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' | "moving from schematic to layout could not be easier” [isgSime

Electronics World & Wireless World Jan 1995 file export
; & SpiceAge
DDE tink!

| Quickroute 3.0 for Windows 3.1 has
| been designed from the start to be o k 3 0
as easy to use as possible, without Qulc rOUte .
sacrificing the power professional
engineers need to get the job done.
Ougckroute is avail.gble wit;v Integrated Schematic and PCB
schematic capture, support for Design for Windows 3.1

| busses & power rails, 1-8 layer
auto-routing, SPICE file export, and : =
our new extended library pack. 3fa JAZHAS AT B e

» Quickroute 3.0 PRO+ can also
| connect to the Windows simulation ""é’f‘ e 3- ey *-F’r,_,,
package SpiceAge using Windows et :5«:«
DDE. Contact POWERware for :
more details!
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*Schematic & PCB Drawing *1/2 layer auto-router i B = Hi g
*Supports Windows printers/plotters *Full set of i = =] 17k
libraries *Clipboard support *Designer Special (manual i : 1 - i g F
on disk) also available. : =H

£199 = = -

*Schematic & PCB Design *Schematic Capture

*Integrated Rats-Nest Generation *1-8 layer Auto-router
(faster than Designer) *Net-List Export *Supports . p ] :
Windows printers/plotters *CAD-CAM cutputs. Busses and Power rails handled easily

Ll S §

using Global Nets on PRO+

N go W £299

As the PRO but also includes *Advanced Schematic Capture | — e —
(Busses,Power rails,etc) *Larger Schematic & PCB Designs |5t ree fn o Sees o =

*Gerber file IMPORT for File Exchange *Extended libraries
{CMOS,SMT ,etc) *SPICE Export *SpiceAge DDE link.

*Prices exclude P+P and V.A.T. VISA/MasterCard
Accepted *Network versions available.

POWERware, 14 Ley Lane, Marple
Bridge, Stockport, SK6 5DD, U.K.

Tel/Fax 0161 449 7101

) DDE link to SpiceAge .
email info@powrware.demon.co.uk Simulator with PRO+ Available.
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Electron
microscopy

12

Couglas Clarkeson takes a look at
how electron microscopes work and
how they are now being used to look
into the very heart of matter, at
atoms themselves

The ETI Basic
microcontroller

24

ETI's new premier project for the
autumn, this is a PIC microceontroller
system which can be programmed in
the widely known BASIC computer
language. Designed by Robin
Abbott, it features built in non-volatiie
but easily reprogrammable
programme memory, a versatile
range of /O lines, and an RS232 line
for linking the board to a PC for
programming and
control/communications. It's a
simple low-cost system which will
allow anyone to use micracontrollers
as the basis of a project

Versatile bench
power supply

32

In Part 1 of this project, Tim Parker
looks at the design and construction
of a practical upgradable regulated
bench power supply specifically
designed for the electronics
enthusiast.

Something
for nothing?

38

Inspired by a sunny summer, Terry
Balbirnie looks at solar panels,
Alternative Energy in minlature
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Child’s
night light

42

Terry Balbirnie takes a look at the
design and construction of a low-
intensity light with micropower
consurmption that is suitable as a
child’s night iight

16 channel ne
MIDI mixer

6
Tom Scarff has developed an
extremely useful MIDI mixer system
for electronic music enthusiasts
which gives the user complete
control of up to 16 input channels

Designing a PIC
microcontroller
based project

50

In Part 5 of this short tutorial series,
Bart Trepak looks at the circuit and
design of a PIC based alarm clock
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Pico's Virtual Instrumentation enable you to use your
computer as a variety of useful test and measurement
instruments or as an advanced data logger.

Hardware and software are supplied together as a packagé

- no more worries about incompatibility or camplex set-up
procedures. Unlike traditional 'plug in' data acquisition cards,
they simply plug into the PC's parallel or serial port, making

Pico Releases

! PicoScope
‘Virtual
instrument’
software,

Hond temperature

PicolLog

Advanced data

them ideal for use with portable PC's. logging software.

Call for your Guide on 'Virtual Instrumentation’.

NEW from Pico TC-08 Thermocouple to PC Converter

8 channel Thermocouple Interface

@ Connects to your serial port - no power supply required.
® Suppiled 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)
@ Resolutlon and accuracy dependant on thermocoupte type.
For type K the resolution is befter than 0.1°C

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

complete with Picolog, software drivers and conneciing cable.
A range of thermocouple probes is available,

SdH-16 & SL4-52 Logic Analysers A Z(@- 700 Virtual Instrument

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

® Connects to PC seriat port.

® Up to 50MHz sampling.

® internal and extemal
clock modes.

® 8K Trace Buffer.

SLA-76 £ 219

Diglitat Storage Scope
Spectrum Anatyser
Frequency Meter
Chart Recorder

Data Logger
Voltmeter

The ADC-100 offers both a high

SLA4-52 €349 sampling rate (100kHz) and a high
with software, power resolution. Itis ideal as a general
supply and cables purpose test inslrument either in the

lab or in the field. Flexible input ranges

ADE-10

1 Channel B bit

® Lowest cost in the Pico range
@® Up to 22kHz sampling

@ 0 -5V input range

Carriage UK free, Overseas £9 Oscilioscope Probes i xi, x10) £10

(+200mV to +20V) aliows the unit to
connect directly to a wide variety of signals.
ADE- 100 with PicoScope £199

with PicoScope & PicoLog £219

The ADC-10 gives your ccmputer a single channel of
analog input. Simply pluginto the parailel port.
ADE- 10 with PicoScope £49

PicoScope & PicoLog £59

Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7Q.J
Tel: (0)1954 - 211716 Fax: (0)1954 - 211880 E-mal: 100073.2365 @ compuserve.com
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BULL CLEAROUT SALE

WIRELESS VIDEO BUG KIT Tranwmits wideo and audio
signals frofm 8 minalure CCTY camera (iInclyded) o any standard
o 4 A 1he comp inclyding a PPJ baltery wil fitketo a
@garefe packal »h e (803 requiding 3 hoie about 3mm diameter,
Supplied with telescopic asfial but § prece of wire abau 4° long will
shil give a range of up 10 100 metres A singie PR3 will probably give
iess Ihan 1 hours opergting dme £98 REF EP7S, (probably nol
licansablel)
GOTAN EXPENSNE BIKE 7 Youneedohe of our bote alams,
they looa ke a standard watef bottle, but apen the top, Insen a key
|o achvate & moban sensor alarm bulltinsida Fiix all standarsd boitle
camers, suppled with 'wo keys, SALE PRICE £7.86 REF SAJ32
GOT AN EXPENSIVE ANYTHING? You need one of our
cased vibrallon alarms, keyswiich operated, fuly casec Just fil fLto
anything from videos 1o Carevans, provides a years prolecton from
1 PP3 battery, UK made SALE PRICE £4.98 REF 5433
DAMAGED ANSWER PHONES These are probably beyond
repaif 30 ey are Jus! £4.99 each. Mainly tesponte 200 machines
REF SA3Q
COMMODORE GAMES CONSOLES Just afew of these left
1o cgedr ai K5 ref SA31. Condifion uhknown
COMPUTERDIBCCLEAROUT Waarelefiwith alol afsoftware
packs thal need ¢ieanng 5o we are selling al dist vaiue onlyt 50 discs

for €4, thats just 8p eachll{ous chorce of discs) SALE PRICE £4 rést-_

EPst

IBM P82 MODEL 160Z CASE AND POWER SUFPLY
Complete with fan atc and 200 watl power supply. SALE PRICE
£0.04 ret EPG7

DELL PC POWER SUPPLIES 145 watl +3.5412.-12
150x15085mm complale with switch. Nyleads and IEC socket
SALE PRICE £8.99 re! EP3S

1.44 DISC DRIVES Siandard PC 3.5° drives but teturns so they
will need attenson SALE PRICE £4.99 rel EP6S

1.2 DISC DRIVES S5tandara 5.25° dnives but retums so they wil
nesd atention SALE PRIGE £4.98 ref EPED

PP3 NICADS New and yhused but some Starage marks. SALE
PRICE £4 93 rel EP52

SOLAR PANE LS 3v output with twolyleads, 100x6Q0 mm pack of
10 SALE PRICE E£8.99 ref EP55

DELL PC POWER SUPPLIES {Custemer retums) Standerd
PC psus complete with fly leads, case and lap, pack of two psus
SALE PRICE £S FOR TWO!l 1ef EP§1

GASHOBS AN DOVENS Brandnew gas apphances, perfectfor
small fats ek Basc 3bumer hob SALE PRICE £24.9% ref EP72
Basic wmal built In oven SALE PRICE £79 ref EPT3

BITS AND BOBS we nhave 8 quanily of cased modems,
mulfiples e elc diferant specs but Weal stppers. SALE PRICE E4
each ret EPE3

RED EYE SECURITY PROTECTOR 1,000 watt ouldocr PIR
swilch SALE PRICE £0.99 ret EP5T

ENERGY BANK KIT 100 66" 6v 100mA panels, 100 diodes,
connachon details e £69.95 1ot EF 112

CCTV CAMERA MODULES 46X70X29mm, 30 grams 12
100mA aulo slectronic shutter, 3.6mm F2 lens. CCIR, 512x482
plxeis. videa cutputis 1v -p (75 ohm) Warks directyinto a scan or
vides inpud on & tv of video. IR senstive, £79.95 ref EF137

IR LAMP KIT Sutable for the abovecamera enables ihe camera
to be used In1olal damness! £5.99 ref EF 138,

PASTEL ACCOUNTS BOFTWARE, aoes everything for al
sizes of bysinesseb, Includes wordprocessor, repof wiiter,
windowing. networkable up 1o 10 s1adions, multzple cash books elc.
200 page comprehensive manua 90 days (ree technical suppor
(0345326002 Uy befote you buyf) Cuttent retall price s E128,
SALE PRICE E9.95 ret SA12 SAVE E1201

MINI MICRO FANS 12V 1.5 sq SALE PRICE £2. Re! SA13.
REUSEABLE MEAT PACKS._ igeal lor fishermen outdoot
enhusinsts &iderty of infimn, warming food, drnks elc, dalrosting
pipes atc reuseabls up 1o 10 bmes, asts for up 10 8 hours peér go.
2.000wh energy, gats up o 90 degl. SALE PRICE [9.9s REF S
12V ZAMP LAPTOP psu's 110u55x40mm (Includes standard
IEC socket) and 2mlead with plug. 100-240v P, SALE PRICE £6.5%
REF SA15,

PC CONTROLLED 4 CHANNEL TIME R Canirol {on/olf imes
alc} up o 4 pems (BA 240v each) with this ki, Complete with
Software, relays. PCB elc £25.99 Ret 93526

COMPLEYE PC 300 WATT UP3 SYSTEM Top of ine range
URS sysiem providing proeceon for your camputef system and
valuable software sgainsl mains power fuctuabons and cuts New
ang boxed, UK made Provides up 105 mins runmng bme inthe svent
of complete power failas 19 allow you to run your system down
cormcly $ALE PRICE jus! EB8.00.

SOLAR PATH LIGHTS Low snergy wailights pow#red by the
sun! built in PIR 30 They work when you walk pasi Indudes solaf
panel & rechargeable bat SALE PRICE E19.9REF EPG2

BIC BROTHER P5U Cased PSU, Bv 2A oulput, 2m ofp lead,
1.5m (nput lead, UK made 220v SALE PRICE £4.99 REF EPT

RADIO PAGERYBand new, UK made pocket pagers dearance
prce Is |ust£4.99 each 100x40x 15mm packed with bits| Ref SEPS
BULL TENS UNTT Fully butlt and lested TENS (Taansculanecus
Electrical Nerve Stmula o) un, complele with elecucaes and ful
Instugions TENS i used for the reliaf of paln 21c in up 10 70% of
sufferers Drug free pain rellel safe 8nd easy io uss, can be used!n
conjunction with anaigesics eic €45 Ref TEN/

COMPUTER R923?2 TERMINALS. (LIBE RTY)Exceiien
quality modern units (ke wyse 50,3) 2¢R§232, 20 funcion keys 50
thro o 38,400 baud, Mmenyditvan port, screen, cursor, and kayboald
setup menus (18 manu's). €28 REF NOv4.

PC PAL VGA TO TV CONVERTER Convarts a colour TV inle
sbaxc VGA screen Compleiewith buliinpsu, leadand sArare [deal
for lagteps of & cheap upgrade Supphed In Wit farm [of home
assembly BALE PRICE £28 REF SAM

EMERGENCY LIGHTING UNIT Complete und with 2 doubla
buib Mond kg his, buillin charget and aylo swiich, Fully cased. Bv BAH
lead ackt req'd (secondhand) £4 ref MAGAP11.

SWINGFIRE GUIDED MISSILE WIRE, 4,200 metre reei of
ultre thin 4 core insulaled cabie 2Bibs breaking strain, less Ihan 1mm
thick! deat alarms. imercams. fishing dodls houss's eic. SALE PRICE
£13.99 ref EP51

ELECTRIC CAR WINDOW DE-ICERS Complete with cable,
plug ¢ic SALE PRICE JUST E4 80 REF SA28

ASTEC SWITCHED MODE P3U BMA 1012 Gives +5 3 3 75A
+12@1.54,-12@ 48 2301110, cased, BM41012 £5.39 ral AUGEP3,
AUTO SUNCHARGER 155 300mm solarpanel with diode and 3
metre lead itted with a agaz plug. 12y 2watl SALE PRICEE9.99 REF
SAZS

TOP QUALITY CENTRIFUGAL MAINS MICTORS SALE
PRICE2 FOR JUST £2.50 REF 5A38

ECLATRON FLASH TUBE As usedin poitce car flashing hghls
eic. full spec supplled, 60- 100 Nashes amin, SALE P RIGE £8.98 REF
SA1S

24v AC 96W ATT Cased power supply. New, SALE PRICE JUST
E9.99 REF SAL

BILITARY SPEC GEIG ER COUNTERS Unused anstraightfrom
Her majesty’s forces. SALE PRICE E44 REF SA16
MICRODRNVE STRIPPERS Small cased tape dnves Weal for
stpping. lots of useful goodies Inclucing A sman case, and lots of
components SALE PRICE JUST £4. 86 FORFIVE REF SA26
SOLARPOWER LAB 3P ECIAL You get TWOE™x6" b 130mA
soiar cats 4 LED's, wire, buzzer, swiich plus 1relay or molor, Superd
value Wt SALE PRICE JuaT £4.99 REF SA27
RGB/ICGAJEGATTL COLOUR MONTTORS 12° in good
condmon, Back anodised metal case. SALE PRICE E49 REF SA16
SWITCHED MODE PSU ex equip, 60w +5 (5A -fv@.5A
+1V2A- 12v@ 5A 1207220V cased 24 HxBAXS5mm IECIn U socke!
£6 99 REF MAGTP1

PLUG IN ACORN PSU 19v AC 14w , £2.93 REF MAG2P 10
POWER SUPPLY Iuly cased with mains and o leads 17v DC
900mA aulput Bargain price £5.99 ref MAGEPS

ACORM ARCHMEDES PSU +5 &

448 onsol sw uncased, selectable mains lnpu, 145x10Cud5mm
SALE PRICE £4 89 REF SA1

13.8V 1.BA piu cased with leads. Just £9.99 REF MAG10P3

PPC MODEM CARDS. Thesa are high spec plug in ¢ards made
oo the Amstrad laplop compulers 2400 baud dial up unlt complete
whh leads Crearance piice s £5 REF; mAGIP1

200 WATT INVERTER Converts 10-15v DC inlo sfther 110v or
240y AC. Fully cased 115%36x 156mm, compleie with heavy
dutypowetlend. clgarpiug, AC autlet socket Auto owerioad shutiow n.
auio shor gncurt shidl down, avto input overyoitage shutdown, auto
inpUlyndaryoiage shul down (with audible alarm), autcterp conirol,
uriit shuts down H overheated and sounds sudible alamm. Fused
reversed polamy prolacied. cutpul Trequency within 2%, vollage
within 10% . A, wed byl unn a1 an keen price Jus £64 99 ref AUGES.
UNNERSAL SPEED CONT ROLLE R KIT Designed by us for
he C5 melorbuyl ok for any 12v moior up 1o 30A. Complete with PCB
eit, A neal uink may be required, £17.00 REF: MAG1T
COMPUTER COMMUNICATIONS PAC K Kn contains 100m
of 8 core cablm, 100 cable cips 2 #ne ditvers with RE232interfacas
and all conneciars eic Igesl low cost method of commynicating
perween PC's over along dislance. Complete i £3 99.
ELECTRIC MOTOR WIT Comprehensive educatonal kit in-
clydes all you need 1o build an electne matof. E9.99 ret MARTOP4,
VIEWDATA SYSTEMS made by Philips, comp ete with intamal
1200075 modam_ keyboard, psu 8k RGB and composite outpuls,
meny drven, autodialier etg SALE PRICE £12.09 REF SA18

AIR RIFLES .22 As ysed by the Chinsse amy for tRenng pupo ses,
sofihere 5 @101 &0 £39 95 Rel EF T8, 500 peilets €4 50 1ef EFBO.
PLUG IN POWER SUPPLY SALE FROM £1.80 Pugsinio
13A 50cket withoupullead. three lypesavalable Svac 150mAL1 S0
ref SA19. Svdc 200mA £2.00 ret SAZ0, 6 Svde SCOMA £2 ref SA2T
VIDEQ SENDER UNTT, Tranwmits both audiq and video sghais

WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? we have colated 140 business manuais that give you
Infonnason on sefing yp different businesses. you peruse hese al
your lersure using the text edior an your PC. Also included I% a
cenificate enabling you 10 reproduce the manuals as much as you
kka! SALE PRICE E14 REF EP74

from e her a videc camara, videorscarder, TV or Campuies eicloany
standargd TV sef in 8 100 range (une TV to a spare channat) 100
op Pncaty £15 REF: MAO1S 12v psurs K5 extra REF: MAGSP2

*Fd CORDLESS MICROPHONE Small hand held wnit wih a
500 range! 2 trangmit pow ef levels. Reqs PR3 9v batlery. Tuneable
to any FM mecewer Price is £15 REF: MAG15P1

"MINATURE RADIO TRANSCENE RS A pair of walkie talkies
witha range up to 2KMIA opencountry. Usits measura 22x 52 1:56mm.
inguding cases and earp'ces 2xPP3req'd £30.00pr.REF: MAG 30
FUTURE PC POWER SUPPLIES These uie 295x 135%60mm,
A ditve cormecion 1 mothet board gonnecior 150walt, 12v fan, bec
Iniel and oo swich. SALE PRICE ET.99 REF SA 22

“FM TRANSMITTER KIT noused 0 a standard working 134
adapierl the bug runs directly off the mains solasts foreven why pay
ET00? or pnce is £15 REF: EF62 Transmits to any FM tadig. (this Is
it ki torm wmh full instuctons )

*Fid BUG BUILT AND TESTE D supenor design fo kil Supphiad
1o detectv e agencies. W battery raq'd. Et4 REF- MAGY
TALKING COINBOX STRIPPER COMPLETE WITH
COINSLOT M ECHAN L9883 originatly made 1o retail al£ 79 each,
these units are desgned 1o convert an ordinafy phone inta a
payphione Theuntts have thelocks missing and someetmes broken
hinges However they can be adapted for thetr afiginal use of used for
something sisa?? SALE PRICE JUST £2.50 REF SAZ3

GAT AIR PiSTOL PACK Compiele wrth pisiod, daris and peilets
£12 95 Ret EFA2 #xira pellels {500) £4.50 ret EFB0

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA SALE PRICE E4.99 REF SA24

FIBRE CPTIC CABLE BUMPER PACK 10 metres for £4.99
caf MAGSP 13 ideal for expenmenters 30 mfor £12.99ret MAGTIIP

mmmmwx MIED CONPONENTE

" WIBONING 2 KNGS YOURS FOR AUST FA

SIDE LEVER 177 AIR RIFLE Supert, low priced general
purpose mie, 18 lapered mied barre!, fully adjustable open wghts,
#00den SOCK very accufate with low recod_ 417, £39 95 ref RA
4X28 TELESCOPIC SIGHTS Suable for all air rifles, gfound
lenses, good Hght galhenng propemes. £15 95 ref RST,
RATTLE BACKS interesing things 1hese wmall plece of soiid
persoer (ke matenial that it yoy try to spin | on the desk It ofly pins.
one wayl mtactlf you spin Rihe ‘wrong way It siops ofifs own accord
and go's kack (e other wayl £t .99 ret GIUOL
GYROSTOP ES Rememberthese? wellwe havatound acompany
1hat 381l manufactures these popular scentfic toys, perfect gift or for
agucaticral yse eic £6 ref EP70
EDIBLE LONGLIFE CANDLES Made from OleoBeefStaann so
you can eal them I an emegendy altemalively, you codd Just light
them| Each candie burns kn approx 10 hours 2 tor £2 99 ref Q/N326.
HYPOTHERMIA SPACE BLANKET 215x150cm alumineed
fort biarket refects morelhan 90% of bedy heat. AJso suitabie for the
construcion of two way mirorsl £3 99 sach ret ONL0A1
LENSTATIC RANGER COMPASS Oil fiied capsule. strong
metal case, 1arge luminous poenly Sighl kne with magnitying view er.
S0mm dia, 5gm. £10.99 ret OKED4.
RECHARGE ORDINARY BATTERIES UPTO 10 TMESI
Wi the Battery Wizardl Uses the latest pulse wava charge system
10 charge all popular brands of ordinary baftenes AAA, AA, C. D, four
&1 asmeiLed systemshow swhenbananes are chargsd, avtomatically
rejects unsutabie calls, complete with mans adaptor. BS approved.
Pace b £21 95 re! EP3
TALKMNG WATCH Yes. t aciuarty lells you the time atthe press of
abutton, AJso fealures a voice alarm (hat wakes you up Bnd tels you
whal the tma |3l Lithium cell Induged. £7 94 ref EF26.
PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new mulliband 2000 radar detacisr can
prevent even the mos! responsbie of dnvers from losing theitlicance!
Ad|ustatye auditie alarm with 8 lashing leds gives Instanl warming of
radar zones Detects X, K. and Ka bands, 3 mie 1ange, “over Ihe hill
“argundhendy’ and 'rear tap facines micrg sizajustd 2573 575,
Can pay 1or 11511 In just ane day* £79.95 ref EP3.
SNOREBUSTER! A small wnstw 1ich style device thatdelects the
noiseof gnafng and Instanty producesa stmulafontoine wrs: otihe
sncrer without waking them The bio feedback effectively pravenis
future bouts of snoAng, thus réducing Snorebuster taonly cccasional
yse 10 of 1,000's sold £24 99 ref LA15599
WORLDS SMALLEST TAPELESS MEMO PEN? Notonly Is
1he a smart pen but wil record 20 seconds of memos #1C. Nomore
stalching about for scaps of paperi £39 99 ref AAZ1381
ELECTRIC TYRE INFLATOR Highpowermicroal Compressor
Infates Tyres airbeds footballs eic Indudes pressure gauge £14.99
ref 48231
MAMGDSTEAM ENGINE SP2 Pow erfut compact model steam
engine compiste with fuei elc. £39.95 ref SP2
SANYD NICAD PACKS 120mmx14mm 4.8 270 maH sudable
for cordess phones etc. Padk of 2 just £5 ref EPT7A.

WE BUY SURPLUS STOCK FOR CASH

19€¢5 100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE

*AOME OF QUR PROUUCTS MAY BE UNLiCENSAM & [R THE VX
L — —

BULL ELECTRIC,

RACAL MODEM BONANZA! ' Racal MPS1Z23 1200075
modem, telephene lead, masns lead, manual and comms software.
the cheapest way oMo the neti all this for just €13 ret DEC13,

imm POSNT ER. Suppitied in it farm, com plets with
powar sdjusier, 18mw, and besm drvergence adiumtsn
Ruae on 2 AAA batterien. Protuces thin red beem Icusl for
Tvepc, gun sighta, Sxperimanis e, Chespest in the UK

Juish £30.94 raf DECAS TRADE PRICE £28 MiN 10 PIECES

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

WITH ORDER PLUS £3 POST PLUS VAT.

TEL: 0£273 203500

_FAX 01273 523017

WITH ORDER.

L. ORDER TERMS: CASEL PO OR CHEQUE

PLEASE ALLOW 7-10 DAY S POR DELIVERYPHONE ORDERS
WELOGME {ACTTESS, VISA, SWITCH, AMERICAN EXPRESE)

PORTABLE RADIATION DETECTOR

WITH NEW COMPUTER INTERFACE £59

A Hand held personal Gamma and X Ray detec:
101, This unlt confoins two Geiger Tubes, hos o
digit LCD display with o Piezo speaker, glving o
audio visual Indication. The unit detects hig
energy elecromagnetic quanta with an energ
fiom 30K eV 1o over 1.2M eV and a measufin
range of 59999 UR/h of 10-99990 Nr/h. ref NOVI1E
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8Mbit synchronous graphic RAM |
improves pelfoymancen
in graphics applications |

Hitachi has increased its range of synchronous DRAM with the launch of the HM5283206, an 8Mbit synchronous graphic l
RAM (SGRAM) that provides more than three times the data transfer rates of fast-page DRAM at comparabie prices. Hitachi
currently suppiies 2 and 4Mbit SRAM for graphics applications and expects to launch a 16Mbit version later in the year. I

Like the rest of the range, the 3.3V, 8Mbit HM5283206 will be used in applications to replace standard DRAM 1o improve
graphics performance and allow the CPU additional bandwidth during screen refresh. In addition, it will be used in some |
high-performance graphical applications to replace expensive video RAM (VRAM)

The HM5283206 s organised as 256K x 32 bits with clock frequencies of 66, 83 and 100Mhz achieved through ‘
pipelining, allowing data to amve in a predictable fashion while the CPU schedules other activities. Burst
mode length is programmable and can be selected from 1, 2, 4, 8 consecutive words up to a full 256-
word page, and can be selected from one memory bank or interleaved between two. |

The range of SDRAMS is configured with two memory banks that can be accessed
simultaneously and independently, so that one bank is read while the other is precharged. This l
enables full on-chip interleaving of memory, which offers the high data bandwidih required for
graphics applications. The 8Mbit device (HM5283206) can achieve a 100MHz Lurst rate
giving 400-Mbyte/s bandwidth, needed for high resolution true colour displays. The 4Mbit
{HM524 1605) and 2Bit (HM52832086) devices, organised as 256k x 16 and 128« x 16
respectively, achieve a bust rate of 66Mhz and 80Mhz,

The 8Mbit SGRAM device uses the LV TTL standard, and is powered from a single
3.3V supply and is available in a 100 pin plastic QFP package. Versions of the cevice are
available with 66, 83 and 100MHz clock frequency.

For further information contact Hitachi Europe Ltd, Tel: +44 1628-585163.

@% %Wwith 5V performance '

Hitachi has announced the new HD74LV series of standard logic ICs. These offer tha same perfonmance as the 5 volt HD74HC
series, but at only 3.3 volts. The 17 products within the new family include simple logic functions, decoders, bus transceivers and
bistables.

The devices have applications in areas where manufacturers are reducing the poaer consumption of their product, for example
telecom switches where a large proportion of power is consumed by discrate logic.

The HD74LV series is also suitable as the leve! shifting interface for mixed 3.3 vok and 5 volt logic - R /
systemns and will ind applications in products such as camcorders, personal digital assistants, sub-
notebook computers and portable phones. ¥

In addition to the effect of operating at 3.3 voll, power consumption is further reduced by a low :
input current of +1uA and a quiescent current of only 20uA. The high impedance inputs are protected .
from ESD {electrostatic discharge) by modified zener diodes, reducing the leakage current compared
to older logic families. 1% . j’

The HD74LYV series uses well proven 2.5um CMOS technology with a low voltage range of 2.7 to pd -

3/6 volts. Typical transmission delay time is 9ns. and load driving capability is +8mA {output sink- a
source current). These specifications meet or exceed those of the HD74HC series operaling at 5 vofts,
For further information contact Hitachi Europe Ltd, on +44 1628 585163.

ELECTRONICS TODAY INTERNATIONAL
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MFLOP DSP hoard transfers data a
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Designed with a high speed auxifiary bus and a 100MFL
processor, the new SP20 Digital Signal Processor Board from
Strategic Test transfers data on or off the board at 200M8B per
second 1o set a new industry speed mark for a PC-based DSP
product.

Manutactured by Signatec of the USA, the SP20's auxiliary
bus is a double-wide 84 bit implementation of Data
Translation's DT-Connect Il bus. The SP 20 incorporates a
33MHz ADSP-21020 digital signal processor from Analog
Devices. Operating at 0 wait states, the SP20 performs a 1K
real FFT in 340 microseconds or a 1K complex FFT in only 578
ms

The SP20 features 128Kx48 of program memory and data
memory is available from 512 KB to 4 MB. An external 32-bit
digital VO allows the SP20 to interface with devices outside of
the PC at transfer rates to 25 MB per second.

A complete interface library with source code in C ls e

g W

provided with the SP20. The Analog Devices Software g o
Development Package, including the ADSP-21020 function 4 —a
tibrary is available at additional cost.

For further information please contact Strategic Test on 01734 575150.

Latest from

The new timer from Maplin electronics is a 24-hour programimable light swilch
that can be programmed for up to 4 pairs of On/Off swilch settings. This can be
per day or for random switching which turns the load On/Oft for 10-30 minute
periods throughout the programmed times.

The 24-hour programmable light switch costs £24.99 (Including VA

Also new from Maplin is the Car Battery Analyzer. This is a handy device for
checking the state of a car's battery and charging circuit. Simply plug the device
into the car's cigar lighter socket and read the display.

For testing the battery, the engine must be turned off and the car lights lefl on
dipped bearn for one minute. Next, the device must be connected and the
display read. If the battery is defective the meter will register fow To check the
alternator/dynamo state, the meter scale must be checked after driving for more
than 15 minutes. A healthy charging circuit will register in the middle of the scale

The legend on the meter is easy to read, and colour coded to show which
areas of the scale are healthy and which are bad. Suitable for negative ground
electrical systems, the Car Battery Analyzer costs £3.99 (Include. VAT).

For further information on either of these products, contact Maplin

on 1702 552911.

ELECTRONIGS TODAY INTERNATIONAL
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For further
information
contact The
AT&T Dataline on
+44 1734 324299,

AT&T Microelectronics has announced
new 4000- and 6000-gate FPGAs for the
ORCA product lire, along with a new
release of the AT&T Foundry software
which provides p ace-and-route support
for both the ORCA and ATT3000 families
of FPGAs,

The new ATT2C04 and ATT2C06
devices complete the lower end of the
ORCA product line which includes
8,000- to 40,000-¢ate FPGAs, and fill the
gap between the 4TT3000 and ORCA
product families.

“Routeing these new devices is done
in a fraction of the time that's needed
for comparable devices,” said Roman
Polz, director of FPGAsS at AT&T
Microelectronics Europe. “And we're
offering this combination of higher
routability and greater ease of use at.a
fraction of the cost. These devices are
priced to compete directly with gate
arrays.”

The new 0.5urm FPGAs offer 60MHz
system speed perormance, and, like
other devices in the ORCA family,
feature fast-carry logic and on-chip
SRAM,

The new AT&T Foundry release 7.0 is
an upgrade to the NeoCAD version 6.1.1
software.

Video modulator boards

lectronics Jstibuiors Cubegate Ltd racently announced the Introduction of -wo rew boards designed to convert composite
idec and aicio t UHF TV, approximately channei 37. They have been develxped with the new genergtion of mini CCTV board
cameras ir mind ‘or distribLtion of UMF TV signals to standard TVs and video recorders or specialised distribution systems.
Two versons ara available: VM3 which has composite video input and audio Input at ine tevel and model VM5 which is
composite \id30 aid eiectret microphene input. These models are board versions ior OEM use but are also available boxed with

inpul and outpLt sockets for easy installatlon.

SPECIFICATIONS FOR VM3
Composite vides Ir put
Audio inpu- 37K ohms at 100mv,

UHF TV outpu:  Channel 37 approximately.
Power Suigdy = 910 12v DC at 50mA.
Size of circ.l boad 70 x 100mm

SPECIFICAYION FOR VM5
Composite \didee inout
=K ohms at 2mV,

1.0v P-F at 75 ohms load.

1.0v P-P at 75 ohms load.

General applications are for use with CCTV camera and
camcorders to convert for use on UHF TV systems. They are also
ideal for security surveillance appiications.

All enquiries to Sales Gept. Cubegate Ltd., Tel: 0171 258 1831.



A

CPU SBC with PC/104 expansion
The AMC-4860 is an all-in-one single board 486 compuler with an on-board 16-bit Ethernet {Novell NE200O compatible) interface
supporting both 10BASE-2/5 (AUI) and 10BASE-T. The board alsc features a VGA CRT/lat-panel controller with the flat-panel
type configured in BIOS. The AMC-4860 offers all the functions of a PC-compatible industrial computer on a single board yet only
occupies the space of a 5 1/4" floppy drive {just 5.75° x 8"). The board is 100% PC/AT compatibie, enabling software to.be
deveioped and tested on a standard desktop PC and then downloaded and run without modification

On-board features include two serial poris (RS-232 and RS-232/422/485), one paraliel pori, a \DE hard-drive controller, a

floppy-drive controller and a keyboard/PS/2 mouse
| interface. The board's watchdog limer can automatically
reset the system if it stops due 1o a program bug or EML
Additional functionality can be added with up to six industry-
standard PC/104 expansion modules.

An on-board solld state disk (SSD) emulates a floppy
drive using EPROM or Flash memory devices. Capacity is
up to 1.44MB, depending on the size of the memory chips.
if you use Flash memary, you can read and write to the disk
just like a floppy. It you use EPROM, the disk is read-only
and you must program the chips with an EPROM programmer.
You access the SSD using standard DOS commands or
BIOS /0. The system can even boot from the SSD.

Vi For further information contact Advanced

State of the art programming tools
for industrial PC hardware

Arcom Control Systems has interfaced it STEbus, Pcbus and =
VMEbus boards to C and Visual BASIC programming tools

running under Windows, greatly simplifying and speeding the

development of robust PC-based systems for industrial and real-

time applications. The link between Windows software and

industrial hardware is a unique driver scheme called Super

DRIVER; which provides predictable and high-speed I/O

between PC programs and Arcom IO boards for PC, VNE or

STE buses.

They reduce application development time significantly, by
allowing system designers to work through the intuitive Windows
interface, and to call on the wealth of low-cost Windows
software for peripheral analysis and presentation tasks whith
can occupy a disproportionately large part of project timescales
using conventional programming methods.

Using SuperDRIVERSs, application-specific industrial. computer
systems can now be developed in a fraction of the time
previously required. Automated testing on the shop Hoor-or in
remote field stations, engineering analysis and investigation, and
plan process analyses, monitoring and control - in fact any
application requiring a high-quality user interface cembined with-fiexible configuration facilities - will benefit from the
unique SuperDRIVER architecture.

To deliver these benefits, Arcom has developed a virtual device driver architectire waich operates &t a very low level
in the Windows environment. SuperDRIVERS for Vicual BASIC and Windows C are implemented as virtual DLLs and
operate at Ring 0, the lowest level of the Windows operating environment. By imElementing virtual instrument drivers at
a lower level than applications, Arcom ensures that 1/O interfacing happens mdependertly ofthe host virtual instrument
and program, providing the degree of determinism and robustness demanded by the real-time industrial arena.

For further details, contact Arcom Coritrol Systems Ltd on +44 (0) 1223 411200

ELECTRONICS TODAY INTERNATIONAL
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POWER AMPLIFIER MOOULES-TURNTABLES.-OIMMERS-

LOUOSPEAKERS-19INCH STEREQ RACK AMPLIFIERS

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

OMP MOS-FET POWER AMPLIFIER
HIGH POWER, TWO CHANNEL 19 INCH RACK

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)
MXF600 (300W + 300W) MXFS00 (450W + 450W)

ALL POWER RATINGS R.M.5, INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: #independent powss supplies with iwo koroldal franstormens & Twin LE.D. VYu melers &
Level contraie ¥ illuminated oniol switch & RLA connectors & Slandard 775mY Inpuls % Open and shorl circyly
proof # Latest Mos-Fela lor sirass trew power dellvary into virtually any load * Migh slew rale # Very low
distartion ¥ Aluminium cases & MXF§00 & MXF900 Ian cocked with D.C. loudspeaker and thermal protechion.
USEO THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC, 1

SIZES:: MXF200 W19 8HI ™" (2U)KD {1
MYF400 W19 5% {IU)xDT 2"
MXFE00 W19 aMSY™ {JU)xD123"
MXFI00 WIS M Sve™ (3D 4%,
PRICES:-MXF200 Ct175.00 MXF400£233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARAIEA DEL £12.50 EACH

Advanced 3.Way Stereo Acive Cross-Over, housed In » 19" 1 1l case. Each channel bas three lvel conlrots.
bass. mid & top The remoxably ironl Isscie allows access 1o the programmable OiL swilches o adjust the
cross-over Irequency; Base-Mid 250/500/800H2, Mig-Top 1.8/3/5KHZ2, all al 246E per oclave. Bass invert swliches
on gach Base channel, Kominal 77Sm¥ inputioulpul Fully tampatible wih OMP rack amplkier and modules.

Price £117.44 + £5.00 PAP

§ \
SERVICE # LA

AL OIS e I WY N T TN E SUPPLIED READY BUILT AND TESTED.,

Thaxc modules now enjoy & worid-wide rapulation (o4 gudify, relabii intig price. Four

Oty bor avaliabie 16 sul Me Seeds ol meaial ena H-Fi
olc. When comparing prices, WOTE that ail models Inciuds loroldml Powe! »ink, glass libre P.C.B, #na
v clrwlts 19 pow et & compatible Yu mater. All modarn are apen and i circuil prool.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMPI/MF 100 Mos-Fet Dulpul power 110 watts
A.M.E, into 4 ohms, Irequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew flale 45V/uS,
T.H.D. Iypical 0.002%, Inpul Sensillvily S00mV, S.N.A.
-11D dB. Size 300 x 123 x 60mm.
PRICE £40.85 + EA.50 P&P

'
4

OMP/MF 200 Mos-Fel Ouiput power 200 walts
R.M.5. Inta 4 ohms, Irequency response 1Hz - 100KHz
-3dB, Damping Faclor > 300, Slew Rale S50V/uS,
T.H.D. lypical 0.001%, Inpul Senslilivity S00mV, S.N.A.
=110 dB. Slze 300 x 155 & 100mm.

PRICE £64.35 + E4.00 PAP

OMP/MF 300 Mos-Fet Oulput power 300 watts
RA.M.S. into 4 ghms, frequency response 1Hz - 100KHz
-3dB, Damplng Factor >300, Slew RAate ECV/uS,
T.H.D. typical 0.801 %, Inpul Sensitivity S00mY, S.N.R.
-110dB. Size 330 175 x 100mm.

PRICE £81.75 + £5.00 PAP

OMP/MF 450 Mos-Fet Output power 450 walts
R.M.S. Ino 4 ohms, Irequency résponse 1Hz - 100KHz
-3d8, Damping Faclor >300, Slew Rale 7SViuS,
T.H.D. typical 0.001%, Input Sensitivity S00my, S.N.A.
=110 dB, Fan Coaled, D.C, Loudspeaker Prolecilon, 2
Second Anii-Thump Delay. Size 385 x 290 x 105mm.
PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Dulpul power 1000 walts
A.M.S. inlo 2 ahms, 725 watts R.M.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor >300, Slew Rale 75ViuS, THD. typical
0.002%, Input SeasMivity 500mY, S,N.A, -110 dB, Fan
Cooled, D.C. Loudspeaker Protectlon, 2 Second
Antl-Thump Delay. Size 422 x 300 £ 125mm.

PRICE £255.00 + £12.00 PAP

e ——
STEREC DISCO MIXER SDJ3400S * ECHO & SOUND EFFECTS#

STERED DISCO MIXER with 2 a 7 band
L & R graphic equalisers with bar graph
LED ¥u melers, MANY OQUTSTANDING
FEATURES:- including Echo wilh repent &
speed conlrol, DJ Mic wihh talk-gver
swilch, 8 Chennels wilh Individual fadera
plus cross fede, Cus Headphone Monlios. 8
Sownd Eftects. Unalul combenalion of the
tollowing inputs:- 3 turnlabies {mag), 3
mice, 5 Line lor CD, Tape, Video ate.

ri 44, SIZE: 482 x 240 4 120mm

PIEZO ELEC TRIC TWEETERS MOTOROLA

Join the Pieza rewslution! The iow dynamic mass {no voice coil) o a Plezo tweeler produces an improved
iranslent respanse with a lawer dislortion Level than ardinary dynamic tweelers. As a erossovear ks nol required
these unHs can be added 1o alling spedker aystams of up 0 100 walts {mare H two are pul In series. FREK
EXPLAWATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER,

TYPE ‘A’ (KSN10368A) 37 round with proleciive wire mesh. Ideal lor
“’"@wvs .@
L r ‘.

bochshell and medium sized Hi-Fi apeakers. Price £4.90 + 50p PAP.
TYPE 'B* (KSN1005A) 3% super hom for general purpose speakers,
disco and P.A, syslems etc. Prica €5.99 + SDp PAP.

TYPE 'C’ (KSM10184A) 2°55" wide dispersion horn far quallty HI-Fi sys-
tems and quality discos elc. Price £6.99 + S0p PAP.

TYPE 'D' (KSN1025A) 2°x6~ whie dispersion hom, Upper iIrequency
respanse relalned exlending down to mit-range {2XHz). Suitable for high

TVEEE quality Hi-Fi syslems and quallty discos. Price £9.99 + SOp PAP.
- TYPE 'E' (KSN1038A) 3% horn tweeter wilh atiractive siiver linish Irim.
Sultabig lor Hi-FI monilor syslems eic Price £5.99 + 50p PAP.
N " LEVEL CONTROL Combines, on a recessed mounling piate, level control
g and cabinet inpul Jack sockel. 85x85mm. Price £4.10 + SOp P&P.

1tbi FLIGHT CASED LOUDSPEAKERS

A new range of qualily loudspeahers. designed fo lake advantage of 1he lalesl
Spaaker lechnology and enclosure designs. Bolh models utilize studio quallty
12" east aluminium lovdspeakers with tactory lined grijles. wide disparsion
Gonslanl directivity horns, exiruded sluminium cornar proteciion and sieel
ball cornern, complimenied with heavy duly Black covering The enclosures
are litled as slandard with Iop hais lor opuonal Ioudspeaker Brands.

POWER RATINGS OUOTED IN WATTS RMS FOR EACH CABINET
FREQUEMCY RESPONSE FULL RANGE 45Mz - 20Kz

ibIFC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
b1 FC 12-200WATTS {100dB) PRICE £175.00 PER PAIR
SPECIALIST CARRIER DEL. £12 50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR £45.00
Oellvery £6.00 per pair

N-CAR STEREQ BOOSTER AMP®

THREE SUPERB MIGH POWER
CAR STERED BOOSTER AMPLIFIERS
150 WATTS (75' + T5) Sierac, 150w
Bridged Mono
250 WATTS (125 + 125) Slerso, 250W
Bridged Mono
400 WATTS {200 + 200) Stereo, 400W
Bridged Mono
ALL POWERS INTQ 4 OHMS
Fealures;

# Hisren, briogable mone * Choice of
high 4 low level inpuls % L & A level
conirels # Remole on-ol & Speaker &

PRICES: 150W £49.99 250W C99.99
200w £109.95 P&P £2.00 EACH

POSTAL CHARGES PER OROER
CRDERS FROM ECHOOLS, CO
PRICES INCLUSIVE OF VAT BALEB
ACCESS ACCEPTEQAY POST, P
— — —_—

£100

NOTE: MOS FET MODULES ARE AVAILABLE IN TWGO VERSIONS:
STANDARD . INPUY SENS S00mY, BAND WIDTHN 100KMs.
PEC [PROFESSIONAL EQUIFMENT COMPATIALE) - INPUY SENS
TTamV, BAND WIDTH 30K HE. ORDER 5TANDARD OR PEC.

——— |
LARGE 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 alsa avalable.

ALL EMINENCE UNITS 8 OHMS IMPEDANCE
8° 100 WATY A.M.5. MEB-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.
RES.FREQ. 72H:, FREG. RESP. TO 4KMz, SENS 37dB. PRICE €I2.71 + £2.00 PAP
10° 100 WATT R.M.5. ME 10-100 GUITAR, VOCAL, KEYSOARD, DISC O, EXCELLENT MID,
HES_FREQ. 7tH:, FREQ. RESP. TO TKHz, SENSSTGB, PRICECIAT4 + £2.50 P3P
10° 200 WATY R.M.5. ME10-200 GUITAR, KEYB™D, O15CO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FRAEQ. 65Hz, FREQ, RESP. TO 3.5KHz, SENS 9908 PRICE €43.47 + £2 SOPAP
137 100 WATY R.M.S. ME12- 100LE GEN. PURPOSE, LEAD GUITAR, DISCO_ STAGE MONITOR,
RES.FREQ, 40H2, FREDQ. RESP. T0 6xHz, SENS 1004dB. PRICE £35.04 + £.50 P4P
12° 100 WATT RA.M.5. ME12-100LT (TWIN CONE) WIOE RESFONSE, PA, VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. AESP, TO 10XMz, SENS 95dB, PRICE £16.87 + £3.50 P4P
12° 200 WATT A.W.S. ME12-200 GEN. PURPOSE, GUITAR, 0ISCO, VOCAL, EXCELLENT MID.

RAES. FREQ. 58Hz, FAEQ. RESP, TO 6KHz. SENS 3808, PRICE £46.71 + £3.50 P4P
12° 300 WATY R.M.5 ME12-300GP NIGH POWER 8A5S, LEAD GUITAR, KEYBOARD, DISCO ETC,
RES.FREQ. 47H1, FREQ. RESP. TO 52, SENS 10348 PAICEL70.49 + €250 P& P
15" 200 WATT R.M.S. ME1 5-200 GEN. PURPOSE BASS, INCLUDING BAS55 GUITAR.

RES. FREQ. a6Hz, FREG. RESP. TO 5KMz, SENS 9908, PRICE £50.72 + C4.00 PAP
15" 300 WATT R.M.S. MEY5-300 HIGH POWER BASS. INCLUDING BASS GLITAR,

RES. FREQ. 39H1, FREQ. RESP. TO JKHz, SENS 10308, PRICE £73.34 + £4.00 PAP

EARBENDERS:- HI-FI, S A C|

ALL EARBENDEA UNITS E OHMS (& ED5-50 & EB10-50 which ara dual lmpedance lappad @ 4 & 8 ohm)
BASS, SINGLE CONE, MIGH COMPLIANCE, ROLLED SURROUND

8" SOwait EBB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

RES. FAED. ¢0Hz, FREQ. RESP. TO TKHz SENS §7d8. PRICE €0.90 + £2,.00 PAP
10" SOWATY E@10-50 DUAL IMPEDENCE, TAPPED 4/8 OMM BASS, HI-FI, IN-CAR,

RES. FREQ. 40HZ. FREG. RESP. TO $KMz, SENS. 59dE. PRICE €13.85 + £2.50 PAP
10” 100WATT EB10-100 BASS, HI-FI, STUDIO.

RES. FREQ. 35Hz, FREG. RESP. TO IKHz_ SENS 968,

12" 100WATT EB12-100 BASS, STUOID, HI-FL, EXCELLENT DISCO.
RES. FREQ. 26My, FREG. RESP. TO 3 KHz, SENS 9348, PRICE £42.12 + £3.50 P&P
FULLRANGE TWIN CONE, HIGM COMPLIANMCE, ROLLED SURRDUND

54e" BOWATY EB5-60TC (TWIN CONE) MI-Fl, MULTI-ARRAY BISCO ETC.
RES_ FREQ, B3Hz, FREQ. RESP. TO 20K Hz, SENS 92¢B.

8%:" 6OWATY EB6-80TC (TWIN CONE] HI-FI. MULTI-ARRAY DISCO ETC.
RES. FREQ, 38H2, FREQ. AESP. TO 20KHz, SENS 94dB,

8" 6OWATT EBB-60TC (TWIN CONEL HI-FI. MILTI-ARRAY 01SCO ETC.
RES. FAED. a0Hz, FREQ. RESP. TO 18K Hx, SENS 89dB, PRICE £12.99 + €t.50 P4P
10° SOWATT E810-80TC (TWIN CONE) HIFI, MULT| ARRAY DISCO ETC,

RES. FAEQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 9508, PRICE £16.4% + £2.00 PAP

PRICE £30.29 + £3.50 PAP

PRICE ©9.99 + £1.50 P&P

PRICELY0.09 + 1.50 PAP

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND iINSTRUCTIONS

AW TRANSMITTER M) 105MMz VARKCAP COWTROLLED PROFESSIOMAL
PERFORMANCE, RANGE UP TO 3 MILES, SZE 38 ¢ 123mm, SUPPLY 12Y @ 0.5AMP.

PRICE C14.84 + Y 00 P4P

Fh MICAO TRAWSMITTER 108 100%Ma. YARICAP TUNES, COMPLETE WITH
ERY SENS FET MIC, RANGE 100300 SIZE 5 £ 4bmm, SUPALY 3¥ BATTERY.

-

PHOTO) AW Fil TRANSMITTER

B.K.ELECTRONICS

UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA
ESSEX. SS2 6TR
1, 01702 - 527572 Fax: 01702.420243
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PORTABLE X RAY MACHINE PLANS Easy b corset | WUOLVERHAMPTON BRARTCH |
- NOW OPEN AT WORCESTER ST

plans on B smple and cheap way 1o build 2 home X-ray machinel
Eflecive device. X-ray sealed assemblles. can be wsed for
expenm ental purposes Not a toy of for minors: E6/set. Ref FIAP1
TELEKINETIC ENHANCER PLANS Mysitty and amare your
nends by ereating mobon wfh no know n apparent meant & Cause.
Uses no electneal af mechanical connections no speaal gimmcks
yelprodecespostive melon and effect Excefentiorscence pryes,
maglc shows, patty demonsiralions or sericus research &
devalopment of this strange and amaring phychic phencmencn,
Edsset Ra! FTKEL.

ELECTRONIC HYPMOSIS PLANS & DATA Thisdata shows
severll ways 10 put subjects under your comml Induded 15 a full
volume reference text and several construchon plans thal when
gssembled can progduce highty effectve semull This matenal must
be used caubously. iths for use as enteriainmaent ol parkes atc only,
by hose expetienced In fis use, £15/sel Re! FEH2

GRAVITY GENERATOR PLANS This unique pian
gemonstistes @ »mpte slecincel phenomena thatproduces an ant-
gravity eflect You can acluatty bulid a small mock spaceship out of
smple materals 8nd without any visible means- cavse Hio levitate
E10/set Re! FAGRAT,

WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up % 750.000 voits of
discherge, expement with extraordinary MV effacts, ‘Plasme i a
jar. 51 Elmo's #re, Corona, sxoellen| scrance project of conversalion
piece E8/cet Ref FATCIAGS.

GOPPER VAPOUR LASER PLANS Prodyces 100mw of
visible gteen light. High coherency and spectral quaiity smilar o
Argon |aser bul easier and l44s CoStYy to Dulid yel far more eMaent.
Thisparicuardeagnwasdeveioped ai the Atomic Ene gy Cammision
of NEGEY In Isiaet €104t Ref F/ACVLL

VOICE SCRAMBLER PLANS Mnature solid siate system
wms speech sound Info Indecipherable nolse that cannol be
understood withowl & second matching uril. Use on telephone o
prevent thind party fistening ana bugging £6het Rel FASS.
PULSED TV JOKER PLANS Lifle hand heid device utillses
pulse techniques 1hat will complelely disrupt TV picture and sound!
works on FM 1ol DISCRETION ADVISED, CA/set Ref FTJ5.
BODYHEAT TELESCOPE PLANS Highly directicnal loag
range device usss receni technoogy iodelect Ihepraserice offiving
Dodies warm and hot spots. heatleak s atc. inle nded for securtty. law
enloroemenl, research snd deveiopmeni, edc. Excellent security
device of vary interesting science pioyect. £8/sel Ref F/BHT1
BURNING, CUTTING CC2Z LASER PLANS Proects an
Invisible beam of heal capable of buming and maong male fais over
a considetable distance This 1aser bs one of the most efMdent,
converting 10% input pow er into usedul outul. Not ony is 1his device
aworkhorse In welding cviing and heat processing malenals but i
js atso a Nkely candkdate as on eflechve directed energy beam
weapen ageinst missiles, ancrall. ground-to-ground. eic Partice
beams may very well ubite alases Of this type to tlast 8 channel In
ihe simosphere for 8 high energy siream of neutrons or other
particies The dewice |s edsly appicable fo buming #ng elching
wood. cuthng, plastcs, texbles eic E12hel Ret FILCT.

MYSTERY ANTI GRAVITY DEVICE PLANS Uses smple
concept Objects Moat In @iF and move 1o the touch, Defies grawty,
amazing g conversation plece. magic ifick of science project £6/
e Ref FANTIK

ULTRASONIC BLASTER PLANS Laboralory source ofsonic
shock waves Blow holes In metal, produce ‘eoid’ sieam. alamize
liquides. Many cleaning uses for PC boards. jewllery, coms. smail
parts ®ic £6/se1 Rel FAWLBY,

ULTRAHIG HGAIN AMP/STETHOSCOPIC MIKE/SOUND
AND VIBRATION DETECTOR PLANS Ultrasenwtve device
enntles one lo hear a wholg new word of sounds Listen 1hrough
wals windows. foors i Many applicasons shown, from law
enforcemenl nature Nsleing medical hearibeal, lo mechanical
devices £6/4et Rel FHGAT

ANT] DOG FORCE FIELD PLANS Highly effecive ancut
produces dme vafable puises of accoustical energy that dogs
cannol loteraie £6/set Ref FIDOG2

LASER BOUNCE LISTENER SYSTEM PLANS Allows you
10 hear sounds from a premises withau gainkng access E12/5¢4 Ref
F/LLISTA

CRAWLING INSECT ROASTER PLANS Harmless high
frequency energy pulses destroy pesls asthey crawtinto
the energy field| E4/set Ret F/RCR1

LASER LIGKT SHOW PLANS Do il yourself plans show thiee
methods £6 Ret FLLSY

PHASOR DLAST WAVE PISTOL SERIES PLANS
Handheld, has large transducer ang baflery capacity with extemal
controls, £6/s¢ Red FIPSP4

INFINITY TRANSMITTER PLANS Telephona ina grabber
room monior. The ulbmale In home/ofice secuty ang safetyl imple
1o usel Call your homa or oioe phone. push @ secrel 1ohe on your
telephone 1o access erther A) On premises sound and voices of 8)
Ealsing conversation whh break-in capabikty for emergency
messages. E7 Rel FITELEGRAB

BUG DETECTOR PLANS 1sthef someone getting ihe goods on
you? Easy to construct device locales any hidden source of radio
energy* Snifs out and finds bugs and other sources of belhersome
Intsrterance Datects low, high and UHF frequendes, £5hef Rel Ff
BD1.

ELECTROMAGNET K COIL GUN PLANS Projects a metal cbjects
considerable distance-requires adut

ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HANDI £5/s¢1 Rel FIEEMAY
PARABOLIC DISH MICROPHONE PLANS Listen to distant
sounds Bnd volces, open windows, sound sourcesin ‘hmdto get'or
nostee premises. Uses sateliite 1echnology 10 gatner distant sounds.
and focus 1hem to our ultra sensitve eiectrorics Plans also show an
oponnl wireless link system, £ Bssel ret FIPMS

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID 9TATE TESLA COIL AND
VARLABLE 100,000 VDG OUTPUT GENERATORPLANS
Operatesond 12vdc, many possible experiments, £10 Ref FHviT
TCid.

WHAMPTON TEL 01902 22039

MINI FM TRANSMITTER KIT Vaery high gain preamp, supplied
complate with FET electrel microphona. Designed 1o cover 83-108
Mhz byteasiy changed (o cover 63- 120 Mhz, Works with a common
v (PP3) banery 0 7W RF, L7 Ret 1001

ELECTRONIC SIREN KIT Impressive 5wattpoweroutpul. (deal
for carbife atam etc 8- 12y dormx current 1A, 1 2w £6 Ref 1003,
330V POWER SUPPLY KIT Variabie suabibzed power Supply
forfsb use ShorldiraM protected, sullable jor profesion al of amateur
use 24y 3A Transformmer is nesded to complele the kit £14 Ref 1007,
1 WATT Fi) TRANSMITTER KT Supphea with piezo electric
microphone B-30vdG At 25-30v you will get nearty 2 watts! EA2 ref
1008,

FMiAM SCANNER KIT weil not quits, you have 10 Tum the knob
your salf butyou will hear things on this radio that you would nol hear
on an ordinary radio {even TV). Cavers 50- 160mhz on both AM and
FM BultIn S watt anipifier, inc speanes £15 ref 1013,
MOSQUITO REPELLER KT Moden way !0 keep midges at
bayl Runs for aboul a manth an one 1.5v battery. L7 Ret 1015,

3 CHANNEL SOUND TO LIGHT KIT witeless sysfem, maits
oparated, sepanale senttivity adjusiment for each channel, 1. 200w
power handiing, micophone Included. €14 Ref 10H
MOTORBIKE/CYCLE TREMBLER ALARM KIT Adiustable
sensilivity, presel alam tme, aulo reset Courd be cannecied to hern
elc £12 Ref 1011

0-6 MINUTE TMER KIT adjusiable, w il switch up fo 2A mains
Peitect fof Marms, photography, eic. €7 Rel 1020

4 WATT FM TRANSMITTER KIT Small but powerful FM
iransmitter, 3 RF stages. microphcne and audks preamp included.
£20 Ref 1028

STROBE LIGHT KIT Adjustable from 1-60 hz {8 loi fasier than
conventiona sWobes). Mains operated. £16 Ref 1037,
ULTRASONIC RADAR KIT igea as smovemen gelectorwiiha
range of abowl 10 Metres, sutcmale your ot fap! 12v dc £15 Ret
1049,

LIQU IO LEVEL DET ECTOR KIT Usefulfortanks, ponds, baths.
TBIn alamm, leak detpCIOr et WH swilch 2A mains, £5 Ref 1081
GCOMBINATION LOCK KIT 9uey, progmammanie compieta with
keypad, wilt swiich 2A maing. 9v dc opetaton (10 rel 1114,
PHONE BUG DETECTOR KIT This device will wam you #
somebody s eavesdropping on your ine, €6 ref 1130

ROBOT VOICE KIT inlerestng drout that distorts your vorcet
adjusiable, answerihe phonewith & difteve ntvoice! 12vdcESrel 1131
TELEPHONE BUG KIT Small bug powered by the phone bne,
sfarts fransmiting es s00n as ihe phone is pickec upl £6 Ref 1135,
FUNCTION GENERATOR KT Produces sinusosdal, saw tooth
and square waves from 20-20khz. sepamte leved controls for each
shape Will produce o 3 logather. 24vac £16 re! 1003

3 CHANNEL LUGHT CHASER KT 800 wefts per channsl,
speed s direcion controlstupplked wih 12 LEDS (you can Midacs
instead 80 make ¥t matms. not supphed) 9-12vdc £17 ref 1026
12V FLOU RESCENT LAMP DRIE R KFT Light up 4 toot fubes
from your car baftaryt 9+ 2a Fansfomer alse required £8 1ef 1069,
VO X 9WITCH KT Sound act ated swnchideal i making bugging
lape recotders et, adjustable semitivity £8 red 1073

INCAR SOUNDTO L IGHT KIT Pul some atmospherein yourcar
with 1hvs min} 3 channel sound tofgm. Eachchanre has 6 led's £10
ret 1086,

TW Ml F1 AMPLIFIER KIT Usehd, powerful. ideai for audio
systems, intercomns elc, 12-48vdc 7 ret 1025,

PHONE CALL RELAY KIT Usefu device that eperales a reiay
whenever the phone rngs Switches mains 81 24 €10 ref 122
LEAD ACID CHARGER KT Two automatic chargifig rates.
vis uatindicaton of batiery state_ideal for alamm systems etc, 100mA,
12vdc £12 vef 1085

CARALARMN KIT worms cn vortage drop and vibration, enlry/exi
detays. adustable alarm duraton, ldeal caravans etz £12 ref 1019,
PORTABLE ALARM KT Based onmes cury swiich. aym coninues
1o sound untl teset by owner BuzzerIne. E11 rof 1150,

PREAMP MD(ER KFT 3 input mono mixer, sep bass and trebie
controis plus inddual levet controls. Hvde. Ingutsens 100mA.£15
ref 1052

METAL DETECTOR KIT Range 15-20cm, compieie with case,
9vdc £8 ref 1022

SINGLE CHANNEL SOUND TO LIGHT KIT Mains operatec,
add rylhum te your party for onty EA ref 1006.

SOUNDEFFECTS GENERATORKIT Prcices soundsranging
from bird chips 1D sitens. Complete with speaker, add sound effecis
1o your projects for just £9 ref 1045,

GUITARPREAMP KIT Compiete with Ione gonirols, smakenough
10 Atin any guiter, based on TLOBZ IC. 9-12vac E8 Ref 1091

16 WATT FM TRAMSMITTER (BUILT)4 siage mgh power,
preamp requirer 12-18vdc. can use ground plane, yagl or opén
dlpoie C69 red 9021,

TELEPHONE AMPLIFIER KIT Very sensifive ampiifier which
uses 8 phokup coll (supplied) wil il you fallow & conversalion with out
hoiding the ‘phene £11 ref 1058

’BOIB Df OU'ﬂ PROUJCT‘ MAY BE UNLICENSABLF n 'IHB Uk

BULL ELECTRICAL

150 PORTLAND ROAD, ROYE, SUSSEX
BN3 SIT. (ESTABLISHED 50 YEARS)-
ORDER TERMS; CASH, POOR

WITH ORDER PLUS £3 POST PLUS VAT, |
PLEASE ALLOW T-10 DAYS FOR DELIVERYPHONE
WELOOME [ACCHSS, VA, SWITCH, AMEIGTAN EXNPRESS)

TEL: 01273 203500

HUMIDITY METER KIT Builds Into a precision LCD humidity
mader, 9 jc desigh, peb, led display and all components Inciudad £49
PC TMER KIT Four channel output controlled by your PC, wil
switch Migh curren! mains with selays (supplied) Software supphied
$0 YOU can program the channes 10 do what you wanl whenaveryou
wanl Minmym system conhigerstion v 286, VGA, 4.1.640k. seral
port, hard drve with min 100k free. £24.99

DIVINING RO DS Expensva technoiogy cannot challerge ihe fool
proof art ofe ater dvining pa sseddown from gcnemilonrogenefa!nr‘.
Seewng is befieving, Use in the home, garden, countryside of desed,
ft's divinef wmplel £4 99 a pair el EA

HUGE BUBBLE MAKING KIT Youllbe amazed at ihe lhe stza
of the bublites you €ah acheve with 1hvs bubble making kit. Once you
have gotihe knackfl s possible tomake bubbles of upio AQIeeI long
£11,93 et EX9

FM CORDLESS ¥ KCROPHOMNE This unttly an FMbroadcasting
siafion kn ninature, 3 fransstor iRnsmitlel with slectret condenser
mic+ lel amp design resullinmaximum ssmsvity andbroadirequency
response 90-105mhz 5G-1300hz, 500 fool range n opan countryl
PP3batay required £15.00 ref 15P42A +
MAGNETIC MARBLES Thay have been around for a number of
yesrsbut st givé Ass locuriosity nd amazement A pack of 1218 just
E£3.99 1ol GI/R20

STETHOSCOPES A fuly funchoning siethoscope for afl ihose
Intricale projects Enables you to hsten to motors, pipes, heartbeats,
wals, insects el €6 rel MARGPE

NICKEL PLATING KT Proffescnal siectroplatng kit that wilt
trans’om rusting parts infe showpiaces in 3 hours! Will plate onte
sted, lron, bronze, gunmatal, copper wekded siver siideredorbrazed
Jeints Kitinciudes enough 1oplate 1.000 sqinches. Youwdl alsoneed
a 12v suoply, a conlamer and 2 12v Aghl bufts £39.99 et NIK39.
SHOP WOBBL ERSISmall assembles deugned to take D size
baflenes and ‘wabble’ signs aboul In shopsl £3.99 Ret SEP4F2
OMRON ELECTRONIC INTERVAL TMERS.

s EW LOW PRICES TO CLEARIY ="
Minaturs adjustable timers, 4 pole o/o output 3A 240y,
HY12308, 12vDC adjustable from 0-30 secs £4.99
HY1210M. 12vDC adjuslable trom 0-10 mins. £4.99
HY1260M, 12vDC adjustable trom 0-60 mins. £4.99
HY2480M, 24vAC adjustable trom 0-60 mine £2.89
HY243H. 24vAC adjustable from 0-3 houre £2.99
HY2401S, 240v adiustable from 0-1 secs. £4.99
HY24055, 240v adjustable trom 0-5 secs, E£4.99
HY24060m, 240v adjustable from 0-80 mins. £6.99
DRINKING BIRD Remember these? hook onto wine glass (Sup-
plied) and they drink, slandup.dfink siandup ETCY B4 each Ref EF1
SOLAR POWER LAR SPECIAL You get TWO 6™x6" §v 130mA
solas celts, 4 LED's. wire bugzer, switch plus 1 relay ormotor, Supert
vaiva ki just £5.99 REF MAGEPE
BUGGING TAPE RECORDER Smail voice actvated recorder,
uses mzro casseiie complete with headphones. £28 99 1efMAR29P1.
PLUG IN ACORN PSU 19 AC 1aw  £2 99 REF MAG3P10
POWER SUPPLY fully cased with mains and op leads 17v DC
900mA ciipyt. Bamain pace £% 99 ret MAGERS
9y DC POWER SUPPLY Standsrdplug in type 150ma 3 DCwith
lead and DC power plug. price: for twa 1s £2.99 ref AUGIP4.
13.8V 1.9A psu ca5ed with leads Just £9 99 REF MAG10P2
INFRA RED REMOTE CONTROLLERS Onginalty made fos bl
spec satefide equipment but perfect 1o all sorts of remote control
projects. Qur dedrance pace ls just £2 REF: WAG2
WA INSCABLE Precut black 2 core 2 metre lengihs ideal lor
tepemy, projects eic. 50 metres for £1.99 ref AUG2PT
COMPOSITE VIDEO KIT, Convens compaute videointo sepa-
rate Hgync W sync, and video. 12v DC. £8.00 REF: MAGHPL,
UNMNERSAL PC POWER SUPPLY comptete with Nyeads,
swicn, fan etc 200w 8 E20 REF: MAGZ0P3 (265x155x125mm).
GYROSCOP EAbout 3° highand an excalenteducational toy or all
agew! Price with instnjction boowet £8 Ref EF15
FUTRRE PC POWER SUPPLIES These are 295x 135x50mm,
4 diva connectors 1 mother board connecto:, 150watt. 12v fan, lec
Inlet gnd on/ofl swiich, £12 Ref EFE
VYENUS FLY TRAP KIT Grow yeurown camivorous plantwith this
wriphs il £3 iet EF34.

TWEETERS 2* diameter good quality tweeler 14DR {ok with the
above speaker} 2 fof £2 REF: MAGZPS or 4 for E3 REF; MAGIP4
§"X9T AMORPHOUS BOLAR PANEL 12v 155¢310mm
130mA Batgain pice just £5.99 ea REF MAGEP12.

FIRRE OPTIC CABLE BUMPER PACK 10 metres for £4 9%
ref MAGSP 13 deal 10f expenmeniers! 30 m for £12.99 ref MAG13P1
ROCK LIGHT S Unusual Ihings these, two pleces of rock that glow
whee rubbed togaihen befived 10 cause ranEd apair Ref EF29.

¥ by 1" AMORPHOUS SOLAR PANELS 14 5v, 700maA 10
wath aluminium frame, screw terminals, £44.95 ref MAGAS.
ELECTRONIC ACCUPUNCTURE KIT Butdsinto an siectronic
vervion Iriead of nesdes] good 1p expenment with £7 ref 770
SHOCKING COIL KFT Build ths Iitle battery operated device into
all serts of tings, also gets worms out of the groundl £F ret 7736,
FLYING PARROT S Easly assambled kit thai Butlas 8 partot that
actusily haps Its wings and fiesi 50 m range £6 ref EF2.

HIGH POWER CATAPULTS Hinged arm brace for stabiifly.
tempered steel yoke Supef strength [atex power Bands Departure
spewd of ammuniion isin extess of 200 mies per hourd Rangeofover
200melres £7.99 ref RS,

BALLON MANUFACTURING KIT Bntish made, small bich
plows intc s 1alge. longlasangbatioon. hours offur£3.99 ref GVETIR

WE BUY SURPLUS STOCK FOR CASH

FREE CATALOGUE

1965 100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
ON REQUEST WITH ORDER.




Electron Microscopy has
enabled scientists to look at
smaller and smaller structures,
and now even let us look at
atoms themselves, as a result
electron microscopes have
become an invaluable tool in
both research and industry.
Douglas Clarkson takes a look
at how they work and some of
the applications.

8 more and more sclentific and technical
developments centre round Materiais technology
at the micron and sub micron scale, such as the
fabrication of semiconductors, so the demand for
powerful and flexible microscopy systems
continues to expand. While the field of microscopy is in a rapid
pericd of change with the exploitation of technigques of atomic
force microscopy, conventional electron microscopy continues
te serve many industries well. Also, a range of developments
within this technology area are extending the scope of electron
MICroscopy systems.

The electron microscope, while having some disadvantages
such as the time consuming sample preparation for its
transmission electron microscopes, has also developed into a
flexible analyticat tool for the analysis of materials. This now
makes it possibte, for example, to ‘finger print' minute samples
over a range of parameters - such as elerment composition and
characteristic light emission. Electron microscopy at the more
advaneced levels in ifs scanning microscopes now includes an
array of materials analysis techniques in addition to derfvation of
standard transmission and electron scattering images.

Wave Properties
Microscopists had long realised that the resolving power of their
Instruments was fundamentally limited by the wavelength of the
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light. The duality of waves and parlicles was frst discussed
around 1924 by Louis de Broglie and would have been a powerful
stimulus to microscopy workers to investigate tha potential of
accelerated electrons for probing the structure of matter.
According 1o the De Broglie eguation, the effective
wavelength of a particle with mass m and velocity v is
given by:- h
mv

wavel =

where h is Planck’s constant. As etectrans are accelerated
in a high vottage field, a significant amount of the energy
acquired from the electric field increases the mass of the
particie according 1o relativity theory. Table 1 indicates how the
glectrons behave for a range of accelerating voltages.

Table 1 shows values of velocity, relative total mass and
effective wavelength (nm) for electrons accelerated to specific
voltages within the range 10,000 V to 150,000 V (The velocity
of light is 3 x 108 m/s)

This indicates that electrons even under moderate voltages
behave as waves with short equivalent ‘wavaiengths’. At
50,000 V, the de Broglie wavelength of 0.0053 nm comparas
favourably with wavelength of 400 nm of conventional optical
systems. In reality the maximum Tesolution typically attained at
voltages around 300 kV is one Angstrom - 0.1 nm with
medium perforrmance systems having a resolution of

Table 1

i

T

accelzrating electron

vohiage
V .
10000
20000
30000
42000
50000
GO
70000
80300
Q000D
100000
113000
122000
130000
40000
150000

velocity
x 10°8
0.586
0.816
0.986
1.123
1.239
1.340
1.429
1.508
1.580
1.646
1.706
1.761
1.812
1.860
1.904
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relative
mass

m/s
1.020
1039
1 058
1.078
1.098
1.118
1,137
1.157
1.176
1.196
1.216
1.235
1.255

_127s

effective
wavelength

{nm})
0.0122
0:.0086

0.0070
0.0060

0.0053

0.0049
0.0045
0.0042
0.0039

0.0037

0.0035
0.0033
0.0032
0.0031
0.0030




Whiie the history of the TEM is reasonably wéu
documented, the history of the Scanning Electron Micragtope
{SEM) is not so clear. Some early work was upderfaken by @
German Physicist Dr. Max. Knoll in 1935 thodep the'firdk .
practical system was developed in 1942 by three Ame;rfcaﬁs
Dr. Zworykin, Dr. Hilier and Dr. Snijder. Their systern dduild
achleve a resolving power of 50 nm and a magnification of
8000. {8 % o

A combination system of TEM and SEM technology known o
as STEM has also been developed. The resoiving power of o
such dual systemns is typically 1 nm with a magnification of up ‘@'
to 1 milion times, Figure 1 shows an mtere,snng low ?
magnification image produced from such STEM systerm: Thet w e

image was obtained in the Application Laboratery ter EM, o ~'h“'
Philips Electron Optics, Eindhoven, In the Infage the ant- holds 4 -
a siicon chip some 2 mm by 2 mm in its mandiblés {5 E\}
3.3 nm at 30 kV. 1 i
The initial principle of electron microscopy demonstrated TEM Design w3 P!

with conventional transmission microscopy where the eiectrons Figure 2 shows the similarities between tite fight mlcrmgb;;e
were passing through the sample and the picture obtained was {LM) and the transmission electron microscope {TEM), Tha' )

related to the relative absorption by the sample of the source of illumination in the TEM correSponds to the elécfron
electrons, gun and the electromagnetic lenses to thé glass lenses af the

light microscops. The entire sample in the TEMAs therefore )&
EM History irradiated by electrons.

The first TEM system is claimed
to have been developed by Dr,
Ernst Ruska at the University of
Berlin in 1931 although it was to
be 1986 until he was belatedly
awarded the Nobel Prize for
Physics for his contribution to
this important technology. This
initial system used two
electromagnetic lenses and with
the addition of a third lens a
resolution twice as good as that
of a light microscope was
achieved. The first commercially
built electron microscope was
developed at Cambridge,
England around 1935 though

While the glass oltios of the -
light micro g are assemially
fixed, the focusing of the TEM
can be adjusted by varying the ﬁ,
currents fed 10 the series df g
electromdgnetic lenses.

A key dlement of any ty'pe
of electron’microscope is'{he, )
electron gun. Figud 3 indi fes “
the typica) desigr bf thig r 3
componertt The! dilament, / ?
usually of ngsten, :s
maintained af a tempe ife Of
2700 C. Ifl?droné are g(aww
down fror/Ahg filamerit by mé’h
anode pot | but. areafso w
made to p‘asa'through ar.

il

)

many would ciaim that all the imporant early developments in aperture in a Wehnelt cylinder. The e'slectna'fL eid in jonot

EM technology were made at Cambridge. The major problem this aperture maps the electrons into a beam wmy 1

with the early systems was the rapid destruction of samples by  defined focus as shown in the figure. :

the beam of incident electrons. There are. however, advantages in achlevmg mgﬁe électrdn
A major problem, however, with such systems was also the emission. With a small active spot is achleved i an S}EM A ot

stability of the focusing optics used. The development of the system, increased resolution can be achiéved. The dse d‘l’ a

$o called ‘stagmator’ fens in 1946 ted to development of ’ ™

Systemns with a resolution point to point of less than three
anstroms,

While such transmission microscopy was able to provide
much additional information of the siructure of malerials, such
a technique could only be undertaken using thin samples of
material. Increased thicknesses could be utilised with high
voltage systems though these were naturalty more extensive
and were more difficult to control.

A range of options were developed in order to obtaln an
image from the pattern of electron fransmission thus produced,
A flucrescent screen at the base of the efectron column could
be used In order to build up a pattern of the image. Alternately
an photegraphic emulsion could be exposed and then
developed. Using today’s state of the art tectinology, TEM
Systems with resolving power of 0.1 nm at magnifications of
over 1 million can be achieved.
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eiectron bean in TEM system, {Courtesy |
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/ Figurs 2: Similarities between the light microscope and
\| the TEM system. {Courtesy Philips Electron Optics)
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Figure 3: Typical design of electron gun - the source of
electrons used for EM analysis. Electrons are drawn
off the tungsten filament by the anode voitage and in
passing through the aperture in the Wehnelt cylinder
are focused. {Courtesy Philips Electron Optics)
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Jsanthium hexaboride crystal heated to similar ‘
temperatures as Tungsten will achieve a ten fold -ﬁ
increase in electran emission. The use of a field _ |
emission gun (FEG) can achieve a thousand fold _ |
increase in electron emission. This can be f »44
important, for example, in x-ray emission / |
analysis where spectra can be more rapidly g
captured and analysls undertaken. 45° PLANE WIBROR -
While the lanthium hexaboride anq the field AT SrEsIE PHOTOMULTIPLIER 1
emission gun are more expensive options, they -4
enable much higher performance to be im”r‘g; - -
. o PrLE. 7 - ]
achieved. Higher rates of electron emission will » CETECTOR
also enable thicker sections of sample to be / |
analysed. . |
Figure 4 Indicates the typical cross section of WS
an electromagnetic lens. The function of the lens ELLIPSOIDAL
can be controlled by adjustment of the currents . G
in the series of coils. High levels of stability are SEM SPECHIEN @HAMBER

essential in field levels and requires excellent
control of coil currents and winding
temperatures.

Photons of light, however, have better
propagation properties than charged electrons
which tend to repel each other due to
electrostatic forces. There will also be an effect

FRONT

L

Figure 9: Anaiytical scanning electron microscope with
cathodoluminescence (CL} (upper section), WDX and EDX options. The
CL option analyses light emitted from the sample and the WDX and EDX
options x-ray spectra. in the Cathodoluminescence option light from the
sample is processed by the monochromator system which projects light
of a specific wavelength into the input plane of a photomultiplier.
(Courtesy Gresham-Camscan).

of interaction of incident electrons with electrons
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Figure 10: Side view of typical WXD and EDX locations with
reference to the primary beam. {Courtesy Gresham-Camscan).

1=

which are ejected from the
sample being studied,
Beams of light photons are
able to pass through each
other with practically no
interaction.

Ca

represent 1.26 % and 0.3% percent by weight
respeciively. (Courtesy Oxford Instruments
Microanalysis Group)

Sample Preparation
In transmission electron
microscopes, samples are
usually less than 500 nm
thick. Much of the
specialisation and
complexity in the use of the
TEM relates to the
preparation of the sample
This process usually involves
the fixing of the specimen in
a solid resin/plastic structure
and then its ultra thin slicing
with ultramicrotome system.
Sections of thin sample are then mounted and surface treated
with a thin layer of Geld of Platinum.

With the beam of electrons being incident on the sample in
a vacuum environment, this limits the range of materials with
which the sample can be 'fixed’ One new development is that
of high pressure Osmiurm/Acetone freezing process which
provides images of excellent contrast and visibility for medical
TEM work,

Just as optical techniques of microscopy depend on
staining specimens with chemicals which improve the optical
contrast of the resulting image, so also in conventional TEM,
staining with compounds to enhance the transmission contrast
is widely undertaken. Chemical agents used include salts of
Osmiurm and Uranium

Use is also being made of s called freeze-fracture TEM

counTs [ >

NOISE
PEAK

Figure 11:Energy spectrum of a garnet acquired at 20
kev incident electrons. The detector used {Link GEM)
produces sharp peaks even &t very low elemental
concentrations. The Chromium and Titanium peaks

microscope stage assembly which is
itseff cooled to liquid nitrogen
temperatures.

Interest is growing, however, in
systems which dispense with even
basic sample coating with goid or
platinum to reduce build up of charge
on the sample being processed. The
technique used is one of using a
specialised vacuum pumping system
which maintains a higher pressure n
the sample chamber $o that problems
of charge accumulation on sampte do
not arise. Such a system, introduced
by Gresham-Camscam as the Envac
scanning electron micrascope will
help TEM workers achieve higher
rates of sample analysis.

Figure 5 indicates a typical TEM
systemn used in analysis of materials.
The images from TEM systemns are
*fial’ and contain no 3D informatlon,
Figure 6 shows an image at 42000
magnification of an epithelial cell of
human colon.

Figure 7 shows a
high magnification
image at 325000
magnification of
bacteric-phages. The
bacterio phages are
approximately 150 nm
long

Fe

The Scanning
Electron
Microscope
(SEM)

The development of the
scanning electron
microscope was to
rejuvenate considerably
the field of electron
microscopy. Rather
than rely on signals
from electrons

Figure 12
Typical profile of
the resultant
energy profile
with associated
performance
specifications.
The FWHM is
the full width at
half maximum
and FWTM is the
full width at one
tenth maximum.
{Courtesy Oxford
Instruments
Microanalysis
Group)

FWHM———

sample preparation where the sample is rapidly immersed in
propane cooled by liquid nitrogen and mounted on a
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transmitted through a sample, systems began to be deveioped
based on infarmation derived from scanning a sample with a
beam of electrons and mapping the intensity of the electrons
scattered from the sample. The primary energetic electrons
result in secondary electrons being emitted from the sample
surface. These are in turn collected by a scintillator crystal
which translates incident electrons in to light photons which are
in turn collected by a photomultiplier tube.

Feor each co-ordinate on the sample being scanned there is
an associated scattered signal obtained from the detection
system. This results in a real time image of the surface being
derived based on the scattering properties of the sampie being
examined. Precise control Is also required over the focal
position of the scanning beam.

This allows thick samples to be analysed and the samples
do not have to be extensively prepared as with the
transmission method. It is beneficial, however, to render the
sample electricaily conducting in order to minimise charge build
up on the specimen. This can either be undertaken by coating
the sampie with a thin layer of metal in a vacuum or by simply
spraying the sample with an appropriate anti-static spray. Such
SEM technology has been extensively used in the
semiconductor ingdustry.

in the SEM, while the prnciple of initial electron production
is similar to that of the TEM, the method of obtaining the final
image is radically different. The electron beam is essentially
focused into a minute spot on the surface of the sample. A
typical beam diameter in the plane of the image wouid be
around 2 nm. This spot Is rapidly scanned across the surface
of the sample by means of a deflection ceil and an
electromagnetic lens system as shown in figure 8 which also
makes comparison with a conventicnal TV image system,

The electron energies are typically lower for an SEM - in the
region 200 to 30,000 V since the electrons ane not required to
penetrate the sample. Higher etectron energies would be used
for x-ray analysis of materials where sufficient energy was
required to stimulate emission of specific x-rays.

in terms of resolution, therefore, the resolution of SEM
systems is usually less than that of the TEM and is determined
by the smallest spot size of electrons which can be brought
into play. The best SEM systems will have a resolution of

around 1 nm. With ultra small spot sizes, however, there is
intreduced the problem of detection of smaller levels of
secondary eiectron emission

In microscopy the recent addition of Scanning Probe
Microscopes which provide details of sample topography by
scanning sample surfaces with a range of ultra small scamning
probes has been introduced as a nival to conventional TEM and
SEM technology. Some eieciren microscope manufacturers,
however, have incorporated the new technology of SPMs into
SEM systems where the SPM is located inside the sampling
chamber of the SEM. Such systems utilise the rapid field of
view and high scan rate of the SEM together with the ability of
the SPM to provide accurate high resolution data of the
surface topology of samples

While the primary role of slectron microscopes has been the
determination of sample characteristics by transmission of the
efectron beam or the reflected beam signal, a diverse range of
detector technology has been developed to derive additional
information from scanned samples. A range of these additional
detections modes are reviewed

The SBM system, can be considered as a microprobe of a
material, where material characteristics can be determined over
areas corresponding to the size of the scanning beam. Cften
the standard secondary electron image can be compared with
an image of the same area derived from a different detection
systemn - e.g. x-ray emission or absorbed current. In the case
of x-ray emission, this can be used to map the relative
concentration of selected elements across a sample.

A standard SEM will tend to have a modular design where a
basic instrument can be upgraded to accommodate a series of
additional detection options. This in turn extends considerably
the options available for analysis of specimens.

@r@7e8  SKY
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Cathodoluminescence (CL)

When a sample is bombarded with high energy electrons, its
component atoms can emit characteristic visible light - a
phenomenon termed photoluminescence. The range of
wavelengths emitted can vary from the ultra violet to the infra
red. This process is associated with the disturbance of
electrons in the outer (lower energy) shell of the componant
atoms. Figure 9 indicates how light from the sample is
transmitted through a quartz glass window into a
monochromator system which projects light of a specific
wavelength into the input plane of a photomultiplier. During the
scanning process, there is control of range of wavelengths
being scanned, the speed of the scan and the entrance slit
size into the monochromator.

The level of cathodoluminescence output is highly
dependent on the temperature of the sample with increased
levels of output being associated with lower sample
temperatures. Most systems providing cathodoluminescnce
provide cooling stages to optimise signal levels.

Cathodoluminescence is widely used in forensic science
where it is especially useful in providing evidence for burglaries
and motor and ship collisions. Used in conjunction with other
microscope modalities such as X-ray, secondary and back
scattered electron detectors, convincing evidence can readily
be obtained.

fn many ways, CL is another 'fingerprint’ of the matenial.
Extensive work is also undertaken in ballistics
investigations. The CL facility can also be used in the
discrimination of glass specimens, real and synthetic gems as
well as examination of prints, copy materials and false
signatures. Where, also, fragments of paint is available from
works of art, this will provide means of detecting art
forgeries.CL technology is extensively used in Geology where it
is a valuable tool for the determination of crystal structures,
defects and chemical impurities.

In most general purpose SEM systems, the
cathodoluminescence detector is an additional module which
can be added to the base scanning microscope. It is also
possible to obtain information of the excitation and decay times
of the CL signal by the addition of a beam bianking option
where the beam of electrons can be switched off or on.

X-Ray Microanalysis

As a beam of high energy electrons is incident upon a sample
in transmission, X-rays are created by the electrons colliding
with atomns in the sample and ejecting electrons of
characteristic energy based on the atomic number of the
glement.

Scanning and detection systems have been developed to
scan an electron beam over a sample and resolve the
spectrum of emitted x-rays in such detail to allow identification
of concentration of a wide range of specific atoms in samples.

There are two principal options for X-Ray Microanalysis
WODX and EDX.

WDX: (Waveiength Dispersive Spectrometer)

The WXD option, see figure 9, uses crystal orieniated in a
specific direction to transmit x-rays of a characteristic
wavelength according to the Bragg equation. Such a detection
system is acting in some ways like a monochromator for
optical photons. In its operation the axis of the detecting
crystal structure has to be rotated in order to vary the
wavelength of xrays fransmitted by the crystal.

The WDX system typically provides element detection
ranging from Boron {atomic number 5) to Uranium {atomic
number 92).

EXD: (Energy Dispersive Spectrometer)
The option for EDX {energy dispersive x-ray) detection uses
typically electron production in Silicon as the means  of
detecting x-rays emission. Each characteristic x-ray photor s
associated with a specific number of detected electrons.

The EDX option is faster in practice since it can effectively
count on channels ‘in parallel’ whereas the WDX option relies
on translation of the discriminating crystal. The typical side
view of the WDX and EDX systems is shown in figure 10 - a 30
degree take off angle is typically used.

Figure 11 indicates the energy spectrum of a garnet
acquired at 20 kev incident electrons. The detectar used
produces sharp peaks even at very low elemental
cancentrations. The Chromium and Titanium peaks represent
1.26 % and 0.3% percent by weight, respectively.

Table 2:
Typical percentage transmission characteristics of various window materials.

(Courtesy Oxford Instruments Microanalysis Group)

| Window Be B c N o " Na

Link Super ATW 10 36 60 38 80 oo 95

Link ATW 15 43 4 61 90

Boron Nitride 40 13 40 31 53 55 100
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A key aspect of this type of technoiogy is the transmission
quality of the detector window. Table 2 indicates the
percertage transmission characteristics of various window
materials.

The specialist Link Super ATW provides the best transmission
characteristics. Such detection systems are extensively used in
materials research and are of especial value in detecting and
identlfying environmental poliution of diverse types.

Figure 12 indicates the typical profile of the resultant energy
profile with assaciated performance specifications. The FWHM
is the full width at half maximum and FWTM is the full width
at one tenth maximum. The ration determines the unity of the
Gaussian shaped peak. A perfect Gaussian profile has a
ratio of 1.82:1.

Using this technique, a sample can be scanned and
separate images be obtained for specific elements. This is
therefore a form of microscopy which effectively ‘sees’
alements. Extensive software used with such systems can both
acquire the data rapidly but also produce rapid reports on

Futher Reading:

elermental composition. In addition to identifying the elemental
composition of a sample at a specific point, this option can be
used to scan a sample and process the data in terms of
relative elemental composition.

Absorbed/Specimen Current Signals

An image profile based on the absorbed or specimen current is
another scanning modality. This option is typically used with
semiconductor samples where resistivity of samples is of key
relevance for monitoring the process of semiconductor
fabrication. The range typically accommodates ranges from
micro amps to pico amps.

BSD : Back Scatter Detectors

Soiid state detectors which detect electrons scattered from the
sample provide another ‘fingerprint’ for the analytical scanning
eiectron microscope. Backscatter emission is charactenstic of
Atamic Number of the sample elements and this mede of scan
provides yet another parameter with which to scan samples.
Samples can be ‘tagged’ with heavy metal atoms such as gold
in order to try and identify specific portions of the sample
which have a different physiological function - eg in studies of
cell metabolism.

Figure 13 shows the schematic design of an SEM system
with a range of associated modules. Such systems are
interfaced typically to Windows based software packages to
control systern function and capture, process and store
captured images. Usually the images from such systems are
stored in TIF file format.

in Conclusion
Electron microscopy has expanded considerabie in the range
and sophistication of its various modes of investigation. In
addition to the standard transmission and scanning systems, a
range of powerful materials analysis techniques now provide a
formidable tool for forensic and general scientific analysis. With
growing interest in the field of nanotechnology, people all over
the warld will no doubt be spending even more time probing
matter with electrons.

This review of electron microscopy has touched on the
‘core' of EM technology. Within each specific facet and aspect,
however, there is considerable detail and compiexity.
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The developer of this unique project
Robin Abbott, describes how to
build and use the ETI PIC based
controller module. A very small and
cheap computer which runs BASIC

and is intended as a building block
for any project requiring program
control. The project can be built on
this months free cover mounted
PCB.

Ithough PIC's are very flexible, they can be quite
hard to program requiring relatively long
development times with a knowledge of PIC
assembler a necessity. This project overcomes
some of the principle limitations of the PIC
controllers. The main controller is a module with a small
number of components which can be built autonomously, or
which can be integrated into the maln board of a project
occupying as little as 12 cm2 of board space.

There is a program store of up to 8192 Kbyte EEPROM {in
an 8 bit package) which may be increased as larger serial
devices become available in future. Program development time
is significantly cut as BASIC is far easier to learn and program
than PIC assembler, and the EEPROM used in the controlier
offers rapid reprogramming when the program is changed.
Debugging support is provided through examination of
variables from the host PC, and single stepping is available
with some versions of the project. Program variables may be
stored in PIC RAM, or in the EEPROM wused for the program
store. Variables stored in EEPROM are maintained through
power down.

The only downside of this system is that programs run more
slower than PIC assembler. This is mainly due to the time taken
to read instructions from the serial EEPROM.

The main features of the project are as
follows:

® Software is available for the following PIC controllers
PIC16C56, PIC18C57, PIC16C64, PIC18C71 and PIC16C84.
Development for other controllers is straightforward.

® The control modutes have one or more 8 bit output ports
(depending on the PIC device), and one serial port as
standard.

® Supports peripheral devices of the PIC controllers. For
instance the version running on the PIC16C84 allows variables
to be defined and used in the PIC iocal EEPROM area as well
as on the program EEPROM, the version for the 16C71 allows
A/D converters to be read.

Sl PIG

BASIC Controller

® Supperts interrupts on those devices which support them
internally. On interrupt a BASIC subroutine is called, this can be
used to keep tims, or to perform certain functions when inputs
change.

® A development system hosted on a PC running Windows
allows programs to be written, modules to be read, and
written, and programs to be run. There is also debugging
support allowing variables to be inspected.

® The programming language supports RS232 compatible
serial interfaces to external devices, or between controllers.

® Auto-boot configuration allows the PIC to run programs
stored in EEPROM automatically on power up.

The BASIC language offers the following
features:

® Variables may be from 1 to 16 bits in length, and are
packed in memoary to save PIC RAM. Thus an array of eight,
one bit variables occupies only 1 byte of PIC memory space.
® Variables may be stored in PIC RAM, in the EEPROM used
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to store the program, or in local EEPROM on 16C8xx devices.
@ The language supports strings in a limited form.

® Both string and numeric arrays may be defined.

® Subroutines may be defined and calied with any number -of
parameters,

® User defined functions take any number of parameters, and
return a value which can be used in expressions.

® Subroutines and functions may have local variables.

® The language has extensions for the varicus peripheral
devices available on specific PIC's.The language supports
structured blocks using IF/ELSE/ENDIF, WHILE/WEND,
FOR/STEP/NEXT.

The project is described in several parts. This first article
explains the capabilities and use of the hardware in the project,
including the compile time options used to program the PIC's.

The next article will describe the deveiopment system, and the
programming tanguage, further articles will describe the
operation and use of the module in some real projects.

Example use of Basic controller board

To show how the module can be used figure 1 shows an
example which uses a 28 pin PIC BASIC moduie, and an 18
pin PIC BASIC module. This is for a multi-core wire
icentification system. When wiring up a project which uses a
number of wire connections, such as in a large scale network,
or a fire/burglar alarm system, then it can often be difficuit to
identify individual wires in the bundle. The example contains a
transmitiing module and a receiver module. The transmitting
module has 16 cutput wires, sach of which connects to a
crocodile clip together with a ground connection. Each of the
outputs is clipped to a wire in the bundle, whilst the ground
connection is clipped to a suitable earth connection such as a
radiator. Now the receives module has an input connection,
and a ground connection which is also clipped to earth. When
the input connection is clipped to a wire the receiver displays
the wire number that it is connected to.

The transmitter uses a module based on a 28 pin PIC
{16C57) with two output ports {port B and port C) which are
both set to outputs giving 16 driving bits. Each output bit is
connected to a length of flexible wire connected to a crocodile
clip. The receiver uses a control module based on an 18 pin
PIC and simply uses one input bit on its 8 bit port (port B). The
receiver module prints the wire number to its serial port which
can be then be displayed on a PC or terminal. Next month we
will look at an example project which uses a 2 digit LED
display which could be used for output in this example.
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Fig.5a Senai circuits

In the example the transmitter drives the wires directly,
which will limit the length of wire which ¢an be driven, however
in practice for a real application it would be better to use
RS232 line drivers on each output, and an RS232 receiver on
the input.

Figure 2 shows the basic code for the transmitter. It is 16
lines long, and occupies 82 bytes of program space which is
1% of an 8192 byte EEPROM. Most of it is commented,
however some of the lines bear further explanation. The
program runs in an infinite loop which takes each output wire
in tum on which it sends a code in serial format. The code
output is an 8 bit value which is 65 for wire 1, 66 for wire 2 etc.
(This is ASCIl for ‘A', ‘B', 'C’ etc). The format of the code is
standard serial, the output level is normally high, with a low
stop bit and then each data blt, LSB first,

The line which starts TYPESUB defines a subroutine, called
DRIVE which takes one parameter - the wire number which is
to be driven. The lines which start TRISB and TRISC set the
port B and port C outputs to drive. The program uses a
variable |, which is defined to be 5 bits long. The subrouting
DRIVE checks the wire number, if it is 8 or less then the output
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is driven to port B, if it is more than 8 then port C is dnven.
The command SEROUT puts a byte in serial format on an
output line of the PIC. It takes two parameters, the first is the
byte 1o be output, the second is a port definition byte. The port
definition byte is the address of the port plus the bit number to
be used multiplied by 16.

Figure 3 shows the basic code for the receiver. This code
occupies 70 bytes. The program loops forever reading any
serial information detected on Port B, bit 0. If a byte 1s received
then it is converted to a wire number from 1 1o 16. A message
is displayed to the module's standard serial interface. For
instance if wire number 12 is connected then the message
“DETECTED : 12" wil be sent followed by a line feed.

The variable WIRENUM is set to the value of the serial code
received. The SERIN function lakes two parameters, the first is
the port definition In the same format as for the SEROUT
command. In this case we cnly ever look at port B bit 0. The
second parameter is the time to wait for a byte. if this value is
sel to 0 then we wait forever until a byte is received.

The SEROUTSTRING command puts & string to the
supplied port. The part definition in this case is shown as
DEFSERQUT. This is a special value which represents the
standard senal intertace of the module. The remaining code
converts the wire number 10 a decimal value in ASCII. (In a
later article we will look at a subroutine to print numbers to the
serial port).

Hardware - Circuit Diagram

Figure 4 shows the circuit diagram for the basic controlier,
which can be built on the general purpose PIC PCB supplied
with this months ET! - in this case the circuit is for 18 pin
devices {such as the PIC18C56, PC16C71 and PIC16C84).
This is extremely simple to allow the circuit to be used in target
projects. Circuits for the 28 and 40pin PiC devices will be
shown in later articles.

IC3 provides the power supply, the 78L05 may be used for
lower consumption projects, the 7805 can be used for projects
of up to 1A consumption. In target projects IC3 may be left out
and replaced by the power supply used in the main circuitry.

|C2 is the EEPROM. Devices of any size may be used
provided that they have the pin out shown in the circut

diagram, and that they have the 12C interface. Two types of
EEPROM may be used dependant on the PIC in use, 12 bit
address devices {e.g. 2Kbyte and below), and 16 bit address
devices (e.g. 8Kbyte). This is described in detail below. R1 and
R2 pull up the data and clock lines used on the 12C intertace.
Link 1 is used to prevert the PIC from running the program
stored in EEPROM. This is used when the autoboot flag has
been set (causing the program to run automatically on power
up) but when the PC control software is to be used to change
the module software, or to debug it. For normal operation the
link is left unconnected. Te stop the module auto-booting then
with power removed the link is connected, the power is then
connected, and then the link is disconnected which will boot
the module into the control program.

IC1 is the PIC. The lower 4 bits of port A are used for the
EEPROM interface, and also for the external serial interface,
these bits are not available for use by the application, however
the RTCC input (which forms the RA4 input of the PIC16C71,
and PIC16C84) may be freely used.

The oscillator circuitry around pins 15 and 16 of the PIC is
based on crystal or ceramic resonator devices. The frequency
of the oscillator may be selected between 4MHz and 20MHz,
to allow the timing of the EEPROM and serial interfaces to
operate successfully.

The serial interface is provided as standard, and is
maintained internally. ft may be used by the modute during
normal operation, as well as to communicate to the host PC.
The interface at the PIC is inactive high - i.e. when the interface
is idle the input and output of the PIC is held at +5V. The start
bit is signalled by a low going pulse followed by the 8 data bits.
The standard interface is specified at 9600bps, no parity, oné
stop bit.

Fig 5a and fig 5b show the serial interface circuit options.
Fig 5a is a standard RS232 irterface which is based on the
MAX232 device. Fig 5b s a much simpler {and cheaper) circuit
which works quite well in practice with balf or full duplex links
and is the circuit used with the general purpose board. C201
stores the negative voltage which is normally present on the
inactive input
line, filters it,
and uses it as a
negative supply
for the signal
driven from the
module. This
circuit may only
be used for
communication
with other
systems which
provide a
standard R5232
output, and
worked with all
PC’s wilh which
it was tested.

It is possible
to operate
without an
RS232 serial
interface circuit,
however in this

case EEPROM's i Fig.B. PCB component overlay |
should be

i

9V
Gnd

- 1
3|
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then assembled and linked into a binary P-Code file which can

be downloaded to the module.

PCode is similar to machine code. The BASIC interpreter has a
stack which is maintained in PiC BAM. The stack starts at
the top of memory, and grows downwards. Values ¢an be
copied between PIC RAM and the stack and between
EEPROM and the stack. Once on the stack values can be
manipulated. There are around 70 P-Code instructions. Most
nstructions take one byte in EEPROM, but sorme of them
take more than this. Instructions fall into the following groups:

programmed separately. By ® Program flow
combining the circuits of fig 4 and fig 5, it is control, goto, call S —
possible to design a simple serial EEPROM programmer and return, and
which can be used for this purpose. If the design is to be used conditional goto.
at the heart of a project then the only components needed are ® Stacking and A
IC1, 1C2, R1, R2 and the oscillator circuit. unstacking ——1—
values to and e
Operation of BASIC interpreter from ”l’ T
The BASIC interpreter runs on the PIC on the module. The PIC RAM/EEPRCOM. ”i_ — 2
does not contain sufficient program space to interpret a ® Arithmetic An
program sent to it directly in text form. The host development ® PIiC specific 11 1 —03
system on the PC converts programs into an intermediate instructions e.g Vol
code. This code is called Pseudo-Code or P-Code for shor. analogue port '*—*“’}"—{:i—*’ « |k
The PCode is downloaded to the module where it is stored in control. & 8
EEPROM and can be run from the host PC, or set to = -’).' T 5
boot automatically when power is applied. For example H}‘—[:l—'—"’ 6 2
It is not necessary to understand the operation of P-CODE to suppose we A ?.;
use the moedule, however a brief explanation is presented here want 10 take the — P+ 13— o7
for those who are interested. The host development system 8 bit value stored o
can assemble and link P-Code programs as well as BASIC in PIC RAM ’)—_{B_—z:;‘" 8 |
programs. An understanding of P-Code can be useful for address 27, and y #___ ;
creating more efficient iibrary routines, or for debugging. We the number 46,
will icok at P-Code in further detail in a later article. then muttiply
The compiler on the host PC converts the BASIC program into them and put
P-Code which Is in a text format which can be examined or themn to PORT B Fig.10. LED test clrcuit
edited. The various text P-Code files which form a project are {which is at PIC - — -

Figure 6

Feature offered for BASIC with each PIC type

PIC type 16C56 16C57 16064 18671 5 T GRS
ize of EEPROM
for program store 2048 8192 8192 8192 - 8192
Number of bits In
alculations e 16 16 15 LS |
umber of I/O bits 8 8 24 8 8
ocal Variables Yes Yes Yes No No 1
r.lses PIC EEPROM Not Available Not Available Not Available Not Available Yes
tm converter Not Available Not Available Not Available Yes Not Available |

Figure 11
Serial Cable from programmer to host PC

Programmer PC connector type
SK2 9 way Female ) 9 way Male 25 way Female ~ 25 way Male
| 8 3 2 dL 2
3 2 K 2 3 A

5 5 5 7 7
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address 8). The following P-Code will achieve this:

Instruction Stack
STACK 66

STACK 27 27,6
STACKADDS (27,6
STACK 46 46,(27).6
MULTIPLY 46'(27),6
UNSTACKADDS -

The numbers show the contents of the stack. The form “(27)"
shows that the stack contains the 8 bit number which was

stored at address 27. This code occuples 6 bytes in EEPROM.

P-Code executes at between 3000 and 5000 instructions per
second with a 4MHz main clock. This can increase to 10-
15000 instructions per second with a 20MHz clock.

PIC BASIC variants
There are three versions of the interpreter which offer different
arithmetic types. These are as follows:

1 The 8 bit version calculates all results within 8 bit integers.
Thus the minimum value which can be stored is -128, and the

O
B
)
i
o
=
wn
]

maximum value is +127.
2 The 16 Git version extends this to -32768 to +32767. The 8
hit version operates more quickly, and uses less stack space,
thus there is more room for variables, and more levels of
subroutine call can be used.
3 The third version is used for certain 18 pin devices. This has
15 bit anthmetic allowing numbers from -16384 to +16363 to
be used. In this form the interpreter compresses values on the
stack so that small numbers can be stored in a single byte.
This version of the interpreter cannot pass parameters to
functions, or use local variables, these limitations will be
explained in next months arficle.

Figure 6 shows the PIC types, the variable types, and other
features for each PIC device which can be used with BASIC.

Test System - Use and Construction

Figure 8 shows the PCB layout for the 18 pin version of control
BASIC which is the PC8 suppiied with this months ETI. This is
a complete controller board with power supply and PC serial
interface and only needs a 5-30Vdc supply to operate. It can
be used as a programmer for serial EEPROM’s if they are to be
used within a target system without a serial RS232 link, The
componeants list for this version of the controller is shown in
Figure 9.

This circuit is extremely cheap to buiid (around £2 without
IC2 or IC3), and # is recommended that at least one should be
built to experiment with the BASIC language used for the
project before attempting an embedded system. Photograph
1and 2 show the completed board.

Construction is very stralghtforward, and components may
be inserted in any order, most of the two leaded components
are mounted vertically. {C2 and IC3 must be socketed. PL1 is a
16 pin IC socket. Link 1 is a two pin strip on a 0.1" pitch. A
standard miniature jumper can be used on the link such as
those used on PC interface cards. XL1 is a crystal or ceramic
resonator, frequency can be chosen at compile time.

if an external 5V supply is used then IC3 can be replaced
with a wire link, higher supply voltages will need IC3 to provide
a stable supply to the module. IC3 can be a 78L05 or a 7805,
the device chosen will depend on the application current
consumption, If a 7805 device is used then it may be mounted
on a heatsink. Rs is only needed for special applications with
certain crystais and can be left out for most uses. if Rs is to be
used then cut the track which shorts it out before soldering it
in circuit.

For test purposes an LED display can be constructed. A
suitable circuit is shown in figure1Q. The display is a 10
segment bar graph device, the two end LED's can be left
disconnected. The connector to the main board is a 16pin DIL
socket. The display is connected to port B, and test patterns
can be written to it. A lead to connect the two boards can be
constructed using 16way IDC cable with a 16 pin IDC header
on each end. Photograph 1 shows the completed prototype
module with the LED display.

A serial cable needs to be constructed, or a standard serial
cable can be used to connect the motiule to the host PC. As
there are a variety of serfal ports connectors available then it is
likely that different host PC's will need different connectors. If
you choose to make up a cable for the host PC then follow the
connections shown in figure 11,

Testing
The circuit is so simple that elementary testing is all that is
required. The host development system can then be used to
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check out the module properly by wriling and running test
programs. To test the systern connect the module to the host
PC. Do not insert IC1 and IC2 yet. Now connect the power
supply to the board check that there is a +5VDC supply to
IC1. Now on the PC set up a communications package such
as Windows Terminal. Set the package to 9600bps (or
whatever rate has been programmed to IC1), No Parity, One
stop bit and short pins 1 and 2 of IC1. Check that any
characters typed on the PC are echoed by the module, Power
down, insert IC1 and IC2 and power up, the module should
return a 'Y’ to the PC. Type an ‘A’ character on the PC and
the medule will return a 'Y’ (this is the standard “are you
there?" diagnostic). Now the development system may be
used on the PC to check the module out properly.

A suitable test program for the LED board is shown in
figure 7. This is supplied with the PIC BASIC development
environment, and flashes the LED in various bar patterns in an
endiess loop.

Availability

Most of the components are widely avaiiable from Mapiin and
other similar companies. The PCB is available free on this
month's cover (they will not be available without the magazine
s0 | am afraid that if you want more than one you will have to
buy another magazine!).

Programmed 16C84 PIC chips are available from the
author price £25 each, or £15 if you supply the PIC chip
(make sure it is & new chip with nothing programmed on itl},
Also included in the price will be an updated copy of the
development system software {out only if there has been an
update with respect to the free copy given away with next
month's ET)

IMPORTANT:- When ordering your PIC chip please specify
whether you will be using the 24LC16 (2K EEPROM) or the
24L.C65 (8K EEPROM). Also specify whether you will be using
a 4MHz or 16MHz ciock. The PIC chips will be code protected
(the author has put an encrmous amount of work into this
project and quite understandably wishes to protect his work
from unautherised copying).

Please send an SAE with order and make cheques or
postal orders payable to Robin Abbott. Orders should be sent
to: 37 Plantation Drive, Christchurch, Dorset, BH23 5SG. The
author regrets that he is unabie to answer phone querles, but
he can be contacted via emall; his address is:
@compuserve.com.100023,535.

The PC based development systemn software will be
available free as parn of the cover disk on next month's ETI, or
if you want it before then, it can be obtained directly from
Robin Abbott price £10.

typesub drive({i}) ; Define Subroutine

trisb(0) : Drive on port B
trisc(0) ; Drive on port C
dim i.5 ;1 is a 5
bit wvariable
while (1) ; loop forever
for i=1 to 16 ; For each cutput
drive{i)
nex
wend

sub drive(wirenum)
wirenum=wirenum-1
if {(wirenum «<=7) then
sercut {wirenum+ A’ , ADDPORTB+wirenum*16)
port B
return

i O/p

endi £

serout {wirenum+’'A*, ADDPORTC+ {wirenum-8} *15}
port C
end

; Ofp

Figure 2 - Example code for Transmitter

while {1}
u=0 wirenum=serin{ADDPORTB,0}-"'A"+1
seroutstring{*\nDetected : *,defserout)
if wirenum>10 then u=]1 : wirenum=wirenum-10
serout (' 0" +u,defserout}
serout{’ Q' +wirenum, defserout)

wend

Figure 3 - Example Receiver BASIC code

trisb{0) ; Drive on port B
typesub del () ; Delay subroutine
const pat[l6) . Array of patterns to
write to leds

pac [0]1=081h H
‘turn on a led

pat [1]=0c3h

pat[2]=0eth

|pat[3]=0ffh

ipat [4]1=0eTh

|pat [5]=0c3h

Paterns have a 0 to

pat [6]=081h
pat [1]=0

rpat [B8]=18h
pat[9]l=3ch

pat {10)=7eh
pat[11])=0£ffh
pat[l2]1=Teh
pat|13)=3¢ch
pat [141=18h
pat[15)=0
dim i.6,5.4,k.5 ;
while(l} H
for i=l to 18 E
portbzi+i*lé
del {)
next
for j=0 to 5
for i=0 to 7
portb=~pat{i)
del()
next
next
for =0 to § i
for i=8 to 15
portb=~pat|[i]
del{)
next
next
wend ; Loop forever
sub del (} i
for k=1 to 8
next
end

Variables
Loop forever
Simple binary pattern

In/Out pattern

In/Out pattern

Delay subroutine

Fig.7. LED test programme

Next Month...

ETI will have a cover mounted PC disk
containing a free copy of the ETI BASIC
microcontroller development system software
(in order not to miss it don't forget to order your
copy nowl). In Part 2 we'll take a more in depth

look at the BASIC language and development
environment used for the controller as well as a
complete project using the BASIC controller
with 7 segment LED output and push button
inputs. Following articles will look at larger
scale projects using the module.
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T EL NET

8 CAVANS WAY,

BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF

Tel: 01203 650702

Fax: 01203 650773

Mobile: 0860 400683

{Premlses sftuated close to Eastern-by-pass In Coventry with easy access
to M1, M&. M40, M42, M45 and 69-\
OSCILLOSCOPE

Gould 0S3000/ADVANCE 3000 - 30MHz Dual ch, -...k200
Gould 4035 — 20MHz Digital storage .£500
Gould 4050 — 35MHz Digital storage . E650
Gould 5110 - 100MHz Intelligent oscilloscope . e EB50
Gould 054000, 054200, 054100, 0S1000B ... Arom E125
Hewlett Packard 1740A, 1741A, 1TT44A, 100MHz dual ch Sfrom E350
Hewlett Packard 170TA, 1707B — 75hHz 2¢h. from £275
Hewiett Packard 54201A - 300MHz Dighizing . .. £1750
Hewlett Packard 54501A - 1000Hz - Digitizing 4 channel.. £18950
Hewlett Packard 545044 - 400MHz Digitzing .£3300
Hewlett Packard 541000 - 1GHz Digitizing. £4500
Tektronix 468 - 100MHz - D.5.Q. ¢ £800
Lecroy 140 - 100MHz - D.5.0. EPOA
Hitachl ¥212 20MHz Dual Channel E175
Nicolet 3091 = LF D.5.0. .£1100
Philips PM 3315 - 60MHz - D.S.0. . £750

Phitiips 3206, 3211, 3212, 3217, 3226, 3240

3243, 3244 3261 3262 {2ch + dch) Afrom £125 to £350

Phlllps PM 32954 - 400MHz Dual Channel £1950
Tektronlx 2213 — 60MHz Dual Channel... £425
Tektronix 2215 60MHz dual frace. £450
Tektronlx 2235 Dual trace 100MHz (portable). . .£800
Tektronic 2236 - 100 Mhz - 4 channel with CounterTimer/D.M 1# .....£995
Tektronix 2335 Dual trace 100MHz {portable). .£750
Tektronix 2225 — 50MHZ dual ch. .. 450
Tektronix 24658 - 400 Mhz 4 channel, = £3950
Tektronix 464/466 — 100MHz An storage from £350
Tektronlx 465/4658 — t00MHZz dual ¢h . Arom £350
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ¢ch.. Arom £300
Tektronlx 7704 — 250MHz 4 ch. Arom £650
Tekironix 7844 - Fitted with 7A42, TE80, 7885 Plug-Ins .....£1500
Tektronix 7904 — 500MHz Arom £850
Tektronlx 468 - 100MHz Dlgital Srorage . .£800
Telequl#menl D68 - 50MHZ Dual Channel. ..£200
Iwatsu TS B123 - 100 Mhz - D. Storage. .. . £850

Other scopes avallable too

SPECTRUNM ANALYSERS

Alttech 727 — Spec. Analyser 22.4 GHZ with

Alltech 70727 — Tracking Generator (YOKHzZ — 12.4 GHz) } £2000
Hewlett Packard 35804 — -5H2-50KHz. £995
Hewlett Packard 3709B - Constellation Analyser with 157094 High
Impedance Interface {As New) . £6750
Hewlett Packard 182T with 85594 (10MHz — 21GHz) £3750
HP 3582A - 25KHz Analyser, dual channel £2500
Hewlett Packard 35601A - Specirum Analyser Intertace ..£1000
Hewlett Packard 87544 - Network Analyser 4 - 1300hMHZ, ....£3260
Marconl 2370 — t10MHz. o ..£995
Marcon| 2371 — 30KHz - 200MHz ... e 21250
Polrad 641-1 — 10MHz — 18GHZ ... £1500
Rohde & Schwarz — SWOB 5 Polyskop 0.1 — 1300MHz. £2500
Schlumberger 1250 - Frequency Response Analyser £2500
Tektronix TL12 with 7603 mainframe (1.8GHZ). .£1500
Tekirontx 7L14 with 7603 mainframe (1.8GHz). .£2000
Tektronix 7418 with 7603 maintrame (18GHz). 2950
Texscan AL51A (dMHZ - 1GHZ) . £850

Mls..,ELLANEOUS

Aneitsu MGE42A Pulse Pattern Generator .E1500
Ballantine 323 True RMS Voltmeter ...£350
Datalab DL 1080 Programmable Transient Recorder £350
Dyanpent TP20 Intetliplace — Tape peel Tester = immacualte conditlon £1950
Farnell 2081 R/F Power mater - ..£350
Farnell TSV 70 Mkll Power Supsply {7OV- 5A or asv- 1OA) .£200
Ferrograph RTS-2 Audio Test Set with AT £500
Fluke BO10A/8012A/8050A Digltal mulnmetews from. £125
Fluke 5101A AC/DC Callbrator . £3500
Fluke 5101B AC/DC Calibrator . £6500

Marconl - 20194 - BOKHz - 1040MHz - Synthesised Signal Generator.. £1950
Hewlett Packard 86624 - (10KHz-12B00Hz) - Syntheslsed Slgnal

Generator £7950
Hewlett Packard 49534 - Protocol Analyser .. £3500
Hewlett Packard 1630G - Logic Analyser - 65 Channels. .£850
E..P. 548A - Frequency Counter {26.5 GHz), - £3500
Marconl 6950 Power Meter with 6310 Sensor ) .£800
Racal 1992 - 1.3GHz Frequency Counter . ......£850
Datron 1081 - Preclsion Multimeter ..£650
Fluke 5220A Transconductance Amplifier (ZOA) . £3000
Fluke 720A Kelvin-Varley Voltage Divider . ’ £450
Fluke 750A Reference Divider ... 5 - ..£450
Gould TA &00 — Thermal Armay Recorder . »..£400
Gould K100D - 100MHz Logic Analyser with Pods . . £350
Heiden 1107 - 30V-10A Programmable Power Supply (IEEE) £650
Hewlett Packard 3437A System voltmeter .. . £350
Hewlett Packard 3456A Digital volimeter. - L850
Hewlett Packard 3760/3761 Data gen + ermor detector.. .each £300
Hewlett Packard 3762/3763 Data gen + eror detector.. .each £350
Hewlett Packard 5420A Digital Su\;nal Analyser. . £350
Hewlatt Packard 5423A Structural Dynamics Analyser £350
Hewlett Packard 544708 Digltal Fitter.. £100
Hewlett Packard 54410A Analogue/Digital Converter....... = .£100
Hewlett Packard 7402 Recorder with 17401A x 2 plug-Ins . .E£300

Hewlett Packard 8011A Pulse gen 0.1Hz-20MHz.. o .£500
Hewlelt Packard 8443A Tracking gen/counter with 1EEE ; .£300/400
Hewlelt Packard 8620C Sweep oszibator malnframe .£400
Hewlett Packard 8750A Storage normaliser . - .. E375
Hewlett Packard 86B4A 5.4GHz 1o 12.5GHz2 Slg-Gen_. ... ..£3000
Hewlelt Packard 8640B — AM/FM Signal Gen (512MHz) . ..£850
Hewlett Packard 5340A - 18GHz Frequency Counter. - ....£900
Hewlett Packard 5356A — 18GHz Frequency Converter head. ......£450
Hewlett Packard 4324 — Power Meter (with 478A Sensor).......... £275
Hewlett Packand 435A or B Power Mater (with 8481N8484A) - Arom £750
Hewlett Packard 3438A Digital multimeter .. ..£200
Hewlett Packard 6181C D.C. current source ‘.€150
Hewlett Packard 595018 HP.‘IB Isolated D/A power

supply programmet - .£150
Hewlett Packard 3711A/3712A/3791B/37938 Microwave Link

Analyser ud £3500
Hewlett Packard 53164 Universal Counter HP1B ....£550
Hewlett Packard 53168 Universal Counter HP1B ... ........... ETTS
Hewlett Packard 5385A Frequency Counter - 1GHz - {HP1B)

with OPTS 001/003/004/005, ...E995
Hewlett Packard 3779C Primary Mulllplex Anatyser £1000
Hewlett Packard 6623A Triple output systam power supply . £1950
Hewlett Packard 3764A (Opt 002 Digtal Transmission Analyser .£2250
Hewlett Packard 35864 Selective ievel meter . C£1750
Hewlett Packard 33254 - 21MHz Synihesiser/Function Gen.. ....£1500
Hewlett Packard 8152A - Optical Average Power Meter .£1250
Hewlett Packard 81588 - Optical Attenuator (OPTS 002 + 011) . £1100

HEWLETT PACKARD 6261B
Power Supply 20v-50A £500 Discount for Quantities

Internatlonal Light - IL 1700 Research Radiometer with Erytherma) Sensor

Head . .£1250
Krohn-Hite 2200 LinLog Sweep Generator e £O95
Krohn-Hite 4024A Osclilator. E250
Krohn-Hite 6500 Phase Meter RSSO =+
Lyons PGTIN/PG75/PG28/PG Pulse generator, from £225
Marconl 2432A SDOMH 2 dighal treq. meter . - ..£200
Marconl 2337 A Automatic dist. neeter. .. £150
Marconl 2356 20iMHz level oscillator . £300
Marconl 2306 Programmable interface. e LE450
Mareoni 2830 Multiplex tester ... E850
Marconl 2831 Channel access swilch.. e E250

Marcon) 2019 — AM/FM Signal generator — 1040 MHZ..... ...E£1800
Multicore “Vapourette™ Bench Top Vapour Phase SMD Soldenng Machine

{New + Unused). .. 650
Phllips PM 5167 10MHz function gen .. £400
Phoenlx 55004 - Telecomms Analyser with various dntertace Ophons £2500
Racal Dana 92420 Programmable PSU 25V-2A £300
Racal Dana 9246S Programmable PSU 25V- 10A ..£400
Racal Dana 3100 40-130MH2 synthesiser ... . £750
Racal Dana 5002 Wideband evel meter. ... £650
Racal Dana 5003 [hgital m/meter . - LE150
Racal Dana 9000 Microprocessing timer/count, 5200MH2 .. ..£550
Racal Dana 9081 Synth, s19. gen. 520MHz ...£550
Racal Dana 9084 Synih. sig. gen. 104MHz . g ...£450
RAacal Dana 9303 True RMS/HRFevel meter : - ..£650
Racal Dana 9341 LCR databndge ..E250
Racal Dana 9500 Universai timer/counter 1000 Hz . . _.E200
Racal Dana 9917 UHF frequency meter S60MHz......... e S5
Racal Dana 9302A R/F militvoltmeter {(new verslon) ...£315
Racal Dana 9082 Synthesised am/Am sig gen (520MHz)., 1 ....E500
Racal 9301A - True RMS R/F Millivolimeter = .£300
Racal 9921 - 3GHz Frequency Counter ~ e .......£450
Achde & Schwartz BN36711 Digital Q meter 2 SR ..£400
Rohde & Schwarz - Scud Radw Code Test Set. .. ...£995
Rohde & Schwarz - LFM 2 Sweep Generator 0.02 - 60MHz . £1500
Rohde & Schwarz SUF 2 Nolse Generator .. £300

Rotek 3980A AC/DC Precision Calibrator with Rotek 3504 High

Current Adaptor £LPOA
Schlumberger §.1. 4040 Stabilock - High accuracy

1GHz Radlo Test Set .. £5950
Schlumberger 4923 Radlo Code Test Set . . . £1500
Schliumberger 2720 1250 MHz Frequency Counter.......... - .£500
Solarton Schlumb 1170 Freq, response analyser ... ... ... £250

Systems Video 1258 Waveform Analyser + 1255 Vector Monitor + 1407

Differential Phase and Gain Madule + 1270 Remote Control Panel ._...... £2250
Systron Donner 1702 Synihesised Slg. Gen 1GHz £990
Systron Donner 60548 or D 18GHz or 24GHz Freq. Counter .......fromE800
Telequlpment CT71 Curve Tracer. ...£250
Tektronlx TM5003 + AFG 5101 Ambitrary Function Gen. . £1750
Telktronix 1240 Logic Analyser LE750
Tektronlx 1480 Wavelorm Monitor. e POA
Tektronlx 6§51 HR MonHfor ..POA
Tektronlx DAS9100 — Series Logic Analyser ..£500

Tektronlx — Plug-Ins - many available such as 30504 SW503 SGSOZ

PG508, FG504, FG503, TG50(, TR503 + many more

Time 9811 ngrammabte Reslstance 600
Time 9814 Vohage Calibrator . . . ...£750
Wayne Kerr B424/N LCR Component Meter Set SR, .14, 1]

WaG SPM12 Level Meter (208Hz — 6MH2) . ~.....E500

W&G PS12 Level Osallalor (Z00Hz = 6MHz).. .£500
Weller DBO1/DB0O2 Desoldenng station ...£175
Wiltron 560 Scalar Network ANalySer ... ... £800
Willtron 352 Low Frequency Differential Input Phase Meter £350
EIP 331 - Frenuency counter 18GHz. - ...E£700

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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A practical upgradeable bench power
supply for electronic circuits
designed and developed

by Tim Parker

part from an oscilloscope, one of the most valued
pieces of equipment on the elactronics
workbench is a decent power supply unit {(PSU),
The one presented here is not a high powered, all
singing, all dancing switched-mode model. It's a
straight forward linear design with a perfectly usable output
voltage and current range, which can be upgraded at a later
date if desired. it is not initially designed for powering CB
radios or in-car enteriainment systemns - and let's face it, the
types of ampilifiers incorporated into some car stereo systems
these days (especially those with enough output to transform
the vehicle into a speaker cabinet on wheeils) would bend the
knees of ANY power supply that does not have ‘serious’
power handling capabilities.
More than anything else, this one is designed to fulfil the
majority of requirements likely to be encountered by the
electronics hobbyist and designers alike. It provides regulated

{
240v |
0 AC SEY VOLTAGE
+Vin Vo l———o
— ONOFF ¢ [—DV SET CURRENT |  +3VTO+15V
? SWITCH 1 REGULATED
240V AC INPUT
MAINS TRANSFORMER §—stovin  s12voutl—g—e—so
e B | o REGU ’:‘i\é
b 5
1 ‘-
+12v REGULATED
ACIN ov AC IN
RECTIFIER +VDC Pl | TS ¥ BN I —
AND
i ov +5V |
S"Og“;“'""’ ~vocks-— -l REGULATED
I ——-Vin S12Vout -0
ov “12v
_l_ REGULATED
Fig. 1 Block diagram of the regulated PSU

owe
supp

Versatile regulated

e

ly unit

DC outputs of +12V (fixed), -12V (fixed) and +5V {fixed), each
with a current capability of up o about 250maA if all of them are
in use. Up to 1 Amp can be drawn from any one output at a
time. Also included is a variable voltage output between
approximately +3V and +14V with variable current limiting
between 10mA and 200mA. There aren’t many electronic
designs which cannot be powered either directly from these
supplies, or by manipulation of the various outputs available. A
ot of beginners and novices believe that they need a power
supply with ‘bags’ of cument. But ask any experienced
designer and they will tell you that this is rnot the case.

To allow the use of the full current handling capacity of each
output, they can all be "beefed up' by upgrading cenain parts
of the circuit. For example, the fixed outputs can be increased
up to 1 Amp each, and the variable output is capable of
voltages up to 36V, at currents of up to 2 Amps. This is
explained in more detail later.

The circuit

Fig 1 shows a block diagram of the reguiated power supply
unit broken down into six sections and the complete Gircuit
diagram appears in figure 2. Transformer T1 produces 30V AC
across its secondary winding, which is used as two 15V AC
outputs when referenced to the centre tap point. This centre
tap is used as a OV potential for all of the regulator circuits and
thus the output terminals. The contact suppressor CS1 is fitted
directly across the mains input to reduce turn off spikes and
rmay be ornitted if desired.

The 100Hz rough DC from the bridge rectifier formed by D1
to D4 is smoothed on the positive side by C1, and on the
negative side by C2. This results in *off load’ DC levels up to
about +25V across C1 and about -25V across C2 (with
reference to OV of course). These are referred to as +V and -V
respectively.

Fixed voltage outputs

Working upwards from the bottom of the circuit diagram of fig
2, regutator IC3 is fed from the smoothed -V potential and
produces a regulated -12V output on pin 3. Regulator iC1 is
fed from the +V potential and produces a reguiated +12V
output, again on pin 3. Not only does this provide the fixed
+12V output, but also the Input potential for IC4, which itself
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Fig.2 Complete circuit diagram of the
regulated PSU
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provides the fixed +5V regulated cutput on pin 3. The reason
for supplying IC4 from the output of IC1 is to reduce the power
dissipation of IC4, which, whilst capable itself of handling input
voltages up to 40V, would require separate heatsinking in order
to keep its 'on load' operating temperature down at an
acceptable level. [f the input to IC4 were to be supplied directly
from the +V rail, the power dissipation would take it beyond its
safe operating fimits, with the possibility of it repeatedly
shutting down through thermal overload. Unfortunately, this
would not be discovered until a short time after a load had
been connected across its output.

The low value capacitors close to each of the reguilators
{100nF & 10uF) improve the noise rejection, transient response
and stability against high frequency oscillation of each device.

Diodes D5 to D8 protect the regulators against certain
conditions that could arise during operation. Quite often there
are a couple of points that are - possibly inadvertently
overlpoked in power supply designs based on fixed voitage
regulators. The first is what happens when the INPUT to the
regulator is suddenly shorted to OV, and the second is the
effect of turning off the supply with large capacitor values
connected across the output; formed by (say) the supply
decoupling capacitors of the equipment being powered from
the power supply unit. In both cases, the reguiator’s input
voltage rapidly reaches the OV potential, whilst the output
would remain at the regulator's original voltage for a short
length of time due to the stored charge. This voltage will then
be discharged back into the QUTPUT terminal of the regulator,
and if the energy released by the capacitors is large enough,
would almost certainly resuit in the destruction of the regulator.
By including diodes across the regulators as shown, the

excess energy is shunted to the low potential at its input and
50 protects the device.

Strangely enough, the damage to the power supply Caused
by this tends to lead to some confusion for the user, because it
will be assumed that the equipment being powered at the time
caused the damage to the supply when it was turned on,

= - __3
f
CURRENT B f =20
propedl B8 -
| - o {m} —
—_— -4
| r‘ ERROR !
| AMPLIFIER
S.OA
b————1{SAFE OPERATING AREA) -———
PROTECTION AI
THERMAL L - PASS
ELEMENT
— —{counmronl; —
— = CURFRENT
1 LIMITING
> -3
1 2 3 4 5
INPUT  LIMITING GND  VREF ouTPUT
Ay
Fig. 3 Intemal architecture of the L200CV
|4 == -
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Whereas, in reality, the damage was caused by the equipment
previously connected to the supply when it was last turned off,
which might not be the same piece of equipment connected
now. This results in the wrong piece of equipment being
checked for faults, even though none of them might actually
have anyl Confusing ehl

The only restriction to this protection is when extrernely
large value (tens of thousands of microfarads) capacitors are
connected across the output, where the energy released is so
great there is a danger of biowing the protection diode itself.
Fortunately this is rare under normal circumstances, and
diodes of this type do generally tend to blow short circuit - as
opposed to open circuit, so the regulator should still be
protected against backward discharge. But BEWARE. If the

Table 1
Current Limiting With Preferred
Value Resistors

15 S00mA 047  957.4mA
10 450mA 0.33  1.36A v
4.7 95.7mA 0.22 2.04A

CURRENT LIMIT $WITCH
{ALTERNATIVE)
2 1

+VARIABLE #—

+12V
INSULATOR-

l 12V
INSULATOR-.

!

15 0 15
AC INPUT

Fig. 4 PCB componient overlay

protection diode has blown short
circuit, the regulator will also be
shunted from input to output, so what
you expect 10 be (say) a regulated +5V
output suddenly becomes the same
potential as the +V unregulated input
voltage, which would be capable of

I destroying an entire board full of TTL
devices in a fraction of a second.

Variable voltage and
current output

The task of supplying a variable voltage
and current limited output is handled by
IC2 - an LC200CV adjustable voltage
and current regulator. Fig 3 shows, in
block form, the basic design of its
internal architecture. According to the

| technical specification, this device is
virtually ‘bomb proof’. Given sufficient
current and a 40V (max) input, it is
capable of regulated output voltages
from 2.85V to +36V, at currents of up to
2A, aithough our basic power supply
application does not drive it to these
limits. As a rule of thumb the maximum
available output voltage can be
approximated from the formula;

Rv2
VOLTAGE

—

VR2
Vout = Vref (1 + ——}
R2

Where Vout is the resultant cutput

k voltage gained from the formula, VR2
| and R2 are component values taken
| from Fig 2 (remember VR2 can be any
| value between less than 1 and its rated
value). Vref may vary slightly, but as a
| general rute can be assumed to be
| typically 2.77V.
The avaiiable cutput current can be
obtained from the formula;

Vse
lout =

Rsc
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Where lout is the resuttant output current gained from the
formula, Vsc is the current limit sense voitage between pins 5
and 2, and Rsc is the resistance (in Ohms) between pins 5 and
2. The aclual value of Vsc is dependent on (amongst other
things) regulator output load and operating temperature, but
can be taken to be typically 0.45V.

R2 and VR2 set the output voltage, whilst R3 and VR1 set the
current limiting cutoff point. The values of these components
are selected to give the best overall control of the output from
the available input. Aithough the input voltage could be as high
as +25V, this will fall guite considerably when the regulators
have a load connected across their outputs, and since IC2 has
quite a high dropout voltage t's no use selecting component
values that allow the device to operate up to its maximum
capacity if it's never likely to use it.

Switched or variable current limiting
When using a continuously variable controt to limit the current
output {such as the use of VR1}, it can be difficult o set the
current limit cutoff point with any degree of accuracy
generaliy it has 10 be a very approximate setting. For this
reason, VR1 may be replaced with four fixed value resistors
{(R4-R7) and a 1 pole 12-way rotary switch. This will allow
switched selection of up to five pre-determined current limit
settings that will be far more accurate than a potentiometer.
The range of settings can be extended by soldering more
resistors directly to the swilch itself. The art of current limiting
using this method is the abilty to synthesize resistor values
suitable for the cutoff points you wish to set, which may involve
paralieling two or more together to obtain the required value.
The PCB positions available for B4 to R7 instead of VR1
(NOT as well as VR1) are shown as
B | dotted outlines in fig. 4, with the

LIVE

JANCOMING MAINS FLEX

——STRAIN RELIEF GROMMET

REAR PANEL connections required between the PCB
NOTE: INSULATE ALL MAINS TERMINATIONS

and the switch shown in fig. 6. No
resistance values have been specified
because these will depend on your own
requirements. However, Table 1 below
gives an idea of the various current limits
when using preferred value resistors.

' Note that Rsc is the TOTAL resistance

f @ m

!

SOLDER TAG ]

\; | EARTH between pins 5 and 2, and that the
- current must not rise above 250mA
unless the power supply has been
> SOLOER CS1 ACROSS upgraded.
( T AmeramenT
( 240 5 0 15 0 currEDt Limiting With
L prwasry iweurr | Preferred Value Resistors

lout values are all very close
appmximations

Closer Inspection of Table 1 will reveal
why it is so difficult to set the current limit
using a variable control, particularly at the

THE PCB IS HELD IN PLACE BY RV1, RVE AND THE HEATSINK higher current outputs where the

resistance becomes uncontrollably small.
Notice how an adjustment of just C.11
results in aimost a 700mA change in

current limiting. To make matters worse,

as the resistance decreases, the power

disgipation in the control results in self-
induced variations that only add to the
problem.

The only simple way to gain better
control at high current outpuls would be

1:/ L
TOP EDGE OF FRONT PANEL l ]

10 trade off the controllability of the lower
current settings and plump for a reverse

LEDI
K7 $ RVZ AV3

S5 S

FRONT PANEL

log potentiometer, which has the same
characteristic logarithmic curve, only in
reverse. These are avallable, but so un-
common they are very difficult to obtain

SKS SK6 8K4
oV (12V)  (+#12V)  (+5V) (+VARIABLE) (OV)

-
@/@/@/@(@@y

7 ' and virtually impossible in high power
versions. Of courge, you could always
use a 10-turn version, but then you'd

also require a 10-turn counting dial in
order to know whereabouts the track-to-

Fig. 5 Wiring diagram {Note: front and rear panels shown flat and separated for clarity)

wiper position was, and even then you'd
have to convert the readings from the
dial into current fimit settings. All told,
about ten quid's worthl
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- t POLE 12-WAY
d ROTARY SWITCH
= (VIEWED FROM REAR)

USE THIS MOUNTING
POINT TO SUPPORT
THE PCB

RV1
AEMOVED

RV2 MAY NEED
TO BE A LONG
SPINDLED TYPE

wo—
iy
____

Fig. 6 Connections for switched current limit selection (VR1
must be removed)

Kit available

A kit of parts for the variable low current version of
the power supply (using potentiometers) including
PCB, 20VA transformer and heatsink (but not
including the case - this is left to personal choice)

is available from the author by mail order ohly at

the following address:

DTE MICRO SYSTEMS
112 SHOBNALL ROAD
BURTON ON TRENT
STAFFORDSHIRE
DE14 2BB

The price for the kit of parts is:

£39.00 inc.

The PCB is also available separately at:

£ 6.50 inc.

Please add postage and handling (per order):
£ 2.50 for the UK

£ 4.00 elsewhere.

Please make Cheques/Postal Orders payable to
‘DTE MICRO SYSTEMS". If ordering from overseas,
payment must be in Pounds Sterling {£) and
cheques must be drawn on a British bank.

Goods will normally be dispatched within five
working days from receipt of order (subject to
availability and cheque clearance}, but please allow
up to 28 days for delivery.

Resistors

& R1,2 2K2 Q.5W carbon (2 off)

® R3 2n2 2.5W wirewound

e R4-R7 optional - (selected by user} * !

e VR1 470 LIN potentiometer

® VR2 10Kn LIN potentlometer

Capacitors

® C1 4700uF/35¥ radial
electrolytic

e 2 100QuF/f35V radial
electrolytic

e C34,89,15,17,19 10uF/35V radial |

electrelytic (7 off) ]
® C56,7,10,11,12,13,14,16 100nF/50V ceramic
or polyester {9 off)

o C18 100uF/35V radial electrolytic
e GS1 100n+100nF 250V RC

contact suppressor
Semiconductors
® DI-D4 1N5402 3Amp rectifier

diodes (4 off)
e D5-D8 1N4001 1Amp rectifier

diodes (4 off)
® IC1 7812 +12V 1Amp voltage regulator
e IC2 L200CV 2Amp adjustable regulator
@ IC3 7912 -12V 1Amp voltage regulator
e IC4 7805 +5Y 1Amp voltage regulator
® LED1 Smm standard red LED

Hardware & miscellaneous |

® F1 20mm 1Amp fuse

® fuseholder  20mm panel mounting fuseholder

® SK1,34,6 4mm red terminal posts (4 off)

® SK25 4mm black terminal posts (2 off) .
® S5K7 4mm green terminal post

® Swt DPST rocker switch rated 6A/250V

* T 0-15-0-15 20VA mains transformer

heatsink thick aluminlum angle 150 x 50 x 80
fixings screws, nuts & washers as required
knobs control knobs for VR1 & VR2

insulators insulating kits for IC1 - IC4
terminals lucar connectors for SW1 (4 off)
flex 6A mains flex

grommet strain relief grommet

cover terminal cover for T1
sleeving heat-shrink steeving
case enclosure to suit *
legend front panel label *

PCB DTE “PSU" printed circuit board £6.50
available from CTE MICRO SYSTEMS

* Not supplied with the kit

Next Month...

we will look at constructing and testing the PSU
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Inspired by a sunny summer
Terry Balbirnie looks at
Alternative Energy in
miniature

8 10 12 14
TIME (GMT}

Fig.2. Approximate graph of solar battery charging
. current against time of day




battery. As long as the average power
drained does nol exceed that supplied,
the system may operate indefinitaly.
During winter momhs, there wifl not be
much solar radiation available but bright
daylight wil be sufficient to trickle-charge
a battery and keep it in good condition.

Silliest under the sun

The solar panel amves well pecksd in a
wooden case. You need a screwdriver to
detach the lid and remove the conlents.
Betore using it, wires need to be
attached to the output electrdes since
“ftying lead™ connectons are not
provided. Bull's advica is to us2 spring
clips or cold solder. it would grobably be
disastrous to use conventional stidering
and | didn't try It 1 used paper clips and
a little epoxy resin adnesive fo hotd them
in position, Something Mmore parmanent
would be needed for long-term use.

A test was nmmade during early
afternoon on a sunny June day in the
UK. With the pane! directly fadng the
sun, there was an open-clrcuit voltage of
over 18V. It was then found pxssible lo
draw just over 800mA. A sl 12V bulb connected direct it
brightly - a totally silly but satifying exercise. Care is needed if
electronic eguipment is to be connected in an attempt to
power it. The output voltage may reach a destructive level if
the current drawn is tow. | tned a small 12V television and #t
worked perfectly. However, as siated pmaviously, it is more
useful 1o use the output to charge a bartery sirce this will
provide a resene of power. When using equipment while the

SUNLIGHT

i I n v
~ g

="
e

'_ ‘:ﬂ;l' ~

DIODE

ZENER
DIODES

12V BATTERY

Fig.3. A 12V solar battery charger

sury Is shining on the solar panel, the battery wil make up any
deficiency between the sclar power and that required by the
eguipment. The battery wil also stabilise the output to 12V
nominal.

Schottky rectifier

! used the solar panel to charge a 12V 7Ah Yuasa sealed lead-
acid battery {the actual capacity is unimportant). it is necessary
to included a diode in the circuit {see Fig. 1). This wilt prevent
the battery discharging through the soiar panel when the
output voltage falls below that of the battery - this would
happen under dim conditions. An ordinary silicon diode {type
1N4001) is adequate with about 0.7V being *"ost” due to its
forward drop. A significant improvement Is obtained by using a
Schottky barrier diode since it has a lower turn-on voltage
{about 0.5V or less). This was found to improve the charge rate
by some 50mA. A suitable one would be Maplin order code
GX29G (1N5820 Schottky rectifier diode).

Tt is jmportant to note that the rated B0OmA referred to
earfier will not be availatle when battery charging. | found that
up to 500mA was provided in bright sunlight {depending on the
state of charge). Note thet when ciouds obscure the sun, the
cumrent falls drastically - to 100mA or less. The graph (Fig. 2}
givas an idea of how the charge rate varies with the time of
dav -this, of course, will dapend on conditions. The area under
the curve gives the total charge supplied during a 24 hour
pesiod under Ideal conditions - in this case about 4.5Ah. The
phetograph shows an experimental arrangement with the solar
panel charging a battery.

Shunt regulator

If the battery Is left on charge without being used (so-called
"fioating” o "'standby” use), it would be possible for it to be
overcharged - especially if it was a small one. To avoid this, a
simple:shunt regulator may be used. A imit of between 13.5
and 13.8V measured at the battery terminals shouid be set.
Takinginto account the voltage drop across the series diode,




there will need to be about 14.0 to 14.3V measured at the
solar panet it a Schottky diode is used or 14.2 and 14.5 for an
ordinary silicon dicde. Since no standard value falls within this
range, it may be made up (near enough) by using a 6.2V and
an 8.2V Zener diode connected in series as shown tn Fig. 3.
As the baftery nears full charge, the terminal voltage rises and
approaches that imposed by the reguiator. Most of the current
is then diverted through the Zener diodes and charging falls to
a small “trickle”. The Zener diodes must be adequate for the
purpose and a power rating of SW is recommended.

Make-believe camping

I simulated a camping holiday during a sunny week in June
using the solar panel to charge the 7Ah battery. Short periods
of power were needed for a black and white television, a small
(8W) flucrescent light and for the occaslonal use of a water
pump. The solar panel was moved from time to time to face
the sun. Few people will bother to do this although it does
provide more power. It was found possibie to operate the TV
and the light for 2 hours and a water pump for several short
periods each day without running the battery down - energy in
matching energy out. Note that a iead-acid battery should
never be completely dngshangedr The moment it shows signs
of faliing oul;n.d (dimming @h&s‘ or a termingl voltage less than
11V), it must be charged as soon as possible. Good modern

~ batteries will tolerate some abuse but such treatment wil

_m;ﬁq-twm o ani’ﬁﬁw

Additional weatherproofing would be needed against rain. It is
possible to cover the front of the box with clear plastic but a
check would be needed to ensure that it did not reduce the
amount of sunlight reaching the sensitive surface unduly, A
similar-sized panel in a polycarbonate weather resistant frame
is offered by the same supplier. Here, the solar panel is
laminated with an additional sheet of glass which gives it
greater strength.

For caravan use, the panel could be left inside raised at an
angle on a few books and placed near a window. There would
then be sufficient current to maintain the charge in a battery
throughout the winter.

Supplier
The solar panels referred to in the text are obtained
from:
Bull Etectrical
250 Portland Road
Hove
Sussex
BN3 5QT
Tel: 0273 203500

The product reference of the standard panel is
MAG34 and the cost is £33.95 plus VAT. The weather
resistant version (product reference 45P) costs £45.
In each case there is an additional £2 postage and
packing charge. Experimenters should note that
various other types and size$ of sclar panels are
listed in the Bull Electrical mail order catalogue
available on reguest from the address above.

** FOR SALE Yk

DEFENCE & AEROSPACE INDUSTRY
ELECTRONIC EQUIPMENT & COMPO-
NENTS ALL HIGH QUALITY SURPLUS
MANY SPECIALS. WE STOCK 1000 +

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

PLEASE WRITE OR PHONE FOR LISTS
OR REQUIREMENTS

MAYFLOWER ELECTRONICS
48 BRENDON ROAD,
WATCHET, SOMERSET, TA23 OHT
TEL (01984) 631825 FAX 634245

FIELD ELECTRIC LTD
TEL: 01438 353781 FAX: 01438 359397

ALDCESS

MOBILE: 0836 640328/0860 213370

UNIT 2, WILLOWS LINK, STEVENAGE, HERTS SG2 8AB

SONY 9° COLOUR MONITGR SUPER FINE PITCH CASED | REDMOND 12YDC 3000 RPM 80 WATT MOTOR NEW 16 C/P 3
WITH DATA FOR RGB MODEL KTM 1000UB £45 RS 207-06% AUTD TRANSFORMER 1000 WATT £40 C/P 10
SLO-SYN H525 STEPPER MOTOR NEW 4 BGXAED 40 07 | BERCO STAT 20MM 54 POT £2.50

MICRGVETEC {CUIB) COLOUR MONITORS TTL G PIN DIN
INPUT 29 LR 1000

NEW & BONED 60mb TAPE STREAMER 5§ 25" 172 HEIGHT
CANITH SOFTWARE CONTROLLEA GARD CABLE GATA +
SPARE CARTRIDGE £30.00 CARRIAGEPACKING £2.00

12° MOND VGA CHASSIS (PAPER WHITE) ENCLOSED 240
VAL 35 0P 1200

YUASA NP 10-6 Gv 10af SEALED LEAD ACID BATTERY NEW
£7.95 0P 350

PL PSU ENCLOSED. NEW +5@20A +12@84 5@ 34 200
WATT £15.95 LR §

}IN TORQUE £8 85 TP 4 50

L INTEL FLASH MEMORY CARDS 1Mb TO 4Mb FROM £60
SVOC @ 40AMP SWITCH MODE PSU NEW + BOXED £19
iPB

COUTANT DEADC CONVERTERS NEW 4BV NSV OUT @
SAERCP3

12 VOC fans 30mm x 25mm £4 /P 1.50
NEC CMV 123N 12° COLDUR MONITOR WILL WORK Ok
PC SVGAAMIGAATAAEEE, SURPLIED WITH PC VGA
12vi I W f

240V Tg"gv ml;w,m' MIT0 TORDIDAL 102 KEY AT IBM COMPATIBLE KE YBOARD TERMINATOR T0 &
TRANSFORMER £7 C/P 3 PIN DIK MIN| PLUG £8 C/P 1.50

TEKTRONIX 453 OSCILLOSCOPE 50 MRZ QUAL BEAM £1 rsl ALL ITEMS UNDcf;'j F4 ;;W ORDER £10.

PLEASE ADD 17.5% VAT TO ORDER. RING FOR C/P PRICES NOT SHOWN.
OFFICIAL ORDERS AND OVERSEAS ENQUIRIES WELCOME.

Create your own MObile RObOt V2

CONTROLLED BY COMPUTERS VIA PRINTER PORT
EXPENDABLE TO RADIO CONTROLS

Innovative Interfaéing

. Enterprise

Other PC intertacing kits are lwmllamlel‘r
Centonic and RS232 Explorer Kiis.  Canbronic and AS2X? 24-ine programmable VO cards
Data logging systems. tiple stepper motor boards, Radia conrollvs,  sae gur catalyguet

Add £2 PAP in UK (£3.5 alxoad] and  make cheque payable 1o 'innovative Imeracne Enlerpnsd®

58 Lamiport Court, Lamport Close, Manchester M1 7EG, UK. TalFai; +44-{0)t8Y-272-8279

ONMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 SDX » 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 %
* FRIENDLY SERVICE *
* 1995/96 CATALOGUE NOW AVAILABLE

Price £2.00 *
EN =

Open: Monday-Thursday 9.15-6.00
Friday 9.15-5.00 Saturday 9.30-5.00
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Is your PCB design package not
quite as "professional” as you
thought? Substantial trade-in
discounts still available.

' Board Board




simple circuits

childrenks

night light

his project is a mains-operated lamp designed to
be plugged inte the celling light fitting of a child’s
bedroom. The circuit is housed in a glass coffee jar
which is similar in size to the standard light bulb
which it replaces.

t is very important to note that this light must enly be used
in the ceiling fitting and net into a bedside reading lamp. The
child must not be able to reach it, possibly dismartle it and
expose live mains connections with lethal consequences.

The night light will operate for some 3000 hours on one kilowatt-
hour of alectricity. At today’s prices this works out at about 400
hours - ¢or over ane month of normal operation - for one penny!

Although this is a very simple circuit, construction is not

Terry Balbirnie takes a look at
the design and construction of
a low-intensity light with
micropower consumption that
is suitable as a child’s night
light

recommended for a beginner. This is because mains connections
need to be made and some experience is Needed to do this safely.

Comforting thought

The light given by this device is admittedly rather dim.
However, it is sufficient for the purpose - to comfort a child. If
in doubt about its suitability for other applications - for use by
an elderly person, for example - it would be a good idea to
connect the specified bulb direct to a 6V battery and hold it
close to its final position. It will then be possible to judge
whether the light i1s sufficient before beginning construction
work. It may be sufficient to help in avoiding obstacles in an
otherwise unlit corridor, for example.

NOT TO SCALE

mam C1
-

o
6V G0mA

“MAINS IN REACTANCE

3183 OHMS

—oN

IMPEDANCE

. 3185 OHMS
\ 240V

\ AC
MAINS IN

sveomAl |

RESISTANCE

100 OHMS

Fig.1. Basic circuit

Fig.2. Relationship between impedance,
reactance and resistance

Fig.3. Improved circuit for
child’s night light
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How it works

The circuit uses a 6V 60mA bulb as its basis. To connect this
direct to the mains would obviously be disastrous| Here, a
rather unusual method of current-lmiting is used. Reducing the
voitage to 6V by means of a transformer would be the usual
way. However, this would make for a rather bulky and heavy
device. Also, the small variety of transformer would become
quite warm in operation. Not only would this waste energy

AC MAINS IN

LP1

Fig.4. PCB component overlay

L

have to be paid for, but it could be a nuisance to get rid of.

The method used here is 1o connect a capacitor in series
with the bulb. The basic circuit is shown In Fig. 1. The
capacitor exhibits reactance to the flow of current In an a.c.
circuit. The cumrent is limited in a way which depends on the
capacitor's value and the voltage and frequency of the supply.
The higher the frequency and/or the higher the capacitor value,
ihe lower will be the reactance and the greater the current will
be. A higher supply voltage will also increase the current. The
circuit, as described, uses a 1mF capacitor used on the UK.
mains supply - that is, 240V with a frequency of 50Hz. This
capacitor has the nearest standard value to that needed to
produce the required reactance. Continental readers having a
220V 50Hz supply should find that the circuit works perfectly
well. This, of course, apples to the supposedly harmonized
230V mains also. Those having a 120V 60Hz main such as in
the United States are given an alternative capacitor value later.

Although capagitive reactance has a superficial resemnblance
to resistance, it produces no waste heat. Virtually no current
flows through the capacitor - the flow of current is simply a
coensequence of repeated charging and discharging in alternate
directions. On the positive half-cycles, charge will flow on to
one plate and off the other one. On the negative half-cycles it
will flow in the opposite sense. The pulsing of current
backwards and forwards gives the impression that it is flowing
through the insulating material {dielectric) between the plates
even though it does not.

_ Due to inevitable small losses, there is a certain amount of

heat produced in a capacitor but this is negligible and, in
practice, it remdins cool in operation. Using a capacitor in this
way makes the design smaller, lighter and less expensive to
construct than a transformer-based circuit.

in theory
The reactance (X) of a capacitor is measured in ohms (as is
resistance) and is calculated using the formula:

X=YyPyn

In the above equation, f is the frequency of the supply and C
the value of the capacitor in Farads. For a tmF capacitor on a
240V supply this gives a reactance of 3183

If the effect of the resistance of the bulb filament is ignored
(this assumption is valid and the reason will be explained
presently) the current (l) can be calculated by placing capacitive
reactance in the Ohm's Law formula instead of resistance
that is, | = V/X. Thus:

| = V/AX = 240/3183 = 75mA

This is 20% too high for the bulb and will need to be
reduced. The methad used to do this is explained later.

My resistance is low

The following section is purely theoretical so may be ighored by
those wishing simply to construct the circuit. However, readers
having sorne previous knowledge of a.c. theory may wish to
know why the effect of the bulb itself is negligible in the above
calculation.

Refer to the basic circuit shown in Fig. 1. This shows the
lamp, LP1, in series with capacitor, C1, connected to the
mains. The fitament of the specified bulb may be regarded as a
pure resistance of value 100 (as calculated using Ohm’s
Law). This is a simpfification since it will have some capacitive
and inductive reactance of its own. Also, the resistance of the
filament depends greatly on temperature - that is, due to the
cumrent flowing through it.

At any instant, the current flowing through all parts of the
circuit Is the same. Howewer, the voltage across the capacitor

LAMPHOLDER

LD " ADAPTOR

e

SELF TAPPING
SCREW

CIRCUIT
PANEL

Fig.5. Wiring the PCB to the mains connector
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will be 90 degrees out of phase with that appearing across the
lamp. Any text book on a.c. theory will explain this in detail.
The impedance (Z) is the combined effect of reactance and
resistance - they cannot be simply added together. Here, the
solution involves using a right-angled triangle - see Fig. 2. The
lengths of the two sides at right angles represent the
resistance and capacitive reactance and the hypotenuse
represents the impedange. Conventicnally, the side
representing capacitive reactance would be drawn projecting
downwards but for this purpose it does not matter. If this
diagram were drawn to scale, it would be obvious that the
"resistance” side (100€}) would be very small compared with
the "'reactance” one (3183€). The hypotenuse would therefore
be only slightly longer than the capacitive reactance side.
Pythagoras’ Theorem may be used to calgulate it thus:

22 = %2 + R2 = (31832 + (100 = 10131489 + 10000 -
10141489

So: Z=10141489 hence Z = 31854}

This shows that the effect of the resistance of the
bulb is negligible.

Circuit description
The complete circuit for the Children's Night Light project is
illustrated in Fig. 3. This follows the theory outlined above - that
is, capacitor C1 connected in series with bulb LP1. Fuse, F51,
is included which will blow in the event of a short-circuit. In
practice, the mains Live and Neutral connecticns may be
interchanged and will depend on the orientation of the device
in the lampholder.

if the basic circuit shown in Fig. 1 were used, it would be
found that the bulb would occasionally blow at the instant of
switching on or off. Sometimes it would give a bright flash but
manage to survive. This problem arises because, on making or
breaking the supply, the switch contacts do not operate
“"cleanly”. They tend to bounce and arc. If, on parting, the
capacitor is left charged with one polarity and the contacts
'make” and apply the supply in the opposite sense, a very large
current can flow for an instant - sufficient to blow the bulb.
Whether this happens or not is a mafter of chance and depends
on exactly where in the a.c. ¢ycle the suppty is made and broken.

Things unseen

To avoid the problem, a transient suppressor TS1 is connected in
parallel with the bul. Normally this has a very high resistance so
has virtually no effect. When a voltage greater than 10V appears
across it, its resistance immediately falls and it becomes a virtual
short-circuit. This diverts current from the bulb and dissipates the
energy harmilessty. A short burst of energy between 6V and 10V
is *'unseen” by the bulb because the thermal inertia of its filament
is foo great to allow a significant heating effect.

There are two further refinements to the basic circuit. The
first is resistor, R1, connected in parallel with the capacitor. The
value chosen - 1M - provides a time ¢onstant of one
second. Thus, a few seconds after switching off, the capacitor
will be virtually discharged. Without this, it coukd possibly be
left charged to a maximum of 338V (the peak voltage of 240V
r.m.s. mains). This could be dangerous to anyone having
unplugged the device then regarding it as safe to work on
e.g. to replace the bulb. This resistor will contribute to the
current flowing through the lamp but the effect is so small, it
may be ignored.

Blow it

The second refinement is to connect resistor, R2, in parallel
with the bulb and transient suppressor, This is needed because
the builb is rated at 60mA yet approximately 75mA flows. This
would make the bulb glow brightly but it would also have a
much shorter life than if correctly operated. In tests, it was
found that a 1KQ resistor provided near-cormrect working
conditions and this is the value specified. The resistor also
lowers the voltage which will appear across the transient
suppressor in the event of the bulb blowing and hence reduces
its power dissipation.

When a bulb blows, which will happen every now and again,
the current through the transient suppressor and resistor R2 will
rise and these components will become guite hot. However, in
one test on the prototype, the unit was operated for 48 hours
with the bulb removed and it worked perfectly afterwards.

Important note:

It is absolutely essential to use the correct type of capacitor
for C1. This must be rated for continuous gonnection to the
240V mains. Unkess the specification states clearty that the
capacitor is suiteble for this purpose, it must not be used (see
Buy Lines). Sultable capacitors are sold as suppression
capacitors and d2scribed as suitable for Class X2 or Class Y
applications.

Resistors
® R1 ™ |
e A2 1k

@ Fixed resistors are 0.6W 1% metal film

L,
=
|
w
=
w
=1

Capacitor |

e C1 1mF Class X2 or Class Y mains
suppression capacitor
this capacitor must be rated for
direct connecticn to the mains i
see text,

Miscellaneous

s F51 20mm PCB fuse holder and 2A
ceramic mains type fuse to ft.

e TS51 Transient suppressor Type 1821

e LP1 &Y 60mA LES lamp and solder

tag type lamp holder

Mains lampholder adaptor, PC8B, mains-type wire,
self-tapping screw, solder, etc. Glass jar - see text.

Buy Lines

The suppression capacitor used in the prototype was
obtained from Maplin order code JR37S. Suitable capacitors
are also stocked by Electromail order code 116-183. The
lamp must be a 6V 60mA type. LES lamps and lampholders
are stocked by Maplin order codes BU12N and UJ72P

respectively. The transient suppressor type 1821 is stocked
by Maplin order code CP68Y. Mains lanpholder adaptors are
available from DIY stores and are also stocked by
Greenweld. 20mm ceramic fuses are available from
Electromail and Farnell. They could also be obtained from an
electrical contractor - note that ordinary mains plug fuses
are not the right size. Glass fuses must not be used.
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Construction

Construction of the Children’s Might Light is based on a
single-sided printed circuit board (PCB). Fig. 4 shows the
topside details (parts placement diagram). Solder the
components into position - the order is unimportant and none
are polarity-sensitive. Before mounting the LES lampholder,
use a pair of fine-nose pliers to twist the tags througt a right
angle. Adjust them so that they will rest flat on the pads
marked “LP1" on the copper track side of the board - note
that one pad is higher than the other to match the form of the
tags. Solder the lampholder in place and insert the fuse.

The jar to be used as an enclosure must have a screw top.
Jars having press-fit lids are not satisfactory. The internal
diameter of the top must be 50mm minimum to allow the circuit
panel to be inserted. The jar used in the prototype had a ribbed
lower part and this was found useful in diffusing the light slightly.
Make a hole in the iid for the lampholder adaptor. The size should
be such that the lid can be sandwiched between the top and
lower sections as shown in Fig. 5. It may be necessary to provide
additional re-inforcement to the lid if it is too thin. Readers using
Edison screw lampholders will need to obtain the appropriate
type of adaptor. Drill a smalt hole in the lid to allow expanded air
to escape when it is heated by the lamp and by the transient
suppressor and resistor R2 in the event of the bulb blowing.

Connect short pieces of light-duty mains-type wire to the
lampholder adaptor and attach it to the lid. Solder the wires 1o
the points labelled 'a.c. mains in” on the PCB Check that when
the lid is in posttion the PCB takes up a position with the bulb
clear of the glass - it needs no further support. Drill a small hole in
the side of the lid so that a seif-tapping screw can be used to
secure it. The d should not be capable of being removed
without the use of a screwdriver.

“-L
RANGER3 - DOS £2500
- Windows\NT £2900

Hierarchical or flat schematic linked to artwork.
Unlimited design size, 1 micron resolution
Any shaped pad, definable outline library
Pin, gate & outline swapping - auto back annotation
Split power planes, switchable on - line DRC
COOPER & CHYAN SPECCTRA
autorouter (SP2)
Inputs: OrCAD, Cadstar,
PCAD, AutoCAD DXF

Outputs: Postscript, Windows bit map

R2 & R3 Qutputs: 8/9 & 24 pin printers, HP
Desk & Laser Jet, Cannon Bubble Jet,
HP-GL, Gerber,

NC Drill, AutoCAD DXF

WJTH COR & CHYAH AUTOROUTER

Testing

Mains voltage exists in all parts of the clrcuit. For safety
reasons, it is essential to test and operate the circuit with it
assembled inside the closed jar. It is also vital to remove it from
the lampholder so that it is completely isolated from the mains
before replacing a bulb.

Testing is simply & matler of checking for correct operation.
The bulb should kght at nermal brightness. Switching on and
off several times should show nothing abnormal such as bright
flashes from the bulb.

Going stateside

Readers wishing to use this prgiect on a 120V 60Hz mains
supply will need to Increase the value of the C1 so that the
specified bulb may be used. Calculation shows that 1.66mF
should produce equivalent results. This is not a standard value
but could be obtained very closely using three capacitors in
parallel - 1mF, 0.47mF and 0.22mF. Some modification to the
PCB would be needed to accommodate these. Good Night!

Warning: This projact involves connecting a
circuit to the mains electricity supply.

Do not touch any part of the circuit when it
is connected to the mains.

* Switch off and unpiug from mains before
doing anything to the circuit

* Make sure that it is fully insulated and the
child can not dismantle it when in use.

PCB DESIGN

I RAHGERZ £150

Upto 8 pages of schematic linked to artwork
Gate & pin swapping - automatic back annotation
Copper flood fill, Power planes, Track necking,
Curved tracks, Clearance checking,
Simultaneous multi-layer auto-router

|| RAHGIEZ UTILITIES £250 ”

COOPER & CHYAN SPECCTRA auto-router (SPI)
Gerber-in viewer, AutoCAD DXF in & out

UPGRADE YOUR PCB PACKAGE
TO RANGER2 £60

TRADE IN YOUR EXISTING PACKAGE TODAY
Seetrax CAE, Hinton Daubnay.House, Broadway Lane, Lovedean, Hants, PO8 OSC

Call 01705 591037 or Fax 01705 599036

+ VAT & PP

— = e = T - -

All Trademarks Acknowledgec



i

MIDI, as most people know by now, is the acronym for Musical Instrument
Digital Interface and is at present the universal standard for connecting and
controlling electronic musical instruments. MIDI synthesisers nowadays are
often multi- timbral, allowing the playing of multiple instruments or voices at

the same time.

hile the level of these can be selected and
controlled by a computer controlled sequencer, |
wanted to be able to instantly fade up/down any
MIDI channel or number of channels in real time.
This enables instant control of MIDI file playback
sequencers so that any instrument can be adjusted to suit a
particular chaice - for example, turn off all instruments except
bass and drums. Also, it allows setting of the volume of
different instruments to different levels when working in a live
environment.

The circuit has dual operation and can be selected at
switch-on to operate on incoming velocity bytes, allowing
operation with synthesizers that may not respond to volume

Pl R D
| =R 4

N2 e & & & o D
9 @Ry 12 13 . 14 (1518 |

Fig. 1. Front panel layout MIDI MIXER ;
: e |
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byte control MIDI data, or to produce directly outgoing volume
MIDI data bytes by operating the potentiometers. This allows
operation with most types of multi-timbral synthesizers.

Hardware circuit

The circuit is designed around the 6803 microprocessor which
contains 128 bytes of RAM, for the programme variables, a
Serial Communications Interface, for interfacing to the MIDI in
and out connectors, eight parallel input/output fines used to
interface to the ADC, the Velocity/Volume switch and. to select
an inpuf on IC3, the 16 to 1 switch muitipiexer.

An internal clock generator with a divide-by-four output is
‘also present. The processer also allows the combination of two
eight bit accumulators to provide operation of sixteen bit

arthmetic. The NMOS 6833 CPU is also available cheaply and
6800 software has appearsd in previous articles.

Data/Address bus.
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The operating mode of the 6803 is selected at power-on or
reset by the voltage levels present on the Port 2 ping P20, P21
and P22, With the configuration shown, mode 2 is selected
which makes use of the internal RAM and the multiplexed

The iower address byte has to be latched before feeding




Fig. 3. PCB overlay for ADAC board

into the address bus. An output signal, the Address Strobe
{AS), is provided to enable the latches in IGS at the correct
instant in time.

The EPROM is chip-enabled when address A15 goes high
and fed to the active low input via nand gate IC7D wired as an
inverter and is capable of being read when the E pulse and the
read/write lines of the microprocessor are both high and fed to
the active low read enable line of the EPROM via nand gate
IC7C. The EPROM Is address decoded to a hex base address
of 8000h to FFFFh, allowlng access to the Interrupt vectors.
The internal RAM is address decoded to hex address range
0080h to DOFFh.

The 4MHz crystal is divided by 4 intemally by the
microprocessor to provide an E pulse of tMhz and a clock
cycle time of 1 micro-second. The E timing signal is used as
the clock signai for IC10 the ADC. Also the timing pulse E is
further divided by four by the dual D-Type flip-flops IC9A,B and
fed to the serial external clock input on port 2 pin 2 (P22),
where it is further divided to provide the correct
MIDI baud rate.

MIDI data is transmitted or recsived as asynchronous serial

data at a rate of 31.25K baud with a format
of 1 start bit, 8 data bits, and 1 stop bit. The
MIDI Qut connection operates using a SmA
current loop.

The MIDI IN connector Is fed to 1C1
optocoupler type CNY17 whose output is
fed to the serial input P23 of IC4 and via
inverting nand gate IC8D and IC8A to the
MIDI thru® outputs. The remaining NAND
gates IC8B and 1CBC are fed serial data
from the transmit output port P24 to provide
the MIDI out signal.

Software operation

When the circuit is switched on the software
poils switch SW1 and decides to operate in
Velocity or Violume mode. In velocity mode,
the software waits for a MIDI input and tests
to see if it is a Note-on or Note-off status
byte and, If it is, then the software cutputs
this byte to the serial transmit port P24, then
reads the next data byte and outputs it
alsc.Then, it receives the velocity byte and
branches to a subroutine to read the
potentiometer associated with the incoming
MIDI channel and outputs this new

data byte.

Reading the potentiometer is accomplished
by first setling up the correct input on the 16
to t selector 1C3 by converting the MIDI
channel to an equivalent address on port
outputs P10 to P13. The ocutput of the
selector is fed to the Analogue to Digital
convertor (ADC) 1C10 via a unity gain buffer
amplifier IC13A. The signal is converted to a
digital byte by first starting the conversion by
sending an active low pulse to the SC pin via
port P16, then the end of conversion (EQOC)
pin is polled until it goes active high.

The output of the ADC is then enabled by
reading addresses in the range 2100h to
210Fh and the digital byte is transmitted as
the new velocity byte. The potentiometer
voltage output is in the range O volts to Vref (2.55) which is
converted to a corresponding veioclty byte in the range from
O0h to 7Fh.

The software checks for “running status” and when it occurs
will continue to function correctly.

The second choice on switch-on is that SW1 is set to the
Volume position.. In this mode of operation the software first fills
a table with the converted values of the 16 potentiometers and
then continues to scan them. Whenever a value changes
up/down by a value of 2 or greater then the corresponding
volume MIDI data is transmitied to the MIDI out socket.

Power supply

The conventional power supply consists of a 12V - 0 - 12V
transformer Tt with a VA rating capable of providing the
required DC current of nearly 300mA. A capacitor, C5,
provides smoothing of the pesitive output of the bridge rectifier
BR1, providing the +12 volt output, before being fed to IC14,
the 5 volt regulator type 7805 whose output is further
decoupled by capaciters C7 and C9. The negative output of
BR1 is decoupled by C6 and C8 providing the -12 volt output,
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Construction

The internal layout of the PCBs and other components can be
seen from the photographs with the ADAC PCB mounted
above the CPU PCB on two plllars The front panel layout can
be photocopied and used as a tempiate for cutting the holes
for the mixer potentiometers.

can be used to drive external Voltage Controlled Amplifiers
(VCA) so that audio sources can be controlled as well as MIDI
sources. The software sends a DC voltage from the DAC to
the autput buffer 1C13A equivalent to the received input
velocity ar volume byte, so that a MIDI sequencer can be used
to provide a completely autormated audio mixing desk.,
Hopefully | can have this circuit available in the near future.
Future development

I have included a Digital to Analogue convertor (DAC) 1C11 21
which is not required for the Velocity/Volume MIDI mixer but 3
4 B MIDI MIXER Velocity or Volume PROGRAM
o —— L]
) 5
Resistors 6
TP 0000 mxvelvol. src
® R1,A2R3,A4 g
® A5RER7 and A8 10k 10 Initialise Reset Vector
® RS 180k .
® RIO 330 11
® Ri1 1K8 ﬁ
® R12,R13,R14 14 0090 tableequ 50090
® R15 and R16 220 15
® R17toR32 270 i_‘}
asct
® VRItoVR16 10k Lin. Pot. 18 IFFE org $TFFE
. 19A 7FFE 8400 fdb $8400
Capacitors 20
® ClandC4 22uF 21 asck
® C2andC2 22pF 22 0300 org $0080
23
® C5 4700uF 24A 0B00 0001 aderes rmb 1
® C6andC7  1000uF 25A 00B1 0801 midi mb %
® C8 and C9 100nF 26A 0082 0001 result rmb 1
27
Semiconductors 2B ik .
29 J Initialise Stack Peinter
® iC1 CNY17 +
® |IC2 7405138 30
® IC3 4067 ;;
asct
> 54 Peos 33 0400 org $0480
® IC5 74HCT573 34
® 1C6 27C256 35A 0400 8F OQFF 1ds £500FF
® IC7.8 74LS00 36
® 1C8 741874 Y
® 1C10 ZNaz7 38 * Set up Parallel and Seriad Ports
® 1C11 ZN428
® (C12 740802 33
P alithg b 2L a1A 0403 86  4F 1daa £54F set port 1 as
® C14 7805 o/p’ 6
® D1,.D2 and D3 IN4148 425 0405 97 00 staa 50000 and i/p’s
43
Miscellaneous 44A 0407 86 oe ldaa E$0C set serial
pore
o Rraibiimer S 45A 0409 97 10 staa $0010
® Fuse 46
® BR1 Bridge rectifier type S04 47A D4OB 86 OA ldaa £$0A enable RE and
; TE
®
PO eiiadt SV AR asA 040D 97 11 staa $0011
® SPST switch (220V AC) 49
@ 5-Pin DIN (180) (3 OFF) 50
® IC holders, 6-PiN (1 OFF), 8-PIN {1 OFF), S Read input switch
14-PIN (4-OFF), 16-PIN (2 OFF), 18-PIN (1 OFF), 52
20-PIN (1 OFF), 24-PIN {1 OFF), 28-PIN (1 OFF), 53
40-PiN {1 OFF) 54A D40F 96 02 swtest ldaa $0002
XTAL 4MHZ 55A 0411 B84 30 anda €530 0011 0000
) L . 56
® 55 x 100/53
Box_ with external dimensions 220 x 155 x 100/ 87 0413 81 20 cmpa £$10
or equivaient. SBA 0415 27 06 beq startl
@ The author can supply a pre-programmed 27C256 59
EPROM for £12.00 from Tom Scarff, 1 Martello Court, 60A 0417 81 20 cmpa £$20
Portmarnock, Co. Dublin, Ireland. 2;3‘ 0419 27 7D beq start2
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176 215a 04C7 23 El1 bls nexttab

177A 0498 5F starc2 elrb 216

178

179A 0499 D7 81 filltab stab midi 217

180 218A 04C9 96 82 l1daa result
181A 049B 8D B2 bsr readfader 21%A 04ACB A& 00 staa 0,x
182 220

183a 049D CE 0090 1dx ftable 221A 04CD D6 81 1dab midi tx
184A 04A0 32 abx msb of cc
185A 04A1 A7 00 staa 0,x 222A 04CF 86 BO ldaa £%B0
186 223A 04D1 1B aba

187A 04A3 5C incb 224A 04D2 BD BB bsr outch
188A 04A4 C1 10 cmpb £510 225

1B9A 04A6 26 F1 bne filltab 226A 04D4 86 07 ldaa £$07
190 227n 04D6 BD B7 bsr outch
191 228

192A 04AB C6 FF comptab 1dab £Sff 229A 04DB a6 00 ldaa 0,x
193 230A 04DA BD B3 bsr outch
194A 04AA 5C nexttab incb 321

195A 04AB C1 10 cmpb £$10 232A 04DC D6 81 idab midi
196A 04Ad 27 F9 beg comptab tx 1sb of cc
197 233A 0ADE B6 BO ldaa £$B0
198A 04AF D7 B1 stap midi 234A 04E0 1B aba

199 235A 04El1 BD AC bsr outch
200A 04Bl1 8D 9C bsr readfader 236

201 237A 04E3 86 25 ldaa £%25
202A 04B3 97 B2 staa result 238A (04ES BD AB bsy outch
203 239

204A D485 CE 0090 1dx ftable 240a 04E7 B6 00 1daa £$00
205A 04B8 3A abx 241A 04E9 BD A4 bsr outch
206A 04B9 A100 cmpa 0,x 242

207A 04BB 2A 06 bpl subl 243A 04EB D6 B1 1dab midi
208 244

209A 04BD A6 00 ldaa 0,x 245A 04ED 20 BB bra nexttab
210A 04BF 90 B2 suba result 246

211Aa 04C1 20 02 bra sub2 247

212 248

213A 04C3 AD 00 subl suba 0,x 249

214A 04C5 380 01 sub2 suba £$01 end

At Electronics Today International we have a clear aim, we want you to be more accomplished in your favourite pastime. There's no better
way to learn than completing your own work with the help of expert guidance. If you've missed any copies of the magazine over the past
year don’t worry, selected back issues are stiil avallable, Don't miss out, remember each rare issue will never be reprinted.
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E82CC (GOLD PIN) _ 620 SOCKITY
E83CC (GOLD PIN) 6.20 B9A tstue chassis of PCB) 1.60
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S6EU7 = i OCTAL (sure Chassis o P _1.80
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SURELY YOU
DESERVE A BREAK
FROM YOUR
WORKBENCH

ONE DAY A YEAR.

This is it: the moment you have been
waiting for.

After weeks at the work-
bench, it’s the moment [S
when you have finished §
your masterpiece. This is
when you stand back and
take a good look — admire
your workmanship — take
a breather before the next
great project.

The National Woodworker Show is
the perfect place to take a break.
Because each year, for just four days,
we turn Sandown

Park into Britain’s premier showcase
for the very latest equip-
ment, for the finest exper-
tise, and for the widest
possible range of materi-
als from Britain’s top sup-
pliers. This is the place to
meet fellow woodwork-
ers, and to talk about
woodworking.

So if you love wood and
woodworking, there is only one place

to take a break this autumn: the

National Woodworker Show, 21st-24th
September, 1995
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In part 4 of this short tutorial
series, Bart Trepak continues his
construction of a PIC based
alarm clock

ast month's article dealt with developing a

flowchart and writing a programme to generate

a time base for the clock as well as the use of

an assembler programme. This month we will

examine the problems associated with LED
display driving and counting techniques and introduce some of
the other instructions available to the programmer.

In the last article in this series we developed a programme
to generate a 10mS timebase for the clock and followed the
procedure for programming a micro-controller using the
PICSTART programmer. This chip was then used in the circuit
to check the operation of the programme by switching port A
high and low at 50Hz. Once this programme is warking, the
chip can be erased using a UV EPROM eraser and the next
piece of the programme developed. This month we will
deal with display driving, seven segment decoding, delay

PART 4

routines and develop the flowcharts for counting hours and
minutes for the clock.

LED display driving
Now that the timebase routine is working, the part of the
flowchart marked PROGRAM in fig 8. can be expanded {see
fig 12). This will be explained more fully later but it will
obviously contain routines to count minutes and hours as well
as having provision for setting the time. To be able to check
these easily, however, the LED display routine must first be
developed and in keeping with our logical method of working,
we will jump straight into the middle of this flowchart and start
by expanding the portion marked DISPLAY.

As mentioned earlier, the four digit display for the clock is
multiplexed which means that each digit is switched on in tum
for a short time and during this time, the seven segment drive

I |
- 10mSEC v ,
DIGIT 1 FRm—,
_ START ) (10s MINS} [
] ) T l
[ INITIALISE REGISTERS | I by
DIGIT 2 q [
l -BEGIN {15 MINS) 3 |

14\ [

DIGIT 3

b

RELOAD RTCC
COUNTER WITH
192 DECIMAL

,;_ﬁa__d_‘_l

N<rcc-n-;>v- 2 I
I ‘ {10s HRS)

A3 h i EIS:IR;) r '
[ erocram | . S . T m——
Hiim we st e B §1 1 I =B §

Fig.6. Ciock timebase flowchart ‘ |

Fig.10. Display drive waveforms
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Fig.11. Hours and rinutes counters

lines are also switched on to light the appropriate segments.
The waveform required for this operation is shown in Fig. 10.
Note that all four digits are switched on at some time during
each 10mS period which means that each digit is switched on
{or refreshed} every 10mS which Is fast enough to make the
display appear constant to an observer. The brightness of the
display will depend on the cumrent flowing through the display
segments and the duration for which it fows {T1) which is
controlled by a delay routine. Note also that each digit is
turned off before the next one is tumed on (period T2). This is
done to sliminate ghosting which would otherwise occur with a
faint image of the previous digit appearing on the digit currently
being displayed. The segment drives are also tumed on before
the digit drive is tumed on. After all the digits have been
displayed, there is a period when all digits are off (T3} during
which time the switches are read, counters updated and the
rest of the programme executed before the processor settles
down to reading the RTCC register In time for the next zero,
To generate an LED display, the system must have
something to display and in this case it will obviously be the
hours and minutes stored in the clock. Things are not quite so
simple however because at times, such as when the alarm
time is being set for example, the alarm time register will need
to be dispiayed instead of the time reached by the hours and
rminutes counters. To make the programme simpler to
understand (and therefore easier to write) we will design the

| IMITIALISE REGISTERS |

N ~BEGIN
N
= RTEC =07 e
RELOAD RTCC
COUNTER WITH
192 DECIMAL
PAOGRAM -~

clock to operate in three modes: - RUN which will display the
current time together with colons, AM/PM and ALARM ON
annunciators; SET TIME which will aiso display these but will
not count; and SET ALARM which will only display the alarm
hours and minutes registers and PM and ALARM ON
annunclators. These modes will be sefected by means of a
switch which will advance the mode each time it is depressed
s0 a MODE register will also be required so that the device
can keep track of which mode it is in. To enable the user to
differentiate between the modes easily, the colon will be made
to flash in the RUN mode to indicate that the clock 1s working,
stay on in the SET TIME mode and stay off in the SET ALARM
mode thus etiminating the need to have a separate MODE
indicator. In the SET TIME and SET ALARM rmodes, the digits
will only change In response to the push buttons and will not
count whereas in the RUN mode, the set hours and set
minutes switches will be disabled,

Initlalty, the clock will be permanently in the RUN mode so
that the basic display and counting routines can be developed
and later, when this has been done, the other features can be
added in subroutines called SETTIM and SETALRM. The
flowchart incorporating this and the KEYBOARD routine which
will be dealt with later is shown in FIG. 12. To begin with, the
RUN, SETTIM, SETALRM and KEYBD routines can be made
dummy ones which simply return as soon as they are called
which will allow us to concentrate on developing the LED
display routine.

Three registers will have to be defined at this stage, a
MoDE reglster (which we will call MDEREG) and two others to
store the hours and minute digits being displayed which we
will call not unnaturally HouR CounTeR and MINute CounTeR
{or HRCTR and MINCTR) and which, for the purposes of
testing out the routine, will be loaded with 12h and 34h so that
the numbers 1,2,3 and 4 will be displayed. The three registers

Fig12. Expanded clock flowchart
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can be given any of the addresses of the spare general
purpose registers availabie in the PIC16C54 and the next free
ones are 08, 09 and 0A and this is done in the programme:
listing using the “equ” statements.

These registers are represented in FIG. 11 and from this it
can be seen that both HRCTR and MINCTR hold their values
in BCD (binary coded decimal) form as two four bit numbers.
Using a BCD format uses up a bit more memory as 6 possible
states (A-F) are "wasted” but it saves the bother of counting
and storing the time in binary and then converting inte BCD
before displaying each digit. It does mean that counting in
these registers will need to be done in BCD. This is still easier
than counting in binary and converting the count to BCD,
especially where counting “time” is concerned as a "carry”
occurs not only from 9 to 10 but also from 59 to 00.

BCD to 7-segment conversion

To display a digit, assuming commeon cathode displays, the
contents of the register to be displayed must be converted to
a seven segment format and the comesponding segment lines
{port B) switched high after which the appropriate digit drive
line must be taken low. After a suitable delay, the digit line

must go high to switch off that digit before the segment drives
are changed for the next digit to be displayed. A flowchart for
this subroutine is shown in FIG. 12a.

Although at this stage onily the hours and minute counters will
be displayed, as mentioned before, the finished programme
will also need to display the alarm time and the display routine
for doing this would be essentially the same with only the
names of the registers changing. The routine should therefore
be designed so that the registers which are to be displayed will
be defined in the programme depending on which mode the
clock is in rather than being called by name. This I most easily
done using indirect addressing by loading the address of
MINCTR register into the FSR (file select register) before the
subroutine is called and specifying file register O in the display
routine as explained in part 1 of this series. The FSR may then
be incremented to point to the HRCTR register (since it is the
next register) when this is to be displayed. In the set alarm
mode, the FSR will be loaded with the address of the alarm
minutes register (not yet defined) so that this will be displayed
instead, but the display subroutine will remain exactly the
same.

Following the flowchart of FIG. 12a and beginning with the
register pointed to by FSR (which is MINCTR and which at the
moment contains 0011 0100 or 34h), the contents of this
register are swapped to give 0100 0011 (or 43h) and then the
most significant digit is masked by ANDing it with 0000 1111
{OFh) to give 0000 0011 (03) which resuits in the first digit of
MINCTR being stored in W while leaving the contents of the
MINCTR register itself unchanged at 43h. To display this
number on the LED display, it must first be convertedto a 7-
segment code for energising the LEDs. This is done in a
separate subroutine called CONVRT, which is basically a *look-
up” table which retums from the subroutine with the appropriate
bits high to display a digit (in this case “37) in the W register
which is then moved to port B switching on the segments. The
digit drive is then switched low {output pins high if NPN driver
transistors are used) and then the delay subrouting DLY is

st
ADDWTO
PROGRAM COUNTER
J

(RETURN WITH CODE I w)

Fig12b. Delay flowchart

called after which the digit drive is switched off.

The contents of MINCTR {which still contain 43h) are now
swapped again to give 34h and the process is repeated to
display the “4" on the second digit after which the FSR is
incremented to point to the HRCTR register which is
processed in a similar way. The only difference here is that
when displaying the tens of hours digit, the digit is first tested
to see if it is zero and, if so, the conversion routine is skipped
which prevents the segments from being switched on,
effectively blanking the display so that a leading zero is not
displayed. Since the other segmerbts of this digit will drive the
AM/PM, ALARM and colon indicators in the final version, this
programme will have to be modified at point X later, to switch
these indicators on as required.

A closer lock at this flowehart shows that the routines for
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Fig14. Indicator flag register

displaying each digit are more or less the same except that, in
one case, MINCTR is used and then the process is repeated
using HRCTR instead. The display routine could therefore be
written sa that it is executed twice with a counter o keep track
and to perform the zero blanking and indicator driver routine
on the second time around but not the first. This would be a
more elegant way of doing things and possibly result in a
shorter programme espechally if more digits were being driven.
As mentioned previously however, the time taken to dream up
such a scheme, even if it saved a few instructions and a bit of
typing would hardly be worth the extra effort unless more
diglts were being driven or programme memaory space was
running short.

The digits could alsc be displayed in a different order and not
the 3,4.1,2 sequence shown above. The only reason that this
has been done is that it leaves the register contents in the
correct order for future operations such as counting when the
DISPLY subroutine is exited whhout the need 16 swap them
around as would be the case if the display sequence were
changed to 4,3,2,1

Note that while the micro-controlier is executing the DISPLY
subroutine, two more subroutines are cafled, namely CONVRT
and DLY. This is acceptable because the programme returns
from the CONVRT subrouting before DLY is called so the
stack does not overflow and the correct retum address is
stored {see INTERNAL ARCHITECTURE in the first article in
this series).

A flowchart for the CONVRT subroutine, shown in Fig. 12b
with the programme listing for this shown in Fig. 13, deserves
a more detailed explanation because it Is a very important
technique with applications nct onty in display decoding but in
keyboard routines, waveform generators or indeed anywhere

where data stored in EPROM is to be introduced into the
program. The number to be converted is placed in the W
register and when the CONVRT routine is called, the start
address of the subroutine is placed into the programme
counter register PC by the CALL instruction. The first
instruction In this subroutine is “ADDWF PC,same” which
means add the contents of the W register to the PC register
and store it in the PC register. If the value in W happened to
be 3 as in the above example, the PC would now contan the
address CONVRT+3 and the programme would go 1o this
location where it would find the instruction "RETLW 57h", This
would cause the programme to return from the subroutine with
the binary equivalent of 57h which is 01010111 in the W
register and which just happens to have the correct bits set to
display the digit “3" on a seven segment display. All that then
needs to be dona is 1o ocutput this to port B. The whole
subroutine thus consists of a single ADD instruction and ten
different return instructions and is extremely useful in deceding
appiications. Table 1 shows the segments corresponding to
the output lines of port B in the printed circuit layout adopted
for this project. If the tracks had been routed differently, it
would be a simple matter to change the binary numbers in the
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Fig15. Expanded run flowchart
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“retlw” instructions to cope with the new layout and enable any
recognisable character {and some unrecognisable ones)
lo be displayed.

Delay routines

The other subroutine which is used herg is the DELAY routing
{see flowchart in FIG.12¢) and is also much used in
micrecomputer programmes. This routine relies on executing a
large number of instructions by decrementing a counter untif
it reaches zero before returning to the original program,
which takes time and theréfore generates a delay in the
programme execution.

Since with a 3.2768MHz crystal, each instruction takes
1.2uS to execute and a "gota” instruction takes 2.4uS, each
loop {shown within the dotted lines and consisting of two
instructions DECFSZ DYCTR1 and GOTO) will take 3.6uS to
execute. By loading the DYCTR1 counter with OFFh {255
decimal) the time taken to execute the routine will be
3.6x255=918uS. Shorter delays can be achieved by simply
loading the counter with a smaller number. If a longer time
than this is required, two counters or even more ¢an be used
with the second counter being decremented every 918uS
giving a maximum possible delay of about 230mS. The delay
required in this application is of the order of 2mS, giving a total
display time of 8mS and leaving 2mS for the rest of the
programme, so two counters are reqguired. These are called
DYCTR1 and DYCTR2 (Dela¥ CounTeR 1 and 2} and are
assigned to registers 0C and 0D using the “equ” statements
described.

Incidentally, this is not the only way to generate a delay. A
NOP instruction which simply tells the computer to do nothing
but increment the programme counter could also be used.
This s however only of use for very short delays {2 or 3uS
depending on the clock speed) because it also wastes
programme memory. To generate a 120uS delay would
require 100 NOP instructions which would also use up 100
programme memory locations {not to mention all that typing)
compared with 3 using the counter method so this would not
be a clever way 1o do this if a long delay were required.

Bath of these methods waste time, however, and there is
nothing to stop the programmer using this time to do
something useful {such as reading the keyboard} if it needs to
be done. It would be impossible to make a 230mS delay using
the above methods if such a delay was required in this project
because the processor would spend most of the time
generating the delay and have no time to drive the displays or
perform any other functions! In this case, a routine which
always takes the same amount of time to execute could be
used. if the programme has such a routine but the excecution
time is variabie, NOP instructions could be used to pad out
shorter branches so that whichever route the programme

takes, the execution time will be the same and glve the
required detfay. This has not been done here so as not to
unnecessarily complicate matters but it can be a useful
technigue to bear in mind. it can be especially useful if the
delay does not need to be very precise such as say the delay
required to de-bounce a keyboard as we shall see later.

Delay routines can also be useful in tone generating circuits.
Repeatedly complementing an output port and then generating
a 0.5mS delay for example, will cause the port to switch on
and off {toggle) at a frequency of 1kHz with an accuracy
dependent on the clock oscillator. Counting the number of
times the loop is executed enables a preclse number of cycles
10 be generated and therefore the length of the tone defined,
while varying the delay (perhaps from data called up from a
look-up tabie in memory as in the convert routine) would
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Figt8.Increment (hours and minutes) subroutine flowchart
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determine the pitch. Add a push to make switch and a piezo
sounder and you have your own personalised door chime
playing your favourite tunel But we digress.

To go back to the DISPLY routine and test this new piece
of the programme, the original PROGME line in Fig.8 must be
replaced by code representing the expanded flowchan of
Fig.12 and the initialise routine must be modified slightly to
include statements to load HRCTR and MINCTR with 12h and
34h so that the digits 1, 2, 3 & 4 are displayed. {These
instructions will be removed later, once the programme has
been proved to work.) These modifications should now be
added 1o the timebase routine listing (CLOCK.ASM) and now
called CLOCK1.ASM as shown in Fig.13. The original PROG
label has been retained to show where this new code has
been inserted. After running the assembler programme a new
chip can be programmed as before to test the display routine.
This should of course display 1234 on the digits. The
statements setting HRCTR and MINCTR could be changed to
place 04h and 56h in these registers and after running the
assembler a new (or erased) chip programmed to check the
leading zero blanking and decoding for the numbers 4,5 and 6
and the process repeated for 0,7,8 and 8. This is not
necessary at present and may be checked more easily later,
once the counter routines have been designed, withowut the
need to re-programme the chip each time. Any faults which
become apparent then can be easily fraced to the fock-up
table if the above programme works now.

Notae that it is a good idea to save the new version of the
programme under a different name such as CLOCK1 so that if
the new routine which has been added does not work, or
worse still prevents the previous part of the programme from
working properly, it will be an easy matter to go back to the
original programme which shoutd still be stored on your
computer under the original name and think again without
trying to remember which lines were changed or where new
lines were inseried.

Suck it and see

From this it can be seen that while it is possible to use only
one micro-controlier chip for development, two windowed
parts may be better because one could be programmed with
the newly developed code while the other was being erased.
In practice, this is not likely to save a lot of time because the
micro-controllers only seem to take about two minutes to
erase (on my EPROM eraser at any rate which is a cheap and
cheerful one) and it usually takes longer to modify the .ASM
listing and run the assernbler programme to obtain a new
object file {.OBJ) for blowing a new chip.

This kind of "blow it and see” {or should that be “suck it
and see”) approach to programming micro-controllers does
take time but enables complex programmes to be easily
developed on relatively low cost equipment. Only a
programmer and Eprom eraser are required assuming that you
aready have a PC. After a while, a library of solutions can be
built up to perform standard functions s$o future programmes
need not take so long to develop. A much faster method
would be to use an emulator module but these are very
expensive and more appropriate to industrial users where time
fs money. Cheaper emulators are also appearing on the
market with fewer features compared to the "professional”
ones but these all have limitations such as lower input
impedance inpuls or speed and, as with most things, you pays
your money and takes your choice. There is, after all, no closer
way to emulate a device than with the device itself.

Note that the new code for displaying the digits together
with the 7-segment conversion and delay has been written as
subroutines and it will also be noticed that these routines have
been placed at the beginning of the listing, The reason for this
is the intemal working of the PIC chip when handling
subroutines. Unlike the other registers in the PIC, the
programme counter or PC register is 3-bits wide (in the
PIC16C54) but during a CALL instruction, the 9th bit is always
cleared to zero. This means that the stant addresses of all
subroutines must be located in the lower half of the
programme memory below address OFF if the correct address
is to be called. It therefore makes sense to put all the
subroutines first before the main programme. Since the
STACK registers which store the retum address from the
subroutine are the same width as the PC register, the retum
address can be anywhere in the memory. Note that this
limitation does not apply to the GOTO instruction which allows
direct loading of the PC register with all 9 bits. The purpose of
the first instruction (goto START) in Figs. 9 and 13 should now
be clear.

Taking it further

The rest of the programme can be developed in a simitar way
so only the flowcharts and coding of the more important parts
will be described. Which parts of the programme are
developed first and how big each part becomes before it is
blown Into a chip for testing. will depend on how confident the
programmer s in his skitls, Remember, however, that the
larger the programme, the greater will be the problem in
finding a fault if it does not work so try not to get too carried
away but keep each new step short if possible.

Once the LED display routine is working, the routines to
count seconds, minutes and hours can be developed which
will be placed in the RUN subroutine. The hours and minutes
will be counted in the two counters HRCTR {HouR CounTeR)
and MINCTR (MINute CounTeR) and the contents of these
displayed when the display routine is called. First, however,
we need to obtain a 0.5Hz signal to drive the colon so our first
counter will need to count S50x10mS and this i$ done in the
HSCTR {Half Second CounTeR which is defined as (OE). This
is therefore loaded with 50 and counts down to zero.

Each time HSCTR reaches zero, bit 0 in the INDFLG
{INDicator FLaG) register {0B) will need to be toggled to cause
the “colon” to switch on and off. This register will also contain
the “alarmn set” and “pm" Information in bits 2 and 6
respectively and will be "ORed” with the W register before the
most significant digit of the display is switched on in the
DSPLY routing so that these functions wili be displayed. (B0,
B2 and BB control the colon, alarm set and pm indicators
directly. See Fig. 14). The programme then reloads HSCTR
with 50 and decrements the next counter TBCTR (Time Base
CounTeR) for which the register OF has been assigned.

By loading this counter with 120 at the beginning of the
programime, it will reach zero after 120 half seconds which can
be used to decrement the minutes counter. For testing, itis
temporarity loaded with 10 so that the minutes will change
much faster enabling the operation of the counters to be
checked without having to wait all day.

These steps can now be coded and added to the
programme. The new flowchart for the RUN routine is shown
in Fig 15 which now includes the HSCTR and TBCTR routines,
together with the colon driver using the INDFLG register. All of
the new registers (HSCTR, INDFLG and TBCTR) will of course
need to be assigned to the next available general purpose
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registers using the “equ” statements as betore and set to their
initial conditions if necessary in the INTSLE routine.

To enable the display to count, a new subroutine has been
introduced called INCGREMENT {INCR). At the moment it only
contains the instruction “incf 0,same™ which will cperate on the
MINCTR register since that is the one which the FSR will be
pointing to. Later this will be expanded to increment the hours
counter as well. The DISPLY routine will also need to be
modified at the point marked X so that the colon LEDs flash at
1Hz (i.e. on for 0.5 sec and off for 0.5 secs). A listing is shown
in Fig. 16 and this can be assembled and checked by blowing
a new PIC and plugging it into the dircuit as before. Note that
the Hours and Minutes counters have been loaded with 02
and 34 and the TBCTR register with 10 to demonstrate the
leading zero blanking and make the minutes
counter run faster.

The Exclusive OR function

Most of the programme shown in Fig. 15 is simply concerned
with loading and decrementing registers and testing for zero
which has already been covered and the only “new” technique
used in this section is the step marked "toggle bit O in
INOFLG". The simplest way to do this is to use the XORWF
instruction and to see how this works the Exclusive OR
function must be examined. The truth table for a two input
XOR gate is shown in Fig. 17 and from this it can be seen that
the output is true (ie. a logic 1) only when both inputs are
different. Contrast this to the normal or inclusive CR function
when the output is alse high when both inputs are high which
is also shown in Fig. 17. This may not sound like a big deal
but it makes the XOR function extremely useful.

If we consider input A as a “control” input, then it can be
seen that the output will be the same as input B when A is O
but will be inverted when A is 1 thus forming a sort of
programmable logic inverter. In a micro-computer, this function
operates on a bit by bit basis on the B-bit word in a register,
50 that if we want to invert bit O of the INFLG register, all we
need to do is to load a word with bit O set to 1 {ie. 0000 G0O01)
into the W register (ie. MOVLW 01h) and follow this with
“XORWF INDFLG,same" which will invert bit 0 of the INDFLG
register and store the result back in that register. Since all the
other bits in the original word lcaded into the W register were
zero, all the other bits in INDFLG will remain unchanged and
only bit 0 will be inverted and will therefore toggle each time
this sequence is executed. This will have the effect of
switching the colon LEDs on and off when the INOFLG register
is displayed.

In this way, not only bit 0 could be complemented but any
other bits as well simply by lcading 1's where required, into
the original word loaded into the W register. If all the bits in a
reglster are to be complemented, then of course the "COMF
f.d" instruction could be used.

While on the subject of the XOR function, the other
property of this instruction can be highlighted which will be
useful in future routines and this is that the output or resuit is a
1 if the inputs are different but zero only when they are the
same ie. a digital comparator. In the instruction set shown in
Fig 3 there are two instructions, INCFSZ and DECFSZ which
aliow the programmer to branch if the contents of a register
after it has been incremented or decremented are zero and he
can also use the MOVF instruction and then test the zero bit
{bit 2) of the STATUS register (using the BTFSS or BTFSC
instructions) if he does not want to alter the contents of the
register he is testing. But what if he needs to branch when a

register is equal to 23h or some other value as we will need to
do when we compare, say, the actuai time with that set in the
alarm reglster so that we can sound the alarm?

Here again, the XOR instruction can be used. The value
23h or the contents of the alamm register can be moved into W
using either the MOVLW or MOVF instruction and followed by
the XORWF instruction. If the two registers match, the result of
the operation wil be zero and the zero bit in the STATUS
register will be set. This can then be tested in the normal way
and the appropriate action taken by the programme. Note that
In the case of testing a register for a specific value such as
23h above, the XORLW 23h instruction could also be used
provided that the contents of the register were first moved to
the W register.

BCD counting

if the programme of Fig. 16 is run, the display will start with
2:34 {note the leading zero is blanked) and the colon will flash
once per second. After every 5 flashes, the minutes display will
change and the clock will display 2:35 and so on. This is
because the TBCTR register was loaded with 10 instead of
120 causing the clock to run 12 times faster. After 6
“minutes”, however, instead of the display changing to read
2:40, the last digit will go out and the reading remain at 2:3
and later on the whole display goes haywire.

The reason for this is simple. The “incf QMINCTR),same”
instruction increments the minutes counter but since this is
basically a binary counter, the next state after 0011 1001 (38h)
is 0011 1010 or 3Ah and not 40h. The “A” cannot be decoded
by the CONVRT routlne and simply causes a jump to the DLY
routine - which is where it would have gone anyway except
that it would normally have switched on the digit and segment
drives first so this digit remains blank. The next state of the
counter is 3Bh so that this time the CONVRT routine causes a
jump into the middle of the DLY routine and the programme
crashes. Clearly, the MINCTR counter must be persuaded to
count in BCO and not binary by not allowing a count higher
than 9.

One way that this can be done is by detecting when the
last digit goes to "A” hex. The first step is to mask the four
most significant bits {MSB) of the MINCTR register by ANDing
it with OFh {000C 1111 in binary) to produce 0000 X300 where
X is the state of the lower order bits in MINCTR. The XCR
instruction can then be used to compare this to DAh which will
result in the zero bit in the STATUS reglster being set if
MINCTR has XAh in it. f this test is successful, 6 is added to
the register using the ADDWF instruction. Thus, f, as in the
above case, MINCTR contained 3Ah, adding a 6 to it would
result in MINCTR containing 40h which would give the correct
display.

This routine can be extended to change the display to 3:00
when 2:80 is reached etc and also to 10:00 from 9:60 and
1:00 from 12:60. Also, when 12.00 is reached, the PM flag
(bit & of INDFLG) needs 1o be toggled. The change in the
hours counter when the minutes counter reaches 60 and is
reset to zero, is only required in the RUN mode and not when
the alarm or the time is being set. To make this subroutine
useful in all modes, the mode register is checked before
HRCTR is incremented. if MDREG is zero (ie. RUN mode) the
subroutine execution is allowed to continue but if it is not, the
program exits at this point and the HRCTR is not incremented.

A fiowchart for this subroutine is shown in Fig. 18 and a
listing for the INCR subroutine can be found in the complete
listing for the clock in Fig. 24. Note that since this routine will
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be used to increment both the hours and minutes and the
alarm time registers, it too has been written to make use of
indirect addressing using the FSR register to point to the
relevant registers as expiained in the DiSPLY routine. Before
this subroutine is called therefore, the FSR must be loaded
with the address of the MINCTR or its equivalent in the alarm
setting mode,

This new code may be added to the listing shown in Fig. 16
and provided the value loaded into TBCTR is changed to 120,
the clock part of the project is complete. it is now only
necessary to write a routine to enable the clock to be set and
to include the alarm function. The exclusive or (XOR)
instruction will again prove useful when it comes to comparing
the time with that set in the alarm registers.

FIG. 13
CLOCK1.ASM TIMEBASE, MODE, LED
DISPLAY AND DELAY (Flowchart Fig 12)

MDREG equ 08h ; MoDe REGister - RUN=0, SET
ALARM=1, SET TIME=2

MINCTR equ 0%h ; MINute DiSPlay

HRCTR egu OAh ; HouR DiSPlay

DYCTR1 equ OCh ; Dela¥ CounTeR 1

DYCTR2 egqu 0Dh ; Dela¥Y CounTeR 2

LIST P=16C54;f-inhxlé
INCLUDE “PIC.H"
goto START

DISPLY

clrf PORTA ;switch off all display drives

; LED DISPLAY SUBROUTINE

swapf 0, w
andlw OFh

call CONVRT
movwf PORTB
bsf PCRTA, O
call DLY

bcf PCRTA, D

movE 0,w
andlw OFh

call CONVRT
movwf PORTS
bsf PCRTA.1
call pLY

bcf PORTA,1

incf FSR.same

swapf 0, w

andlw OFh

btfss STATUS,2

call CONVRT
nop

movwf PORTB
bsf PORTA,3}
call DLY
bef PORTA, 3

movf O,w

iload tens of mins into w

;mask MSDs by ANDing with
0000 1111

;no - decode segments

;switch on segment drive

;switch on digit drive

;delay for

iswitch off digit drive

;load units of mins into w

;select units of mins for
display

;decode segments

;switch on segment drive

jswitch on digit drive

;delay for

;switch off digit drive

;increment FSR to point
to Hours

;Swap counter pointed tc hy
FSR (10‘s HRS}

;mask MSDs by ANDing with
0000 1111

;is digit zero? ie STATUS,2
is set

:no - decode segments
(skipped {f digit=0}

;jadd other segments (to be
done later)

;switch on segment drive

;switch on digit drive

tdelay for

;awitch off digit drive

+load counter pointed ta

‘D1 movlw .100 ;

DLY movlw .4

D2 decfsz DYCTH2,same

W,

by FSR
andlw OFh ieélect units of hours for
display
call CONVRT ydecode segmerity
movwi PORTSB $witch on segment drive
bsf PORTA, 2 iswitch on digit drive
call DLY #lelay for
bef PCGRTA, 2 switch off digit drive
o ]
retlw 00 JRETURN FROM SUBROUTINE
CONVRT addwf PC, sagne aBCD~-7SEG CONVERSION
SUBROUTINE
retlw 1Fh ¢ isegment drives for J
retlwe 12h ;segment drives for 1
retlw 4Fh ;segment drives for 2
retlw S7h :segment drives for 3
retlv 72h ;segment drives for 1
retlw 75h isegment drives for ¥
retlv 7Dh ﬁ isegment drives for §
retlw 13h ;segment drives for 7
retlw 7Fh | isegment drives for B
retlu 77h ;segment drives for 3

:DELAY ROUTINE
movwZ DYCTRI] iload DYCTR1l with 4 decimal
{load DYCTR2 with 100 decimal
;decrement and skip
J if zero

goto D2 ;1% not zero
decfsz DEW/rR1 ;decrement DYCTR1 if DYCTR2

f is zero

movw: DYCTR!

goto D1 :reload DYCTRZ if DYCTR1
; is not zero
retlw 0} ;RETURN FROM SUBROUTINE if
DYCTR1 is zero
'START f nop

PROGME movf MDREG,w

; INVITALISE ROUTINE

INTLSE | movlst 0Oh ;ie 0000 0000

tris JPORTA ;jmake PORTA o/p

movwi: PORTA ; make PORTA 0000

tri? PORTB ;make PORTB i/p except B4
1 i

moyle 07h ;ie 0000 0111

OP’fDN ;int signal, L to H,

§ presclr 256 to RTCC
nqux .224 ;move 244 decimal into
myvwt RTCC;RTCC - gives 10mS with 3.2768Mhz

xtal
i r
foovliy 12h
movwf HRCTR 110ad HRCTR with 132
; movla 34h
movwl MINCTR ;1nad MINCTR with 34
clrf MDREG isat MDREG to 0 ie. run mode
BEGIN mosf RTCC,w
bt fss STATUS, 2 jtast if w (RTCC} = O
goto BEGIN ;w [(RTCC) not aero
movls .224 ;1f RTCC=0 move

movwE RTCC ;224 dec. into RTCC

;places MDRE into w

btfsc STATUS, 2 it2st if MDREG=0

goto RUN iyas

i

xorlw Qlh in3 XOR MDREG {w) with 01h

btfsc STATUS,2 it2st if MDREG=1 Z bit
will be set 1f it is

goto SETARM i¥32s
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i is set
’ call CONVET ;no - decode segments
SETTIM nop ;no - set time {skipped if digit=0)
routine:
iorwf INDFLG,w
later)

goto PROG jadd colon {to be modified

;set alari

SETARM noep ‘routine
goto PROG movwf PCORTB ;switeh on segment drive
bsf PORTA,3 ;switch on digit drive
RUN nop ;run routil call DLY ;delay for
movlw 09h k ! bcf PORTA, 3 ;switch of f digit drive
movwf FSR :load addrecss of HECTR into
FSR movE O,w :load counter pointed to
by FSR
PROG call RISPLY andlw OFh ;select units of hours
gote BEGIN for display
call CONVRT ;decode segments
ORG 1Ffh
movwf PORTB ;switch on segment drive
END bsf PORTA,2 ;switch on digit drive
call DLY ;delay for
bef PORTA, 2 ;switch off digit drive
retlw 00 ;RETURN FROM SUBROUTINE
Fig.16

Clock 2 Timebase, Mode, Runy Disply, &
Diy (Flowchart 15)

MDREG equ 08h ; MoDe REGister = RUN=0, SET CONVRT addwf PC,same ;BCD-7S8EG CONVERSION
ALARM=1, SET TIME=2 SUBROUTINE
HRCTR equ 09h : HouR DISPlay retlwe 1FE ;segment drives feor 0
MINCTR equ OAh MINute DISPlay retlw 12h ;segment drives for 1
INDFLG equ 0OBh ; INPicator FLaG ﬁdlds Bratus retlw 4Fh ;segment drives for 2
of AM/PM, COLON & ALARMDUCTRI equ 0Ch i retlw 57h ;segment drives for 3
DelaY CounTeR 1 retlw 72h :segment drives for 4
DYCTR2 equ ODh ; DelaY CounTeR 2 retlw 75h ; segment drives for §
HSCTR egu OEh ; Half Second CounT¥ retlw 7Dh ; segment drives for €
TBCTR ecqu 1Fh : Pime Base CounTeR |’ counts retlw 13h ;segment drives for 7
120 half seconds retlw 7Fh ;segment drives for 8
retlw 77h ;segment drives for 9

LIST P=-16C54; f=inhxlé6

INCLUDE ~PIC.H* H

gotoe START OLY moviw .4 :DELAY ROUTINE

movwf DYCTR1
Dl movlw .100
;ewitch off all display slrives movwf DYCTR2 :load DYCTR2 with 100 decimal
; LED DISPLAY SUBROUTINE | D2 decfsz DYCTRZ2, same ;decrement and skip if
:load tens of mins into # zero
:mask MSDs by ANDing with ;if not zero
0000 1111 ;decrement DYCTR1 if DYCTR2
;no - decode segments is zero

;load DOYCTR1 with 4 decimal

DISPLY clrf PORTA
swapf 0,w
andlw OFh goto 2
decfsz DUCTR1

call CONVRT

movwf PORTB ;switch on segment drive goto D1 ;reload DYCTR2 if DYCTRI1

bsf PORTA, O ;switch on digit drive is not zero

call DLY ;delay for retlw 00 ;RETURN FROM SUBROUTINE if

bcf PORTA,O ;switch off digit drive DYCTR]1 is zero

movi 0.w :1load units of mins into w

andlw OFh ;select units of mins for IINCR nop : INCREMENT COUNTERS SUBROUTINE
display incf 0,sane ; INCREMENT REGISTER POINTED

T¢ BY FSR

call CONVRT ;decode segments retlw 00

movwf PORTEB
bsf PORTA,1

:switch on segment drive
;switch on digit drive

cakl DLY ;delay for START nop
bef PORTA,L ;switeh off digit drive : INITIALISE ROUTINE
INTLSE movlw OOh ;ie 0000 0000

in¢f PSR, same ;increment FSR to point tris PORTA ;make PORTA o/fp

to MINUTES movwf PORTA ;make PORTA 0000

tris PORTB ;:make PORTB i/p except B4

swapf O,w ;Swap counter pointed to

by FSR (10°s HRS)
andlw OFh ;magk HMSDs by ANDing with viw 07h ;ie 0000 0111

0000 1111 PTION ;int signal, L to H,

ht fss STATUS.? ;is digit zero? ie STATUS,2 prescle 256 te RTCC
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moviw .224
movwf RTCC

movlw 02h
movwf HRCTR
movlw 34h
movwf MINCTR
clrf MDREG

moviw .50
movwf HSCTR

movwf TBCTR

clrf INDFLG

BEGIN movf RTCC,w
btfss STATUS, 2
goto BEGIN

moviw ,224
movwf RTCC

movf MDREG, w
btfsc STATUS, 2
gotc RUN

x0rlw 0lh
btfse STATUS, 2

goto SETARM

SETTIM nep
gotd PROG

SETARM nop
goto PROG

RUN nop
movlw 0Ah
movwf FSR

decfsz HSCTR, same

goto RUNEND
movlw .50
movwf HSCTR
movlw {Olh

xorwf INDFLG, same
decfsz TBCTR, same

gota RUNNEND

movilw .10

movwf TRCTR

call INCR
RUNEND moviw 0%h

movwE FSR

PROG call DISPLY

goto BEGIN
ORG 1Ffh
END

imove 244 decimal into

iRTCC - gives 10mS with 3.2768Mhz xtal
; Yoad HRCTR with 02

;load MINCTR with 34

;set MDREG teo 0 ie. run mode

iload HSCTR with 50 dec to count halfsees
;load TBCTR with 190

{temporary) so that
iclock runs faster {change

to 120 later)

;test if w {(RTCC} = ¢
iw {(RTCC} not zefo

;if RTCC=0 move
i224 det., into RTCC

;:places MDREG into w

;test if MDREG=0

;¥yes

;no - XOR MDREG (w) with 01lh

rtest if MDREG=1 - 7 bhit wil be get if &t is

i¥es

sNOo - set time routine

;set alarm routine

;Tun routine

;load address of MINCTR Pnto FSR

;i1f HSCTE not zero go to RUNEND
;if zero - reload with 50 dec

;toggle bit 0 (golon) of INDFLG
;if TBCTR is not zero

ireload TBCTR with 10 {change to 120
;later) if TBCTR=0

:load address of HRCTR into KSR
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SEND FOR A LIST OF OUR FULL RANGE OF RADIO AND AUDIO KITS. ALL KITS MONITORS MID! TOWER 73-00
COME COMPLETE WITH PRE DRILLED P.C.B.'S. HIGH SPEC COMPONENTS AND 14" SVGA FROM 165-00 BIG TOWER 83-00
FULL INSTRUCTIONS - MAIL ORDER ONLY - MAKE CHEQUES/P.0.s PAYABLE TO:
J.C.G. PRICES INCLUDE POSTAGE & PACKING PLEASE NOTE THERE IS NO V.A.T. TO PAY ON OUR PRICES
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James Gale
01442 66551

Send your requirements to:
ETI Classitied Department, Nexus, Nexus House,
Boundary Way, Hemel Hempstead, HP2 7ST
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 be pre-paid.
Advertisements are accepled subject to the terms and conditions
printed on the advertisement rate card (available on request).

VARIABLE VOLTAGE
TRANSFORMERS

OUTPUT 0-26(]V

Price P&P
0.5KVA 25 amp max £31.90 £6.00
(£44.53 in¢ VAT)
1KVA 5 amp max £41.15 £7.00
(£56.58 inc VAT)

2KVA 10 amp max £69.40 £8.51

£79.78 inc VA

IKVA 15 amp max £78.65 €8.
(£102.40 inc VAT)

SKVA 25 amp max £139.15

{Plus Camage)

Buy drect from the Importers. Keenast pnces in the coundry
COMPREHENSIYE RANGE OF
TRANSFORMERS-LT-ISOLATION & AUTO
{110-240V Auto transfer edher cased wih American s00kel and
mains lead of apen kame type. Avalladie for immediate devery.

WIDE RANGE OF XENON FLASHTUBES
Write/Phone your enquires

ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES

471 40 wart £14.00 (caliers only) (E16 45 e VAT
2h 20 watt £9.00 (caiiers gnly] {£10.58 inc Vi
12m 8 watt £4 80 ¢ 75p pdp e szln’nvm
9in B wsn £3.08 + 50p pdp {£5.24 Inc VAT)
6in 4 wan £396 + 50p pdp {£5.24 kG VAT)

230V AC BALLAST KIT
For caher 8in. 9n or 120 noes £6 06 » £140
pAp (£8.75 inc VAT)
The ahme Tubes are sudabio lor Forged Bank Nate
tecnon. socurity markiag £1¢
Othar W-w Lorvlhs of LY TUBE avalab pleasae
mgm\mos
100 WATT UV LAM ~

Onty E‘.BWQ!‘ pip (stsasu:v.m i

160 WATT SELF BALLASTE
12v D.C. BILGE PUMPS

LIGHT WERCURY BULB
Avaable with BC or ES iHtng, Price inc VAT
& p&p and VAT £25.55

500 GPH 15h nead 3 amp £153 98

750 GPH 158 hwog § omp 34 55

Also now avadgbie 24V D.C. 1750 GPH 751 haad
5 amp £35 55 All dosigned o be Laec
wbmergad PAICES INCLUGE PSP & VAT

SUPER HY-LIGHT STROSE KIT
Desiged o Dinco, Thaoatrical uses etc
Approx 16 oules Adusiable speed £50.00 + £3.00 pdp
{E2.28 nc VAT)
Case and reflecks £24.00 « £3.00 pdp {£31.73 inc VAT)
SAE for further details including Hy-Light and  in-
dustriat Strobe Kits.

“BOFFINS SPECIAL"™-
UNIQUE OFFER

Surplus Precision Medical Unit, internally In
axcallent condition. Designed primarlly to eject 8
precise controliable amount of fiuld from a madical
syringe (lanm not supplied). Contains the
e Dusl Micro

Procensor Baards and EPAOMS Escap Preclision
12y DC Motor m‘ih 300 1 Gear Box and opfical
ity threaded drive

mechanism, Malns EY ply with & ¥ 1.5v Ni-Cad
A.A cells back-up. ‘?D Digital read-out 17mm
high with legends. Audible wam|13
These are sold lor the dismantling of the exceptional

mmponenls t no Circunts available,

.00 + £4.00 p&p
(Eﬂ 20 incl v.l‘lg

SKVA ISOLATION TRANSFORMER
As New Ex-squipmont ity shiouoed Line Nowse
Suppresson, Ut isoabon Tranglonme: with 1eminal
covers and Knock-oul cabie entnes Primary 1200240V
Secondary 1207240 50/60 Hz. .006 pF Capacitance Size
L37 x W.19 x H.160m Weight 42 Kios.
PRICE £120.00 +VAT
ox warshousa Carnage on reguost

240V AC CENTRIFUGAL BLOWER
New Manui. Surpius Skeleton Blower suilable for
mounting wmside an anciosule le cool equipment.
Ovarall size 130x110xB5mm. Outiet S0x3Emm. impetior
60mm dia x 60mm long £14.10 Incl PaP & VAT

SEWING MACHINE WOTOR
Brand new 220/240v ACDC SEW-TRIC 2 lead Brush
Motor Size L 100mm x H. 70mm x W.55mm. Spindle,
/4, da x tin, long. E148.10 incl. P&P & VAT

GEARED MOTORS
71 APM 201 nch torque reversable 115V AC nput
including capacitor and transformer for 240V AC
operation. Price inc VAT & pap £27.73

SOLID STATE EHT UNIT
Input 230fzaov AC. Output approa 15KV,
Producing  10m: sg‘l Builtsin 10 sec Tmer.
Easity maodified lov oc. 30 sec to conlruadus,
Designad for bojler igndion. Dozens of uses h the
fiokd of physics and elecroncs, 09 1
or argon lubes alc. Price less case £8. \'2.40
pa&p (£12.81 inc VAT) NMS l

EPROM ERASURE KIT
Build your own EPRCMN ERASURE for g Irachon of the
price of @ made-up unil kit of parts less case inchudes
12in 8 wan 2537 Angst Tube Bailast urt. pair of brpin
leads, neon ndcalor, on/off switch, salety microswiich
and circurt £15.00 « £2.00 p&p (£19.98 inc VAT)
WASHING MACHINE WATER PUMP

Brand new 240V AC. fan cooled. Can be used for a variety
of puposes._ nle! 17sn. outiel 1in. iz Price nclutes p&p
& VAT C11.20 each or 2 for £20.50 mclusive.

MICROSWITCH
Pye 15 amp changeaver lover microswitch, type STT1.
Brand new price 5 for £7.05 inc VAT & p&p

Showrdon 0pen
Monday/Friday

SERVICE TRADING CO |

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB
0181-995 0549 0131-995 1
ACCOUNT CUSTOMERS MiIN, ORDER £10

Ampile
Parking Space

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO
CASH immediate settlement.
We also welcome the opportunity 10 quote
for compiete factory clearance
Contact:
COLES-HARDING & CO
Unit 58, Queens Road, Wisbech,
Cambs PE13 7PQ
BUYERS OF SURPLUS INVENTORY
ESTABLISHED CVER 20 YEARS
Tel: 01945 584188 Fax: 01945 475216

DISPOSAL EX MOD electronics
scopes, filters, chart recorders,
P.S.U’s, optic fibre meters etc.
Detailed list. 01305 832387

LEN COOKE
ENTERPRISES
For the best value in Used
Electronic Test instruments
We buy, sell and service oscilioscopes, signal
generators, frequency counters, spectrum
Analysers, Power meters, bogic testers, etc.
Spare parts avaiable for most Textronic

SCOpes.
Tel: 0181-813—9946
Fax: 0181-574-2339
Mabite: 0802 177752
Mail order address: Unit 5, Southall
Enterprise Centre, Bridge Road,
Southall, Middx. UB2 44l
We engineer what we buy, we support

what we sell.

ELECTRCVERT WAVE SOLDER
MACHINE £650 “Microline” Bench
top machine, Single Phase. Litte
used with full bath of solder.
Bargain. Tel: 01745-501944

DISCOUNT FOR BULK ORDERS

COOKE INTERNATIONAL
SUPPLIER OF QUALITY USED TEST INSTRUMENTS.

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS,
GENERATORS, OSCILLOSCOPES, POWER METERS. ETC
ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE

EXPORT, TRADE AND U.K. ENQUIRIES WELCOME
SEND FOR LIST OF EQUIPMENT AND MANUALS
ALL PRICES EXCLUDE VAT AND CARRIAGE

OPEN MONDAY TO FRIDAY 9AM - 5PM

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

WANTED TEST EQUIPMENT & MANUALS TG PURCHASE

SHIPPING ARRANGED

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street
Tel: 051 236 0982 051 236 0154
47 Whitechapel
Tel: 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5.30

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tabiet. 150 projects.
For catalogue, SAE to Plancentre
Publications, Unit 7, Old Whart
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

Comm

R
EUREKA!!!

See your ideas come to life
using this exciting home study
course.

For free details wrnite 1o
Commercial Reality (Ref ET10) Triteq
St Mary's House, 40 London Road,

Newbury, Berks. RG14 1LA
or Telephone: 01835 873775 (24hrs)

SCIENTIFIC

S W WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RD LONDON E18 1HW

FAX 081 559 1114

SOFTWARE

PC SCIENTTFIC & TECHNICAL
I"R()(‘RAM LIBRAR\’

GOOD QUAL mmn M5 THAT WORK
arc our fone
W hgve iy Langeul scieatific and wechmcal software htvary as
well o the best maimireamn svatable apywhere.
Software supplied oa CD ROM or
Drscovet the true fems of dureware with o .(IJ)nud
bonk “The Encychupedia of Shareware®, Over 3000 fvoprams
Irvied, and described i 178 dilferens cacganes
For voor capy send £2 5005 phooc/fax yuur arder Major
Tt cands accepeed. You absu rexerve & moncy saving special
\ﬁ

n:ha
PDSI., Winscombe g
EM TN6 1UT, Tcl .Iml u;ms Fl: [ﬂ892 6674713

ASTRA Desk Top Accounting

OVEFTUNE - imracwg, Sale, Nurchaids, SOARHL VAT, et
Premier phe Sec ot BOS Remrndes, Seval No, o
Pr <P Muln G o

S&S Systems Ltd. Beetton Court, Manor Riad, Wales

Shoffickd, S31 8PD, UK. S deertnaces anc gk deiless)
Tek: (01907 TS « s @I90N TENG * L Code (+44 105)
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|_COMPONENTS I PRINTEDCIRCUITll ___ COURSES
EPROMS PLDs  + MICRO BOARDS
CONTROLLERS copied or PCB's, PROTOTYPES AND

programmed. We supply . . . ST
evices/convert discrela 100iC 10 o yoia6d floom your taft ot Start training now with the specialists for
PLDs. PCB for ETI PIC project 1 coponovies. Quoteline 01232 the following courses. Send for our
card supplied at £10. PO Box 473533 or write to P Agar, 36 g ; g5 :
1561, Bath 01225 444467. Woodcot Avenue, Belfast, BT5 brochure — without obligation or
A Telephone us on 01626 779398  ensws
J Telecomms
Name Tech C&G 2710
[ Radio Amateur
Licence C&G
O Micro-
NOW IS THE CHANCE TO GET INTO TELEVISION. PrOGESSDN
Compiete, one of Londons leading video editing companies require a keen electronics 1 Introduction to
enthuslast to join their engineering team as a junior assistant. Hefshe will help with Television
all aspects of day to day engineering and project work. Please apply in writing only
with CV. to:
Richard Whitaker. Complete Facilities, Slingsby Place, Radio & Telecommunications Correspondence School
Long Acre, London WC2E 9AB. 12 Moor View Drive, Teignmouth, Devon TQ14 9UN
ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED
ADVERTISEMENT DEPARTMENT, NEXUS HOUSE, BOUNDARY

WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 75p per word + VAT minimum 15 words.
Semi-display £10.50 per single column cm plus VAT. No reimbursements for cancellations.
All ads must be pre-paid.
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Open Forum B[ 3§ |

y now most readers will have

heard that Siemens have chosen

Britain - Newcastle to be exact -

as the site of a £1bilicn plant to

manufacture ASICs (Application
Specific Integrated Circuits). Not only will this
plant, scheduled to open in 1996/7, provide
over 2,000 jobs in a depressed area, many of
them for skilled engineers, but it will aiso
contribute about £800milicn a year to the UK
electronics GDP - a welcome boost to UK
manufacturing.

The German industrial giant chose Britain
in the face of fierce competition for the plant
from many other Eurppean countries. In doing
S0, it joins a long list of LJS, European and
Japanese electronics companies which have
set up manufacturing operations in the UK
over the last decade. And, not just
manufacturing and assembly facilities, but
facilities which inciude leading edge product
design and development departments.

Indeed, it was the availability of a well
trained, flexible workforce, plus all the suitable
infrastructure, which persuaded Siemens and
all the other electronics companies which
have invested here, to come to Britain. They
could have found cheaper wages, lower
priced property, and bigger financial
inducements elsewhere, but what they could
not find in such places was a skiled,
disciplined workforce.

This brings us to the main thrust of this
piece, the question of vocational training in
Britain, and what can be done to improve it.
Although there are plenty of skilled people,
and in particular graduates, we in this country
are in danger of having a shortage of people
with craft and technician level gualifications.
Indeed, according to the Organisation for
Econormic Co-operation and Development
{OECD} only 25% of economically active
people of working age have craft or
techniclan qualifications, compared with 63%
In Germany and 66% in Switzerland.

As far as university graduates are

concemed, the percentage of the
economically active working population with a
degree in the UK is at 11% the same as that
in Germany and Switzerland, and four
percentage points higher than in France.
Furthermore, overseas investors in the UK are
finding that the wider educational basis of UK
engineers and scientists is far more useful that
the narrow specialisation of their European or
Japanese equivalents.

The quality of graduate engineers means
that electronics companies are keen to tap
into that resource and do their research and
development work in the UK. But the
shortage of people with appropriate craft and
technical skills will severely limit the number of
manufacturing operations which can make
use of the R&D work,

The solution to this problem lies in the
education system.

In the UK, just 43% of 16-18 year olds are
in full time education compared with 89% in
Germany, 75% in the US and 87% in France.
The resutt is that UK industrialists are
increasingly compiaining that young peopié
coming into the job market do not have any of
the necessary skills which will allow them to
successfully contribute.

However, if traditional education is failing
both the country, its industry and its young
people, then perhaps the solution Is to forget
the old educational technigues and start using
technology to create new leaming techniques.
One has only to ook at how many otherwise
academically undistinguished youngsters can
successiully find their way around the Intemet,
or fiy an F-16 on a simulated combat mission.

By creating new leaming techniques for
vocational education, not just for the young
but for all of us in this rapidly changing world,
it could be possible to very quickly propel the
workforce in this country from being simptly
good to being the best. We, as a nation have,
after all, few natural resources other our
brains and our skills - to survive, we need to
use them in the best possible way.

ELECTRONICS TODAY INTERNATIONAL

74

ELECTRONICS

TODAY INTERNATIONAL
EDITORIAL

CREATIVE

ADVERTISEMENT SALES

MANAGEMENT

ET1 is nomally publshed on the first Friday in the month praceding the cover date,
The contents of thiy publication Including all articies, plans, drawings and programs
and sl yrigitt and all other property rights therein Sidong to Naxua
Special interssts. ANl Aghta contermed Dy the Law of Copyright and other inteliectus
property ngivts. and by virtue of international ik are .

reaerved to Nexus Specisl Interests and raproduction requires the prior written

consent of the company 1980 Nexus Special interesty. All reasonabie care i talan
In the preparation of the magazine conternts. but the publishers cannot be held legaly
responsibie for eTom. Where mistakes g0 OCOWN, @ COMCHon will normally be
publishac 88 s00n a3 possible afterwerde. Al prices and duls contained N
adveriisements &ty acteptsd by us in QOO taith 88 comect of the tme of going i
press. Netther the n0r the pubhshers can be hekd Ible, hwriee,
for any vanations affecting prce or availabilfty which mary oocur after the publication
has closed lor press.

Subscription rates-UK £25.80 Europe £34.70 Sterkhg Overssas £38.20 US Doilany
Overseas $54.00

Published by MNexus Special Imoresta. Nexus House. Boundary Way, Hemel
Hempstead HP2 7ST. Telephone [01442) 88551, UK newstrace divtribution by SM
Dstribunon L, 8 Leigham Court Road. London SW18 2PG. Telephone 0181857
8111, Overseas and salet Dy Magar Sales Department, Argus
House, way., Hemal HP2 7ST. Telephone {01447) 68551,

WMNnmws-ﬁc-.m.wm-q?
Ouosnsway, Redhill. Surrey RHY 10S. Telephons [01737) 768811,
us

by Wiss Owt 4314 West 238th Strest.
Torrance, CABOSOS USA, For Visa/Mastercard orsers i USA - Telephons (H0) 375
6258 Fax (310} 375 0648. Pacific Time: Gam-0pm Woekcays. 10am-8om Weskends.
Typesetting and originaon By Ebony, Liskeard, Comwall. Printed Dy Wirtshire
Ld. Bristol.



MIXED-MODE SIMULATION.
THE POWER OF VERSION 4.

: More Power
EleCtronlcs Simulate bigger and more
% 6 ; complex circuits. Faster,
. T h On average, Flectronics
Analog, Digital & ga W O r e HC Workbench Version 4 is
Mixed Circuits ta labinG compuler” more than 5 dmes faster
lecrronics id ;
Electronics Workbencl BE' The elecl! than Version 3.
Version 4 is a fully integrated E“
schernatic capture, simubaror :
and graphical waveform 0] More Parts
generator. [t is simple to A Multiple parts bins
mix axlog and digitd parts "é% contiain over twice the
i1 any combination. 14 components of
% 5 Version 3.
: : ¢
Design and Verify Q
Circuits. .. Fast! . More Models
Hectronics Workbench's ?n\ Over 350 real world analog
simple, direct interface ] and digitl models are
helps you build circuits ~ B included free with
in a fraction of the time. M Hectronics Workbench.
Try ‘what if scenarios ind 'i And, if you need more, an
fine tune your designs ~ additional 2,000 models
ainlesshy. 3 are available.

Incredibly Powerful. Incredibly Affordable.

With over 20.000 users world-wide, Electronics
Workbench has already been tried, tested and accepted
as an invaluable tool to design and verify analog and
digital circuits. With Version 4 true mixed-mode
simulation is now a reality with incredible simplicity.

Electronics Workbench™

W ms i o .
The electronics lab in a computer™

If you need mixed-mode power at a price you
can afford. take a look at this simulator and
graphical waveform generator that mixes analog
and digital with ease.

4 T ; Order Now! Just £199*

¥% HH- * 1 Fr#f’ }’Lr{ 4#[ ..J

iy (st 44-(0)1203-233-216
< =g J;wzs 4

W = — Rﬂ Robinson Marshall (Europe) Plc
# Tapme_aasr_ '“:[.m..l;'.

L \ AR oxrm— o . Nadella Building, Progress Close,

~ (ol P g & Leoflric Business Park,

' e Coventry, Warwickshire CV3 2TF
True mixedimode simulation: Simultaneous AM ransmission, Fax: 44 (0)1203 233-210
digitization and pulse-code modulaton of a signal. E-mail: rme@cityscape.co.uk
Stupping charges UK £5.99. All prices are plus VAT.
All rrade marks are the propemy of thelr respective owners.
Electronics Workbench is a trademark of Interactive Image
Technologies Ltd.. Torono. Canada
' 30 Day money-back guaraniee

A

Australia: 2-519-3933 - Brazil: 11-453-5588 « Cyprus: 2462-1068 » Denmark: 33-250109 * Finland 0-297-5033 ¢ France: 14-508-9000 = Gemumy. T11-62-T140 + Greece: 1-524-998]1
Hungzry: 12150082 = loda: 11-5441343 ¢ lsrack 3-647-5613 + laly: 11-437-5549 = Japan: 333823136 + Malaysas: 6037770945 - Mexico: 3-396-3075 = Netherlands: 18-031-7666  5*
MNew Zealand: 9-267-17% « Norway: 22-16-70-45 * Porugal 1-814-6609 ¢ Singapore. 462-0006 * Sloveno 61-317-83 » South Africa: 331-68309 = South Korea: 2-2-222-3431
Spawn. 1-553-3234 « Sni Lanka |-86-5970 ¢ Sweden: 8-740-5500 < Thadand; 66-2-398-6952 + United Kingdom: 203-23-3216
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With over 14,000 products
the new Maplin Catalogue
Is now higger than ever

W R4T.0 Nie

]
e k1.

IAMTAlS g AUV UMD LLICTROHAS
CATALOGUE - VIR Hi 000 PRIUCTY

THE EIFFEL TOWER THE NEW MAPLIN CATALOGUE
Built in 1889 by Alexandre Gustave Eiffel, Buiit in 1995 by Maplin, the new catalogue is
the Eiffel Tower is 984 feet high and almost 1,200 pages long and gives an unrivalled
view of the whole world of electronics.

gives an unnvalled view of the
whole of Paris. Now Only £2.95

217

Full Range of Batteries and

1
| Wide Range of Security Products 51027 | | Latest Global Navigatios Systems 51028 ‘ Chargers 51029 Vltra Accurate Clocks 51030 Il
=
Exceptional Range of Tools and | The Latest innovatioas [ PCMCIA Card 51_034"
Test Equipment 51031 Over 300 Kits for You to Build 51032 | | Solar/Dynamo Powered Radic 51033 Over 100 pages of Computer Components |
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Calalogue available at branches of WHSMITH, John Menzies and Maplin stores nationwide. or
order direct NOW on 01702 554161

Catalogue Mail order Price £3.45 (inc p&p). Prices depicted are from the 1996 Maplin Catalogue and are inclusive of VAT,
All iterns are subject to availability. E & OE. Maplin Electronics, P Q. Box 3, Rayleigh, Essex, England S36 8LR




