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*..of all the products included here, this is my personal
favourite... Redlly, thats all I have to say about Quickroute

- it certainly gets my votel" Reviewof@r 308 ofher products

EASY TO USE

Quickroute 3.5 is a poweriul, affordable and easy o use Integraied
sehematic & PCB design sysfem for Windows. With its multiple
buiton bars, “toolhinis’ and ‘paris bin', Quickreute helpsyouio

diesign quickly and efficlently
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ihere are four differentivVersions of Quickroute givingiyoulaicholce [ Autorouter ||
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AFFORDABLE
Prices are Designer (£149), PRO!(£249) and PRO+ (£399). The
rersonal ediiion is available forjust £68, but has the manual | DXF&SPICEExport | |
provided on disk as on-line’help. Post & Packingiis £5 (UK), €8 (EC), Copper il

212 (World), VAT must be added to the total price. [Copper FIF N [V |
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PIC Programmer 2§
This PIC micro controller

based project from Richard Grodzik
is a simple two chip programmer
which, in conjunction with your PC
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your own PIC chips
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Ever wondered how some of the
very earliest pieces of elecironic
equipment actually worked? Then

Terry Balbirnig's regular look
at workshop practice

join George Pickworth inthe * * Around the Corner , 74
continuation of his quest into the lost Nick Hampshire takes a look
technalogy of the past at the technology of tomorrow "
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(Part 2) 60 Subscribe
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POWER AMPLIFIER MORULES-TURNTABLES-DIMMERS- :
LOUDSPEAKERS-18 INCH STEREO RACK AMPLIFIERS SERVICE « LARGE (Ad) S.A.E, 60p STAMPED FOR CATALOGUE +

UG GES ISR EAEHE  THOUSANDS PURCHASED OMP MOS-FET POWER n“punm TGL[iSS SUPPLIED READY BUILT AND TESTED.
HIGH POWER. TWO CHANHEL 19 IHCH RACK BY PRDFESSION“L USERS Thess modulss now enjoy 3 worid-wids for quality, 1 and 3t 3 reafisc prics. Foor

ml.m-muu.nmmu-dsd milﬂdmmmlt- Eccairy, Lafsure. instremendal snd b-Fi
#4c When comparing prices. NOTE St a7l models includa tarpidsl powsr supply, integral hes! sink. gless fitre P.C B and
drive circuits 1o powar B compatitls Vu meter. All modsls are open and shoof circuit procl.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Oulpul power 110 watis
R.M.S. inlo 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Faclor =300, Slew Rate 45V/uS,
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 -~ £3.50 PaAP

OMP/MF 200 Mos-Fel Outpul power 200 watls
R.M.S. into 4 chms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rale S50V/uS,
T.H.D. typical 0.001%, Inpul Sensitivity 5060mV, S.N.R,
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 PEP

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

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHAHNELS DRIVEN
FEATURES: *i denl powar supplies with two toroids! # s * Twin LED. Yu meters +
Level controls ® liluminaied on/of swilch * XLA connaclors * Standzrd 7T75mV Inputs * Open and short cireuit
prool * Latest Mos-Fels for siress lrea power dellvery inko rinuzu]ramlou* m:hﬂnrrm t‘h!uy iow
distortion ® Aluminium cases * MXFEOD & MXF300 fan coclad with D.

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISOO‘S EI"C
SIZES:- MXF200 W18 xH3%:" (2U)xD11"
MXF400 W19 xHS " (3U)xD12"
MXFE00 W19 xH5 " (3U)xD13"
MAFS00 W19 xHE " (3UJxD142"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF500 £320.00 MXF800 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

OMP XO3 STEREO 3-WAY ACTIVE CROSS-OVER|

OMP/MF 300 Mos-Fet Oulpul power 300 watls
R.M.S. inlo 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Faclor =300, Slew Rals B0V/uS,
T.H.D. typical 0.001%, Input Sensitivitp 500mV, 5.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 — £5.00 P&P

OMP/MF 450 Mos-Fet Outpul power 450 watis
A.M.S. inlo 4 ohms, lrequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rale 75V/uS,
T.H.D. typical 0.001%:, Inpul Sensitivity 500mV, S.N.R.
-110 dB, Fan Cocled, D.C. Loudspeaker Prolection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 — £5.00 P&P

OMP/MF 1000 Mos-Fet Oulpul power 1000 walls:
R.M.S. inlo 2 ohms, 725 watts R.M.S. into 4 chms,
frequency response 1Hz - 100KHz -3dB, Damping
Faclor >300, Slew Rale 75V/uS, TH.D. typical
0.002%:, Inpul Saruili\rl!y 500!11\‘ S.N. R -110 dB Fun
Cooled, D.C. L 1

Anti-Thump Delay. Size 4222 300 x 125rnn1
PRICE£259.00 - £12.00 P&P

Advanced 3-Way Sterso Active Cross-Over, housed in 2 197 1 1U ces=. Each channs! has three level controls:
bass, mid & fop. The removable frond fascis allows 2ccess to the programmable DIL swikthes o adjusl he
cross-over lrequeney: a.u.nu zsmwm Mid-Top 1.7UEKHz, all al 2448 per ccisve, Bass inver! switches
cn gach bess f Fully compatibla with OMP rack 2mzlifler and modules.

Prlea £1 17.44 + £5.00 P&P

STEREO DISCO MIXER with 2 1 7 band
graghic

NOTE: MOS-FET MODULES ARE AVAILAEBLE [N TWO VERSIOMS: |

* ECHO & SOUND EFFECTS* PEC (PROFESSIONAL EQUIPMENT COMPATIALES - IPUT SENS

{
TTEmV, BAND WIDTH 50K Hz. ORDER STANDARD OR PEC.

| ounspﬂxﬁn uaos SELECTION OF SPECIALIST LOUDSPEAKERS

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

McKenzie and Fane Loudspeakers are also available.

following inputs- 3 turniables (mag), 3
mics, 5 Line for CD, Tape, Vidao ete.

Price £144.99 + £5.00 P&P SIZE: 482 x 240 x 120mm EMINENCE:- INSTRUMENTS, P.A;, DISCO. ETC
eI HIC TWEETERS = MOTOROL 3" 100 WATT RLM.S. MEE100 GLN, FURBOSE, LEAD GUITAR, EXCELLENT MID, DIS
S — NT WID, DISCO.

Lo s [l ryamicnt e Jow OwmavE e 5 e o e ey Prodetes  Improved || RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 9745, PRICE £32.71 - £2.00 PAP

S iy e pepchion "“’*’“‘a beors 'm"'“"w-! =i e e Faee ] 107 100 WATT RLM.5. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

EXPLANATORY mmmmmsuwrmmm“mmﬂm?m RES. FREQ. 71Hz, FREG. RESP. TO 7KHz, SENSS7d8. PRICE £33.74 + £2.50 PAP

e r 10° 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
TYPE ‘A’ (KSN1036A) 3° round with protective wire mesh. ldeal for || Res FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 95dB. PRICE £43.47 -~ £2.50 PAP
bookshell and medium sized Hi-Fi apeakers. Price £4,90 ~ SOp P&P. || 12 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
TYPE ‘B’ (KSN1005A) 3'%:" super horn for g P p RES.FREQ. 45Hz. FREQ. RESP. TO 6KHz, SENS 1004B. PRICE £35.64 + £3.50 PAP
dizco snd PA.sysiems ek Price £5.99 +-S0p PaP. _ MONITOR. RES. FREQ 4311z, FALG, RESP, 10 10K SENS 5248, | PRICE £36.87 - £3.50 P4P
. mi:: (raf:y’d?'“g_‘s '”::;‘:‘ _";“‘;'ph:;";m quality HiFisys-f f o 2 00 WATT RM.S. ME12-200 GEN. PURPOSE. GUITAR, DISCO, VOCAL, EXCELLENT MID.
il w‘l A £cos elc. Price £6. . RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 65dB. PRICE C45.71 - £3.50 PAP
(KSH1025A) 2°x6" wide dispersion hom. Upper Irequency || 12° 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.

response retained exiending down to mid-rangs (2KHz). Suitable for high || RES. FREQ. 47Hz, FREQ. RESP. TO SKHz, SENS 10348, PRICE £70.19 - £3.50 PAP
quality HI-Fi systems and quality discos. Price £9.99 - 50p P&P. 157 200 WATT A.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.
e B T e e i, e~ 300 WATT fM.5. ME4 5:300 HIGH POWER BASS, INCLUDING BASS GUITAR — o
Suflable for HI-Fi monitor systems elc. Price £5.99 + 50p P&P,
LEVEL CONTROL Combines. on a sed mounting plale, level control RES. FREQ. 38Hz, FREQ. AESP. TO 3KHz, SENS 10348, PRICE £73.34 -~ £4.00 PAP
and cabinel inpul jack sockel. 85185mm. Price £4.10 - 50p P&P. IEARBENDERS:- HI-FI; STUDIO; IN-CAR ETC

ALL EARBENDER UNITS 8 OHMS [Escept E53-50 & EB10-50 which are dual ivpedance tapped 5 4 & 8 chm)
DASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
e = 8° 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-F1, IN-CAR.

RES. FREQ. 40Hz, FREQ. HESP. TO 7KHz SENS §7d8. PRICE £8.90 - L2.00 P&P

e ————
tBIFLIGHT CASED LOUDSPEAKER
A new rangs of quality loudspesiars_ designed totake advantage of the fatest

speaker technoiogy and enclosure designs. Both modals utilize studio quality ;25 !F%‘:awma}:g 2”53:; '::; E:HE:%EEJ:" Nadn | CHAABASS, HI-FIW’"'CA::“; C2.50P&P
127 ca¥l alyminium loudspeakers with taciory fitted grilles, wide dispersion 10" 1OOWATT EB10-100 BASS, HI-FI, STUDIO.

constant dirsctiaty Borns, extruded aluminium commer protsction and steal RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 86dB. FRICE£30.30 - C3.50P&P
Eall cornerz. complimentsd with heavy duty black covering The enclosutss 12 100WATT EB12-100 BASS, STUDIO, HI-F1, EXCELLENT DISCO.

are fitled &5 standars with 1op hats for optional loudspeaker stangs AES. FREQ, 26Hz, FREQ. RESP. TO 3 KHz, SENS 5348, PRICE£42.12 - C3.50 P&P

FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

L]
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 5%" GOWATT EB5-80TC (TWIN CONE) HI-F1, uu‘j,n ARRAY DISCOETC.

FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

RES. FREQ. 53Hz, FREQ. RESP. TO 20KHz, SENS S24 PRICE £0.99 - C1.50 PAP
iBIFC 12-100WATTS (1004B) PRICE £159.00 PER PAIR 6':” BOWATT EBB-80TC (TWIN CONE) HI-FI, l.lULTI ARRAY DISCO ETC. o
TMLFCS2-AOMMRTYR(1004) BIMCE €178.00 PR P " GOWATT EB3-60TC (TWIN CONE) Hi L MILTLARRAY DISCOETE. - o0 oo
SPECULSTCARRIER DEL 1250 FER PAR RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 834B. PRICE £12.90 * £1.50 PAP
OPTIONAL STANDS PRICE PER PAIR £49.00 ! 10" GOWATT EB10-60TC (TWIN CONE) HI-Fi, MULTI ARRAY DISCO ETC.
Delivery £6.00 per pair RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 884B. PRICEC16.48 - C2.00 PAP
IN-CAR STEREO BOOSTER AMP. CAR STEREO BOOSTER AMPLIFIERS || LAiks NSMITTER HOBBY KIT.

150 WATTS (75 - 75) Stereo, 150w || PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FISRE
Bridged Mono PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
250 WATTS (125 + 125) Slerso, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS
Bridged Mono I TRANSHITTER S-100Mr. VARKCAP CONTROLLED PROFESTIOMAL
400 WATTS (200 = 200) Sterso, 400W || PERFOSMANCE, RANGE UP TO 3 MAES, STE 3§ 1 123, SUPPLY 11V 5 0L3ANP.
Bridged Mono FRICEC14.285 - T100FLP
ALL POWERS INTO 4 OHMS Fil MICRO TRANSMITTER 100108MHr, VARCAF TUNED, COMSLETE WITH
Fettm- VERY SENS FET MIC, RANGE 100-300m, SIIE 58 £ $iem, SUPPLY 5V BATTERY.
* Slereo, bridgable mono = Cholee ol PRICE £8.50 - £1,00 PAP PHOTO: IW FM TRANSMITTER
law

PRICES: 150W €49.99 250W £09.90 e e o
o EIeaRs MPLIR e gt e B.K.ELECTRONICS

AL CHARGES PER ORDER E100 MINIMUM. AACLTCARD UNITS 1 & S ICOMET WAY, SOUTHEND-ON-SEA,
= PRICES INCLUBIVE OF VAT BALES Covm o s Ers -E- ESSEX, SS2 BTR

ACCESS ACCESTED BY POST, PHONE OR FAX. Tel, 01702 - 527572 Fax: 01702420243
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SURVEILLANCE TELESCOPE Superb Russian zoom
letescope adjustable from 15x o 60! complets with meta! trpod
(imposiie to ysa withotf this on the Kgher seftings) 66mm lense,
leather carrying case £149 ref BARE2

RADIATDH DEFEGTOR SYSTEM Designad o ba wai
e FC idealfor Q. whoie
bulding coverage el cmmeumm.mmm
E1985 el BARTS

WIRELESS VIDEQO BUG KIT Transmits video and audis
signais from 2 minstre CCTV camers (Induded) to any standand
talevizion! Al the comg gaFP3batierywi ftinto a
Ggarﬂhpsch!n:ﬂﬂ&%ﬁqunngardemnm&m
Suppied wilh lelescopic aenal hut a pisce of wire about 4' long wil
stll give'a ranga of up fo 100 metres. A singla PR3 will probabily give
less than 1 hours use £89 REF EP79. (probishly not Bcensablal)
CCTV CAMERA MODULES 48x70X25mm, 30 grams., 12v
100mA auvio electionic shufler, 3. 6mm F2 lens, COIR, 512x432
pleels, video cuputis 1vp-p (75 ohm). Woks directyintoascarfor
video input on g v orvideo IR senstve E73 85 ef EF137.

IR LAMP KIT Suitabia for ths sbove camera enablesthe camera
1o be used in lofs darkness! £5 90 ref EF138.

TANDATA TD1400 VIEWDATA Compists system comprising
madsam, infre red remols keyboard, psu. UHF and RGB ouput,
phane lsad. RS232 cupul, composite output £9.55 ref BAR33
MAGMHETIC CARD READERS (Swipes) £395 Cased with
fiyteads, designed to read standard credt carde! they have 3 wires.
coming out of ihe head so they may wile 25 wel? completa wilh
contred eictronics PCB. just £9.55 ref BAR3

PANORAMIC CAMERA OFFER Takes double width
photographs using standard 35mm fim. Usain horizontal orvesScal
mode Complets with strap £7.93 ref BAR1

COIN OPERATED TIMER KIT Completz with coinsiot
mechanism, sdjusizbls Sme dalay, relay ouput, put a coinsiet on
anything yol el TV.s, videos, fidges drinks cupboards HIFL
takes Sip'sand £1 coing DC cpafated, prosjustET 29 ref BARZT
ZENITH 800 X MAGNIFICATION MICROSCOPE Zoom,
meta! constructon, bitin light, shrimp fam, group viewing screen,
lots of accessories £29 ref ANAYLT

LUBITEL 188U Twin lens RAussian 2 144" sq refiex camen
suppled with two free roffs of colour Bm, §ip up magnifer, 3 gement
f45lens £1399 el BARZS

AA NICAD PACK Pack of 4 tagges AA nicads £2 59 ref BARSS
PLASMA SCREEMNS 222x310mm, no datz hance £4.69 raf

BARST

RIGHTSIGHT 8 Model TZS4 with infra red Buminator, views up to
Timetresin il daknessininfrared moda, 150m range 45mm lens,
13 deg angfs of view, focussing range 1.5mtoininity. 2 AAbatiaries
requned. $50g weight. £210 ref BARS1. { years wamanty

FILIN-1 150m range. 15 deg angle of view, focusing 10m-infinity,
£172 re! BARE2 A separate infra red Bght is avalable st E30 el
BARS3

WHITENIGHT SIGHTS Excefentprofessional night sight smad
hand heéd with camofaged ca_-'xg.:tgcass £325. 1 years urarmn‘y
MEGA AIR MOVERS 375 cubic feet per min!, 240v 200 watt,
Z.200 rpm, reversabie, Tx7" UK made, new, Aluminiem, curreni Bst
price shout £1560 ours? £29 55 ref BAR3S,
LIQUID CRYSTAL DISPLAYS Bargain prices,
16 character 2 line, 65x14mm £1.99 ref SM1612A
16 character 2 ing, 99x24mm £2 95 ref SM1623A
20 character 2 ling, B3x1Smm £3.99 ref SM2020A
16 character 4 ling, 62x25mm £5 93 ref SMC16404A
TAL-1110MM HNEWTOMIAN HEFLEGTORTELESCOPE
HRussian Syperb asto al'scope eventhingy some
S270US shr gazing! up 10 169x magniication Send of fax forfutther
getats E245 rel TAL-1
GOTAHM EXPENSIVE BIKE? Younssdoneolourbotiesiamms,
they look fka 2 standand watar bottie, but open the fop, inser akey
o actvale a molon sensor alamm bEtinside. Fits s standard botfe
camers, suppied with two keys SALE PRICE £7.99 REF SA32
GOT AN EXPENSIVE ANYTHING? You ne=d anz of our
cased siams § oD , fully cased just Bt it o
anything from videes o v:ara\rar*s provides a years profecton from
1 PP3 battery, U made SALE PRICE E4.88 REF SAX3
DAMAGED ANSWER PHONES Trzs= are probably beyond
repair o jusi £4 25 sach BT response 200 machines REF SAS0
COMMODORE GAMES CONSOLES Just a few cfthese leht
to dear 2t E5ref SAZ1. CondiSon tnknown
COMPUTERDISC CLEAROUT Wearsisfiwith aiotofsoftwars
packshalnesd dearing soweare seling atdiscvalue onfyt S0dEscs
for £4, thats just Sp eschiiour choice of discs) B4 relEPEE
IBM P52 MODEL 160Z CASE AND POWER SUPPLY
Complets with fan eic and 200 watl power supply. E9.85 ref EPET
DELL PC POWER SUPPLIES 145 watt +5-5+12-12,
15001 50xESmm complete with switch, fyleads and IEC socket
SALE PRICE £9.99 rel EF55
1.44 DISC DRIVES Standard PC 3 5" drives but retums so they
wil nead atanton SALE PRICE £4.69 refEFES
1.2 DISC DRIVES Standard 5.25° drives but refums 5o they wil
need atenton SALE PRICE E4. 8D refEPES
PP3 NICADS Unussd but some storags marks £4 99 ref EPS2
DELL PC POWER SUPPLIES {Cusiomer ratums) Stands=
PC pru's complels with fiy leads. case and fan, pack of two psus
SALE PRICE £5 FOR TWO!! ref EPS1
GAS HOBS ANDOVENS Srandnewgasapphances perfactfor
sl fizly sl Basic 3 bumer hob SALE PRICE £24.09 rel EPT2
Basic gmajl byt in oven SALE PRICE E7T8 ref EPT3
BITS AND BOBS We bave a quantty of cased modems.
mutplexars sic butideal strippers E4 eachrelEPSS
RED EYE SECURITY PROTECTOR 1,000 wait cutdoor FIR
swrich SALE PRICE £9.80 ref EPST
ENERGY BANK KIT 100 £'x6° 6v 100mA pansis. 100 codes,
cormacion detals sfc EEO 05 rf EF 112
PASTEL ACCOUNTS SOFTWARE, does eventhing for
tizes of businesses. Iincudes wordprocessor, Tepont wrler,
9 ablaupio 10 ple cash books eic.
“OL' page comprehensive manual 90 days froe tachnica! suppont
(0345326003 try before you buy®) Current retall price s £129,
SALE PRICEE3SS IE'S.ME SAVE £10001

MINI MICRO FANS 12v 15 sq SALE PRICE £2 Re!SA13

REUSEABLE HEAT PACKS. Idsal for fishamen outdoor
enthusiasts sidedy of infrm, warmming food, drinks eic. defrosing
pipes etcrevsaabls up 1o 10 tmes, tasis for up 10 8 hours per go,
2.000wh enemgy, gets up 10 90 degl. SAI.E PRICEES.85 REFSAS
12V2AMP LAPTOP psu's 110x (ing IEC

Sockel) and 2m lead with plug. 100-240v IF. ms REF8A13
PC CONTROLLED4 cHANNELTIlERCom{wmm
€ic) upi 4 Rems (2A240v each) withthis kit C

refays, PCB elc 2599 Rel 5706

COMPLETE PC 300 WATT UP3 SYSTEM Top of the rangs
UPS system providing protecion for your computer systsm and
vaiuable software agained mains power fluchustions and culs New
and boxed, UKmzde Provides up 205 mins ing tmein thaevent
of compiets power falure 1o aliow you 1o run your system down
comecly. SALE PRICE jusi £89.00.

SOLAR PATH LIGHTS Low energy waldights powarad by the
surébuitin PIR sothey work whenyouwalkpast Indudes sofarpansl
& rechargsable bat SALE PRICE E18.85 REFEFT2

BIG BROTHER P8U CasedPSU, &v 2A0utbit Zmobiead 15m
inputlead, UK made 220v, SALE PRICE £4.89 REF EF7

Check out our
WEB SITE

http://www.pavlllon.co.uk/bull-electrical

RACALMODEM BONANZA! 1Raca MPS 1223 1200775 madem,
teiephone lead, mains fead, manual and comms software, the
cheapes! way oo the netf all this for just £13 ref DEC13.

4.6mw LASERPOINTER. BRAND NEW MODEL NOW IN
STOCKI, supplied in fully built form (looks like a nice
pan) complete with handy peckst clip (which also acts
as the on/off switoh.) About 60 matres rangs! Runs on
2 AAA batteries. Produces thin red bsam ideal for
levels, gun sights, experimants eto. just£39.96 ref
DEC49 TRADE PRICE £28 MIN 10 PIECES

BULL TENS UNIT Fully butt and tested TENS (Transcutanecus
Electrical Nerve Stmulaion) unit, complets with sfectrodes and full
Instructions: TENS is used for the refief of pain efc in up 1o T0% of
sufferers. Drug free pain refied, safe and sasy to uss, can be usadin
conuncion with analgesics eic FA9 Ref TENN

COMPUTER RS232 TERMINALS. (LIBERTY)Exceiznt
qualty modem units (ke wyse 50.5) 2xRS232 20 funclon keys, 50
thro o 38 400 baud, menu dniven pod. scresn, cursar, and keyboard
seiup menus (18 menu's) £29 REF NOVA.

RUSSIAN MONOCULARS Amazing 20 tmes magnfcaton,
cozled lenses camying case and shouldersirap £E20 89S REFBARTI
PCPALVGATO TV CONVERTER Convarts a colour TVint
abasc\VGAscreen G witibuftinpsuy, leadand s'ware ldeal
for laplops or a chesp mradeﬁupp&ed in ¥t form for home
assambly. SALE PRICE £25 REF SA34

EMERGENCY LIGHTING UNIT Compiats unit with 2 double
buib foodights, bultincharges and auto switch. Fully cased SvBAH
kesd acid req'd. (secondhand) £4 ref MAGAP11

SWINGFIRE GUIDED MISSILE WIRE. 4 200 metre resi of
uirathin 4 core insufated catie, 280z breaking strain fessthan 1mm
trickl Ideal alamms, intercoms, ddls house’s elc £13.89 rel EFS1
ELECTRIC CARWINDOW DE-ICERS Complete with cable,
piug ¢ic SALE PRICE JUST E4.68 REF SAZS

ASTEC SWITCHED MODE PSUBM41012 Gives+5 @ 2754
#1281 5A - 128 48 230110, casad BAM41012 £5.99eTAUGSR
AUTO SUNCHARGER 155300mm sciarpanel with ciodeand 3
metre lead fit2d with a cigar plug 12v 2#att £8.090 REFSAZS
TOP QUALITY CENTRIFUGAL MAINS MOTORS SALE
PRICEZ FOR JUST £2.60 REF SA38

ECLATRON FLASH TUBE As usedin pofics car flashing Eghts
e, full pec supplied 60-100 £ashes a min £8.99 REF SA1S
24v AC 96WATT Cased power supply. New  £9.93 REF SA40
MILITARY SPECGEIGER COUNTERS Unusadanst=ightiom
Her majes?y’s forces. SALE PRICE £44 REF SA18
MICRODRIVE STRIPPERS Smal cased tape drives idaal for
stripping. fots of useful goodies incllding a smart case and lots of
compeonenis. SALE PRICE JUST £4.68 FOR FIVE REF SAZS
SOLARPOWER LABSPECIAL Yougst TWD 5" By 130mA
sclarces 4LED's wire burzer, swichplus lreh)rorm Suped
value it SALE PRICE JUST £4.88 REF SAZT

RGB/CGA/EGA/TTL COLOUR MOMNITORS 12* in good
condition. Back anofised metal case. SALE PRICE £48 REF SA1E
PLUG IN ACORN P8SU 19v AC 14w , £2.99 REF MAG3710
POWER SUPPLY futy cased with maing and ob leads 17¥ BT
S00mA output Bargain price £5 29 ref MAGEPS

ACORM ARCHMEDES PSU +5¢ @ 4 4A onioff sw uncased,

'SCOME OF OUR PRODUCTS MAY BE UNLICENSAHLE IN THE UE

sslediable mains inplt, 145x100x45mm £2.89 REF MAGTR2
13.8V 1.9A PSU cased with leads Just £9 99 REF MAGIDR2
200 WATT INVERTER Converis 10-15¢ DCinio ether 110v of
240v AC. Fully casad 115x36x156mm. completa with heavy
dutypowerlead cigarplug, ACowutet socket Auto overioad shitdown,
auio shor circst shid down, 2uto ingut over voltsge shutdown. aulo
Imputundervoliage shut down (with audbiesam). aviolemp contral
unit shuts down if overheated and sounds audibis siam. Fused
reversad polanly profected ouput frequency within 2%, voitage
within 10%. A weEbust unidatan keen price Just £64 83 ref AUGSES
UNIVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 molor but ok forany 12v motor 0p 1o 30A Completa with PCB
&ic. A heal sink may be required. E17.00 REF: HAG1T
COMPUTER COMMUNICATIONS PACK &t contzing 100m
of & core cabie, 100 cabla cips, 2 bne drivers with R3232intardeces
and all conneciors eic. Ideal low cost meihod of commmunicsing
bstwesn PC's over along distance. Complete It EB ST
VIEWDATA SYSTEMS made by Priips, complete with intemal
1200475 modem, keyboard, psu et RGE and composts cutputs,
manu driven, auloSaler etc SALE PRICE £12.63 REFSAIS
AIRRIFLES .22 Az uzedbythe Chinesa sy forfraining puposes.
sothersis alot sbouti £33 95 ReTEFTE 500 pefets £4 50 ref EFED
PLUG IN POWER SUPPLY SALE FROM £1.50 Fiussints
13Asocket withcupulisad threa fypesavaishie Svds 150MAEL 50
ref SA19, Svrc 200mA E2.00 ref SAZ0. 6 Svdc S00mA £2 ref SAZ1.
VIDEO SENDER UNIT. Transmits both ausio and video signais
fromeither a videocamera, vid ger, TVor Computeretcioany
standart TV setina 100 rangel (tune TV ioa sparechannal) 12vBC
op. Price is£45 REF: MAG1S 12v psuis £5 extra REF: MAGSP2
*Fi CORDLESS MICROPHONE Smai hand hald uritwith 2
500 rangel 2 transmit powef levels. Reqs PR3 9v battery. Tunsable
toary FM recaiver, Price Is£15  REF: MAG1ISM

*‘MINATURE RADIO TRANSCEIVERS A pair of waikia tafies
witharanga 1 b2kmin opan country. Unts messure 25 155mm
Indiuding casesand earp'ces. XPF3req'd £30,00pr REF: HAG3D
*FM TRANSMITTER KIT » d ina king 13A
adapleditha bug runs directy off the mains solasts foreverd whypay
E£7007 of price is £15 REF: EFE2 (i) Transmits 1o any FM raca.
‘FM BUG BUILT AND TESTED siuperior design o Supplied
o detectve agencies. Gv battery req'd. £14 REF: MAG T4
TALKING COINBOX STRIPPER COMPLETE WITH
COINSLOT MECHANISMS originaty made toratal al€ 73 sach,
ihess units sre dedgned o converl an ordinary phone into a
payphone. Theunts have thelodes missing and someSmes broken
hinges Howeverlheycanbeadapled for thair oniginal use or usadior
something &5a877 SALE PRICE JUST £2 50 REF SAZT3

GAT AIR PISTOL PACK Compiste with plstsl, dars and peiists
£12 55 Rel EFEIB exirs pefists (500) £4 50 ref EFS0.

6°X12" AMORPHOUS SOLAR PAMNEL 12v 155¢310mm
130mA SALE PRICE £4.99 REF SAZY.

FIBRE OPTIC CABLE BUMPER PACK 10metres for £499
1ef MAGEP 13 jdesi for expadmentard 30 micr £12 23 ref MAG13PY
MIXED GOODIES BOX OF
MIXED COMPONENTS WEIGHING 2 KILOS
YOURS FORJUST £5.99
4X28 TELESCOPIC SIGHTS Sutstiz lor a7 air nfes, ground

lensez, good Eght gatherning propeies £1995 12l T
RATTLE BACKS Interestng things these smal piece of soiid
pesspex lica material thalityou try to spin it on the desk it oy spins
onewzyl infactilyou spinitthe ‘wiong' way it stops ofits own accond
and go's back the other way! £1.99 ref GUD1
GYROSCOPES Rememtbeniness? weliwe havefound acampany
tha! s88 manufaciures thess popular saentfc toys, perfect gifior for
educational use elc. £6 ref EFTO
HYPOTHERMIA SPACE BLANKET 215x150cm aluminisad
foll blanket, refiects more than 90% of body hest. Also suitabla forthe
consirucion of two way mimors! £3.99 sach ref O/LO41
LENSTATIC RANGER COMPASS 0= fad capsude. strong
metl case, large luminous pointe Sight Ene with rnagrrfylng viewer
S0mm dia. 86am. £10.99 ref OB
RECHARGE ORDINARY BATTERIES UP TO 10 TMES!
VW the Battery Wizand| Uses the iatest pulss wave chargs systsm
bl:hrgealpﬁp brands efordinary ESAAA AR CD, fm.r
Ledsy arecharged
resects unsuishie cefs, complsts with mans&aaalor B‘Bwpm&d
Prceis £21.95ref EP31.
TALKING WATCH Yes. it actualy tefis you the tmeatthe press of
Sbution Alsofestures 3 voice alamm that wakes you up andtals you
what the §me is| Lithium ced induded. £7.99 ref EF2E8
PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCEI The new multband 2000 radar ean
preventeventn rdriv athetiicence!
Mm;ma&amumsﬂaﬂum}eﬂsmlmaﬂtmma
radarzones Detects X K and Ka bands, 3mda range, ‘over he bl
‘around bends'and “rear brap facESes micro sizsjustd 25°2 5 757,
Can pay for tseif in just one dayl £79.85 ref EP3.
SANYO NICAD PACKS 120mmux 14mm 4 & 270 maH sutebls
for condess phones eic. Pack of 2 just E5 refl EFTE.
3" DISCS As used on cider Amsirad machines, Spedinm plusTs
&ic £3 each ref BAR4DO.
STEREO MICROSOPES BACK IN STOCK Russian, 200x
compie:s with lenses, Bighls, e €l elc very comprehensve
pe fhal would y be around the £700 mark, curpnoe
s just E293 (ful money back ) ful detaiein catalegque Ref
85300,
SOLAR POWERED CAR VENTILATOR Simaly ftsalong tha
top of the glass in & tide window and provides a constant supply of
fresh air in hot sunny condtons! keeps your ¢ar cool in summer
E18.95 ref civent.

WE BUY SURPLUS STOCK FOR CASH

100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
WITH ORDER.
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Flexible transistor analyser

Originally a prizewinner in The Young Enginssr for Britain Competition, the DTA30is
now in full production.

The DTA30 is a microcontrolled instrument that quickly and easily analyses any
type of bipolar transistor, Complex signals are applied to the transistor under test
and their effects are analysed by the internal microcontrolier. The results of these
signal tests are used to determine the transistor lead identities and the transistor
ype. >

Each lead Identity is displayed by a multicolour LED Hluminating the colour of the:
test lead that is connected to the base, emitter and collector. The transistor typs is
also displayed by one of the NPN/PNP LEDs. Three fiashing red LEDs indicate a
fault condition.

For further information, contact Peak Electronic Design Lid, 70 Nunsfield Road,
Buxton, Derbyshire SK17 7BW.

Mitsubishi sets up 1Mb SRAM
second sourcing agreement

with Seiko Epson

high-spsed data transfer, with low power consumption and
low noise. Seiko Epson will mass produce the devicss at its
Fujimi-Works and Tohoku-Epson faciories with expected
produgction at around 300,000/month.

Mitsubishi is Europe’s leading supplier of low power.SRAM
devices with an 80% share of the x16bit 1Mbit SRAM market.
The company produces 200,000 devices/month for European
moblle phone applications slone.

Mitsubishi is also driving the leading edge of SBAM
technology and is now shipping in preduction quantities its
new 4Mbit thin film transistor (TFT) cell based SRAM. The TFT
cell, in conjuncticn with the chip’s 0.5um full CMOS cireuitry,
has resulied in the high density, low-power design which is
ideal for high reliability, poriable applications and
telecommunications equipment, as well as IC and memory
- card type applications where batiery back-up is used to
333231 & | provide poriable, nen-volatile mass daia siorags.

' o Mitsubishi low power 1 Mbit SRAMSs are also available in
12BkxBbit configuration as well as the word wide 84kx18bit
version which is the subject of the Seiko Epson agreement.
Mitsubishi Blectric is announcing a second sourcing Both are ideal for poriable and batiery powered applications
agresmesnt with Seiko Epson for the mass production of x16bit  such as mobile phones and computer equipment. The word
organised 1 Mbit SRAMs. Mitsubishi's MEM51018A device is wids B4kx 16bit davice further provides an ideal space and

)_;-,-.‘.un!”:"'
3

the market standard and Ssiko Epson will begin mass power efficient, single chip replacement for shallow memory
production of its compatible SRM21016 device by Spring ‘96.  applications using 32kx8bit and 128kx8bit organissd SRAMs.
The SRAM dsavicss are ideal for mobile communications For further information contact: Mitsubishi Electric UK Lid,

applications, with tha x16bit organisaiion making for efficient Semiconductor Division. Tel:01707-276100
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Industrial- grade PC controller

SCPE4BEDX is targeted at machinery and process
automation system builders seeking exceptional levels of
computing and graphics performance, for use in demanding
resﬂime control appﬁcahons orasa power{u[ man-mamme
mstmmentatlon

Further on-board hardware includes keyboard-,
mouse-, IDE- and floppy-interfaces, batiery-backed geal-
time clock and watchdog timer, and COMI, COM2 and
LPTI ports.

Because SCPG486DX is fully PC AT- compatible,
applications software can be developed on the board
itself. This greatly sp&e{is the realtime sysiems dessgn
process, aliowing debug fo také place directly on the
target hardware. When development is complete, Arcom
offers a support package called SiliconDrive which allows:
software to be blown into ROMdisk/RAMdisk, for
operation in harsh Industrial environments where
conventional disks are unsuiteble. The company has also
ported Microsoft's Flash Filing System 2 onto the board,
providing full rewrite solid-state disk emulation,

Based on the international |EEE-1000 STEbus
Arcom Control Systems is launching the most powerful and.  slandard, SCPC486DX can be expandsd to create high-
highly-integrated STEbus PC-compatible ever made, functionality control systems 'in rugged 3U card cages.
providing a 486-based single-boeard solution capabis of Implemented via the reliable 2-part DIN4I612 connactor,
handling the most demanding embedded DOS and Windows  the backplane bus interface allows systems to utilise up
appiications. Called SCPC486DX it |s based on the full 32-bit 10 21 boards - providing space for hundreds of 1/O

Inte! 486DX4 processor running at I0GMHz. channels; the board alse includes full multi-master
The new board combines the CRPU with up to iBMbyies arbitration, allowing designers to construct very high

DRAM, 4Mbytes Fash EPROM for diskless operation, plus perfermance computars employing parallel processing

local-bus SVGA with cutputs for either CRT or flat- techniques,

panel/LCD, anto a compact 100xX180mm single Eurocard For further information, contact Arcom Control

designed spegciiically for industrial applieations. Systems on +44 (0) 1223 411200; fax 410457

Electronics on the move

Grovestream Engineering Services of
Hampshire specialiss in building high quality
cases for the transport of sensitive
electronic equipment and also offer
custom-size cases with a minimal
changs in price over the standard
range.

All flight cases, 197 rack cabinets and
boxes are constructed from high quality
birch ply, with aluminium or black laminate
finish, extruded aluminium sections, nickel
plated steel ball corners and bracksis. For
further information, contact Grovestream on
01734-713309.
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Low cost BASIC
programming for

control networks

lo Ltd has launched an independent application
development tool for Echelon’s powsarful LonWorks control
network téchnology. Galled NetBasic, it provides enginssrs
with 2 PC-hosted Basic programming environment for an
outlay of under £500, cutting thousands from the normal
cost of a developmant system, and providing an ideal
entry point for the many companies currently considering
the use of fisldbuses. The new packags gensrates code
for the [oNst range of remote /O modules which provids
-processor, analeg, digital and high powar 7O functions in
the form of cosi-sffective multi-channal moduies. OEM
licenses are also available.

lo developed this tool to overcome tiie single biggest
barrier to the take-up of fieldbus technology - its high entry
cost. The company has seen immenss inferest in its
LonWorks-basad

/G, but encountered resistance, particularly from
smaller companies and users with relatively smali-scale
‘projecis who have typlcally elected to stay with current
products until development cosis fall. NeiBasic resolves
this issue. With this new tool, engineers can equip a FC
with a LonWarks programming envirenmaent for less than
£500, and add seme real networked hardware 1o bagin
evaluating distributed: conirol ideas, all for under a2
thousand pounds.

NeiBasic Is dasigned 1o provide a much simpier route
to the design of LonWorks-compatible networked contrel
systems, by opting for the familiar BASIC language in
preference to the © environment avaiiable up to now. The
overhead of designing for networked operation is alse
minimised through the use of intrinsically-simple extensions

io the BASIC language. These additions
provide a method of developing softwaig for
distabuted system operation which allow
communications with any other LonWorks
nodes using just an address plus simple
rewrite-type commands. For familiarity.
NetBasic uses syntax which is similar to Visual
Basic. ¢

‘The NetBasic development environment cosis
490 for a single user licence; there are no
run-time royalties. lo is also offering a bundlad
‘starier kit' to help companies sxplore the
powerful LonWarks fieldbus. This combines
NetBasic with a serial adapter nods to link a

! PG to a LonWorks natwork, together with a
remaote /0 node containing a Neurcn 3150
CPU and sight 11D channals, for just £995.
Optionally, NetBasic can be supplied for use
with Echelon’s serial adapter intarfaces.
Initially, NetBasic generates code for [oNet
remote |/O sub-systems, or nodes. Thess petform
conventional industrial I/@ functions, but may be
transparanily linked to any other lonWorks node to extend
capability. As input or oulput variables - regardless of
which node on ine network they originate from - can.be
freated by an loNet system as local data, poweriul
integrated systems can be built by siting intelligent building
biocks exactly where they are nesded. This provides very
significant cable and tarmination savings, togather with
higher lsvels of fault {olerance and refiability. The cable
savings alone from such a digital fieldbus system can trim
cosis by as mueh as a third. And, as a company’s
automation requirements evoive, functionality may be
extended by simply plugging furiner nodes onto the
network. :

Nodss ars configured from a range of [00xI08mm PCBs,
offering procassar, analog, digital and high current /O with
cptional man-machine interfaces and communications
gatewayd 1o other platforms/networks. Modules are
interconnecied using an industry standard serial highway.
and packaged ir compact EMG-compliant, DINrall- or panel-
modnting, P30 metal cases suitable for harsh environments.
Each nede comes with buili=in firmware allowing it 1o perform
simple data acguisition and control. Standard digiial VO
functions availabie include bit, nibble and byie input; pulse
count, ime, frequency and pariod measurament; level
dstection; quadrature inptit; edge-leg inptit-for measunng
low and high periods; analog /O functions include high=
resolution 4-20mA and voliage inputs.

For further information, coniactio Lid on +44(0)1638
742390,
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New fro

m NEC

NEC Electronics has announced a new rangs of SIMMS
memory modules that utilises its recently launched I6MB EDO
DRAM. The range includes 4 MByte, 8 MByte and 16 KByte
modules. The 16KB EDO DRAM provides the modules with
more than a 25% speed increase, from a page mods cycle
time of only 25 nanossconds.

Because of their increased bandwidth and compatibility with
fast page devices, EDO DRAMs are becoming the preferred
device over standard fast page memories, and their
incorporation into SIMMS modules is seen as natural
progression.

EDO DRAMs maintain valid data on.their output even after the
CAS (column address strabe) has been toggled to a high
state, enabling the data to be used during the CAS pre-charge
time. The beneiit of this architecture is that it allows the cycle
time to be reduced to 25ns, thus increasing overall bandwidth.

The range of SIMMS is designated as MG-421000F32 (IM word by 32 bit), MG-422000F32 (2M word by 32 bit) and MG-
424000F32 (4M word by 32 bit). On the 4 MByte and 8 MByte SIMMS the 16MB DRAM is a uPD42i8I65 while a IBMB EDO

DRAM type uPD4217405 is used on the 16 MByte SIMM.

Power consumption is 11 mW, 22 mW and 44 mW in standby for the 4 MByte, 8 MByte and 16 MByte modules
respectively. Decoupling capacitors are mounted on the power supply line for noise reduction.

These modules provide high density and large quantities of memory in a small space without utilising the surface-mounting
technology on the printed circuit board. The SIMMS are supplied in 72-pin single in-line modules.

For more information contact: NEC Electronics (UK) Lid Tel: 01908 691133

[~} 3 =

High sound quality

LAY =
from real musical
nstruments
high quality souind required by, the new generation of muitimedia
personal computers. Jointly developed with Spectnim Signal
Processing Lid, the Sound Festa chipsst is based on samples
from real musical instruments and meets the MPCS standard

Whilst sound boards have iraditionally been used in personal
compuiers to generate sound sffects for video games, thergis
now an increasing requirement 1o use them as the sourca of
mmmmmmmms
capabie of delivering this quality but requires complex and high-
to date.

NEC' Sound Festa solves these problems and allows wave
table synthesis 1o be used for practical purposes. It consisis of a
sound processor (NPD77525), & music coritroller (UPD77528)
and a sound codsc (UPDB3310).
bmmmmmhmnmmm\gmmr
mmlrﬁtmmts,ammd‘azvmmnbegerwatad

simultaneously. NEC co-operated wiih musical instrument
manufacturer Korg for a definition of the wave table and this has

obnmnédtomr@wofm.anmﬁty

The chipsst contains on-chip SoundBlaster Pro™ functions to
provide compatibiiity with a variety of games software, and FM
mmsmwmmmm
Masm-speskaSDsmaﬂeﬁws(Osmm@ﬂ reverberation
and a chorus of musical instruments.

Sound Festa also uses PCM/ADPCM compression .
techniques to allow recording of audio signais from all inputs and
simuitaneous recarding and playback. The chipsat supporis
different memory and FM synthesiser configurations so that it can
be easily adapted to individual performance and cost
requirements.

NEC will support the Sound Festa chipsat with driver software
capable of playing MIDI and wave data, an MS Windows™
basedgrmiﬁmlusermmmm-qﬂﬁywmtabiedala
and hardware design documentation.

Contact:NEC Electronics (UK) Ltd on 01908 691133

ELECTRONICS TODAY INTERNATIONAL




TIMELY TECHNOLOGY LTD
WITH AN ANALOGUE &

SWITCHES VACUUM
hLQWMETERS Writing software is optional with this -"NS‘:F:‘\'IT:ENTS

VALVES AMAZINGLY SIMPLE but powerful
multifunction chip. Designs can be \
CHEMICALS shortened by weeks with this technology. FOODSTUFFS
at both chip and board level. The I\C. costs I e ol

only £29, while the boards start at £150. % 5
L
\
1/0:285 : 1/0:232 ——

MECHATRONICS BOARD | R x X | BOARD MONITORING

2 32 485 multidron ".: 1 |,':u

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

¥

UTILITIES BEVERAGES

n n (] ] n

STEPPER DCc ISOLATED —— 12C E S POWERFLUL MODEM &
MOTOR MOTORS DIGITAL BUSES ANALOGUE INTERRUPT

_ "/ WEVSTROKESE io
TIMELY TECHNOLOGY LTD. Millbank, Kettering Road, Little CranslayaNorthants NN
TelZ 015368791269 Eax 015365790430

PORTABLE PROGRAMMER & EMULATOR PC Al]l)lication Pr()jects
PROGRAMS 27! Master your compuler - Release jts power

EPROMS/FLASH TO 40 o - Prajects use PRINTER or SERIAL ports - No need to open your PC
PINS WITHOUT ADAPTORS = Expand prntsr poris 10 24 VO ines ] CONnect you po 1o the real worid smarty, I
- CENTHONIC 24 LINE'O CARD 'POCKET CENTHONIC DATA LOGGER 1

EMULATES 8 & 16 BIT
SYSTEMS

K04 Kit: £27 Asssmbiad: £33 K16 Kit: €47 Assemblad: £55

Expand sarial ports to 24 VO nes Croataarobot [ canwulke, oo, ‘rpeal’
RS232 24 LINE 'O CARD of your own and... [N
K04 Kit: £31 Assembled: £43 THE CENTRONIC ;;W
16 ch, 12 bt AD with variabls gains MOBILE ROBOT =4

(10,100 2nd 1000} pius B output lines KO1 Kit: £33 Assembled: £48

PRECISION DATA LOGGER
K15 Kit: £65 Assemblad: £90 N ivonie SLoRER KT &7

Drive up 1o 3 sispper motors with 8 digital £75
IO fines plus 11 anzlogus Inputs (bt AD) || HEART BEAT RATE MONITOR 23
VERSATILE STEPPER MOTOR BOARD [{ SMART MAINS CONTROLLER £73
K09 Kit: £35 Assambled £50 (1 driver) WHEREEEEE ARG A B[ 1
Frices In pound ste [ng‘m -.’:‘: iod £3 PEF In UK (£5 abroegd
and make cheque payable 1o ‘innovative Interfacing Ent.' Send your order Io:
IE, 58 Lamport Court, Manchaster M1 7EG, UK. TelUFax: +44-(0)161-272-6279

**x 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 i
BE ABLE TO GET IT FOR YOU

PLEASE WRITE OR PHONE FOR LISTS

asy touch
for anyone

ideal for B&D or small volume production. 1ISO 9002
manufacture and strict use of manufacturers
algorithms guarantesas reliable programming.

Lloyd Research Lid.
78 7a Brook Lane, ~ Southampton, (S OR REQUIREMENTS
Hampshire 8031 9FH, Engiand. MAYFLOWER ELECTRONICS

Tel: +44 (0)1489 574040.

Fax: +44 (0}1489 885853, 48 BRENDON ROAD,

WATCHET, SOMERSET, TA23 OHT
TEL (01984) 631825 FAX 634245
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PORTABLE X RAY MACHINE PLANS Easy to construct
pians ona simple and cheap way Yo buid a home X-my machine!
Effecive device, X-tay sealed assembles can be used for
expeimenial purposes. Nota oy of for minors! EGBset Ref FXP1.
TELEKIMETIC ENHAMCER PLANS My=tty and amare your
foends by creating moton wisth 0 kiown aipatent mesns of cause.
Uses oo eecincal ormechanical connecions. no.specal gimmicks
yeiproducesp osvemolonand effect Exceligntior scienceprieds.

shows, na'ry demanstrations orF serious research &
hic drange and ing phychic g

faieot el rr>.1

ELECTRONICHYPHOSISPLANS & DATA Trisdatashows
several ways 10 put subjects yndar your control. Induded is.a full
volume :ef.t:-r.‘-'e et and saveral consirucion plans hat when
3ssembled can produce highly efectve stmull. Ths matedal must
be used cautousty 1is for use 35 entertzinment at partes eic only,
by thosa expes inits use E15/set Rel FEH2

GRAVITY GEHER!\TOR PLANS This unique plan
siraies 3 oimpfs ischicaiphentmiens thatproduces anans-
t Youcan sctualy buld 2 smal mock spaceship cut of
=7 snd mithout any visdie means- causefiolevitale

£10k=t Ref FIGHA

WORLDS SMALLEST TESLA COIULIGHTENING
DISPLAY GLOBE PLANS Produces 1 o 750,000 volts of
Esohage. sxpenmient wilh axtracrdinary HV effacts ‘Plasma ina
a7, S1Emos ire, Cotong. excedl ent scienca project or conversation
piesa. £57c2t Ref FBTCIAGS

GOPPER VAPOUR LASER PLANS Froduces 100mw of
green ght High cohmency 3 pedisl quasty sanial

Thisparicuiardesgnwas ceveloped atihe Alomic Enegy Commisan
of REGEVin lwasd €10t ReIFIOAY

VOICE SCRAMBLER PLANS Mirstire sobd siate system
turns spsech sound into indecipherabia noise that cannol be
understood without a cecond matching unl Use'on telsphone in
pravest ferd pasiy Estaning and bugging. £65e ReFFNES
PULSED TV JOKER PLANS tiz= hand heid dovice uSizes
puise tachniquss that will compisisly Gsnpt TV picture and soundl
wWokson '=!.l toc! DASCRETION ADMVISED. £855 Rel FiTJS
BODYHEAT TELESCOPE PLANS gy directional long
range device ysestecent gy to detect £ ol living
bodies warm and holspots, i - iy, law
woement fesearch and development sic Excefend secunty
device or veryinteresiing science projec] E8/sst Ret FBHTIL
BURH ING, GUTT[NG CO2 LASER PLANS Projects an

ihie bearn of hestcapabisof and melfingm OVET

& cizflanca This iaser is one of the most effdent.
powerintoussluloupue Notonly Isthis device
awork '3 cuting and heat processing matenais butt
is 2s0 3 Mesly canoijale as an efecSva @recisd ensrgy beam
waspon agansd missfes siicrafl, ground-to-ground, efc. Parbide
bezms may very wal uitzs sisser of this hype loblast a channelin
tte atmembere for = high snergy stream of peulrons of olher
pandes The device is easdy appicabls 10 buming and etching
woad, oifing, piasics extles ec E125t R FACT.

MYSTERY ANTI GRAVITY DEVICE PLANS Uses smpie
conospt Obiecis Soat in air and move 1o the touch. Defes giavity,
=mazing gt conversation plece. magictick of scence project £6/
2ot el 7 ‘;.:.fr'l K

ULTRASONIC BLASTER PLANS Labosatony source of sonic
shock waves Blow ficles in meisl produce 'coid’ steam, atomize
Equsdes Many cieaning uses Tor PO boards, jewlery, coins smiall
oafs &c Ef5et Ref FAALB1

ULTRAHIGHGAN AMP/STETHOSCOPICMIKE/SOUND
ANDVIBRATION DETECTOR PLAMNS tatrasensive davice
enaties cne fo hear a whale new word of sounds. Listan through
wais, wincows flooss e Many applcatons shown, from law
enforosment nature Eglening medical hearfbeal lo mechanical
dedces: £5/e1 Ref FIHGAT

ANTI DOG FORCE FIELD PLANS #ghly efecive circut
prodices §me vanabis pulses of scooustcal enengy that dogs

cammot lotlerais £55%et Ret FIDOG2

LASER BOUNCE LISTENER SYSTEM PLANS Atows you
i hearzoundsfrom 2 premises without gaining access E125el Ref
FALISTY

CRAWLING INSECT ROASTER PLANS Harmless high
frequency enemy pulsesdesiroy pests asthey crawlinlo
the energy field! £4/sst Ref F/RCR1

LASER LIGHT SHOW PLANS Dot yourssif plans show three
methods. £6 Ref FALLSY

PHASOR BLAST WAVE PISTOL SERIES PLANS
v-:awarem has large transducer and battery capadly with extemal

nimis £6iset Aef FiRSP4

H'IFIIHTY TRANSMITTER PLANS Teiaphone fne grasher/
reommonir. The Wimateinh ! Emple
to use! C your hame of office phone, push asao‘etmnuonymr
tdeptiona fo scoess anther A) On pramises sound and voices or B)
Exising conversation with break-in capabiity for emergency
messages £7 Red FTELEGRAR

BUG DETECTOR PLANS Isthat comeans geling the goods on
you? Easy to constiuct device locales any kdden sourcs of radio
energyt Sniffs cutand finds bugs and other sources of bhothersome
interference. Detacisiow, high and UNHF frequences ES‘set Rel 7/
81

ELECTROMAGNETIC GUN PLANS Proiscss ametal object
3 considerabia distance reguires sdull supenision ESref FEML2
ELECTRIC MAN PLANS, SBHOCK PEQPLE WITH THE
TOUCH OF YOUR HANDI! £5/52t Ref F/EMAT

PARABOLIC DISH MICROPHONE PLANS Listanto Gistant
sounds and voices, open windows, sound sourcesin hardfogelor
nomiepremises Uses salelits technoiogy hgamrﬁmi mnﬂs
and focus thamio curuirs sactronics. P
optonal wireiess link systam. EG%et ref FPMS
2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
VARIABLE100,000VDCOUTPUT GENERATORPLANS
O on9-$2voc many possible £3p C1ORSFFHVINT/
TCLA

KNI Fi TRANSMITTER KIT Very Mghgain preamp. suppiesd
complets with FET slectret mitrophone. Designed o cover 85103
Utz but essdy changed to cover 63-130Mhz. Workswith-a common
©v (FP3) batiary. 0.2W RF. £7 Ref 1001,

ELECTRONIC SIREN KiT impressive Swaltpowerouput ideal
{or carbice alamm edc B-12v demax cumment 1A, 1. 2chz £5 Ref 1003
3-JOVPOWER SUPPLY KIT variable statized power susply
forizb use Shoricrosiprotaciad, sustabla for profesional or amateur
uss 24V 3A : Is neaded to thelt E14Re! 1007,
1WATT FMl TRANSMITTER KIT Swppied with plezo siestnic
microphone 8-30vde Al 25-30v you will g&t nearly 2 walts! E12 12!
1003

FRUAM SCANMNER KIT Wel not quite, you have 1o tum the knob
your seifbut you will hear things on this radio thal you would nothear
©N an omirary rago (even TV). Covess S3-160mhz on beth AM and
M, Buit in 5 wet empifier, inc speaker £153ref 1013
MOSQUITO REPELLER KIT Modem way to keep midges at
bay! Runs for sbout 2 month on one 1 Sv ballery. E7 Ref 1015

3 CHANMNEL SOUND TO LIGHT KIT wirsless system mans
operated. separate sengbvity ausiment for each chamnal, 1200w
power handing. microphons inciuded. £14 Ref 1014,
MOTORBIKE/CYCLE TREMBLER ALARM KIT Agustacie
senstivity, aarm tme. awlo reset Couwld be connected to hom
elc. £12 Ref 1011
0-56 MINUTE TMER KIT agjucatie. wil switch up i ZA mains
Perfect for alarmis; phatography, ek £7 Ref 100,

4 WATT FM TRANSMITTER KIT Smad but powedu FM
transmitier, 3 RF stages, microphone and audo preamp induded.
E20 Ref 1023

STROBE LIGHT KIT Adustabis from 1-80 hz (a lot faster than
conventionsl stobes). Mains oparsted £16 Ref 1037
ULTRASONIC RADAR KIT [deaizs amovement detactorwitha
range of sbowt 10 metres. auwtomats your ot fap! 12v de E16Re!
1043

LIQUID LEVEL DETECTOR KIT Usefulforianies, ponds batns,
rain eam, leak defector efc. Wil switch 2A mains. £5 Ref 1081
CCABINATION LOCK KIT skey, pregrammatie compizgtewm
keypad, will Switch ZA mains 9v de cpeaton E10 =i 1114
PHOME BUG DETECTOR KIT This davice wil wam you i
somebody i savesdiopEng on your Ens £6 161 1130

ROBOT VOICE KIT interssing cirmst that &istorts your volce!
adjustatiz arswerthephonswith 2 Gfferentvoice! 12vocE9ref 1131
TELEPHONE BUG KIT Smai bug powsred by the thons fne.
stans transmiling 2% s00n 25 hephone is pided uwp! ES Ref 1135
FUNCTION GENERATOR KIT Froduces sinusoidal, saw tooth
and square waves from 20-20khs, sspamaie level confrols for each
shape Wil produce a3 3together. 24vac £46 21 1008

3 CHANMEL LBHT CHASER KIT 230 watts per channst,
spesdandd ppfied with 12 LEDS (youcanfiinacs
instead fo make ¥t mains, not suwpplied) 3-12vdcE17 el 1028
12VFLOURESCENT LAMP DRIVER KIT Lightup 4 focttubes
from your car batteryl 9v 2a transformer also required £5 ref 1063,
VOXSWITCHKITS d ichideal iormalong bugging
tape recordess etr, edustbissenstivily. E8vef 1073
INCARSOUNDTO LIGHT KIT 7 oUTCar
'with this mini 3 channel sound ioight. Each channel has Bled's £10
ref 1035

TW HI Fl AMPLIFIER KIT Usetu, powerful, idead for audio
sysisms, intercoms i 12-1Bvdc £7 red 1025

Check out our
WEB SITE

http://www.pavilion.co.uk/bull-electrical
PREAMP HIXER I(I'I'anpmmmomw =p bass and fredis

plusi is, 18vde i 100mA E15
ref '[062.
METAL DETECTOR KIT Range 15-20cm, complets with case,
e, EB el 1022

SINGLECHANNEL SOUNDTO LIGHT KIT Mains cperated,
add ythien to your party for ondy £8 ref 1005
SOUNDEFFECTS GENERATORKITPaduces spundsranging
from bird chips tositens. Comiplele with peaier, add sound efleds
to your projects for just £9 ref 1045

GUITAR PREAMP KIT Complete with one contreis‘smal enough
1o #tin any gustar, based on TLOS2 IC, 2-12vdc E8 Ref 1091,

16 WATT FM TRANSMITTER (BUILT) £ stage nigh power,
preamp required 12-18vdc, can use ground plans, ysg of open
Gpoie EE9rel 1021,

TELEPHONE AMPLIFIER KIT Very sansitve smpifar which

} meter, §icdedign peb, lod display and al componentsincuded £43

PC TMER KIT Four channel ouput cortrolled by your PG, wil
swiich high cumrent mains with refays (supplied) Software supplled
S0You canprogrem the channels to dowhat you wani wheneveryou
'wanl. Mars systam on ks 255, VGA 4 16808 serial
port hard drive sithmin 10:«{:&& 2403
DIVINING RODS Expensive technology cannol chalisngethe fool
proofartafwalerdivining onR T
Sesngisbeleving Uszinthe home, ga':rm muwmewnesaﬂ
s divinely samplal £4 9G 3 pair ref E3
HUGE BUBBLE MAKING KIT Youtbezmaret sitre the size
cfihebublies you cah achietve with thisbubble making k¢ Gnceyou
have gotifs knackilis posshis lomak ofuplo40
ERRR- R o f R
FM CORDLESSMICROPHONE Trisunfisan FMbrosscasting
si=%on in minature, 3 transisor IrEnSTIET Wil Heciet condansar
micHsigmp dedgnresutin ¥ dyand qency
E}mﬁ'nhz. 50-15006z, 500 foot range in cpan w..inlrji
FP3 babecy required £1500 ref 15P424
MAGMNETIC MARBLES Trey have besn around for a number of
¥ H pvenze o cuncgiyand amazanent Apaciol 12isjest
£399 ef GIRX0
STETHOSCOPES A fully funcSoning stathescope for ad thoss
inticate projects. Enabies you fo Esien to motors. pipes: hearbeats,
wals, insects efc £5 ref MAREGFS
NICKEL PLATING KIT Froflesional sfectoplaing kil that wil
trmnsioim rusting parts into showpieces in' 3 hours® Wil piate onlo
stz iron, bronze gunmatsl copper, welded siver sdlderedorbmzed
jointe Kitinclodes enough toplats 1,000 sqinches YouwiE alsonoed
a t2v supply, 3 contsinsg znd 2 12v Egil bulbs £33 93 i NIK32
SHOP WOHBBLERSISmzl assembles designed fo taks D size
batltedes and ‘wobbie’ signs aboutin shops! £393 Ref SEPSPZ
OMRON ELECTRONIC INTERVAL TMERS.
**NEW.LOW PRICES TO CLEAR!!®==****
Minature adjustable timars, 4 pole c/o output 3A 240v,
HY1230S, 12vDC adjustable from ©-30 secs £4.088
HY1210M, 12vDC adjustable frem 0-10 mins. £4.53
HY1260M, 12vDC adjustable from 0-60 mins. £4.58
HY2480M, 24vAC adjusteble from 0-80 mins £2.99
HYZ243H. 24vAC adjustable from 0-3 howrs. £2083
HY2401S, 240v adjusiable from 0-1 secs. £4.83
HY2405S, 240v adjusiable from 0-5 secs. £4.89
HY24080m, 240v adjusiable from 0-80 mins £6.99
DRINKING BIRD Remarnbe these? hock onto wins glass (sus-
phed) and they drink, stardup drink ctandun ETC) £4 each RefEF1
SOLAR POWER LAB SPECIAL vou gt TWO £%x5" Ev 130mA
soiarcels, 4 LED's, wire, baozer =wilch plus | relay ormaton Suped
value kit just £5 96 REF: MAGEPE
BUGGWG TAPE RECORDER 3=z voce actvated recsrdsr,
mpleis with Feadphones £25 S92 MARDSP
PLUG IN ACORN PSU 12/ AC 4w  £220 REFMAGIP0
POWER SUPPLY fuly casad with mains and o iesds 17v DC
S00mA oliput Bargain prce £5 99 1T MAGEPS
8v DC POWER SUPPLY Standadpiugintype 150ma 8 DCwith
lzad end DG power plug. price for two is£2 599 ref AUG3PY.
13.8V 1.9A psucased withleads Just£2 23 REF MAGIISZ
INFRA RED REMOTE CONTROLLERS Criginaty mageforhl
spec satelta equipment but perfect for el sodts of remote contral
projects. Our deatance price is just £2 REF: MAG2
MAINSCABLE Precut black 2 cors 2 melre lengihs idesl for
fepairs, projects etc SOmeties for £1.99 ref AUGEPT.
COMPOSITE VIDEO KIT. Converis compositevidesinta sepa-
rata H sync, Vsync. and video. 12v DC. £8.00 REF: MAGEP2.
UNNERSAL PC POWER SUPFPLY complete with fyleads.
switch, fan etc 200w at £20 REF: MAG20P3 (265x155x125mm).
GYROSCOPE About 3 highand 2!
ages! Pnce with instructon bookiel £6 ReTEF15:
FUTURE PC POWER SUPPLIES Thesz are 235 135E0mm,
4 déve conneciors | mother board connacior, 150watt, 12v &2n, jac
inlet &nd onolf switch. £12 Rel EFE
VENUS FLY TRAP KIT Grow yourcwn camivarous plantwithinis
smple KTLES ref EF34
TWEETERS 2* ciamater good quality tweeter 1408 (ok with the
above speziar) 2 for £2 REF: MAG2PS or 4 for £3 REF: MAGIPY
E"X12" AMORPHOUS SOLAR PANEL 12y 155x310mm
130mA. Bargan price jizst £5.53 ea REF MAGEP 12"
FIBRE OPTIC CABLE BUMPER PACK 10metres for £499
ref MAGEP 13ideal for expedmentessl 30mfor £12 93 ref MAGIZRY
ROCK LIGHTS Unusual things hese. two pleces of rock that glow
when retbed togethed befived o cause rain'es a pair Ref E729
¥ by 1" AMORPHOUS SOLAR PANELS 14 3y, T00ma& 10
wats, sluminium frams, screw temminals, £44 85 el MAGAS
ELECTRONIC ACCUPUNCTURE KIT Buics intoan slectronic
version instzad of ne=des! good o expenment with. £7 re!f 7730
SHOCKING COIL KIT Buid this Sifabattery cperatad davice inio
all sorts of thinge siso gats worns out of the ground! £7 ref TP36.
FLYING PARROTS Easiy assembled kit that biids a parrol that
fizps its wings @nd fies! S0m mnge £6 ml EFZ
HIGH POWER CATAPULTS Hinged arm brace for stsbty,

loytorad

ysesapickup coll (suppiad) will letyoulaiow a with out
holding the ‘phone=£11 ref 1052,
HUMIDITY METER KIT Bulds into & p LCD humigty 200

tempered steel yoke. super strength iex power bands Cepanure
speed of ammunidonisin excess of 200 mil esper hout! Rangsofover

*SOME OF OUR FRODUCTS MAY BE UNLICENSASLE IN THE UE

E7 89 RS,
BAI.I.OH MANUFACTURING KIT Brtish mace, small tleh
bl b funlE3.99 =l GUESSR

WE BUY SURPLUS STOCK FOR CASH

FREE CATALOGUE

100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
ON REQUEST WITH ORDER.




Douglas Clarkson looks at the future for solar power,
and finds that even in the UK the future is bright

ithout consciously developing as such, modern
industrialised society has become critically
dependent upeon the availability and also the cost of
energy. In almost every manufactured item is a net
energy cost - from that of a glass milk-botile to that
of a modern jet airliner. At present the contribution of solar
electric power to the world's energy is minuscule but likely to
grow rapidly as new fabrication techniques of thin film
photovoltaic materials come on stream,

Energy carelessness
Alot of sciennﬁc and technologica

efficient appliances, however, this could probably be reduced
by at least 15% to 20%. Where, for example, a solar enthusiast
has invested in solar electric power for domestic use to
produce this same percentage of base power needs, the same
power saving could have besn achieved merely through wiser
selection of appliances. Clearly, if significant investment is
going to be made in solar electric power, it is common sense
to minimise power needs initially and then implement solar
electric power systems.

All is one in the sun
WMMpmbablamcaepﬂannfnudaarenergyandﬁdalmagy
aﬂksyiormsnfmgymmﬂyinusearadedveddﬁrmialy
framihesun Fnssilfuels l‘orexamp&e arathelegacyofma




is considerable poiential for solar
photovoltaic power. As may be expected,
nigher levels of sunshine are found closar
1o the squator. Values can range from as
high as 7 kWhrs/mi2 per day in parts of
Western USA to less than 0.5 kWhrs/m2
e g per day in latitudes greater than 65
degrees norih or south. A useful
reference of world levels of insolation is
published by the Solarex Corporation.
In many ways, the location of maximum
levels of sunshine coincide with areas of
low population density - £.9. hot, arid
desert regions of North Africa ang
Australia. Within Europs, the southem

' = fringz of Spain exceeds levels of 4
KWhrs/m2 per day compared with between 0.6 kWhrs/m2
per day and 1.5 kWhrs/m2 per day in the UK. This
reduction in solar radiation in high latitudes, however, is in
some way compenzated for by the corresponding increase
in available wind power.

Figure 1 indicates how solar radiation in reaching the
surface of the earth can travel through different extents of
the atmosphere. The air mass from diract overhead
illumination is termed AM1 - air mass one. In space, above
the atmosphere, the air mass factor is referenced as AMO -
air mass zero. In solar studies where the performance of

\ solar pangls is being measured, great cdre is required o
Hlﬁ m reference measurements against a specific AM value. It is
e typical to quote value of panel perfermance at AM1.5. At
higher air mass values, the atmosphere progressively
photo-glectric conversion. In passive heating, sunlight absorbs energy output.

streaming through windows provides a heating effect and can
often be used to reduce heating costs. In active heating, heat Photoveltaic cell technology

can be collecied in solar thermal colleciors and stored in hot Light is absorbed in approximately 2 to 3mm thick
water tanks. elements of silicon with most being absorbed in the first
Significant investment has also been underiaken on solar 0.5 mm of standard silicon. If the cell thickness is made
thermal 'electric’ sysiems. In the so-calied 'trough’ too thin then light absorption will be incomplete and cell
concentrator, sunlight is focused along a mirror trough onio efficiency correspondingly low.
a vacuum callector tube and the heated fluid used fo drive a Most conventional processes for solar cell production
turbine generator. Over a million square metras of collector still utilise conventional CZ silicon grown by standard
capacity is located at the SEGS plant in Kramer Jungction, crystallography methods. The silicon elements are cut,
California - providing 354 MW of peak capacity. Such suitably dopad with typically front layer doped n-type and
installations, howsever, require sconomies of scale to improve rear layer doped p type. The cell has metallisation applied
sfficiencies and are not cost-sffective for domestic or small to carry away the elecirons freed by the photovoltaic
scale applications. The cost of maintenance of such interactions. The function of a typical photovoitaic

systems --although being reduced, is higher than R clement is shown in figure 2a.
that of photovoltaic systems. BTN

In photovoltaic sysiems, the solar eneray
is converted to electrical ensrgy and
stored in batiery sysiems or converted
to alternating current and fed directly
back into the distribution grid. This
article is primarly raferencing such
photovoltaic systems.

World levels of
insolation

There may be some significance
that, in the main, it is the
developing warld which has a clear
advantags of high levels of
insolation. Thus, over major areas
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(a-Si) is cutting off at about 700 nm.

In ‘order to try and improve this response, so-called
muitijunction cells are being developed with layers which are
sensitive in specific parts of the solar spectrum. Figure 9¢
indicates a set of layer responses for thres layer and two
layer materials being researched in Japan. An efiiciency of
29.5% has been achieved for a small multijunction GInP/Ga
As cell by the NREL in the USA while the best amorphous
silicon based devices have an efficiency of around 12.4%.

Even now, howsver, preference is given to the reliability
and higher efficiencies of solar cells manufactured using
crystalline silicon. The higher efficiencies of crystalline silicon
allow for installations to produce higher outputs from a
specific solar catchment areaThe highest convarsion

sfficiency of crystallinz silicon is now around

ZENITH POSITION
SUN

Figure 1: Derivation of air mass terms for solar radiation.

LIMIT OF ATMOSPHERE

23%.

Researchers at Sandia National
Laboratories in New Mexico, USA, have
assisted manufacturers in producing multi
crysialline silicdn cells with an efficiency in
excass of 15%. The multicrystalline silicon
cells have higher reflectance than singie
crystalline cells and consequently
considerable work has been undertaken to
improve the cell efficiency by reducing such
refieciance. One approach is to physically
machine the surface of the multicrystalline
cell to make the surface smoother. The
other approach is to coat the
multicrystalline cell with an encapsulation
layer so that light scatierad from the
multicrystalline layer is reflected off the
upper air/coating interface as indicated in
figure 3.
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Figure 10: Reduction in cost of utility PV installation (Courtesy
US Depariment of Energy)

In assessing photovoltaic efficiency of crystaliine silicon,
approximately half of the sunlight is not sufficiently
engrgetic 1o eject photons from the silicon material. Of the
electrons which are emitted, roughly half is lost due to
random motion of electrons due to thermal agitation. A
variety of processes results in further losses depending on
the level of impurities in the silicon material.

A key parameter of any cell is its response as a function
of wavelength. Figure 2b indicates the response of a range
of semiconductor materials with reference to sunlight
specira. Most materials tend to have a poor response
between 400 nm and 800 nm - in a region where the solar
spectrum is peaking. The response of amorphous silicon

Thin films of amorphous silicon are
manufactured having layers betwean 1 micron and 10
microns in thickness - about 30 to 100 times thinner than
water manufactured cells. While production efficiencies of
such amorphous silicon are around 6%, prototype materials
are already being demonstrated with efficiencies in excess
of 12%. There is also interest in Cadmium Telluride (CdTe)
and CIGS (CulnGeSe) cells. CIGS cells can now achisve an
efficiency of 13.9% and CdTe cells can now be produced
with an efiiciency of 15.8%.

In photovoltaics at present around 85% of production is
crystalline silicon and the 15% remainder thin film. There
must be a point, however, where new faster iabrication
technigues will dominate the production of photovaltaic
materials. There is, however, considerable caution being
exercised since no manufacturer wants to supply material
which degrades in use and requires replacement.
Photovoltaic materials are now baing supplied with 10-year
warranties with expected ussful operating times of 30
years. :

Where products are for occasional domestic use - for -
example, on holiday homes or boats - then total area of
panel is not a prime factor. since there is usually plenty of

-area available for siting such paneals. The modules

manufactured by Uni-Solar in the USA, for example, which
use an amorphous silicon production technique, have an
efficiency of around 5%. This type of product, howaver, is
more adaptable to develop as a roof tile 'look alike!
product which has a high level of environmental
acceptance as indicated in figure 4. Uni-Solar has several

ELECTRONICS TODAY INTERNATIONAL
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GRID LINE

100 - 200um |

Figure 3: Function of encapsulation layer to reduce
reflections from surface of multicrystalline silicon cell.
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Figure 14: Performance of encapsulated 123 mm cells
compared with conventional cells.(Courtesy BP Solar Ltd.)
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demonstration sites of its producis around the worid.

There is also considerable interest in the fabrication of
concenirator units operating at typical levels of
conceniration of between 10 and 20. Since a major cost of
the current ‘one sun' solar cell is the semiconductor
material, to reduce this cost and offset it against additional
costs of focusing and possibly sun tracking systems can
make good economic sense. BF Solar are currantly
researching the efficiency of CZ silicon cells with
concentrated sunlight. Efficiency in excess of 20% has
bsen achievad at 10 suns concentration and 19.8 % at 18
SUNs.

While cencentrator systems have been exiensively
researched and developed, current praduction is relatively

MAXIMUM WINTER DEMAND (11.12.85)
= \‘

TYPICAL SUMMER DEMAND (12.7.83)

20| /\
/
- MINIMUM SUMMER DEMAND (29.5.59)

1 | | | | | | l

2 3 6 9 12 15 18 21 24
TIME

Figure 15: Typical grid power loading, UK - summer and winter.

low - less than 0.5% of total capacity. While such cells are
expecied to be potentially cheaper in mass production
than 'one sun' devices, the lack of uptake of such units
can be explained in part by thedag in 'balance of system’
components such as sun tracking units. As the 'solar
infrastructure’ industries develap, however, concentrator
systems could rapidly increase in utilisation and ultimately
overiake 'one sun’ devices. The National Renewable
Energy Laboratory at Golden, Colorado, in the USA
produced a small area cell made from crystalline gallium
indium phosphide/gallium arsenide with a record
efficiency of 30.2% at 180 suns concentration.

Solar power in space

Solar cells have been used for a considerable time as a
power source for spacecraft and it was indsed the intense
development of this technology which has made possible
the rapid advances in phoiovoltaic technology. This is one
of the positive spin-ofis of the Space Race. The essential
requirement for absolute reliability of such sources of
power has fended io focus development on providing
highly reliable sources of power. Protective coatings of
quariz are used to proiact the silicon from high energy
electrons which are principally found in the earih's
radiation belis.

The increased efficiency of solar cells and the
experience gained of fabricating large arrays of cells has
significanily increased the power now typically provided to
satellites. While a capacity of 1.5 KW was consideraed
appreciable several years ago, sysiems are now routingly
launched with peak Watl capacities of 5 kKW. '

While plans for the Space Station have blown hot and
cold - the nesd for exiensive solar cell arrays for the
project has long since been appreciated and manufacture
of the céils. required has besn taking place for some years
for the project. The estimated 200,000 kW capacity of the
space station will be provided by an array of cells each
2cm square. The total area of 1280 square metres is
equivalent to an arsa approximaiely 36 metres by 36
meires.

The Trans Australia Race

The first Trans-Australian Solar Car Race, the brainchild of
Hans Tholstrup, was held in 1987 and has been
subsequentily held in 1880 and 1993. The rules of the race
are relatively simple. Cars can race betwsen 8 am and §
pm and vehicle sizes can be no larger than would occupy
a volume 4 metres by 2 metres by 1.6 meires. Battery
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SERIES STRINGS OF 15 MODULES (54, 270V) CONNEGTED VIA WALL Bqlance of system c osts
MOUNTED JUNCTION BOXES INCORFORATING BY-PASS DIODES MAIN DC CONNECTION While the cost of photovoltaic modules
BOXSWITCH PANEL IN : !
GROUND FLOOR PLANT is related to the cost of processing
STRNe E' D‘m’_lj ROOM associated with semiconductor
fabrication, the cost of grid connected
| 1 | 9 power facilities takes into account a
R broader range of factors referenced as
1 'balance of system' costs. In any large-
IR L |V| |V| | scale photovoltaic system thess costs
- are every bit as imporiant as the cost
Q\C { d
| 1 ] of the modules themselves.
e In terms of phoiovoltaic installations,
Fra s Ij[v] v"vllv"vl the 'balance-of-system’ components
1 (BOS) can represent around 50% of a
typical photovaltaic system. Such
o No— - : ; a
items include tracking systems,
o o—Pt— foundations, interconnact hardware
(31 STRINGS IN TOTAL) . INGE )
6.6 batteries and inverters. As the
{ photovaltaic market develops, so
increasing-attention is being paid to
f ddine : -
SETS ~ o F\_/ - providing more cost eﬁegtive BOS
3.FHASE SUPPLY ]’ _ _ 3 componenis. As production gears up
W _ \ for solar modules, so production costs
METER DC/AC INVERTER ,%ER of associated BOS compoenenis will
l e also decrease. As much care,
however, is required in the design,
TOUTILITY L )
GRID Figure 17: Configuration of the Northumberand manufacture and testing of such BOS
Building photovoltaic system. (Courtesy BP Solar Lid.) units as that of the saolar modules in
order to ensure total system raliability.
World trends
— = Figure 5 indicates the growth of photovoltaics in MW of
{f L . production by ysar. The market share of the USA which
| y 2 slipped to less than 30% in the late 1980s has recovered
{ . to 369 in 1994. Production is expected 1o reach S0MW in
iL—-L # 1885 and with substantial gains in 1998 as new production
S & facilities for thin film modules come inta production and
e EL ECTRIC CURRENT also as various law suits in the USA are resolved.
© < * Figure 6 indicates the projected US manufactured
SOLAR ENERGY ; ; 3 Fi
) - cumulative photovoltaic generating capacity till the year

N-TYPE SILICON

LOAD

PHOTOVOLTAIC ELEMENT
P-TYPE SILICON

Figure 2a: Function of typical photovoltaic cell. Electrons and
positive holes are generated by sunlight. The electron moves
to the n-type layer while positive hole flows to p-type layer
resulting in potential difference between the two electrodes.

capacity is limited to 5 kWh though there is no cost limit
cof the solar cells used to power the car. The winning car of
the 1983 race, the Honda Dream, averaged 53 mph aver
the 3,000 kilometre journsy between Darwin and Adelaide
with the winning team of the 1380 race from the college of
Biel University in Switzerland achisving a reputable second
place at an average speed of around 49 mph. Efficiencies
of the cells varied from 15% to 21% and array power from
950 W to 1800 W. The race is an excellent shop window
for demensirating this dynamic technology.

2000 as detailed from a Depariment of Eneray repart.
Assuming that US production maintains its currentsanking
of around one-third of total production, the world's positicn
can be very roughly sstimated by multiplying these figures
by a factor of three so that the cumulative global capacity
will be in the region of 4500 MW by the year 2000. This
would indicate that globally around the year 2000
something like 1000 MW of additional capacity will be
being added sach year.

In 1994 MITI (Ministry of International Trade and
Industry) made available a 50% subsidy for the
implementation of residential photovoltaic systems in
Japan. It was scheduled to include an additional 1500
houses in 1995 in the scheme. Through its agent i Japan,
M. Setek Company, BP Solar has been supplying modules
for this programme and also to Panasonic's housing
company, Panahome. A typical house with 24 modules
supplying a total peak level of 1.8 kW is shown in figure 7.

The Japan Quality Assurance QOrganisation in Tokyo
provides accredited testing of photovoliaic materials' and is
also conducting tests on a range of utility powsr systams
with a total capacity of 112 kW. One approach which the
Japanese are investigating is the use of layers of
photovoltaic absorbers which are eneray-dspendent,
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SUNLIGHT

BT S

Figure 13a): Conventional metalisation strip used with screen
printed solar silicon cells (Courtesy BP Solar Ltd.)

HEAVILY DOPED SILICON

Figure 13b): Innovative desrgn feature of BP high efficiency
solar cell showing narrow laser-cut metallisation strip.

(Courtesy BP Solar Ltd.)

subsequently been licensed to BP Solar Ltd. A major
power utility company, Pacific Power, is launching Pacific
Solar - an entity designed 1o develop phoiovoltaic power in
Australia.

USA initiatives '

The rapid expansion of worldwide photovoltaic production
has also seen the market share of the USA fall from 80% in
1980 to around 30% in 1988 as the USA failed 1o increase
its sales as fast as its competitors. In order to reverse this
trend, the US government initiated in 1990 a $100 million
Photovoltaic Manufacturing Technology (PVMaT] project.
The first set of eight companies receiving funding from
PVMaT have been able to reduce module costs from $4.50
per watt to currently around $2.70. It is estimated that
costs should further fall to around $1.50 per watt by’ 1997
as indicated in figure 8. This is a specific example of the
price falling with increasing production. Specific companies
receiving funding from PVMaT include Astropower Inc.,
ENTECH Inc and Siemens Solar Industries - the latter
company being the world's largest producer of photovoltaic
systems.

The involvement of PVYMaT has allowed, in

ALUIMINIUM BACK CONTACT

Figure 13c: Cell with Silver Nitride anti-refiection layer. (Courtesy BP Solar Ltd.)

particular, Astropower to develop so-called
‘Silicon-HIm' cells which can be made in a
procass that takes only 20 to 30 minutes in
contrast with conventional silicon crystal
technology which takes typically 20 hours. The
efficiency of these cells has been logged at
11.8%. Recently, 2 19.3 kW installation using
the new film technology was completed in
Davis, California. Astropower Inc, in common
with other photovoltaic suppliers invest in new
technologies while also manufacturing
conventional crystalline silicon photaveltaic
systems.

multilayer devices. Japan also suppllas systams for mass
pmducnon of amorphous s:licon sheets to other coumnas

The high aiue-" the Yen. howeve --is restriclin axport'-of

~ Thers is particular interest in using
photovoltaics in the commercial environment.
Many large commercial bullclings in the USA have under-
utilised roof tops. In one demonstration installation,
AstroPower Inc. supplied the PV rnadulas for a 14.6 kW
installation oon the roofaf a powér E mpan Thera is

&
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Figure 5: Growth in photovoltaic production (Courtesy US
Department of Energy)
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Figure 6: Predicted cumulative capacity of photovaltaics
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Figure 9: Loading data of a rooftop photovoltaic array.
(Courtesy Astropower Inc)
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Figure 8: Projected costs of US utility photovoltaic module
generation per Watt of capacity.
(Courtesy US Depaﬂment of Energy)

reduction of $1 psr Watt/peak of system cost per year.
Currently, costs are falling below $5 per Watt of capasity. It
is anticipated that when cosis fall below $3 psr Watt then
this will, in turn, kick-start the demand for several 1060 MW
of additional photovoltaic capacity.

Already in the USA photovoltaics can provide a cheapsr
optioen for the powering of street lights compared o the cost
of extension-of the grid supply. Figure 11 indicates sun
power street lights in Albuguerque, New Maxico. In the USA,
there is considarable government invesimant for PV
technology. At the Sandia National Laboratories extensive
facilities exist for the design, fabrication, testing and
calibration of a range of photovoltaic matarials and under a
range of standard simulated =olar conditions.

Telecommunications, oil and gas
Telecommunications is making increasing use of
photovoltaics for powering remote installations such as
repeater stations. In Peru, for example, Solarex power
modules provide power to repeatar stations which allows
Lima to maintain contact with interior Peruvian communities.
Also, Solarex systems powers around 50 remote telecom

sites in Thailand. Such systemns also power remote callular

emergency call boxes in Arizona. A 400 Watt repeater unit
can be typically powered using a 3840 W peak array with
four peak wait sun hours and a batiery rated at 650 kWh.
Systems are also used in fibre optic links, earth statians,
cellular phone networks and UHF/UVF transmissions.

BExtensive usse has been made of photovoltaics for the oil
and gas industry for pewer for remots Installations.
Significant contracts have been placed for pipeline
protection projects where solar powered units minimise
corrosion of installations. Figure 12 indicatas such a system
installed by BP Solar in Pakistan.

Rural infrastructure projecis

lrnrnumsahon programmes in daveloping countries depend
on avallab‘lrly of refrigeration for vaccing storage. Itis
astimated forexampla that in 1986 up to 45% of ﬂﬂported_
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Figure 2b) Spectral irradience of reference sunlight and
spectral response of some typical solar cells. Few cells have
an adeqguate response in the region between 400 nm and 600
nm while that of amorphous silicon (a-Si) cuts off at around
700 nm. (Courtesy Japan Quality Assurance Organisation)

foreseeable future. The SAFIRE (South African Financing-and
Implementation for Renewable Energy) programme will play a
key rale in providing photovoltaic systems for a wide range
of uses.

Flying the flag : BP Solar and Intersolar
8P Solar, 2 wholly owned company oi BP International, has
rapidly achieved a major increase in global market - being
now among the top three global producers of photovoltaic
modules. Certainly in Europe; BP Solar is the major
manufacturer with its chief manufacturing facility in Spain.
BF Solar manufacturers a set of high efficiency silicon cell
panels. In conventional screen printed metal contact lines,
the width of the ling is typically around 100 and 200 microns.
This takes up around 10% of the area of the surface of the
cell. By making use of a laser to cut the metalisation grid to
around 20 microns wide, less area of silicon is obscured and
efficiency is correspondingly increased.

Figures 13a indicates the size of conventional metalisation
strip while figure 13b indicates the kay laser groove featurs
of the BP Solar high efficiency cells. Also plating the grooves
by copper lowers the resistivity of the cells which ,in turn,
boosts efiiciency. Figure 13c indicates the use of a layer of
silicon nitride on the surface to reduce reflections. While
conventional screen printed monocrystaline solar cells have
efficiencies in the range 11 to 15%, BP Solar cells have
efficiencies in the range 16 to 18%. Figure 14 indicates the
performance of encapsulated 123mm cslls compared with
conventional cells. BP Salar is also extensively researching
thin film and concentrator cell technology.

The 'building block' modules provided by BP Solar ara
listed in table 2.

BP585 BP275 BP255 Typical Peak
Power (Pmax) 85.00 75.00 55.00

Maximum voltage (V) 18.00 17.00 17.00
Maximum current (4) 472 4.45 3723
Length (m) 118 118 1.04
Width(m) 0.53 0.53 045
Depth (m) 0.038 0.038 0.0385
Weight (ka) 7.5 7.5 59
Mo Cells 36 36 36

Table 2: Characteristics of current BP
Solar modules

A recent landmark development for BP Solar has been the

installation of 2 1 MW grid connected facility in Spain.

Intersolar of High Wycombe in the UK is the sole
manufacturer of solar cells in the UK. Production utilises
thin film technigues to produce a wide range of products
with emphasis on products which use photovoltaic power
as a key part of their function. Specific products include
solar-powered car ventilator units and flashing safety
lights. Also, a range of sample modules ranging in peak
power output from 1.2 W to 30 mW are available for
incorporation into prototype consumer product designs.
Intersolar also provide technical advice in the use of their
solar modules with consumer producits.

Photovoltaics and Buildings
A recent Department of Trade and Industry report - ‘The
Potential for Building - Integrated Photovoltaic Sysiems'
has reviewed the potential for deriving power from
photovoliaic sysitems attached to building walls and
mounted on roof spaces. The general consensus of opinion
in the report was that photovoltaic cladding of new
buildings will be competitive by dround 2005. In assessing
the various types of building considered, such schemss are
most attraciive where ihe additional photovoltaic powser
meets the rising demand in commerce and industry as
indicated in figure 15. In summer there is a typical increase
in demand of 12 GW from & o'clock to noon. In winter, this
similar step is present and, in addition ,a further 6 GW
increment takes place in later afternoon. The concept of
phofovoltaics meeting this additional demand is certainly
being considered seriously.

In the domestic situation, however, there is a greater

e —— = 3

Figure 7: A Japanese house fitted with 1.8 kW of peak solar
capacity by BP Solar as part of the New Sunshine Project.
(Courtesy BP Solar Ltd.) '
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cell have a separate response to try to maximise sensitivity.
(Courtesy Japan Quality Assurance Organisation)

Figure 2c) Concept of multistage solar cells where layers in the solar
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demand. There would be extensive periods where there
was an excess of supply and periods where there was a
deficit of supply. In this situation, systems could be made
to expaort power to the grid and receive it back as
appropriate. At-present the Nen-Fossil Fuel Obligation
(NFFO) does not recognise PV technology and the Regional
Electricity companies are not obliged to purchase power
from the independent owners of PV systems.

The rear roof of the house of Dr. Susan Roaf, lecturer at
Oxford Brookes University School of Architecture,
incorporates 48 of BP Solar's high power solar modules to
provide about 4kW of pezk slectricity which is converted
from DC 1o AC via an inverter. It is anticipated that the
house should export around 1000 KWhrs of surplus energy.

The models for such implementation for commercial
building to incorporate PV technolcgy remain 'conservativa'
in determining when PV technology will become cost-
effective. With costs of PV modules falling in recaent years
by 20% per year there is on the one hand an anticipated
model of cost projections with also the potential of a mora
rapid realisation of the technology accelerating the drive for

b ghuitiian- 0

PV cladding of buildings. In terms of building design,
therefore, the 21st century will bs the first century where
PV technology forces a re-evaluation of building design and
fabrication. It does not take much imagination, howevsr, to
anticipate the potential world market for customised style
PV cladding panals. =

The Northumberland Building

A key development in the UK has been the grid integrated
40 KW sysiem at the University of Northumbria in
Newcastle-uponTyne.The system configuration is shown in
figure 18 and the frontage of the building in figure 17.
Based on the BP Solar Saturn cell of 85W rating, 31
strings of 15 such modules in parallel can sither be
connected to the ulility grid or the to the building 3-phase
supply. The array size of 230 m2 gives an array ra’ri?\g of
39.5 kW peak.

The power output of the system 1s being extensively
studied to assess the implementation of this type of
technology. It is anticipated that the buildData obtained
also indicates that recovered power is relativsly uniform
between March and Sepiember. This is in part due to the
loss of efficiency in mid summer dug to the angle of
incidence of the sun on the panals.

This project is being designed as the marker for future
developments to allow building structures, even in the UK,
to generate significant amounts of electricity. The systems
as described has no facility to store energy. Such systems
could have a key role in reducing peak electricity demand
and hence reducing the number of power stations that
utility companies require to maintain on-line to meset
demand. There would also be a welcome reduction in
carbon dioxide emissions.

A star is born

Solar photovoltaic power is now regarded by many
observers as a key energy source for the 21st century and
beyond. This is coming at a time where the future of nuclear
power systems is increasingly coming under critical

Figure 4: "Roof tile' structures of amorphous silicon designed to be environmentally acceptable. (Courtesy Uni-Salar Systems Inc.)
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examination due in part to the huge cost of decommissioning
such systems and the unsolved problem of production and
storage of nuclear waste. The collapse of the il price in the
iate 1980s, however, has merely acted to postpone the date
at which power from the sun will begin to eclipse the power
and influence of fossil fuel energy producers.

The developments that have underiaken in solar ceall
technology, however, have been achieved largely by
'sideline' funding when compared fo the massive defence
and space budgets and also the budgets presenily allocated
to fusion research. This has also tended to delay the cross-
over into solar technology. It is therefore a tribute to all those
who have developed photovoliaic technology that they have
realised that the prize of cheap and safe powsar was achisvable
and that the rhetoric of compromised energy monopolies would
one day fall curiously silent as they begin to take solar
photovoltaic power seriously.

The immense challengs of photovoltaic power is a global
one and therefore one which must be at the cors of interests of
UK research and manufacturing.

The world of solar energy, however, may bring to light some
strange paradoxes. In a decade where, in the UK, houss prices
are at a lower value than five years previously, there is mors
than certain scope for Building Societies and Power Uiilities to
combins their respective finance and business skills and initiate
a Sunshine UK initiative for UK home owners. As a
catchphrass, thay could always use - 'Bring a little sunshine
into your life’.

Points of Contact:
Renewsable Energy Enquiries Bureau,
ETSU,

Harwell,

Oxfardshire,

OX11 GRA.

tel 01235 432450

fax 012345 433131

The British Photovoltaic Association,
The Warren, Bromshill Head,
Eversley, Hampshire,

RG27 OPR.

tel 01734 730073

fax 01734 730820

{information available on series of seminars on photovoltaics in

buitdings)

EUROSOLAR:

UK Section,

Mr. Frank Cook MP,

House of Commons, Westminster, London, SW1A DAA.

BP Solar,

PO Box 191,

Cherissy Road,

Sunbury-on Thames, Middlesax, TW18 7XA, UK.
tel 01932 762181

fax 01932 762533

Intersolar Group Lid.,

2 Cock Lane,

High Wycombs, 8
Bucks, HP13 7DE.

tet 01494 452945 .

fax 01494 437045

Sandia National Laboratoriss, Photovoltaic Systems Divisions,
PO Box 5800.
Albuguergus, NM 87185-0753, USA.

National Renewable Energy Laboratory, 1617 Cole Bivd.,
Golden, CO 80401, USA.
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Figure 11: Use of solar photovoltaic systems for street lighting in
Albuguerque, New Mexico. (Courtesy US Department of Energy)

ELECTRONICS TODAY INTERNATIONAL




sweet-

A handy ten-second voice
recorder designed
by Terry Balbirnie

his miniature sound recorder will

store up o ten seconds of

speech and play it back

through an internal speaker

any time afierwards. The
message may be repeated as ofien as
needed simply by pressing a button.
New items may be recorded with the
previous one being erased automatically or the
recording may be cleared without making a new one. Noie
that even when the unit is switched off, the message will
be retained for as long as required.

Help!

Sweel Talk will be useful for leaving short messages such
as “dinner is in the oven!”. It is surprising how much may
be said in ten seconds - fry itl [t is quite possible to make
a brief shopping list or provide spoken instructions for a
recipe. The prototype was found ussful io give road
numbers or directions when driving alcne. This avoids the
ganger of having to lock at a set of writien instructions.
Placed over the telephone mouthpisce, it may bs used by
the elderly to give instructions or to summan help using a
pre-recorded message. The blind would find it useful as a
“memo pad”. Note that the recording will have a slight
background buzzing noise. For these and similar purposss,
this will not matter. For more critical uses, it may be
obtrusive.

This unit differs from a conventional dictating machine
because it is totally electronic - there are no moving parts.
There is no cassette to wear out or stick, no heads to
clean or tape to rewind. It is also robust and extramaly
easy to use. The current requirement is much less than a
cassetie recorder - about 20mA when recording and 30mA
when playing back. A small batiery will therafora provide
good service. The standby current consumption is.only
150mA approximately so if the user forgets to switch off
occasionally, the battery will still last for a long time.

Absent what?

Sweet-Talk is built in a plastic case with an on-off slids
switch and two push-butions on top - one (rad) to initiate
recording and the other (black) to play it back. There is also
an LED to confirm that recording is in progress.

The miniature
nature of the unit as
described (see
pheotograph) may make
it difficult to operaie by
those with poor mobility or

unsteady hands. In such cases, it would be a simple matier
tc use a larger box and fit bigger click-type switches. Alsg,
a higher-capacity battery could be used which would
provide a longer life if the unit was used often or left
switched on for long periods. For the abssent-minded; four
“AA" alkaline cells could be used as the power supply. It
wguld then be possible to omit the on-oif switch. These
oatteries would last for about a year depending on how
often the racorder was used.
Happy memory
The principle compenent is a 28-pin sound recarder chip.
This is an unusual devics in that its method of storage is
analogue. It may be regardad as a hybrid circuit where the
memory is analogue by naturé while it is writien to and
read from digitally. Built on the chip is an array of 64,000
non-volatile EEPROM memory cells, a 8.4kHz oscillator,
filtering circuitry, microphone pre-amplifier and a low-power
speaker output stage.

While the record button is pressed, the incoming sound
is picked up by a microphone and the resulting electrical
signal boosted by the on-chip pre-amplifier. An AGC
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6,400 times each second, there
is & maximum recording time of

Cc7

R1
1k C5 100n

b

e ten seconds.

When the play button is

1k pressed, the contents of the
memory cells are read in the
MiC same order as when the
recording was made and the
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information retrieved. The result
is boosted by the power
amplifier which operates the
speaker. At the end of playback,
the device reverts o standby
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mode (ready to read from the
beginning of memaory) so {hat
replay begins insiantly when the
play button is pressed again.
Note that, if the full available
time is not used, & marker is
inserted in memory at the end of
the recording. On playback, the
chip will revert to standby maode

SW2 ¢
REGOﬂﬂ:U

Fig 1. Sweet talk Circuit

when it reaches the marker.
When making a recording, the
LED will go oif when the

Fig 3. Wiring Diagram

(automatic gain control) circuit provides a compression
effect so that loud sounds are amplified less than quist
ones. Thus, sounds having a wide range of volume levels
will be recorded correctly and without distortion. The resuit
is sampled at clock frequency and, on each pulse, the
amplitude of the wave is stored in successive mamory
locations. There is no digital conversion - points on the
wave are stored directly as voltage levels. Since there are
64,000 memory cells, and because sampling takes place

memory is full. The process then
stops and any sound made after that is ignored.
Circuit description '
Fig. 1 shows the complete circuit for Sweet Talk. In fact,
much of it is fabricated within IC1 and this makes
consiruction very straightforward. The power supply
consists of a 8V battery, B1. It is important not 10 use a
higher voltage than this - the maximum permitted value for
IC1is 7V.

IC1 pins 1 to 11 inclusive and pins 22, 23 and 26 are
unconnected. Pins 12 and 13 are the earth (supply
negative) connections for the digital and analogue sections
respectively, while pins 28 and 16 are the corresponding
positive battery feeds. Pins 14 and 15 are the power
amplifier output. Note that this is designed to drive a 16
ohm speaker. It seems, however, that small units having
this impedance are not listed. it is therefore necessary 0
use a standard 8 ohm speaker with the 8.2 chm fixed
resistor, B2, connected in series with it as shown. The
audio ouiput will be reduced since some power is wasted
in the resistor. Even so, it will be sufficiently loud for the
purpose.

Pins 17 and 18 are the inputs to the pre-amplifier. These
are fed via capacitors C5 and C6 from electraet microphone
insert, MIC1. This needs a power supply of its own 0
operate an internal FET amplifier which boosts the signal
sufficiently to operate the on-chip pre-amplifier. This supply
is obtained from the 6V supply line through resistor,-R5.
With SW2 pressed, pin 27 is made low and this enables
recording. At the same time, pin 25 goes low and operates
light-emitting diode indicator, LED1, through current-limiting
resistor, R1. Capacitor C7 keeps pin 27 high at the instant
of switching on. Without this, a marker would be inserted

and previously-recorded material would be erased. Resistor

R4 and capacitor C3 connected in parallel to pin 19 sst the
characteristics of the AGC circuit referred to earlier.

With SW1 pressed momentarily, pin 24 is made low and
this begins the playback cycle. Pins 20 and 21 (analogue in
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connections rather than pins,
it will be necessary to solder
pieces of single-strand wire to
them so that they may be
passed jhrough the holes in
the PCB and soldered in
place. Look first at the
underside of the micraphons
and it will be seen that one of
the pins or pads is connected
to the case. This one should
be soldered to the PCB pad
leading o capacitor CB.
Solder short piecss of light-
duty stranded wire to tke
poinis labelied “LS1", “SW3"
™ and “Bi-". If of-board push-
buticn swiiches are to be
used, solder pieces of wire fo
SW1 and SW2 pads. A single
hole will then be used to
secure the circuit panel in the
case. A suitable position to
drill it would be in the free
area around the original
| SW1/8W2 position.

)

—@4- ‘

-

Fig 2. PCB component overlay

and analogue out) are coupled together using resistor R3
and capacitor C2 connected in series as shown.

Construction
The printed circuit board (PCB) companent overlay for the
sound recorder is shown in Fig. 2. Solder the i.c. socket in
place. Do not solder the i.c. diract to the board. Follow
with all resistors and capacitors (except C1), the push-
bution switches SW1/SW2 and the LED. Note that the red
(record) switch, SW2, is the one nearest the LED. The LED
should be mounted so that its tip stands 10mm above the
PCB. Bend C1 end leads at right-angles and solder them
to the pads so that its body lies flat with the PCB (see
photograph). Take care that the leads do not touch and
cause a shart-circuit - insulate them with slesving if
necessary. Note that this capacitor, togsther with capacitor
C3 and the LED, are polarity-sensitive so take care to
observe the correct arientation.

Solder the microphone-in position. If this has pad

The circuit panel is
attached to the lid of the case using the push-bution
switch fixings and neads no further support. Carefully
measure the position of these switchas, LED and
microphane then drill holes in the lid 1o correspond with
them. A single hole of 10mm diameter should be made for
the'sound to pass to the microphone. The holes for the
push-button switches should each have a diameter of 5mm
so that their bodies may be passed through and secured
using the nuts on the outside. The LED hole should be of
3mm diameter. Make the hole for the on-off switch and a
matrix of holes for the sound to pass through from the
speaker. Make small clips as necessary to hold the battery
in position and to make the connections to its terminals.
Any BV battery may be used, providing it fits inside the
case. For heavy duty use, one with the highest possible
capacity should be used. In the prototype, the wiras were
soldered direct to the battery terminals and it was attached
to the lid using an adhesive fixing pad. The use of small
clips, however, wauld allow it to be more easily replaced.
Take care that no short-circuits are formed at the battery
connections.

Secure the push-button switchss, thereby attaching the
PCB. Adjust the LED leads as necessary so that the tip
resis in its hple but does not protrude through it. Attach
the speaker using a little quick-setting epoxy resin adhesive
around the rim. Refer to Fg. 3 and complste the wiring to
the speaker, on-off switch and battery. If ofi-board record
and play switches are used, connect them to the wires
already soldered to the PCB. Note that everything is
attached to the lid so that this may be removed to replace
the batiery without imposing any strain on connecting
wires. Assemble the enclosure, checking for trapped wires
and short circuits.

Testing
Testing is simply a matter of checking for correct operation
and finding the best technique for making a recording.
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Press the record button and hold it down. Check that the
LED lights and make a test recording. Speak normally at a
distance of about 27 (5cm) to begin with. When making a
real recording, begin speaking immediately after pressing
the record button. If you hesitate, this time uses memory
and effectively reduces the actual recording period. Note
that the LED goss off after 10 secands as a reminder that
the memory is full. After recording, release the record
button and press play momentarily. The sound should be
heard clearly. The LED will flash briefiy.at the and of the
playback cycle. To erase a recording without making a new
one, simply press the record button for an instant.

Good recordings may be made uniil the supply voltage falls
below 4V approximately. When the recorder fails to work
properly (the sound breaking up, whistles and distertion),
the battery should be replaced.

PARTS LIST
Resistors

R1,R5 1k

A2 8R2

R3  5ki

R4 470k

All 0.25W 5% carbon film.

Ci  470m 16V PCB elect

G2, C4,C5,C6  100n metallised polyester - Smm-

pin spacing
c3 4m7 35V PCB electrolytic

C7 _ 10n metallised polyester - 5mm pin spacing

1
=
v
=]
w
L=
2]
=

Semiconductors

LED1
1c1

3mm red LED
I1SD 1110P sound recarder

Miscellaneous

MIC1  Miniature electret microphone 2-pin type.
10mm diameter approximately, with pin (preferably)
‘or pad connections

SW1, SW2 Sub-miniature ‘push-to-make switches
7mm diameter - one red, one black.

SW3 Miniature slide switch

B1 6V battery type GP11A, GP476A, etc. See text.
LS1  35mm diameter 8 ohm speaker

28-pin DIL socket

PCB materials :

Etlaljd!d oonnechng wire

Plastic box, size 111 x 57 x 22mm

Buylines

It is better for the microphone to have pins rather
_than pad connections. These are not stocked by

most suppliers. The alternative is to buy one with

pad connections and solder short wires to these as
described in the text. The sound recording chip is

- stocked by Maplin (order code KU92A). Other
components are freely available.
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he Microchip PIC has openad up a new era in

micro-glectronics. Conventional microprocessor

technology utilising such processors as the

68502.Z80,8080,8088,6800 &ic required the

provision of external ROM and RAM and support
peripherals. Assoclated with each procaessor was a formidable
instruction set, detailing the operation of each opcode, in some
cases covering several pages. The PIC has on-beard
ROM/EPROM,IO and timers. its reduced instruction set
comprises 32 instructions which surprisingly allow any logic
algorithm to be created with a minimum of efiort.

The smallest of the PIC family, the PIC16C54, is an 18 pin
0.3" DIL i.c. and could easily be mistaken for a standard TTL
i.c. package. But that itis not. It is a very powerful 12 bit
processor capable of clock speeds to 20 Mhz, providing an
execution time of 200 nanoseconds/instruction (400 ns for
cenditional branch instructions). I that is not encugh, a dozen
bit addressable 1/0 port lines are provided. These can supply
enough current to light a heavy LED.

Internal ROM/EPROM memory capacity is 512 words (12 bit)
with an additional 32 bytes of RAM registers sanving as general
purpose file’ working registers and as scratch pads. In
commen with microprocessors, a flag register kesps track of
results of operations and a watchdog timer will reset a program
if a ‘crash’ is imminent. Finally, the current consumption of the
PIC is a couple of miliamps, a matter of nanoamps in sleep
mods, ideal for battery operation,

Project development

Deveiopment toals for embsdded controliers can be very
sophisticated and in the case of .C.E. (in circuit emulators) can
cost several thousand pounds. However thare is a simpler and
cheaper way. Here's haw. The PIC18C54JW ceramic packaged
PIG contalns EPROM and a quartz window which allows tha
erasure of the EPROM contents by exposure to U.V. light just
like conventional EPROMS. This device is very robust and the
author has repeated the programming/erasure cycle literally
hundreds of times.

Once a definitive version of the software has been
developed, the code can then be programimed into an OT.P
(onetime programmable) and much cheaper PIC. So how is the
program developed? It's impossible to use conventional
technigues such as an EPROM emulator.The answer is to use
the MPSIM simulator which runs on any P.C. Single stepping of
the program in the simulator allows the user 1o examine register

R.Grodzik shows
how to build a
simple two-chip
PIC microcontroller
programmer

contents at each instruction; external logic changes on the /O
pins can be simulated in single step and run meds. Here as a
few examples of the cormmands available to the MPSIM
simulator;

L

S
E

B

When the software has been successiully simulated, the next
step is to burn the PIC. Use the EPROM varsion for program
development since it is very rare the first attempt of the
software will preduce 100% operational and functional
confidence, It happaned to the author once, several years ago,
but then again the total software overhead was approximately
70 bytes and this had been single-siepped under DEBUG.

The PIC programmer described here programs the PIC in a
fraction of a second. Connect the PC's sesial port to the
programmer and send the object code using any PC terminal
emulator which has a hardware CTS/RTS handshake
capability. The MPALC asssmbler provided fres on the user
disc (together with the MPSIM simulator) produces cbject code
which the programmer will recognize. Use the following
assembler directives (File PASM.BAT)

This will generate an object file (FILENAME.OBJ) consisting of
1024 bytes. These bytes are arranged as LSB (XXH) and MSB
(0XH) thus forming 512 12 bit words which is the capagcity f the
PIC18C54. Part of a typical hexdump is shown below:

0000: 00 00 00 09 40 Oc 2¢ 00 20 0c 2d 00 25 07 55 00
0010: 07 0a 05 04 08 Oc 2b 00 29 09 Ba 00 03 04 23 03
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PIC Programmer Circuit . /

0020:2506ea052309eb 02 0e0a fi Oc8a01 26 00
0030: 45 05 23 09 45 04 ec 01 07 0a 40 Oc 2¢ 00 ed 02
0040: 07 0a 050803 02200c 2800902 2502 04 00
0050: 000830 0c2900e9 02 2b0a 04 00000802 Oc
0060: 0500 00 CE 06 00 fi Oc 26 0O 45 04 05 05 65 05
0070:0c 08 ff Of ff OF i Of ff Of ff Of ff Of f Of

008O: it OF ff OF ff OF i Of ¥ Of fi OF ff OF fi Of
C080: ff OF f OF # Of # Of if Of ff Of # OF ff Of
Q0AQ: ff OF ff OF 1 Of f OF ff OF ff OF i Of ff Of

Note that the most significant nibble of the most significant
bylte is always 0 i.e. OXXXH = one 12 bit word, and that the
INTEL HEX format is not used. To invoke the assembler, typs
PASM TRY ‘ENTER', TRY.ASM' being the ASCII text source
code of the program o be assembled. The MPASM cross

assembler will not produce romable object code.

The EPROM version of the PIC (6GS4JW/P) can be configured
for any clock osdillator - RC or crystal; whereas the OTP dayice
has 1o be selected when purchasing for apamcuiardod(sou‘oa
PiCs with the sufiix ‘A" are now availabie allowing the configuration
of the "clock’ fuse to take place at the programiming stage.
emulator easuring that the CTS/RTS handshake fat:ﬁty ity l‘mm

Selsction of PIC programming fuse is by entering a number or
letter on the keyboard followed by ‘ENTER'. Note not to select P
'Protect’ initially, since this will lock the PIC and render it
unprogrammeable.
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Features:

{}Serial RS232 9600 baud input ()Minimal chip count (2)
{()16-20v dic. power supply

{(lUses apy terminal emulator with GTS/RTS handshake
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PROFESSIONAL CIRCUIT AND PCB DESIGN AIDS FOR WINDOWS |

CADFAK for Windows

[~1=]

CADPAK is especially suited to educational,
hobby and small scale schematic and PCB
design. CADPAK includes both schematfic
drawing and 32-bit PCB drafiing fools but as
an entry level product, there is no neflist link
between them.

= 1518 DECSTRATOR

fia (2 Ve Toch DSwal Dedoas Heb

The schematic drawing module of CADPAK.
ISIS llustrator, enables you fo create circuit
diagrams like the ones in the magazines.

B Runs under Windows 3.1 making full use
of Windows features such as on-line help.

Full control of appearance including line
widths, fill styles. fonfs, colours.

Automatic wire routfing & dof placement.
Fully automaiic annotator.

Compleie with device and
comprehensive package libraries for
both through hole and SMT parts.

Advanced route editing allows deletion
or modification of any section of irack.

B Gerber, Excellon and DXF outputs as well
as oufput via Windows drivers. Also
includes Gerber viewer.

W Exporfs diagrams fo other applicafions
via the clipboard.

B CADPAK is also available for DOS.

CADPAK FOR WINDOWS ........ £ 149
CADPAK FOR DOS .......ccoo.... £ 79

Call or fax us today for a

demo pack. Please state

whether you would like a
DOS or Windows pack.

Prices exclude postage (5 for UK) and VAT, 18IS
ILLUSTRATOR and ARES for Windows are also available
separately. All manufacturars trademarks acknowledged.

PROFAK for Windows |+]~

PROPAK has all of the features in CADPAK plus
netlist based infegration, aufomatic power
plane generation and a powerful aufo-router.
PROPAK includes enough schematic capfure
and PCB design functionalify for all but the
most demanding applications.

AFEY b Wy BE |

Tis Diod Cegley T3 [oih Bebes Beb

PROPAK's schematic drawing edifor ISIS
ILLUSTRATOR+ includes even more features than
18IS ILLUSTRATOR, PROPAK's 32-bit PCB design
tool, ARES for Windows, is our most powerful
and easy fo use yef.

PROPAK FOR WINDOWS ........... £ 495
PROPAK FOR DOS .......coovevne. £ 395

Multi-sheet and hierarchical designs.

Netlist link between modules guarenfees
consistency between schematic and PCB.

Neilists are also compatible with SPICE-AGE
and most other elecironics CAD packages.

Generates a full bill of materials.
ASCIIl data import facility.
Elecirical rules and connectivity checkers,

Ratsnest display with aufomatic updafe.
during placement and routing.

Multi-sfrategy auforouter gives high
completfion raies.

Power plane generator creafes ground
planes with ease.

PROPAK is also available for DOS.

abcenter

E | e ¢ £t r o n i
53-55 Main St. Grassington, N. Yorks. BD23 5AA
Tel: 01756 753440 Fax: 01756 752857
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Graham Reith takes a look at how to build, ’
calibrate and use digital temperature sensors

ere are many different ways of telling temperature.
The first natural thermometer we ever use is the
hurnan skin, a life-saving organ with considerable
sensitivity to changes in ambient temperatura.
However, we quickly learn that the skin, like any
other thermometer, has a limited range of quite specific uses
and limitations.

in the kitchen, for example, we need a thermometer with
two particular characteristics which the skin does not have -
we need safety and accuracy; a finger is not much use when
trying to find the setting point of a pot of boiling jam. Faor that
sort of purpose, we are betier to use a tube of tough glass
marked off in degrees containing some appropriate matearial
such as mercury,

For some other purposes, a scale on a tube may be too
awkward, and we may need the information to be given o us
in a different way. A dial thermomster can be constructed
using a spiral of two metals with different co-efficients of
expandability to wind and unwind, turning a nesdle to show
higher and lower temperatures with considerable accuracy.
Meteorologists used to use thermographs, which dapendad
upon the curvaiure of a fiexible filled tube, bending or
straightening according to the expansion of a liquid.

All these traditional thermometers share the twin
disadvantages of being slow to react to changes in
temperature, and of presenting the information in a way which
is slow - and, in some cases, like a clinical thermomater,
downright difficult to read. Electronics can provide a betier
answer with a simple system using a fast-reacting probe which
produces a digital reading in whatever scale (Centigradie,
Fahrenheit, Kelvin or whatever) is desired.

In this article | shall discuss one pariicular type of such a
digital thermometer. This example has been designed so that it
can be used indoors to measure the temperature cutside. The
problem with the human skin, or with mercury-and alcohol
thermometers, is that you have actually to go outside to find
out what temperature it is. On a pleasant summer day, this
may not seem too much of a problem, but trudging out in
winter to find out exactly how cold it is is not much fun.

This thermometer allows you to do this within the comfort
of your own nome. What is more, it is not particularly difficult fo
censtruct and, for the more adventurous, there is some
challenging calibration which, while not essential, results a
much more accurate product. For standard convenience, it
has been designed to show temperatures both in degrees

Centigrade and degrees Fahrenheit.

This article has been set out so that those who wish 1o just
get on and make a digital thermometer can do so, by turning
to the end of this article and following the instructions given
there. For more accurate results, however, it would be better to
follow through the steps suggested in the first part of this
article. The reason for this is that thermistors. the sensor in this
project, can vary quite dramatically in their characteristics, and
the thermistor | have used may vary slightly from the one you
will use - so some calibration may be required {o make it more
accurate. This article will also follow through all the stages
taken in the design of this thermometier, as some
experimenters may wish o develop ideas of their own basad
on this systam.

The first stage inthe design is to wark out a “plan of
attack’. In this cass, it is a simple block diagram. (Figure 1)

SENSCOR DISPLAY
SYSTEM > mﬁgggs"on »| SYSTEM
(TEMPERATURE) | (NUMERICAL) |
Figure 1:

The first element of the design is obviously the sensor system
itseif. This must be something which changes its output voltage
as the temperature changes. This must clearly be bassd
around a thermistor. The thermistor | have chosento ussis a
100k bead thermistor which is accurate to +2%, baing one of
the most accurate

available on the present- +5V
day market. They are
aiso inexpensive and
compact. Since a
thermistor's resistance
falls as the temperature
increases, it should be
made the top half of a 100
potential divider as in
figure 2, so that the &7k
output voitage is
proportional to the
temperature.

BEAD
THERMISTOR
100k at 25°C

v

Figure 2
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mdstﬂmdmmmsaidﬁaaﬁmm
formulais: a am’g&dtm*paratmﬁunabounwmwarm |twlmt
) ' : mvﬁﬂaamrﬂe(emmof_ peratures. To reach the lower

; : mmm&mmm adtatmﬂmdywﬁhfraaza
RT1 and RT2 in Kelvin. .y sprays.
B is a constant - e.g. 4450 LA =

RT1 = RT2.e(B/T1 - B/T2)

RT1 s the resistance at a temperature T1, in degrees Kelvin. b Figure 4
RT2 is the resistance at a temperature T2, which is given in the .l
data about the themmistor found in catalogues. B is a constant g p
specific to each themistor, which is also given in the catalogues. If g soo—
we use this formula, using RT2 = 100k at 298K, wa find that the 5 l
resistance varies with temperaturs in the way shown in the graph g 1
(Figure 3) -
This is all right as an approximation, but if we actually work this out
by taking one of thesa themistors and varying the temperature 30
between about +40=<C and -14+<C and measuring the resistance )
with a meter, we find that the graph is siightly difierent. The graph b
shown in Figure 4 is what | found for my thenmistor. All thermistors |
are sightly different so, for a more accurate thermomster, a test is
bast performed individually This can be done by suspending the 2m
150
100 -
=0 i i ] |3 H 1
=20 -10 0 10 bt 30 £0
TEMP [*C)

Looking at this graph, it becomes clear that between 0=<C and
30=<C the relationship is almost perfectly linear but is not so outside
these temperatures, particularly below 0==C. Finding exact values
for the resistance below 0= will prove very difiicult, and below -5
one is forced to form an approximation based on the two graphs.
As the resistance of the themmistor is varying so much with only

=R small changes in temperature, this approximation should not affect
‘MEASURING APPARATUS' its accuracy below 0=<C very much. It should stil be accurgte to
within one degres or less.
g Figure 3 The next stage is to design the processing system. This
g eso must convert the analogue signal coming out of the
Y ano potential divider into a digital signal which describes the
< es0. temperature. As the temperature ranges from -14=<C to
3 800 +40C, or from 7e=F to 104<F, only 10 bits of digital
£ 750 data will be required at the output; 4 bits for the units, 4
m]‘ bits for the tens, 1 bit for the hundreds and one bit to
650 describe the polarity (+/-). Since our aim is to change
800 4 *an analogue signal into a digital one, the obviots
;f;:‘l component to base this system upon is an analogue-

to-digital converter, or ADC. A simple ADC is the

o ADCOB04LCN afthough ofher similar chips could be
ol ' used. This is an 8-bit ADC; in other words, it converts
a6 | the analogue input into a binary word 8 bits long. Its
250 pin-out diagram is shown in figure 5.
200 -}
150 With the bottom half of the potential divider shown
100 J in Figure 1 at 100k, the voltages going into pin &
50— should vary between 0.45V and 3.33V. Pin 7 should
0 7 ; ] . be held at OV and pin @ should be held at 2.5V,
-20 -10 a 10 20 30 40

ensuring that the entire range is covered. Pin 9is

TEMP (*C)
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N DIGITAL CUTPUT
+5V TO EFROM <=V
10k =5 =3 T
120 fes los ferfoz Qs fre Joa oz I Ds&
ADCGEMLEN

3

FROM
OSTILLATOR
&g 53 < FROM THERMISTOR
POTENTIAL DIVIDER
= in
T CERAMIC
= Figure 5

held at 2.5V because the component requires it to be held at
half of the range voltage. The range voltags is 5V. The digital
data then comes out of pins 11 - 18. The digital data that
came out of the ADC when | applied different voltages across it,
comresponding to the different temperatures, is shown in Figure 6
This data is purgly the digital voltags we had earfier but expressed ina
different form, and so the redationship between the magnitude of this
voltage and termperature is stil not linear. This digital number; hovwever,
& much easier to play with. it would probably be easiest to convert
this analogue voitage info the actual temperaiure by using an
EPROM. One of the cheapest and easisst to usa is probably the
2716 EPROM. We can convert Figure 6 into an EPROM program
fairly easily, by just fifing in all the gaps in the data with numbess that
would probaisly be about night. We can aiso fil in appropriate numbers
for the temperature in Fahrenhsit in the addressss 100 to TFE as the

01610101

333
329 i 11100101
i 303 00100101
318 01000101
313 01111001
807 00111001
299 10011001
298 11101001
292 00161001
284 00001001
281 11110001
273 11010001
270 10010001
2.65 o 11100001
258 11000001
250 . 11111110
D45 * 10111110
239 01011110
234 11101110
228 00101110
224 01001110
219 11110110
215 01110110
210 11010110
205 00010110
2.00 01100110
1.96 00100110
1.92 01000110
_ 1.88 00000110
11 1.84 01111010
10 1.79 11011010
9 1.76 10011010
8 1.73 00011010
7 1.69 10161010
6 1.66 00101010
5 1.62 01001010
4 1.61 10001010
3 1.58 00001010
2 1.56 11110010
1 1.53 01110010
0 1.51 10110010
-1 1.47 11010010
2 1.41 00010010
3 1.34 00100010
-4 1.25 00000010
5 1.14 01011100
6 0.75 01100100
7 0.71 00100100
-8 0.67 01000100
-9 0.64 00000100
-10 0.60 01111000
11 0.57 10111000
-12 0.54 11011000
=43 051 01011000
-14 0.48 10011000

system wil incomorate a switch to aliow the ussy to choose between
Centigrade and Fahrenhsit. This switch wil make the I8 pin high if
Fahrenhait is chosen or low if Centigrads is chosen, The complete
EPROM program which suits myy thermistor is shown in figure 7.
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Where there is a negative sign nvolved
07, The reason for this will be expla

amﬁwumdwdwmbbwﬂmmaﬂmmlhm
given in designing this themmometer; you need not necessanly

D A D A D A
0o 067 8 OBE 18 0A5
00 038 85 06F 19 0AB
00 039 85 070 19 0A7
00 03A 8 071 20 0A8
00 03B 84 072 20 0A9
00 03C 84 073 20 0AA
00 03D 84 074 21 0AB
00 O03E 84 075 21 D0AC
00 OSF 84 076 22 0AD
00 040 84 077 22 OAE
00 041 83 078 22 O0AF
00 042 83 079 23 080
0 043 8 0A 283 0

00 044 83 07B 23 OFF
00 045 83 07C 24

00 046 8 0/D 24

00 047 82 O7E 24

00 48 8 (07F 25

00 048 82 080 25

00 04A 81 081 25

00 04B 81 082 26

g4 04C 00 083 26

94 04D 00 084 26

94 (4E 01 085 27

94 O4F 2 086 27

94 050 O3 087 27

a3 051 o4 088 28

2. 052 05 089 28

a1 053 06 08A 28

g 054 08 088 29

90 085 07 08C 29

o0 086 07 08D 30

89 057 08 0BE 30

89 038 08 08F 20

88 059 09 00 31

88 05A 08 091 3

8 058 10 032 31

8 05C 10 093 32

8 05D 11 094 32

8 05E 11 05 32

8 05F 12 095 33

8 080 12 097 33

8 061 13 098 33

g8 082 13 089 34

8 083 14 0%A 34

86 084 14 0B 35

8 085 15 09C 35

8 086 15 08D 35

8 087 15 0SE 36

86 088 16 0oF 38

85 069 16 0AD 36

B5 0BA 17 0A1 37

85 088 17 0A2 37

85 08C 17 0A3 37

85 06D 18 0A4 38

8 588856588888 0

cofre

—— et + -

ra

lha\mﬁwadaﬂ atca.ﬂput dmdq:mmpmgan if your graph of the vaniance
later -

,__=_of!r|ema1ﬁatnrmmlaspe&ttolmwanresma
mammmmmmmmﬁmmm
be almost identical. A new program is only really necessary if your
m&mﬂym

As the EPROM has only 8 outputs, a groblem arises when the
rises above 99<F or if it becomes negative. Using a

-meﬂdgwﬁyhawaﬁwmstdmwﬁnsu

this should be avoided if at-all possibie. As | mentioned earfier,
when a negative was involved, | placed a *1' at output O7 in the
program. This problem only occurs when the thermometeris.
aperaiinghCamgrada as -14e<C is +7=<F, When operating in
. the-thermomster does mtnseabove 40, This
means that ‘when the thermometer is operating in Centigrade,
the most significant bit of the output, 07, canbeuwdto
indicate whether the value is positive or negative. When i
Fahrenheit, this bit cannot be used as it is needed to describe
the temperature. Thersfore, fne switch Which allows the user to
choose between Fahrenheit and Centigrade must also allow the
negative sign to be used when appropriate, and also prevent
output O7 from causing incorrect information to be displayed.
This is done by using a couple of analogue switches, found on
the 4086 IC, One of them disconnects O7 from the displays
when it is operating in Centigrads; ihe other disconnects the
negative sign when it is operating in Fahrenheit. These two
analogue switches can be sesnin the full circuit diagram,

‘A problem still arises when the temperaiure rises above
QQNFAHmeEPHOMoutpmsamused to describe the range of
temperatures in Fahrenheit, and so one of these cannot be
ussd. It is not worth using a bigaer EPROM, so | have used 2 bit
of logic to operate the ‘one hundred' display. The range in
‘Fahrenhgit is from 07 to 104. The one is only needed on the
hundreds display if the output from the EPROM is 00, 01, 02,
03, or 04; but not if it is 07, 08, 09 or anything higher.

The cbvious first step is to devise a method of identifying the
first number being 0. This is a simple task involving three OR
gates and a NOT gate. This simplifies the problem down to
identifying O, 1, 2, 3, and 4; but not 7, 8, or'9. 8 and 9 both
have 1 at the most significant bit, (1000 and 1001). 7 hasa 1 at
both bits B and C (0111), a feature which is not present with any
of the other numbers. The resuliing legic system is shown in
figure 8.

The next stage in the design is the display system . This
should consist of numerical (seven-segment) displays and a
display to indicate whether it is operating in Fahrenheit or
Centigrade. Both an ‘F and a 'C’ can be easily shown on a
seven-segment display, which is the most attractive and sensible
method. Both the negative sign and the one hundred mark can
be put on the same display, again a seven-segment. We are
now using four seven-segment displays, but only two of them
need drivers as the others can be driven directly from their
respective Swilches.

The design of the system is now complets. The next stags is
the actual construction. The complete circuit diagram is,shown
overieaf in figure 9.

Building the system:

The foil required to make the printed circuit board for this
thermometer can be found at the rear of this publication. For thoss
of you who have skipped to this paint after the first paragraph, a
2716 or 2516 EPROM is required, and should be lbaded with the
program given in figure 7. Apart from that, it is mesly a case of
soldering in chips, resistors, capacitors and wires in the right
places, To help you with this, there is, of course; a tabie indicating
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what vaue each resstor e shoid be. There is aiso a diagram of 102 00 13 23 16A 62 19 9%
the system to the same scale as the PCB which does not show 103 00 137 23 188 63 19F 97
Mmﬁ\eprntedmesarebtﬂsmwsmyﬂmgelseimaad This 104 00 138 23 18C 83 1AD 97
enables you to work out where all the chips etc. should go. On this 105 CO 139 23 16D B4 1A1 98
diagram, WL stands for wire link, and the chip numbers are given 106 00+ 13A 23 16E 65 1A2 99
mmmmmmwmmmm 107 00 188 24 16F 85 1A3 99
printed circuit board, the writing (DIGITAL THERMOMETER glc.) 108 00 13C 24 170 68 1A4 00
should appear the comrect way up on the compisted board when 109 00 13D 24 171 67 1A5 00
looking at it from the solder side. The thermometer should work 1A 00 18 25 172 88 1A6 Of
normally if run off a 6V battery, which should last a long time, as 10B 00 18F 25 173 B8 1A7 02
current is only drawn when the push switch is pressed. 10C 00 140 25 174 B89 1A8 02
10D 00 141 26 175 70 1A9 02
10E 00 142 26 176 71 1AA 03
10F 0.0) 143 25 177 72 1AB 03
A - D A D A D A D 110 00 144 27 178 72 1AC 04
100 (6.9] 134 22 168 61 18C 95 111 00 145 27 179 i3 1AD 04
101 (5.6} 135 22 169 61 18D @5 112 (0.0] 146 28 i7A 73 1AE 04

ELECTRONICS TODAY INTERNATIONAL
34




113
114
115
116
117
118
119
11A
118
11C
11D
11E
11F
120
121

122

123
124
125
126
127
128
128
12A
12B
12C
12D
12E
12F
130
131

132
133

00 147 28 7B 74 1AF o4
00 148 28 i7C 75 1B0
07 148 29 17D 75 5} 00
07 14A 30 17E 76 ==
07 14B 31 i7F 7T
08 14Cc 32 180 77
038 14D 33 181 78
09 14E 34 182 79
10 14F 35 183 79
11 150 37 184 80
12 151 39 185 81
13 152 41 185 8t
14 153 42 187 81
15 154 43 188 82
18 155 44 180 82
17 158 45 184 83
18 157 48 188 84
19 158 47 18C 84
19 159 48 18D 85
20 154 49 18E 85
20 158 80 i8F 88
20 15C 51 i80 87
20 18D 52 191 88
20 13E 53 192 B8
20 15F 54 193 89
21 180 54 194 @0
21 161 55 195 @0
21 1682 56 196 N
21 163 57 197 ol
21 i64 58 ies 92
Z1 165 59 igs @3
22 166 59 igA 93
22 167 €0 198 o4

RESISTORS

R1 56k

R2 47k

R3 10k

R4 220k

R5 220k

R6 4.7k

R7 220

RT Thermistor

Rva 100K variable resistor

Capacitors

c1 1nF

c2 iF

Miscellaneous

SW1  Push button switch

SW2  SPDT Switch

WL Wire Link

555 555 IC (Oscillator)

ADC0804 ADC0804 IC A/D Converter

2516 2516 / 2716 IC 16K EPROM

4066 4066 IC Quad Analogue Switch

4071 4071 IC Quad OR Gate

4081 4081 IC Quad AND Gate

4069 4069 IC Quad NOT Gate

4511 4511 IC Display Driver

Complete List

NEXUS BOOKS
PUBLISHING FOR THE
SPECIALIST

AT T
L]

THE FULL
RANGE OF
NEXUS BOOKS
are available from
all book and hobby
shops or contact
Nexus Books
direct for a
complete list.

Nexus Books,
Nexus House,
Boundary Way, Hemel Hempstead,
Herts. HP2 7ST

or Phone '

01442 66551

NEWS FROM THE NEXUS
PHOTOSTAT SERVICE.
EFFECTIVE FROM 1ST
NOVEMBER 1985

N E X U S The Nexus Photocopying Service can

provide you with all those interesting

features and valuable projects that have been published in your

favourite magazine. The new cosis of our photocopying service

are as follows:-

First article: £2.75 inc of VAT. Please note that projecls

published over several issues must be ordered as a series of

individual articles, each for £2.00.

A £2.75 search fee is required if full information is not supplied.

Please note delivery could be up to 28 working days.

)

Please supply pholo-copies of the following articles from
{Compl=tz in BLOCK CAFITALS)

Month _Year Page (if known) .
Monih .. Year ... Poge (it known). .
TME____ R, . e
Month Year Poge (if known)
TIE

I enclose o cheque/postal order mada out fo Nexus Special Inferests to the
value of:
[ P&P £1.00 (UK only] 20% Overseas

Tolal remitionce £ .

Name:

Address:

Send the completed form and remitiance fo:
Photocopy Service, Nexus Speciol Inferests, Nexus House, Boundary Way,
Heme! Hempstead, Hertfordshire. HP2 75T
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Is your PCB design package not
quite as "professional" as you
thought? Substantial trade-in
discounts still available.

Board Board




T E L. N E T

8 CAVANS WAY,

BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF

Tel: 01203 650702

Fax: 01203 650773

Mobile: 0860 400683

Hewlett Packard 5385A Frequency Counter - 1GHz - (HP1B)
with OPTS 001/003/004/005
Hewlett Packard 6623A Tripia ouiput SysStem POWET SUDPIY....o i
Hewlett Packard 3586A Sclective level meter
Hewlett Packard 33254 - 21MHz SynthesEenTunction Gan
Hewlett Packard 8152A - Opiical Average Power Meler.on
Hewlett Packard 81588 - Opiical Attenuator (OPTS 002 = 011) ... ...
Hewlett Packard 3488A - HF - 1B Swiich control unit

(various Plug-ins available) = 650
Hewlett Pack d 3581C - Ssisctive Voltmetar £500
ituated ¢ tern-by-pass in Heeess Hewlett Packard B650D - Synithesised Sig Gen 10 KHZ-26Ghz. ... £P.0.A.
{ﬁﬁ.‘;’,’ff{; :m, mz.lﬁ:s‘:n?;aaj 4 sl Hewlett Packard 4192A - LF. Impsdancs Analyser (5Hz — 12MH2) oo £8000
. . Hewlett Packard 4261A - LC.R. Mater (Digital) £500
OSCILLOSCOPES Hewlatt Packard 42718 - L.C.R. Mater (Digital) £500
Gould OS3000/ADVANCE 3000 — 30MHz Dual ch £200
Gould 5110 - 100MHz Inteliigent oscilloseope. ..o £850 HEWLETT PACKARD 6261B
Hewlett Packard 1740A, 17414, 17744A, 100MHz dualch.. ....from £350 Power Supply 20v-50A £500 Discount for Quantities
Hewlett Packard 1707A, 17078 — 75MHz Zch from £275
Hawlett Packard 18808 - 100MHz, 2 Channel, HPIB Progtbie. e £750 Hewlelt Packard 43424 - 'O Meter £995
Hewlett Packard 54201A - 300MHz Digitizing 1750 Hewlett Packard 4954A - £3500
Hewlett Packard 54501A - 100MHz - Digitizing 4 cf 1 £1950 Hewlan Packard B116A - Pulsechhaﬂ Generator (IMHz —SOMHz) .. £2750
Hewlatt Packard 54100D - 1GHz Digitizing £4500 Packard 83498 - M Broadband ‘Amplfiar’ {as new) 2— 20GHzE4700
Kikusui COS 6100 — 100MHz, 5 Channel, 12 Trace £475 l-!ew%eﬂ Packard 83508 - Sweap Osciator Mainframs (vanous Plug-ins avalabls) extra £2650
Lecroy 140 - 100MHz - D.5.0.4 Channal.... £2350 Hewleit Packard 8656A - Synth d Sinnal Gan (100KHZ - §90MHz2)...—..._E1750
Nicolet 3081 -LFDSO £1100 Hewlett Packard 8683A - Microwave Signal Gen (23 65GHz)....
Philips PM 3315 - 60MHz - D.S.0. £750 Hewlett Packard 89018 - Modulation Analyser (150KHz — 13006M
Phillips 3211, 3217, 3240, 3243, 3244, 3261, Hewlett Packard 8903A - Audio Analyser (20Hz — 100KHz2). ..
3262 (2ch + 4ch) from £125 to £350 Hewlett Packard 3455A 61/2 Digit MMzter (Autocai)
Philips PM 3235A - 400MHz Dual Channst £1950 Hewlelt Packard 4948A - (TIMS) Transmission impaimment M/Set ... £2000
Philips PM 3295 - 350MHz Dual Channsl £1500 Hewlett Packard B601A - Ger Sweepsr (110 MHZ) £300
Tektronix 468 - 100MHz - D.5.0. £800 Hewlett Packard B165A - 50 MHZ Prog ble Signal Source £1650
Tektronix 2213 — 60MHz Dual Channel £425 Hewlett Packard 3745 A - Selective Lavel Measuring Sat
Tektronix 2215 50MHz dual trace £450 Hewlett Packard 6002A - Autoranging P.S.U. 30V - 10A
Tektronix 2235 Dual traca 100MHZ (portablz) £800 Hewlett Packard 84034 - Modulator
Tektronix 2335 Dual trace 100MHz (portabls) £750 Hewlett Packard 3344 - Distortion Analysar
Tektronix 2225 — 50MHz dua! ch £450 Hewlett Packard 339A - Distortion Measuring Sst
Tekironix 464/466 — 100MHZ An 5107808 .. from £350 Hewlett Packard 5314A - (NEW) 100MHZ Universal Counter
Tektronix 465/465B — 100MHz dusl ch from £350 Hawlett Packard 53508 - (NEW) 20GHZ - Microwave Freq. Counler ..
Tektronix 475 - 200Mhz Dual Channs! £475 Hewleit Packard 3708A Noise + Inferferance Test Sat
Tekironix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch i from £300 Hewlett Packard 6623A - Triple Oulput syst
Tektronix 7704 — 250MHz 4 ch from €650 Hawlstt Packard 3581C Sslactiva Vollmster ..
Tekironix 7904 — 500MHz from €850 Krohn-Hite 2200 LinLog Swaep G St
Telequipment DEB - 50MHz Dual Channg! £200 Krohn-Hite 4024A Osciflator. ...
Other scopes available loo Krohn-Hite 6500 Phase Metar
) Marconi 2432A 500MHz @tal freq. meter »
SPECTRUMANALYSERS M 12337A A dist. mater
Marconi - 2019A - BOKHz - 1040MHz - Synmeaaed Signal Genemtor................£1950
Advantest 4133B — 100KHz - 20 GHz £6985 Marconi2305 Nodulation Meter
Alliech 727 — Spec. Analyser 22.4 GHZ with £2000 Marconi 2871 Dsita Comms Anal, £200
Alitech 70727 — Tracking Generator (10KHz — 12.4 GHz) Marconi 6500 Automatic Amo{:tuda Analy £1750
Advantest 41338 - 10KHz - 20GHz with Extemnal Keyboard .....coerisnins £7995 Philips PM 5167 10MHz f gen 2 £400
Eaton/Ailtach 757 — 10KHz — 22 GHz £2750 Philips PM 5565 - Wavaform Maonitor £200
Hewlett Packard 3580A — -5Hz-50KHz £995 Philips PM 5567 - Vectorscops £600
Hewlett Packard 37098 - Constellation Analyser with 157G3A High impedance Philips PM 8226 - 6 Way Pen Recorgar £550
Interiace (As New) £6750 Fhillips 5190 LF. Synthesisar (G.P.LE) €800
Hewlett Packard 182T with 8559A (10MHz— 21GHz) €3750 Phillips 5390 Programmabie R/F Signa! Gen (1020 MHZ).....c. £1250
HP 3582A — 25KHz Analyser, dual channel £2500 Phoenix 5500A - Telecomms Analyser with varicus Inlerace Options .£2500
Hewlatt Packard 35601A - Spectrum Analyssr Interface £1000 Racal Dana 92420 Programmable PSU 25V-2A £300
Hewlett Packard B754A - Network Analyser 4 - 1300MHZ ... £3250 Racal Dana 9248S Programmable PSU 25V-10A £400
Hewlett Packard 853A with 8559A - (0.01 - 21GHz) Racal Dana 3100 40-130MHz synthest £750
Hewlett Packard B565A - (0.01 —22GHz) Racal 1992 - 1.3GHz Frequency Counter £850
Hewlett Packard 1417 + B552B + B555A - (10MMz — 18GHz) ... Racal Dana 9081 Synin. sig. gen. 520MHz £550
Hewlett Packard 8756A - Scalar Natwork AN (10MHz — 18GHz). £2250 Racal Dana 9084 Synith. sig. gen. 104MHz £450
Hewlett Packard 8505A - Network Analyser (S00KHz — 1.38Hz) ... ...£4000 Racal Dana 8303 Trus AMS/AFevel matar. £650
Hewlett Packard 3562A Dual Channsl Dynamis Sig. Analyser ... £7500 Racal Dana 9817 UHF frequency metar S60MHz €175
Hewlett Packard B580A 15 10KHz-1.5 GHZ £3350 Racal Dana 9302A R/F milliveiimetar (new varsion) 375
Marconi 2370 — 116MHz ... £595 Racal Dana 9082 Synthesised am/fm sig gan (520MHz2). £ £500
Marconi 2371 —30KHz - 200MHz £1250 Racal 2301A - True AMS A/F Mavoltmater . £300
Polrad 641-1 — 10MHz — 18GHz £1500 Racal 9921 - 3GHz Frequency Counter £450
Rohde & Schwarz — SWOB 5 Polyskop 0.1 — 1300MHz ... s B 500 Rohde & Schwarz - Scud Radio Code Test Sat £995
Schiumberger 1250 - Frequency Rasponse Analy £2500 Rohde & Schwarz SUF 2 Noisa G £300
Tekironix 2710 9 Khz - 1.6 GHz £4250 Schlumberger S.1. 4040 Stabiiock - High accurscy 1GHz Rafio Test Set £5850
Tektronix 486P - 9KHz - 1 8GHz (Programmable) £4500 Schiumberger 4923 Radic Code Test Sat £1500
MISGELLANEQOHS Schiumbarger 2720 1250 MHz Fraquancy Counter . .. F500
¢ L Systron Donner 1702 Synthesised Sig. Gen 1GHz £590
ANRITSU ME 462B DF/3 Transmission Analy £3000 Systron Donner 60548 or D 18GHz or 24GHz Freg. Counter ... ......fromEB00
Anritsu MGB42A Pulse Pattern Ganerator £1500 Telequipment CT71 Curve Tracer £250
Datalab DL 1080 Programmable Transient Recorder £350 Tektronix TM5003 - AFG 5101 Arbchary Funciion Gen... BSOS - | |- |
Datron 1061 - Precision Multimater €550 Tektronix 1240 Logic Analyser... £750
Dyanperi TP20 Inteliplacs — Tape pee! Tester— immacualis condition ... £1950 Tekironix 1480 Vavelomm Monfor............... POA
E.LP. 548A - Fraquency Countar (26.5 GHz).. £3500 Tekiranix 651 HR Monitor ke POA
EIP 331 — Frequency counter 18GHz. ... £700 Tekironix DAS9100 — Seriss Logic Analy £500
Farnell SSG-520 Signal Genarator (520 MHZ)..... £400 Tekironix— Piug-ins -~ many avaliable such as SC504, SW503, S6502,
Farnall TTS 520 Transmitter Test Sat £400 PGS08, FG504, FG303, TGS01, TRSA3 + many more £POA
Farnell TSV 70 Mkl Power Supply (7OV-5A of 35V-10A) ... e £200 Tektronix 576 - Curve Tracer (with Test Fixturs) e 125
Ferrograph RTS-2 Audio Test Sat with ATU 1 £500 Tekironix AM503 + TM501 + P6302 - Current Probs Ampifier. ... S ....£9585
Heiden 1107 — 30V-10A Programmable Power S.upply (IEEE) oo ... £G5S0 Tekironix PG506 + TG501 + SG503 + TM503 - Osciloscops Catbrator ... £1885
Hewlett Packard 4953A - Protocol Analy F £2095 Tektronix CG5001 - Programmable Osciioscope Calibralor Generator ... .£7500
Hewlett Packard 3437A S voi £350 Time 9811 Programmabls Resistance ... ... £600
Hewlelt Packard 3456A Digital VORMEISs ... ooooeoirain £650 Time 9814 Voltags Calibralor £750
Hawlett Packard 5420A Digial Signal Analyser .£350 Wayne Kerr BS05 - Prec:sm Lc A Mster £850
Hewlett Packard 8011A Puls= gen. 0.1Hz-20MHz Wiltron 560 Scalar N: Y £800

Hewlett Packard 8620C Sween csoiliator main
Hewlett Packard B750A Storage normaliser
Hewlett Packard B684A 5.4GHz to 12.5GHz Sig-Gen
Hewlett Packard 5356A — 18GHz Frequency Converler head
Hewlett Packard 432A — Power Meter (with 4784 Sensor) ...
Hewlett Packard 435A or B Power Meter (with B4B1A/B4844) .
Hewlett Packard 3438A Digital multimater
Hewlett Packard 6181C D.C. current sgurce...
Hewlett Packard 3711A/3712A/3791B/3733B Microwave Link Analyser ...

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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Bart Trepak takes a look
at some of the problems
associated with using a
PIC to control mains
power devices

WITH THE PIC MICRO-CONTROLLER

he PIC16C series of micro-controllers are being

used more and more in projects featured in this

magazine as well as in commercially built

equipment, There are many reasons for this not

least of which is cost, as such a chip can easily
replace a dozen or more digital logic ICs at a fraction of the
price especially when the cost of assembly, stock ordering and
holding are taken into account.

For the hobbyist and experimenter this is also an advantage.

- he no longer needs to have scores of chips and components
in stock to be able to “knock up” a circuit to test his latest idea
and the small number of external components means that the
complete circuit can be built on a breadboard in a matter of
minutes.

Programming of course takes a bit longer but is much more
fun - you can never run out of instructions like you can with
10k resistors and the chances of your newly-buiit project going
up in smoke because you accidentally left the supply on when
you tried to solder a different value resistor are (almost) non
existent as most of the development is dons sitting in front of a
computer screen,

Another big advantage is the low power consumption of the

device which makes it an ideal candidate for battery powered
equipment where current drain must be kept to a minimum.

The low power consumption can also be used to advantage in
mains powered equipment which would not normally be
considered to be “low power” by enabling smaller and thus
cheaper power supply componenis to be used.

A typical application would be in driving a triac which could
control many hundreds of watts of power to a metor, hester or
lamp while the control logic consumed only a few miliwatts.
Here, if the control section of the circuitrequired a cumrent of &
few,hundred milli-amps, the designer would have little choice
but to use-a mains transformer o obtain the necessary low
voltage supply.

Giten this is mandatory on safety grounds, espacially if it is
essential to have the input of the control logic earthed, but in
many applications this is not the case as the device has no
inpit which can be touched by the user other than perhaps a
switch or potentiometer which will normally have the electrical
parts well isolated anyway. If isolation from the mains is not

- required, and the power requirement of the drive circuit can be

reduced, a simple capagcitor or resistive mains dropper. which
Is, of course, much smaller and cheaper than a mains
transformer can be used.

Capacitor mains dropper circuits have the advantage of
consuming less power themselves and thus generating less
heat than sither a transformer or resistor so these tend to be
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favoured In many designs and the low power consumption of
the PIC micro-controller can be used to advantage in such
circuits. This article will deal with interfacing mains veltages o
PIC inputs and driving triacs from the output poris of the
micro-controller but before we do this, a few words about
Triacs may be helpiul.

The Triac

The Triac is a semiconductor device which was developed in
the 1960s to switch high velitage AC supplies and is used
extensively in lamp dimmers, washing machine motor speed
controllers and other domestic appliances and, despite more
recent advances In the design of power FETS, it remains the
cheapest and most widely available component for this
function. Many readers are no doulst familiar with it but it does
have some characteristics which may not be so widely known
but which must nevertheless be considered.

The triac has three terminals called MT1 (main terminal 1),
MT2 and the gate as shown in Flg 1. Normally, the device
blocks eurrent flow between MT1 and MT2 ensuring that no
current flows into the load which could be a mains lamp, a
heater, a motor etc. When a small current (typically a few tens
of milll-amps) Is allowed to flow between the gate and MT1,
the davice switches on enabling the lamp to light or the motor
to turm. Once this happens, the main current will continue to
flow, even if the gate current is stopped. To switch the device
off, the main cumrent must be reduced by some external means
to below a value known as the helding cument. This happens
automatically on mains supplies when the mains voltage drops
to zero at the end of each half cycle. The triac will then switeh
aff-and will need to be re-triggered in the following half-cycle if
the load s still reguired o be switched on.

Not only can the main current fiow in either direction but the
davice can be triggered into conduction by either polarity of
gate current and the triac Is most sensitive (l.e. requires the
smallest gate trigger cumrent) when the gate current is negative.
For the lowest possible supply current for the trigger circuit, it
is therefore best to trigger the iriac with a negative gate cument
which can be achisved simply by using a negative d.c. supply
as shown in fig 2.

In‘aeneral, lower power triacs require a lower gate current
to guarantee friggering than do higher current davices with a
typical 3 Arnp device such as the TIC206 requiring a maximurm
current of 5-10mA. An B Amp device suchas the TIC226
which could confrol up te 2KW of mains power could require
up-to 50mA but sensitive versions are available which would
switch reliably with only 10mA. With capacitor dropper
supplies, itis therefore best to use sensitive gate devices:

Note that, because continuous gate eurrent is not required,
but only a pulse lasting, say, 100uS, considerable savings'in
supply current drain can be achieved by pulsing the gate
current, thus reducing further the average supply current
required. This would reduce the valus of the reguired mains
dropper capacitor and as the maximum supply currernt from
such circuits is limited to some 30mA if very large capacitor
values ara to be avoided, it could make the difference between
making a transformer-less circuit feasible or not.

One thing which is often forgotten when using pulss
triggering is that for the triac to remain in conduction after it
has been triggered, the load current must exceed a value
known as the latching current before the trigger current
ceases. Unlike the holding current which'has a typical value of
10-20mA for small devices, this can be as high as 80 -100mA.
With resistive loads, this is not often a problem becauss sven if

WVdd

ihe trigger pulse is short,
this current is usually
achisved before the gaie
pulss terminates. INFUT

ft can be a prablem _l_ Vi HUERER
however, if low power Fig 4a. Simplified circuit of an input
(high resistance) loads port

INPUT

are used or wiith

transformiers or solenoids “;j’th
where the build-up of

load current after o
triggering is much slower i s
because of the inductive Nba

nature of the load. Itis Fig 4a. Simplified circuit of RTCC input

alsg important if =

triagering very early in the —T—*“

half-cycle is reguired

when the mains voltage j ! i POT

may be too low to enable b4 3

a sufficiently large current o

to flow to guarantee ¥

latchirlg. _l_ e
In thesa Fig 4c. Circuit a for Port input

circumstances where the

latching current may —T—T—"’

cause problems, d.c. A

triggering should be used - R RTCC

with the gate current [ e

fiowing continuously 2 g

throughout the mains

half-cycle. This Is I

possible because a triac Fig 4e. Circuit a for RTCC input

will stay in the

conducting state even if the main terminal current is below the
latehing current value, provided that the trigger cunent s
maintained. If this cannot be done becauss of otiier
considerations, then the trigger/pulse should'be lengthened or
multiple trigasr pulses should be provided rather than relying
on one pulsae per half-cycle to switch the triac on.

PIC your circuit

The diagram in Fig 2. also shows a Irjac connected to the
output of a PIC16C. Since the cutput ports of this micro-
coniroller can sink up to 20mA or more, they can drive the
gate of most small triacs directly. If more current is required, a
driver transistor may be used as shown in Fig 3. The
programmer-thus only needs to defing the port in question as
an cuiput (using the TRIS instruction or equivalent) and then
write a ‘zero’ to enable gate current to flow or a ‘ope’ toswitch
it off: If an NPN transistor is used as shown in Fg 3, a logic 0
would switch the triac off and a 1 would switch it on.

In figured 2 and 3, resistor R1 dsfines the triac gate current
and is chosen fo give a value which will guarantes to trigger all
triacs of the type specified. This can bs caleulated from Ohm's
Law knowing the supply voitage (usually 5 Volts) and the MT1-
gate voltage which is about 1 Volt. Thus if a value of 10mA is
required, R1 will be (5-1)/10 which is'.4kOhms or 380 Ohms o
the nearest preferred valus, Assuming a transistor current gain
of 20 in Fa. 3, R2 would nesd to be about Bk2 or less, If the
micro-controller supply voltage is lower (it could be as low as
3V) then a 220 or 180 Ohm resistor should be Used for B1.

The diode in Fig. 2 may ssem a bit superfiuous until it is
realised that when a triac Is triggered, current can flow out of
the triac gate (in phase with the main current) and is limited by
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ZERD CROSSING

during the positive half-cycle. The programme would
thersfore have to be written so that only the first
positive crossing was detsciad and not the fact thal the
input was high, which would be the case throughout
the positive half-cycle and could result in the triac being
switched on at any time during the positive half-cycle.
This can be daone by testing for a subsequent low input
voltage following a succassful test as would occur
during the suceceeding negative half-cyds befare:
returning to the original test for a legie high input. This is
shown in the flowchart of Fig. 6.

The above method of implementing a zero crossing
detector is fine but uses up one line of an VO port

which may be required for other purposes. This can be

Fg 6. Zero Volitage Switch
Flowchart

| serurioromts |
BEGIN
N N IS AQHIGH 2
Y Y
SETFLAGD || ZERO CROSSING ||
[ e |
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CLEARFLAGD

ﬁ
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Fig 6c. Modified zero voltage
switch Flowchart to detect
both zero crossing

J

Fig 6b. Input subroutine
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| SWITCH TRIAC OFF |
N
zerocrossive ||

| ¥

" INPUT || I SWITCH TRIAG ON |
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Fig 6a Zero Crossing Subroutine
N

avoided by connecting the mains signal to the RLCC
input instead. In this case, the RTCC register would
first be loaded with OFFh (255 in decimal) and the
OPTION register set up to increment the RTCC register
on the positive fransition of the signal on the RTCC pin
so that the counter would ‘everilow’ to zero at the
beginning of each positive half-cycle. The programme
would then nesd tc continuously test the RTCC register
for zero by testing the zero bit (2) of the status register
(movi RTCC,1 followed by bitfss STATUS,2) instead of
an input high and the first instructions in the zero
crossing subroutine would reload the RTCC register
with OFFh before switching the triac or not as required.
Figure 7 shows a listing for a static zero voltage switch
for the circuit shown in Fig. 8. Here, the triac is triggersd
from ouiput port A1 while the mains is applied to the
input AO via a resistor. Port BO has been configured as
an output and generates a pulse each time the zero
crossing routine is executed. This can be displayed on
an oscilloscope for reference if required. (Note that the
circuit is connected to the mains and must not be
earihed even via the 'scope probe.) This output is not
required for the operation of the circuit and after testing,
the instructions which perform this function (bsf
PORTB,0 and bef PORTB,0 in the ZRX subrouting) can
be removed leaving the whole of port B free to perform
any other functions which you may need in your
application. Poris A3 and A4 are ON and OFF inpuis
respectively and operate when switches S1 or 82 are
prassed.

Because the triac is friggered by a continuous d.c.
current, it swilcheson very early in each half-cycle

output would, once switched on, remain on throughout the
positive and succeeding negative half-cycle, this would ensure
that the triac stayed on for the full mains cycls. In many
applications where only on/off contral is reguired, it will not
make any difference if only the positive or negative mains zero
transition is detected as long as the cutput remains on
throughout the cycle.

Indeed, when switching very high power loads or transformers,
it would be an advantage to switch only integral cycles with
equal numbers of positive and negative half-cycles bsing
applied to the load. This would avoid introducing a d.c.
component into the mains and reduce initial inrush currents
when switching transformers by ensuring that the core always
remained magnetisaed in the opposite direction at switch-off to
the one it would assume at switch-on.

The Zero Crossing routine is a short piece of code which could
be executed by the PIC in a few micro-seconds, resulting in
multiple “sucessful” tests of the input port being carried out

irrespeactive of the load resistance so that there are no
problerns with the latching eurrent. In conseguence, no noise is
generated but the penalty is a fairly high supply current which
requires a farger value of "mains dropper” capacitor. The
programme could be written to pravide a pulsed trigger current
resulting in a lower average supply current and hence a smaller
value ecapacitor but the triac would then be triggered on the
first or second gate pulse after the positive zerc crossing by
which time the mains voltage could be as high as 20 or 30
Volts resuliing in a noticeable increase in the radio interference.
The assembler programme listing shown in Fig. 7 should be
quite easy to fallow in conjunction with the flowehart of Fig. 6.
A register called “FLAG" is first defined (the other registers
such as STATUS, PORTA, PORTB etc. being declared in the
PIC.H file) and afier the powsr on raset, the programmes goss
o the labsl SETUP where ihe poris are set up as inputs or
ouiputs as reguired. The programme proper staris at the label
BEGIN calling the subroutines ZRX and INPUT when the input
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it will mean is that if the triac were
triggered at ‘A’, gate current would
continue to flow until point “B". At “0-"
(the true zero crossing), the triac would try
to switch off but would be re-triggered as
gate current was still flowing.

The triac would therefore continue to
conduct throughout the negative half-
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cycle even if the trigger current had besn
terminated at point “B". In zero voltage
switching circuits, this would be of little
consequence as the output would then
simply remain on for ore half-cycle longer
10k than was required. Since this dig not
matter, it would have been rather pointless
in going to the trouble in detecting the
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negative zero crossing point if no effective
action could be taken there anyway -
which is why it was not used in Fig. 7. In
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Fig 8. Circuit diagram of Zero Voltage Switch/Dimmer

dimming applications, for exampls; where
both zero crossing points must be
detecied but triggering at the beginning of

port AQ goss pasitive. The ZRX routing producas a pulse on
port BO and clears A1 if bit O of the flag reqister is sat
switching on the triac. The INPUT routine checks ports AZ and
A3 for possible inputs and either sats or clears bit 0 in the
FLAG register depending on which cne is high. FLAG O
therefore acts as a memory to remembsar which switch was
pressed iast and thus whether the output should be on or off.
This is a simple (almost trivial) application of a PIC but it could
easily be modified and exiended. By suitably altering the
INPUT routine a toggle function could be implemented, or the
output could be made to switch on if the dssignated input was
high and off if low without the need for the FLAG register. This
could be further combined with inputs from sensors or the
states of ather registers within the PIC counting real time for
axample, to miake a sophisticated central heating controller.

Negative half-cycle

For static on/cff switching applications, the above routine is
perfectly adequate but in some applications, both the negative
and posilive mains zero crossing transitions may have to be
detected. This can be done by moedifying the fiowchari of Fig.
6 slightly to that shown in Fig. 6c. A similar modification could
be used if the RTCC input were being used instead.

To better understand how this programme works and its
limitations, refer again to Fig. 5. This shows the mains
wavsform and suparimposed on this (greatly exaggerated) is
the d.c. supply for the PIC which is negative. with ihe doited
line showing the voitage at which the microcomputer input
recognises a logic 1 or logic 0. Because this is a CMOS
device, it is assumed that this threshold voliage is at haif of the
micro-controller supply rail (i.e. -2.5Volis) and, for simplicity, it is
tiie same for positive or negative input transitions.

The second waveform shows the signal at the input pin
which is just a clarmped version of the mains waveform. From
this it will be seen that the positive zero crossing edge 'A’
occurs slightly before, while the negative one ‘B’ slightly after,
the actual mains zero crossing points designated ‘0+' and ‘'0-",
This is greatly exaggerated by the way that the waveforms
have been drawn but in practice it could cause a problem. If
continuous (or d.c. or pulse) triggering is employed, the triac
trigger signal will anly be switched on or off at points A or B so

the half-cycle is not required, this would be unacceptable.

For cantinuous and multiple pulse triggering therefore, gate
current must not be allowed to flow beyond the trus zero
crossing point if independent control of positive and negative
half-cycles is required. Since the circuit cannot detect these
points directly, the micro-controller must determine when to
terminate the trigger signal by timing it. How this is done will
depend on the type of triggering employed. If the RTCC is not
being used, it could be loaded with a suitable number and
allowed to count the micro-controller clock pulses (with the
prescaler and furiner counters if necessary) until it overflowed
1o zero which would be arranged to occur after a delay of just
under 10mS (the mains half-cycle period at 50Hz) when the
irigger pulse would be terminated.

The actual time could be adjusted by careful choice of the
initial number loaded and/or the clock frequency which can be
easily done if the RC clock option for the PIC clock is used
instead of a crystal. If pulse triggering is used, the aciual
number of pulses generated can be counted which would
achieve the same resuit and ensure that trigger pulses always
ceased before a zero crossing.

A paint o note if single pulse triggering is employed, is that
the trigger pulse generated at “A” would need to be wide
enougn to extend beyond O+ to ensure that the triac remained
triggered during the positive mains half-cycle instead of
swilching off shortly after being triggered by the zero crossing
at 0+. There would, of course, be no problem with single pulse
triggering 'fn' the negative half-cycle, assuming that triac
latching’ current requirements weare met and, other than a slight
asymmetry in the conduction times (A to 0- in the positive and
B 1o 0+ in the negative half-cycles) the circuit would function
correctly. This could also be corrected by inserting a short
delay routine in the positive zero crossing programme to delay
the trigger pulse until slightly after the true zero-crossing peint
O+ if required. .

It is perhaps worth mentioning that since the zero crossing
subroutines will be entered every 10mS (20mS if only the
positive Zero crossing is detected), the number of times this
routing is executed could easily be counted to generate a time
base of 1 second, a minute or even a few weeks enabling a
timer or real time clock to be added to the application with no
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Varying the power

| In' many applications; the power
LOAD BRIGHTNESS INTC delivered to the load needs to be
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I on or off. Despite the fact that a

RETURN triac can only be in two states -
) ON or OFF, we can vary the
Fig a. Zero Crossin s
Subroutine iy power by switching it on for
longer or shorter periods

compared to the time for which it remains off. For example,
switching a friac on for every other mains cycle will clearly
result in haif of the available power reaching the load while if
only every fourth cycle was passed, the load would be run
atone quarier of full power. If the load is'a heater in an oven
which can take say 60 seconds (3000 mains cycles) to reach
full temperature or to coal down, then switching the triac on for
one cycle every five seconds (250 cycles) will result in a very
low power lavel being applied while if the triac is switched on
for 250 cycles every five seconds, full power will flow to the
load.

Intermediate numbers of cycles will result in power levals
between these two extremes. Because of ihe long thermal
time constant of the load, a relatively smooth control of the
temperature will resuit even though it is, in effect, being varied
in 260 discrete steps. By choosing a longer period, say-ten
seconds (500 cycles), a finer control in 500 discrete steps will
be possible. As long as this period is much shorier than the
time constant of the heater and enclosure, but contains
enotigh mains cycles 1o enable a sufficient number of steps to
be accommodated, smooth control of power will be possible
allowing the temperature to be set to the required value and
accuracy.

This kind of control (known as Burst Fire control) is used to

achieve very accurate temperature control of enclosures such
as incubators or even rooms and can easily bs implemented
using a micro-controller. The 250 cycle time base can easily be
generated by loading a register with 250 decimal (OFAR) and
decrementing it svery time that the positive zero crossing
routine is called. After this, it can be compared to another
register containing the fraction of the power which is to be
passed to the load and when these are equal, the friac can be
switched on,

No further comparisons are then required and the first
register will continue to count down at every positive zero
crassing uniil it reaches zero where it will be re-loaded 250 and
the triac switched off (trigger current terminated). Thus if the
second register coniains 100 decimal, the triac will remain off
for the first 180 mains cycles and on for the next 100 cers
resulting in 40% power. Varying the contents of this register
would allow the power in the load to be varied between 0 and
100% in 250 discrete steps.

The vaiue in the second register may be incremented or
decremented using the INCF or DECF instructions inresponse
to the two switches to'sst the power to any required value. I
can also be changed depanding cn the temperature as sensad
by a thermistor connected to an A/D converier. The latter
could be implermented by software (plus a few external
components) using the PIC16C54 or the built in A/D converter
in the PIC18C71 used instead.

Dimming

The routine outlined above can be employed In applications
where the load has a long time constant compared o a mains
cycle, but if the load to be controlled is a lamp or small motor
this would result in unacceptable flicker in the case of a lamp
or a continuous variation in the motor spesd as the motor
slowed down between the pulses. In thess situations a
technigue called phase control is normally employed. This,
instead of switching the triac on for full cycles or even full hali-
cycles, switches it on for varying portions of each hali-cycle by
delaying the trigger pulses uniil some time after the zero
crossing point.

The longer this delay, the less power is delivered to the
load. If the triac is triggered into conduction 9mS after the zero
crossing, it will only conduct for a further 1mS before the next
zero crossing peint is reached and the triac turns off, resulting
in very little power reaching the load. Triggering the triac after
1mS will leave the triac conducting for 8mS resulting in almost
full power;

To pravent lamps from fiickering, the time delay after the
Zero crossing point in the positive and negative half-cycle must
be (ideally) the same but because the triac is no longer
switched on at or near the mains zero crossing point, large
amounts of radio frequency interference will be generated
which must bé eliminated by filters consisting of chokes and
capacitors. This becomes progressively more difficult and
expensive as power levels are increased beyond about 500W
so it is used only when other techniques would not be suitable.

Once we have obtained a mains zero crossing, dimming is
not very hard to achieve and requires only a delay to be
inserted after the zero crossing point in the program before the
trigger pulse or pulses are generated. This is best done inthe
conventional way by loading a register with a number
representing the brightness (i.e. the delay) requirsd when the
zero crossing is detected and counting down (at the micro-
controller clock rate) until it reaches zero using the DECFSZ F1
instruction. By changing the number, the brightness of the

ELECTRONICS TODAY INTERNATIONAL

43



lamp can thus easily be
changed.

As mentioned, the actual delay
must be varied between 0 and
N just under 10mS in order to

achieve a maximum variation
= of brightness from near zero
(10mS delay) to full on. Since
nuf?:’a’éalésuﬂggnej this depends not only on the
number loaded into the
counter but also on the time it
takes to execuie the DECFSZ
ISASHIGH? >N instruction which in turn
depends on ihe clock speed,
v it is a good idea to make the
clock speed variable by
g&w&, repiacing the resistor with a
pre-set in serigs with a fixed

resistor. This will enable the
clock frequency and thus the
delay to be ‘fine tuned’ so that
the minimum brightness can

i RETURN l

Fig 8b Input Subroutine

be set at any level including off depending on the application.

The maximum number chosen should be greater than 32
decimal (i.e. 5 bits). This will then give a fine control over the
brightness and a change of one count will be barely
noticeable giving a smooth variation in brighiness as the
number is changed rather than a series of steps. This would
require a rather low microprocessor clock speed and if more
instructions must be carried out in a given application, a
higher clock speed and larger numbers could of courss be
used.

Things are not quite so simple however because of the
asymmetry in the zero crossing detector mentioned previously.
As it stands, the zero crossing routine would not be suitable
because of the automatic triggering of the triac in the negative
half-cycle mentioned above. Since it is not now necessary to
swiich the triac on as soon after the zero crossing as possible
and a minimum delay of even a millisecond will not make
much difference, pulse triggering can be employed and the
pulses can easily be counted to terminate the output once the
full number have been generated.

Thus if the brightness is to be controlled in, say, 120 steps,

IS PULSE

COUNTER=07

DECREMENT FULSE
COUNTER

iS PHASE N
COUNTER=07
Y

DECREMENT PHASE
[ PULSE PORT A1 ]

COUNTER
l RETURN )

Fig 9c. Pulse Subroutine

the clock spesd would be adjusted so that 120 trigger pulses
could be generated in each mains half-cycle and these would
be counted. Depending on the actual brighiness reguired not
all of these will actually be cutput on port At and if only a low
brightness is reguired, the first 100, for example, would not be
produced. The pulse count would cortinue howeaver, and
would reach 100 by the time that the first pulse was actuslly
producad and the triac triggered. After a further 20 pulses, no
more would be generated until the next zero crossing had
bean datected which would signal the beginning of the
following half-cycle.

By adjusting the clock spesed so that 120 pulses could be
produced in say the 9mS following the zero crossing point, no
trigger pulses will be generated in the last milisscond allowing
the triac 1o turn off at the end of each half-cycle. Since the
first and last millisecond of the mains half-cycle contribute less
than 5% of the total available power in a cycle. this will siill
allow the power to be varied betwsen about 3% and 97% of
full power.

Figure 9 shows the flowchart for a dimmer programmea
which can be realised by plugaing a suitably programmed
chip into the circuit of Fig. 8. In this case, opsrating switch A2
will cause the brightness to increase while A3 will cause it 1o
decrease rather than causing the light to swiich on or off.
Because of the smaller supply current requirements due to
pulse triggering, C1 may be reduced to 0.1uF/250V a.c.
Suitable suppressor components comprising a choke in series
with the triac and a capacitor should alsc be fitied to this
circuit if it is to be built as a permanent assembly.

The pregramme listing is shown in Fig. 10 and again is
quite straightforward. This time three regisiers ars dsfined;
PHCTR, BRG and PLSCTR. BRG is the brightness register
and halds the value corresponding to the current brightness
required which, in this programme, has been sst as 1 for full
brightness and 120 for minimum brightness. PHCTR is the
phase control counter which generaiss the delay prior to the
first trigger pulse and is loaded with the value in BRG when a
zero crossing is detected. PLSCTR is the puise counter and is
loaded with 120 during the zero crossing subroutine.

After the usual SET UP routine, the programme again reads
A0 at labe! BEGIN to sse if it is high. This time, if it is not,
instead of going back to BEGIN it goes to BEGA where it first
calls the subroutine PULSE which generates a pulse on Al
(bcf PORTA,1 and bsf PORTA,1) but only if the pulse counter
PLSCTR has not yet reached zero (i.e. all 120 pulsas have not
yet been generated) and the phass delay counter PHSCTR
has reached zero (ie. the time delay required before the first
trigger pulse is produced has expired), before retuming to
BEGIN.

Otherwise both counters are decremented and the
pregramme returns to BEGIN with no trigger pulse having
been prodlced. (Note that once the pulse counter has
reached zero, it is no longer decremented.) This happens
continuously until the test on AD is successiul, when the
programme calls the zero crossing routine ZRX where PHCTR
and PLSCTR are loaded as mentioned above.

The INPUT subroutine is then called and depending on the
status of inputs A2 and A3 the BRG register is incremented or
decremented at the FADEDN and FADEUP labels or not
altered if neither swiich is pressed. This will cause the lamp
brightness to decrease, increase or not to change. This
routine is written so that BRG is not allowed to get to a value
below 0 or above 120 (decimal). The programme execution
then proceeds to label LOOP where it checks for the negative
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zero crossing, again calling the PULSE subroutine umfl this- is
detected when ZRX is again called and the programms
returns to BEGIN.

The sky’s the limit

With the brightness level of the lamp (or speed of the motor)
now reduced to a number, the possibilities become endless.
MNumbars representing various brighiness levels could be
stored inamemeryasalacﬂc-uptable an recaﬂedatihe

to set th_e stage lighting laveis to PTEV‘D'-'S’V set lvels for
various scenes in your school play or amateur dramatics

may hemade _!n mmp_ u.p _e_r wn te j

which the brightness level changes will ¢

how often the cnunter value is chmged '

mﬂra. pro\ncfng ramp times of !em than mcond te over
sight hours or more - try daing that with op-amps or one of
the dimmer chips available on the market! In this circuit it can
be done easily by altering the INPUT routine.
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btfsc STATUS,2 PLSCTR =02

e mg

retiw 00 YE€s - no more trigger
pulses
decf PLSCTR,1 ; no- decrement PLSCTR

movE PHCTR,1
bEfss STATUS,2
goto PULSEL
bcE PORTA,I
on Eriac

bsf PORTE, 1 ; switch off triac
retlw 00

PHCTR1 = 0?
no
¥es - make pulse switch

’
PULSEL decft PHCTR,1; decrement
FHCTR
reklw 00
;li!liti—ltl-l.'t‘llllI'!f‘tfit’ltl’.’i—ifti’tt!l.'tttii‘
FERAREEzE AT I A A AT kN T wE
; TEsEEssssevRNEPADE

SUBROUTINEtssesisesstssssrivs

FADEUPR decf BRC,1 ; bit sebE —
brighten

btfss STATUS, 2 ; is BRG = 07

retlw 00 ; o

movily. 01 ;o yes - reload BRG with 1
movwE BRG

retlw: 00

FADEDN incf 2RG,1 ; DMDR bit

clear - Fade down
moviw .121

xorwi ‘BRG;w : is BRE = 1217
btfss STATUS,2

retlw 00 ;. not egual

moviw 120 ;i equal - make it 120
HOVWE BRG

retlw 00

INPUT btfss PORTA,3 + 1s A3 on?

gotc INPT2 # no — is A2 on?
goto FADEDN i ¥Yes - fade DOWN
INPTZ btEss PORTA,2 : is A2 on?

retlw 00 3 (7o

goto FADEUP i yes
.
R s S e e e R s s s T e

tEsbsiTdsrras it aniannd

START nop

SETUP moviw 0Dh ; f.e. 0000 1101 - make
pertA 0 i/p

tris BORTA

moviw 00h

TRIS PORTB ; make PORTB o/p

movwE PORTA

moviy .60 :

movwE BRG ; make BRG = 60 decimal
(half brightness)

BEGIN btfss PORTA, 0 ; a0 = 12
goto BEGA 7 0o

call ZRX ; yes
call INPUT

LOOE 'bEfsc PORTA,O ; A0 = 02
goto LOOPA ;7 no
call ZRX ; VYES

goto BEGIN

BEGA «call PULSE
goto BEGIN
LOOPAZ call PULSE
gato LOOP

AR LSS A n e R AR E RS s S S AR 2o ol S R R P T T o O e e
ETEFETARRTIEREF AL E A e b AR
org 1FFh

ANS521 135 STK734102 595 TDASB50P 2.50
AN5732 140 STK73805 450 TDATO72 399
ANg3Z7 985 STRA4] 1475 TDAE370 14.00
ANEE77 850 STR451 25.00 TDAB203 8.00
BA5114 155 STR3125 550 TDAB732 595
BAS218 1.85 STR42N 5.50 TEAZ201BA 1.50
85219 120 STR40%0 11.15  TEAZ026C 450
HAT14z3 1.65 STR20005 500 TEASI70 1.40
HAT3118 250 STR40030 400 TUA2000-4 425
KAB210 439 STR501034 385 UsB 235
LA3220 060 STRS4041 375 Usg0e8 5.50
LA4183 1.35 STR5804i 375 UAA1008 3.00
LA4415 180  STRE01 600 UPCi178 105
LA3485 140 STRi708 475 UPCi182H 5.15
LAd583 255 STRDIE0S 450 UPC1278H 220
LA7835 235 STADSM0S 1000 UPC1420 450
LB1415 225 TAZ27 185 UPD1S37 3.00
LM301 0.25 TA727! 250 254814 0.71
LM317T 150 TA7280 225 23AB33 1.40
o188l 475 TA281 220 325A1052 1.00
14855 675 TA75%8 5.00
M51353 595 TAE200 gsp  ELECIROLMC

93 CAPACITORS
1458655 330 TAE210 300 oyt
MB3730 170 TAB214 3.00 bl

: 1UF (5/pack) 1.00
MB3755 800 TAE215 300 LouE el 150
STK078 6.00 TAB205 AL s
STK435 400 TA2653 1300 250F (s 0.40
STK451 B.00 TA75233 = ZAUF (eae) 028
STK2250 7.45 TDA1208A 200 i 0Es
STK412172 700 TDA2170 300 ONr aeh 198
STK414172 550 TDA2270 250 o0y Wortde
STK4142:2 650 TDA3500 489 TS0 10
STK4162/2 625 TDASSE2ATFK 325 U0 pack) 110
STK$171/2 810 TDASSG2A-PAILL 325 [ if OFAK 150
STK4191/2 850 TDAS2A.SSSG 300 jour (¢ gaz
STK4352 620 TDA3S45 800 ZSUR (aach) 1.40
STK4372 565 TDA3550 ggg Tleac :
STK4203 7.05 TDA3850 1893 _ CERAMIC FILTERS
STK48: 7.05 TDA4400 175 (HZ SFE (5'pack) 240
STKS315 585 TDA4S0D 3.50 HZ SFE (Spack) 240
STK5332 180 TDA4505A 410  B.IMHZ SFE (3/pack) 2.40
STK5333 325 TDA45058 410  10.7MHZ SFE (pac2.40
STK5351 415 TDA4505M 525 5.5MHZCDA (Spack) 240
STK5272 285 TDA4505K 615 6.OMHZ CDA (Spack) 240
STK5372H 415  TDA458D 450 ©35MHZ CDA (Spack) 240
STK5412 375 TDA4350 140 1OMHZ CDA (S/pack) 2.40
STK5471 3.85 =
STK6732 1400
STK7228 7.50 .
STK7303 405 Btz il
STK7308 4.05 J.J. COMPONENTS
STK7348 405 ff 63 THE CHASE. EDGEWARE,
STK73s5 475 || \oav MIDDX. HAB SON, ENGLAND
STR7004 650 Hollines Na 081381 1700/081 952 4641
STK73410 515 Free Fax order Line only ; D800 3168458

General Fax 081 381 1700

ETI PIC Programmer and

PIC BASIC projects

Basic Project - from £15.00 (inclusive)

The ETI PIC BASIC project offers a well featured BASIC language
running in real time directly on a PIC Microcontroller. Up to 2000 lines of
BASIC is stored on 2K or 8K EEPROM. Full featured development
program runs under Windows 3.1, 3.11, and ‘85.

A module is available for the 16C57 version which features a 8600bps
serial interface, 16 lines of programmable /0, 4MHz crystal, and 24LC16
2KxB EEPROM on a small PCB (55 mm x 80 mm).

16C57 module kit - £27.00

16C57 pre-built module - £33.00

16C57 chip programmed with enhanced BASIC £15.00

16C58 chip programmed with enhanced BASIC £21.00

16C84 chip programmed with enhanced level 2 BASIC £25.00

Full instructions, latest development software and documantation on 3.5" disk are
included. (Printed documentation - add £5.00). 16C57 and 16C58 versions

operale with 2K or 8K EEPROMSs (selected by external resistar). 16C64 version
operales wilh'8K EEPROM and optional exernal static RAM.

PIC Programmer - kit £35.00, pre-built £45.00

Version 2 of the ETI PIC programmer
Programs 18C54/55/56/57/58, 16C64, 16C71/74, 16C84. Operates over
serial link to a PC. Includes all components, PCB and programmed PIC,
plus Windows and DOS software and latest versions of Microchip's
assembler and Simulator on 3.5" disk. ZIF sockets not included (these are
not essential and may be added later)

Add £7.50 for a serial cable lo link either project to the PC.
Add £3.00 for Posiage, Packing and Handling, all orders which are held in stock
will be sent by retumn, first class post. Send a cheque/PO payabla lo :

Forest Electronic Developments,
10 Holmhurst Avenue, Christchurch, Dorsel. BH23 5PQ.

Sales queries. 01425-275962, Technical queries, 01425-274068
Visil ourweb site at hitp:/iwww.ibmpcug.co.uk/~gmwarner/
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“Your low cost route to embedded 8051

MICRO-PRO 51

A\
: “Hardware/soffware upgradeable
programmer for the 8051 family”
N » Accepis up to 40 pin DIL directly via
= Artes ZIF socket
ONLY' ¢ Surface mount and PLCC package
£125 adaptors available as optional exiras

e Atmel 8951/8932 ¢ 1051/2051 ICE
cables available as optional extras

¢ Field programmiable hardware to
allotw future upgradeability

» Fast PC parallel port based design

KEIL C51 PK LITE

“The campletd Ansi-C development
environment for the 80317

o Optimising Ansi-C caompiler

s dsepoe-51-8031 software sindator

ONLY ¢ source level debugger
1410 o uMision-Integrated Windows based
C351 project management system
(Restrizted to 2K total program code, s Suppori for most 8051 derivatives
SHMALL model caly) eg. Atmel, Intel, Siemens ete.
K EIL" o Nimerons microcontroller language
D SOFTWARE extensions for the fastest, tightest code

>

“Everything you require to develop an
embedded 8051-based praject in C”

® MICRO-PRO 51 device progranmer
* KEII C351 PK LITE

o Sample Atmel FLASH
microcontrollers

e Frull suite of C51
demonstration software

EQUINOX

TECHNOLOBIES

Embedded C51 Starter Systems for the 8051 family

Atma! 8051 FLASH Mi Range

£351 89352 1051 2051

FLASH pods ROM 4K EX 1X 13
HAM 128 il B 128

1o 32 rd 18 15

Timer/ Coonter (16 63} | 2 3 1 F
SerialPort | YES YES Ko YEs

Intzrupl Sources s L] 3 H
Fins (DIL/PLLCT) 40748 40/44 20 20
Spacial l=atures Timer2 | Comparator | Comparator

895X-ST (ONLY £215)

Comes complete with samples of Afmel 8351 and 8952 40 pin microcontroilers

XO051-ST (ONLY £199)
Comes complete with samples of Atmsi 1051 and 2051 20 pin microconireliers
BL15/8 Lancashire
code (UK +44 12
¥ec gemon ok Web Page, waw, camaon cotd(eqsnisc
of VAT 2nd camiags.

Py IEdinoingss, 229 Gresrmoud Lans 82t
20,

25
Af grices exclshe

Dianamic
MPLC1000"

The Dianamic MPLCI000 is an industrial

specification Programmable Logic Controller with both
ANALOGUE & DIGITAL I/0 capability, at an affordable price.

Very Wide PSU
input vollage
. range

STARTER KIT CONTAINS: MPLC, IBM PC
programming interface & compiler, defailed
programming & interfacing manual.

*PROGRAMMED IN BASIC
+ANALOGUE CAPABILITY )%

*16 1/0 PORTS(A&D)

*STANDALONE OPERATION 0, o Smallsze
+ 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 1/0 interface to the real world. But that's
not all -Despite the small footprint, the 16 channels of 1/0 can be
configured as digital inputs, digital outputs, analogue inputs, or pulse
counters or any combination thereof. If that is still not enough, the
MPLCI000 has on board timers and can drive LCD displays directly. It can
tallke to external devices using the I'C protocol and also possesses an
onboard 9600 baud R$232 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
MPLC in the world...

Incredible

Call NMB Marketing on Tel: 0171-731-8199

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

STEVENAGE

Professional Sub-Contract Manufacturing & Suppliers to the
Electronics Industry

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

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

Wave & Hand Soldering PCB Test & "Burn in" Facilities
Complete Equipment Enclosure Design & Manufaciure
Manufacture PCB Ariwork Manufaciure
Device Programming from hand Circuits Drawn Professionally
written shis or PC 3% disc Kit Procurement & Supply

Cable Hamess Assembly/loom Compaonent Sales

Manufaciure Refurbishment a speciality

Card Cage and Module Wiring Top Quality Work at Reasonable
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

ONMNI 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 *
* MAIL ORDER - generally by
RETURN OF POST x
* FRIENDLY SERVICE *
* 1995/96 CATALOGUE NOW AVAILABLE

Open: Monday-Thursday 9.15-6.00
Friday 9.15-5.00 Saturday 9.30-5.00

Price £2.00 %
(N =
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he 2C bus is a proprietary standard designed by
Phillips/Signatics. It is used to provide low-spead
serial cemmunication betwesn devices on a two-
wire bus. It is used to great advantage with devices
which traditionally have a large number of pins, and
which can be fitied in to much smaller packages such as
EEPROMs and RAMSs in 8-pin DIL packages. In addition a large
number of devicas can be driven on a single two wire bus
which reduces the /O count on processar circuitry, and which
eases PCB layout, This flexibility comes at the expense of
increased interface complexity and of relatively slow transfers.
In this-article we shall lock at the bus, and at the software which
might be used to driva it.

Master and slaves

The I2C bus is a two-wire interface. Devices on this interface
can be masier devices, slave devices or both. There must be at
least one master and any number of slaves (limited by the
addressing range of devices).

Faure 1 shows a typical configuration with two master davices
and three slave devices. The two wires on the interface are the
cleck ling, SCL, and the data line, SDA. The master device
controls the clock line SCL. Normally devices use open
collector drivers on the I12G bus, and so the bus usually has a
pull up resisior on SCL and SDA. This allows multiple devices to
drive the bus simultaneously so that if two masters attempt to
access the bus simultaneously then there is no excessive
current drain. (See the later section on use of multiple masters
for a further discussion of bus clashes.)

Abboft concludes his series on

i

In any transfer of data there is always one davice which acts
as the master and one device which acts as the slave. The
master device supplies the clock for the transfer, and defines
which device is tc be addressed, and whether the transfer is a
read or a write access. The slave checks the address and, if it
is correct, responds as defined by the master. In any transfer
there will be 8 bits sent and one acknowledgement bit. The
acknowledgement bit is always sent by the davice which is
reading from the bus. Thus, if the master is transferring data to
the slave, then the slave device acknowladges; if the slave is
transferring data to the master, then the master device
acknowladgss.

Bus states and data transfer

The idle state of the bus is defined by both the data and clock
linss being high. If & multi-master system is in use, then it is
normal for all master devices o tri-state the clock and data
lines in the idle state. In a single master system, then the clock
line is normally driven all the time. When the clock line is low
then the data line can change without afiecting the state of'the
bus, when the clock is high then the data line can only change
to alier the state of the bus.

To gain control of the bus, a master devica must issue a start
condition. When it has finished with the bus. then it should .
issue a stop condition. A start condition is defined as the data
line falling from high to low when the clock line is high; a stop
condition is defined as the data line rising from low to high
when the clock linz is high. These state changes arg illustrated
in figure 2.

MASTER (1) MASTER (2) SLAVE SLAVE
4K7 (TYP) 4k7 (TYP)
~ SDA 8
. SCL 1
Fig 1. Typical 12C Bus Configeration
ELECTRONICS TODAY INTERNATIONAL
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SCL
|

I
|

| START BIT} (It DATABIT - LASTEY | | STOFBIT |

Fig 2. Start and Stop conditions

Once a start condition has besn issued then the master davice
can initiate fransier of ong or more bytes o or from the slave
davice. Data is transferred using the clock. Each clock pulse
(defined as a high peried of the clock) transfers a single bit.
The data can change when the clock is low, but must stay
stable whilst the clock is high. Data is transferred in 8 bits with
the'most significant bit transferrad first. Following the 8 data
tits, the master must issus ons final pulse for the
acknowledgement. The transfer of a single byte with an
acknowledgement is illustrated in figurs 3.

Addressing and controlling slave devices
Mast I°C slave davices have an address which is sent by the
master davics immediately afier the siari bit. The address
forms the first seven bits of the first byte. The final bit of the
first byte transferred is normally the read/write bit which defines
wheather a read or write transfer is to be initiated. This bit is low
to write, and high to read.

The address of slave devices usually has a fixed part and a
variable part. The fixed part occupies the upper bits of the
address and the variable part allows several davicas of the
same type to share the same bus.

The fixed part is the same for a group For instance 12C
meamory devices such as serial EEPROMs and serial RAM
devices have 3 fixed address part of 1010 (binary).

The lower bits of the address (the variable pari) can be
selected using pins of the device. Some 1PC deavices have
addresz pins, normally named AD, A1 etc. These pins can be
connacted to Vas or Vdd. Thus to define the address as 001
on a device with three address pins then AQ would be
connected to Vdd, and pins A1 and A2 would be connected to
Vss.

Some deavices use the variable part of the address for
internal decoding. For example, the 24LC16 EEPROM:devica
usss ihe three variable address bits 1o provide the top thres
address bits of the EEPROM memory. Thus, there can only be
one 24LC16 device on an I2C bus, and ne other devices with
the same fixed address part can share that bus, or the devices
will clash,

Figure 4 shows a typical “real” circuit with thres slave
devices connected 1o a single master device. These devices
are the 24LCB5 serial 8Kx8 EEFROM, ihe B570 256x8 serial
RAM chip, and the 8573 real time clock/calendar chip. Note
the address pin connections of the slave devices. These
devices have the following addressas:

241.C85 - Fixed address 1010, variabie part 001. Qverall
address is 1010001,

8570 - Fixed address 1010, variable part 000. Overall
address is 101000.

8573 - Fixed address 11010, variable part 00. Overall
address is 1101000.

So the sequence to read a byte from the LC85 shown in
figure 4 is as follows:

Start Bit

Send the byte 10100011 (Read from address 1010001)
Recsive single bit acknowlsdgement from the LCG5
Recaive byte from LCES ,

Send single bit acknowledgement to The LCB5

Send stop bit '

The acknowledgement bit sent by the slave is low if the
slave device recognises the address and has acted on the
command, and high otherwise. The acknowledgament bit sent
by the master is low if further byles are to ba received, and high
if this is tha last byle read. This protocol is described further in
the section below which describes using an LC65 device in
detall. -
Once a master device has control of the bus having 'senta
start bit and an address, then that master, and the addressed
slave, can send or receive further bytes until a stop bit is sent
and the bus retums to the idie state. The further bytes sent.
depend on the specific device. For gxample, an address and a
write bit sent to the 8570 serial RAM s followed by a single 8
bit internal address which is the RAM address to be written,
followed by one or more bytes to be writien {o that address and
the following addresses sequentially.

Interface

Those who have been following the ET1 PIC BASIC series will
recognise the 24LC85 device as being the EEPROM used in all
the variants of the project for 8K storage. We will look indetail
at the interface used for this device as it is a good example of
the use of the I°C bus, and thers has been quite a lot of Interest
in using it for other applications. It is very likely that other 8Kx8.
devices will have a very similar (or identical) interface.

The fixed address part of this device is 1010, and the
variable part of the address is programmable from the address
pins, AD, A1 and A2. In this example we'll look at a device
which has pins AQ; Al and A2 wired to Vss. This up.to 8 LGCB5,
devices (or 8 devices which Usa the fixed address 1010) can
connect to the same bus to provide up to 84Kx8 of EEPROM.

Figure 5 shows the sequence for writing a single byte to an
address in the LC85. The start bit is followed by the address of
the device together with the write bit (which is low to wnte)in
this case the address byte will be 10100000. Now the next two
byies sent are the word address to be writien; the high order -
byte first, followed by the low order byte, The high ordar
address byle has only 5 significant bits, so the top three bits
should be sat to 0. Finally the byie to be writien is sent o the
LCB5, The LCES will acknowledge all four byte transfers with a
low bit, following the last transfer 3 stop bit should be sent. |
Following the stop bit, the LC85 will initiate a write cycle. This
iakes 10mS during which time no further transfers can iake:
place, although other devices en the bus can be addressed.
The controlling program may either wait 10mS beiore
sttemipting further access 1o the device, or can atiempt @
further transaction. If there is no acknowledgement from the
LCB5 then the writa cycla is nat complete.

More rapid writing fo the EEPROM is possible Using page.
writes. The LCB5 contains an interal cache of 8 pages of 8
bytes each. Up to 64 byles can be loaded at once by using the
write command, followed by the address and then the bytes to
be loaded to the cache. Each byte is transmitted in turn,
followed by an acknowledgerent from the LC85. The last byte
is followed by a stop bit, after which each page of up to B bvies is
written to the EEPROM aray, each page taking 10mS to wiite,
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the internal address counter afterwards),
then the master can send & start bit, the
= | /AN | edastntontye 1010 0001, a e
|' - ‘ read 8 bits followed by a high or low
s\ — = = acknowledgement from the master
sDA ; aT7 =75 BT e B3 arz X er: X amo ¥ acx )| deperiiantorwhelier [HHGr Byles i 16
e TRANSMITTING DEVICE DRIVES SDA ! be read.
Agg:ggﬁ“fégﬁ Note that even running at 400KHz, the
SDA transier times for the bus can be very slow
dus to the number of byles which must ba
Fig 3. Transferring a complete bite : sent. Thus to read a singls byte from a
_ - random address requires 5 byles to be
This allows witing at up to 8 times the speed of individual byte transfemred, each of which nesds 9 bits, pius a start and a stop bit
writes. for the wihole transfer. This totals around 120uS. lfuse can be

mﬁmmWhmabﬁe orasequence  made of sequential mode then each byte can be read in around
of bytes from the LCB5. The first example shows the case where 25uS. For comparison, a 2MHz Z80 can achiave an 8 bit réad from
an address is to be provided and the byteread. The LC85 hasan  the data bus in 5uS.

intemal address counter and, after each byte is read from an LC85, Using program control for the bus is almost inevitably slowes,

the address counter is incremented to the next memory location. and for 4MHz versions of ET PIC BASIC, the sequential read time

Thus it is possibis to read out a number of locations with a is around 50uS and the random read time around 300uS. The

minimum number of transfers. This is shown in the second random read is nesded for program jumps, and for when EEPROM

_W vanables are read, (afier an EEPROM variable read, a random read
To s=t the address, a write cycie is initiated with the write is then required for the continuation of the main program). For

dﬁﬁ'ﬁmmﬂmom followed by the addresstobe readina  EEPROM variable writes then tha 10mS delay swamps the bus
transfer of the high order part. This is followed by the low order part access delays.

-as shown for the write operation. This sais the infernal address

counter. Following the second address byte fransfer, apew startbit  Driving the 12€ bus from a microcontroller
is sent by the master. This terminates the write operation. Now a Mast I2C buses will be driven from a microprocessor. Although

read definition byte can be sent - 1010 0001 - and then finaly a devices exist to convert an 8 bit parallel bus interface into an 12C
Dbyte may be read from the slave device. Following the 8 bits read bus interface, this does rather spoil the point of the two-wire
from the LC65 the master issues an acknowledgement. If this is interface! For the purpose of this article we shall look at the

Jow then the LCB5 wall send the contents of the next memory central routine used in the PICTBCB4 version of ETI PIC BASIC,
location when the master clocks out the next 8 bits. If the for the interface to the serial EEPROM, serial RAM, and the
acknowledgement from the master is high, then the paripheral PC interface. Familiarity with PIC assembler is
acknowiedgement should be followed by a stop bit which wil assumed; however the routine is fairly straightforward. The main
terminate transfer and leave the bus in the idle state. instruction type which may not be familiar to other assembly

o read the cumrent address from the LCE5 (and 1o increment programmers is the PIC assembler BTFSS and BTF3C

instructions. Thess

Fig A. Ex le 12C it. Real ti lock instructions stand for Bit
ig ample circu me cloc! ) .
and static run with Battery backup. Also 8k x8 = Test Fil= register and Skip if

EEPROM Sst (or Clzar), thus “BTFSC
10K Tk temp,2”, tests bit 2 of the
k! e ls MICROCONTROLLER | memory location temp
BCFESTD scL and, if it is 0, then the next
s instruction is ignored. The
soA FSH register is the indirect
- address - anything written
to, or read from, register O
B []m fire ’_”:h T }{’ will use the address in
13 14 FSR. Fmal!y. the BSF and
= BCF instructions sst and
S0 - e —_— .
" - Sty .t ciagr.a bit in the gpecaﬁed
TYF) regisiers respectively.

Dm ™ s”—"'I_'s i . " | This routine is shown in
T Vst a0 &1 vez  TEST figurs 7 and cccupies 54

[’5 ' e i e words of program memary.

= _L = The routine writes or reads
8 bits to the 12C bus, and
can send a start bit and/or
a stop bit, or neither. For
this routing, there are two
buses used ons is the
EEPROM/RAM bus used
by PIC BASIC, and the

12347

]
EXTFF ﬂﬁ
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functicns are as follows:

ADDRESS

S=START BIT

A=ACKNOWLEDGEMENT BIT FROM LCSS

P =STOP BIT

HHHHH = TOP 5 BITS OF ADDRESS
LLLLLLLL =LOWER 8 BiTS OF THE ADDRESS
DDDDDDDD = 6 BIT DATA

mte | s | 10100000 | A Jooorrmnn] A | wuwn [ A [oooooooo] P [16LE - A FOR toms

1 - esreadrand. This routine tzkes
the adtiress (which is in the location
pointed to by FSR) and reads a byle
from that adgress leaving fhe bus
ready fo réad the next byle
seguentially.

2 - esreadnext. Foliowing the
eereadrand routing this reads the
next byte from the EEPROM and

e | s | 10100000 | A Jooomrtmm| A [ s | ‘mmmm | A [oooooooo] n [ e | oLe

leaves the bus ready to read the next

ADDRESS ADDRESS

5 =START BIT

A= ACKNOWLEDGEMENT BIT FROM LC&5

h = HIGH LEVEL ACKNOWLEDGEMENT FROM MASTER
P=STOPBIV

HHHHH = TOP 5 BITS OF ADDRESS

LiLI11Ll = LOWER B BITS OF THEADDRESS
DDBDDDDDD =8 BIT DATA

byle sequentially.

3 - eswrite. Thiswrites abyle io
EEPROM. The address (which isin
the location pointed 1o by FSR) has
the byte in the memory location tos
written to it

ioLe | s | 10100001 | A Jooooooon] = [ooonopen] = [oooooonn] a|

vanables dafined: temp3, temp4 and

|mnmnm| nle] e fos. -

ADDRESS

S =STAAT BIT

A= ACKNOWLEDGEMENT BIT FROM LCE3
a =LOW LEVEL ACKNOWLEDGEMENT FROM MASTER
h = HIGH LEVEL ACKNCWLEDGEMENT FROM MASTER
P=STOP BIT

HHHHH = TOP 5 BITS OF ADDRESS
LLLLELLL = LOWER B BITS OF THE ADDRESS
DDDDDDDD = 8 BIT DATA

Fig 5. Write operation to LC65 EEPROM

HSTER= Note that timings for the bus are met

for the LCB5 with a 4MHz clock.
Faster processor docks will require
niop instructions between dock
changes to maintain the ciock high
and low and data sstup and hold
requirements detailed in specific data

other is the paripheral I2C bus. The EEPROM/BAM bus usss bits
3 and 4 of port C, the peripheral 12C bus usss bits 3and 4 of
port A. Selection between the buses is performed by using the
FSR register to paint to the port to be used for the transfer. There
are four entry points, which are all called with the W register
helding the value to be written fo the slave device in a write
transfer (in a read transfer, the W register is ignored). These entry
poinis are as folows:

1 - weepromOw sends a start bit and transfers 8 bits to or from
the EEPROM/RAM bus

2 - weepromns sends no start bit and transfers 8 bits to or from
the EEPROM/RAM bus.

3 - 12COw sends a start bit and transfers 8 bits to or from the
EEPROM/RAM peripheral I2C bus.

4 - 2CDw sends no start bit and transfers 8 bits to or from the
EEPROM/RAM peripheral 2C bus.

To read from the bus, the SDA bit should be defined as an input
cn caling the routing; to wiite, the SDA bit should be set to drive.
The routine always retums with the SDA line driving as an output,
and driving high after the last clock. The 8CL lins should be set to
drive on calling the routing. On return the SCL line will be low
uniess a stop bit was requested, in which cass it will be high.
Thres temporary variables are uised: temp5, temps, and temp7.
temp6 s used 1o define the funclions of the routine. [F bit 1 of
tempb is set then a stop bit will be generated after the transfer, if
bit 2 is set then an acknowledgament will be generated by the
master, oirﬁwiseanack:mdedgmﬁmw read. Bit 3 defines
a read from the siave ff it is Sst; a write otfierwiss! Temp5 hoids the
state of the acknowledge signal read from the slave davice when
the routine returns, Fnally, temp7 holds the byiz read from the
sfave in a read transfer.

Figure 8 shows the routines from PIC BASIC which handle the
LCBS, These are not fully documented hers, but the thres

shests,

Multiple master systems

In a muitiple master system, opsration follows the same
proceduras as shown above, except that the master davicaes must
kesp track of other davices which are using the bus, and wait
when another device is accessing the bus. For microconiroller
applications, this requires implementation of hardware {o detect
the start and stop bits. Fortunately the PIC18C84 contains the
siave circuitry required to do this. There is still the possibility of 2
clash if two mastering devicas fry to access the bus
simuitaneously. In this case, each master must monitor the bus
and in the case that one Is sending a high state whilst the ciher is
sending a low state on the SDA ling, thentl'lemstersendangthe
high state should yisld to the ofher devica,

; Write/read B bits to IIC, check ack

; Call weepromOw for start bit 6 the local IIC
bus
; Call weepromns for nmo start bit te the local I1IC

; Call TiC0w for start bit to the peripheral IIiC
bus

; Call IICns for mo siart bit te the peripheral
HIC bus

; Call with scl driving

s 2da is s=t to read for a resad,
write ik

; tempS is index, but returns state of ACH bit

; tempé bit 0 is not used; temps bit 1 indicates
to gensrate stbp )

; tempd bit 2 indicates to generate ack if set
[Rezg8 3¢k if resst)

: JLempt bHic indicates to read

; |cemp7 reads input byte, or writes output bhykte
- Ezd~ driving sda & sel

and drive for

l.o.l

TECOw bef iichus,sda Start
Bit ecall point
IICns movwE temn?

meviw iicbus
goto doiic
weepromiw bef picio,=ds 5

bit drops data
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weepromns movwE temp?
o ~ moviw picic 3 Move
default bus te FSR _
doiic movwE FSR
' moviw 8 _
movwi tembp5 )
bof 0,scl ; drep

~ brfsc temp6,3 ; leap
forward if read
goto rdsslonp

H .

wrteelop bef 0,sds = = iTnlis

writes 8 bits ro the IICT '
rlf tempd ; now

get correct pert bit N

bef 0,sda .
R bst 0,scl 5

o _ bet 0,sdz i Ho
clash with ack on last bit .
ioop

bef 0,scl ; eleek

goto wrteelop H
aoto endthis
rdeelop clrf temp? ; This
reads 8 bits from the IIC

circ
bsf 0,scl :+ clock

btfse D,sda \ ; mow

Setce P
rlf temp? H

in bit

) ‘bef 0,3l ; clock
low again _
decfsz tempS ¢ and
goto rdesZ
- . _
:; This section handles the last bit (acknowledge
‘or reazd ack), and handiés stop

endthis bef 0,sda H
Acknowledgement is low
=tstop bef FSR,7 ; either read
or drive SDA
_ bsf 0,sda ; Rezd from

data iine _ o

btfsc tempb, 2
data Iine if ack _

bef FSR,7

bsf 0,scl ; Send the last
clock

btisc 0,sda '+ Test state of
acknowiedgement bit

incf tempS ; and if 1.
then leave in temp 5 -

bef 0,scl -

bsf 0,sda ; Data line

. - bsf FER,7 ; End by
driving the data line
bof 0,s8a
bcf FER,7 .
btfss tempf,1 : 1/2
_ _ _ return #d
If no step bit return with scl low N
dostop bef 0,sda ; ‘eant
here to do a stop bit
N bst 0,scl
otherwise cleck high
. ~ bsf 0,sda
stop return driving high on scl/sda
' return

-

e
.-m
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Surplus always
wanted for cash!
LOW COST PC's -

SPECIAL BUY

AT 286

40Mb HD + 3Mb Ram

LIMITED QUANTITY uﬁ y of thess 12Mhz HI GRADE 285 Systsms
Mada in the USA 10 industrial specification, the system was
desiprad for totsi "_':f Tras compact case housss ins mothar-
bosm, PSU and ECA iden card with sngle 5%" 1.2 Mb fioppy sk
drive A integral 40Mb hard disk drive 15 tha front Real tme ciock
with Usttery Dackup is provided as standard. Suppied in good us=d
conddion compicts with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 80 DAY Full Guarantes. Ssady 1o Bun ! 4

Orderas HIGRADE28S OANL Y £729.00 (=

Optional Fitted exiras: VGA graphics card £29.00
1. 4Mb 33" foppy disk diive (instsad of 1.2 Mb) £19.55
NE2090 Ethamei (thisk, thin.or twisiad) nefwork card £32.00

LOW COST 486DX-33 SYSTEM

Limited quantity of tf nd ussr, supurb smell sizs E=sking unit
Fully fzaturad with standard = ws 30 & 72 pin. Suppls

wah keyboard, 4 Mb of RAM, SVGA masnitor output, 25 =2k cache ans
ndegral 120 Mb IDE drive with sngla 1.44 Mo 357 .m‘ disk drive:

Fully testad and quarant=ad
Many other op le - call for di gagg_uo ®

FLOPPY DISK DRIVES 37" - 8"

51" or 3%2" from only £18.95 !

# purchaszes of sfandard 5W* and 315" diives enables us
prime produst al ndustry b:a..r? law paxﬁ' All units (uniess

are HRAND NEW or removed from often brand new equg-

are fully l=sted, 2boned and s";:-pr.—d to you with a S0 day

tee and coerate from standard voltagss and are of standard

<= All ars IBM-PC compatible {it 32" supportad on your PC).

M

35" Panasonic JU3S3'4 720K o eguivalent RFE £24.85(8)
35" Mitsublshi MF355C-L 1.4 .'.!«Eg La;tugs ondy £25.95(8)
35" Mitsubishl MF255C-D. 1.4 Msa. Non lapicp £18.95(8)
5%* Teas FD-S5GFR 1.2 Meg (for !B'.tpcs] RFE £18.95(8)
Sh" Teac F-35F-03-U TZ0K 408D (i BBC' s sic) RFE  £22.95(B)
51" BRAND NEWMTI.IUHN‘IIMF&J!S EECIK £22 .95(8)

Tebis top cass with intagral PSY for HH 5%° Flepp or HD £29.95(8)
8" Shugart BOOVBO1 8" SS refurbished & fosted £195.00(E)
8" Shugan B10 &' SS HH Brand New £185.00(E)

8" Shugan 851 5° doubls sided refurbished 3 tested £250.00({E)
Mitsubishi M2894-83 8° doubla sidad NEW £275.00(E)
Mitsubishi uzass-sa-ozu 8' DS shmime NEW £285.00(E)
Dusl 8 cased drives wih intagral power supniy 2 Mb £499.00({E)

HARD DISK DRIVES

End of line purchasa scoop! Brand new NEC D2246 B° B5 Mbyta
drmvs with immstry standard SMD Intarface Utra hispesddaiz
xd times, replaces Fujitsu equivaiant modsl
Only €289, m or 2 for £525.00 (E)

menual

} 303-26 Z0mb MPM UF RFE £59.95(C)
“x CONNER CP3024 20mb IDE UF (or equiv JRFE £59.95(C)
:* CONNER CP3044 40mb IDE IF (or sguiv.}HFE £69.00(C)
RODIME RO3057S 45mb SCSI LT (Mac & Acom}  £89.00{C)
WESTERN DIGITAL 850mb IDE F Brand Nsw  E185.00(C)

22" MIMISCRIBE 3425 Z0mb MFM UF (or equev) BFE  £49.85(C)
5% SEAGATE ST-238R 30 mb ALL UF Hsfwd £68.95(C)
' CDC 942035-51 40mb HH MFM UF RFE tastad £69.95(C)

FUJITSU M2322K 160Mb SMD UF RFE lestad £185.00{F)
Hazd dise controdiers for MFM | IDE. SCSI, RLL sic. from £16.85

THE AMAZING TELEBOX

Converis your colour monitor into a QUALITY COLOUR TV!

TV SOUND &
VIDEO TUNER

GABLE COMPATIBLE"

Tha TELEBOX is an atiractive fully cased mains powersd uvndl, con-
taming =il sisctronics ready o plug into a hosl of video monitars
mada Dy makars such as MICROVITEC, ATARI, SANYO, SONY,
COMHJDDHE PHILIPS, TATUNG, AMSTRAD =iz, The compasits
widsD culput will also plug dieectly r'rJ mast r.deo recorders, slowing
rzeeption of TV ch IS net nc ble on most tele
sion receivers® [TELEBGX MB). Push bun:.n conirels on the front
a Eow reception of 8 fully tunsable "off air’ UHF colour taldsion
TELEBOX MB covers virfually all tafevision frequenciss
VHF 203 UHF including the HYPERBAND as used by most cable
T\f operators. A rx-—pﬁs:‘n video out F-.n ks oested on the rear panal

for direct connechon to most makes of monitor or deskiop computer
videu systems. For complste compaldty - aven for monitors with-
et sound - 20 integral 4 watlt audia ampliificr and low levsl Hi F
S50 Cuiput are prosvaciad as standard.

TELEBOX ST for composie video input type monitors £35.95
TELEBOX STL as ST but fted with miegmal spﬂ;\a £39.50

TELEBOX MB Multband VHFUHFCabiaHyperband tunsr £69.85
For overssas PAL varsions state 5.5 or 6 mHz sound specfication
*For cabie / hypertand reception Telebox MB shoukd be connested
122 cable type sefvice. Shipping cods onall Teleboxa's is (B)

DC POWER SUPPLIES

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

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - BULK

6,000,000 items EX STOCK

For MAJOR SAVINGS - CALL FOR SEMICONDUCTOR HOTLIST

VIDEO MONITOR SPECIALS

One of the highest specification
* monitors you will ever see -
At this price - Don’t miss it!!
Mitsubishi FAI415ETKL 14" SVGA Multisyne colour monior with fne
028 dot pitch b and resCition of 1024 x 768 A

varety of pufs alows connacton o a host of comput
L& IBM PC's n CGA, EGA VGA A SVGA

miadss, mmmnsmmmmm‘
ARCHMEDES =nd APPLE. festres Biohen
faceplats, = swiching and LOW TION MPR

specscaton Fuly gisrenised, supoied in BICEL-

Surplus always
wanted for cash!

19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart
_Less than Half Price!

qualty 18" rack cabnets mads in UK by
Oplirna Enclosures Ltd. Units tsature
ignes, smoked acrylic lotkable front door,
18ight lockabis half fouvered back Goor
and louvered removabis sids panals. Fully
adiustable ntemal fidng sinis, ready punched
for any contiguration of equipment mounting
plus ready mountad injegral 12 way 13 zmp
3 =ocke! switchad mains defroution strip maks
thess racks some of the most versatil
have ever sold. Racks may be stacked sids by sifa and tr.—- i
require caly two side panals to stand singly or in multipls bay
Cveral dmensions ars: 772" H x 2% Dx 22° W. Order as:
OFT Rack 1 Complata wi:'n removabis sds panels. £335.00(5)
OPT Rack 2 Rack, Less side panels £225.00 (G}

[ 32U - High Quality - All steel RakCab |

Maca by Eurocraft Enclosuras Lid to the highest possible spsc,
rack features all steel construction with fem, vable

PRSTRRER IR IER
| ERIERTRNCTR ORI,

LENT liches usad oondifion.
Tit & Svivel Base €475 Only £119 5 e
VGA cable for I8M PC inclisded. y b L
External cables for ciher types of computars CALL

5000 Monitors from stock !f!

HERCULES, EGA, CGA, VGA, SVGA - 6 to 26"
+ Many special items - CALL with your nesds |

sida, front and back doors. Front and badk dog
hinged for easy access and =1 are locksbia
five secure 5 lever barrel locks. The front doer
is consiructed nf dauu e «avag steal with a

Just In - Microvitec 20 VGA (800 x 600 res.) colour monitors.
Good SH condition - from £293 - CALL for Info

PHILIPS HCS35 (same s as CMBB33) attractively styled 147
colgur monior with both F{GB and standard composite 15.625
Khz video Inputs via SCART socket ard separates phona jacks.
Integral audio power amp and speaker for all audio visual usss.
W& connse
vidso moenitoring / security appications witn direct connection
to most colour cameras. High gualty with featyres zuch 22
front ‘r.rx:r.-uf:j}f'an centrels, VCR comection button etc. Good
used condibon - fully tested - guarantesd
Only £95 _

Dimensions: W14" x H12%" x 15%° D.

PHILIPS HCS31 Ultra compact 9° colour vidao manitor with stan-
dard composite 15.625 Khz video mput via SCAART sockat Id=al
for all mon2osing [ secunty applications. High quaiy, sx-stuipment
fully tesfed & guaraniéad {posshla mingd scresn buns). In sitrac-
ve square Black plastic case measuring W10" x H10* x 13%° D.

240V AC malns powerss OI"I(Y £79.00 o)
KHME 10" 15M 10003 high definition colour monitors with 028" dot
pitch. Suparb clarily and modern styling
Op=rates from sny 15,625 khz sync AGB vidao
sourge, wilh RGE analog and composile sync
such Atari, Cemmeodosa Amiga, Acaor

Archimeges & BBO. Msasures oniy 13%" x 12" x§
wd psad condd

DR S CancRon. Only €125 5)
20" 22" and 26" AV SPECIALS

Superbly made UK manufactute. PIL ail soiid state colour monitors,
complets with composiie vidso & optional sound inpul. Altracthe
leak styis case Pedect for S*"m is, Bhops, Disco, Clubs, etelin
EXCELLENT #tilz esed condition with fufl 50 day guaraniza.

20"...£135 22"..2155 26"..£185(

MITS, A FASS45ETKL 147 Ind
ZW to 200 KW - 300 H23
Broadcast Electronics Inc FX30 FM excilar ﬂﬂ-lﬂa MHz
Stansico STA15 15KW RF

1! S.r_'frps‘l'l loba modules
IBM MAU Token r g d SEotion carata’dE{B S-D:CN
AlM 501 Low &=

£575
nel last sst SPDA
HP7580A A1 8 p=n HPGL high ed drum piottsr E1850
Marcenl 6310 Pragrammizbis 22 GHz sw=sp gensrator CE500
EG-NG Brookdeal 85035C Precision lock mamp £650
OFC Ltd 1550 SM Stabiized IR laser calbration sourcs £2250
Ling Dy 2KV prog 1=zt syztam EPOA
Compu!.ar 18mm CCTV auto ins kenses 'C” moynt - NEW £125
Kalthley 590 CV capacitor / voltaga ana A
Racal ICR40 dusl 42 channe! voice 1
Roksn 80-250 240v =~3r;.-=
ICI AS030UV34 Cis
Mann Tally MTS45 H
INTEL SBC 4861335 P 485 sy
Zsta 3220-05 AD 4 pen HPGL fast drum plot . E1150
Nikon HFX-11 [Echichot) exposurs control uni . £1450
Motorola VME Bus Bpards & Compansnis List, QAEJ CALL EPDA
Trio 0-18 vde Bnzar, mstered 39 amp bensh PSL, A 0
Fujitsu M3041R £00 LOM band printsr £18350
Fujitsu M3041D 500 LPM pﬁmer with network interface £1250
Perkin Elmer 2928 Infrared spectrophstomster EFOA
VG El=ctronics 1035 Deooging Margn Mstar  £3750
R t= Dish + rr\‘}.ﬂ' {Fee Veymgae!) ES30

HPS4121A DC 1o ¢Z Gﬂz f:ur

ration

B8 vidration

£3750
£1200
EPDA
£22

a?hﬁa
cipan. z'r; sysiem

by 08 g ang
Sakonic SD 150H 18 chan ¥ Hybeid chart recorder
Danssi MUD 0185AH 1KVz UPS system with batts NEW
Systam Vidzso 1152 PAL waveiom monitor
Test Lab - 2 mir squars quistised acoustic test cabinsts
Kenwood 9601 PAL Vectorssops - NEW
Please call for further details on the above items

direct to Amiga end Atarl 8BC computers. idasl foc all

SPECIAL INTEREST |

enable stalus |r,.:|>..q'ws o r.e &
pansl, ye! reman unobirusve. |
teatures fully slotted reinforced vartical fixing
membsars to take the heaviest of 18" rack
equipment. Tha two movable vertical fixing struts
(extras avaiiabiz) are pre punched for standard
us. A mains ﬂ]stngulion parml intarmat
h molun g_-d o tha botiom reat, plovides Ex IEC 3
pin Euro sockels and 1 x 13 amp 3 pin switched 35
ul]iil\r socksl. Overall vanll 5 providsd by
f.J |~,- iouversd back docr and doub nned lop s,_—r:!m >
1 top and sids louvres. The leg parei. =y ba
cf In!agfai fans to the sub pia a stz Oth
cadlors and fiooe lavelsrs,
cabla | connsclor acoass sl Cmn--hn ghtly
condition with ksys. Colour Royal blue. Extemal di
mm=1625H x 535D x BOAW (64 Hx 25 Dx 235" W)
Sold at LESS than a third of makers price !!

A superb buy at only £195.00 ©)

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

TOUCH SCREEN SYSTEM

Thz ultimats in “Touch Scraen Technology' mads by tha exparis -
MicroTouch - bet sold at 2 price balow cost |! System consists of
2 fiat translucent glass iammated pansl measunng 28.5 x 235 cm
wected (o an elactionic controlier PCB. The controfier prodduces
& standard serial R5232 or TTL culput which continuously gress
simple serial data containing positicnal X & Y co-orcinates 3= 1o
whare & finger &5 touching tha pansal - as the finger moves, tha data
nstanily changes. The X & Y sformation is ghen at an incredible
matrix resolution of 1023 x 1024 positions ‘over the entirs screen
ziz2 Il A host of engbiss grast con-
naction 1o 8 PG for & myniad of appications including: con
els, pointing devices, S systems, controlisss for the esab«—d of
computer un-trained etc elc, Imagine asing your finger with
‘Windows', nstead of 2 mousa ¥ (a drvver is indead availabis 1) The
applications for this amazing product are only limited by yaur
imagination!! Complals system including Controller, Power Supply
and Data sunpliied 2t an inTredible prics of only:
Full MICROTOUCH software support pack g £145. 00 [1:1]
=nd feri2M ble PC's £2285 AFE- Tested

LOW COST RAM & CPU'S

INTEL "ABOVE' Memory Expansion Board. Full langih PO-XT
and PC-AT compatibia card with 2 Mbytes of emory on board.
Card is fully sslect for Expandad of Extanhded (235 processor
and sbove) memory. Full data and driver disks su gied RFE
Fully tasted end guaranteed. Windows compatitle. - g 95 A1)
Hal‘{length 8 bit memory upgrada cards Ic W
mamory eihar 258Kk or 512K in 84k stops May alsobe used Iu
in RAM sbove 640k DOS Lim®. Complate with data.
Order as: XT RAM UGS2'361{. £34.95 0r 512K £39.95 (41)
SIMM SPECIALS

1MB x 9 SIMM S chip 120ns £19.50 (AY)
1MB xS SIMM 3 chip 80 ns £23.50 224.95 (A1)
1MBx§ SIMM 5 chip 80 ns £22.50 En

oF
o 7ons

Only 295 00
ﬂga INTEL 485-DX56 CPU 269.00

FANS & BLOWERS

4 MB 70 ns 72 pin SIMM -with pa.nl‘y
8MB 70ns ?"pﬁ&’-’M
INTEL 485-0X33

EPSON DO412 40x40x20 mm 12v DC £7.85 10/ E65
PAPST TYPE 612 60x80x25 mm 12v DC £8.9510/£75
MITSUBISHI MMF-DED12DL 80x60x23 mm 12v DC £4.85 10/ €42
MITSUBISHI MMF-08C120M B0x50x25 mm 12v DT £5.25 10/£45
MITSUBISHI MMF-09812DH %2x82x25 mm 12v DC £5.8510/£53
PANCAKE 12.3.5 92x32x18 mm 12v DT £7.9510/£69
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm sp=cify 110

of 240 v £6.95. B0 x 89 x 38 mm - specify 110 or 240 v £5.85
IMHOF B28 1800 rack mnt 3U x 15" Blower 1100240¢ NEW  £79.95
Shipping on all fans (A). Blowars (B). 50,000 Fans Ex Stock CALL

Issue 13 of @zsp[a y News NOW available - send large SAE - PACKED with bargains!

—

-ELECTRONILS -

"

3 ees sess w Joee s e AlaL MﬁlL?ﬂ?uF:;CSOES LONMDON SH?:E

s 3 ® e e ® pen Mon-Fr Open Sat 8:00

L] ase asEs assea see

4 s H H - Dant L 215 Whitehorss Lane

Soutd Bt T3 | PemELECBEYE Wy o) foneod
LONDON SE19 3XF Sthuret Pack SR Rel Betions

Al prices for UK Manand. mmaacm'i?
Unsverstes = Loca!

DISTEL®©
EE On line
Info on 20,000 + stock kams!
RETURNING SOON !

-.-\'AT...:‘I’UI‘#L&:HM Minimim ordier £10. Bora Fds account ordess accepiad

ALL T ENQUIRIES

0181673 4414

FAX 0181 679 1927

The Original
atabase

fom Sovenmens, Schocks,
=rount o £50. Chegues over £400 55 it D !Dwaﬁmg days ceamnce. G:rrr:;e {A=Z300, (Alj=400

[ossn ] ESTABLISHED | (B=ES50, (C)=E85) D120 E)::x&m (F=218.00, (G=CALL Alow amprox Ed:.:'s for s Smmnmgec.-f sppsd oo

'% & 25 YEARS Stendam Concors of Sale sd uness maﬂm&mmiﬂg&mmammbmm #Jrg'!z'asﬁ-\adm !s:e::aah:wm

1 rotee Orders subisct o stork. Do oe volime Top CASH pricss paid for surpius goods: Al tedemaks et asnowksdasd © Dapay 'cms‘l?Q&EiOEﬂ.m



HUGHES

MLGROPROK

George Pickworth continues his look at early microphone designs

.

ELECTRODE A
STEEL NEEDLE
0.3mm DIA.

oR

&

FLASTICINE

FIXED SUPPORT /

KNIFE-LIKE EDGE

Fig 1. Experimental Loose-Joint based on a design used by Branly

EIECTRODE®
E.G. STEEL NEEDLE
OXIDISED COPPER WIRE

CAREON FENCIL

D. Lodge's aluminium/stesl nesdie
(Fig 5)

This consisted of a steel point resting
on an aluminium plate. My replica
consisted of a strip of springy
aluminium, cut from a beer can,
resting against a needle point.

TOTEAMINAL

——— LEADTO
OHMMETER .
E. Hughes' platinum
wire/mercury/steel point
This consisted of a steel needle with
ihe point just touching the surface of
‘\\ a globule of mercury contained in a
MOVEABLE tiny ebonite cup. A platinum wire
SUPPORT

immersed in the mercury formed the
other terminal. This microphone
evelved into the ltalian Navy Detector
and the Lodge-Muirhead Detector.

i last month's issue of ETI, we logked at the
broad principles behind some early electric
devices - in particular, Hughes or loose joint
micropheones. Here we examine some moreg
devices.

Two electrode microphones
: self-restoring types

A. Hughes' needle & coke

This seems io be the earliest example of a Hughes'
microphone. One elecirods was a stesl needle arrangsd so
that the point just rested on a piece of coke.

B. Hughes' carbon pencil/steel needle (Fig 3)

This consisted of a carbon "pencil® resting across a
horizontal steel needle. The carbon pencil was attached to
a springy metal strip and contact pressure could be
adjusted by means of a micromeier screw.

C. Hughes' oxidized copper wire/steel needls (Fig 4)

This consisted of a loop of fine copper wire that had bean
smoked and oxidised in the flame of a spirit lamp. The
inside of the loop rested against a steel needle. My
reproduction employed an arrangament to vary contact
prassure.

Three element devices: self-restoring

A. Italian navy detector (Fig 6) ;

This consisted of a giass tube with steel plugs at both
ends, or steel at one end and carbon on the other end. A
globule of mercury was inserted between the plugs.

In some designs the inner faces of the plugs were
ground off at an angle, so that by axially rotating the tube,
contact area could be varied; this, of course, altered the
height of the mercury globule and thereby contact area and
pressure.

Some designs had one electrode attached to a
micrometer scraw so that the aciual gap width could be
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\
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Fig 2. Representation of Hughes' hand-held receiver
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Fig 3. Reproduction of Prof Hughes' carbon/stee! detector
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NEEDLE

TO TERMINAL

detsctor but the stes! point was replaced by a
small steel disc with its circumference ground
to a knife-like edge:; it rotated at about 1.0
rev/sec. A thin film of oil covered the surface of
the mercury which was just tipped by the edgs
of the disc. .

Three principal hypotheses for the operation of
microphones are based on an oxide film
forming on metal electrodes. As already
mentioned, this has a resistance so high that it
behaves as an insulator with dielectric strength
of about 10V; the same probably applies to the

il film of the Lodge-Muirhead detector.

CONTACT PRESSURE ADJUSTMENT
TEAMINALS

CONNECTOR
BLOCK

NEEDLE

_SCREWCAP

GLASS JAR

Fig 4. Reproduction of Prof Hughes' oxydised-wire-loop detector

However, carbon/carbon electrodes were
apparently used by some pioneers; herg the
oxide film theory falls down as carbon oxides
are, of course, gases but, having said that,
my replicas responded very feebly.

A popular explanation for the operation of the
Lodge-Muirhead detector is that the trigger
pulse set up an elgcirostatic force which
sgueezed the oil dieleciric from between the
disc and mercury, thereby allowing the disc to
make actual contact with ithe mercury. The
dielectric healed as the disc rotated, inereby
restoring the device to its high resistance
state.

With regard to microphones with metal/metal
or metal/carbon, one theory is that
electrostatic forces produced by the trigger
puise increase the electrode contact pressure
to the point where the oxide dielectric is
ruptured. However, assuming eiectrostatic
forces could create sufficient pressure, the
question remains as to what could maintain

varied. Alternatively, the tube was mounted on a pivot so
that its angle of inclination could be varied.

B. My steel/aluminium/steel dssign

This consisted of a length of aluminium fail rolied into
thin tube which restad on a pair of horizontal siesl needles.
Caontact pressure was adjusted by varying the weight of the
foil tube.

C. Massie's oscillophone (Fig 7)

This consisted of two carbon blocks filed to give the
tops a triangular cross-section. A steel neadle rested on
the sharp edges. A small permanent magnet or aliernativaly
an slectromagnet caused a slight downward pressurs on
the carbon rods. Contact pressure could be adjusied by
varying the position of the permanient magnet, or the
current through the electromaanst.

Mechanically restored devices

Lodge’'s steel/platinum point detector (Fig 8) consisted of &
length of clock spring firmly anchored at one end. A
platinum paoint rested lightly on the spring and contact
pressure was varied by mesans of a micrometer screw.
HBestoration was by causing the spring to vibrate by means
of a clockwork motor and a ratehet wheel; it was not a
SUGCESS.

The Lodge-Muirhead dstector (Fig 9), also known as a
coherer, had its roots in Hughes' sieel point/mercury

this pressure when slectrostatic forces are no
longer present.

Resistance coefficient

Another possible explanation is that the resistance of the
oxide film has & negative coefficient of resistance with
regard to change in temperature. So, provided that the
trigger pulse has a potential high enough o puncture the
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Fig 5. Reproduction of Lodges steel point/aluminium detector
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STEEL OR CARBON PLUG MERCURY GLOBULE

Fig 6. Reproduction of Italian Navy detector

Fig 7. The Massie oscillophone detector

dielectric and allow local DC to flow across the joint, heating
occurs and this reduces the resistance of the oxids film.

However, | found that the microphone's resistance falls in
response to a trigger pulse even when not connectsd to a
local DC source and remains low even when the local DC is
repeatedly switched off and on.

Welding
An explanation favoured by myself is that the induced pulse
punctures the oxide film and causes the glectrodes to fuse or weld
togsther; this could explain restoration by slight vibration which
would break the weld.

it might seem unreglistic that the minuts amount of eneragy
needed to trigger the microphone could cause welding, but it
must bs remembered that the contact area is almost microscopic.

It is perhaps difficult to reconcile welding with metal/carbon
slectrodes, but vaporised metal may well condense on the carbon
slectrode.

Welding is, of course, out of the question with the
steel/mercury, italian Navy typs detector, but as already
mentioned, this is a sirange davice!

Immune

Remarkably, the near-field of the high power VLF
transmitter BGR, Rugby, had no eifect on my replicas of
Hughes' hand-held receiver. Yet, in this environment, the
microphones were instantly triagered by a single wave train
radiated by the piezo energised transmitier at a distance of
20m. The piezo excited transmitter is described later (Fig
11).

Presumably, the peak potential of sine waves induced by
GBR was much less than that induced by the piezo
energised transmitier. However, the input to the radiator of
transmitter was only about 12mJ so the actual enargy
induced in the hand-held receiver was minute.

Branly's experimenis

It was mentionad in part 1 that in his paper antitiad
“Variations in Conductivity under Electrical Influence® (1831)
Branly described how the resistance of a loose joint
dropped fram almost infinity to a few ohms when exposed
to slectrical influence.

To produce the electrical influence, Branly employed a
two-plate Holzt maching (static maching). The Layden jars
normally attached to the machine were replacad by a pair
of 150mm diameter brass tubes 400mm apart and with a
length estimated te be about 1.0m; these are referred to as
“herns® The spark-gap knobs were 0.5 - 1.0mm apart{ses
Fig 10).

Branly placed the loose-joint betwean the horns and
connected it 1o ene arm of 2 Wheatstone bridge. Whan tha
plates of the Holzt machine were rotated, an electric
charge built up in the horns and ultimately dischargad
across the spark gap; the result was that the resistance of
the loose joint instantly dropped from almost infinity to a
few ohms.

Branly's influence machine was obviously a small VHF
transmitter which foreshadowed Heriz's transmittar. So, the
electrical influence was obviously electric and magnetic.
Branly psrceived the joint responding directly fo the
slectrical influence.

Reproduction

As Holiz machines are hard to come by, my reproduction of
Branly's “influence generator” was energised by a piezo
gleciric gas igniter; this niot only simplified construction but

SLOWLY ROTATING
TOOTHED WHEEL

ADJUSTMENT A

TERMINAL X

STEELSPRING

RIGID SUPPORT

. Fig 8. Lodges mechanically restored loose contact detector

ADJUSTMENT B

PLATINUM POINT
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OILY PAD KNIFE EDGE

POOL OF MERCURY

Fig 9. Simplified representation of the LOdge-muirhead detector

SLOWLY ROTATING STEEL DISC WITH
CIRCUMFERENCE GROUND TO A

been exposed to a discharge and could be
repeated at a distance up to 7.0m from the horns.
This experiment seems to rule out operation based
an local heating.

Twisted connecting wires

Even more remarkable, resistance drop still
occurrad when the leads connecting the
microphene with the ohmmeter were tightly twisted
together. It is therefore not surprising that Branly
seems to have bslieved that the microphone
responded directly to electrical influence; indeed, |
began to wonder myself if this could be the case.

Placed in a metal box

The microphone and chmmeter were placed inside
a metal biscuit tin. A small hole covered with fine
meial gauze allowed the chmmeter to be observed.
As expecied there was no response to discharges,
but when the gauze was removed from the
observation window, the microphone was readily
triggered.

radio interierence was reduced to a minimurm as each
discharge radiated only a single wave train.

British Gas informed me that gas-igniters release about
12md so the energy presant in successive discharges was
virtually the same.

Replica microphones were placed between the horns
and connected to an ohmmeter. A single discharge caused
its resistance to fall to less than 10Q. The logical
explanation is that a voltage pulse was induced In
connecting wires and this triggered the loose-joint;
moreover, this effect was maintained as the micraphone
was incramentally moved away from the hornsup to a
distance of 10m when the affect suddenly became erratic.
At 15m there was no effect.

At distances batween 10 and 15m there was either no
effect or resistance dropped to less than 10Q; it was rare
for resistance to fall io some intermediate value.

Without local DC

A phenomena which does not seem to have been observed
by Branly was that resistance drop still occurred when the
ohmmeter (which provided the local DC) and its leads were
not cannected to the microphone; this efiect was observed
by reconnecting the ohmmeter after the microphone had

Microwaves
| assumed that my influence generator was radiating
microwaves and these were unable fo induce a pulse in the
microphone's actual electrodes which served as an antenna. |
also assumed that microwaves entered the metal box through
the unscreened observation window.

Presumably, Branly's influence generator did likewise so
Branly was probably quite right in believing that the loose joint
responded directly to electrical influence.

Response to trains of very short waves
Whilst | favour the theary that Hughes’ sender propagated
energy along underground metal pipes, there was a possibility
that his sender may have radiated microwaves and further
experiments are planned to try and confirm this.

Whilst the following experiment could not confirm that
Hughes' sender did radiate Herizian waves, it did show that
his handheld receiver could respond to frains of very short
Herizian waves. Moreover, it gave a good indication of the
sensitivity of microphones. g

Thanks to co-operation by the DTI, | was able to conduct a
number of experiments in a fairly large, empty car park but the
number of wave-trains radiated was the minimal necessary.

TWO PLATE HOLTZ MACHINE
\

T

1.0m

v

BRASS TUBES
150mm DIA

SPARK GAP

LOOSE-JOINTS 400mm

Fig 10. Simplified representation of Branlys’ “Infuence Generator”
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/ PIEZZO GAS IGNITER
- NOTE A: Measuring peak
potential of the trigger

PIE DISH pulse .
Eﬂﬂq’mDIA

A. Wave train generator
method

My wave train generator was set up
to produce wave-trains with a
frequency of 50kHz and a repetition
rate of 100Hz. The microphane to be
studied was connected across the
wave frain generaior's output

i 1om ! terminals, and in parallel with the

' oscilloscops input terminals.

The wave train generator was first
adjusted to produce wave-trains with
a peak potential toc low to trigger the

Fig 11. Representation of the Hertz-type transmitter employing the Piezo Gas lgniter

Sender microphone; it therefore placed Virtually no load on the

The horns of the "influence machine” were modified so as to be in generator and a trace was observed on the oscilloscope

line with each other. Fig 11. The fundamental wavelsngth was sCreen.

about 3.0m but was obviously rich in harmonics and probably Generator output voltage was then incrementally increased

microwaves., until the microphone was triggered; this effectively shorted the
My steel needie/aluminium strip microphone was taken as a generator output and the oscilloscepe trace disappeared.

representative example and range achieved with the radiation of a

single wave train is piotted in Graph B. The potential of the induced ~ B. Capacitor discharge method

trigger pulse was estimated from measurements describedin Note A 2. OnF low inductance capacitor was incrementally eharged
A. The microphione was restored by lightly tapping with a pencil and discharged through the microphone via a high spesd
immediately before radiation of a wave train. electronic switch until triggering occurred.
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Bart Trepak concludes his construction
of a device whch enables you to have
compete control of the televison set

his programme is for a timed digital lock for disabling

TV ssis. At POR a preset 4-digit code (1111) is

selecied and a 24-hour timer Is started together with

another timer "A* which times 6 hours. Entering 1111

will tum en the output on and pressing * lights the
pregramme LED. A naw code can be entered followad by * to
accept. LED will extinguish, but cutput will remain on until this new
code is entered. Once the unit is in the programme mode, pressing
# will move it to VIEW TIME mcde allowing the number of minutes
viewing allowed per evening 1o be changed. A three-digit number
representing the number of minutes ean be entered. The last threa
digits entered before the * or # is pressed will be accepted. The
max number allowed s 359 i.e. thres hours. Incommect entries will
generate 3 BLEEPs [T # is pressed again, the unit will enter the
TIME MODE which aliows the real time to be set. This will accept
4-digit times in 24-hour format e.g. 0316 or 2237. Only valid times
will be accepted which will be the last 4 digits before # or “is
pressed. Incomect entries will result in 3 BLEEPs. A general reset
will oczur at 9pm (210Chrs) when the refay will switch off unless the
disamm code has been entered. [f the TV is switched off during the
allowed viewing time, the relay will not switch off allowing the TV to
be switched on again, but if it is switched off during the disalowed
time, the relay will also switch off. To switch on the TV in this case,
the dizarm codz will nead to be re-entersd.

Videocheck Assembler Code

LEP equ 1Ch
HSCTR egu’ 08h
HRCTE egu 0Sh
)

MINCTR equ: ORh
TIME)

MTHR equ 0Bh
QSTMR equ. OCh
FLAG equ OEh
FSTMR eqgu O0DH
INCTR equ 1Dh
diring programming

holds Last Rey Pressed
Half Second CounTeR
HouR CounTeR  (REAL

e mame

MINuite CounTeR (REAL

-~

Hinute TiNcR -
Quarter Second TiMeR
FLAG register

Flve Second TiMeR'
input counter used

ORI TR T T

CTH1 equ, 1Eh ;i holgs delav value

} BEEP ' .

CTR2 equ 1Fh # which determines the
frequency) BEEP

CUSTL equ 10h joutput lopen codes ist
digit Ry

COST2 equ 1l1h ; 2nd digit

CUST3 equ 12n ; 3rd digit

CUSTS =qu 13h - Atk gigit

VIIMI equ d4h ; allowed viewing time

o
VCTR1 equ 16h

T

{MSD)
VIIMZ egu 15h ; (NSD & L=D)

H w
1 * i view time counter
VCTRZ equ 17h ; view time counter
DLCTRI egy 18h ;- DelLay CounTeR
DECTRZ egu 19h i DeLay CounTeR

LIST P=15C54;f=inhxléh

INCLUDE “PIC.H*®

:Eﬁﬂ"—!ttt*a—i—ti—p—- e R e s S s T
goto START

TIME decfsz QSTMR,same **xxTIME SUEBROUTINE®***=

(]
goto T4 7 1f OSTMR is not zero
moviw .12 it
movWE QSTMR
+
movi CTR1,same. ; controls BEEP generator
btEsc STATUS,2 3 is ETR1I=0
goto T4 . i yss
moviw Olh no make BREEP
xorwE PORTA, same ; compliment 20

decf CTRL,same

T4 befss FLAG,3 programming mode?

goto TiD ; mo

bef ‘PORTA,1 ; ves - switch off clock
running LED :
retlw 00

L . L
Ti0 decfsz HSCTR, same

retlw 00 ; if not zero

moviw 25

movwf HSCTR 7 reload HSCTR with 25 if
ZEero =

FLASH moviw 02h : ie 0000 0010
Xorwf PORTA,same ; toggle Al - Flach l=d

btfsc PORTA;2 ; is TV on ie. A2 low?
goto LEDON no = switch on LED
btfsc FLAG,6 i ves - has code been

‘entered? ie Fé=1

LEDON bsf PORTA,1 yes - switch on LED

ol

i .
#13  bifss FLAG,4 3 i5 5 Sec timer
counting? .
goto T1 i no
btfsc FLAG,3 ; is unit in programme
mode?
gots TL 7 ves = do not decrsment
timer
decfsz FSTMR
gotc Tl
bef FLAG, & # reset Sisec timer flag
becf FLAG,T i clear flag 7 - new key
movly 10h ] s
movwE FSR i reset pointer to 1st
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Everybody's la]}ung uabout the PIC these days - the hotlest mmmcm!mller
onnehobh)mma:kgt.ltscheap. robust, eas
breeze 1o N : 1o build 2 kit featttrmg_

0 program. ¥ :
ips. MadLab® at the Edinburgh International Science
‘esti veloped an exciting range of PIC kits which allow you to
explore the capabilities of this powerful device.
All MadLab kits include a professional peb and full instructions.

MAD MUSIC MAGHENE £12.00 - our simplest kit and an excellent
intreduction to the PIC. Pm-pmgwnnwd with 4 tunes (state Scottish, Soaps
ar Kids mixes). You can also play your own lunes over 4 octaves.

LOTTOMANIA £13.00 - could win you a fortune in the National Lottery.
And much more. Also simulates the rolling of 1 or 2-player reaction
game, and a tracker game which tests how quick thinking you are.
RAZZLE DAZZLER £13.50 - a siylish picce of efectronic _F;weltery
A ring of superbright LEDs around a cireular peb displays an :

pattern of light. Wear it as 2 badge or pendant and get notic
SPYCATCHER £14.00 - a sophisticated security alarm with multiple
sensors, silent mode and security code. The infra-red sensor triggers the
piezo alarm when a light beam is interrupted. Also includes a magnetic
switch which can be attached 1o & door or window. In fact most of the
features of a professional burglar alurm for a fraction of the cost!

SPAGEFLAG £15.00 - our mos! advanced kit. When the SpaceFlag is
waved in front of your eyes a scrolling message magically appears in space.
Any message (up to 24 characters) can easily be programmed using the on-
board pushbultons. As featured in New Scientist.
All kits require & PP3 battery (£1) except the Razzle Dazzler which needs a
‘miniature 12V (75p). All prices are inclusive. P&P is £1.50 (UK),
P < cheques and PO's payable to MadLab Ltd. Send your order t6:
ETD, e Street, Edinburgh EH2 4LS
No callers please. Allow 28 days for delivery. Please send a SAE for further
details on Madl ab kits, including our range of educational electronic kits,
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Programming Solutions

Universal Programmer

@ Uses standard pc printer port
works with notebook and handbook pc’s

# Pin driver expansion can drive up to 256 pins.

@ Supports over 2000 IC’s — 3 and 5 volt devices.
EPROMSs, EEPROMS, Bipolars, Flash, Serial EPROMs
over 150 microcnnlroilers, \-‘_VS!!Phiilps PSDs,

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

@ Universal DIL (up to 48 pins}, PLCC and gang PACs s

& Poweriul full celour menu driven sofiware.

e R , _ ¢ Approved by AMD, Tl, NatSemi, etc...

Mu]-tl'D evice Pr Ogr AIMMEer ¢ fess 7111, CMOS and SRAM devices (including SIMMS)

& EPROMSs, E'PROMs, Flash EPROMs, Serial EPROMs, -

PLDs, GALs, PEELS, EPLDs, MACHs, & WSI PSDs Eprom Programmer
Micros — Intel, Microchip, Motorola, Zilog EPROMS, E2PROMS, Flash and 8748/51 micros.
@ Fast programming algorithms. Fast programming algorithms. Simple colour menu operation.
# Conneclts direct to pc printer port. ' '
@ Simple full colour software. EMULATORS ¢ SIMULATORS « COMPILERS » ASSEMBLERS
¢ No expensive adapters. PROGRAMMERS « 8051 8085 Z8 68020 77C82 80C552
320C25 68HC11 6301 6502 87C751 65816 Z80 6809
Prices exclude VAT & Delivery _ ~ PIC 7720 MIPS etc.

<N T o
&i&g}gﬁi 2 Field End  Arkley ® Barnet © Herts ® EN5 3EZ e England AHGLATGARD
Telephone +44 (0)181 441 389-0 Fax +44 (0)181 441 1843

. WE HAVE THE WIDEST CHOICE OF USED [ e e s
- ' OSCILLOSCOPES|IN THE COUNTRY, | [nisssnsvtmstonipiib it i 31
e e — ?fﬁf‘ffv”““‘”’?ig’;‘?mm_ —a
P K Transistor ||[=omsme— iz =
a | - v T vy = - SOLARTHON TES FTa - e st TN wits B

E Analyser ||

Medel: DTA30

As Mentioned in ETI New Products. 4

The award winning DTA30
is an advanced micro-
controlled instrument that
will quickly and easily

_L

=" Fmb_..lsl:ﬁ:‘.lﬁl.ll‘il’#"&ﬁﬁ
Flne 52 ..l:m:..r——.r_nn'mz' e —

| analyse any type of bipolar ﬁmmgﬁﬁwm;np—m A o
transistor. P T Dt Tras 100 Ao Sve
THS S AUST 4 SANPLE - MANY OTHESS AVALASLE

Eﬁ""-h!. 0 BN Sy Sg Gee 1 2000M- o PUANED AUMSR
Fass

£A0A
m ETE Syrtaumet GMTM S Ges SEDe-tAUMES  STTED
L S . |

The unit is connected to
the component under test *

any way round. e i

‘ BACHL 321 Som AT S5 P S ]
You DO NOT need to know 0 A= = 0 qr—zﬂ
the pinout first!

| Press the button and the Analyser instantly identifies the Base.
Emitier and Collector of the transistor by means of multicolour
LEDs. The device type is also displayed, NPN or PNP.

If the transistor under test is not working in any way, such as an
openor a short}uncﬁon no gain or high leakage, the Analyser
will display a "FAIL" diagnosis with three flashing red LEDs. The
unit also features automatic power-up and power-down and
provides years of service from one tiny battery.

Small enough for the shirt ket. yet powerful enough to tell
you what you really want to know.

Does this transrstor work?

wam&‘_ﬂf'umﬂh—a- OV Mt
AANY CTHER PONER SPFLES AVARASE

NEW EQUIPMENT

HEMES C5081 GEO0RE HUNMEE "-uu nce W0l
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D e ar u Tra T e £
What's the pinout for this transistor? T — e s ]
e | only need an NPN transistor, is this one? § ey o e :
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For your free comprehensive data sheet write to the address —
| below. Alternatively, order a DTA30 now and if you are not | - S =

entirely satisfied with your DTA30 we will refund your money This & 2 VERY SMALL SANPLE OF STOLK SAT or rarhrme 1o Fa Plases crack 2vatatiity belors

' with no questions asked. orsstng. CARRIAGE =3 units £18 VAT to ba =oted 1o Totsl of Goods 3 Carriage

The DTA30 costs only £29.95 inc. VAT per unit. Please add

£3.50 (£7 overseas) lowards shipping costs for each order. E STEWAHT OF READING m
T 110 WYKEHAM ROAD, READING, BERKS RG6 1PL

70 Nunsfield Road, Buxton, Derbyshire, SK17 7BW. Tel,(01298) 79920, Tel: 01734 268041 Fax: 01734 351696 cuin wes 2w 3 vvmuiiis
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Last month, Terry Balbirnie looked at some of the problems wh:ch tho amateur may
encounter when repairing cassetie players. This month he continues with a few more

f nane of the measures
discussed over the lasttwo
months effect a restoration to
as-new performance, it'ls quite
possible that the
record/playback head is worn out.

Note that the head is referred to as the
teoordfplaybadt head because the same g
head s used for both these purposes in (#5
most domestic machines. High-quality and
pmfessaonalaquﬂmntoftenhavesepara!e
ones. Replacement heads are avaliable
quite cheaply - for example, thoss listed by
Maplin (catalogue p88-89) and Hart (Tel:
010@1 £52894). Formnaialy the fixings and
standard, With carsful methodical work, it is
certainly within the scope of the average
amateur to replace a head. It involves
dismantiing to expose the aftaching screws,
de-soidering the wires from the tags on the
back of the head and removing it ;
Replacement follows the reverse process. This must be followed
by careful alignment as described last month in Practically
Speaking.

Belt up!
Anomercommonpmblamwrlhcasseﬂemadmswomm
drive beits. These sometimes break but more usually they stretch
over a period of time. This results in failure to transfer the drive
from the motor at all or to slip and give eratic results. The cnly
cure is replacement - never make do with rubber bands. Belts

are obtained from electronics suppliers such as thoss fisted in the

Maplin catalogue (pB8). They are sold in various sizes. For the
Walkman type, the comrect diameter is about 26 or 30mm or, for
full-size cassette machines, about 19mm to 110mm. The
Walkman type usually has a square section of area 1mm2 and
the standard type an area of 1.2mm2.

Depetlcﬁ!gonmenndelofiapeplayan it may need some
dismantiing to remove the old belt and insert the new one.
Measuring the diameter of the worn out beit will provide a clue to
the correct length to buy. Remember, it will have stretched by a
few milimetres. If badly stretched, cut it and overlap the ends so
that it provides the comect tension and measure that. One way is
to place it round a circuiar object such as a drinking glass and
measurs its diameter.

I the pinch roller is wom, the tape will not pass:through
reguiarly or fail to.move at all. Check the spring which holds the

i|'Hl!|lIl1'llll|Jul,ml“!u’umml.Hrr

|1||1m’un||m|uum

mm ID

in.40 50 9

pinch rofler in contact with the capstan, If this is stretched unduly
it could cause a problem. These spare parts are specific to ihe
machine and replacements will probably need o be ordered
from the appropriate dealer. Although easily replaced, they are
sometimes expensive. Scmetimes, it is uneconomic to do this
fype of overhaul since the cost of paris may approach the
replacement value of a new machine.

In the Walkman type of tape player, it is often reported that
only one of the palr of earphones works or that one or boih
werk intermittently. It is always a good idea to substitute a good
pair and check whether intermitiant operation still exists. Also, try
the original earphones on another (gecd) machine. This will
quickly identify whather it is the player which is at fault or the

Assume fora moment that the fault is In the eamphones. Try
bending the wire along iis length. You may feel a break
somewhere inside. I it is near the plug end, it may be worlh
cutting off the faulty section and fitting a new plug. The problem
IS oiten inside the plug itself but usually these are moulded on.
Again, the cure is o cut off the plug and fit a replacement.
However, it should be remembered that unless the headphones
are expensive ones it may be hardly worthwhile doing thistype:
of repair job. If the fault is inside the machine, it is likely to be in
the socket itseif and, depending on type it may be a simple
matter to remove it and solder in a replacement. With luck, itis
only a'wire which has become detached.

ELECTRONICS TODAY INTERNATIONAL




Did you know...

] IS8

A subscription is the cheapest WELECTRONiCS; |

TODAY INTERNATIONAL|

way to receive your favourite
magazine every month.

Fact: An annual subseription 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.

Permanently low
subscription rates from

Subscnpttons & Back Issues Order Form Your Details

: . To Order Your Subscription Name(Mr.-’MrsfMiss)lnitial......“.................“.‘....................... :|

" Mlssed 1 year ( 12 issues) SUITIAIMIE c.eeeevevsvvnsnsnnsnnsrsssssssnssmssssamamasasasasasasassaeseasbnsereeneans |

' AAOresS i R T e SRS s e e

] NEW! LOWER U.K. rate . i

, any back |- vk was c27.00 now £24.75 e

1 ] | Europe & Eire £35.80 POSL GOHB. ooinissovsivemssissisesasssasnasasinmssmmmssataensnensnarernsmsasases ||

1 Issues ? 1 Sterling O/Seas £37.40 TRlephONS: s immsisimsminisnsen e I

I Here's your |- US-S0/Seas $57.00 | total Payment i

1 Your subscription will commence from the next Brick Esiies c l

| Chance tO available issue. Please quote subscription & . i e l!' .

: Catch Up on number if renewing/extending. .SFS?FSACEDUGDS g' :|[

l th d " L T e L e R T M !h d ' Pa '"t""“'"""'""“""""""""" l[’

- e projects ethod of Paymen i

: d [f) J’[ gﬁng;c::;icgtzti:elisagz{ne ) 1 Access/Visa T Cheqgue/P.O.payable to Nexus :|

i an eatures you require (by ticking the box): Cardnumber. - |

1 . . g d — a2 I e I Ol i

_: published N —I March ‘@5 T Sept ‘95 :I_L__ HIRIRIERRIRIN RN NN :
=== =1 & .= WP I'

1 . April ‘95 1 Oct ‘95 |

| Electron[cs 1 May ‘25 — Nov 'G5 Expiry.... s ..Signature............. l

! T d = June ‘g5 — Dsz '35 Please pasi lhas coupcn together with yaur cheque PO to I

1 oda e . 2 Nexus Subscription Depariment, Tower House, I

: [] ly ‘G 0O J ¥ :

1 y - :” y 2 B9 Sovereign Park, Lathkill Street, Market Harborough, 1

| 0 August 95 Leicestershire. LE16 9EF. |

I' nternat ion al Back issues £2.95 Piease tick this box it you do nol wish to receive information from any other ii

1 3 2 companies which may be of interest to you.Ql IE
(cover price plus 70p P&P) This offer must close on: 5/4/96 (ET17) 8
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Pico Releases PC
POtentlal =T 7 picoscops

— 1| .o ; i
. ' | instrument
Pico's Virtual Instrumentation enable you to use your === . ‘ - |h software.

computer as a variety of useful test and measurement
instruments or as an advanced data logger.

Hardware and software are supplied together as a package

= No more worries about incompatibility or complex set-up
procedures. Unlike traditional 'plug in' data acquisition cards,
they simply plug into the PC's parallel or serial port, making
them!ideal for use with portable PC's.

Call for your Guide on 'Virtual Instrumentation’.

Advanced data
logging software.

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

@ Connects to your serial port - no power supply required.
® Supplied with PicoLog 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 - caiibration Certificate £ 224

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

SL4-76 & SL4#-52 Logic Analysers A#D(-700 Virtual Instrument

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

@ Connects to PC serial port. - Digital Storage Scope

@ Up to 50MHz sampling. : Spectrum Analyser

@ Internal and external 4 Frequency Meter
clock modes. Chart Recorder

@ 8K Trace Buffer. Data Logger

Voltmeter

The ADC-100 offers both a high
S44-32 £ 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
Iab or in the field. Flexible input ranges

" (200mV to = =20V) allows the unit to

connect directly to a wide variety of signals.

ADE-100 with PicoScope £199
ADE-10 i Con
1 Channel 8 bit with PicoScope & PicoLog £219

S44-76 £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.
@ 0-5V input range ADE-70 with PicoScope £49
), Carriage UK free,  Overseas £9  Oscilloscope Probes (x1, x10) £10 PicoScope & PicoLog £59

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

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT
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Runs on any PC running Windows 3.1, Windows 95 or
Windows NT with & minmum 2MB RAM
Wil work with any Windows supported printsr and monifor

PCB Designer

For Windows 3.1, '95 or N

i . oy L P s s g A

& o ES Bosd Iet Snap m‘f B;*' go-b e

Elﬁlﬂlﬁl | 3k Internet

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

T e 2 from ftp.demon.co.uk in the dir /pub/ibmpcivindows/pcbdemo/ as
Looking for the price? pcbdemo.zip. Internet e-mail orders@niche.demon.co.uk.

It's just £49.00 all inclusive! W= = o —af Of et I S8 0 5 Bl |
...no VAT...no postage... ol o ol =itim u
...no additional charges for flgp | @ o o] O e -8 B T R
overseas orders. o o | chi il — — - e ) B R
Dealers and distributors h t! o— | -1 v Produce Single or Double sided PCBs.
wanted. <« \ “’;_;.'-_1 | | v Print out to any Windows supported printer.
<« § 'I"l, | | ¥ Toolbar for rapid access to commonly used
s & 0—1\ ]]'ll <] components.
o @ ln'-]':i 'l v Helpful prompts on screen as you work.
.l i v" Pad, track & IC sizes fully customisable.
— v* No charges for technical support.
e v’ Snap-to grid sizes 0.1", 0.05" 0.025" and
| \ unrestricted.
. ———-"__—':GH{} s e o ) | ¥ SMT pads and other pad shapes.
T ; ) ? y . ‘_:‘: 5, v A v Prints at the resolution of your printer - much
CH“ :’-;1:52 1429k - - ¥ - - higher than the screen shot shown here.
N —
Niche Software (UK) I
22 Tavistock Drive; Belmont, Hereford, HR2 7XN! Phone (01432) 355 414 <N T

ECTRONIC SURVEILLANCE KIT

Micro are experts in the field of Surveillance, Counter-Surveillance, Transmitting & Receiving equipment.
We stock the largest range of top quality kits and built units at unbeatable prices. Not to mention our efficient
mail order service. All our products are tried and tested and come with an unconditional guarantee that includes
that ALL our products are on sale throughout Londons West End shops and around Europe sold as professional
equipment at many times the cost. We accept all major credit cards, P.O. and cheques.

* MICRO ROOM TRANSMITTER £15.00 * CRYSTAL CONTROLLED RECEIVER £60.00

* 5 MILE BROADCASTING TRANSMITTER £29.00 * SCRAMBLED ROOM/TELEPHONE SYSTEM

* MAINS POWERED TRANSMITTER £17.00 * MINIATURE TELEPHONE TRANSMITTER £12.00
* SIGNAL STRENGTH METER £19.00 * ROOM & TELEPHONE TRANSMITTER £18.00

* REMOTE CONTROL SYSTEM £45.00 * TELEPHONE RECORDING SWITCH £13.00

* REMOTE CONTROL ROOM TRANSMITTER £33.00 * VOICE ACTIVATED ROOM TRANSMITTER £17.00
* MINIATURE HIGH GAIN AMPLIFIER £12.00 * TRACKING TRANSMITTER £18.00

* CRYSTAL CONTROLLED ROOM TRANSMITTER £33 * TELEPHONE TAP DEFEAT SYSTEM £13.00

* CRYSTAL TELEPHONE TRANSMITTER £29.00 * ROOM/TELEPHONE BUG LOCATOR £45.00

* JUST TELEPHONE OR WRITE FOR A FREE COPY OF YOUR CATALOGUE *

'MICRO 9 THE GREENWAY WEALDSTONE HARROW MIDDLESEX HA3 7EW
TEL: 0181-424-2408 FAX: 0181-863-0222
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SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, PO22 0EB
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
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OPERATING & SERVICE MANUALS
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CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, PO22 OEB
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457

SERVICE MANUALS

BKElectronics ... ....coouiieenininnannnn 4
| s 2 o - = -
& Technical Books Bl BB o s o =2 s v B 1
Available for most equipment, any make, age or model. Classified SECHON . - .+« o v o ve e 72-73
Return the coupon for your FREE catalogue Cooke International ...................... 71
" MAURITRON TECHNICAL SERVICES (ETI) Direct CCTV ... ..o 71
3 Cherry Tree Road, Chinnor, Oxon, OX9 4QY. Display Electronics ...................... 53
Tel- 01844-351694. Fax> 0{844 352554.1 — EQT I . s vo i a5 5o 0 wn e g o 8 B 4 47
Pleags Sorwnd yoo atsst icgtakogze fie which Fendée 2.3 180 EsiEpe Equinox Technologies .. ..........oouvuins 47
or £330 for the complete Service Manuals Index on PC-Disc plos catalogue. ]
NAME Forest Electronics .. ..................... 46
ADDRESS Innovative Interfaces . ........ ... ... L. 10
JU COMPONEALS. .ivie on v vin voe wmsiwiois sie v sue s 46
UPE . .. o oom mie s die sie ws Vai Siwie e S e T 8 BB & 28
Labcenter Electronics . . ...... ... ...t 29
———— POSICODE ___ Lloyd Research Ltd ...............c0ovnn.. 10
b . . 3 MadiLabs:. . . ..o s b s b mbsamn e in o 55 6 64
MEPHNS & cx in on swivmuneen o is a6 wd waiveEes OBC
— ?.L_“ T Mauritron Technical Services . .............. 71
SR e B MIBTD , 9. co awin o o0 0 53 5n % e 6% 55 55 53 s 70
C.C. T.V. CAMERA : ’
EXTREMELY LOW LIGHT LEVEL wllft?rdslngtruments ....................... _}g
ITE CIE SOTWETE ... oo ais 30 srs s srein sce S5m0 Eon wis wow s
"OMPOSITE VIDE VL :
“;\T }LSET‘E%;E%E'G;;E * NMB Marketing ......................:..49
MA RETE
CAN BE USED WHTH PC DIGITISER. No.1Systems ..........cooiiiiiiiiinn. 59
= e CED - Omni Electronics . ... oo, 47
1S superqualny LU L) Camera Gan D¢ oo T 1
nected {:1—19‘1 our ‘c.-.iz'u'n-g TV or video vsing Peak Electronic DeSigﬂ """""""""" 65
the AV channel and can be used for discrete Pico TEChI'IO'Ogy ......................... 68
survelilence o obscriieg yous popesty exiensallyusiag s sullablewss ihepmal hops- Quickroute Sysiems Ltd (Powerware) ........ IFC
ing. Can accommaodare lighting levels ranging from daylight to sireet lighting using its B M hall IBC
built-in elestronic shutter. Excellent when using with an infra red sowce. Built-in wide Robinson Marshall ......................
angle fixed focus lens, the camera has a resolution of 380 TVL. Can be housed inside SEBHANBAE. . . uv s ve v b wos o4 ave eimsim s 58
an empf) Hoodlight L:a:'.e‘ (extra). C.lm_fra s].zzgrﬂ_v 45mm x 45mm. Smaﬂ Communicatinns ________________ 65
Special offer price of only: £79.95 pll.lS VAT (p&P £3.00) Stewarts of Reading . . . . ..o ooovnennennnns 65
For full range of CCTV products send SAE to: TelNel . . o oo oo e 37
DIRECT CCTV LTD,, DEPT ETI, UNIT 6, Timel Tech n ('31'0 """"""" 10
CARRICK COURT, FORREST GROVE BUSINESS Tei yUK Ltd L LR R SRR 36
PARK., MIDDLESBROUGH TS2 1QE sien (UK)Ltd ...t
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Send your requirements to:

James Gale
01442 66551

ETI Classified Department, Nexus, Nexus House,
Boundary Way, Hemel Hempslead HP2 78T
Lineage: 75p per word (+ VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£10.50 + VAT per single column centimetre

Ring for information on series bookings/discounts.

All advertisements in this section must ba pre-paid.
Advertisemants are accepted subjsct to the terms and conditions
printed on the advertisement rale card (available on request).

VARIABLE VOLTAGE
TRANSFORMERS

0.5KVA 2.5 s7p max

TEVA 5 2mnp max €7
{£55.58 inc VAT)
ZKVA 10 amp max £53.40 £8.
|E79.78 inc VAT)
SKVA 15 amp max ETE.ES £8.50
(E102.40 inc VAT)
SKVA 25 amp max E132.15

lP’u: Camags)
By dhe=ct o e imporees. ‘E’E{mr“é"&’:—?
COMPREHENSIVE RANGE OF
TRANSFORUMERSLTASGLATION & AUTD
VED20V dom Pargter oo camed wilft Aweic sooiat moyd
TS mC O open me e Aesdetis Sy esian by

WIDE RANGE OF XENON FLASHTUBES
Write/Phone your enquires
ULTRA VIOLET BLACK LIGHT

FLUORESCENT m

“BOFFINS SPECIAL™-

UNIQUE OFFER
Surp! | Unit, | y in
& eject =
pmcisemﬂbuﬂlbie oﬂhﬂdhmamufwel

syringe (lsttsr nol suppiied). Contsins the
foliowing mmmvab&e ﬁgnaenh Dual Micra
Processor Board: 'S Escap Precision
12 IEH: Iiomr wﬁ:h 1 Gear Bﬁl and optical

drive
00 mﬁﬁsmgplrmﬁxLSUHad
AR celis h.nr_kqp L. Bigial read-cut 17mm

high with lsgends. Auditiz
Tresezrasatii‘:rmme_‘wc '.:s_nsr.:smr&
ity components. rsgretng -ft..‘f‘_%are.‘.a._ae
Haculcosly low prios. £20.00 + £4.00 pap
(£28 7 inzl VAT)

SKVA [SOLATION TRHANSFODRMER
As New Sr-=gpimment kily Sheoesed Line Noiss
Supeemen, U Istisson ;'z{‘\:‘—w - Erﬂ:.h

Srmarvhogs Crrmcs on reguest

240V AC CENTRIFUGAL BLOWER

Wew Marsd Supier Susictss Biower sulstis e
mouring FEUS En enCRsUlE 80 oo egupment
Overzl mre 130011 0S5mm. Cufict SOCSmm. gl
Smm s ¥ £0mm eng. E14.10 InclPAP & VAT

MACHINE NOTOR

xT SEWING
Brard Tew 2202480 ACDC SEW-THIC 2 kead Bneh

Motoe S L 100mm x B 7T0mm x W.&r—z—-_ Spimde
s g3 x 1in. ong £14.10 incl. PAP & VAT

GEARED BMOTORS

71 APL 200 b e rpversabie 135V AC reed
ok Cepechor and bansivmer e 240 AD
op=r=ton Price Ino VAT & pSp €37.73

SOLID STATE BT uNIT

Irput 2307240V AC. Oulnet appiox 15KV,
Frogucng 10mm spark. Bastin 10 == fimec
Easly modieg for 20ese, 30 sec 10 contraEEs.
B=sg$d for bodss sorison. -.\.,._Eﬂ".:d.._&if'“"

ﬂl':_rf_E &5 BRCronas, ey suoplying
fl=;:nn fubes gt~ Price ioss cass EB
£Ep (E12.81 Inz VAT) NMS

EFROM ERASURE KIT
B your own EPROM ERASURE for 2 bastion of £
oee Of @ madewgs ol it of parks oss cass ncketes
1.:-\8u="4..¢rh'g_c:TL._.eE=_'.¢ r'.p:ot_-—;\r
k=ds neon L Oyl swich, sadety microswech
and mm5m+nmmp {E13.558 = VAT)

NAS HACHINE WATER PUMP

B— ol rew 240V AC. Fan cociss Tanbg vted for 2 vaaty
ket 1Y outict i da Prosincidies pdn

aw.'munam.ramm_w Le= T 0 E
r

MICROSWITCH

L. _i Pye 1S =mpchangeoves kever mcroswinh, typs 5171

Hrand new price 5 Tor £7.05 inc VAT & pip

SWEe e ENTERPRISES
WIRE COMPANY

ENAMELLED COPPER WIRE e ek Used

TINNED WIRE SILVER Wiy o T e e s

st e

R E z,

NICKEL CHROME WIRE PCKE s oot o e Yok

BRALSASHWVLRE leﬁg!REN l‘_[ei %gggm‘_me

BIFI IRE ANI ax:

WIRE TEFZEL WIRE NICKEL Ml oot e T

SAE gnlggs 1_|13T 18 RAVEN Enisrpriss Cenr, Bridse Fosd

RD L N E18 1HW o o S2uthal Al

FAX 0181 559 1114 We engiicer wits! we buy, wesuppart

E TELENINETICS
Mwmwvmmmm
Temo ‘-m:l..rm‘_-?z

wmm SaTH IS HA
EDM"TCLCFAF CONTES BTG ST PR e A =
5]

TETA WE S5 PSSV
FIR FLATHER CETALS PHONE. 0175 6005 WWE
FATAELE TO B THEC BV FM._D_F EAMETON T X

MAYEAMN VEATASTIE INERNE STTDRCS ST _'TE;

SERVICE TI

RADING CO

57 BRIDGMAN ROAD, CHISWICK, LUNDON W4 5BB

FAX 0181-295 0548 0181-995 1

Frara—tag ACCOUNT CUSTOMERS MiN, OHﬂER £10 s e
LIVERPOOL
SMART CARD PRODUCTS

Smaricards, Readers/Writers,
OEM couplers, Evaluation kits
and more.

EPSILON ELECTRONICS
Brynsengvn. 1A, 0667 Oslo,
Norway TEL/FAX
+4722640810

L.F. HANNEY
Your Electronic
Component Specialist for
Avon, Wilts & Somerset..
77 Lower Bristol
Road, Bath, Avon.
Tel: 01225 424811

PROGRESSIVE RADIO

87/33 Dale Strest
Tel: 0151 236 0982 0151 236 0154
47 Whitechapel
Tel: 0151 236 5489
Liverpool 2
‘THE ELECTRONICS SFECIALISTS®
Open: Tues-Sat 9.30-5,.30

FIELD ELECTRIC LTD
Tel: 01438 353781 Fax: 01438 353337

Totally enclosed £38.00 C/P 9
Test equipment, compuler hardwarse,

bought & sold stock list avaiiable,
Plzase ring

Unit 2, Willows Link, Stavenage, SG2 BAB

24 VDC & Colour VGA MonitorChassis

Eudic video communications machanical

GOULD 05253 OSCILLOSCOPE
Good condition. Recenily
refurbished tested and calibrated
with manual £100.00 PHONE 0115
955 4193

DIAMOND ELECTRONIC
COMPANY UK LTD
Asin House, 797/799 Harrow Rd.
Sudbury, Middlesex HAD 2LR
Tel: 0181-908-4073
For all your computer and consumer
electrical sales and repair

THE PAEALLET, INTERFACE POWER CARD
by HANTIOH 144 for rmmrplets COMPUTER €DNTRDL

T cosld be yoor ment wefel and chesnest comprier PO
“wdd o™ 2t ey EI9.95_Pont FREE?
Drrives robetio, selar spreds, stezoer matary
Leges, reisys wiz. endag it Ba A petpats,
Mawy itd slteady for sereesfel Moddd Riswmy
Laywst comral_FUTL INSTHUCTHING rappiind

Sead chigue for F135% OR SULE. for detully te-
HANDDE 8 Thge D, PO S5, Miltos Ko, MES €10

MAINTENANCE FREE BATTERIES

Yuzsa balteries are
scaled lead acid
typss so they can
b8 usad in any
postion and are
virtuzlly maintenance fres,
We have 2 popudar ones in sinck a2t bargain
prices. The 12V 15AH will cost you only
£10, Order R=f 10P140. The clherona s
smaller, Risa 12V 23AH, gﬁarpmeﬂ'
LTS -:renr;fﬁ Orter e
aitefies a1 in tp top condition, virah
andﬁ.hi;i S-—ndms?\

R

PO, chaque or Gitle credd carnd rumbsr,
phons (01444) 881565

J & N FACTORS, Pizrim Wors. Sizimnidgs
Lsne, Bolnay, Sissex, RH17 SPA

COMPONENTS

EPROMs, PLDs, + microcontrol-
lers copied or programmad. We
supply devices/convert discrete
logic to PLDs. P.O. Box ETI 1561.
Bath 01225 400966.

i

ESSEX, S§7 5)N

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
Metal Sub Frames
Available as Kits or Assembled & Tested Units
S.A.E. For Full Details to

PARTRIDGE ELECTRONICS
56 FLEET ROAD, BENFLEET Phone:01268 793256

EX

Fax: 01268 565759
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SOFTWARE

A ASTHA Desk Top Arrowm’ng’

7§ OVEILITE - ssescing: Seien Fartoes, N T o

5 a_ B Premnler jia wid yis 895 Soois SN e
Ui 7rofssionat s ma e T L
&S Systems 1od Breeeoe) Coen, Marer Frood, Wales

Sefeld SR Soes Sfurn ind ik dsi)
Tek (RIS} 77199 * Fax: (U1S0F) TTMEAS * b Codes 44 190)

PC SCIENTIFIC & TECHNICAL
PROGHAH UBRAR?

ot specisliet soitwars
GOODCIUAU'IY FRQGMISST}MT WORK
g
mmummmm BITRET IOOE 3

Suzmer THS 1UL Tad 01292 663252, Fax 01292 657,

AMAZE your friends with your
own PLASMA DISPLAY LAMP.
Fascinating science project!
Complete kit only £24.95 + £1.00
p&p or plans only £5.95 + 50p
B&p Cheques /postal orders to:-
P.S. 33B Rowlands Road,
Worthing, W. Sussex BN11 3JJ

PRINTED CIRCUIT

BOARDS

PCB's, - PROTOTYPES AND
PRODUCTION, Arwork copied
or raised from your drait designs
or schematics. Quoteline 01232
473533 or write fo P Agar, 36
\siVJoAndcot Avenue, Beliast, BT5

Start training now with the specialists for
the following courses. Send for our
brochure — without obligation or
Telephone us on 01626 779398  encass

Name

1 Telecomms

Tech C&G 2710
J Radio Amateur

Licence C&G
1 Micro-

processor
Introduction to

Cl

Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 SUN

M.G.C. Electronics
PHONE/FAX: 01476 79974

© FM MICRO BUG TRANSMITIER 88-108MHZ 500 METRE RANGE KIT £3,99BULT £7.00
@ FM BUG AS ABOVE 1000 METRE RANGE KIT £4 99BUILT £8.00
FM ULTRA SMALL BUG T5MM X 20MM X ISAQr\SB IDB}‘.HI 100 METRE
RANGE BUILT/BOXED £15.00
@ FM TELEFHONE TAP BUG POWERED FROM THE LINE AND TRANSMITS
BOTH SIDES GF THE CONVERSATION 88-108MHZ S00METRE RANGE KIT £10.00.
BUILT/ BOXED £14.00
© FM 13A 3 WAY ADAPTER BUG BUILT/TESTED £325
.FMBUSHDUSEDINAPRWPHDNEWBBIMEMHRE
RANGE KIT £15,008UILT £23.00
@ TRACKING TRANSMITIER AND RECEIVER 418MHZ 2KM RANGE FOR

© 4 \WATT A BROADCAST QUALITY TRANSMITIERS 88-108MHZ KIT £40,00
BUIT/TESTED/ALIGNED £40.00
@ 15 WATT FM BROADCAST 88-108 TUNED TO -
R

BOXED/BUNT/AUGNED £165.00

@ [NFARED CAMERA SIZE 40mm x 40mm x-‘-&wn{SEENTHEDARKCAPABELITY]
FLUGS DIRECTLY INTO VR ETC ONLY £150,00

© LASER DICDES Im\W 670NM RED £75.00

@ LASER DIODES SmW 670NM RED £95.00

@ LASER DIODES 3m\W 433N RED OVER 10 TIMES VISHLY BRIGHTER
THAN THE 670NM LASERS, EQUIVALENT TO THE HE-NE LASERS, £175.00

@ 250 WATT 12V DCTO MAINS AC INVERTER IDEAL FOR RUNNING A TV,
FRIDGE, STERED, UGHTS ETC WHEN ON THE MOVE IN YOUR CAR CR
WHEN CAMPING/CARAVANNING FROM THE CAR BATTERY. £140

STEP CONSTRUCTICN GUIDE ON A VHS TAPE AND ALL C
TO BUILD THE RADIO. £2500

@ PC/I2M COMPATIBLE RELAY CARD USED 7O CONTROL ROBOTICS,
PROCESS CONITROL, BOME AUTOMATION, LAMPS ETC. FROGRAMS
ON 3.5 OR 5.25 INCH DISKS PLEASE STATE WHEN ORDERING.

@ ALLKITS SUPPLIED WITH HIGH QUALTY PCB AND CO . PRICES
INCLUDE V.A.T. WITH ORDERS LESS 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 FUSES, RF TRANSISTORS, CAPS, RESISTORS, DISPLAYS, TRIACS,
AMPS, LASERS, FEREOPTICLINKS KITS ETC AND MUCH MORE!

CHEQUES/POSTAL ORDERS PA'{ABLE TO:

M.G.C. ELECTRONICS INTERNATIONAL HOUSE, 223 REGENT
STREET, LONDON wﬁgm mbmmx.mmmu

TO ADVERTISE
PHONE JIM

ON
01442 66551

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyratechnics and com-
puter graphics tablet. 150 projects.
For czlalcgue SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HRB 2HS.

ELECTRONIC

VALVES

CHELMER VALVE
COMPANY
130 NEW LONDON ROAD,
CHELMSFORD
ESSEX CM2 ORG
Tel: 01245 355296
Fax: 01245 490064

For high quality audio valves

ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED
ADVERTISEMENT DEPARTMENT, NEXUS HOUSE, BOUNDARY
WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Linage 75p per word + VAT minimum 15 words.

Semi-display £10.50 per sm?le column cm plus VAT. No
reimbursements

or cancellations.
All ads must be pre-paid.

FOR SALE

COMPOMNENTS PLANS OTHER — PLEASE STATE
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most imporiant commercal ﬂnnncns of the
last 50 years have come from this country.

Unfortunately these and many othar
concepts were invenled here but developad
and commercially exploited elsewhere - a fact
which has worried govemments since the
1240s. Their response has been a chain of
initiatives, starting with the National Rassarch
and Devslopment Councll, now part of the
privatised British Technology Group and, most
recently, the 150 regionally based Business
Link Centres set up by the DTI.

But, although these schermes have been
partially suceessiul in “seling’ and exploiting
developments coming from govemment
ressarch and universities, they have often
bean less than successful wihen it comss to
promoting the inventions of individuals and
s=mall companiss.

These are two areas whers once again the
UK is very successful. Indeed, according to
the Patent Office over 7,000 private individuals
go through the enommeously time-consuming
and expensive rocess of inventing something
and then paienting it evary vear. Unforiunately
mest of these inventions never sea the
commercial ight of day.

Simitarly many small companies,
particularly those in high technology areas, are
developing naw products and new idesas, but

Next Month

< beforemeMﬁmwn
forfunding come to fruition. The
mes from a group of UK
smen'and is for the creation of a
Nahmailmmanm Cenirz.
The idea has coms from the Intellectual
Property Development Confederation, a

_Southampten based ‘club’ of 350 UK

inveniors and businessmen which has closs
tiss to Nottinghamn Trant University. The
Innovation Centre will probably be based in
Nottingham, with half the £8milion capital cost
coming from busingss and the other half from
the National Loftery.

The Centre is seen as a way of filing the
gap which cunrently exists between what tha
inventar needs in the way of financial,
technological, and marketing support, and
what is currently available for City venture
capitalisis. After proper screening procsdures,
the Centre should bs able to take several
hundred inventions a year to a commercial
stage. Opersting on strictly commercial lines,
the Centre would do this by either licensing
the invention, or taking over the inteliectual
property rights from the inventor.

The idea for the National Innovation Centre
has been warmly welcomsd by many
industriglists, inventors and those involved in
technology transier. ltis ssenasawayin
which to help step Britain losing cut on the
bilions of pounds of potential sales which are
lost every year through failure to properiy
commercially exploit ideas invented in this
courntry.

it is an idea which desarves support from al,
especialy those of us involved in technology.
The requsst for funding from the Miisnium
Commission is for a relatively smiall sum, the
bensiits to all of us could be enomous.

inithe Apnl 1996 isste of [Electronics Today Intemnational, Bobin Abbottilooks at how to
consiruet a large: matnx display, whilstTerry Balbimie offers a NiCad charge ¢

r C]"'C

Bart Trepak introdlices a PIC microcontrolisr dimmer proect, whitst from Dr Pat An
there IS an 8051/80535 single board compuiten project.
Thelfealure articles will incliide a'look at nanatechnology by Dave Glarkeson, and a

praciical look at repainng and restoring anticue elecironic eqlipmes

om Patll

Stenning; Pius reviews of some more PG software and books of interest ta readers.
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MIXED-MODE SIMULATION.
THE POWER OF VERSION 4.

L8 Olectronics  Meroe,,.

' complex circuits. Faster.

L nch On average, Electronics
Analoga Dlgital & ig 4 0 r e Workbench Version 4 is

I el computer more than 5 times faster

Enrlmixu?gng\l'gcﬂmcurtr?chf :?: The electronics Iab W2 E than Version 3,
Version 4 is a fully integrated g’* !
schematic capture, simukitor Wi
and graphical waveform ?g More Parts
generator. It is simple to h Multiple parts bins
mix analog and digital parts i contain over twice the
in any combination. ;g components of

\33 Version 3.

L)

% : b
Design and Verify )
Circuits.... Fast! More Models
Electronics Workbench's ut Over 350 real world analog
simple, direct interfiuce R, and digital models are
helps you build circuits ‘\ included free with
in a fruction of the time. Hectronics Workbench.
Try what if” scenarios and £ And. if you need more, an
fine tune your designs ~ additional 2,000 models
painlessly. N are available.
' ibly Affordabl
Incredibly Powerful. Incredibly Affordable.

If vou need mixed-mode power at a price you With over 20,000 users world-wide, Electronics
can afford, take a look at this simulator and Workbench has already been tried. tested and accepted
sraphical waveform generator that mixes analog as an invaluable tool to design and verify analog and
srap E
and digital with ease. digital circuits. With Version 4 true mixed-mode

simulation is now a reality with incredible simplicirty.

e e e Llectronics Workbench™

The electronics lab in a computer™

Order Now! Just £199*

44-(0)1203-233-216

Robinson Marshall (Europe) Plc

{":
»

. ,l'| - .,1'1._ - |

’ ! s
u ‘jJ_ ”| ___1,“ I'-- [ox ¥

3

¥+

¥

#
g> \", ;' '. J’r ,;
;'}\) _

4ty

Nadella Building, Progress Close,
Leofric Business Park,
Coventry, Warwickshire CV3 2TF

True mixed-mode simulation: Simultaneous AM trnsmission, Fax: 44 (0)1203 233-210

digitiztion and pulse-code modukition of a signal, E-mail: rme@cityscape.co.uk -WSA-
Shipping charges UK £5.99. All prices are plus VAT ]
All trade murks are the propeny of their respective owners F——
Electronics Workbench is a trademark of Interactive Image =
Technologies Lud., Toronto, Canada. o=

* 30 Day money-back guaranies.

FEIF0US . I—m';—.m 0-297.53033 » Fran
3 2540 & Japanr 3-33852-3136 & Malaysi
22167035 @ Pommugal: 14 \i Singapore -h_—'Jﬂﬂ ® Slovenis & 3

j“-o"]‘lL—.I‘ll 1-56-53070  Sweden- 574055500 » Thsiland: 66-2.308.6052 ¢ United Kio mzsdom: 203213 ‘iﬂ



With over 14,000 products
the new Maplin Catalogue
is now bigger than ever

LR V]

THE EIFFEL TOWER THE NEW MAPLIN CATALOGUE

Built in 1888 by Alexandre Gustave Eiffel, Built for 1896 by Mapiin, the new catalogue is
the Eiffal Tower is 984 feet high and almost 1,200 pages long and gives an unrivalled
gives an unrivalled view of the view af the whole world of electronics.
whole of Paris. Now Only £2.95

PG RN TTT S0 | Weller Temperature Controlled
TEST EQUIPMENT ‘Soldering Iron £44.07 =

- ,-'/
. OVER 60 PAGES OF TOOLS AND
| SOLDERING ACCESSORIES

RANGE OF SATELLITE RECEIVERS
AND ACCESSORIES

‘BIG NAME' HI-F1 SEPARATES AND
ACCESSORIES
R '_'_gi":_ﬁﬂ

WIDE RANGE OF SECURITY
DEVICES AND ALARMS

ELECT Los i o, sENIINEYoas

Get your copy now from WH SMITH, John Menzies and Maplin stores nationwide
- Or order direct NOW on 01702 554161

Catalogue Mail order Price £3.45 (inc p&p). Prices refer to the 1396 Maplin Catalogue and are inclusive of VAT
All items are subject fo availability. EQOE. E@pli{n Electronics, FO. Box 3, Rayleigh, Essex, England SS6 BLR.

“ ]
“ b
)



	1.jpg
	2.jpg
	3.jpg
	4.jpg
	5.jpg
	6.jpg
	7.jpg
	8.jpg
	9.jpg
	10.jpg
	11.jpg
	12.jpg
	13.jpg
	14.jpg
	15.jpg
	16.jpg
	17.jpg
	18.jpg
	19.jpg
	20.jpg
	21.jpg
	22.jpg
	23.jpg
	24.jpg
	25.jpg
	26.jpg
	27.jpg
	28.jpg
	29.jpg
	30.jpg
	31.jpg
	32.jpg
	33.jpg
	34.jpg
	35.jpg
	36.jpg
	37.jpg
	38.jpg
	39.jpg
	40.jpg
	41.jpg
	42.jpg
	43.jpg
	44.jpg
	45.jpg
	46.jpg
	47.jpg
	48.jpg
	49.jpg
	50.jpg
	51.jpg
	52.jpg
	53.jpg
	54.jpg
	55.jpg
	56.jpg
	57.jpg
	58.jpg
	59.jpg
	60.jpg
	61.jpg
	62.jpg
	63.jpg
	64.jpg
	65.jpg
	66.jpg
	67.jpg
	68.jpg
	69.jpg
	70.jpg
	71.jpg
	72.jpg
	73.jpg
	74.jpg
	75.jpg
	76.jpg

