom level
of fabrication and design but designing New products to take
advantage of the existing Bvels of electronic microfabrication. MEMS
is going to have very signficant economic importance as it
embraces a divers2 set of new products, processes and activities in
the rext century.

Summary:technology overlap

Figure 10 indicates regions of atomic fabrication using two main
technologies, Stncture A correspands 1o what could at present
{with some patience) be assembled from hand moved atoms - an
array of atoms 220, Siructure B corresponds to structures
fabricated using mask febncation technology. The current lower limit
of structures is amound C.1 N, In time te two areas will ovariap
indeed it may be the case that they already overiap.

It is clear, however, that the ‘atoinic _ego’ approach wil require
sigrficant development of microactuators which can comtiine high
aceeleration anc excelient stabilty. There is no reason to doubt that
this area of technology will be developed in the future. Alsc, the era
of responsibility kor nanctechnology is already with us.

MECHANISM OF BIOMIMETICS
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Figure 9;: Comparison between ‘Jatural’ and 'man made
materials axpressed in terms of strength and energy required
for fabrication
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Figure 10: Extent of A - ‘atomic Lege' fabrication of atoms and B -
fabrication using mask technology.
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P> Free competition with a chance of winning a
Hameg 30MHz oscilloscope

P> 100’s of new products including;
Books, Component Packs, Connectors
Switches, Test Equipment and Tools.

P New range of oscilloscopes from Hameg and extended
range of mobile phone batteries and accessories

P Latest PIC Microcontroller IC’s and srogrammer

P New 70¢ms mobile transceiver for the novice radio
amateur enthusiast

> 280 pages, 26 sections and over 4020 products from
some of the worlds finest suppliers

P> Available at most newsagents or direct from Cirkit
P> out 26th October 1995
P Send for your copy today!

Park Lane - Broxbourne . Hertfordshire - EN10 7NQ
Telephone: 01992 448899 . Fax: 01992 471314
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SURVEILLANCE TELESCOPE Superb Russian zoom
telescope adjustable from 15x 1o 60x! complate with metal tipod
(Imposible to use withowt this on the Mmgher setings) B5mM lense,
|eather carrying case E149 rel BARSY

RADIATION DETECTOR SYSTEM Deugned to be wall
mouniad andconnectedinio a PC, ideal for remote monionng, whale
bulding toverage elc. Complete whh detector, cable and scftware.
£19.95 red BARTS,

WIRELESS VIDEQ BUG KIT Transmits video and aydio
sgnals from a minature CCTV camera {includad) to any standard
Ielevisian! All The components Including & PP battery will fuinte 3
cigaretie packe! with the lens requifing a hole about Jmm diametes,
Supplied wih lelescopic enal but a piece of wire 3dou 4% long wal
51l give a range of up to 100 metres. A single PP3 will prabably give
less Ihan 1 hours yse E89 REF EPTY {probabty not icensablel)
CCTV CAMERA MODULES 46X70X28mm, 30 grams. 12v
100mA, aulo elecirome shutter, 3.6mm F2 tens, CCIR, 512x452
plxeis, video output is 1v p-p (75 ohm). Works directly inio a scarf or
video Input on @ tv of video, IR sensiive, £79 95 ref EF137.

IR LAMP KIT Sutacle for the above camera anables the camera
10 be used in total darkness| E5.99 ref EF138,

REMOTE CONTROLTANDATA TD1400 MODEM/
VIEWDATA Complete system comprising 120075 modem, auto
glaler_ bnira red femete keyboard, {could be adapted for PC use?)
psu, UHF and RGE output, phone lead, RS232 outpul. composite
output Absoiute bargain for pads alonet£9,95 rel BARIJ,

9 WATT CHIEFTAN TANK LASERS Double beam unrs
designed 1o M In the gun barrel of & tank. &ach uni has two semi
conductor lzsers and molcr dve unils for aignament T mde range.
full ciscunt lagrams, new phoe £50,0007 us? £349. Ring for Info
TWOWAY MIRRCR KIT ind udes speaal adhesive fim tomake
two way mirran(s) up to 60" 20", {gtass nel inciuded) Includes full
insiruchons €12 refl TW1,

NEW HIGH POWER RF TRANSMITTERS

AMPLIFIE RS Assembied PCB transmitiers, 4 types available.
12.8vdc 90 walt 1.5-30mhz 75 ohm Infout FM/AM £75 ref RF1

12 6vdc 40 wat 50-200mhz 50 ohm infout FM/AM EBS5 red RF2
28viic 125 watt 1.3-30mnz 75 ohm Infoul FM/AM £85 rel RF3
28vdc 100 watl 50 200mhz 50 ohm injoul FMAM ET5 ref RF4

A heat &k will be required. fing 1or pnce and availatxity.

H you infend uking these as audio imnsmiiens yeuwill need a also
need a preamp. Complex mode avaable & €40 ref RFS
COMPUTE RVWORKSHOP/MKPI RCEB UNITS Complete
protection from faully equipment for everybody! Inine unn s in
standard IEC lead (exiends it by T50mm), fitec in less than 10
seconds, resetest buttan, 104 raing. E2 each Ref MM5

RADIO CONTROLLED CARS FROM £7

EACHII

THOUSANDS AVAILABLE RING/FAX FOR DETAILSL
MAGNETIC CARD READERS (Swipes) £9.95 Cased with
fiyseads. designed to nead standard crecil caras! iney have 3 wires
coming oul of the head 50 they may wnle as wel? complete with
cantrl elcironics PCB. Jusl £9.95 ref BARM

WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? Wea have collaied 140 businéss manults thal give you
informaton on Sethng up diMerent busmasses. You PEruse (hese al
your lelsure using Ihe tex! editor on your PC. Also Included 1s the
cenifcate enabiing you to reproduce (and sell) the manuals as much
as you kel £14 rel EPT4

PANORAMIC CAMERA OFFER Takes double width
photographs using standard 3Smm fim. Use in honzontal orvertcal
mode. Complete with strap £7.99 ref BAR1

COIN QPERATED TIMER KIT Complets wih coinsiol
mechanism, adjustable tma delay, relay outpul. pul a colrsict on
anything you de! TV,s, videos. indges danky cupboards HIFL
1a%es 500's and £1 coine DC operated. prce justET 99 ref BAR2T
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom.
metal construchkan, bustin light shamp famm, group wewing SCreen,
Iots of accessones €29 ref ANAYLT

AA NICAD PACK Pach of 4 tagged AA nicads £2.99 ref BARM
PLASMA SCREENMS 220310mm, no data hence £4.99 ref
BARST

NIGHTSIGHTS Modei TZ54 withIntra red dluminator, views up 10
75 metresintulldankness inintrared mode, 150m range. 45mmiens,
13deg angle ofview, focussing rangs 1.5m tolnfnlty. 2 AA batisnes
requined, 950g wenghl £210 ref BARB1 1 years wairanty

MEGA AlR MOVERS 375 cubit fest par munl. 240 200 watt
2 800 rpm, reversable, T°x7° UK made, new, Alurmrium, ¢ urrent st
price aboul £180 ours? £29.95 rel BAR3S

LIQUID CRYSTAL DISPLAYS Bargain prices,

16 gharacter 2 line, 65x14mm £1.99 ref SM1612A

16 character 2 fine, 99x24mm £2.99 ref SM1623A

20 character 2 Yine, B3x19mm £3.99 ref SM2020A

16 character 4 line, 62x25mm £5.99 ref SMC1640A
TAL-1110MM NEWTONAN REFLECTOR TELESCOPE
Ruswan, Superd astranomical’scope, evaryihing you need for some:
sefious star gazing! up to 169 magnicabon. Send or Pax, for furthe!
detalls £249 ref TAL-1

GOT AN EXPENSIVE BIXE?Youneedoneofourbottealams.
they look like a slandard water bottle, but apen The 160, insen a key
1o actvale amobon SANSOr alafm buillinsige Fits all standard botle
camens, supphed with twe keys SALE PRICE £7.99 REF SA32,
GOT AN EXPEMSIVE ANYTHING? You need one of our
cased whraton alams, keysslich nperaled, fully cased just fit it
anything from videos b cafavans, provides a y&ars protechon from
1 PP3battery, UK made SALE PRICE E4.98 REF 5433,
DAMAGED ANSWER PHONES These are probably beyond
repa 5o just £4.99 each BT response 200 machines REF 5430
COMMODORE GAMES CONSOLES Just 3 few ofthese left
1 dear 3l £5 ref SA31. Condilion unknown,

COMPUTERDISC CLEARCUT We arelefl with alot of software
packsthatneed deaning so we ajé selbngaldisc value chly! 50disss
for £4, thats Just Bp eachifour choice of dscs) €4 re1 EPS6

|BM PS2 MODEL 1502 CASE AND POWER SUPPLY
Compiete wiin fan eic and 200 w aft power supply. £0.95 ref EPE7
DELL PC POWER SUPPLIES 145 watt +5.-5+1212
150%150¢85mm complete whh swhch, Nyleads and IEC socket.

WOLVERHAMPTON BRANCH
NOW OPEN AT WORCESTER ST

. WHAMPTON TEL 01902 22839
rerrerTrer——

1.44 DISC DRIVES Stancard PC 3.5 dnves byl retums se they
will need attenten SALE PRICE £4.98 re! EP6E

1.2 DISC ORIVES Standard 5.25° dmves bul miums so they wil
need atlenton SALE PRICE NOW ONLY £3.50 relEPE2

PP NICA DSXnused but soma sorsge mak £4.99 ref EPS2
DELLPC PCWERSUPPLIES (Customer retums) Suandard PC
pawscomplete mrth Ry leads, case and fan, #12v, 12v.+5v,-5v SALE
PRICEE1.99 EACH worth siter inebits alonel ref DL1, TRADE PACK
OF 20 £29.9% Rel DL2.

GASHOBS AND OVENS Brand new gas appliances, pertect for
senall Nats eic. Bawc 3 burnar hob SALE PRICE £24.99 ref EPTL
Basic small buM In oven SALE PRICE €79 re’ EPT3

RED EYE SECURITY PROTECTCOR 1.000 watt outdoor PIR
swilch SALE PRICE £6 99 rel EP5?

ENERGY BANK KIT 100 6x6" 6v 100mA panets, 100 diodes.
connecton detalls efc. £69.95 ref EF 112

PASTEL ACCOUNTS SOFTWARE, does evardhing for ail
Suas0l byn esses Indudes wordprooessor, repof wiiter, windowing,
naheoikatie ap to 10 slabons. mulbple cash books efc, 200 page
comprenensive manual. 90 days free techncal support (0345 326009
1ry before you buyl) Current relall price s €129, SALE PRICE£9.95
refl SA12 SAVE £1200

MIMI M ICRO FANS 12V 1.5 5q SALE PRICE £2 Re! SAM13
412V 2AMP LAPTOP psu's 140x55x40mm (includes standard FEC
sooket) and 3m lead with plug 100-240v IP, £6.80 REF 5A15
COMPLETE PC 300 WATT UPS SYSTEM Top ofthe range
UPS system providing protecion for yous computer system and
valuable softwara agains! marns powel fluctuations and cuts New
and bexed, UK made Provides up 105 mins running dme n the event
of complete power lalute to aliow you 10 run your system down
correctly. LAST FEW TOCLEAR AT £59 SAVE [0 raf SEP125P1
SOLAR PATH LIGHTS Low enaigy walklights powered by the
suft bulllin PIR sothey warkwhen youwakepast Indudes solafpansel
& rechargeabia bal SALE PRICE £19.85 REF EPE2

BIG BROTHER PSUCased PSU_6v 2Aoutput, 2m ap lead.1.5m
input tead, LK made 220v SALE PRICE €4.83 REF EP7

Check out our
WEB SITE

htep://www.pavilon.co.wk/bull-electrlcal
RACALMODEW BONANZA! 1Raca MPS 1223 120075 modem,
telephons lead, mainy lead. manual and comms software the
cheapest way onio the netl ali 1Ns fof just £13 mt DEC13

4.6mw LASER POINTER. BRAND N EW MODEL NOW IN
STOCKL, supplied In fuily bullt form {locks llke a nice
pen) oomplets with handy pocket ollp {which alsc acts
as the on/oft switch.) About 60 matres rangat Runs on
2 AAA battaries, Produces thin red beam idsal for
levehs, gun signts, sxperiments eto, Just £39.56 ref
DEC43 TRADE PRICE £ 28 MiN 10 PIECES

BULL TENS UNIT Fully budt and testad TENS (Transc utaneolis
Elecincal Nerve Semulalion) umi, conplele with slectrodes and il
Instruchons TENS is used for Ive reket of pain eic In up o TO% of
suferers Drug free pain reliet, safe ano aasy 10 use, con be usedin
conjurction with anaigescs eic. €49 Ref TENA

COMPUTER RS232 TERMINALS, (LIBERTY|Excelent
qualfly madern units, (We wyse 50, 5) 2RS232, 20 funcoon Kays, 5C
thro o 38,400 bayd, MENU gAven poi, screan, curse?, andkeyboand
selyp menuy {18 menu's). £29 REF NOVA.

RUSS AN MONOCULARS Amanng 20 fimes magnificaton,
coataslenses. camming case and shouldes strap £29 95 REF BARTY
PC PAL VGATO TV CONVERTER Converts a tolour TVinla
abawcVGA screen Complete wrhbulin psu. e ad and shware . Ides!
for lapiops or & cheap upgrade.Supphed In wit 1orm for home
assembly SALE PRICE £25 REF SAM

EMERGENCY LIGHTING UNIT Compiete und whh 2 doubke
bulb Noodiights, buMin charger and auto swiich Fullycased. 6v BAH
lead acid req'd. {secondhand) 4 ref MAGAP11.

SWANGFIRE GUIDED MISSRE WIRE 4,200 metre reel of
ultra thin 4 core Insulaled cabée 28105 brealung siran, kess than 1mm
1hick] [geal alafms, Intercoms. Gdis noute's eit £13.99 ref EP5t
ELECTRIC CAR WINDOW DE-ICERS Complel: wih calee,
plug elc SALE PRICE JUST [4.9% REF SA28

AUTO SUNCHARGE R 1552 360mm solar panel wiih deode and 3
mere lead filled wiih & cigar ptug 12v 2watl €0.99 REF SA25.
ECLATRON FLASH TUBE As usedin poce car Bashingagmis
elc, full spec supptied. 60- 100 hashes a min €8.98 REF 5A158
24y AC 96WATT Cased power supply. New. £9.949 REF SAM0
W ILITARY SPEC GEIG ERCOUNT ERS Unused anstraighiflom
Her majesty’s forces. SALE PRICE €44 REF SA16

*AOME OF QUR PRODUCTS MAY BE UNLICENSABLE N THE UK

MICRODRIVE STRIPPERS Small cayed rape drives ideat for
sUppng, loty of useful goodies Including a smar case, ard lols of
compcnents SALE PRICE JUST £4.88 FOR FIVE REF SA26
SOLARPOWER LABSPECIAL You gelt TWOE™E" 6y 130mA
solar apils, 4 LED's, wire buzzer, switch plus 1 relay ormotor Superh
value il SALE PRICE JUST £4.99 REF SA27
RGEAGA/EGATTL COLOUR MONITORS 12 in good
condificn Back anodised metal Case SaLEPRICE £49 REF SA168
PLUSG IN ACORN PSU tov AC tdw , £299 REF MAGIF10
POWER SUPPLY luly cased wiih mains and o leads 17v DC
900mA oulpul Bargain price £5.99 rel MAGGF9
ACORN ARCHMEDES PSU +5v (b 4.4A onioff sw uncased,
setaclabie mains Input, 145x0100adSmm £3,99 REF MAGTP2
13.8V 1.9A PSU cased with (eads Jusl £999 REF MAG10P)
UNWERSAL SPEEDCONTROLLER KT Designed by us for
Ihe CS molor bist ok for any 12v motor up o 304 Complete whh PCB
atc. A neat snk may be required E17.00 REF; MAG1T
PHONE CABLE AND COMPUTER COMMUNICATIONS
PACK Kit contains 100m ol & core cabés, 100 ceble clips, 2 lne
dirvers with RS232 interfaces and al connectors eic [deal low cost
memod of communicating between PCs over along distance utitzing
1he senal ports Cormplete kit £8 99. Ral comp1
VIEWDATA SYSTEMS made by Phillips. complete with intemal
1200/75 modem, keyboard. psu ete RGE and composile outputs,
menu ditven, autodialler eig. SALE PRICE £12.99 REF SA18
AIR RIFLES .22 As usedbythe Chinese iy fortraining puposes,
solbere is a kot ahout] £39.95 Rel EFTE 500 pellets £4.50 ref EFB0.
PLUG IN POWER SUPPLY SALE FROM £1.60 Puugsinto
13As0cke| with outputlead. 1hree bypes avalatie, dvdc 150MAE1,50
ror SA19, Pvdc 200mA £2.00 ref SA20. 6.5vdc S00mA 2 ref SA21
WDEQ SENDER UNIT. Tranemits both aucio and vwdeo signals
from ether avileo camern, videcrecorder, TVor Comp uter etc leany
standard TV e il 3 100’ ranged {tune TV 10 3 spare channel) 12v DC
op. Price is £15 REF. MAG15 (2v psuly £5 &xira REF: MAGSP2
“WINATURE RADIC TRANSCENERS A pair of walie lainies.
with a range [ 10 2kmin cpen country. Units measure 22¢52x 155mm,
Induding cases and earp'ces, 2xPP3req'd. £30.00 pr.REF; MAG20
“FM TRANSMITTER KT noused In a standar] working 13A
sdapten the bug runs ditecty off the mains 50 lasts foreven why pay
£7007 ar price 18 £15 REF; EF62 (kif) Tanumils to any FM radw
"W BUG BUILT AND TESTED supenor design to kit Supoiied
10 détecuve agéncies. Oy ballery req'd £14 REF MAG 14
TALKING COINBOX STRIPPER COMPLETE WITH
COINSLOT MECHAN I3MS onginally made o retail stE79 each,
Ihese unms are demgaed to converl an ordnhary phone into a
payphone The unrts hava 1he locks Missing and sometmes broken
hinges How ever they cain be adapted 1of ther crightal usa o1 used for
somelhing eise?? SALE PRICE JUST E2 50 REF SAD
GAT AIR PISTOL PACK Complets with pistol, darts and pellels
£12.95 Ral EFB2B exvapeilets {5001 €4.50 re! EFBO,
§°X1Z° AMORPHOUS SCOLAR PANEL 12v 155x310mm
130mA. SALE PRICE £4.99 REF SA24
FIBRE OFTIC CABLE BUMPER PACK 10metres for £4.99
ref MAGSP 13 1deal for expenmenters! 30m foe £12.99 ref MAG 13P1
MIXED GOODIES BOX OF
MIZED COMPONENTS  WEIGHING 2 KLOS
YOURS FORJUST £6.99
4%28 TELESCOPIC SIGHTS Surapie for all arr sifes, giound
lenses good hght gathenng procerbes i€ 19 95 ref RAT.
RATTLE BACKS imerssing things these_ small plece of sold
perspex lika matafial Mal Myou try 1o spn 1t on the desk it only $pins
Dne way! in fact if yOU SPIn 1 the ‘wiony way il stops of tts own accord
and go's back the oMed wity! £1.99 rel GLJIO1.
GYROSCOPES Remamberthese?well we havefoundacompany
that sl manufaciyses thase popular saenlibc wys, parfect gt or for
educafional use erc. €6 ref EPT0
HYPOTHERMIA SPACE BLAMKET 215x150cm alyminised
1ol Blanket refiects more Than 90% of body haat. Also surtable for Ine
consiruciion of two way Mrors! £3 99 each ref O.041
LENSTATIC RANGER COMPASS Oil filed capsule, strong
metal case, large luminous points. Sight ine with magnifying viewer
50mm dia, B6gm. £10.99 ref 0504
RECHARGE ORDINARY BATTERIES UP TO 10 TMES|
wisth the Battery Wizard! Uses the lales! pulse wave charge dystern
focharge all popularbronds of ordinary badenss AAA AR C.D.four
ata tmelled systermshows whenbattenes Sréchalged, avpmaticaty
rejects yasuitable cells. complele with maing adaplor BS appioved
Price 1% £21.95 raf EPN
TALKING WATCHYes_n actually teils you1he time at the press of
abuttan Also lealunes 3 voice ajammithal wakes you up and tells you
what the tme i1 Lithium call Induded. £7.59 ref EP26
PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! Tne new muliibang 2000 radar getecior can
prevent even the mostresponsiblkerof diversfromiosing thest licencel
Adusiable audible alarm with 8 fiashing keds gives instant warning of
radar zones. Detects X_ K, and Ka bands_3miie range, ‘over the Rl
‘zroundbands and rear laptaciiies micro sizefustd 25'x2 5% 75"
Can pay fof ttseit in just one dayl £79.95 ref EP3.
SANYO NICAD PACKS 120mmx 14mm 4. 8v Z10 maH sultable
for cordess phanes etc, Padk of 2 just £5 rel EPT8.
3" DISCS As ysed on older Amstrad machines Specirum pius3's
etc £3 each ref BARAOC.
STEREQ MICROSOPES BACK IN STOCK Russian. 200%
complele with lenses lights, Giters elc et very comp rehensive

250 PORTLAND ROAD, BOVE, SUSSEX ..
BN) ST, (ESTABLISHED 50 YEARS).
1411 ORDER TERMS: CASH, PO OR CHEQL

WITH ORDER PLUS £3 PAP PLUS VAT.
PLEASE ALLOW 7-10 DAYS.POR DELIVERYPHONE O

WRELOOWE %wmm ENFRESS)
FAX 01273 323077
E-mail balk@pavilion.co.uk

BULL ELECTRICAL

mi spe thal wouid nomally be around the £700 mark. our price
is Just £299 (full money back guarantee) tull detarls In catalogue Re!

950300,
WE BUY SURPLUS STOCK
FOR CASH

BUYERS DIRECT LINE 0860 425692
FREECATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE, 60P STAMP OR FREE
ON REQUEST WITH ORDER.




Fig.1 System architecture
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message display

Robin Abbott looks at the construction of a LED Matrix message display driver

This article describes a project for driving an LED matrix
display used for public announcements, such as these seen in
post offices, airports etc. Apart from offering some unique
features, it provides an insight into the problems of running a
system with a large number of microcontroliers which all have
to operate, synchronise and cormmunicate in real time. It was
designed originally for an amatsur theatrical production, and
offers the following features:

. The basic unit of six 5x7 displays (offering a display of
30x7 LEDs) can be stacked lengthways theoretically to an
infinite number of modules (in practice around 20 modules for
a display of

length 600 dots, or 20 metres )

. The system is set up from a PC running Windows
software.
. The controller module contains an 8Kx8 EEPROM
allowing very long messages to be stored and run in a loop
automnatically, and then the module can be operated
independently of a controlling PC.

. The fonts used by the module are also stored In the
controller EEPROM, allowing user defined fonts to be designed
on the PC and downloaded at will.

U Control from PC allows messages to be sent directly
from the PC to allow messages longer than 8K to be used, or
to allow very rapid message change, or even to display
messages as they are typed.

. Messages may be scrolled left and right, and may be
scrolled up and down off the display.

Display effects include variable brightness, message
pausing, variable scroll speeds, fiashing text and inverted text,
Uses standard 5x7 LED display blocks, although in
practice any short persistence display technology may be
used.

Multiplexed design minimises on systern connections,
and allows very high pulse drive currents for maximum display
brightness.

The commercial applicatons of electronics are becoming so
widespread, that the only reason tor home constructors to
embark on a project must be that it is available considerably
more cheaply than commercial equivalents, or that it offers
features unavailable commercially. This project falls into the
former category. For each 5x7 display the cost of the display
driver is about f3.50 plus the cast of the displays. In addition
there is a controller moduie which should cost about £22.00.
Thus a complete dispiay with eighteen 5x7 displays (30 by 7
dots) can be built for under"£100. The only comparable project
that | could find available as a kit costs around £100 for a
display of 16 dots by 8 dots !

Architecture

There are three basic modules for the display driver. These are
ilustrated together with their connections in Figure 1. The
master module contains a PIC16C74, together with the 8Kx8
EEPROM device which is used to store the fonts and
messages to be scrolled. This module communicates to the
PC using a 3-wire serial interface (RS232), running an
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Fig.2
Communications
architecture

COLUMN DRIVE

displays and is connected to the display controller
peser | - — board using two 20-way IDC cables. Finally there is &
e : single communication link between the last module in
GRAEE —J—I—— /. L LSLd '——r'——r]— the chain and the master module.
=g e dSmeali Each display controller board contains a 5V
powr [T : - I regulator which may be optionally used as the power
supply to drive the displays. However, with higher
powe I —_ drive currents the LED displays may use an external
[_| power supply. The master module contains a single
e o - 5V regulated supply. Power consumption for the
l—r-L prototype (which operated at 30mA drive current per
ROWe E = dot} averaged at around 200mA per display controlier
and display board, rising to over 800mA when all dots
ot ﬁ e are driven. This allowed several hours of battery
[ . operation using sealed lead acid technology.
ey e ———l o The operation of the system is complex, and a full
understanding is not necessary for its construction.
A e P l—._L‘ However, an understanding of the operation of the
T _’D‘T SReaa0s e el system may be useful for other designers of real time
LEFT Row! Fow! systems using microcontrollers.
00D Tx o= %
RIGHT Rowa System operation
- EVEN Tx " L Figure 2 shows a block diagram of the
CEER L.ﬁom _ communications paths used in the operation of the
000 Tx system and Figure 3 shows the system timing
LEET L. B diagram. Figure 2 shows the system as configured
GLOBAL — e = EJL - with only one display controller module. The display
Lt Fows controller module contains two PIC46C57 devices
shown on Figure 2. One of the devices is termed
et Y *odd* and one “even”. Each device has one serial
lLEFF.Tr S\?SN communications path to the right, and one to the left
RIGHT 0D 'Fig.3 Systemn timing program which connect to adjacent devices. The master
RIGHT EVEN wRemE) module also has a left and a right communications
seria path which connect to the two PIC15C57
| — devicesat each end of the chain of devices.

XON/XOFF protocol. For each block of six 5x7 displays thers is
a singte display controller board which uses two PIC16C57
devices. Fach display controlier board communicates to
adjacent controller boards and to the master module using a
14-way IDC cable. The display board holds the 5x7 LED

Multiplexing

The system operates on a time division mulliplexed scheme.
Each row is turned on by a row drive signal from the master
moxdule. Each row is turned on in sequence, and is driven for
about 990uS. Before sach row drive is turned on, the master
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GLOBAL COMMAND EFFECT
| COMMAND 0 SET CHARACTER SHIFT DIRECTION TQ LEFT
COMMAND 1 SET CHARACTER SHIFT DIRECTION TO THE RIGHT
COMMAND 2 SET CHARACTER SHIFT DIRECTION TO UP
COMMAND 3 SET CHARACTER SHIFT DIRECTION TO DOWN
COMMAND 4 TEST - SET ALL COLUMN DRIVES TO ON
COMMAND 5 CLEAR DISPLAY - SET ALL COLUMN DRIVES TO OFF
COMMAND & DURING THE NEXT ROW 7 DRIVE, SHIFT ALL DISPLAY RAM
INTHE DIRECTICN SET BY THE LAST SHIFT DIRECTION COMMAND

Fig.4 Global commands
and their effects

rmodule sends a change signal on the change line. The change
signal is about 30uS fong and is also driven by the master
module. It informs all the 16C57 devices in the system that the
row is to be changed. The reset signal is also driven by the
master module to synchronise all devices. It is sent high for
about 1 second following a system reset {or on command from
the FC). During the change signal all row drive signals are
turned off. This allows the PIC16C57 devices to change the
column drive signals without disturbing the display.

Following the reset signal, which is active high, the first
change signal causes all the 16C57 devices to shift to row 1

I +5v 7

Each device then turns on the dot drives for the columns for
row 1. Subsequent change signals cause the 16C57 devices
to drive the information for the colurmns for each row in turn,
The row signals are not used by the 16C57 devices directly;
they count the current row from the change signals
synchronised from row 1 after the reset signal. For efficiency of
switching the column drive from raw to row within the 30uS
allowed by the change signal, each 16C57 calculates the next
information to be driven to each colurn for a row whilst the
last row is still being displayed.

As the row drive signals are not used by the 16C57

]
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| Fig.6 Character display controller card
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devices, they can be-controlled by the master module to
cantrol display effects. The master module turns off the row
drive signals for 250mS, and then back on for 250mS to create
the flashing effect. To control brightness, the master module
turns the row drive signals off for between 1 and 3 multiplexing
cycles for every multiplexing cycle which it is tumed on; this
effectively dims the display. Ftashing and dimming effects may
be combined.

During flashing and brightness effects the change signals
and communications signals are maintained, this allows the
16C57 devices to remain in synchronism and to continue

shifting characters on the display.

Each 16C57 maintains an area of 15 byles of RAM which
hold the column drive information for the 15 columns driven by
each device. To decide on the next Information to be driven to
the columns of the display, the bit corresponding to the row to
be driven is tested in each byle of RAM, and if it is set then the
corresponding column drive bit is set. When shifting characters
across the display {left or right) the 15 bytes of RAM are shifted
one to the left or right; the byte to be shifted into the edge of
the display is obtained from serial communications on the left
and right ports.
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COLUMM Communications The second type of information to be sent on the left and
L The code running in each right ports is command information. Currently the only
{ ) 18C567 device is identical, and comrnand sent is the module command count. Whenever a
‘E‘* the program running detects byte is received on the right port with bit 7 reset, and bit 6
3 whether It is an even device or set, then one is added 1o the byte, and it is then transmitted
e ROW an odd device by the pull up or on the left port. This is used to count the number of 16C57

puil down resistors on its left

and right communications port.

An odd device has a pull up

resistor-on its left port and a

pull down resistor on its right

port. Even devices have the
opposite directions of pull up and pull down resistors. In
Figure 2 the leftmost 16C57 is an odd device, and the right
hand 16C57 is an even device.

. There are three communications paths in total for each
16C57, the left and right communication paths, and the
global communications path. The global path is driven by the
master module and communicates commands to every
16C57 device at the same time. The left and right paths
operate at different times in the muitiplexing cycle, and are
used to send information about the display pattern to be
driven on adjacent 16C57s when the display shifts.

All communications operate using the same serial protocol.
Each bit is 40uS long {resulting in a 25KHz transmission
rate). To send a single 8 -bit word an 80uS high start bit is
sent first, followed by a single 40uS low start bit. This
multiple start bit is to allow for two different devices working
on slightly different timing {such as the 16C57 and the
16C74 on the master module when communicating) to lake
& common timing from the start of the low timing blt
Following this the 8 data bits are sent LSB first, active high
fora ‘1’ bit,

The full timing diagram for communications is shown in
Figure 3. During rows 1 to 4 each device in the system
{including the master module} transmits and receives on their
left and right ports. The actual rows used depend on
whether the device is even or odd as shown in Figure 3.
There are two types of information sent on left and right
ports.

The first is display information. The byte received on the left
port is the next byte to be shifted into the leftmost edge of
“the display on the next right display shift. Similarty, the byte
received on the right port is the next to be shifted into the
rightmost edge of the display on the next left display shift.
Display information is sent with the pattern for the column in
bits 6 to O of the received bylte; bit 7 is always set for

display information.

—

devices TRANSITED by the module count command and to
determine the total display width.

Finalty, the global commands are used for a number of
purposes as shown in Figure 4.

Thus, to shift a character left onto the display, the master
module sends the bytes which make up the columns of the
character, one after the other on ils left port (which connects
to the right port of the 16C57 on the extreme right of the
display). Between each byte it sends a shift command on
the global port. On recsiving the shift command, the 16C57
devices all move the columns In the display RAM to the left
and each shifts the last display byte received on its right port
into the rightmost byte of display RAM. The frequency of the
shift commands controis the speed of the display, the
maximum speed being achieved with a shift on each
multiplex cycle.

Circuit diagrams

Despite the complexity of the system daesign, the circuits
used are reasonably stralghtforward, all the communications
being performed in software in the PIC devices.

Master module

Figure 5 shows the circuit dlagram of the master module.
Those who have been following the ETI PIC BASIC series will
recognise this circuit. The PIC16C74 is used for the master
controller, and although the amount of EPROM and 110
provided on this device Is beyond the needs of the project it
is used because it sports an independent asynchronous
serial port. For further details on the 16C74 see the separate
panel,

To cut the cost of the crystal osclilator, only one PIC has a
crystal oscillator, and its oscillator output Is used to drive the
oscillator input of the second PIC. A crystal oscillator is used
because the timing of communications between PICs in the
system is very tight for serial Links of just 40uS per bit with a
master clock of only 4MHz.

Each display controller board buffers both column and row
drives to the LED displays. The signals for the rows are
active high and are active low for the columns. The row
drives are buffered using a ULN2001A. This 8 bit Darlington
array (which is very cheap) provides a drive of up to 500ma
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for each row. In practice, the prototype drew nearly 600mA
per row when all LEDs were turned on, and higher drive
currents require even greater currents when all LEDs are
turned on. To meet the drive capability of the ULN2001A,
then two of the devices should be connected in parallel. The
easiest way to achieve this is to solder a ULN2001A on top of
ancther one, and then solder the bottom dewvice inte the
board. This will allow up to 1A drive per row (33mA per LED).
Increased currents can be achieved by stacking even more
ULN2001As !

Each column is buffered by a PNP transistor with a base
resistor and an emitter resistor which controls the current
drive to the LED. The emitter resistors are actually formed by
a SIL resistor network. The prototype used a 750hm SiL
resistor pack which resulted in an LED drive current of
around 25mA. The equation for drive current is R=1.9/,
where | is the drive current for the LED and R is the value of
the SIL network. The prototype displays could handle a drive
current of 75mA with a ImS pulse drive as used in the
multiplexed drive, which is achieved with a 22-ohm SIL
network. However with this drive current the row drive may
get as high as 2A per display module. In the prototype the
25mA drive current gave a display which was perfectiy
legible indoors in daylight or artificial light. The use of very
high drive currents like this is not recommended without
some consideration for the power supply, and probably
changing of the UL2001A for discrete power transistors. In
this case, the raw drive circuit may be capable of driving
several modules at once.

Do not be tempted to leave out the PNP buffer transistors
for the columns. Although the PIC16C57 is capable of
handling 20mA per output pin it'is not capable of handling
20mA on 15 pins simultaneously, the output drive for all
output pins in total is limited to 100mA.

Display board

Figure 7 shows the circuit diagram of the display card. It
contains six 5x7 LED matrix btocks, each of which interlocks
with the next display in sequence. The pinout of these
displays is standard, and almost any LED block display may
be used provided that it has cathodes connected to rows,
and anodes to columns, The prototype used surplus
displays from Greenweld which cost less than £1.00 each.
However, new display blocks are available for around £3 - £2
each, dependent on size and configuration. There is no
reason why a LED matrix of 30 by 7 LEDs should not be
constructed and a double-sided PCB to handle this would
be straightforward to design. However, soldering in 210
LEDs with over 400 leads (and all in the correct crientation)
is not a simple task !

A display with columns as cathodes may also be driven.
However, this will require inversion of the signals on the
controlter card. Please contact the author if you would like a
version of the PIC16C57 which drives active high signals on
the outputs.

The display board connects to the display controtler card
with two 20-way IDC connectors. Connectors with locking
ears should be used for greatest robustness.

RADIO DATA MODULES

MODEM TRANSCEIVERS

UK, E.E.C, Scandinavia, Eastern Europe, North & South America,
Middie East, South Africa, New Zealand, Far East or Australia.
Wherever you are, we have a module on the right frequency for you |

e
-

* Efficlent 5V operaticn *
* 400 1o S00MH2 Versions ©
“ Range up to 5Km *
* Compact Size ideal for Hand Helds *
" LIK, North American, Australian *
* MPT, -ETS & FCC Approval *
* Up or B4 selectable channels *
Only 65 x 23 x 15mm * 100+ Price Only 115.00 *
20% Discount On Evaluation Pairs

UK, US, EEC or Australian Models
Low Voitage Transmitters Simplify interfacjng !

* Reduce Component Count, Cost, Size & Power Drain "
* Drives directly from a PIC Port ! *
* Faster than -A version up to 20,000 bps *
*Available UK Approved MPT1340 418MHz *
* Export I-ETS-300-220, 433.92MHz *

TXM-418-F Transmiter SIILRX-HB—F Rkl

* Special 40% Off Introductory Offer *
* Only 29.95 per pair Inc VAT *
Exclusive r South African Modules ofi 403V [

* TXM-403-A, SILRX-404-A, RXM-403-A *
* Migh Quality ﬂuﬁ system > 120M Range *
* Evaluation Kfgs, Availabie *

* No Price Surcharge *

" Eg: 1000 +$xM's Cnily 5.85 Each *

RXM-403-A

‘D L,

g W Tramecaiver @ Bl S par piig )

World leading in price, performance and
size the BIM high speed transceiver has
already found a home around the World
in many wire free products form com-

S puter netwqus. hand held terminals to
D B b EPQOS. Available on 418 and 433 92MMz

* 5V Operation, PIC Compatible *
* Exclusive RS232 Verslon 79.95 *
* Packet Controller Board 79.95 *
* Evaluation Kit + 2 BIM's 149,95 * \
* Sold Separately From 1 - 1000 pcs * BiM-433-RPC

Check olr Prices, Now with Free Postige !

Transmitters Antannas x Receivers
TXM-418-A 0.25mWV Helical-17 3MHz 490 418-A .
THM-433-A 0 25mwW 1/4 Wave 418MHz.. 490 RAM-118-A 2505
TXM-418-F 0 25m\W Dipote 418MMz . 2350 || SILRX-433-A 2335
TXM-433F 0.25mwW. VHF Whip Antenna . . 35.00 SlL:X“OAglA .23.3:
s R A 29
E::?;;%:T:,a. SILRX-418-F 2395

2250 '1
4
TXM-173-4689 10mW .24 50 l F i‘iﬁw?ig '23%5525
TAM-184-4689 10mw, .20 95 l 34

2.5
44,75
1475

1475
14,75

RXM-184-60 ..31.62
Crady Card Paymanls
Welccme Eaports 2/4 day

delivery by DHL, UPS or

Puces untass otherwse sipled ar-

clutie VAT Cacrlage e on all nan- F

Account mgriand LK orders

‘nsurance avalabe al addiformal cosL ﬁ/ﬂ ::::1;&;:’:_:'::35!1::'::

Radio - Tech-Limited, Overbridge House, Weald Hall Lane,
Thomwood Common,.Epping, Essex CM16-6NB.

Sales +44 (0) 1B1 368 8277 Fak +44-(0) 184 361 3434
Accounts +44 (0] 1992 57 6107 Fax +44 (0) 1992 45 1994

ELECTRONICS TODAY INTERNATIONAL

27




n the cover of this month's issue of ETI there is a
free disk containing a copy of Quickroute 3.5 Lite,
a comprehensive PCB design program for
Windows 3.x based PCs.

Quickroute 3.5 Lite is based on the popular and
highly regarded Quickroute 3.5 Personal. The user can create
schematic and PCB designs and the full range of ‘Personal
Edition* editing tools are provided. However, with the version
we are giving away the user can cnly save designs containing
750 nodes or less (a node is roughly equivalent to one pad). In
addition athough you can create new lbrary symbols, you
cannot save them. Printing cof designs is enabled, although only
in 2:1 scake. ™

To instalt Quickroule 3.5 Lite, simply run the'ﬁrogram
SETUPEXE included on the disk from your Windows Program
Manager. The user will be prompted to enter a directory in
which ta install Quickroute, and to enter a User Name. The
User Name can be any text. Once this has been done, the
software will be installed. The manual is available as on-line
help In Quickroute 3.5 Lite.

Quickroute 3.5 Personal retails at £68.00 (excluding P+P
and VAT) and is supplied without a manual. Rather, the manual
contents are available as on-line help. This is done to save
money on material and distribution costs so as to keep our
entry levet product as cheap as possible. However, as a
special offer ta ET! readers Quickroute are prepared to offer
Quickroute 3.5 Personal in a box with a full manual for £99.00
{excluding P+P and VAT). This offer will be kept open until 1st
June 1996. Readers will need to send Quickroute (address at
the bottom of this article) their cover disk to prove their
eligibility for the offer.

For the latest information on Quickroute readers can now
contact us over the Internét using either world wide web
{(WWW) on :

http./Awwey. quickroute .co Uk

or on Email using :

info@quicksys.dernon.co.uk

The Web page is a good place for users to get the latest
information about Quickroute and to download the latest
demonstration software, etc. Quickroute 3.5 is avallable in a
range of different versions, the current ones are listed below:

ELECTRONICS
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Quickroute 3.5 Personal

An entry level product with support for PCB and schematic
drafting. PCBs with up to two copper layers can be designed.
The basic set of PCB and schematic libraries are included and
the manual is available as *online* heip only {no printed manual
is supplied),

Quickroute 3.5 Designer

This produtt has support for PCB and schematic design. It
includes schematic capture which will turn a scheratic into a
PCB rat's-nast which can then be manually routed. There is
support for two copper layers. Basic design rule and
connectivity checking is inciuded, and a 'rat check’ feature for
highlighting rat lines which have been manually routed.

Quickroute 3.5 PRO

This product includes support for multi-sheet schematics (up
to eight sheets), schematic capture and supports PCB's with
up to eight copper layers. An aute-router is included which has
suppert for automatic via placement. The product supports
Gerber and NC-Drill file export, and WMF and Tango net-list
export. The extended library pack is also included as is basic
design rule and connectivity checking.

Quickroute 3.5 PRO+

In addition to all the features of Quickroute 3.5 PRO, this
product includes support for exporting SPICE and DXF files,
support for exporting net-lists to SpiceAge using a DOE link,
the ability to import Tango (PCB) net-lists, and the ability to
import Gerber files. The product also includes a *copper fill
facility and has the capabiiity of updating a PCB from a
schematic net-list (‘engineering change’).

The current prices for Quickroute products are

Quickroute 3.5 Personal Single User £68.00

Quickroute 3.5 Designer Single User £149.00
Quickroute 3.5 PRO Single User £249.00
Quickroute 3.5 PRO+ Single User  £399.00

Post & Packing is £5.00 (UK), £5.00 (EC) and £12.00
{worldwide). VA.T must be added to the total price including
P&P

Quickroute Systems Ltd,

14 Ley Lane,

Marple Bridge,

Stockport, SK6 500, UK.

Tel/Fax +44 (0)161 449 7101

Email: info@quicksys.demon.co.uk
WWW http:/Avww.quickroute.co.wk

Prices and specifications are subject to change without notice.
Copyright (c) 1996 Quickroute Systems Ltd. All rights reserved.
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Surplus always
wanted for cash!

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

Surplus always

wanted for cash!

LOW COST PC's -

SPECIAL BUY

AT 286
40Mb HD + 3Mb Ram

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems
Made in The USA 1o an indusinal spacliication, the systam was
deswgned lor toraf relighility. The compact case houses the molhar-
buard, PSU and EGA video card wilh single 5% 1.2 Mb lloppy disk
diive & integral 40Mb hard disk drive to the jront. Real tme clock
with mattery bachkup ks provided as standard Suppled used
condfiion complelé with anhanced keyboard, 640k e b RAM,
DOS 4.01 and 90 DAY Full Guaranlee. Aeady !0 Aun f

Order as HIGRADE 288 O ANf ¥ £ 29‘ o0 (&)

Optional Fited extras: VGA graphics card £29.00
1,4Mb 3%" lloppy disk drlve {instead of 1.2 Mb) £19.95
NEZDO0 Ethemaet (thick, thin or twisled) network card £39.00

LOW COST 486DX-33 SYSTEM

Limited guantity of the 2nd user, supurb small size desklop unil.
Fully teatured with standard simm connectors 30 & 72 pin. Supplied
with weyboard, 4 Mb o AAM, SVGA monilor oulpul. 256k cache and
Integral 120 Mb IDE dnve with single 1,44 Mb 3.57 1|Dppg disk drive,
Fully tesled and guaranieed. nly

Many other aptions avalable - call for aetails.  £399.00 ¢

FLOPPY DISK DRIVES 312" - 8"

5%" or 32" fromonly £18.95 1

Massive purchases of slandard 5%~ and A%’ drives enables us o
presani prime praducl al indusiry bealing low prices! All unils {uniess
staled) are BRAND NEW or removed from often brand mew equip-
mari and are lully testeg. aligned and shipped 1o you with a 90 day
guarantee and cperate from standard vollages and are ol slandard
size. All are IBM-PC compatibla it 3%" supported on your PC).

3%" Panasonlc JUX6I/4 720K or equivalent RFE 224.355%8
3%" Mlisublsht MF355C-L 1.4 Meq. Lapiops oniy £25.95(8
3% Miisubishi MF355C-D. 1.4 Mag Non laptop £18.95(8
5y Teac FD-55GFR 1.2 Meg (lor IBM pe's} RFE £18.95(B
5Y4" Teac FD-55F-03-U 720K 40/80 (Jor BBC's st} RFE  £22.95(8

Y~ BRAND NEW Milsublshl MF5018 360K £22.95(8
Tadia top case with Inlegral PSU tor HH 5% Flopp or HD  £29,95(8

£"Shygan 800801 8° 5SS refurbished & lesled £195.00(f
8"Shugarl 810 & S5 HH Brand New £195.00{(E
8'"Shugar! 851 & doubie siwed refurbished & tesied £250.00(E
Mirsubishi M2894-63 8” double sided NEW £275.00
Misublshl M2896-63.02U 8" DS slimline NEW £285.00(E
Dwal 8" cased drves wih niegral power supply 2 Mb £499.00(E

HARD DISK DRIVES

End of line purchase scoopd Brand new NEC D2246 B® 85 Mbyte
dwve wih Industry standard SKD Intarface. Ultra hi speed data
transier and access times, reptaces Fulitsu equivalent modal.
Cornplete with 1ull manual Only £299.0¢ or 2 for £525.00 (E)

34" FUJI FK-309-26 20mb MFM I/F RFE £59.95(C
' CONNER CP3024 20 mb IDE IFF (or equiv }RFE £59.95:C
=" CONNER CP3044 40mb 1DE WF (or equiv,)RFE £69.00(C
2 RODIME RO3057S 45mb SCSI UF (Mac & Acorn)  £99.00(C
=4" WESTERN OIGITAL BS0mb IDE ¥F Brand New  £185.00{C
E4" MINISCRIBE 2425 20mb MFEM UF {of equiv.) RFE = £49.95(C
£14- SEAGATE ST-238R 30 mb ALL IF Relurb £69.95{(C
2% COC B4205-51 40mb HH MFM I/F RFE 1ested £69.95{(C
B FUJITSU M2322K 160Mb SMD IUF RFE tasted £195.00(E

Hard dlsc controllars for MFM | IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBOX

Converis your colour monltor into a QUALITY COLOUR TVII
i

TV SOUND &
VIDEO TUNER

CABLE COWMPATIBLE ©

The TELEBOX Is an attractive fully cased malns powerad unil, con-
1alning all elecironics 1eady 10 plug info a hosi ol videa monitors
made by makers such as MICROVITEC, ATARI, SANY(Q_ SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The compasite
wideo oulpul will also plug directly inlo most video recorders, allowing
recephion ol TV channels not normally recalvable on mos| televi-
sion receivers® [TELEBCX MB). Push bution controls on 1he front
panel allow teception of B fully tuneatte 'ofl alr’ UHF colow \elavision
charnels TELEBOX MB covers wrtually all Islavision frequencies
VHF and UHF inciuging Ihe HYPERBAND as used by most cable
TV operalors. A composite video oulpu! 15 located on the rear panal
tor direct connaclion 16 mosi makes of monitor or desktop computar
video systems. For complete compatibsity - even lor monitors with-
cut seund - an integral 4 walt audio amplifier and low level HI Fi
audio output are prowded as standard.

TELEBOX ST for composite video inpul 1ype monilors
TELEBOX STL as ST bul filed with imegral spaaker £39.50
TELEBOX MB Muliband YHFAUYHF/Cabr perband \uner  £69.95
For overseas PAL versions siate 5.5 of & mHz sound specillcation,
*For cable / hyperband reception Telebox ME should be connected
10 a cable type service. Shipping code on all Teleboxa's 15 (BY

DC POWER SUPPLIES

Virtually every type of power
supply you can imagine Over
10,000 Power Supplies Ex Stock
Call for Info / Hist.

£36.95

IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

6,000,000 items EX STOCK

For MAJOR $AvINGS - CALL FOR SEMICONOUCTOR HOTLIST

VIDEO MONITOR SPECIALS
One of the highest specification

* monitors you will ever see -
At this price - Don’t miss it!!

Mrsubishi FA3415ETKL 14" SVGA Muttisync colowr manfior wih Ine
_ 028 got pach tube and resolfion of 1024 x 768 A

vanely of nouts alliows connecson 10 8 hod of
ers gl 1384 PC's in COA EGA, VGA & BVGA
modes, BBL, COMMODORE finchuding Amiga 1200},
ARCHIMEDES and APPLE. M lealures Fiched
B faceplala, text swiching and LOW!{AWT‘IONWR
= specification, Fully guarantead, supphed in EXCEL-

LENT itle usad condfion Only £119 ® Order a8

Tt & Swived Base £4.75 MITS-SVGA
Extiamal cables tor ather types of computers CALL

VGA cabie for I3M PC included
5000 Monitors from stock !l}
HERCULES, EGA, CGA, VGA, S/GA -§to 26"
+ Many speclal items - CALL with your needs !

Jus!in - Mierovitac 20" VG A {800 x 600 res.} colour monitors.
Good SH condiilon - from £299 - CALL for Info

PHILIPS HCS35 {same SHIB as CMBBR33) atractively stylad 14"
colour monltor with both AGB and slandard composite 15.625
Khz video inputs via SCART sccket and separate phono jacks,
Integral autho power amr and speakar lor all audio visual uses,
Will conrect direct to Amiga and Alarl BBC computers. Ideal for all
video monltoring / securty appications wih direc! connectlon
to most colowr cameras. High aualhy with many lealures such as
frany concealerJ'ﬂap conircls, VCR correclion bulton etc. Good
used condition - lully tested - gquaraniead

Dimencions: W14 5 H12%" x 15%° D, Only £95 ,

PHILIPS HCS31 Ultra compact 9 colour wdeo monlior with 3lan-
dard composite 15,625 Khz video Inpu! via SCART sockelL fdeal
for alt montorfng / security applications. High quality, ex-equipment
tully 18sted & guaranieed {possible minor screen bums). In altrag-
live square black plasi case measunng W10" x H10" x 13%" .

240 V AC mains powared. Only £79.00 ()

KME 10" 15M10009 high dehnition colour monttors with .28 dot
pilch. Superb clarity and modern siyllng. ... -

Operates from any 15.825 khz sync RGB video
source, wilh RGJ analog and composite sync®
such as Alarl, Commodore Amiga, Acorn
Archmedes & BBC. Measures only 13%" x 12° x
11*. Good used condition. Only £125 E)

20" 22" and 26" AV SPECIALS
Superbly made UK manulaciure. PIL all sohd siate colowr monitors,
completa with composha videa & opfional sound Inpu Atractive
teak styla case Perect lor Schools, Shops, Oisco. Clubs, elcin
EXCELLENT (il:le usea condion with full 30 day guarantee

20"...£135 22"..£155 26"..£185m

SPECIAL INTEREST ITEMS

MITS. & FAJM445ETKL 147 Indusinal spec SYGA monilors
Z%W (0 400 kW - 300 Mz 3 phase power somrces « @X Stack
Broadcas) Electronics Inc FX30 FM exciter BO-108 MHz
Stanelco STA15 15kw RF Induction heater syslem
1IBM 8230 Type 1, Token nng base unit drver

IBM 53F5501 Token Ring ICS 20 porl lobe modules
1BM tsAL Token ring disteibulton panel B22R-23-5050M
AIM 501 Low distortion Oscillalor SHz 1o 330Khz, IEEE
Trend DSA 274 Data Anatyser with G703{2M) B4 Vo

HP APOLLO RX70D sysiem units

HP6621A Dual Programmable GPIB PSU C-7 V 160 walls
HP6264 Rack moum vanable 0-20V @ Z0A metered PSU
HP54121A DC 10 22 GH2 tour ehannal 13st sel

HP7580A A1 8 pen HPGL high spesd dium plottar
Margoni £310 Programmable 2 lo 22 GHz sweep generatcr
EG-NG Brookdeai $5035C Precision kozk i amp

OTC LId 1550 SM Stabillsed IR laser ci hbration soulce
Ling Dynamics 2kW programmable vitmation test system
Computar 16mm OCFV aulo s lenses 'C' mount - NEW
Keilhley 590 C¥ capacitor f voltage analysar

Racal CR40 dual 40 channel voice {ecorder sysiem
Roken 80-250 240v single phase flow sokder machine
ICH RSC30UV34 Cleanline ulrasonic ckeaning system
tAann Tally MTB45 High speed line prnler

INTEL SBC 486/133SE Mullbus 486 system. BMb Ram
2a1a 3220-05 AQ 4 pen HPGL fast drun piohlers

Nikon HFX-11 (Ephiphot) eaposyra contral unit

Motorela VME Bus Boards & Compenants List SAE { CALL EPOR
Trio 0-18 vdc insar, meteied 30 amp bench PSU. New £558
Fujitsu M3041R 60C LPM band prinlet

£245
EPOA
£750
£POA
£950
£750
£95
£550

Andrews LARGE 3.1 m Salellite Disr « mount {For Voyages!} £95J
Thurlby LA 1608 logw: analyser £33
Sekenic SD 1504 18 channal dghal Hybnd chart recorder  £1995
Densel MUD (HBEAM 1KVa UPS systam with batts MNEW £575
System Vidao 1152 PAL wavalorm manito; ]
Tasl Lab - 2 mir square quiersed acoushic lest cabinets £3m
Kanwood 9601 PAL Veclorscops - NEW E6!

Please call for further detals

£1958

Fujltsu M3041D 50C LPM printer with 1e1woik ntertace £126%
Perkin Elmer 2998 Infrared spectroph Momaeter tPOA
VG Efeclronlcs 1035 TELETEXT Decading Margin Mete  £3752

20
on the above ltems

19" RACK CABINETS

Superb quality 6 fopt 40U
Virtually New, Ultra Smart
Less than Half Price!

Top qualty 19" rack cabinets made in UK by
Optima Enclosuras Ltd. Unlis faature
designer, smoked acfylk: lockanle ront door,
lull helght lockable hall louvered back door
snd louvered ramovable side panels. Fully
adjLstable internal fixng struts, ready punched
for any configuration of aquipment mounting
plus reagy mounled Integral 12 way 13 amp
sockel switthed mains distribution strlp make
these racks some ol the most versalile we
hava ever sold. Racks may be stacked side by side and therefors
require anly lwo side panals o siand singly or ih muttiple bays.
Overalt dimensions are: 77" H x 12%" g % 22" W. Order as;

CPT Rack 1 Complete with removable side panels, £335,00 (G)

GCPT Rack 2 Rack, Less side panels £225.00 (G)

| 32U - High Quality - All steel RakCab |

Made by Eurocraft Enclosures Lid to the highes! possible spec,
rack features all stesd construciion with remavable
side, front and back doors. From and back dooss are i
hireged for easy access and al are lockable with V o
tive Secure 5 laver barrel focks. The front door / £l
Is constructed of double walled steel wilh a (G- €
‘deslgner siyle' smoked acrylic front panel to e
enable slatus indicators lo be sean through the

nel. yer remain unoblrusive Inlernally 1ha rack
eatures fully stotted reinlorced verical lixing 3
maembers 1o take the heaviest of 19* rack |
aqulpment. The two movable vertical texing siruts |
(@atras avatabie} are pre punched for siandard 3
‘cage nuls’. A malns disiribution panel internal- fF 5
Iy mounted lo the botiom rear, prowides 8 x JIEC 3 &
pin Euro sockets and 1 X 13 amp 3 pin swliched 55
utility socket. Overall vaniilatlon is provided by ~NEe
tutly louvered back doot and double skinned lop section ™
wih lop and side louvres. The lop pan8l may be removed ot filling
of Integral fans 1o the sub plata exc. O1her features include. ined
caslors and floor levelars, prepunched utiity panel al lower rear fof
cable / connector access etc. Supplied n excaltent, siightly used
condilion whh keys. Colour Royal blue. External dimenslons
mm=1625H x 6350 x 603 W, (64"¥| X125 Dx23%" W) x

Sold at LESS than a third of makers price Il

A superb buy atonly £195.00 )

Over 1000 racks - 19" 22" & 24" wide
3 to 44 U high. Available from stack !!
Call with your requirements.

TOUCH SCREEN SYSTEM

“he ullimale in “Touch Screen Technology’ made by the expens -
MicroTouch - bul sod al a price below cosl Il Syslem conslsts of
1 flat lranslucent glass laminated panel measunng 28.5 x 23.5 cm
20nnecied 10 an gleciionke conlreder PCB. The coniroller produces
a standard seriat AS232 or TTL oulpyl which continucusty glvas
almpls senal data conlaining posilional X & ¥ co-ordinales as to
~here a finger 15 touching the panel - as the linger moves, the dala
instanlly changes. The X & ¥ wiomalion is given sl an Incrédible
matrix resolution of 1024 x 1024 posRions over the entire screen
siza i A hosl ol available transistlon software anables diec! con-
neclion 10 a PC lor a myrad of applications hcludlnaecmlrol pan-
els, ponting devices. POS syslems, conlrolers for the disabled of
computer un-trainad eic @lc, Imaging uslng your Hinger with
‘Windows', instead of 8 mouse I (a griver is Indeed avaitable [} The
applicalions tor this amazing product are only limited by your
Imaginatfon!! Complele system including Controller, Power Supply
and Data supglied at an incregdidie phce of only:

Full MICRGTOUCH software support pack g £145.00 {8)
and manuals ¢ IBM campatible PC's LIPS RFE - Teslad

LOW COST RAM & CPU'S

INTEL "ABOVE' Momory Expansion Board Full langth PC-XT
and PC-AT compaiible card with 2 Mbytes of memory on board.
Card 1s lully seleciable lor Expanded or Extended {286 processor
and above) memory, Full data and driver disks suE%lled. RFE.
Fuﬂr tastad and guaraniead. Windows compalibla. 9.95(A1)
length 8 bli memory upgrade cards lor PC AT XT expands
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Hal
memoty g¢fher 256k or 512k in 64k slaps. May also be used tc 1ill
in RAM above 640k DOS limit. Complele with data.

Order as: XT RAM UG. 256k. £34.95 or512k £39.95 (A1)

SIMM SPECIALS

1MB x9 SIMM 9 chip 120ns Only £19.50 (A1
1MBX9 SIMM3chip80nsE23.50 or 70ns  E£24.95 (Al
1MB x 9 SIMM 9 chip 80 ns E22.50 or 70ns  £24.00 (A1
4 MB 70 ns 72 pin SIMM -with parify- Onlyégi&? Al

8MB 70 ns 72 pin SIMM - no party 9.00 (A1
INTEL 486-Dx33 CPU ESS WTEL 486-DX66 CPU £69.00 (A1

FANS & BLOWERS

EPSON DO412 40x40x20 mm 12v DC
PAPST TYPE 612 60x60x25 mm 12v OC

£7.95 10/ £65
£8.95 10/ €78
MITSUBISHI MMF-D6D12DL 60x60x2$ mm 12v DC £4.95 10/£42
MITSUBISHI MMF-08C 12DM 80xB0x25 mm 12v DC £5.2510/£48
MITSUBISHI MMF-09B120H 92x92x25 mm 12v DC £5.95 10/ €52

PANCAKE 12-3.5 92x92x18 mm 12v DC £7.95 10/ £69
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110
or 240 v £6.95. 80 x A0 x 38 mm - specily 110 or 240 v_ £5.95
IMHOF B26 1900 rack mnt 3U x 19" Blower 110/240v NEW £79.95
Shipping on all ans (A} Blowers (B) 50,000 Fans Ex Stock CALL

Issue 13 of Display News now available - send large SAE - PACKED with bargains|

s oo, et ALL MAIL & OFFICESR [LONDON SHOP DISTEL® ALL ‘T ENQUIRIES
* e * . ] Open Mon-Fri 9,00-5:30 Open Mon - Sat $:00 - 5:30 The Orlginal
* S8 @ . . rigina
$e 23 : . Dept ET. 32 Biggln Way e Tk REE On line Database 0181 879 Ml4
= gle = ase F__B O Upper Norwood he?ﬁrf_a:’”ﬁm'a nfo on 20,000 « stock fems|
' LONDON SE19 3XF Selhursl Perk SR Rell Siatians RETURNING SOON 1 FAX 0181 679 1927
- -
EL E[IE,UI\I’[E All pces for UK Mamnand. K customens add 17.5% VAT to TOTAL ocder amount, Minimum order £10. Bona Fide actount ormeds acoepmed fom Govemment, Schools,
Urversties and Local Authomes - minimum account onder £50. Cheques over £100 are subwect [0 10 wodng days dearance. Carriage charges (A)=£3 00, (Af}=£4.00.
[I—— FSTABUSHED | (B)=£550. (CH=EAS0. (D}=E12.00, (El=£15.00, (FI=E18.00, (G)=CALL Alow appiox 6 days for shippng - faster CALL Sctiand surcharge CALL A goods suppied 10 our
VIsA 25 YEAAS Slarl‘hrUCu'tholSaiaandmlesr,ﬁaledgawﬁobmmyamt?ﬂrmmamumbmmﬁsMngtmnww?ml 10N withow prce
| notce Oroevs subjedt 10 stock. Distounts for volume: Top CASH prices paid for sumius goocs. A rademarks eic acknewledgad @ Display Blectronics 1996, E & OE 0155



A project from Terry Balbirnie to ¢

ickel cadmium (rechargeabie)} batteries are found in
most homes. Typical uses include powering
photographic equipment (flash guns, etc.) toys,
personal stereos, calculators, razors and small
power tools. This article is concerned with
checking the charge state of the most popular variety - the “AA’
size sometimes known as SP7/HP7, UM3/AM3, MN1500
R6/LR6/RX6 and Penlight among others. Some of these terms
really apply to the non-rechargeable equivalent but they are
widely used to describe any cell of this size. Simply by
substituting the battery hoider on the unit with a different one,
this tester could be used to check various other sizes of nickel-
cadmium cell.
Charge Check is extremely easy to use; the ceil to be tested
is placed in the holder and a meter read. The pointer shows
green for good, yellow for serviceable and red for flat. Current is

sod

drawn from the cell itself s0 no internal battery is needed. The
unit will therefore always be available for use. it will not give
consistent readings if it is subjected to wide temperature
vanations. However, it will operate correctly over the *nomnal
room temperature™ range.

Cell cheap

Since "AA"size nickel-cadmium cells may now be bought for
about £1 {f you shop around) and with a throw-away akaline
one costing around 70p, there is very little difference in price.
Nickel-cadmium cells are therefore often used to replace
ordinary ones. Taking into account the cost of a charger, long-
term savings can be substantial. These cells may be re-charged
many times - as much as 10,000 in theory but usually 500 to
1,000 times in practice.

Unfortunately, the capacity of this type of cell is considerably
less than the eguivalent alkaline variety. In use, they therefore
run down more quickly. They also discharge fairly rapidly even
when not being used. This self-discharge effect may amount to
a 50% loss in only 12 weeks. This is why some means of
measuring their state of charge is helpful. Typically, an alkaline
cell has a capacity of 2Ah. This means, in theory, that it could
deliver two amps for one hour. At this high rate, it would
probably not succeed for the full time and it would be more
realistic to say that it could provide, say, 20mA for 100 hours.
The most common nickel-cadmium "AA" cell has a capacity of
500mAH (0.5AN) - that is, about one-quarter the charge. There
are several members of the same family having higher
capacities - 700mAH, 850mAH and 1.2Ah. However, they are
more expensive and those listed by discount mail order
suppliers are generally of the lower capacity type.

Bearing the load
This unit determines the state of charge by measunng the
voltage of the cell under load (that is, while drawing a moderate
current from it). When freshly-charged, it will be about 1.4V, This
falls in a non-regular way to the useful low point which may
regarded as about 0.9V to 1.0V. Measurement shows that when
half-charged it will be about 1.27V and at one-quarter charge
about 1.2V. The load helps to obtain meaningful readings. This
is because, when a battery is left standing off-load for a while,
the voltage tends to rise. It would therefore appear to have a
greater charge than is really the case. This is particularly true
when the charge nears the end point.

The Charge Check is basically a narrow-range voltmeter. An
ordinary analogue instrument with a full-scale deflection (FSD)
of, say, 2.5V would waste most of its scale length (about 84%)
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since the regions below 1V and above 1.4V would have no
significance. This would make small changes very difficult to
see. A digital meter could be used but it would not apply a load
to the cell under test. Also, not everyone wants children and
others to use their valuable test instrument for this purpose.
Nen-technically minded people would also find difficulty
translating a basic voltage into the state-of charge.

To mark the scale with coloured bands rather than voltage
readings does require some care to remove.and re-mark the
existing one. Timid readers could stick a label on top of the face
above the pointer and colour that but the final appearance
would not be as good. Also, it would be more difficult to
interpret. In the prototype, it was arranged for readings above
1.3V to be green; below this and down to about 1.2V yellow;
and, below that, red showing that the cell has litile lite left in it.
However, these boundaries are subjective and readers wil
perform their own calibration at the setting-up stage.

Circuit description
The circuit for Charge Check is shown in Fig. 1. When cell B1
under test is connected, current completes a circuit through

uick-test those “AA” Ni-Cad cells

diodes D1/D2 and resistor, R1. With the specified value of R1
the cumrent drawn from a freshly-charged cell will be some
$50mA faling as the battery drains. Ignore the effect of RV1, R2
and ME1 for the moment - these components form the nanow-
scale vottmeter and have negligible effect on the current.

A diode exhibits a forward voltage drop. This is the voltage
which appears across it when current flows, The voltage drop is
reasonably constant over a wide range of curent. Diode D1is a
Schottky Barrier device and this has a very low forward voltage
drop - around 0.25V with the range of current fiowing In this
circuit. D2 is an ordinary silicon diode and it will have a voitage
drop of 0.7V approximately. The diodes are connected in series
so the sum of the voltages (0.95V or, say, “1V) appears across
the pair.

Taking account of the drop across the pair of dicdes, the
voltage across R1 will be that of the battery minus 1V
approximately. When the battery voitage is 1.4V {about right for
a fully charged cell), the voltage across Rt will be 0.4V. The
device works by using the basic 0-5QuA microammeter, ME1,
to provide full-scale deflection when it detects this voltage. In
theory, the scale will therefore cover a battery voltage from 1 to
1.4V, In practice, it will e about 0.6V to 1.4V and this point will
be explained later. To make the microammeter behave as a
voltmeter, a resistor connected in series with it is needed. In this
cireuit, this is achieved using two resistors fixed resistor R2 and
preset potentiometer, V1 |t Is then only necessary to adjust
RV1 at the end of congtruction to provide the correct FSD.
Ohm's Law suggests that a lower value for RV1 could be used.
However, using this one will take account of any component
differences.

Construction

Construction of the charge tester is based on a single-sided
printed circuit board (PCB). The component overlay is shown in
Figure 2 and it will be noted that everything, apart from the cell
hoider, is mounted on the PCB. In fact, it would be more
accurate to say that the PCB is mounted on the meter and
needs no further suppiort (see photograph).

Bend the cathade end lead of each diode (those near the
stripe on the body) down the side. Solder these components in
position vertically, noting that the cathode connections are
marked “k” in Figures 1 and 2. Mount the other soldered
components and attach Ocm pieces of light-duty connecting
wire to the points marked B1+ and B1-. Remove the boits and
washers from the meter terminals. Secure the circuit panel to
the posts using the bolts through the holes in the PCB
observing the polarity {which is marked on the underside of
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D1 D2 _
I 22k
+/81 L
- 2R7 Rz
1k
NOTE: 1 -
! D1 INS820 ME1
d D2 1N4DDH [ 0 - 50uA
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Fig.1 Circuit

| Fig.2 PCB overlay
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would also be possible to leave the scale as
it is and simply mark the boundaries with
lines or spots of the appropriate colour, Re-
assemble the meter and replace the front
cover ensuring that the zero-adjustment peg
on it engages with the fork on the
movement. It may be necessary 1o re-set
the zerg using a flat blade in the adjuster
siot.

A plastic box is used to house this circuit.
Both the meter, carrying the circuit panel,
and the cell holder are mounted on the lid.
First, make the large hole for the meter body
and the four small ones used for fixing it to

RV

the meter). It may be necessary to discard the washers to
provide sufficient length. Check that, when in position, the
tops of the meter terminal posts make firm contact with the
pads on the PCB. Adjust RV1 to approximateiy midtrack
position .

Testing

Initial testing may be carried out simply by touching the wires
on to the cell terminals, observing the polarity. Remove only a
very small amount of insulation from the ends so that there is
no possibility of causing a short dircuit. Start with the cell fully-
charged. Connect it up and adjust RVt so thal full-scale
deflection is obtained. Put the cell in a piece of eguipment so
that it runs down to the point where it does not work properly.
Test it again. The meter should now show a low reading.

As the cell voltage approaches 1V, the diodes will be at the
point of failing to conduct. However, the forward voltage drops
reduce under these low current conditions and this maintains
a current greater than expected. This results in a scale where
1V ends up at about the 20uA mark rather than zero. Do not
expect a reading of zero unless the voltage has fallen to 0.6V
or s0. The important point is that the useful range - 1V to 1.4V
covers most of the scaie length. In this way, very small voltage
differences may be interpreted.

Practising scales
Before modifying the existing meter scate, it wil be necessary
to test the cell during & controlled discharge. This may be
done by running it down (as part of a set) in, say, a personal
stereo. Begin with all cells fully ¢charged. Switch the equipment
on and remove the cell at intervals to test it and record the
reading (it is probably better to use the same one each time).
Judge what will be reasonable for the boundaries between
green/yellow and yellow/red. The green and yeliow bands will
be much narrower than the red one. This is because the
voltage falls only very slowly over much of the discharge cycle.
Next, modify the meter to show coloured bands instead of
microamp readings. The plastic face Is easily removed by
applying gentle force around the edge. Great care must be
taken not to bend the pointer from now on. Remove the two
small screws which secure the scaie and slide it out. Using
tracing paper, and taking note of the readings, mark the
outline of the existing scale and the positions of the
boundaries which wil exist between the coloured bands. The
scale may now be turned over and sprayed using matt paint
{car-type cellulose primer was used in the prototype). Another
method would be to cover it with a thin self-adhesive label
and cut it to shape. Using the tracing, draw in the outiines of
the bands and colour them in using fine fibre-tip pens. It

the case (the original packaging provides a
template for this purpose). Make the large hole by drilling a
circle of smail ones then join them together using a miniature
hacksaw. The edge may then be filed smooth. Drill the two
holes for cell holder mounting and attach it. Drill one at each
end for the wires passing through from the PCB. Attach the
meter by first removing the fixing nuts and manoeuvring the
PCB through the large hole. Pass the wires from the circuit
panel through their holes leaving some slack. A small cable
tle was used in the prototype to keep them neat. Solder the
ends to the battery holder terminals observing the polarity.
lse minimum heat for this - the plastic body easily meits.
Assemble the case and make some trials. Over a period of
service, make small adjustments to RV1 if necessary to
provide the best operating points.

Final points

This device wil check a cell which has been discharged in the
normal course of use. It may not provide a rellabie reading if the
cell has just been charged.

Always observe the reading for up to half a minute - it should
be steady. It is falls, it indicates a fiat cell which has picked up
on standing - it therefore needs charging. Do not leave a cell in
the holder for long after a test since the unit will gradually
discharge it.

Resistors

R 2R7,0.25W 5%

R2 1 1k,0.25W 5%

Av1 22k,sub-smiin vertical preset

Semiconductors
(0] 1N5820 Schottky barrierkdiode
D2 1N4001 silicon diode

Miscellaneous

ME 1  0-50 microamp fmeter. Face size 51 x 45mm
approximately, terminals having 20mm between
centres,

£CB materials

Single 13A" size cell holder

Plastic box size 100.x 75 x 40 mm.

Buy Lines

The meter usedin the prototype Was obtained from
Greenweid Electronics, Ltd. It was ar Alfai meter
frorn the “50mm” range. Diode D1 was obtained from
Mapiin. Everything else js freely available.
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~DWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-

LOUDSPEAKERS-18 INCH STERED RACK AMPLIFIERS

THOUSANDS PURCHASED Oy B gy OWER AMP ERt MOD * SUPPLIED AEADY BUILT AMD TESTED.

BY PROFESSIONAL USERS These moduies now snjoy B world-wide repuaiion for quaiity, wilsbility snd periormance Bt B ranistic peics. Four
models sre svellabie 10 suit the nevds of the peoalessiensl and hobby market Lo, Indusity, Lelw tnstrumsnisl and Hi-Fi
e, When comparing prices, NOTE thal all modeis Iaciude toraddsi power supply, Integral haal Bink. glass fibre P.C.8, sna
arive Clrguils I pomser & compatibie Yy maler. All modals aes Roen and shor circult privet

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Oulpul power 110 waftis
A.M.5. Inio 4 chms, trequency response 1Mz - 100KHx
-3dB, Damplng Factor > 300, Slew Rate 45V/uS,
T.H.D, typical 0.002%, Inpul Sensitivity S00mV, S.N.R.
-110 d8. Skze 300 x 123 x 60mm.
PRICE La40,B5 + €3.50 P&P

OMP/MF 200 Mos-Fet Outpul power 200 watls
R.M._5. inlo 4 ohms, frequency response 1Mz - 100KHz
-3dB, Damping Faclor >300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Inpul Sensitivity 500mV, 5.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 PEP

THE REMOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MQDELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)
MXFS600 {300W + 300W) MXFQOO (450W + 450W)

ALL POWER RATINGS BLM S, INTO 4 OHMS, BOTH CHAMMELS DRIVEN
FEATURES wWindependen! powdr supptles with two 1avoidal mansiormers @ Twin LED. vy melers &
Level conirols # llluminated on/ofl switch % KLR confieciors % Standaard TTSmY Inputs w Open and short circult
proof % Lalest MosFets lor siress Irep powwr dedlvery Inlo virtually any load & High sew raie * Very low
distortion ¥ Aluminium caves & MXF600 & MNFS00 lan cooted with D.C. loudspeaker and thernal piotection,
MSED THE WORLD OV ER IN CLUBS, PUBS, CINEMAS, DISCOS ETC,

SIZES:- MNF200 W19 eH3I % (2U)aD11"
MXFA00 W18 aH 5% " (JU)2D12"
MXFE00 W19 WS Y. (JW)rD 1 3™
MXFS00 w18 a5 Y (3D 1 d%,"
PRICES:-MXF200 £175.00 MXF400£233.85
MXF600 £329.00 MXFO00 £448.15

SPECIALIST CARRIER DEL,. £17 50 EACH
- e S ————————————————————

OMP X032 STEREO 3-WAY A VE CROSS-OVER

Advanced 3-Way Stereo Active Gross-Over, housed In a 197 1 1U case, Each channel has three level conirols:
bass, mid & top. The removable jromt fascia allows access lo Ihe programmable DIL switches lo adjust the
tross-over irequency; Basy-Mid 250/500/300Mz. Mid-Top 1.8/3/5KHz, all at 2408 per oclave. Bass inverl swilches
on each bass channel. Nominal TP5mY inpuloutpul Fully compatible with OMP rack amplitier and modules,

Price £117.44 + £5.0C P&P

OMP/MF 300 Mos-Fel Oulpul power 300 watls
R_M.5. Ino 4 chms, frequency response 1Hz - 100K Hz
-3d8, Damping Faclor >300, Slew Rale 60V/uS,
T.H.D. typical 0.001%, Input Sensiilyity 500mY¥, 5.N.R,
-110 dB. Size 330 X 175 % Y00mm.

PRICE CB1.75 + £5.00 P4AP

OMP/MF 450 Mos-Fet Outputl power 450 wats
R.M.S. Inlo 4 ohms, frequency response THz - 100KHzx
-3d8, Damplng Faclor > 300, Stew Rale T5ViuS,
T.H.D. lypical 0.001%, Inpul Senshivily 500mV, 5.N.R,
-110 d8, Fan Cocled, D.C_ Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 £ 105mm.
PRICE £132.65 + £5.00 P&P

OMP/MF 1000 Mos-Fet Quipul power 1000 watts
A M.S. into 2 ohms, 725 watts R.M.5. Inlo 4 ohms,
Irequency response 1Hr - 100KHz -3dB, Damping
Faclaor >300, Siew Rale 75ViuS, TH.D. typical
0.002%, Input Senshilvity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspesker Proleclion, 2 Second
&nti-Thump Delay. Slze 422 x 300 x 125mm,

PRICE £259.00 + £12.00 P&P

HOTE: MOS-FET MOOULES ARE AVAILABLE H TWO YERSIOMS

= -] = - - STAMDARD - INPUT SEMS 3G0mV, ‘BAND WIDTH 100K ML
TEREC DISCOM S0 4008 * ECHO & SOUND EFFECTS® PEC (PROFESSIOMAL EQUIPMENT COMPATIBLE) - INPUT SEMS
STEAEQ ISCO MIXER wih 2 ? band TTAMY, BAND WIOTH sOKHz. OADER STANDARD OR PEC
L & R groghic equalisers with bar graph -
LED Yu meters. MANY CUTSTANDING WETII Y= LARGE SELECTION OF SPECIALIST LOUDSPFEAKERS
FEATURES> Including Echo with repeal & P AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
speed control, DJ Mic with taik-over GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
;ﬁf";’;;f_‘:;‘;:";‘":‘e': B TR FAEQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
Sound EMlexts. Useful combanation of the . " (50p STAMPED) FOR COMPLETE LIST.
tollowlng mputs:- 3 wrntsbles (mag), 3 d
e, § Lz for €D, Tape, Video 6ie, E McKenzie and Fane Loudspeakers are alsa available,
Price £144.99 + €5.00 P&P SIZE: 4B2 5 240 8 120mm Y NC ¥ N P DISCIC, E
.
O i MOTOROL A ALL EMIHENCE UNITS 8 ONMS IMPEDANCE
Join the Flero revoiution! The low dynamic mass |no volce coll) ol @ Plezo Iweeter produces an Improved :E;1‘;?&?’:“;:E;ERBE.;POE:.gE:H‘:u::::s;;:ADGUITAR' EXCH LLE:;::%;:?E% £2.60 P&P
leantlent rasponce with a lower distortion level Ihan ardinary dynamic iweelers_As 8 crossover s nol required b0 0"y \WaTT RM.%. MB10100 GUITAR, YOC AL. KEYBO ARD, DISCO, EXCELLENT MID.
r|hese unlls an bo added 1o edlsting speaker aystems ol up lo 100 watth [mote I two are put in serles. FREE RES, FREQ. 7’1lh..~FRAEQ. AESP. TO TKH: SENSSME. s 'PRICI TI.74 + Ez.so PaP
KR LANS O Y/LEAFUELS ANESHEE LIES SITHENCH RARLIER) 10" 200 WATT RELS. ME 10200 GUITAR, KEYE'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
TYPE 'A’ (KSN10364A) 3° round with protective wire mesh. Idesl for Bpes, FREQ. 65Hz, FAEQ, RESP. TO 3.5KHz, SENS 994B. PRICE C43.47 + £2,50 PAP
bookskel! and medium sized HiFi apeakers. Price £4.90 + 50p PAP. 12° 100 WATT ALM.5. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITORA.
TYPE 'B' (KSNTOO05A) 3'4" super horn for genefal purpose speakera, | RES.FREQ, 43Hz, FREQ. RESP. TO 6K Hz, SENS 100d8. PRICE £35.84 + €3.50 PAP
ol ety + oy T o e iaiies FACD. MeP, 15 Mie SELS 0808, | BRIGECILEY ¢ £3.50 PAP
Wp Ay 27157 i N 4 = o 4 . X, g . .
7 ;r\:i cd (K?imd?w ]:: :: lnid;ﬁoi's’pf:s;on h;;np!ur quallly HI-Fl sys- 12" 200 WATT R_M.5. ME12-200 GEN. PURPOSE. GUITAR, DISCQ, VOCAL, EXCELLENT MID.
ems/andiquatitpilisacCiBtcu BITiRG S il RES.FREQ 58M2, FREQ. RESP TO KMz, SENS 9848, PRICE £48.71 + £3.50 P&P
TYPE 'D' (KSN1025A) 2 16" wide dispersion horn. Upper irequency § 4 1° 300 WATT R.M.S ME12-J00GP HIGH POWER BASS,LEAD GUITAR, KEYBOARO, DISCO ETC
response relained sxtending down 1o mid-range (2KHz). Sultable for high §RES. FNEQ e7Hz, FREQ. RESP. TQ 5KHz, SENS 103dB. PRAICE (70.19 + £3.50 P&P
quality Hi-Fi syslems and quality discos. Price €9.99 + 50p P&P. 153" 200 WATT R.M S_ME 15 200 GEN. PURPQOSE BASS, INCLUOING BASS GUITAR.
TYPE ‘E' (KSM10384) 3% horn tweeler wilh attclive sliver linish trim. F:g?-;::& :f_'ruaﬁgoh “:f:;g:::ghspﬁgig:daﬂiss e DT A ;gﬁﬁ::ﬂﬂ + E400 PAP
Suitabie tor HI#1 monilor sysiems eic. Price £5.99 + 50p P&P, RES.FREC, 39Hs, FREQ. RESP, TO IKH2, SENS 10348, d G TG + Caso e

LEVEL CONTROL Combines, on a recessed mounting plale, level conirol
and cabinet input jack socket. BSx85mm, Price £4.10 + 50p PP,

ALL EARBENDER UHITS B OHMS (gxcept EBa.50 & EB10-50 which sré dusl bmpsdence iappad § 4 & B ohm)
BASS, SINOLE COME, HIGH COMPLIAMCE, ROLLED SURROUND

bl { IGH ASED LOUDSPEL 9" 50wall EB8-80 DUAL IMPEDENCE, TAPPED 4i38 OHM BASS, HIFI. IN-CAR.
RES. FREQ. 40Hz. FREQ. RESP. TO 7MHx SENS 97dB. PRICE £8.90 + £2.00 FLP
A new range of Qualily loudspaakers, designed o 1ake advaniage of the latesi 90" SOWATT EE10-80 OUAL IMPEDEMCE, TAPPED 4/8 GHM BASS, HI-Fi, IN-CAR.
|speaker technology and enclosure designs. Both meaels uillize studio quallty AES. FAE Q. 40Nz, FREQ. RESP, TO 5KHz, SENS. 3308, PRICE £€13.65 + £2.50 PP
127 eas1 sluminium loydspeakers with 1actory litted grilies. wide dispersion 10° 100WATT EB10-100 BASS, HI-FI, STUBIO.
Sconstaot direclivity horns. extruded Bluminium corer profecton and sieel AES, FAEQ, 35HX. FNEQ. RESP. TQ 3KHz, SENS %6dB. PRICE £€30.29 » £2.50 PAP
bali corners. compllmenied with heavy duly Slack covering, The ancicsures 12” 100WATT EB | 2-100 BASS, STUOIO, HI-FI, EXCELLENT DISCO.
are lited A5 s1andard with 10p hats oz oplianal loudspeaker S1aNGS. RES. FREQ. 26Hx, FREQ. RESP. TO J KHz, BENS $1dE. PRICE £42.12 + £3.50 P4P

FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURRQUND

POWER RATINGS QUOTED IH WATTS AMS FOR EACH CABINET' St.” BOWATT EBB-8OTC (" WIN CONE) Hi-F), MULTI-ARRAY CISCO ETC.

FREQLUENCY RESPONMSE FULL RANGE 45Hz - 20KHz RES. FREQ, 63Hz, FREQ. RESP. TO 20KHz, SENS 921dB. PRICE £9.99 + €1.50 PAP
IBLFC 12-100WATTS (100d8) PRICE £189.00 PER PAIR 8%, BOWATT EBE-8OTC (TWIN CONE) HI-FI, MU| TLARRAY DISCO ETC.
|l FC 12-200WATTS {1004B) PRICE £175.00 PER PAIR RES. FAEQ. 38Hz, FREG. RESP. TO 20KHz, SE NS 844dB. PRICE £10.99 + 1.50 P4P
SPECIALIST CARRIER DEL £12 50 PER PAIR 8° BOWATT EBA-80TC (TWIN CONE) HI-Fl, MILTI-ARRAY DISCO ETC.
RES. FRAEQ. 40Kz, FREQ. RESP, TO 18KHx, SENS 3948, PRICE £11.99 + £1.50 PAM
OPTIOMAL STANDS PRICE PER PAIR £49.00 10" BOWATT EB$0-80TC [TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
Oelivery £8.00 per pair RES. FREQ. 35Hz, FREQ. RESP, TO 12K Hz, SENS 9808, PRICE C16.49 + £d.00 PAP

PERD H POWE R
CARSTEREC BOOSTER AMPLIFIERS
150 WATTS (¥5 + 75} Sterec, 150w
Bridged Mang
250 WATTS (125 + 125) Stereo, 250W
Bridged Monc
300 WATTS (200 + 200} Sterco, 400W
, Bricged Mono
ALL POWERS INTQ 4 OHMS
Fealuren:

reo, bridgabie monc % Choice of
high & low ievel Inputs & L & A level
% Remole on-of % Speaker &

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
FRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CTRCUIT ANC INSTRUCTIONS

W TRARSMITTER B0-100MM1, WARKCAP COWTROLLED PROFESSIONAL
PERFOAMANCE AANGE UP YO 1 MALES, SZE 38 a12Jmm, SUPPLY 12v @ 0.5AMP,

PAKCE£14.88 + £1.00 PAP

MICRO TRANSMITTER 100-1048H:. YARICAP TUNED, COMPLETE WITH
¥ SENS FET MIC, BANGE 100-100m. SIZE 5 0 sheim SUPPLY J¥ BATTERY,
PRICE 12,80 = £1,00 PAP PHOTCh AW FM TRANSMITTER

B.K.ELECTRONICS

= UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA,
RS PR S -
SREES IELUSIVE OF VAT SALES COUNTER \iBA ANG | ESSEX. SS2 6TR

\ ACCESS ACCERTED BY POST, PHONE DR SAX. ' Tel. 01702 - 527572 Fax: 01702-420243

PRICES: 150W L49.99 230w CU9.99
400W £109.95 PAP £2.00 EARH
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B8 CAVANS WAY,

BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF

Tel: 01203 650702

Fax: 01203 650773

[ARIE  Mobile: 0860 400683

(Premises situated close to Eastern-by-pass in Coveniry with easy access
to M1, M6, M40, M42, M45 and MB9)

Gould OS3000/ADVANCE 3000 — 30MHz Dwal ch £200
Gould 5110 - 100MHz intelligent oscilloscope. e .EBSO
Gould 1602 - 20 MHz D 5.0, with printer {cursors) . 1150
Gouid 33008 — 40 MHz Dual Channel 4 . £250
Hameg - 203/203-4/203-5/203-6 - 20 MHz Dual Channel ... ..drom €175
Hewlett Packard 1740A, 1741A, 177444, 100MHz dualch. ... ........trom £350
Hewlett Packard 1707A, 17078 - 7SMHz 2ch ..from €275
Hewleti Packard 19808 - 100MHz, 2 Channel, HPIB Progble. . E750
Hewlett Packard 542014 - 300MH 2 Digitizing . L £1750
Hewlett Packard 54501A . 100MHz - Dighizing 4 channel L .£1950
Hewlett Packard 54100D . 1GHz Digitizing . 4500
Hewlett Packard 180D — 4 channel - 100 MHz ....£300
Hewlett Packard 182C - 4 channel - 100 MHz £350
Hitachi V&50F — 60 MHz Dual Channael .. .. ...£350
Hitachi VC6265 - 100 MHz Dignal Slorage (AS NEW) GPIR £2250
Intron 2020 - 20 MHz Digital Storage (NEW).. - A— £900
Kikusul COS 6100 — 100MHz, 5 Channel, 12 Trace..... ..£475
Lecroy 140 - 100MHz - D.5.0.4 Channal . £2750
Meguro - MSC 1270A - 20 MHz Digltal Siorage (NEW) ..£900
Nicolet 3091 - LF D.S.Q. 1100
Phiillips 3211, 3217, 3240, 3243, 3244, 3261,

3262 (2ch + 4¢h) ... 3 ..from £125 to £350
Phillps 3219 - 50MHz with analogue slorage ....£400
Philips 3302 - 20MHz - Digital Storage . £475
Phillps PM 3295A - 400MHz Dual Channel . £1950
Fhilips PM 3295 - 350MH2 Dual Channel g ..E£1500
Philips PM 3315 - 60MHz - D.5.0. P—— = .£750
Tektronlx 468 - 100MHz - D.5.0. o LE750
Tektronlx 2213 - 60MHZ Dual Channel o .£425
Tektronix 2215 60MHz dual frace . 3 . £450
Tektronlx 2235 Dual trace 100MHz fportabie) ......£B00
Tekironlx 2335 Dual frace 100MHz (porable) .E£750
Tektronlx 2225 — 50MHZ dual ch £450
Tektronix 455 - 50MHzZ Dual Channel . . . ee £350
Tektronix 464/466 — 100MHz An storage. ... from £350
Tektronix 465/4658 — 100MHz dual ch from £350
Tekironix 475 - 200Mhz Dual Channal,, ... e EATS
Tektronix 7313, 7604, 7613, 7623, 7633, 100MHz 4.ch Arom £300
Tektronix 7704 - 250MHz 4 ch, .from £650
Tektronlx 7904 — S00MHz . . . ....from £850
Telequipment D83 - 50MMHz Dual Channel LE200

Other scopes avallabia too

SPECTRUM ANALYSERS

Advantest 4133A - 1C0KHz — 20 GHz .£6995
Eaton/Alitech 757 = 10KHz — 22 GHz.. £2750
Hewlent Packard 3580A — -5Hz-50KHzZ.... ....£995

Hewlett Packard 37098 . Constellalion Analyser with 157094 -b-l-i-gh -I-mbeda-nc‘e:s

Interface {As New). ——— S 750
Hewlett Packard 182T with 8559A {10MHz - 21GHz). £3750
HP 3582A - 25KHz Analyser, dual channel............ £2500
Hewlett Packard 35601A - Spectrum Analyser Inlerface., £1000
Hewlett Packard 87544 - Network Analyser 4 - 1300MHz ... £2950
Hewlett Packard 853A with 85594 - (0.01 - 21GHI).. £4250
Hewlett Packard 8565A - (L01 -22GHz) ... ... ... ... £4000
Hewiett Packard 1417 + 85528 + B8555A - (10MHz — 18GH2) ... £1600
Hewlett Packard 85054 - Network Analyser {S00KHz — 1.3GHz) £4000
Hewlett Packard 35624 Dual Channel Dynamic Sig. Analyser £7500
Hewlett Packard B590A 15 10KH2z-1.5 GHZ, 4 £4250
Marconl 2370 - 110MHz .. ... .£995
Marconi 2371 — 30KHz - 200MHz ... . £1250
Meguro MSA 4901 - 1-300 GHz (AS NEW) £1995
Meguro MSA 4912 - 1-1 GHz (AS NEW) £3000
Poirad 641-1 -~ TOMH2— 18GHz,...... ... ... o el £1500
Rohde & Schwarz - SWOB 5 Polyskop 0.1 — 1300M £2500
Schlumberger 1250 - Freguency Response Analyser, £2500
Tektronix 27109 Khz - 18 GHz... ... £4250
Tektronix 456 F - 9KHz - 1.8GHz (Programmable) .. £4500

' MISCELLANEOUS

AMRITSU ME 462B DF/3 Transmission Anaiyser
Anrltsu MG842A Pulse Pattem Generator..

California 751TC - AC varable Power Source ......
Datalab DL 1080 Programmable Transieni Recorder ...
Datron 1961 - Precision Multimeler B coabipnlty' 4
DOyanpert TP20 Intelliplace - Tape peel Tesler ~ immacuaite condition .
E.l.P. 5484 - Frequency Counter (26.5 GHZ).. T
EiP 331 = Frequency counter 1BGHZ...........................
Farneil AP70-30 Power Supply (0-70v/30A) Auto Ranging
Farnell S5G-520 $ignal Generalor (520 MHZ)

Farnell TTS 520 Transmitter Test Set ... .. .

Farnell TSV 70 Mkl Pawer Supply (FOV-5A or 35V-104) .......
Helden 1107 — 30V-10A Programmable Power Supply ((EEE)
Hewiett Packard 49534 - Prolocol Analyser, “ -
Hewlett Packard 34374 System volimeter

Hewlett Packard 3456A Digital voltmeter .

Hewlett Packard 54204 Diglial Signal Analyser .

Hewlett Packard BO114A Puise gen. 0.1Hz-20MHz .

Hewlell Packard 8620C Sweep oscillalor maknframe .

Hewlett Packard 87504 Storage normaliser...,..

Hewlett Packard 8684A 5 4GHz to 12.5GHz Sig-Gen.
Hewlett Packard 5356A - 18GHz Frequency Converter head .

Hewiett Packard 432A — Power Mater (with 478A Sensor) . £2
Hewilett Packard 435A or B Powar Meter (with 8481A/8484A) ....from £750
Hewlett Packard 3438A Digital multimeler : .£200
Hewlett Packard 6181C D.C. curreni source S————— _£150
Hewlett Packard 3711A/37124/3791B/3793B Microwave Link Analyser .£3500
Hewlett Packard 5385A Frequency Counter - 1GHz - (HP1B)

with OPTS 001/003/004/005 £995

Hewlett Packard 6623A Triple oulput system power supply.. . .....£1950
Hewlett Packard 3586A Seleclive lavel metor . . R1750
Hewlett Packard 3325A - 210MH;r SynihesiserFunction Gen. . ..£1500
Hewlett Packard 5183 - Wavelorm Recorder,... .. . ..£2250
Hewlett Packard 81524 - Optical Average Power Meter . ... . £1250
Hewlett Packard 81588 - Optical Aftenualor (OPTS 002+ 011} ~E1100
Hewlett Packard 83554A - Wave Source Module 26.510 90 GHz.. ... . £3500
Hewlett Packard B4444A - Tracking Generalor ; 775
Hewlett Packard 3488A - HP - 1B Swiich conlrol unlit
various Plug-ins available)... W Pa— ...E650
ewlett Packard B660D - Synihesised Sig Gen 10 KHZ-2.6 Ghz. _. _..£4500
Hewlett Packard 4192A - L.F. Impedance Analyser (5Hz — 12MMz). _£6995
Hewlett Pachard 4261A - L.C.R Meler (Digital) piteth b o e £ 00
Hewlett Packard 4271B - L.C.R Meter (Digital)... 4 _£900

HEWLETT PACKARD 6261B

Power Supply 20v-60A £450 Discount for Quantities

Hewlett Packard 4342A - 'Q* Meter.._... ..£995
Hewlett Packard 4954A - Protocol Anaiyser .. o e £2995
Hewlett Packard 8116A - Pulse/Function Generator (1MHz — SOMHzE B 32 D)
Hewlett Packard 83498 - Microwave Broadband ‘Amplifier’ (a5 new) 2 — 20GHz£4250

Hewletl Packard 83508 - Sweep Oscliaior Mainlrame {vanous Piug-Ins avallable} extra £2650

Hewiett Packard 85564 - Synthesised Signal Gen (100KHz — 950MHz) ..£1750
Hewlett Packard 86834 - Microwave Swgnai Gen (2.3 6.5GHz)...... -...£3500
Hewleft Packard 83018 - Modulation Analyser (150KHZ ~ 1300MHz). ...£4250
Hewietl Packard 8903A - Audic Analyser ZSOHZ — 100KHz). £2600
Hawlett Packard 34554 61/2 Digit M/Meter (Aulocal}.... ... ... £750
Hewlet! Packard 494BA - (TIMS) Transmission impairment M/Se! . -..£2000
Hewlett Packard 86C1A - Generator/Sweeper (110 MHZ),.. ... 2300
Hewlett Packard 8165A - 50 MHZ Programmable Signal Souice. ..£1650
Hewlett Pachard 3746 A - Seloclive Level Measunng Set . L1750
Hewlett Packard 6002A - Auloranging P.S.U, 50V - 10A . _£650
Hewlett Packard 8403A - Modulator s LE500
Hewlet! Packard 3344 - Distortion Analyser, . .. £300
Hewlett Packard 3394 - Distortion Measuring Set...... E1500
Hewlett Packard 5314A - (NEW} 100MHZ Universal Counler. . ... .. £250
Hewtett Packard 53508 - {NEW!} 20GHZ - Microwave Freq, Counlar £2500
Hewietl Packard 55234 - Triple Qutpul system P.5.1.. Y £1950
Krohn-Hite 2200 Lin/log Sweep Generalor ... it L0495
Krohn-Hite 4024A Osciilator. samaine £250
Krohn-Hile 6500 Phase Meter. L E£250
Marconl 2432 A 500MHz digilal freq. meter b L £200
Marconl 2337A Automatic disl. meter . £150
Marconl - 2019A - 80KHz - 1040MHZ - Synthesised Signal Generalomas.............. £9950
Marconl 2305 Nodulation Meter ... 1 LE2500
Marconl 2871 Dala Comms Analyser. ... . E2000
Marcanl 6500 Aulomatic Amplilude Analyser N LE1750
Phlilps PM 5167 10MHz tunction gen...... = _.£400
Phillps PM 5565 - Wavelorm Monitor, -.£200
Philips PM 5567 - Veciorscope . _.£500
Philips PM 8226 - B Way Pen Recorder. ...£550
Phillips 5190 L.F. Synthesiser (G.P.1B). 3 ...£800
Phillips 5350 Prngrrammable R/F Signal Gen (1020 MH, . £1250
Phoenlx 55004 - Telecomms Analysar wilh various Inierlace Options .

Prema 4000 - 6 1/2 Digi Muliimeler (NEW}.. .
Racal Dana 92420 Programmable PSU 25V-2A .
Racal Dana 92465 Programmable PSU 25V-10A ., ,
Racal Dana 3100 40-130MHz synthesiser.,

Racal 1952 . 1.3GHz Frequency Counter ..

Racal Dana 9081 Synth. sig. gen. S20MHz

Racal Dana 9084 Synth, gen. 104MH2z S £450
Racal Dana 9303 True RMS/RFevel meter. -

Racal Dana 9917 UHF frequency metar S60MHz .. - E175
Racal Dana 9302A R/F millivoltmeter (new version).......... . . E37S
Racal Dana 3082 Synthesised am/m sig gen (520MHz). .. £500
Racai 3085 Low Distortion Oscilaior .. fPOA
Racal 9301A - True AMS R/F Millivoltmeter .£300
Racal 9921 - 3GHz Frequency Counter . ..£450
Rohde & Schwarz AMF 2 - Demodulator .. ... £1250
Rohde & Schwarz LFM 2 - 60 Mhz Group Delay Sweep Gen . £1600
Rohde & Schwarz UPSF 2 - Video Nolse Meter . = ‘e £1400
Rohde & Schwarz - Scud Radic Cade Test Sel....... .E500
Rohde & Schwarz SUF 2 Nolse Generator, . , ..£300
Schatfner NSG 200E Mainframe for NSG Plugmns .. i £1250
Schatiner NSG 2034 Line Voltage Vandmn'.lgl‘r‘f‘lulalnr i £1280
Schafiner NSG 2224 Inleferance Simulator, ., vl .£850
Schaffner NSG 223 interferance Generator ..£850
Schiumberger 4021/4022 Radio Test Sets RN S _E750
Schlumberger S.1. 4040 Stabitock - High accuracy 1GHz Radio Tesl Set £4995
Schlumberger 4923 Radio Code Test Set, T ~E1500
Schiumberger 2720 1250 MHz Frequency Counter ... . .£500
Stantord Research DS 349 - 15 MHz Synlesized Function (MEW)

and arbitrary waveform generator o £1200
Systron Donner 6030 - Microwave Frequency Counter (26.5 GHz} - £2750
Telequipment CT71 Curve Tracer W B - LE250
Tektronix TM5003 + AFG 5101 Arbilrary Function Gen, £1750
Tekironix 1240 Logic Analyser .. H W £750
Tektronix 1480 Wavetorm Monitor. - POA
Tektronix 521 Veclorscope. .£425
Tektronix 651 HR Monitor.. g .POA
Tektronix DAS9100— Serles Logic Analyser .£500
Tektronix — Plug-ins — many available such as SC504, $W503, SG502,

PG508, FGS04. FG503, TG501, TRS03 + many more .CPOA
Tektronlx 576 - Curve Tracer (wilh Test Fixture). .£1250
Tektronix AMS503 + TMS0T + PEI02 - Current Arnplifier.... .£995
Tektronlx PGS06 + TGS01 + SG503 + TM503 - Oscilloscope Calibrator E1995
Tektronlx CGS001 - Programmable Oscilloscope Calibrator Generator ..£6995
Time 9811 Programmable Resislance . ... £600
Time 9814 Vollage Caiibrator - T —— LE750
Toeliner7720 - Programmable 10 MHz Function Gen (AS NEW). £700
Wavelek 20028 - Swaep %Ienemlor {2.5 GHz) £1950
Wavetek 3010 — 1- 1GHz Signal Generator, ..£1250
Wayne Kerr B905 - Preclsion L.C.R. Metar .. & ... .£850
Wiitron 560 Scalar Network Analyser ....EB00

MANY MORE ITEMS AVAILABLE -
SEND LARGE S.A.E. FOR LIST OF EQUIPMENT
ALL EQUIPMENT IS USED -

WITH 30 DAYS GUARANTEE.
PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING - CARRIAGE & VAT TO BE ADDED

TO ALL GOODS
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SUPPLIER OF QUALITY USED
TEST INSTRUMENTS
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CONTAET CONTACT
Cooke International Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham,

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, PO22 QEB Bognor Regis, West Sussex, PO22 OEB
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457 Tel: (+44)01243545111/2 Fax: (+44)01243 542457
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PCB Designer

For Windows 3.1, '95 or NT

Runa on any PC running Windows 3.1, Windows 35 or
windows NT whh a minimum 2MB AAM

whk work wilh any Windows supported panter and monfor
=TT

Inter net =

. Visit our WWW site at www.niche.co.uk for more information
| and a working demo. The demo is also available via anonymous FTP

from ftp.demon.co.uk in the dir /publibmpc/win3/apps/pcbdemo/ as
pcbdemo. zip. Intemet e-mail pcb@niche.demon.co.uk.

ﬁﬂﬂma
«» - | l 3
v Produce Single or Double sided PCBs.

cni v Print out to any Windows supported printer.

v Toolpar for rapid access to commonly
| used components.

v Helptul prompts on screen as you work.

{v Pad, track & IC sizes fully customisable.
v No charges for technical support.

v Snap-to grid sizes 0.1", 0.05" 0.025"
and unrestricted.

v SMT pads and other pad shapes.

v Prints at the resolution of your printer, much
higher than the screen shot shown here.

Looking for the price?
It's just £49.00 all inclusive!

..no VAT...no postage...

..no additional charges for
overseas orders.

Dealers and distributors wanted.

‘ i
& i “F

ol Wl -
Niche Software (UK)

22 Tavistock Drive, Belment, Hereford, HR2 7XN.

Phone {01432) 355 414
Available in South Africa from JANCA Enterprises, PO Box 32131, 9317 Fichardipark at R299,00
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a keyboard controlled

LIGHT DIMM

Bart Trepak looks at how to construct a
PIC microcontroller based light dimmer

ight dimmers have been around since the early 70's

and in that time have undergone many changes in

design. Although the fundamental principle of

operation has remaned the same, namely phase

control, the methods of achieving this has changed
from using a simple resistor/capacitor/diac in the early “rotary"
circuits to special integrated circuit designs featuring touch and
even remote control. Whatever type of light dimmer is used,
anyone who has fitted one in his or her lounge or dining room wil
probably agree that it is hardly ever used at minimum brightness or
indeed at many of the other possible settings. More often than not,
it is set to maximum brightness or perhaps some slightly kower
setting and switched on and off at this setting. This is seldom
afterad even to suit some specfic activity and the available settings
remain unused mainly because it is too much bother to think about
whal level may be required on entering a room and once the lights
are switched on, no-one wants to return to the switch {or even
reach for the remote control) to change the brightness, This is not
too much of a problem in domestic settings {other than perhaps
wasting power by running lights brighter than required for a given
situation) and it has in any case been cheaper to provide a
continuously vanable brightness control rather than a number of
pre-set levels whether people use it or not..

In commercial premises such as hotels, conference halls and
restaurants this can be a bit of a disadvantage as setting an
optimum {and repeatable) light level for a grven function then
becomes a bit of a "hit and miss” affair and it is difficutt for, say, a
senior member of the staff to specify the lighting levels for a
function and leave it to one of his subordinates to set. The problem
is compounded if several settings need to be arranged during a
function. In a conference hall, for example, this could be a relatively
high setting while delegates are arriving folowed by low general
lighting for a presentation or fiilm. This may then be increased again
for the discussion (and lowered for the drinks and social gathering
afterwards?) and followed by a high setting at the end of the
meeting to allow (or invite) the delegates to leave.

In the past, this would have presented quite a design problem
with lats of pre-set or variable resistors to define the various lighting
levels which may be required and these would be connected to a
voltage controfled light dimmer. The required lighting level would be
selected by a bank of mechanically or electronically interiocked
switches making the whole assembly both large and expensive
and confining its use to non-domestic premises. Such a dimmer
could atso easity find applications in a domestic setting where light
levets could be selected easily and immediately on entering a room
rather than by fiddling around adiusting a potentiometer afterwards.

The micro-controller can perform all of these functions digitally,
removing the need for pre-sets, voltage controlled dimmers,
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interlocking switches etc. and by reducing the total component
count to a keyboard, triac, chip and a few resistors making the
whole unit small and inexpensive as well as providing features

which the designer of the “analogue™ system could only dream
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about. Although this has not been done in this design, the set
leveis could easily be made programmabie (nstead of pre-set) and
the light levels could be made to fade from one level to another. A
real time clock could also be added to make the lights assume pre-
set levels at predetermined times and all of these features would
nct require a single extra component but just a few more lires of
programme. In this design, nine pre-s&t levels 1-@ have been
programmed with the “0" key reserved for switching the lights off.
The "*" and “#" keys have been programmed to enable
intermediiate brightness levels to be set with the ~ key causing the
brightness to decrease while it is pressed and the # key causing it
to increase for as long as they are held down.

Phase control

As mentioned, the standard way of achieving dimming using a triac
is to use the Phase Control technique which involves triggering a
triac later in each mains haif-cycie, the lower the light level required.
On a.c. suppiies, if the triac has been on (conducting), then it
switches off automatically at the end of each hatf-cycle and is
therefore off at the beginning of each new half-cycle. if it is triggered
into conduction immediately or very soon after the new half-cydle
begins, full brightness will resuit but, if the triggering is delayed, the
brightness will be reduced depending on the delay. Fig 1 shows
the waveforms which will be seen in light dmmer systerns resulting
from delaying the trigger pulses to the trac by different times
marked “d". The shaded areas represent the portions of the mains
half-cycle during which the triac remains off resulting from different
delays. Since the power supplied 1o the lamp is proportional to the
area of the unshaded part of the waveform and the power
determines the brightness of the lamp, varying the delay results in a
variation of the brightness of the lamp.

Conventionat dimmers use a resistor/capacitor arrangement to
introduce the required delay which is made variable by making the
resistor variable whiie more sophisticated circuits may use some
form of monostabie to define the delay. However, the first step is to
detect the beginning of each half-cycle to provide a reference poirt
for the start of the delay and this is done by sensing when the
mains voltage has dionped te zero. This enstires that the triac will
be triggered at the same point in each half-cycle thus giving a
steady.brightness setting for the lamp.

Software

A software technique for detecting the mains zero Crossing using a
PIC microcontroller was described in an earlier article and so will
not be repeated here. The generation of a delay is also quite
standard and invoives loading a counter (which 1s called PHSCTR
or PHaSe CounTeR in the programme fisting) with a suitable value

when the zero crossing is detected and allowing that counter to
count down to zero before switching on an output port (A2) to
trigger the triac. The rate at which the counter counts down
{which depends on the micro-controller cicck frequency) is
adjusted so that the largest number locaded results in the
counter fpaching zero in 10MS and produces a trigger pulse
right at the end of the half-cycle giving a minirmurm brightness
(i.e. off). Other brightness settings may then be obtained by
loading smaller numbers into the counter to obtain delays of 8,
4 or even 1mS. In practice, delays are varied from around 8mS
to 2mS which enables the brightness to be varied between 10
and 90% while “off” is achieved by switching the output port
driving the triac to Input mode, preventing any trigger pulses
from appearing at this pin.

The number which Is loaded into the counter at the
beginning of each half-cycle is stored in a register {defined in
the programme as BRG or Brightness register) and it is the
contents of this register which determine the current brightness
level in any given half-cycle. This then enabies this counter to
be incremented, decremented or its contents changed
depending on which keys are pressed, permitting the
brightness to be decreased, increased or set at any required
value,

As well as performing the above functions, the micro-
controller also scans the keyboard to detect which key {if any)
has been pressed. The kevboard is connected in a 4x3 matrix
which enables 12 keys to be connected using only 7 lines (see
Fig. 2). The software for this is written as a subroutine which is
called once every mains cycle and returns with a value in the
“W" register which depends on the key which was pressed. The
subroutine pulls each of the rows connected to output ports
B4, B5, B6 and B7 low in turn and monitors the resulting states
of the column iings on inputs BO, B1 and B2, These are
normnally high because they are fitted with pull up resistors RS,
R6 and R7. If any of these Inputs is low, it is as a result of a key
being pressed and the programme returns from the subroutine
with the corresponding number in the "W" register using. the
RETLW instruction.

The keys numbered 1 to 9 return with numbers chosen to
give 9 different brightness teveis in ascending order from low (1)
to maximum {9} and these are simply loaded into the BRG
register, The keys “0" , **" and "#" are treated differently and
provide the OFF, FADE DOWN and FADE UP (brighten)
functions respectively. Pressing key O causes the programme ta.
branch to a routine which re-defines port A2 as an input,
preventing trigger pulses from being generated so that the triac
remains off. Keys * and # cause the BRG register to be
incremented or decremented once per mains cycle for as long
as the keys are depressed, resulting in the brightness increasing
or decreasing untll maximurn or minimum is reached.

Subroutines
The fliowchart for the unit is shown in Fig. 3 and, as can be
seen, the main programme does little more than continually test
input A3 to see it the zero crossing point has occurred and,
depending on the resuft of the test ,calls the various
subroutines. The advantage of writing a programme in this way
is that it enables each subroutine to be tested separately and
makes the operation much easier to follow. it also enables
these subroutines to be used In other programmes removing
the need to “re-invent the whee!" each tirme a zero crossing
detector or a keyboard routine is required in another application.
The ZERQ CROSSING routine loads the value in the BRG
register Into the PHSCTR which determines the delay which will
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Fig.3 Light dimmer Flowchart

occur before the triac is triggered and hence the brightness of
the lamp. As well as this, it also loads a pulse counter which
counts the number of pulses generated. This is used to ensure
that trigger pulses are not produced beyond the end of each
half-cycle. This is necessary to prevent false triggering at the
beginning of the succeeding half-cycle which could occur due
to the limited accuracy of the zero crossing detector. In
addition, this routine also generates a pulse on port AQ which
can be used to aid in setting up the circuil {see Fig. 1).

The PULSE subroutine determines if the PHSCTR has
reached zero and produces a pulse on A2 to trigger the triac if
this has occumed. Because this routine is called continuousty if
ne zero crossing has been detected, multiple pulses are
produced on A2 once PHSCTR has reached zero, resulting in a
maore reliable triac triggering especially with lower power lamps.

The SCAN subroutine deals with reading the keyboard
and, as already mentioned, retums from the subroutine
with a number corresponding to the key pressed in the
W regfster. If no key is pressed, the number in the W
register is zero, enabling the programme to test for this
| easily and take no further action. The keybeard is read
once per mains cycle and no key debounce routine is
used as each key performs only one function
imespective of how many times it is pressed or the
contacts bounce.
Before tha main programme is enteared, following a reset
which occurs when power is first applied, the
programme jumps to the label START and follows a
SETUP reutine which defines the input and output ports
and sets the initial condition of the dimmer to OFF after
which the main programme is entered at the label
BEGIN.

‘ The circuit
The complete circuit is shown in Fig. 4 and as all the
‘ | functions are performed in software, very few
components aré required,
Capacilor C1 together with resistor R1 and zener diode
D1 provide a "loss-less” mains dropper which resuits in
{ a 4.7V square wave appearing across D1. This is
rectified ard smoothed by D2 and C2 to provide a
. .J nominal -4 Voit dc supply for the micro-controller.
C3, R4 and VR1 define the micro-controtler clock
I frequency which determines the speed at which the
| programme is executed and sets the minimum
brightness and, hence, the zero crossing point
accurately. The mains signal for the zero crossing
detector is derived via R2 with the internal protection
dicdes of the PIC clamping the voltage on A3 to the -4V
or OV supply rail depending on the polarity of the signal
L and preventing it from rising to high fevels and causing
damage to the chip. The output A2 drives the triac gate
directly via A3 and consists of a large number of pulses
| which are generated when the triac is required to switch
on.
L1 in conjunction with C3 forms a fitter to reduce the
radio interference caused by the fast switching of the
triac.

Construction

The small number of components makes construction

very easy and leaves little scope for errors. lt is

. recommended, howeve,r that the unit is built on a

printed circuit board because of the presence of mains

voltages in the circuit and a layout and track pattern for this is
shown in Fig. 5. The micro-controller IC1 should be mounted in
an 18-pin dil socket and care should be taken that it and the
diodes D1-D3 and capacitor C2 are inserted into the circuit the
correct way around. The leads of the triac should be caretully
bent as shown in Fig. 6 before mounting it flat on the PCB by
holding them with a pair of pliers at the point where the bend is
required. Do this carefully as repeated bending will break the
lead
When the PCB has been assembled, solder seven wires
(discarded resistor leads will do) to the copper side of the PCB
leaving them to protrude 1 or 2 cms on the copper side while
trimming them fush with the surface of the component side of
the PCB. Assembie the keyboard and PCB “back to back” with
the seven wires mating with the comesponding holes on the

ELECTRONICS TODAY INTERNATIONAL

38



keyboard PCB and solder. Note that the keyboard specified has
nine holes but the two outer ones are not connected. A piece of
double-sided adhesive tape placed between the PCB and
keyboard sandwich will make a solid assembly which can then
be mounted onto a panel if required. Initially, it is perhaps best
to leave the wires between the keyhoard and the PCB
somewhat longer and the clrcuit tested in case access to the
copper side of the PCB is required to correct soldering etc.
Once the unit is working satisfactorily, the connections may be
shortened by melting the solder on the keyboard pads and the
two boards pushed closer together before trimming the leads
as required.

TESTING

REMEMBER THAT THIS UNIT OPERATES
AT MAINS VOLTAGE WHICH CAN BE
LETHAL. SWITCH OFF ALL SUPPLIES AND
DISCONNECT THE UNIT BEFORE
ATTEMPTING ANY SOLDERING. DO NOT
EARTH ANY PART OF THE CIRCUIT AS
DAMAGE TO COMPONENTS WHL OCCUR.
DO NOT TOUCH ANY PART OF THE
CIRCUIT AS YOU MAY NEVER FIND OUT IF
YOUR CIRCUIT WORKED.

an the place where the unit is to be insialled Te avoid damage
and blowr fuses in case of mistakes it is a goed idea to
connect a lamp of, say, 150W temporarily in series with the L
lead of the mains supply to act as a current limit. Connect the
unit to the mains suppiy with & 40W lamp connected to tha
output {between Lo and N) as shown in Fig. 7 and switc on.
with a volmeter set to 10V d.c. range, measure the voftace
between pins § and 14 of the IC holder which should show a
reading of approximately 4 Volts {pin 5 negative). Provided that

Tz
I

LAMP

!

230V AC MAINS

Fig.4 Circuit diagram of dimmer ‘

_——

this voltage is not greater than 5 Volts, switch off the supply and
plug in the micro-controller chip making sure that it is inserted
the correct way around. The FIC is a CMOS device and
although it has got built in protection against static damage, it
should stil be handled carefully, taking all the usual precautions.
It is also a good idea to shorl out capacitor C2 to discharge it
before fitting the PIC into its socket. This is because without the
micro-controller in the gircult, there is no discharge path for C2
so that it could remain charged after the previous test and
prevent a proper internal reset from occurring when power is re-
applied.

Turn the pre-set VR1 fully anti-clockwise and reconnect the
supply. Both iamps should remain off. f the 150w lamp lights
there is a fault in your wiring while if the 40W lamp lights, the
triac is short circuited. I all is wel, press key 1 10 Ight the lamp
and turn VR1 until minimum brightness is cbtalned. K the pre-
set is adiusted beyond this point, the lamp will begin to flash so
VR1 should be backed off slightly. Note that level 1 is not the
minimum brightness G which the unit will dim and the
brightness may be furtier reduced from this level by means of
the “ key f required. It was felt, however, that levels lower than
this would not normally be resuired so more of the brighter
settings were incorporated. Pressing keys 2 to 9 in turn wil
make the brightness ircrease in roughly egual stages to
maximum. When key 0 is pressed, the light should switch off
while pressing any othar key will cause the Iight to switch on at
the level selected. If keys * or # are pressed when the light Is
off, the fight will come on at the leve! at which it was switched
off and commence dimming or brightening from there.

This completes the sefting up procedure and the unit is now
ready to use. With the triac specified, the maximum lighting
load should not exceed 200\ but if higher lamp loads are
envisaged, a TIC 225D or equivalent 8 Amp device may be
fitted. This wiil enable 300W o be controlled. This device may
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control up to S00W if a small heatsink is fitted although the
choke would also need to be suitably rated.

No details are given for mounting the unit as much will depend
on where the unit is to be used. The size of the enclosure will
depend on the power to be controlled as this will determine the
size of the choke and any heatsink which may be required. In
any event, it should be mounted preferably in a plastic box, or if
higher powers are to be controlled, a metal box which should
be earthed, and the normal precautions taken when dealing
with mains powered equipment. A suitably rated fuse should
also be fitted into the Live lead and a panel mounted fuse
holder mounted on the box would probably be best for this
purpose. For lower powers where no heatsink is required, the
unit coutd be mounted on a standard electrical wall blanking
plate with a suitably shaped cut out to accept the keyboard.
The circuit is not suitable however for use as a direct
replacement for a wall switch as the mains neutral connection is
required and this is not normally availabie at the wall switch.,

Code listing

; PBDIM.ASM - KEYBOARD CONTROLLED DIMMER

R A L L R A R L LR T Ty
i

Fig.5

LEP equ 0Ch ; Laest Key Pressed

DYCTR1 equ 08h ; Dela¥Y CounTeR1l
BYCTR2 equ 0%h ; DelaY GounTeR2
DYQTR3 equ 0Ah ; Dela¥ CounTeR3

FLAG equ 0BhR ; FLAG register

PHCTR equ ODh ; PHase CounTeR
BRG equ OFh ; BRiGhtness register

PLSCTR
counts 120 pulses ie.

equ OFh ; PuLSe CounTeR

full range

LIST P=16C54

include *"PIC.R"

‘.m-¢|.ﬁt-'tqpn.tmhnffnawr*agftttt't'.ﬂ

goto START

R L R R Rk R h T T T puraruray
;

;

ZRX clrwdt
SUBROUTINE***

:***ZERO CROSSING

bsf PORTA +0
movlw .120

movwf PLSCTR locad Pulse c¢ounter with

120
movE BRG,w

movwf PHCTR ; load Phase counter frem

BRG
bcf PORTA. O

retlw 00

‘-*'t*t't'iii-lﬁﬁt'ﬁ.'*'*.iitt.t'**ﬁ"t"

DIMR clrwdt i ***DIMMING AND TRIGGER

SUBROQUTINE**+

movf PLSCTR,1
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bt fss PORTB.0 ; B0 low?
btfsc STATUS,2 ; PLSCTR=07?
retlw .53 ; yes - KEY6 pressed
retlw Q0 ; yes - no more trigger
pulses btfss PORTH,1 ; Bl low?
decf PLSCTR.1 ; no = decrement PLSCTR retlw .67 ; yes - KEY4 pressed
movi PHCTR, 1 btfss PORTE, 2 ; B2 low?
btfss STATUS,2 ; PHCTR=0? retlw .60 ; yes - KEYS pressed
goto DIMRI ; no bsf PORTB.4 ; no keys pressed - make
B4 high
bef PORTA, 2 i yes - generate trigger
pulse on A2 bcf PORTB. S ; make BS low
bsf PCRTA, 2 nop
retlw 00 btfss PORTE,{ ;B0 low?
retlw .30 ; yes - KEY9 pressed
DIMR1 decf PHCTR,1 return with 0000 0001
retlw 00 btfss PORTB,1 ; Bl low?
retlw .47 ; yes - KEY7 pressed -
;***FADE SUBROUTINE®*** return with 0000 0011
FADEUP decf BRG.1 ; brighten lamp btfsé PORTH,2 ; B2 low?
moylw 04h ; is BRG=47 retlw .40 ; yes = KEY8 pressed

return with 94010 0010
xorwf BRG.,w

bsf PORTB, S ; no keys pressed - make
btfss STATUS,2 BS high
retlw 00 ; no bcf PORTE, & ; make B6 low
movlw 0Sh ; yes - reload BRG with 5 nop
movwt BRG btfss PORTB, 0 ; BO low?
retlw 00 retlw 02h ; yes - KEY# pressed
btfss PORTE,1 : Bl low?
FADEDN incf BRG,1 ; dim lamp
retlw 03h ¥ yes - KEY* pressed
moviw .121
btfss PORTB, 2 ; B2 low?
xorwf BRG,w ;: is BRG=121?
retlw Olh ; yes - KEY0 pressed
btfss STATUS, 2 return with 0000 0100
retlw 00 . no bsf PORTE, 6 ; no keys pressed - make
B6 high
movlw .120 ; yes -reload BRG with
120 bcf PORTB.7 ; make B7 low
movwE BRG nop
retlw 00 btfss PORTEB.O ; BD low?
'.*Qttttttttttttittttqi*inittt*.titttttuﬂ retlw 75 : yes — KEY} DI'ESEGd
btfss PORTE,1 ; Bl low?
5CAN clrwdt ; **KEYBOARD SCAN
SUBROUTINE** retlw .92 ;s yes - KEYl pressed
movlw 07h ¢ ie. 0000 0111 btfss PORTB, 2 ; B2 low?
tris PORTB ; make port B0-B2 i/ps retlw .82 ;. yes KEYZ pressed
and B3~B7 o/ps
bsf PORTB,7 ; no keys pressed - make
movlw OFFh ; ie. 1111 1il1l B7 high
movwf PORTB ; make all o/ps high retlw 00 ; no keys nressed
bcf PORTB, 4 ; make B4 low
[ wex b B R e g T K R R W
nop
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START nop STAR call FADEDN

qoto BRGLKP
SETUP movlw 0OCh ; ie. 0000 1100

tris PORTA ; make port A2 & A3 ifp - HASH call FADEUP
triac off
BRGLKP movf BRG,w

; movlw OFFh
movwf LKP
; movwf PORTA ; make port A high -
triac off. goto LOOP
movlw .60 SWTOF¥ movlw OCh ; switch o/p
off ie. 0000 1100
movwf BRG
tris PORTA ; make A2 an i/fp
BEGIN btfss PORTA, 3 ; i8/A3 = 1 ijie., zero
crossing LOOP btfsc PORTA,3 ; is A3 = 0? ie. zero
Ccrossing
goto BEGA i no
goto LOOPA ; no
call ZRX i yes
call ZRX ; yes
call SCAN
goto BEGIN
movwf LKP ; place returned key code
into LKP
BEGA call DIMR
movf LKP,1
goto BEGIN
bt fsc STATUS, 2 ; LKP=0 if no key pressed
ie. is key pressed?
LOOPA call DIMR
goto LOOP ; no - make trigger
pulses and await neg zero x goto LOOP
'.l-ti'li'il-.iil"’iii-ti*\tt‘*ttittt*tit*!-#**‘-
movlw OFEh ; yes a key is pressed
select brightness org 1FFh
andwf LKP,w ; ie. 1111 1110 to mask END
bit 0
btfsc STATUS, 2 ¢ i 15 LKP = 0? ie 0 key
pressed
goto SWTOFF ; yes - switch off u
movlw 08h ; no - ie. 0000 1000 z
SWITCH ON
tris PORTA ; switch on A2 (make it m
an o/p}
movlw 03h F
xorwf LEP,w m
btfsc STATUS,2 ; is LKP=32 L |
goto STAR ; vyes - .STAR key pressed
fade down
movlw 02h i no - try ¥ key
xorwf LKP,w
btfsc STATUS,2 ; is LKP=2?
goto HASH ; yes = HASH key pressed
fade up
movf LKP,w ; no - s0 key must be a

brightness level
movwf BRG ; load BRG with key value

goto LOOP
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Everybody's 1alking about the PIC 1hese days - the hotiesi microconirolltes
on the hobbyisi market, It's cheap, sobusl, easy 10 imerface 10 the outside
world, and a breeze 1o program. Now's your chunce to build a kit fealuring
one of these chips. MadLab® at 1he Edinburgh International Science
Festival has developed an exciting range of PI1C kits which allow you to
explore the capabilitics of this powerful device.

All MadLab kits include a professional pcb and full instructions.

MAD MUSIC MACKINE £12.00 - our simplest kit and an exceilent
introduction to the PIC. Pre-programmed wilh 4 tunes (siate Scoltish, Soaps
or Kids mixes). You can also play your own lunes over 4 oclaves,

LOTTOMANIA £13.00 - could win you a fortune i« the National Lottery.
And nwuch more. Also simulates the rolling of dice, a 1 or 2-piayer reaction
game, and a trackes game which tesis how quick thinking you are.

RAZLLLE DAZLLER £13.50 - a siylish piece of elecironic jewekery.
A ring of superbright 1LEDs around 4 circular pcb displays an ever-changing
pattern of light. Wear it as a badge or pendant and gel noticed.
SPYCATCHER £14.00 - a sophisticated security alarm with multiple
SCNSOrs, silent mode and security code. The infra-red sensor iniggers the
piezo alarm when a light beam is interrupted. Also includes a magnetic
switch which can be attached 10 a door or window. In fact most of the
features of a professional burglar alarm for a fraction of the cosi!

SPACLFLAG £15.00 - our most advanced kit. When the SpaceFlag is
waved in fronl of yous eyes a scrolling message magicalty appears in space.
Any message (up o 24 chusaciers) ¢an casily be programmed usiag the on-
board pushbuttons. As featured in New Sciendiss,

All kits require a PP3 bauery (£ ) excepr the Razzle Dazzler which nceds a
miniatuse 12V batery (75p). All prices are inclusive. P&Pis £1.50 (UK).
Please make cheques ard PO's payabile to MadLab Ltd. Send your arder to:
MadLab (Dept. ET1), 149 Rose Street, Edinburgh EH2 4LS

Na callers please. Allow 28 duys for delivery Please send a SAE for further
details on MadLab kits, including our range of educarionat etectronic kis.
E&OF!
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OUT OF THIS WORLD!

SPACE CRAFT KITS

Realishc laser-cut space craft kis from
bonded foil card stock- no colounng
required. Voyager, Galileo, Hubble,
Magellan and Keck Telescope- Su-
perb detal  Each pack inctudes full
mission detarls. Approx 30cm when
assembled £14.95 each.

NASAJPL Space videos - 1D atles to
choose from, £19.95 each

ROBOT KITS

A range of good quality seff-assermbly
Fobat Kis eachullustraung different
etectronic and robolic prngiples. Learn
how Robols work and have fun at the
same ume Extersve buld manual,
£7995£44 95 each

MUSCLE WIRES

Fascinaung wires that contract when
electrically heated producing a useful
amount of force {Up to O Skgf for
250um vare)

Detailed Datz and Project Book {128
pages) - £14 95.

Book and Deluxe Wire kit suitable for
13 projects {inc BORS) - £49.95

Prices include VAT - Shipping £3 50 per order

MILFORD INSTRUMENTS

Creative Products for Enquiring Minds
01977 683665, Fax 01977 681465

PC Application Projects
Master your computer - Release jis power
Projects use PRINTER or SERIAL ports - No need ta open your PC

Expand printer ports to 24 YO lines
CENTRORNIC 24 LINE VO CARD
K04 Kik £27 Assembied: £38

Expand sanal ports ip 24 bO lines

Connect your pe lo tha real world smartly,
'POCKET” CENTRONIC DATA LOGGER
K16 Kit: £47 Assembled: £55

I ean waltke, rurn, “sprak’

Create a robol

AS232 24 LINE VO CARD of your own and.. B
K04 Kit; £31 Assembied: £43 THE CENTRONIC _l
MOBILE ROBOT

18 cn, 12 bit AD with vanable gains
(10,100 and 1000) pkes B output lines
PRECISION DATA LOGGER

K15 Kit: £65 Asaembied: £950

KOl Kit: £33 Assembled: £48

CENTRONIC EXPLORER KIT &7
5232 EXFLORER KIT £i8
£C RADIO LINK (palr] £75
HEART BEAT RATE MONTTOR £33

Drive up 1o 3 slepper malors with § digital
#0 ines plus 11 anakegue Inputs {8 kit AD)
VERSATILE STEFPPER MOTOR BOARD SMART MAINS CONTROLLER £75
RS IKIT0I5_Assemblad: £39 (1 difvar) Please ask for |atest catalogue
ricea (n pound stecling and VAT included. Add £3 P&P In UK (£8 sbroad)

makes chegque paysbie 1D innovetive [iertacing Enl.” Send your order 10!
E, 58 Lamporl Court, Marcheeter M1 7EG, UK TelFax: +44-{0)181-272-8279

** FOR SALE %%

DEFENCE & AEROSPACE INDUSTRY
ELECTRONIC EQUIPMENT & COMPO-
NENTS ALL HIGH QUALITY SURPLUS

MANY SPECIALS. WE STOCK 1000 +

ITEMS & IF WE DON'T STOCK IT WE MAY
BE ABLE TO GET IT FOR YOU

PLEASE WRITE OR PHONE FOR LISTS
OR REQUIREMENTS

MAYFLOWER ELECTRONICS !
48 BRENDON ROAD,
WATCHET, SOMERSET, TA23 OHT
TEL (01984) 631825 FAX 634245
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EXTERNAL Dr Pei An begins a new project io construct a single board
s computer based upon the popular MCS-51 series
microcontrollers

B051 OR 80535

MEMORY AND
MOTHERBOARDS

/O EXPANSION |
CARD

RIBBON CABLE
RIBBON CABLE

DISPLAY AND
KEYBOARD

- . | OTHER OPTIONAL 1O CARDS

RS232 S B C
LINK | PC L

Fig.1 Complete MCS-51 single board
computer (SBC) system
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his article wil describe a single board computer (SBC)

systern which offers some very urique features. Firsty,

the SBC is buit on three ndependent changeatse

modules, namely, the microcontroller motherboard, the

rmemory and VO expansion board and the :
display/keypoard. This allows various microcontroliers and 1O
expansion modules 16 be used. For example, if an 8031
motherboard is used, an 8031 single board computer is formed.
Replacing the 8031 maotherboard with an 80535 (nate that the
BOS35 is a far more powerful microcontroller in the MCS-51 series!),
an 80535 single board computer is formed.

Ancther feature is that the SBC provides the users with two
tacilties for inputting programs. Users can either input a program
trom a keyboard or download the program into the SEC from a
personal compuiter via a RS232 link. Keyboard input is a usaful facilty
for usars to experiment with. The: PC ink is far more converient and
aclvanced and is intended for high-level programming.

The third feature is that this SBC can be built very easily. it is
constructed around commonly avaitable components and on single-
sided PCB boards. By constructing the SBC and camying out
machine language programming, beginners can acquire the wery
hasic knowledge of how a computer system works. For advanced
users, it provides an environment for developing hardware and
software of a sophiscated MCS-51 microcontrolier system.

Figure 1 shiows the schematic of the SBC systern. Tabie 1 gives
some of the main specifications of the three modutes of the SBC.

Table 1. Specifications of the MCS-51
single board computer

Microcontroller motherboards

Dimension: 85 x 85 x 35 mm

On-board 8031 or 80535 microcontroller

6 MHz crystal clock oscillator (2 micro second machine cycle)
Reset facility

Full-duplex RS232 interface (maximum Baud rate: 4800);
5V 1A DC power supply

Connectors for 8 peripheral digital 1O lines {for 8031)
Connectors for extended peripheral digital VO fines and
analogue input lines for A/D conversion (for 80535}
Connectors for MCS-51 buses expansion

Memory and /O expansion module
Dimension: 85 x 120 x 35 mm

8k byte on-board RAM

On-board 3.6V rechargeable battery for RAM backup

16k byte on-board ROM with selection for upper and lower
8k byte blocks

Setectable single-step and continuous program execution
mode

Pizero electric sounder

Industrial standard 8155 prograrmmable peripheral inlerface

Display and keyboard module
Dimension: 115 x 140 x 40 mm

Six 7-segment LED displays

One 4x4 mutti-function keypad

One digit/function selection key

Saftware

Keyboard monitar sottware in 8k 2764 EPROMs

PC monitor software on 8k 2764 EPROMs and driver
soltware for PCs

Two-in-one monitor software in 16k 27128 EPROMs

This article will be separated into five parts. The first part
introduces fundamentals of MCS-51 microconirollers and the
8031 single board computer system. It is followed by a
detailed gescription of how to construct this single computer
system, including the present 8031 motherboard, memory and
IYO expansion board and digplay and keyboard. Part 3
summarizes the MCS-51 instruction sets and Part 4 describes
the monitor programs (keybward and PC-link) for the present
SBC. In the final part, an introduction to the 80535
microcontroller and the construction of an 80535 motherboard
will be given.

Overview

A single board computer is a very simple computer system
(compared to your persona computer). Nevertheless it includes
aimost all the functional uniis that a PC beasts. It has a CPU
{central processing unit) which, instead of being a 486 or a
Pentium processar, is an 8031 or an 80535 microcontraller.
The SBC has read-only memories (ROMs) to store program,
random-access mamories {(RAMs) to store data, keyboard for
data input, LED displays to show information and serial and
paraliel VO ports for data exchanges with external devices.
This is flustrated in the SBC block diagram in Figure 2. Figure
3 gives the completa circut diagrams of the 8031 motherboard
{Figure 3a), memory and /O expansion boaed (Figure 3b) and
dispay/keyboard (Figure 3¢). The circuit diagram of the 80535
motherboard will be given in a future issue.

8031 single chip microcontroller

The Intel 8-bit MCS-51 series microcontrollers are widely used
as stand-alone single-chip microcontrollers which form the
intelligance centres for many modern electronic devices. Some
members of the sefies ard shown in Table 2:

Table 2. MCS-51 microcontroller series

r internal | internal | Maxmum
Externai | Internal | Internal ROM RAM ROM and
ROM ROM EPROM RAM
{kbyte] {oyte] [kbyta]
g!Mag?rﬂ 80321 BO51 8751 4 128 64
v | socar | socst | srest
:Lﬂ;;"d 8032 8052 8752 8 256 64
vorh gocaz | 8o0Cs52 87Cs51
! =

The 8051 has a 4k byte on-chip program ROM and it is able to
address up to 64K bytes of external program memories and
64k byte of external data memory. The 8031 is a version which
doeg not bave the on-chip ROM, hencs it relies on external
program memofry to store instructions. Again, it can address
up to 64K bytes of program memory and 64k bytes of data
memory. The present SBC wutilizes an 8031 microcontrofler.

There are some ‘super mambers’ in the MCS-51 series,
which offer increased peripheral performance in terms of
increased number of digital I/0 lines and added features such
as A/D and D/A conversion, watchdog timer, etc. The
SIEMENS 80535 micrecontroller is an example and is used in
the present SBC.

The pin-out of the the 8031 is showr In Figure 4a. Figure 4b
gives the fogic symbol The pin functions are described briefly
as follows.

Port 0 (POD-PO7) is a time multiplexed 8-bit bidirectional vo
port. When 8031 accessing external memories, it supplies the
jow byte address (AD -A7). It also acts as a bi-directional data
bus (DO - D7). When # cutputs the address, a line called
Address Latch Enable (ALE) becomes high. The port sinks or
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Fig.2 Block diagram of the 8031/80535 single
board computers
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sources 8 LS TTL toads. For the 8051 microcontrolier, the port
can be used as a general purpose 8-bit bi-directional 1/Q port.

Port 1 (P10-P17)

It is a general purpose 8-bit

bidirectional /O port. It can be configured as an input or an
output port by software. It sinks or scurces 3 LS TTL loads.

Port 2 (P20-P27) is an 8-bit bi-directional ¥O port. When
accessing external memories, it places the high-order address
{A8-A15). It sinks or sources 3 LS TTL loads. For 8051, it can be
used as a general purpose 8-bit bidirectional YO port.

Port 3 (P30-P37) is an 8-bit bi-directional O port and can

sink or source 3 LS TTL lcads. All pins have secondary functions.

P3,0 (RXD}.
P3,1 (TXD):
P3,2 (-INTO):
P3,3 (-INT1):
P3,4 (TO):
P3,5 (T1):
P3,6 (-WR):

P3,7 (-RD):

RSTAPD

ALE/PROG

serial data input.

serial data output.

input of interrupt O

input of interrupt 1

input trigger signal for counterftimer #0
input trigger signal for counter/timer #1

write control which latches data into external

data memory
read controt which strobes the external data
memory to place data on the data bus

Reset input. A high levet over a period of
two machine cycles (see note 1} resets the
microprocessor. It atso provides standby
power supply to the internal RAM. (Note: A
machine cycle consists of 6 states. Each
state has two oscillator periods.)

Address Latch Enable. The function is to

provide a signal to latch the low byte address (AD-A7, output
from Port 0) into an external latch when accessing external
memories. The address is valid at the high-to-low transition of

ALE. It is activated twice for evary machine cycle, even if the
cycle involves no external fetch. The only time when ALE is not
activated is during an access to external data memory when
RD and -WR are active. In a system that does not use extemal
data memory, ALE will be activated at a constant rate of 1/16
of the oscillator frequency. The output can sink or source 8 LS

TTL ioads.
-PSEN

-EANVPP

XTAL1

XTAL2

VS8
VCC

Program Store Enable. This is the read
strobe for external program memory fetches
and it is not activated for intemal program
memory fetchas. Whan the microcontroller is
accessing externat program memory, it is
activated twice every machine cycle, excapt
during external data memory accesses
when -RD s active. It can source or sink 8
LS TTL loads.

if it is held high, the microcontroller fetches
the low 4k byte program codes from its
internal ROMs (8051 and 8751). When held
low, it fetches from external program
memory. As 8031 uses external ROMs, this
pin must be tied to low,

The pin for connecting crystal oscillators,
When an external oscillator source is used, it
is connected to GND.

The pin for connecting crystal oscillators.
When an external oscillation is used, the
clock signat is fed in.

Ground rall of the power supply (OV).
Positive rail of the power supply (+5V).

Internal structure of the 8031
Figure 5 shows the internal block diagram of the 8031
microcontrolier. It has a variety of furctional blocks buit on a single
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chip, including the CPU, internal 4k byte ROM (8051 and 8751
only), internal 256 byte RAM, two 16-bit timers, paralied and
full-duplex senal I/0 interfaces, etc. All the units are connected
by an internal bus and work harmonically under the canirol of
the CPLL

D7 D6 D5 D4 D3 oz Dt Do

Cr AC Fo RS RSO ov 1 P

cy | Camy flag. Itis set or cleared By hardware of software during arthmetic
and logical cperations.

AC | Auxiliary carry flag. 1t s sel or Cleared by hardware during addition or
substraction operations lo indicate carry or borow out of bit 3.

FO | Fiag 0. it is sel or cleared by software-as a user-defined status fag.

RS1 | Bits for sefecting working register banks in the Intermal RAM.

and | 1t is set or cleared by soffware.
RS0 RS1 RSO regster bank  address in memory
g o Bank 0 Oo0H - O7TH
[ Bank 1 08H - OFH
1 0 Bank 2 10H - 17H
Tl Bank 3 18H - 1FH

N

ov Overflow flag. It is sel or cleared by haruware during anthmetic operations
to indicate an overtiow condition

1 Reserved.

P Parntty flag. 1t is set or cleared by hardware lo incicate an oadiaven number

of '1's In the accumulator {1 = even party].

Table 3. Bit functions of the program status word (PSW)

CPU

The CPU consists of three sections, namely, the instruction
decoder, the arithmetic section and the program control
section.

Program codes are decoded by the instruction decoder. The
unit generates internal signals for controlling indivigual unit.

The arithmatic section performs data manipulation and is
comprised of an arthmetic and logic unit (ALU), an accumulator
A, a register B, a program status word (PSW), a stack pointer
(SP), a data pointer (OPTR} and an instruction register, etc. The
ALU is responsibie for arithmetic operations such as addition,
substraction, muttipty, divide, increment, decrement and
compare and logic operations such as AND, OR Exclusive-OR,
bit rotation, etc. The accumulator is a special 8-bit register and
it is used in accumulator-specific instructions. Register B is
another register which is used for multiply, divide and other
operations. The data pointer (DPTR) is a 16-bit register, which
consists of a high byte (DPH) and a low byte (DPL) address. It
holds a 16-bit address when addressing the external data
memary. The program status word (PSW) is an 8-bit register
which contains the current status of the program. it is used
frequently in conditicnal jump operations. The bit functions of
the register are shown in table 3.

The program control section controls the sequence in which the
instruction is executed. A 16-bit program counter {PC) holds the

Fig 3a Circuit diagram
of 8031 motherboard
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GND +5V Fig.4 Pin-out and logic
o - sy of e 00
2| Py ADO/POO [39] '
EXI2E AD1/PO1 [38] XTAL1
(4] P13 AD2/P02 [37] xT {
(5| P14 AD3/P03 [35] {xTaL <:>POHTO
[67] Pis AD4/P04 [35]
[7]r1s AD5/P05 [34] EANVDD -
[a] P17 ADEP06 |33] RSTAVPD —— =
[9] RsTrvPD AD7/P07 [32] S ]
[10] PaomxD EAavoD [31] ALE/PROG =
[11] PatTxD ALE/PROG [30] PORT 1
[t2] P32/iNTO PSEN |29] <:>
[13] PaaINTH A15/P27 (28] =
[15] P3arTo Al4/P26 [27] L
| [15] PasTy A13/P25 [28] :g s
[16] P3sWR A12/P24 |25] b
[17] P37@D A11/P23 [24] T ,
[18] xTaL2 Asopez (23] WR - <:,‘>F'ORT2
[19| XTAL1 A09P21 [22] AD -—
[20]vss A08/P20 [21] N
I DRRNRE ey (b) LOGIC SYMBOL. OF THE 8031

address of the next instruction to be executed. it consists of a
high byte (PCH) and a low byte (PCL) address.

Internal RAM

The internal RAM of the 8031 has 256 bytes memory
locations (00-FFH). The lower half (Q0H - 7FH) is used as a
random access memory. The upper half (80H - FFH) is an
area containing various special function registers, such as A,
B, PSW, etc. The details of the memory structure will be
discussed in ‘8031 memory organization’

Parallel 1/0 interface

The 8031 has 32 I/O lines, which are organized into four 8-

bit ports, PO to P3. Each I/O line has a latch, an output driver
and a tri-state buffer and can be configured either as an input
or as an output. When 8031 is accessing the external
memories, Port O has two functions. Firstly, it emits the lower
8-bit address {(AC-AT7) and secondly it is a bi-direction /0 port
for data transactions between the 8031 and external
memories. For the 8051, Port © can be used as a general
pumose I/Q port, if it does not use the external memory. Port
1 is used only for i/O operations. Port 2 supplies the high-
order address (A8-A15) when accessing external memories.
Port 3, apart from being a general purpose /0 port, has
various secondary functions as we have seen earlier.

Serial 1/0 interface

The 8031 is equipped with a standard UART {Universal
Asynchronous Receiver and Transmitter), which allows a full-
duplex seral data communication with external devices.

Timer

The 8031 has two 16-bit timers/event counters. When used
as timers, the contents will be increased by 1 for every
machine cycle. When configured as event counters, the
contents will be increased by 1 at the low-going edge of the
input external signal. The maximum counting frequency in this
case is 1/24 of the clock frequency.

Clock generator

XTAL1 and XTALZ2 are the input and output of an on-board
cGlock generator which can be configured for uses with a
crystal oscillator, a ceramic resonator or an external source.
The clock generator divides the oscillator frequency by two
and supplies the two phase clock signal to all units of the
controller.

Fig.6 Memory map
of the 8031
microcontroller
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8031 memory organization
There are two distinct blocks of memories in the MCS-51
microcontrollers. One is the program memory and the other is
the data memory. The former stores the program codes and
the latter stores the data. The 8031 CPU accesses to these
memary blocks using different hardware schemes. To access
the external program memory, -PSEN Is used as a read
strobe. To access the external data memory, -RD and -WR are
used as read and write strobes.

The 8031 has three memory spaces (see Figure 6):

up to 64k byte of program memory including internal
and external memory {4k byte on board program memory for
8051 and 8751)
up to 64k byte of external data memory
= 256 byte of internal data memory {consisting of an
128 byte of random access data memory and an 128 bvte
special function register area}

Program memory

The program memory stores the program codes. Connecting
-EA pin to GND, the 8031 will read program codes from the
external program memory. For the 8051 or 8751, making -EA
high causes the microcontroller to access the internal program
memory if the memory location is lower than 1FFFH. The
maximum accessible size of the program memory is 64k byte.
There are seven special memory locations which hold the
starting addresses of interrupt service subroutines. They are
listed in Table 4.

Mernory

Address | Name of the subroutines 5= 18

OGO0H Starting adaress of the prograrn memory

0003H External Interrupt 40

000BH | Timer O overflow interrupt E
0013+ External Interrupt 47

0018H Timer 1 overfiow interrupt

0023H | Serial port Interrupt

After the B031 is reset, the content of the program counter
(PC) is O0D0OH. The CPU will therefore fetch program codes
from OO00H location of the program memory. Usually, this
location stores a jump command which makes the program
jump to the beginning of the user's program.

.Data memory
There are two data memory portions in the 8031: an
internal data memory area consisting of 256 byte and an
external data memory area which is expandable up 1o 64k
byte. They are accessed by the CPU using different
instructions. When 8031 accesses the internal memory, a
MOV instruction is used. For external memory, 'MOVX' is
used. The structure of the data memory is shown in Figure
Tt
The internal data memory is further divided intc two
blocks: a lower 128 byte internal data memory from O0H to
7FH and an upper 128 byte special register area from 80H
to FFH. In the lower block, the first 32 bytes (Q0H - 1FH)
are allocated for 4 working register banks 0 to 3. Each
bank contains 8 working registers {RO to R7}. A particular
bank is selected by RS0 and RS1 bits In the PSW register
(Table 3). Locations from 20H to 2FH {128 bits in total) are
bit accessible memories. The upper block contains 21
special function registers (SFRs). Table 5 lists these
registers, their functions and addresses.

Address Name Descriplion

Fo B8 Register 8

&0 A Register A, accumisator

00 PSw Program status word

cD TH2 Timer 2 counter, high byle

[0 TL2 Timer 2 counter, low byte

0=] RCARPZH Timer 2

CA RCAP2| Timer 2

ce TC2CON Time 2 conitrol

B P Interrupt priority

80 P3 Port 3

A8 IE interrupt enabie

AC P2 Port 2

98 SBUF Senal port buffer

98 SCON Serial port contral

a0 | A1 Port 1

8D THI Timer 1, high byle

ac THO Timer 0, high byte

88 T Timer 1, high byte

&4 Lo Timer O, fower byte

89 TMOD Timer mode

88 TCON Tirmer controller

&7 PCON Power controfier

83 DPH Data pointer, high byte

82 oPL Date pointer, iow byte
a1 SP Stack pointer

30 FO Port ¢

8031 CPU timing

Figure 8 ghves the 8031 CPU timing sequences when it
accesses to the extemnal program and data memory. Cne
machine cycle consists of six status and each status consists
of two clock periods. The two periods are referred to as Phase
1 and Phase 2. A machine cycle, therefore, consists of 12
oscillator periods, which are numbered from S1P1 through to
S6P2.

External program memory fetch

From Figure 8a, it can be seen that ALE is activated twice
every machine cycle: once during S1P2 and S2P1 and once
during S4P2 and S5P1. -PSEN is also activated twice every
machine cycle. At the beginning of S2P1, the 8031 sends the
16-bit address contained in the Program Counter (PC) to Port
2 and Port 0. The high 8-bit address (AB-A15) is output from
Port 2 and it fasts until the end of S4P2, The low B-bit address
{AD-AT) is output from Port O only in S2. As Port O will also be
used as a bi-directional data bus, the address must be latched
to external latches in order to provide a stable address for
extemal memories. ALE is used for this purpose. At the high-
to-low transition at the end of S2P1, ALE strobes the address
AQ - A7 at Port O into the external latches. At the beginning of
S3P1, -PSEN becomes low {active), which enables the
selected external program memory to place data on the data
bus., Just before -PSEN goes high at the end of S4P1, the
8031 reads the program code from Port O.

In a machine cycle, ALE and -PSEN are activated twice.
This means-that 8031 is able to read program codes twice
from the external program memory. If it is a one-byte
instruction there is still a fetch at 54, but the byte read is
ignored and the program counter is not Incremented.

External data memory access
When accessing external data memory, a MOVX Instruction is
used. It is a one-byte, 2-cycle instruction. During this
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execution, the two fetches In the second cycles are skipped
while the external data mermory is being addressed and
strobed by -RD and -WR (see Figure 8b).

How the 8031 microprocessor is used in
the present SBC

Figures 3a and 3b give the circuit diagrams showing how the
8031 is used in the present SBC. A 74LS573 is used as the
external address latch. The pin-out layout and functions of
74L5573 is given in Figure 9. The eight latches are D-type
latches. While the enable {G, Pin 11) is high the G outputs will
follow the data (D) inputs. When it is taken low, the outputs will
be latched at the levels that were set up at the D inputs. A
buffered output control input (-OC, Pin 1) can be used to set
the cutputs in normal logic (0 and 1) or a high-impedance
state.

It can be seen that the 8 inputs (Pins 2 to 9) are connected
te Port O of the 8031. -OC input is pulled to GND to enable the
cutputs. G input is connected to the ALE of the 8031, When
ALE is high, the outputs of 74L5573 will follow the inputs D1
to D8. When ALE goes from high to low, the lower 8-bit
address (AD-AT7), which has aready output from Port O, is
latched to the output of the IC. The high-order byte of the
address {AB-A15) is given by Port 2. During external memory
write and read operations, Port 0 also acts as a bi-directional
data bus. -PSEN, -WR and -RD, together with ALE form the
control bus. The schematic of the address, data and control
buses of the 8031 microcontroller is shown in Figure 10.

A BMHz crystal oscillator is connected to the XTAL1 and
XTALZ2 pins. The ciock frequency of the SBC system is
therefore 6 MHz. This means that the clock period is 0,18 us
and a machine cycle is 2 us (@ machine cycle consists of 12
clock periods), -EA pin is connected to GND to allow the 8031
to read program codes from the external program memory. -

INTO pin is the first external interrupt input which, when
connected to GND, is used for single-step operation. If
connected to +5V, the program will be executed continuously,
The serial data input {RXD) and output {TXD) are connected to
the TC232 R5232 line driver which manages the conversion of
the voltage level between TTL and RS232. A reset facility is
also provided in the SBC. Normally, the RST input is pulled to
GND by R2. When the reset button is pressed, RST becomes
high. If it semains high for two machine cycles {24 clock
periods), the 8031 CPU resets. The RST input is connected to
+8V via a capacitor C5. This allows the SBC to reset
automatically after a power-on. After a reset, the contents of
some internal registers return to the following values.

Begisters | Content Hegisters | Content
PC GO00H Lo 00H

ACC 00H THO O0H

PSW 00H L) O0H

sp a7H TH1 00H

DPTR GOCOH SCON 00H

P0 - P3 FF SBUF O0H

g XX0000008 PCON 0XX00008
IE OXCO0000E TMOD 008

TCON 00H

A resel makes ALE and -PSEN high and doesn’t affect
contents in the internal RAM. PC register becomes 0000H,
inferring that the program will be executed from the program
memory location O000H.

Memory expansion

External program memories are required by 8031, The present
5BC hardware is equipped with an 8k byte ROM space and an
8k byte RAM space. An address decoder is used for allocating
addresses of the ROM and RAM.
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ALE

‘PSEN

-RD

PD

ALE

PSEN

-RD

P2

PO

One machine cycle One machine cycle
: From Figure 3b, it can be seen that the
S1 52 | 83 S4 S5 Sé S1 s2 s3 S4 S5 S6 encoded outputs, YO, Y3 and Y4, are
Pt !P2 P1 P2 P1 P2 P1 P2 P1'P2 P1 PZ|PY P2 P17P2Z P1 P2 Pt P2 Pt'P2 P1:P2 [ Oonnected tO the Chlp enable inDUfS Oi the
: ‘ ' 27128 ROM, 8155 and 6264 RAM. These
| | popvas l I ‘ | I | [ | three ackiress locations have 8k byte space
=l ! | . PR E and are ot overtapped: 0000-1FFF for
| 5T e —'k_—] I I [ external program memory, B000-7FFF for
‘ | = ' 8155 chp and BOOO-9FFF for external
. : + — — T prograimy/data memory.
“ - |ov . ;
X High address oun JT-ligh address out XEI’I address out X ‘ ROM - external pevgram
\ memory
' An 8k byte ROM (such as 2764) can be
A e - = used as an external prograrm memaory.
9 ocaress e ol acoress 9 : However, the hardware of the SBC allows a
: : 16k byte ROM (such as 27128, IC5) tobe
{ ) used. The 16k byte memory (COOCH-3FFFH)
is usec in two memory portions: the lower
_Lowv:ﬂgress Lowvglciigress : Lowv:ﬁgress Bk byte portion (D000H-1FFFH) and the
upper 8k byte portion (2000h-3FFFH). Each
{a) External programme memaory access of the memory portions contains an
independent software and can be selected
One machlne cycle One machine cycle gywin on-board memory portion selector,
S1 | s2 | & |84 [ s5 | s |51 ! s2 | 83 |84 | 55 | s& For a quick reference, the pin-outs of
P1 P2 M :PZ P+ P2 PV P2 |P1 'P2 |4 F2|Pt P2 Pt P2 P P2 P1 P2 P1'P2 P P2 2?64 and 2?128 EPROM are Shown n
! Figures 12a and 12b. The lower 8-bit
' Rcheard , [_'I address (AO-A7) to the ROM is supplied by
——I—'_“ - r—l - b T the 74L.S573 latch. A8 to A12 are supplied
w i - : . - -— from Port 2 of the 8031. A13 is either
‘ ] ! I_ connected to GND or +5V by the memory
e 43 L g LI o NI selector, SW1. When the seleclor is
oV . [ L l_v switchaed to GND, A13is puled to low state.
| - - i e g W1 Bl 37 N | Thus, the address accessed by 8031 is
>< TS ——— X High address out X from OODOH to 1FFFH. If it is switched to
‘ e e - — ] +5V, the address accessed by 8031 is from
i | | : _ ‘ 2000H to 3FFFH of the ROM. The data bus
e\ | 9 [~ is connected to Port 0 of the 8031, -CE is
. o Lo | o | connected to YO of the decoder IC3, which
1 I ' ' 1' is effective in memory locations from 0000
| to 1FFFH. The -OE input is connected to -
|__Low address _ Low address Low agdress RD and -PSEN of 8031 via a 74L508 OR
valid valid valid gate (IC2)
{b) External dala memory access
-0E = -RD x -PSEN
- -F_ug;8 CPU timing for pregram and data rl-'lemory fetches i YWhen accessing extermal memory
PSEN becomes low. -RD is high. -OE
Address decoding becomes low which enables the memory to output data
Address decoders are used to allocate addresses for memories
so that each memory location has a unique acdress which can RAM - external program/data memory

then be addressed by the 8031 microcontrolier. In the SBC, two The axternal RAM is the 6264 8k byte random access COMS
7415138 3 to 8 line decoders (IC3 and ICE) are utiized. The pin- memaory {(C4, see Figure 12¢ for the pin-out). It acts both as a

out of the IC and its pin functions are shown in Figure 11. A, B program memory and a data memory. Again, the lower 8-bit

and C (Pins 1, 2 and 3) are inputs. YO to Y7 (Pins 150 9 and Pin  address (AO-A7) to the ROM is supplied by the 74LS573 latch. A8
7} are encoded outputs which are high when not sefected. When to A12 are supplied from Port 2 of the 8031. CS2 (second enable)
an output is selected, it becomes low. -G2A, -G2B and G1 (pins is connected to +5V to enable 8264. -CS1 input is connected to
4 5 and 8} are enable pins. -G2A and -G2B pins are connected Y4 (pin 11) of IC3, which is etfective in memory locations from

to GND and G1 is connected to +5V. A, B and C are connected 8000 to 9FFFH. The data bus of the memory is connected to Port
to P25, P26 and P27 of the 8031, respectively. As we know that 0 of the B031. -WR of the 6264 is connected to -WR pin of the
P25, P26 and P27 correspond to the address bits A13, A14 and 8031. The -CE input is connected to -RD and -PSEN of 8031 via a
A15, the decoder circuit divides the B4k bytes of memory into 8 74L.508 CR gate, (IC2):

blocks. Each blocik has 8k byte memory iocations. The following

table overleal shows the addresses of the blocks. -OE = -AD * -PSEN
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When the 8031 reading data from the external memory,
-PSEN is always high and -RD is low. When B031 reading
instructions from the memory, -RD is high and -PSEN is
active {low).

1/0 expansion

8155 ICThe input/output expansion is facilitated by a
programmable peripheral interface chip, 8155 (IC7). It has
the following functions: 256 bytes of on-board RAM, two 8-
bit I/0 ports, one 6-bit O port and one 14-bit event
counter. The pin-out of the chip and its logic symbol are
shown in Figure 13. The pin functions are briefly described
as follows.

ADO-AD7 A time shared address and data bus. They are
connected to Port 0 of the 8031. At the low-going edge of
the ALE on the B031, the 8-bit address is latched into the
8155. Whether the address is for accessing the /O ports
or the internal memory depends on [O/-M inputs.
PAD-AD7 Port A programmable peripheral IO lines.
There are 8 lines, It can be configured as an input or
output port by software

PBO-AD7 Port B programable peripheral 170 lines. There
are 8 lines. It can be configured as an input or output by
software.

PCO-PC5 Port C programable peripheral I/O lines. There
are 6 lines. It can be configured as an input or cutput port
by software. The lines ¢an be aiso used with Port A and
Port B as handshake lines.

-CE Chip enable. Low to enable the 8155.

-RD Read strobe. When -CE and -RD are both low,
the contents of I/O port registers (when 10/-M=1) or
internal memory (I0/-M=0) appear on the ADO-7.

-WR Write strobe. When -CE and -WR are both low,
data on ADO-7 will be written into memory (I0/-M = 0) or
written to /O registers (I0/-M = 1),

ALE Address latch enable. At the low-going edge, it
latches the address on ADO-7 and the data on IQ/-M into
the 8155.

10/-M Input/output and memory selection line. When
it is low, memory is selected. When it is high, /O registers
are selected.

RESET Reset pin. A high level on this pin resets the
B155. After reset, the three ports are all configured as input
ports

TIMER IN Timer/counter input

TIRRER OUT Timer/counter output. Qutput waveform is

ANES21 135 STK73410%2 595 TDASGE0P 2.50
AN5732 1.40  STK73605 450 TDATOT2 3.95
ANB327 §.85 STR4d 14.75 TDAB3T0 14,00
ANGGTT 8.50 STR451 25.00 TDAB405 8.00
BA5114 155 STR3I25 550 TDA8732 595
BAG218 185 STR4211 550 TEA2018A 1.50

i BAG219 1.20  STR4080 11.15 TEA2026C 450

Il Hatiazs 1.65 STR20005 500 TEAS170 140 i
HA13119 250  STR40090 400  TUA2000-4 425
KAG210 459 STAS0103A 385 UBBIB 235
LA3220 0.60 STR54041 375  U4606B 550 |
LA4183 135 STRS8041 375 UAA1008 300
LA4445 150 STRA000 6.00 UPCI178 1.05
LA4495 140 STRI706 475 UPC1182H 5.15
LA4588 2.55 STRD1806 450 (PCt278H 2.20
LA7835 235 STRDG008 1000 UPG1420 450
LB1415 225 TA227 185 UPD1837 3.00
LM301 025 TAT2T 250 25AB14 071
LM317T 150 TA7280 225 254839 140
M49!BBBI 475 TATZ81 220 25A1062 1.00
M49EBI 675 TAT698 5.00
M51393 595 TAB200 3.50 ELECTRGLYTIC
MSBE55 330 TAB210 3.00 CAPACITORS

y 3 250V Working
MB3730 170 TA8214 3.00
| mBazse 800 TAB215 300 IYF (5ipack) 1.00
; 00 47UF (5ipack) 1.50
STKoT8 5.00 TAB205 295 Jo0F s 5
STK435 4.00 TABE59 1900 o0 P ok
STK461 6.00 TA75338 Dl 058
STK2250 745 TDA1G08A 200 g7 tooeh 5
STK4121/2 7.00 TDA2170 300 Joour feach) e
STK4141/2 550 TDA2270 250 N feach] :
STK4142/2 6.50 TDA3500 a9 P ack,g i
STK4162/2 6.25 TDA3S62A-TRK 325 U0 (g, ” I,
STKA171/2 810 TDAIS6ZAPAILL 325 i LFRC e
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STK5361 415 TDA4505M 526 55MHZ CDA (Sipack) 2.40
STK5372 2.85 TDA4505K 615 € 0MHZ CDA (S/pack) 2.40
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STK5471 )
STKe732
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his project began when | decided | needed a goad-
quality sound mixer but, as it would only be used
occasionally, it would not be worth paying a lot of
money for a top-of-the-range, professional unft.

For field work, the mixer is, of course, battery-
powered and an opticnal mains power unit is included for
situations when mains power is availabie. The case is designed
to be slung from the shoulder if necessary by a camera type
strap. In the original, three input channels were thought to be
adequate, but more may be added as desired by simple
duplication. The line-oscillator and compressar/limitor may be
omitted it not required. However, some form of dynamic control
is advisable in most cases.

The circuit

Balanced input cables are essential, since any interference
on one input Is corrected by the same interference on the
other, but in the exact opposite phase, i.e. 180 degrees out
of phase. So, one cancels out the other and the result is no
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Portable mixer input module

Tony Sercombe c;elves into the complexities
of constructing a portable audio mixer

interference. This is the system | adopted and, with it, input
cables could be up to several miles long at the extreme.
The SSM 2017 is used in the input stage. This IC is
designed to accept floating balanced inputs. The cost is
such that input transformers of sufficient quality were ruled
out. Although they can be said to give a degree of
noiseless gain, due to the turns ratio, the modern design of
ICs has rendered that a bit of a specious point. As may be
seen, the input floats across two 1KO resistors, and a
47pF is paralleled across the two. The gain Is set by the
value of the resistor connected between pins 1 and 8 of
the IC. A make-befors-break switch selects gains of
approx: 1 1/2 (Line input} then 10dB to 80dB in 10dB
steps, giving a maximum gain of 1000 times. A mbb switch
is important here, otherwise severe 'crashing' will occur
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when it is operated. No output coupling capacitor is
required since the next stage is capacitor coupled at its
input. It is also worth noting that since the supplies are
positive and negative, the output should exhibit no DC
voltage. However, this is not always quite the case in
practice with most 1C amps - without nulling.

Next comes another amplifier of around 3 1/2 x (3.4)
which also incorporates a two- pesition high pass filter,
which may be switched out if not needed. It operates at
12dB at 40 or 120Hz. This uses a TLE 2027, and is fairly
conventional.

The output of this amplifier is fed to the channel fader. |
used the plastic conductive varigty, although this is not
strictly necessary - a good guality carbon unit

disabled with a switch on the control panel.

If the function is set to compress, the ratio is 2:1, that is
to say that for every doubling of the input, the output will
increase by half that amount, In the limit mode, the point at
which limiting occurs is get by an on-board pre-set. The
threshold of sach mode is adjustable to any point by this
control. This IC has virtual earth inputs and outputs and so,
in this case. uses a TIL 071 to feed the output stages.

The attack and decay times ate not adjustable but, in
practice, have been found to be guite suitable for a wide
range of material from speech to music. This is a very good
test because breathing or thumping effects will generally
show up under different types of programme. If the rise and

would be sufficient. Capacitor coupling is used
here since even a very small offset voitage at
the output will make the control noisy in use,
The slider of this control is connected directly to
the mixing and pan resistor of the TLO72C
which, in turn, is connected as a virtuat earth
mixer. This is a dual amplifier in an 8-pln DIL
package and has a gain of 1/7X.
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diode rectifiers should be set in the feedback loop to
linearise the gain, taking into account the forward
voltage drop. In this case, they are not in the feedback
loop but, assuming that they were, the deflection on
the meter would only just be off the back stop, at
around the -20dB point of the scale. This is of no
practical use, particularly in the case of a VU meter.
However, it is essential to provide full wave since the
voltage change on one side of the waveform may
exceed those on the other, and if it is the lower half
that is being measured, then the other half will not be
registered on the meter and vice versa. The average
reading on the meter will aiso be more accurately
displayed with full wave rectification. The gain setting

(" 23 q ’
+ + resistors are of the same value i.e.: 10Kohms.
IC PINS 2/7 —[] H I]_' IC PINS 1/8

Voltage excursions in the positive sense are fed to
the non-inverting input and are thus inverted so as to
be in phase with the non-inverting input, thus
achieving full wave rectification. The output of this
amplifier is a varying DC level and is fed via a further

fall of some speech, for example, matches, or is the
reciprocate of the attack/release time constants, it can
show up as noticeable attenuation or a slow increase in
level. However, this general effect was hardly, if ever,
noticeable, and has given no problem whatever in the
prototype.

The output stages use the SSM 2142. This amplifier
provides a balanced output of about 5 ohms, so that any
run of cable may be used. [t has a gain of 5.98dB or 2x.
This gain is internally set and the circuit is very simple.

Now the somewhat vexed question of metering.
Obviously a PPM would solve the problem, but the total
cost would be very high. | considered a LCD column, but
these seem non-existent even in professional catalogues.
So the only recourse seemed to be the good old VU meter,
but with a few alterations. As will be seen, the circuit uses
four amplifiers, to be found in the IC LF 347N, but any
simular chip will do for this stage. The first amplifier is
wired as a high impedance buffer so as not 1o load the
signal unduly. Next, the pre-set level adjustment feeds the
second amplifier whose gain is set at 5.1x in the inverting
mode. The rectification comes next. Normally, of course,

diode to the fourth and final amplifier in the chip. The
purpose of this diode is to allow the 220hf capacitor
connected from input to ground to charge up to the peak
level of DG across it, and to retain this charge as the
output of amplifier 3 falls again.

The last part of the circuit is connected as a buffer
amplifier, and thus presents a high impedance, so a large
value resistor is connected in parallel with the capacitor.
This is to prevent the meter holding up on a high level for
too long and thus not indicating lower levels that may
follow. In practice, the meter pointer should rise quickly on
sudden peaks, but fall-back, or decay, fairly slowly, making
It very much easier to read. Missing a few low-level peaks
during the fall-back time is not important, since they will be
well within the dynamic range of the circuit. | used a dual
VU meter assembily as supplied by Maplin Electronics. This
worked vary well indeed with the circuit as shown with a
fast attack and slow decay time, However, if other units are
used, some slight changes may be required to the
resistor/capacitor combination at Pin 3 of the IC,

When lining up a mixer or other equipment to be
interconnected with other jtems, it is usually necessary to
include a line-up oscillator. The circuit for this is quite
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simple, and consists of a single transistor, oscillating ard
made available via a single amp. The normal frequengy
employed is 1Khz, although the actual frequency is rot too
vital. The monitoring buffer amplifiers use an LF 3471, and
contribute no voltage gain to the monitoring circuits, It is
impaortant that when the direct/reply monit switch is used, it
does not introduce clicks onto the signal path. Thus these
ampiifiers simply buffer the signal path to the headphane

19 1NB14

1N914

R57
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* MATCHED TO OTHER GHANNELS

amplifiers. The headphone amplifiers consist of a dual IC, —
the TLO 72C, and this provides more than enough gan

to drive two pairs of 8 ohms headphones If desired.

Using the 10 ohms resistors in the outputs as shown
provides a close match to 8 chms with either one o two
pairs of headphones in use. The 12 ohms resistor
connected between the bottom of the input level control
and earth serves to prevent the headphone signal beng |
faded out altogether. It is surprising how often it is 3
assumed a signal is missing, when in fact the ampifier is l
not operating. When using battery power it is necessary
to know the state of the batteries at a glance, therafore a
battery condition indicator is inciuded.

Under normal conditions, when the voltage is 2/3 or
more the BC 548 is forward biased and conducting
through the green LED. Since in this condition the
collector is almoest at ground petential, there is inauficient
current to switch on the second transistor.

When the supply drops below 2/3, and therefcre
below the avalanche point of the Zener diode, the BC
548 is cut off, and so extinguishes the LED. Howzaver,
enaugh current can now flow via the 470K reslstor to
switch on the second transistor BC548. Now the
collector of this transistor is almost at ground so drawing
current through the red LED. In the prototype, | used the |
LED type which has an internal circuit, causing it to blink
at about 2Hz. This is easier to see when outdoo-s, or in
other brightly (it conditions.

The external power unit is built into a die cas: kox, i
and Is a project published In Practical Electronics some ;
time ago. | used a pre-set to adjust the cutput vollage.
Also it will be noticed that it is set to 12-0-12 volts,
whereas the battery supply Is 9-0-9 voits. This has the
effect of allowing a higher signal level at any of :hs
inputs. However the 9-0-8 voits battery supply s
perfectly adequate for normal use. 1 used 741 10s simply
because they were to hand. The 801s originally specified
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 Portable mixer block diagram
o required, the input stages
. should be changed as
shown, or the pan pots
could be brought out to the
| 3
. control pane. If desired,
Ao veroboard could be used.
10R i On the case, there is an
o Ll overhang of 10mm on both
L .
e i - side panels, at the top and
WP CONT. | | 1ok i, 10R both sides. The purpose of
i} oo
DUAL TRACK TRt this is to offer some
HP O :
o e protection 1o the controls.
The central section is a
channel, set at right angles
at three corners and joined
at the fourth by, in my case,
Portable mixer H/P amps pop rivets. There is a 10mm

BC549
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skirt around the four edges,

on both sides, and bent at
right angles. The top section forms the control panel. The
bottom section contains the battery compartments, and has
rubber feet at each corner to hold the lids of these clear of
the standing surface. The two upright sides contain the input
and output plugs ano sockets and, opposite, the headphone
monitoring and power supply switching.

One of the side panels has six small holes drilled through it
to lacilitate adjustrment of the pan and input attenuator
Controls. The nature of thase is pre-set, but in this application
they will have only occasional use. The holes should be just
large enough to accept the shaft of a small screwdriver.

Next month, we conclude the construction and testing of
the mixer.

In case of difficulty in locating a suitable case or parts for
this project, Partridge Electronics of Benfleet {01268
793256) and BK Electronics of Seuthend on Sea {01702

- 527572) both stock a wide range of components, sub
frames, meters etc.
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Is your PCB design package not
quite as "professional” as you
thought? Substantial trade-in
discounts still available.
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“Your low cost rout
MICRO-PRO 51

Pragramming supnort lor Ihe loliowiieg sevicer
Genenc BT51/8752 macrocontroliers. from intel & Pilips

Alrmel 8051/8357 FLASH replacements fof the
8751/8752

cables availabie as optional extras

® Field programniable bardware to
allow future upgradeability

* Fast PC paralle! port based design

Atmel 105172051 20-gen FLASH 805T microcontrodier
GefMeatrvas

Senal EEPROMS tamibas- 240, 93000 590 250

W
“Hardware/software upgradeable
programmer for the BOS] family”
* Accepts up to 40 pin DIL directly via
Aries ZIF socket
ONLY .« Surface mount and PLCC package
£125 adaptors available as optional extras

* Atwnel 8951/8952 ¢ 1051/2051 ICE

e to embedded 8051”

Ny KEIL C51 PK LITE

Y “The complete Ansi-C developiment
environment for the 8051"

* Optimising Ansi-C compiler

* dscope-51-8051 software simulator
ONLY & source level debugger

£110 « wVision-Integrated Windows based
C51 project maragement system

* Support for most 8051 derivatives
eg. Atmel, intel, Siemens etc.

(Resiricted o 2K tatal program code,
SMALL model aaly)

12 &5 ke

® Numerous microcontroller language
extensions for the fastest, tightest code

{
|

SRS

Embedded C51 Starter Systems for the 8051 family

“Everything you require to develop an
embedded 8051 -based project in C®

® MICRO-PRO 51 device programmer
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f=—m = AN TSN 25 _} & | in»
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*® Full suite of C51 eCisi loalures | Timer2 | Comparaior

deronstration software

.| e Equmax Technologies, 229 Greemouit Lane Holton BLT 508, [ancashice. ENGLAND
G o u I N ox Tel: (01204) 452010 Fax (01204) 494383 I dkatling cods (LN +44 1204) —
E-mail: sales@equintet.demon.co.uk  Web Fage Wi demon. co_uk/equintec H
e LGl L) Al prices exctusive of VAT 2nd carnage, I

Atmel 80531 FLASH Microcontroller Range

B895X-ST (ONLY £215)
Cames camplele with samples of Atmel 8951 and 8957 40 pin microcontrollers

XO51-ST (ONLY £199)

Comes complete with samples af Atmel 1051 and 2051 20 pln migroconiroliers

Get into PIC Programming with

Forest Electronic Developments !

PIC Programmer and Development
equipment
Programmer kit £35.00, Pre-built £45.00

This programmer based on the ETI PIC programmer
programs the 186C54/55/56/57/58, 16C64, 16C71,
16C74, 16C84. Operates over a serial link to a PC
running Windows or DOS software. Includes latest
versions of Microchip's assembler and simulator on 3.5"
disk. ZIF sockets not included (not essential and may be
added as necessary).

Now includes new PC development environment |

Running under Windows 3.1. PICDE is a PIC assernbler development

environment which is MPASM compalible, offering on-line help, project
management, multiple editing windows, error tracking, programmer and
MPSIM support ete. Supplied Free of Charge with our programmers,

Blank PIC16C74, and other Microchip devices

16C74 - The largest 16Cxx device with 4K EPROM, 192 bytes of RAM
with extensive peripheral suppon including 8 channel A/D conversion
PIC16C74/JW - Erasable version, 20MHz, £24.00

PIC16C74-04P - OTP 4MHz version, £8.00

PIC16C57 04P - OTP 4MHz version, £5.00

241.C 18, 2Kx8serial EEPROM, £2.00 {suitable for PIC BASIC)
24L.C65, 8Kx8B serial EEPROM, £5.00 (suitable for PIC BASIC)

ETI PIC BASIC - Modules for
PIC16C57 and PIC16C74

16C57 module £27.00, 16C74 module £35.00

Now available for the 16C74, our advanced module
includes the following features - all supported in BASIC

8K byte EEPROM - up to 2000 lines of BASIC !
8 Channel A/D inputs and PYWM D/A output

27 lines of programmable 1O

3 timers and interrupt support in BASIC
Interrupt driven serial RS232 interface
Available in 4MHz and 20MHz versions
Peripheral 12C bus interface

Optional external 12C static RAM

Module size is 115%55mm

The 16C57 version offers 16 lines of programmable /O
a serial interface and a 4MHz clock.

16C57 module kit (2K EEPROM) - £27.00, Pre-built Module £33.00
16C57 module kit (8K EEPROM) - £30.00, Pre-buitt Module £36.00
16C74 module kit (8K EEPROM, 4MHz) - £35.00, Pre-built £42.00
16C74 module kit (8K EEPROM, 20MHz) - £40.00, Pre-built £46.00

Kits and moduies are supplied with fully featured host software for a PC
running under Windows 3.1, 3.11 or 'G5

Kits & Modules are supplied with instructions, all components and connectors, fibreglass PCB, and a programmed PIC microcontroller, Prices are

inclusive, add £3.00 for P&P and Handling to each order. Add £7.50 for a

serial cable to link either project to a PC All orders in stock returned by 1st

Class Post. Send cheque/PO payable to: Forest Electronic Developments - 10 Holmhurst Avenue, Chnstehurch, Dorset BH23 5PQ,
Telephone : 01425-275862, Technical 01425-274068

Visit our Web page at http://www/ibmpcug.co,uk/~gmwarner/fed.htm
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PROFESSIONAL CIRCUIT AND PCB DESIGN AIDS FOR WINDOWS I" I o

- CADPAK for Windows i~1-
CADPAK is especially sulted to educational, - PROPAK for Windows [~-]-~
hobby and smali scale schematic and PCB
design. CADPAK inciudes both schematic PROPAK has aill of the features in CADPAK plus
arawing and 32-bit PCB drafting tools but as netiist based integration, automatic power
an entry level product, there is no netlist link piane generation and a powerful auto-router,
between them, PROPAK includes enough schematic capture

and PCB design functionality for all but the
most demanding applications.

r 545 LLUSTRATOR
f_[q_n Fmt Yew ook Shest  onbgore  Help

— e

The schematic drawing module of CADPAK,
ISIS Hlustrator, enables you to create circuif [

diagrams like the ones In the magazines. PROPAK s schematic drawing editor I5IS
ILLUSTRATOR+ includes eéven more features than

B Runs under Windows 3.1 making full use ISIS ILLUSTRATOR. PROPAK's 32-bit PCB design
of Windows features such as on-ine help. tool, ARES for Windows. is our most powerful

B Full control of appearance including fine and easy to use yert.
widths, f "'{ SW’?S' fonts, colours. B Multi-sheet and hierarchical designs. |

B Aufomatic wire roufing & oot piacement. m Netiist link between modules guarentees L

W Fully automatic annotator. consistency between schematic and PCB.

B Complete with device and B Netlists are also compatible with SPICE-AGE
comprehensive package librarles for and most other electronics CAD packages.
both through hole and SMT parts. m Generates a full bill of materials.

B Advanced route editing allows deletion ; g
or modification of any section of frack. : ?SC” ga:a KAy -

B Gerber, Excellon and DXF outputs as well IRCHIERS Mes and‘ RINSCIDY CRERER,
as output via Windows drlvers. Aiso W Ratsnest display with automatic update
includes Gerber viewer, during placement and routing.

B Exports diagrams to other appiications B Muiti-strategy autorouter gives high
via the clipboard. | compietion rates.

B CADPAK is also available for DOS. B Power plane generator creates ground

planes with ease.
CADPAK FOR WINDOWS ........ £ 149 B PROPAK is also avallable for DOS. j
CADPAK FOR DOS ................. £ 79 || PROPAK FOR WINDOWS ........... £ 495

PROPAK FORDOS .......cvevnnn.. £ 395

Call or fax us today for a

demo pack. Please state ] b C &M C &)

whether you would like a

DOS or Windows pack. 5 r f SRR S TV (] & .
Prices exclude postage (£5 for UK) and VAT. ISIS S Grasslngton, N. Yorks, BD23 5AA
ILLUSTRATOR and ARES for Windows are also available Tel: 01 756 753440 Fax: 01 756 752857

separately. All manulacturers trademarks acknowledged.




have been collecting and restoring valve radios for
about eight years. My interest began when | was
given a Bush VHFBOC set by a relative. Since that
time | have repaired and restored approaching one
hundred sets. My own collection consists of about 20
sets - although it would be larger if | had more space! Pride of
place goes to a Bush VHFB1, which is the same type of set as

my grandparents owned when | was a child.

This series is based on my own experience and opinion - it is
not intended to be a definitive guide to the subject. If you have
any comments, or perhaps a useful technique for overcoming a
particular problem, we would be pleased to hear from you.

Variety

Individual collections and interests vary widely. Some people
collect amateur radio equipment, or communications equipment
previously used by the Army, Navy, Air Force, or emergency
services. Related fields include vintage television and computing
equipment. indeed virtually every item of vintage electronic
equipment is collectible.

The definitive source book covering details of coflection and
interest hobbies of this kind is the “Sound and Vision Yearbook”
by Andrew Emmerson. This contains a concise introduction to
the subject (such as the examples on computing featured in this
magazine), together with an extensive list of auctioneers, books,
dealers, magazines, museums, societies and numerous other
useful contacts. This highly recommended 96-page paperback
is available from Sunrise Press, 2-4 Brook Street, Bampton,
Devon, EX16 8LY for just £3.50.

This series will concentrate on domestic broadcast receivers,
and within this field there is considerable range. Collections may
consist of equipment from a particular period, a certain part of
the world, a specific manufacturer or a certain style of cabinet.
Some collections cover a broad range of tastes, others are
more specific. My personal collection consists primarily of
smaller bakelite sets from the 50's - and | am particularly keen
on sets made by Bush.

Although this series is based on my experience with valve
radios, much of the inforration will be relevant to the repair and
restoration of other items of vintage electronics.

Obtaining sets

Twenty years ago, valve radios could be obtained from jumble
sales for a few pence. Today, however, they are not regarded as
junk, and sellers often have an inflated idea about their value.

ELECTRONICS TODAY INTERNATIONAL




Assessing the overall
condition

Start by looking at the general
condition of the set, in particular the
tuning scale, speaker fabric, knobs and
cabinet trim. If some of these are
damaged or missing you may have
problems finding replacements or
satisfactory alternatives.

If the back is missing or hanging off,
you can be sure someone has been
insice a few times. The same applies if
some of the screws are missing or
don'’t look original, or if the back is tatty
around the screw holes. Take a look
through the ventilation slots at the
innards (a torch is useful for this). Look
out for missing valves, lack of dust, and
any signs of previous repair work. If the

set is in original condition it is a better

There are several ways of finding sets. The obvious thought
nowadays is probably car boot sales, but | have had little
success with these. Car boot sales {particularly the larger
regular ones) and indeed local auctions are sometimes used
to pass off suspect or even stolen equipment anonymously,
and should be viewed with caution.

There are a few specialised valve radio dealers around the
country, who may have a stock of sets available. Some
dealers only sell fully restored sets at an appropriate price -
but others will sell sets for restoration. Most dealers will sell by
mail order.

Specialist groups sometimes organise auctions of sets and
related items. The pubiishers of “Radiophile” magazine
“organise two or three such events each year. However the
prices paid at these auctions are often fairly high, and the sets
are frequently fully restored.

It is sometimes worth looking round local second-hand
shops, antique shops and house clearance dealers. They
don't usually have much and the prices are often high, but
you could be lucky.

A good way to obtain sets locally is to place a *Wanted”
advert in the locat paper. Expect to collect the sets from the
seller's address - most people won't sell suspect goods from
their own homes.

Wherever you buy from, keep an accurate record of the
address of the seller and the price paid for the set.

restoratlon prospect.

ftis NOT a good idea to test the set. If it has been out of use
for a few years, applying mains power can cause major damage
(such as exploding HT smoothing capacitors and smoking mains
transformers).

Replacement valves

Many valves are still available. A good range are being
manufactured again, and will be available from dealers. Mary of
these originate from the former Soviet Union, and the developing
countries. Some are also made in the USA, where vintage radio is
even more popular than in the UK. New valves are normally
guaranteed for three months, but this is void if the valve is
damaged by a set fault.

I a new replacement valve is not available or is too expensive
for your budget, one or two dealers sell used-tested valves. Anode
Electronics have a vast range, with many costing less than £5.
Due to their nature, used-tested valves are not usually guaranteed.

Anode Electronics and a few other dealers offer a valve testing
service. Normally this onty consists of testing the essential
characteristics to keep the price down, but this is generalty
sufficient to tell you if a valve is serviceable or junk.

Boxes of Unknown Valves

If you are advertising for vaive radios in the local paper, you wil
inevitably receive calls from people offering boxes of old vatves.
This may sound wonderful, but from my experience they are
normally useless.

There will often be many television types (PCL82, PY8S eta),
which are no use for vaive radio repairsl If there are any radio
types, | suggest you pay no more than ten pence per valve, as the
majority will be in a poor state (no matter what the seller claims).
it was the practice of many engineers to put the old back in its
new counterparts box as an emergency spare, so atthough you
may be offered apparently “new valves in original boxes”, atlways
be aware of this ploy.

Scrap chassis

Itis worth keeping any sets that are not worth repairing, as a
source of spare parts. | currentty have about five scrap chassis,
and parts from these have saved me a considerable amount of
money, Hang on to what remains of the ¢cabinet and trim too, you
never know what you might need!
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the output with an audio tone. | use one costing over £100, but an
inexpensive basic unit designed for this specific purpose, wil
appear in this magazine soon!

For initial fests a high voltage DC (about 250\ supply is
required. This should have a high output impedance (or a resistor
in senes with the output). This need not be very complex - a
suitable simple design is shown elsewhere in this magazine!

Safety equipment and advice

An essential itern is an Residual Current Device (RCD) or Earth
Leakage Circuit Breaker. These are avallable as adaptors for use
with power tools ete. Plug this inte a wall socket, and power the
set you are working on and the test equipment from it, via a four-
way extension lead,

For uttimate safety | would strongly recommend the use of an
isolating transformer. A 100MA type is adequate for most domestic
sets, but it may be worth paying the extra to obtain a 250VA type
which will also be suitable for larger console sets and radiograms.

Neither of these items will provide protection against a shock
from a charged capacitor, and sensible precautions must be
taken.

When working on iive equipment, always work with one hand
in your pocket or behind your back to prevent shock current from
passing through your body. Switch off the supply and allow the
capacitors to discharge before connecting or disconnecting
anything, and before handling the chassis. Never work alone.
Always ensure someone is available who knows how to
administer the relevant first aid, and have them check requiarty
that all is well, Please take care.

it must be remembered that the majority of old sets were of the
‘live chassis™ type, where the chassis is connected o one side of
the mains. Also sets often used a single pole mains switch, and
this did not always break the live mains lead. Take care when
handling or moving sets still connected to the mains supply,
whether switched on at the set or not. To be safe, withdraw the
mains plug first.

If possible, work on a fiat, stable surface with a piece of rubber
mat between the table and the chassis. A car mat is ideal, and wil
provide some protection to the surface and yourseif, Standing on
a second car mat wil provide some insulation between yoursetf
and garth.

Disassembly
The first stage of any repair and restoration Is to remaove the
chassis and establish what work Is needed. Resist the temptation

Service Information to plug the set into the mains and test it first, as this could cause
Uniess the work required is minimal, you should obtain a copy of further problems.

the relevant Senvice Sheet. Anode Electronics have a stock of over Disassembly should be camied out with care so as not to
5,000 shests and can supply a comprehensive service information  cause further damage. It may be worth sorting the various screws
pack for a very reasonable cost. and small parts into separate containers, and making notes or

A valve data book is useful, particularly if you do not have the sketches so that you can remember how it all goes back together,
service sheet for a set. The publishers of “Radio Bygones” are
offering reprints for very reasonable prices. It is also worth looking Removing the knobs

out for original data books - particularly Mullard publications. It will often be necessary to remove the knobs before the chassis
can be withdrawn, This is usually easy, but a little corosion in the

Test gear wrong place can cause problems,

The test equipment needed to get started Is minlmal. A mutimeter There are three usual methods of fixing the contral knobs.

is essential, but most electronics enthusiasts wilt have one already,. Probably the most common method is grub screws, accessible
A cheap digital typa is ideal, and has the advantage of a high input  through small holes in the side of the knobs. Sometimes the

Impedance. screw passes through a hole in the shaft so complete removal is
Sooner or later you will need to realign the RF and IF circuits of needed.
a set, and for this you will need an RF signal generator covering If the grub screw won't shift relatively easily, squirt a SMALL

the range 150KHz to about 12MHz or maybe higher, and possibly AMOUNT of WD40Q into the hole and leave it for an hour or so. |f
also B7MHz to 100MHz. It must also have an option to modulate the screw still refuses to budge, or the screwdriver slot is
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darmaged, you may have no choice but to drill it out. This is a last
resort, however, and will probably result in a badly damaged knob
and possibly some cabinet damage too.

If there is no grub screw hole, the knob is either a push-on
type or is retained by an internal screw. Internal screws may e
accessible either from inside the cabinet or through holes in the
base.

Push-on knabs can be difficutt to remove. One old method is
to lay the set so that the knobs are uppermost. Wrap a length of
strong thin wire around the base of the knob two or three times to
form a lsop and gently pull the knob oft. NEVER use a screwdriver
to lever the knabs off, you will end up damaging the case or
breaking the knob.

Removing the chassis

In most wooden and heavier bakelite cased sets, the chassis is
retained by four bolis on the underside of the cabinet. On some
lighter and modern sets, particuarly AC/DC sets, the chassis fixing
screws are internal.

You may have to disconnect the leads from the oudspeaker or |

output transformer, and possibly remove the dial lamps. Before
disconnecting any wires, note their positions carefuly.

Assessing the condition of the chassis
Check that the valves are the comect types. If the type numbers
do not match the service shest or internal label, do not assume
they are wrong. Different valve manufacturers use different
numbers for the same component, so the valve fited may be a
direct equivalent or a viable aiternative.

If the valve markings are missing you will have to assume they
are caomect for now. If any of the valves have what looks like a
milky white deposit on the inside of the glass, the vacuum has
been lost and the valve must be replaced.

Make a note of the valve positions, and then remove them, to
avoid damage. If the valves have plastic base sections, remove
them by gripping the bases and not the glass. it is common far
the glass bulb to become detached from the base, and be held
only by the wires. Once the vaive has been carefulty removed, the
two parts can be fixed back together by with a little super-glue.

Look closely at any signs of previous repair work or
maodifications. It is worth comparing the values and posttions of
any replaced parts with the service sheet.

L ook for signs of axcessive heat build-up. The high power
resistors obviously run very hot, but chamed or browned low
power resistors should be noted. Check any high power resistors
with a test meter. If you have the service information or can read
the markings, you can measure the actual resistances, otherwise
just check they are not open Circuit.,

While you've got the meter out, check the windings of the
mains and output transformers. The actual resistances are ghven in
the service sheet, but are not important at this stage. We are
simply checking that the windings are not open circut.

By far the most common causes of problems is capacitors.
Many of the types used in valve radios are prone to failure,
normally current leakage, On many AC/DC sets a capacitor is

connected directly across the mains after the power switch, and
this capagitor will often be found to have blown itself to pieces.

Next Month
In the second part of this series | will introduce the fwdexample
circuits that will form the subllect-of our discussions. Yve wil

cover the work needed before applying the mains,arki sOmeg.
&lick hints for fautt diagnosis. | will then start:a more detaited
discussion of the circuit, highfighting common probien areas.

PORTABLE PROGRAMMER & EMULATOR

PROGRAMS
EPROMS/FLASHTO 40
PINS WITHOUT ADAPTORS
EMULATES 8 & 16 BIT :
SYSTEMS

its an asy touch
for anyone

Ideal for R&D or small volme poduction. IS0 9002
manufecture and strit use of manufacturers
algarithms guarantees reliable programming.

Lioyd Research Ltd.
7 & 7a Brook Lane, Y®arsash, Southampton,
Harmpshire $231 9FH, England.

Tel: +44 {C}1289 574L40.

Fax: +44 (0)1489 882853,

T
| STEVENAGE

Professlonal Sub-Contract Manufacturing & Suppliers to the
Electronics Industry

Do you have a requirement for any of the following services:
PGB Assembly (Conventional and  Product Design/Consultation

Surface Mount) Full Procurement Service

Wave & Hand Soldering PCB Test & “Bum in" Facllities
Complete Equipment Enclosure Design & Manufacture
Manufacture PCB Artwork Manufacture
Device Programmin? from hand Circults Drawn Professionally
written shts or PC 34" disc Kit Procurement & Supply

Cable Harness Assembly/lom Componenl Sales

Manufacture Refurbishment a speciality

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

Phone Angela on (01438} 360406 or fax details of your requirements to
us on (01438) 352742

EQT LTD, Cromer House, Caxton way, STEVENAGE, HERTS, SG1 2DF

OMNI| ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX « 0131 667 2611

The supplier to use if you're looking for -
+ A WIDE RANGE OF COMPONENTS AIMED AT
THE HOBBYIST *
+ COMPETITIVE VAT INCLUSIVE PRICES
4 MAIL ORDER - generally by
RETURN OF POST «
* FRIENDLY SERVICE *
* 1995/96 CATALOGUE NOW AVAILABLE
Price £2.00

B Open: Monday-Thursday 9.15-6.00 s
Friday 9.15-5.00 Saturday 9.30-5.00
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way to receive your favourite
magazine every month.

Fact: An annual subscription costs
£24.75*

That's £2.25 less than buying 12 issues
from your newsagent. What's more, we
take away all the effort so you receive
every issue direct to your door.
Don’t risk missing another issue.
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subscription rates from

Nexus 4

.

_ Subscriptions & Back Issues Order Form
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NEW! LOWER U.K. rate
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Y 1l
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I
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Practlcally

Speaking

BY TERRY

ecently, | was involved in examining practical

coursework for GCSE Electronics. The idea is that

the teacher assesses the candidates’ work then a

moderator {me), appointed by the examinations

board, visits a proportion of the centres. He or she
iooks in detail at samples of the work with a view to confirming
the teacher's marks.

Looking at hundreds of projects in schools and coliéges
and talking to candidates reveals some fascinating
cbservations. Over the next few months of Practically
Speaking, | shall pass on some of these since many will be
heipful to those building projects at home. They will also be
useful to candidates who are themselves preparing for
examinalions.

Making tracks

An increasing number of candidates produce their own PCBs
{printed circuit boards) using computer aided design software.
However, stripboard has been a popular construction medium
for many years. For those not familiar with this material, it
consists of an insulating base with rows of copper tracks
drilled with holes usually having a diameter of 1 mm (see
photograph). The spacing between them is generafly 2.54 mm
{0.1in) which makes it convenient for mounting integrated
circuits.

Components are mounted on the plain side of the board
with the leads pushed through the holes and soidered to the
copper tracks. The strips then form the electrical connactions
between components. With a litlle planning, even oomplicated
circuits may be fabricated this way. In all but the simplest
designs, tracks will need to be broken so that they may be
used for various independent connections along their lengtn.
Also, where appropriate, tracks will need to be linked using
short pieces of wire. Incidentally, the layout should be carefully
planned in advance and all this work done before the
compoenants are mounted. The non-dedicated nature of this
material makes it very useful and extremely versatile for one-oft
gircuits. In fact, many of the projects | have designed for
magazines have used this method of construction.

Bits and blobs

Afthough stripboard is a good material, there are some pitfalls
in using it. Firstly, it is extremely easy for adjacent tracks to
become “bridged” either with a blob of solder or with a stray
strand of connecting wire. Sometimes, a scrap of conducting
debris lodges between the tracks and causes trouble. Unaided
visual inspeclion does not ahways find these faults. It needs
careful sgrutiny using a magnifying glass to reveal them. Some
candidates switch on their circuit, find that it does not work,
then inspect the tracks. The danger is that, depending on what
the tracks are responsible for, there could be short-circuits
formed and damage to components. This will make it all the
more difficult to get the circuit working due to muftiple faults. A
multitester set to a low resistance range could be used to

BALBIRNIE

check for short-circuited tracks but, depending on the nature
of the componants connected to these tracks, the meter may
give readings which are difficutt to interpret. There is also the
possibility of damage to semiconductor components due to
the batiery inside tne multitester. At the very least, integrated
circuits should be removed before making any such test.

Track breaks are often incomplete or omitted. | have seen
tracks apparently broken but close inspection reveated a sliver
of copper remaining. The problem can be reduced by using
the proper tool for the job.  have see tracks broken with such
things as compass points, hacksaw blades and screwdrivers -
this is simply asking for trouble. A proper rack breaker (spot
face cutter) should always be used - see photograph.
Problems arise when cracks occur in tracks. A hairline crack is
difficutt to detect and often shows up by intermiftent operation
of the device especially when the circuit board is bent slightiy.
Do not ry to repair a crack by simply apgdying solder across it

this often cracks too. Instead, solder a short bridge wire over
it. Always remove integrated clrcuits first. Cracks are
sometimes caused when a soldered component is removed
and the leads of a new one are pushed through the same
holes without properly clearing the old salder away.

R.S. Components (and its retail outlet Electromail supply
stripboard having a 3.81 mm (0.15 in} matrix which makes it
more suitable for beginners. The wider spacing makes it less
likely to develop solder bridges. Also, the tracks are slightly
wider so are more robust. Remembser, however, that this
material will not accept the pin spacing of integrated clrouits.
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Dianamic
MPLC1000""

The Dianamic MPLCIOO00 is an industrial
specification Programmable Logic Controller with both
ANALOGUE & DiGITAL I/0 capability, at an affordable price.

Very Wide PSU
inpul voliage

STARTER KIT CONTAINS; MPLC, !BM PC
programming interface & tompller. detalled
programming & interfacing manual.

«PROGRAMMED IN BASIC

+ANALOGUE CAPABILITY

*16 1/0 PORTS(A&D)

. Il si
STANDALONE OPERATION o d

+APPLICATIONS LIMITED ONLY BY YOUR IMAGINATION

Measuring just 68mm X 72mm. The MPLC is a stand alone micro computer,
programmable in BASIC. An on board EEPROM stores your compiled
programme and 16 channels of I/0 interface to the real world. But that's
not all -Despite the small footprint, the 6 channels of 1/0 can be
configured as digital inputs, digital outputs, analogue inputs, or pulse
counters or any combination thereol. If that is still not enough, the
MPLCIO00 has on board timers and can drive LCD displays directly. It can
talk to external devices using the I'C protocol and also possesses an
onboard 9600 baud R5232 interface. You might be forgiven for thinking
that this type of performance comes at a price. Simply put, it doesn't. One
of our main design aims was to produce the lowest cost analogue capable
MPLL in the world...

Incrediblé

Call NMB Marketing on Tel: 0171-731-8199

London House, 100 New Kings Road, London SW6 4LX. Fax: 0171-731-8312

ADVERTISERS INDEX
BK Electronics ............ P v “ i)
Bull Electrical . . . . .. AT 5&21
Cirkit'Distribution Ltd . ... 50 e@ wasmesse o g 20
Classified Section ! 72-73
Cooke International . .. .. .... .. .. ..35
Direct CCTV el W hediaa L 454
Display Electronics .. ... ..... ... Jinlk 23
EQTluba v piel il 7 . : % BT
Equinox Technologies . .B2
Forest Electronics .. .. .. ... . .B2
Innovative Interfaces .. .. ... L EETETY L0 43
NEBMPONEREE" 15 & s 56 ams s du s ne on 5a . .54
N2« — T . |
Labcenter Electronics . . .63
Lloyd Research Lid . it 67
R EleabS "o s Eae s =il . .. .43
s o] T T —————p i SRS .0BC
Milford Instruments 5 43 & 71
(VT 0 e ey R - PR RN ) 43
Micro 2000 Europea . i .....BC
Niche Sottware . . . [ N S 35
NMB Marketing .. ...... ... §.71
NS Sy StaM TR ae s dr e s evem - gan aegih: . 55
Omnil Electromics™ ®. . . 4% .« swvs cu s 67
RO e el Ol T e e e Gl e 8 o s S 0a o i o 4
Quickroute Systems Lid (Powerware) IFC
Radioteohiwwn wasrsvsss « 5 - o = 20
Smart Communications ... .. - et ci0d]
Stewartof Reading . . . ....... ... ......... 43
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James Gale
01442 66551

Send your requirements to:

ETI Classified Department, Nexus, Nexus House,
Boundary Way, Hemel Hempstead, HP2 7ST
Lineage: 75p per word (+ VAT) {minimum 15 words)
Semi display: {(minlmum 2.5cms)
£10.50 + VAT per single column centimetre
Ring for information on series bookings/discounts.
All advertisemants In this section must be pre-paid.
Adverisements are accepted subject to the terms and conditions
printed on the advertispment rate card {available on request)

m———l J

VARIABLE VOLTAGE

TRANSFORMERS

S0
OUTPUY 0 ZSBV
Price PI:P
£31.90 £6.01
cc«u 53 Ine VAT)

0.5KVA 2.5 amp max
1KVA 5 amp max
2KVA 10 amp max
IKVA 15 amp max

(5.‘102 40 inc VA'n

SKVA 25 amp max [a kL)
(Plus Camage)
Buy drec om re Lmponens Keenesl pices i 08 Gounlry

COMPREHENSIVE RANGE OF
TRANSFORMEAS-LTASOLATION & AUTO

(110-240V Auta icanster efiher cased wiih Amencan sockat and
mans ead of apa= hama pe. Avalable for Immaale delrvry.

WIDE RANGE OF XENON FLASHTUBES
Write/Phone your enquires

ULTRA VIOLET BLACK LIGHT
FLUORESCENT TURES

47 40 wari £14.00 {caliory only) (£16.45 nc VAT)
2N 20 watl T9.00 jcakers only) (£10.58 inc w.n
120 B ot £4 8G ¢ 75p pbp (A 52 mc

S B walt £3 9% ¢ 50p php (nzuuwm
Ein & wall £3.96 » 50p odn (£5.24 inc VAT)

230V AC BALLAS! KIT
For axnes Bm, S or 120 tupes £6.05 ¢ £1.40
DAD (LA 75 inc VAT)
The abave Tubed o Sullable o Foiged Bank Mola
daluctnmn, Becurlly maming aic
Other Wave Langiha of U ¥. TUBE availani pleass

Isisphane your angilmas
400 WA‘r‘r UV LAMP »
ey £38,00 + £4.00 pdp (E48.25 ing VAT)
180 WATT SELF BALLASTED HLACK
LIGHT ERCURY BULE

Ayatapie wih BC or ES

12v D.C. BiLGE PUMPS
500 GPH 158 fead 3 amp £1046
1750 GPH 15h head 8 amyp £34 55

& pip and VAT £26.55

=

wd

fitng. Prca ine VAT

5 amg £35 85 Al Qassghed \0 be uBid
submermed. PRICES INCLLIDE PAP & VAT

SUPER HY-LIGHT STROBE KIT
Doniged for Disco, Thealiical uses «lc.
Approx 18 pukep Adustabie spoed T50.0¢ + £3.00 plp
(62 28 in;: VAT)
Case and roliecipr £24.00 « £3.00 pap (£31.73 ke VAT)
SAE lor furher  delans Wluging Hydight amd m
duainat Siroba Kis

Aisu nonwe svaable 24V 0.6 1750 GPH 151'negd [PNC2

“BOFFINS SPECIAL"-
UNIQUE OFFER
Surplus Preclslon Medical Unity, Internally Ln
excallen] congilion, Oasigned anumy 1o aject B
prectss controllable amounl of fluid trom a medical
syrings {iatler not supplled), Contelns the
lollowing remavable componenis: Oual Micro
Processor Boards and EPRONS Escap Pracision
12¥ DL Malor with 100:1 Gear Box and opllcal
oncoder coupled o a precilon threaded drive
mechaniam. Malas y wilh € a 1.5V Ni-Cad
AA cells Dack-up. LLCD. Dighal read-out 17mm
high with Iegend: Audibla warein,
These are $oid lor Ihe desmaniling o

?‘lhﬂ axceplional
a ity wnponenll
g

et no Cireuts available.

As Mana Ex syupmeni fully shrouded Line Noise
Saopresson, Ulea solution Transiormer with terminal
Coredry Wik KAOCK Oul Cabie soltes Primary 1207240V
Sectndary 120240V 50460 Hr  DOS pF GCapactance Size
L 37 m W18 a H 160m Wegh 42 Kilas
PRICE £1 00 VAT
apwarthouse. CHTago On recuest.

240V AC CENTRIFUGAL BLOWER
New Manut wiglon Blower sultable for

jmounting wside an onclosure lo eool equipment.

Ovetall size 1302 110xB5mm. Outiet BOx35mm. impelior
60mm dis 1 60mm iong £14.10 iIncl PRP & VAT

SEWING MACHINE MOTOR
Brand new 22240y RCDC SEW-TAIC 2 wad Brush
Malor. Sure L 100mm x M. 70rm a W 55mm. Spendie
1/4n, da x 1m. long ©14,10 Inci PP A VAT

GEARED MOTORS
71 APM 20 nch lorque ravarsable 115V AG npul
Incluging capatitor aod tansformei lor 240v AL
operafion Frica inc VAT § pap £27.73

SOLID STATE EMT UNIT

2307240V AC. Outpul  approx 15KV,
Prodyelng tOmm spack Bui-lp 10 sec Umer.
Easdy modibed lor Z0sec, 30 sec lo contmucus.
Dasigned lor boker -?ulnn Dozans of uses in tha
figld of physics and electronict, o9 supplymg neon
or lubas etc Price wss cass T8.50 « £2.40
p&n?"; B1 inc WAF) NMS

Input

EPRAOM ERASURE KIT

Buid your own EPROM ERASURE for a Iraction of 1he
of § made-up unfl ki & pars lars case includes
120 A wan 25:!7 Angsl Tube Ballasi unt, palr o brpin
leads, neon onvoll Senich, saledy micioawiich
and cireur £15.00 ¢ £2.00 pdp [€19.98 Inc VAT}
WASHING MACHINE WATER FLUMP
Brandmzuwlc 8 cooled. Can ba usod for m vanaty
ol o indm 1 Yslm, ouﬁullmmFuMsp&p
IVA El110ucnnr?lmt?0 50 nclupve
HMICROSWITCH

Pye 15 amp changeaver ever macraswiich, lype S171.
Brand new price 5 lor £7.05 ne VAT & p&p

Showrcom apen
MondayFricay

SERVICE TRADING CO

57 BRIDGMAN ROAD, CHISWIC
FAX 0181-995 D549 0181-995 1560
ACCOUNT CUSTOMERS MIN, ORDER £10

LONDON W4 588

Ampie
Parkitg Sprce

JHeulously oW .00« £4.00 php
{£28.20 Incl WA
SKVA 1SOLATION TRANSFORMER |

SMART CARD PRODUCTS

Smartcards, Readers/Wrilers,
OEM couplers, Evaluation kits
and more.

EPSILON ELECTRONICS
Brynsengvn. 1A, 0667 Oslo,
Norway TEL/FAX
+4722640810

[~ TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO
CASH immediate setilement.
We also welcome the opporiuniy lo quote
for complete faciory Clearance
Contact:
COLES-HARDING & CO
Unli 58, Queens Road, Wisbech,
Cambs PE13 7P0
BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 20 YEARS
Te): 01945 584158 Fax: 01945 475216

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street
Tetf: 0151 236 0982 0151 236 0154

47 whitechapel
Tel: 0151 236 5489
Liverpool 2
‘THE ELECTROMICS SPEGIALISTS"
Open: Tues-Sat 9.30-5.30

FIELD ELECTRIC LTD
Unit 2, Willows Link, Stevenage, 562 8AB8
Tel: 01438 153781 Fax: 01438 359397
24 vDC 9" Colour VGA MonilgeChassis
Tolally enclosed £38.00 C/P 9
Tes! equipment, computer hardware,
B udio video communicallons mechanical
bought & sold stock list avallable,
Please ring

NCE FREE BATTERIES

Yuasa battanes are
sealed lead acid
types 50 they can
be used in any s =
positton and are
virtuaty maintenance free.
We have 2 popular ones In s1ock at bargain
gnces The 12V 15AH will cost you only

10, Order Ref 10P140, The other one is
smaller, Tig a 12V 2 JAMH, re%alal price £14,
gours (% onty £5, Order rel 5P258, Thesg

atteries are In hp top condition, vmuallz
unused and lully quaranteed. Sard cas!
PO, cheque or qubte credd card number,
phone 01444} Ba1965
J & N FACTORS, Pilgnm Works, Stairbndge
Lane, Bolney, Sussex, RH17 5PA,

‘el

"

bl LEXINETIKS.
LIMLEASH THE m‘rau‘l’uj. OF YOUN 34 COMPATIBLE PC
Rsmr.wmm INTERFACE CARD, YWITH APPLICATION ROTES
0 SOFTWARE SELECTARKE BALD AKTIE PADTOTYPWNG AREA
mmum VOLTAGE REGULATOR AL SCIALS MWALARLE vid a1
WAY (00 CONKECTOR HANDSHAING S WAL 5 B0TH mATS) £OR
LONTROL OF M) COUNTERS ETE. STAREARD 1 Piv RS7 17 CABKE.
ALSO SUPRUED 58 LALL CLUSHE)
SOUND 4L IFIER, FITS INSIDE PC CASE 18 |ALL INGLUSIVE}
ELLITIC FLTER SYNTHE SIS PACMAGE. LOW HIGH MaD BANC) PASS
DESIGH WADE EASY, PASSVE/AC TIVE 5 ALl MCLUSVE!
FOR FURTHER DETARS PHOKE. DI?EWWEM}ES
PAABLE TO B TELEN: 8 WCTORA COURT BRAMPTON
MAYBANK, NEWCASTLE: UNDER LYME. ﬂm ST 08

LEN COOKE
ENTERPRISES
For the best value in Used
Electronic Test Insoruments
We buy, sell and service osedlloscopes, aigaal
generalors, frequency counlers, specinum
Analysers, Power maters, logic laslers, sie
Spare parts svaiable far mos! Texton

scopas
Tel: 0181-813-9945
Fax: 0181-574-2339
Moblte: 0802 177752

Mall order address: Unit 5, Southal(
Enlerprise Centre, Bridge Road,
Soulhall, Middx. U8z 34l
Wa enginaer whal wa buy, we support
whal wa seil.

THE FARALLEL INTERFACE, POWER CARD
by IEANDIY 144 for compheie QOMPMITEN CONTROU

This couli] be Poud ot avefl sod «hesprsl compuler/PC
“ndd o' Bl only [19.95_ Pou FREE!
Drires retud ko, miline sperds, depper moaton
lwrnpa, relars e usriy #s Br 2028 stalputs
Mam void alrrady for secrrwful Mimel Radlsuy
Lanawi i, FULL INSTRUCTHINS sapplind?

Samrl chrgur for T Dt S A E for detalb lo .
AIANDD! Lol 1Dvpl D4, PADBon 500 MEilbos Keymes, MY W),

SCIENTIFIC

S W 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 FAVEN
RD LONDON E18 1HW

FAX 0181 559 1114

ELECTRONIC

VALVES

CHEI.MER VALVE
COMPANY
130 NEW LONDON ROAD,

CHELMSFORD

ESSEX CM2 ORG

Tel: 01245 355296

Fax: 01245 490064

For high quality audio valves

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics lablet. 150 projects.
For catalogue, SAE to Piancentre
Publications, Unit 7, Old Wharf
industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

PRINTED CIRCUIT
BOARDS

PCB's, PROTOTYPES AND

PRODUCTION, Anwork copied

or raised from your draft designs

or schematics. Quoteline 01232

473533 or write to P Agar, 36

g‘joodcol Avenus, Belfast, BTS
A

SMART CARD PCB’S
Blanks for adult/D2mac etc
Season/eurocrypt int, pch’s
D2MAC 14 ch cards £25 ea
Or made from your design.
Boards-r-us 0121-321 2436

SOFTWARE

xyn‘? ASTRA Desk Top Accounting

§ OVErtUrT .y i Pt S W37

Presmies pus Sk, jobu IPDS darvies. et o, ox
Frofessional .

e

S&8 Syseems Ltd. Brerion Cown, Mamir Remd, Waks
Shelliekd, S BPD, UK. fsobwar drirtauns m gk deseny
Tel: (04909) 773399 - Fax (01909} TH6M * lot Code: $d 1909}

PC SCIENTIFIC & TECHNICAL
ROGRAM LIBRARY

<ost specialist software and
GOOD QUALITI‘ PROGRAMS THAT WORK
are ou loe.

We have the enjes! sciebhc and ‘echncal softwars lbiay 85
wedl a5 e boet mansmam A drywhee
Satieare suppies o CO AOM o F Dmmv-l.-\ulrms

ol 4rdreware =40 out M00.000 sort! Pyperiet book “The
Endycitpada of Shizware', Ovis 4000 Mogeirns ksled and
ﬂn—.vmnnaaﬂeln camgortens For yons ooy undﬂ.so
mnn."n,ourm M0 Crede CAE drapred Yi
sy w.uﬂ«m
PDSkWIn c

nnm“ RAg. Crow
Sussex TNG TUL Tel 01597 663298, Fax mm 667473
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KITS

M.G.C. Electronics
PHONE/FAX: 01476 79974

® FM MICRO BUG TRANSMITTER 8B-10BMHZ 500 METRE RANGE KIT £3.9% BLILTEZ .00
@ FA BUG AS ABOVE 1000 METRE RANGE KITEL.$9 BUILTER.00
FM ULTRA SMALL BUG 1 5MM X 20MM X 1 5MM 88-108MHZ 100 METRE
RANGE BUILT/BOXEDLT5.00
@ Fi TELEPHONE TAP BUG POWERED FROM THE UNE AND TRANSMITS
BOTH SIDES OF THE CONVERSATION 88-108MHZ SCOMETRE RANGE KITE 160,00,
BURT/ SOXEDL14.00
@ FM 1A 3 WAY ADAPTER BUG BUILT/TESTEDE£25.00
@ FM BUG HOUSED !N A PRIMARY PHONE SOCKET 88-108MHZ 500 METRE
RANGE KIT€15.00 BUITEZI.00
® TRACKING TRANSMITTER AND RECEIVER 41BMHZ 2KM RANGE FOR
TRACKING OF VEHICLES, PEOPLE, ANIMALS ETCE90.00
@ BUG CONSTRUCTORS MANLUAL- A BOOKLET CONTAINING MANY OF VHF,
CRYSTAL CONTROLLED BUGS, TELEFHONE TAPS, INFINITY
TRANSMITTERS ETCES.00
@ 4 WATT Pt BROADCAST QUALITY TRANSMITTERS 88-108mHZ KITL40,00
BUILT/TESTED/ AUGNED£40.00
@ 15 WATT FM BROADCAST GUALTY TRANSMITTERS 88-108 TUNED TO
YOUR SPECIFICATION, BOXED/BUILT/AUGNED
@ 30 WATT FM BROADCAST QUALITY TRANSMITTER AS ABOVE
BOXED/BUILT/ AUGNEDE] 65,00
@ INFARED CAMERA SIZE 40rmm x 40mm % 40mm |SEE IN THE DARK CAPABILITY)
PLUGS DIRECTLY INTO VCR ETC ONLY£150.00
@ LASER DIODES TmW 670NM REDEZ5.00
@ LASER DIODES SmW 470NM REDLP 5,00
@ LASER DIODES ImW 633NM RED OVER 10 TIMES VISIBLY BRIGHTER
THAN THE 670NM LASERS. EQUIVALENT TO THE HE-NE LASERS, £175.00
©-250 WATT 12V DC TO MAINS AC INVERTER IDEAL FOR RUNNING ATV,
FRIDGE, STEREQ, UGHTS ETC WHEN ON THE MOVE IN YOUR CAR OR
WHEN CAMPING /CARAVANNING FROM THE CAR BATTERY. £14C
@ AA SOLAR POWERED BATTERY CHARGERLY, 79
@ WATCH AS YOU BUILD RADIO RECEIVER KIT WHICH INCLUDES STEP BY
STEP CONSTRUCTION GUIDE QN A YHS TAPE AND ALL COMPONENTRS
TO BUILD THE RADIO, £25,00
@ PC/IBM COMPATIBLE RELAY CARD USED TO CONTROL ROBOTICS,
PROCESS CONTROL, HOME AUTOMATION, LAMPS ETC. PROGRAMS
ON 3.5 CR 525 INCH DISKS PLEASE STATE WHEN ORDERING, £45.00
® ALL KITS SUPPLIED WITH HIGH QUALITY PCB AND COMPONENTS. 2RICES
INCLUDE V.A.T. WITH ORDERS 4ESS THAN £10.00 PLEASE ADD £1.00 P&P,
ORDERS OVER £10 PLEASE ADD £2.50 P&P. SEND S.A.E. FOR FULL CATALOGUE
CONTAINING LASERS, SURVEILLANCE DEVICES, KITS ETC AND MUCH MORE!
CHEQUES/POSTAL ORDERS PAYABLE TO: -
M.G.C. ELECTRONICS, SUITE 501, INTERNATIONAL HOUSE, 223 REGENT STREET,
LONDON 4DR 8GD, PHONE /FAX: 01476 79974, MOBILE; 0378 938232.

BUILDING AN AUDIO MIXER??
CALL THE ONE STOP SUPPLIER FOR ALL YOUR NEEDS...
Electronic Components
Pre-Amp Sub Units
PPM. & V.U. Meters
Screen Printed Front Panels

E Metal Sub Frames E

Available as Kits or Assembled & Tested Units
5.A.E. For Full Details to
PARTRIDGE ELECTRONICS
56 FLEET ROAD, BENFLEET Phone:01268 793256
ESSEX, SS75JN  Fax: 01268 565759

To advertise in ETI
phone James on 01442
66551 or Fax on 01442

66998 or fill in the coupon
below and send it to

Nexus Special Interests,
Nexus House,
Boundary Way,

Hemel Hempstead,
Herts, HP2 7ST.

|IET

All ads must be pre-paid.
Name.

Address . .

Signature . . .

Rates: Linage 75p per word + VAT minimum 15 words.
Semi-display £10.50 per single column cm plus VAT. No reimbursements for cancellations.

ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED
ADVERTISEMENT DEPARTMENT, NEXUS HOUSE,
BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST.

Daytime Tel. No:

4

PLEASE DEBIT MY ACCESS/BARCLAYCARD No.

LI T ]

[T 1T 11

Expiry Date . .

FOR SALE COMPONENTS PLANS OTHER - PLEASE STATE
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Around the

alike, &
rate.

New sites are being added to the Web at
an estimated rate of over 700 per day, and
there are now almost 40milion pages of
intormation on the Web, nearty all of which can
be accessed by anyone with a PC and a
modem. Infonmation on every subject under
the sun, and all just a local phone call away.

There is a lot of idle chatter about
pomography and sutwversive material on the
Intermet, but this cbscures the fact that there is
now an enonmous amount of usetul and
valuable information out there, and the great
thing about it is that apart from the cost of a
local phone call, and a subscription to one of
the Intermet Service Providers, it is nearly all
free.

Amongst all these Web pages is an awful
lot of stuff which is of interest to the electrorics
engineer, There are now whole catalogues of
components published on the Web; nearty all
the major semiconductor, computer,
telecommunications, and electronics
companies in the word now have Web sites of
their own. These pften include details of new
products, and the great advantage for English
speakers, is that 98% of the material published
on the Web is in English.

Even small companies, inciuding some
one-man outfits, are now represented on the
Web, with many seeing it as the most powerful
medium yet invented to communicate

ts, and services
The Web is also
ich traditional
ided. This includes
and, of course,
n-line information

will become
ple, information on a
e available on the Web
74, not a month or two
Zine, The information ¢an
Drishensive than would be
published in a magazine,
ost important of al it will be
Wl at the same time; someone in
thus have equal access to
ation with sormeone in Califomia.

Onee again the world shrinks, inequalities
stan to disappear, and competitveness
increases. With the Web, none of us will be
able to be complacent about a commercial or
technalogical lead. But to compensate it will
also bnng with it an explosion of opportunity.
Already in the UK and around the woild we are
seeing an enonmous upsuUrge in entrepreneurial
activity refated to the Web, an upsurge
reminiscent of that which happened in personal
computing. Just as fifteerviwenty years ago,
enomious husinesses like Microsaft, Sun, and
Oracle were very small outfits, sometimes
located in a garage or spare room.

We in the UK are uniquely favoured in the
potential offered by the Web for new
businesses, we speak Engish, the language of
the Web, we have a highly develpped and low-
cost telecommunications network, we have
lower wage rates than the US, and perhaps
most important we in this country have a
tradition of world trade, Who knows, the new
megabusinesses on the Web could be created
by individuals working in small offices and
backrooms in the UK.

Let’'s hope 30, and in the mean time if you
have access to the Web why not try this site:

HTTP/AMWW EMAGS.COM/PR.HTM

It has an interesting collection of the latest
press releases from a range of companies In
electronics, computing, aerospace and
defence.
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CREATIVE

ADVERTISEMENT RALES

MANAGEMENT

ET1 is normally pubinhed om e firs Facey In ihe month oreceding Me cover dila.
The conteris of thin publcafion Ncheling alt arficlps. Dlans, drawmgs and Drograms
and all coryngim and @l ofher IeeleCiul) DFODETY NGNES Tharsin Seinng 10 Ntsus
Special imenars. All ngrves conterrsd by M Liw 0f Coryrghl and olhae intediusciual
Property ngiths s by vwiue of nlernelianal CopyTight Comentions we somcilficary
rosorved 10 Nasut Specisl interesls and reproduchon teguines tha rior writton
consant af {he comgpany £1990 Maius Specul imerssis Ml rasonabie care i tak e
M Ihe propanton of e magarme contams. bl the putiehen cannol be haid
legally msponubia lor aorg. Whera matE st 80 (ccul, & Cofreciion will normally
U pubbshed 83 3000 81 possAse Afsrwarrs A pricss and dalg conlmned I
BOVTIATHIS 3¢ BCC ST Oy wi In govad 1aAT 28 coffect ol the e of going to
e33 Nerher the sdvertrsms noe the publahem can be heid rosponible, Ao,
for any vananons aflecting prps of 2vallabilly wheh may occur afler Lha
publioation has cioasd bor prass.

Subscrphon rates-UK £25.80 Luropa £34.70 Sleding Ovaryeas £36.20 US Dallars
Oersoan $54.00

Pubkshed by Neius Spocial interosts, Neaus House, Doundary Way, Homal
Hoingmioad HPZ T5T, Telaphonn (01447 86551, UK rewsliade detrbubon by
IComag wagaine Markeang, Tuvmiock Acad, West Drayion, Motaser, UDT?QE.
CEMEIS M NON Mew i 1AOE alis Dy Magazing Saiws Cepartmonl, Argus House,
Boundary Way, Homwl Hempulead HP? 78T, Telaphone (D1as2) 68551,
Sicbacplinns Dy N Sutacophon Dagt, Towsl Houss Soverign Park. Lathkitt
Stroa), Marke! Hartorough. Lasic wetwrahire, LE 18 9EF
LS subacrpiinns Gy Wise Dwl Wondwide Publicafions, 4314 West 238t Strset,
Tomance, CAUOS0S USA. For Viarkatercaro ores in USA - Teaphane (310} 375
258 Faa {1101 3PS 0545 Paciic T 92m Spm Weehdays 10mm-Gpm Wescends,
Typasetiing and cogmavon by Ebony, Liskagmy Comwan Frnted by Winghire
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Featuring these
two top-rated,
award-winning
diagnostic 1ools
irom

MICRO 2000, Inc:

UNIVERSAT FIAGNOSTICS SOFTWARE

Fully 0/§ independent
diagnostic soflware...

N ICRO-SCOPE Universal Computer Diagnos-

tics was developed to satisly the expanding
need for accurate system diagnosis in the rapidly
growing deskiop computer market. Patterned after
super-mini and mainframe diagnostic routines,
MICRO-SCOPE runs independently of any stan
dard operating system, and is therefore at home on
any machine in the Intel world. Speed, ease-ol-use,
and razor sharp accuracy are a few of the advan-
tages that arise from this system independence,
together with an Impressive list of functions
including Lhe ability to perform low level format-
ting on cvery drive currently manufactured,
including all [DE drives.

® LOW-LEVEL FORMAT — Performs Low-level
format on all drive 1ypes including [DE drives. This
function cannot hurt IDE drives. ® USE CON-
TROLLER BIOS — Program will access BIOS format
built into any hard disk contzoller—even Con-
trollers yet te be invented. @ O/S INDEPENDENT

Does not rely on O/5 for diagnostics. Talks 1o PC
on hardware level. All tests are full function regard-
less of O/$ (l.e. Novell, UNIX, 0S/2). ® TRUE
HARDWARE DIAGNOSTICS — Accurate tesiing of
CPU, [RQ's, DMA's, memory, hard drives, floppy

@ HATCH CONTROL — All
tests, even destructive, may be selected for testing
® ERROR LOGGING — Automalically inputs errors
during testing to an error log. @ AUTOMAPPING

Automatically bad <ector maps errors found on
hard disks. @ IRQ DISPLAY — Show bits enabled
in [RQ chip for linding cards that are software driv-
en. (Network, Tape Backup, etc.) ® IRQ CHECK
Talks direcily 10 hardware and shows 1/0 address
and 1RQ of devices that respornd. ® MEMORY
EXAMINE — Displays any physical bit of memory
under 1 Meg. Very useful for determining memory
conflicts. VYery uscful for determining available
memory space. ® SECTOR EDITOR — Allows the
editing of any sector of floppy or hard diskh media
{even track 0). ® AND MUCH MORE...\Ve don't
have enough space here for everything this sofl
ware can do!

drives, video cards, ¢

e
157 EVER UNIVERSAL PO LT CARD FOR ALl POl

The only Power-0n Self-Test
card you need to gebug any
“gead” PC...

«"This is the only card that will [unction In cvery

system on the market. The documentation is
extensive, and not only covers the expected POST
Codes for different BIOS verslons, bul also includes
a detalted reference to the bus signals monitored

~ Getthe Best
Universal Diaonostics

on the marke!

e
=
e

T

USERS CMUICE

I

“You name it
this tests it. If you
maintain PC's,
you'll love it.”

lerry Pournelle
BYTE Magazine, May 94

UPGRADE

SLRVICE NEWS

w1
PRODUCT OF THE MOMNTH

by the card Scott Mueller frem his globall

recog book, ‘Upgrading & Repairing I'Cs,

Sccord Edition

® Includd r voltineter 1o attach [or actual

vQ # ®4d 1
- Svde ¢ -12vdc. @ Monitors |

clock and OSC cycles to distinguish between clock
chip or crystal failure. @ Monitors [/O Write and
|/O Read 10 distinguish between write and read
errors, ® Monilors memory write/ read to distin-
guish between address line [ailures and memory
chip (ailures. # Monitors ALE for proper CPU/DM,
operation. ® Monitors Reset to determine if reset is
occurring during MOST, indicating short. @ Moni
tors progress of MOST withait POST codes. ® Reads
POST codes from any IBM or compatible that emaits
POST codes. ISA/EISA/MCA. @ Compatible with
Micro Channel computers. @ Dip swiltch allows
easy selection of 1/0 pons 1o read. ® [ncludes tri-
state LOGIC PROBE 1o determine actual chip fail-
ures. ® Manual includes chip layouts and detailed
POST procedures for all major BIOS's. @ AND
MUCIH MORE..

Alse ask about our other Universal Products—
Micro-Scope CLIENT: The practical answer lo
remote diagnostics (no medem required)

The COMPUTER CONSULTANT: 100°% accurate

realtime benchmarking tool.
MICRO

Micro-Scope CENSUS:

Inventory software
to see and record what's
inside a! of your PCs.

Call Now for Special Pricing: Tel. +441 462 483483 or Fax +441 462 481484

MICRO 2000 EUROPE: P.Q. Box 2000, Letchworth, Herts, SG6 1UT, England, United Kingdom
MICRO 2000 HOLLAND: Tel. +31 20 6384433 or Fax. +31 20 6203437




With over 14,000 products
the new Maplin Catalogue
IS now bigger than ever

THE EIFFEL TOWER THE NEW MAPLIN CATALOGUE
Built in 1889 by Alexandre Gustave Eiffel, Built for 1996 by Mapiin, the new catalogue is
the Eiffel Tower is 984 feet high and almost 1,200 pages long and gives an unrivalled
gives an unrivalled view of the view of the whole world of electronics
whole of Paris Now Only £2.95

- SIVE RAN 0 Weller Temperature Controlled RANGE OF SATELLITE RECEIVERS
QUIP MEN Soldering Iron £44.07 . - AND ACCESSORIES
— . S |
A f | = ‘ :
- Y -
COMPLETE RANGE OF PCB 20MHme“°scop%w th OVER 60 PAGES OF T00LS AND
1 SOLDERING ACCESSORIES u & 4

MAKING EQUIPMENT Functioft Generator £349.99

JUST LOOK AT THESE SUPERB EXAMPLES!

OVER 300 KITS FOR YOU T0 BUILD ‘BIG NAME' Hi-FI SEPARATES AND
FROM £5 TO £599

ACCESSORIES

I
| Dolby Pro-Logic Surround Sound
| Processor £229.99 J

FULL RANGE OF TRANSCEIVERS,
RECEIVERS AND SCANNERS

Get your copy now from WHSMITH, John Menzies and Maplin stores nationwide
» Or order direct NOW on 01702 554161

Catalogue Mait order Price £3.45 (inc p&p). Prices refer' to the 1996 Maplin Catalogue and are inclusive of VAT,
All items are subject to availability. E&OE. Maplin Electronics, PO. Box 3, Rayleigh, Essex, England SS6 8LR.
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