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"moving from schematic to layout could not be easier"

Electronics World

Time is money. That is why

designed from the start to be as
easy to use as possible, without
sacrificing the power professional
engineers need to get the job
done. Available with Schematic
Capture, support for busses &
power rails, 1-8 layer
auto-routing, and our new
extended libraries (surface mount,
CMOS, etc). Network versions of
Quickroute are available for larger

comprehensive on-line help.

installations, and all versions include () s

NEW
Extended
Library
Pack Just
£39.00!

& Wireless World Jan 1995

Quickroute 3.0 for Windows 3.1 was

quickroute 3.0

Integrated Schematic and PCB
Design for Windows 3.1

£99

*Schematic & PCB Drawing *1/2 layer auto-router
*Supports Windows printers/plotters *Full set of
libraries *Clipboard support *Designer Special (manual
on disk) also available.

*Schematic & PCB Design *Schematic Capture
*Integrated Rats-Nest Generation *1-8 layer Auto-router
(faster than Designer) *Net-List Export *Supports
Windows printers/plotters *CAD-CAM outputs.

£299

As the PRO but also includes *Advanced Schematic
Capfture (Busses,Power rails,etc) *Larger Schematic &
PCB Designs *Gerber file IMPORT for File Exchange
*Extended libraries including SMT, CMOS, etc.

£199

*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
email info@powrware.demon.co.uk
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Demo Pack
Available.

Design your own Schematic
and PCB symbols



“e, 4, Bicycle Loop Four
RS Alarm 18 channel 46
Qo %,
Yle Touch Switch
BECTRONICS B | 1. o A project by Terry Balbimie that wil
reonowsesacorons IMUEINMMORY appeal to every bike owner who is Richard Grodzik offers a useful
Technology behind worried about theft addition to the ETI 80188 single
the robot muscles Allovs
of the fotore board computer
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80188 SBC \ A project based upon the versatile
g Werib ihe ~ Parallax. BASIC Stamp compgter to
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Build a PC serial digital from one or more
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programmer
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® Explosing Saturn with Cossini JUNE 19958 2.15 Making
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© Build o bicyde loap caarm use Of Pc 26

® The laser fog controfler

Parallel Ports

PIC
Stephen Smith shows how to build Programmer
vo l u m e 24 N o L 6 your own PC interfaces

!’ This project by Robin Abbott shows
how to construct a PC controlled

Saturn’s 3 4 programmer for the widely used, and

52

very versatile, PIC microcontroller
chip. Part 1 shows how the project

Fe atu re s The forthcoming Cassini mission to has been designed

Satum and its moons should greatly

PrOIects expand our knowledge about the Light Gun

planetary giant. Douglas Clarkson

Secrets

A g TR,

i
takes a look at the technology Central 60
Shape Memory behind the mission and the ,
Metals 1 0 mission itself In part 4 of ETI’s Laser Tag system

Robin Abbott concludes his look at

Nick Hampshire takes a look at the Switch construction of the light gun central

strange properties of certain metal
alloys and how they could be used in Regulators 42
a wide range of robotics applications

‘ . " Simple efficient powerful switch

rtificial
e mode power supplies can now be Reg UIars

easily constructed using readily
available ICs. Dave Bradshaw takes
a practical look at how to design and
build such power supplies
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Pico Releases PC
Potential = |-

en ! .
instrument'
g 4 -~
Pico's Virtual Instrumentation enable you to use your e softure.

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

Pond temperature

Hardware and software are supplied together as a package

- ho more worries about incompatibility or complex set-up
procedures. Unlike traditional 'plug in' data acquisition cards,
they simply plug into the PC's parallel or serial port, making
them ideal for use with portable PC's.

PicoLog
Advanced data §
logging software.

Call for your Guide on 'Virtual Instrumentation'. e SRt &

New from Pico TC-08 Thermocouple to PC Converter
8 channel Thermocouple Amplifier

® Connects to your serial port - no power supply required.
@ Supplied with PicolLog datalogging software
for advanced temperature processing, min/max detection and alarm.
® 8 Thermocouple inputs (B,E,J,K,R,S and T types)
® Resolution and accuracy dependant on thermocouple type.
For type K the resolution is better than 0.1°C and accurate to
+0.1°C over -270°C to +1300°C.

TC-08 £ 199

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

SLA4-76 Logic Analyser 2496- 700 Virtual Instrument

Pocket sized 16 channel Logic Analyser Dual Channel 12 bit resolution

Connects to PC serial port. Digital Storage Scope
Up to SOMHz sampling. — Spectrum Analyser
Internal and external >, Frequency Meter
clock modes. =0 Chart Recorder

8K Trace Buffer. ! == Data Logger

Voltmeter

2 The ADC-100 offers both a high
.v?i‘téh’,:of{v?are power sampling rate (100kHz) and a high

| d cabl 219 resolution. It is ideal as a general
R and Satiemis purpose test instrument either in the

lab or in the field. Flexible input ranges
(x200mV to +20V) allows the unit to
connect directly to a wide variety of signals.
; ADE-700 with PicoScope £199
. M, ' with PicoScope & PicoLog £209
1 Channel 8 bit b ’

® Lowest cost in the Pico range The ADC-10 gives your computer a single channel of
® Up to 22kHz sampling analog input. Simply plug into the parallel port.
@® 0 -5V input range ADE-70 with PicoScope £49

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

| | Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ
» Tel: 01954 - 211716 Fax: 01954 - 211880

o nn—

b

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT
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MONO VGA BMONITORS
Some with slight scresn bums but OK at £19.96 Ref
EF40 and some without burns at £29.96 Ref EF39,

A4 DTP MONITORS Brand new, 300 DPIl. Complete
with diagram but no interface details.(so you will
have to work it out!) Bargain at just £12.99 each!i!!
OPD MONITORS 9" mono monitor, fully cased complete with
rasterboard, switched mode psu etc. CGA/TTL input (15way D), IEC
mains. £15.99 ref DEC23. Price including kit to convert to composite
monitor for OCTV use efc is £21.99 ref DEC24

PC CONTROLLED 4 CHANNEL TMER Contra (on/off
times etc) up to 4 items (8A 240v each) with this kit. Complete with
Software, relays, PCB etc. £25.99 Ref 95/26

COMPLETE PC 300 WATT UPS SYSTEM Top of the range
UPS system providing protection for your computer system and
valuable software aganstmains power fluctuations and cuts.New and
boxed, UK made Provides up to 5 mins running time in the event of
complete powerfailure to allow youto run your system down comectly.
SALE PRICE just £119.00.

RACAL MODEM BONANZA! 1 Racal MPS1223 1200/75
modem, telephone lead, mainslead, manuai and comms software, the
cheapest way onto the netl all this for just £13 ref DEC13

HOW LOW ARE YOUR FLOPPIES? 3.5° (1.44) unbranded.
We have sold 100,000+ so ok| Pack of 50 £24.99 ref DEC16
BRITISH TELECOMM MULTMETERS SA9083 These are
‘returns’ sothey may have faults butlook ok. Compiete with new leads
and feather case. Price for two meters & 1 case is£10 ref DEC89.
6nw LASER POINTER. Suppiied in kit form. complete with
power adjuster, 1-5mw, and beam divergence adjuster. Runson2 AAA
battenes. Produces thin red beamideal forlevels, gun sights, expen-
ments etc. Cheapest in the UK just £39.95 ref DEC49

SHOP WOBBLERS!Small assemblies designed to take D size
batteries and ‘wobble’ cardboard modei signs aboutin shop windows!
£3.99 Ret SEP4P2.

RADIO PAGERSBrand new, UK made pocket pagers dearance
price is just £4.99 each 100x40x 15mm packed with bits! Ref SEP5
BULL TENS UNIT Fullybuilt and tested TENS (Transcutaneous
Electrical Nerve Stmulation) unit, complete with electrodes and full
instructions. TENS is used for the relief of pain etc In up to 70% of
sufferers. Drug free pain relief, safe and easy 1o use, canbe used In
conyunction with analgesics etc. £49 Ref TEN/1

COMPUTER RS232 TERMINALS. (LIBERTY)Exceilent
quality modem units (like wyse 50,s) 2xRS232. 20 function keys, 50
thro to 38,400 baud, menu dnven port, screen, cursor, and keyboard
setup menus (18 menu's). £29 REF NOV4.

OMRON TEMPERATURE CONTROLLERS (E6C2).Brand
new controllers, adjustable from -50 deg € to +1,200 deg C using
graduateddial, 2% accuracy, thermocoupleinput, longlife relay output
.34 240v o/p contacts. Perfect for exactly controlling a temperature,
Normal trade £50+, ours £15. Ref ESC2.

ELECTRIC MOTOR BONANZA! 110x60mm.Brand new
preasion, cap start (or spin to start), virtually silent and features a
moving outer case that acts as a fly wheel. Because of their unusual
design we think that 2 of these in a tube with some homemade fan
blades could form the basisfor awind tunnel etc. Clearancepficeis just
£4.99 FOR APAIRI (note-these will havetobe wired in seriesfor 240v
operation Ref NOV1

MOTOR NO 2 BARGAIN 110x90mm.Similar to the above
motorbut more suitable formounting vertically (ie tumtable etc). Again
you will have towire 2in senies for 240v use. Bargainpriceis just£4.99
FOR A PAIRI Ref NOV3.

OMRON ELECTRONIC INTERVAL TIMERS.
Minature adjustable timers, 4 pole c/o output 3A 240v,
HY1230S, 12vDC adjustabie from 0-30 secs. £9.99
HY1210M, 12vDC adjustable from 0-10 mins. £9.99
HY1260M, 12vDC adjustable from 0-60 mins. £9.99
HY2460M, 24vAC adjustable from 0-60 mins. £5.99
HY241S, 24vAC adjustable from 0-1 secs. £5.99
HY2460S, 24vAC adjustable from 0-60 secs, £5.99
HY243H, 24vAC adjustable from 0-3 hours. £8.99
HY2401S, 240v adjustable from 0-1 secs. £9.99
HY2405S, 240v adjustable from 0-5 secs. £9.99
HY24060m, 240v adjustable from 0-60 mins. £12.99
PC PAL VGA TO TV CONVERTER Converts a colour TV into
a basic VGA screen. Complete with built In psu, lead and s/ware.
£49.95, Ideal forlaptops or a cheap upgrade. We aiso can supply this
in kit form for home assembly at £34.95 ref EF54.

DRINKING BIRD Remember these? hook onto wine glass (sup-
plied) and they drnk, standup drink standup ETCI£4 each Ref EF1
EMERGENCY LIGHTING UNIT Complete unit with 2 doubie
bulb floodtights, built in charger and auto switch, Fully cased, 6v 8AH
lead adid req'd. (secondhand) £4 ref MAG4P11.

GUIDED MISSILE WIRE. 4,200 metre reel of ultra thin 4 core
insulated cable. 28ibs brealkang strain, less than 1mm thick! ideal
alams. intercoms, fishing, dolis house's etc. £14.99 ref MAG15P5
300v PANELMETER 70X60X50MM, AC, 90 degree scale. Good
quality meter. £5.99 ref MAG 6P14. Ideal for monitonng mains etc.
ASTEC SWITCHED MODE PSU BM41012 Gives +5 @ 3.75A,
+12@1.5A - 12@.4A. 230/110, cased, BM41012 £5.99 ref AUGEP3.
TORRODIAL TX 30-0-30 480VA, Perfect for Mostet amplifiers
etc. 120mm dia 55mm thick. £18.99 ref APR19.

AUTO SUNCHARGER 155x300mm solar panel with diode and
3metrelead fittedwilthacigarplug. 12v 2watt. £9. 99 earef AUG10P3
FLOPPY DISCS DSDD Top quality 5.25° discs, these have been
written to once and are unused. Pack of 20 is £4 ref AUGAP1.
ECLATRON FLASH TUBE As used in palice car flashing lights
etc, full spec supplied, 60-100 flashes a min. £9.99 ref APR10P5.
24v AC 96WATT Cased power supply. New. £13.99 ref APR14
MILITARY SPEC GEIGER COUNTERS Unused
anstraghtfrom Her majesty's forces £50 ref MAG 50P3.
STETHOSCOPE Fully functioning stethoscope. ideal for listering
to hearts, pipes, motors etc. £6 ref MAREP6.

OUTDOOR SOLAR PATH LIGHT Captures suniight during

fhe dayand automaticaily switches on abuiltinlamp atdusk. Complete
with sealed lead acid battery etc.£19.99 ref MAR20P1.
ALARM VERSION Of above unit comes with built in alam and pir
1o deter Intruders. Good value at just £24.99 ref MAR25P4
CARETAKER VOLUMETRIC Alamn, will cover the whole of the
ground floor against forcred entry. Includes mains power supply and
integral battery back up . Powerfulinternat sounder, will take external betl
if req'd. Retail £150+, ours? £49.99 ref MARS0P1.
TELEPHONE CABLE White 6 core 100m reei complete with a
pack of 100 dips. ideal ‘phone extns etc. £7.99 ref MARSP3,
MICRODRIVE STRIPPER Small cased tape drives ideal for
stripping, lots of useful goodies Including a smart case. and lots of
components. £2 each ref JUN2P3.
SOLARPOWER LAB SPECIAL You get TWO 6°x6" 6v 130mA
solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or motor. Superd
value kitjust£5.99 REF: MAGEP8
SOLIDSTATE RELAYS Will switch25Amains. input 3.5-26v DC
57x43x21mm with temminal screws £3.99 REF MAG4P 10
BUGGING TAPE RECORDER Small voice activated recorder,
uses microcassette compiete with headphones., £28 99 ref MAR29P 1
ULTRAMINI BUG MIC 6mmx3.5mm made by AKG, .5-12v electret
condenser. Cost £12 ea, Ours? just four for £9.99 REF MAG10P2.
RGB/CGA/EGA/TTL COLOUR MONITORS 12° in good
condiion. Back anodised metal case. £79 each REF JUN79
ANSWER PHONES Retums with 2 faults. we give you the bits for
1fault, you have to find the other yourseif. BT Response 200's £18 ea
REF MAG18P1. PSU £5 ref MAGS5P 12.
SWITCHED MODE PSU ex equip, 60w +5v @5A -5v@.5A,
+12v@2A - 12v@.5A 1207220 cased 245x88x56mm ECinput socket
£6.99 REF MAG7P1
PLUG IN PSU 9V 200mA DC £2.99 each REF MAG3P9
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10
POWER SUPPLY fully cased with mains and ob leads 17v DC
S00mA output Bargain price £5.99 ref MAGE6P9
ACORN ARCHIMEDES PSU +5v @ 4.4A onoff sw uncased.
selectable mains input, 145x100x45mm £7 REF MAG7P2
GEIGER COUNTER KIT Low cost professional twin fube. com-
plete with PCB and components. Now only £19 REF AUG19.
9v DCPOWER SUPPLY Standard plugintype 150ma 9v DC with
lead and DC power plug. price for two is £2.99 ref AUG3P4
AA NICAD PACK encapsulated pack of 8 A2 nicad battenes
(tagged) ex equip, 55x32x32mm. £3 a pack. REF MAG3P11
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3
PPCMODEMCARDS. These are high spec plugin cards made for
the Amstradiaptop computers. 2400 baud diad up: unit complete with
leads. Clearance price is £5 REF: MAG5P1
INFRA RED REMOTE CONTROLLERS Originally made for
hi spec satellite equipment but perfect for all sorts of remote control
projects Our clearance pnce is just £2 REF: MAG2
200 WATT INVERTER Converts 10-15v DC into either 110v or
240v AC. Fullycased 115x 36x156mm, complete with heavyduty power
lead, cigarpiug, AC outlet socket. Auto overioad shutdown, auto short
circuit shut down, autoinput over voltage shutdown, auto input under
voitage shut down (with audible alamm), auto temp control, unit shuts
downif overheated and sounds audible alarm. Fused reversed poiarity
protected. outputfrequency within 2%, voitage within 10%. Aextremely
well bullt unit at an excellent price. Just £64.99 ref AUGES.
UNIVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motorbut ok for any 12v motor up to 30A. Complete with PCB
etc. A heat sink may be required. £17.00 REF: MAG17
MAINSCABLEPrecutblack 2core 2metre lengthsideal for repairs.
projects etc. 50 metres for £1.99 ref AUG2P7.
COMPUTER COMMUNICATIONS PACK Kit contains 100m
of 6 core cable, 100 cable dips, 2 line drivers with RS$232 interfaces
and all connectors etc. Ideal low cost method of communicating be-
tween PC's over along distance. Complete kit £8.99
MINICYCLOPS PIR 52x62x40mm runs on PP 3 battery complete
with shifill sounder. Cheap protection atonly £5.99 ref MARGP4.
ELECTRIC MOTORK T Comprehensive educational kitincludes
all you need to build an electnc motor. £9.99 ref MAR10P4.
VIEWDATA SYSTEMS made by Phillips, complete with internal
1200/75 modem, keyboard, psu etc RGB and composite outputs. menu
driven, autodialler etc. £18 each Ref EF88.
BOOMERANG High tech. patented poly propylene, 34cm wing
span. Get out and get some exercise for £4.99 ref EF83
AIR RIFLES .22 As used by the Chinese army for training puposes.
sothere s a lot about! £39.95 Ref EF78. 500 pellets £4.50 ref EF80
PEANUT TREE Complete kit to grow your own peanuts! full
instructions supplied. £3 Ref EF45.
PLUG INPOWER SUPPLYS Plugs in to 13A socket with output
lead. three types available, 9vdc 150mA £2 ref EF58, 9vdc 200mA
£2.50 ref EF59, 6.5vdc 500mA £3 ret EF61.
VIDEO SENDER UNIT. Transmits both audio and video signals
from either a video camera, video recorder, TV or Computer etctoamy
standard TV setin a 100" range! (lune TV to a spare channel) 12v OC
op. Priceis £15 REF: MAG15 12v psuls £5 extra REF: MAG5P2
*FM CORDLESS MICROPHONE Smai hand held unit with a
500" rangel 2transmitpowerleveis Reqs PP3 9v battery. Tuneable o
any FM receiver. Price is £15 REF: MAG15P1
LOW COST WALKIE TALKIES Pair of battery operated units
with a range of about 200". Ideal for garden use or as an educational toy
Price is£8 a pair REF: MAG 8P1 2x PP3req'd.
‘MINATURE RADIO TRANSCEIVERS A pair of wallie talkies
*SOME OF OUR PR TS MAY BE UNLICENSABLEIN THE U

BULL ELECTRICAL

250 PORTLAND ROAD HOVE SUSSEX
BN3 SQT(ESTABLISHED 50 YEARS)
MAIL ORDER TERMS: CASH PO OR CHEQUE
WITH ORDER PLUS £3.00 PCST PLUS VAT.
PLEASE ALLOW 7 -10 DAYS FOR DELIVERY
TELEPHONE ORDERS WELCOME n
E TEL: 01273203500 |y
FAX: 01273 323077 .

with a range otup to 2kam in open country. Units measure 22x52x 155mm.
Including cases and eamp'ces. 2xFP3 req'd. £30.00 pr.REF: MAG30
COMPOSITE VIDEO KIT. Corrserts composite video into sepa-
rate H sync, ¥ sync, and video. 12v DC. £8.00 REF: MAGBP2.
LQ3600. PRINTER ASSEMBLIES Made by Amstrad they are
entiremechanical printer assemblies induding printhead, steppermo-
tors efc etc In fact everything bar the case and electronics, a good
slnppcel! £5 REF: MAG5P3 or 2 for £8 REF: MAGBP3

LED PACK of 100 standard red 5m leds £5 REF MAG5P4
UNNERSAL PC POWER SUPPLY complete with fiyleads,
switch, fan etc. Two types available 150w at £15 REF.MAG15P2
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm)
GYROSCOPE About 3" high and an excellent educational toy for alf
ages! Price with instruction bookiet £6 Ref EF15

FUTURE PC POWER SUPPLIES These are 295x135x60mm.
4 drive connectors 1 mother board connector. 150watt, 12v fan, iec
intet and onoff switch. £12 Ref EF6.

VENUS FLY TRAP KIT Grow your own carnivorous plantwith this
simple kit £3 ref EF34.

PC POWER SUPPLIES (returns) These are 140x150x30mm. of
psare +12,.12.+5 and -5v. Builtin 12vfan. These are retums so they
may well need repainingl £3.50 each ref EF42,

*FM TRANSMITTER KIT housed in a standard working 13A
adapteril the bug runs directly off the mains so lasts forever! why pay
£7007 or puce is £15 REF: EF62 Transmits to any FM radio. (this is in
Wit form witi full instructions. )

*FM BUG KIT New design with PCB embedded cail for extra stability.
Works to any FM radio. 9v battery req'd. £5 REF: MAGS5P5

*FM BUG BUILT AND TESTED supenor design to kit Supplied
fo detective agencies. 9v battery req’d. £14 REF MAG14
TALKING COINBOX STRIPPER onginailymade toretail at£79
each, these units are designed to convert an ordinary phone into a
payphone The units have the locks missing and sometimes broken
hinges. Hawever they can be adapted for their onginal use orused for
something else?? Price Is just £3 REF: MAG3P1

TOP QUALITY SPEAKERS Made for Hi Fi televisions these are
10 watt 4R Jap made 4° round with large shielded magnets. Good
quality. £2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2
TWEETERS 2* diameter good quality tweeter 140R (ok with the
above speaker) 2 for £2 REF: MAG2PS or 4 for£3 REF: MAG3P4
AT KEYBOARDS Made by Apricot these quality keyboards need
Justasmalt modtorunon any AT, they work perfectiybut you will have
1o pul upwith 1 or 2 foreign keycapsi Price £6 REF: MAG6P3
HEADPHONES Ex Virgin Atlantic. 8pairs for£2 REF: MAG2P8
DOS PACKS Microsoft versior 3.3 or higher complete with all
manuals or ‘price just £5 REF: MAGS5P8 Worth it just for the very
comprehensivemanuall 5.25° only.

GAS HOBS Brand new made by Optimus basic three bumer suitable
for small fiat etc bargain price just £29.95 ref EF73.

GAT AIR PISTOL PACK Complete with pistol. darts and pellets
£12,95 Ref EF82 extra pellets (500) £4.50 ref EF80
CHRISTMAS TREE KIT Start growing it now! £3 ref EF53
DOS PACK Microsoft version 5 Onginai software but nomanuals
hence only £5.99. 3.5° only.

PIR DETECTOR Made by famous UK alarm manufacturer these
are hi spec, long range internal units. 12y operation. Slight marks on
case aed unboxed (although brand new) £8 REF: MAG8PS
MOBRECARPHONEE6.99 well amost completein carphone
exduding the box of electronics normally hidden under seat. Can be
made toilluminate with 12v atso has builtin light sensor sodisplay only
iluminates when dark. Totaity convinaing! REF: MAGEP6

ALARM BEACONS Zenon strobe made to mount on an extemal
beilbox but could be used for caravans etc 12v operation. Just connect
up arc it lashes regularly) £5 REF. MAG5P 11

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA Bargain pnce just £5 99 ea REF MAG6P12.

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAGSP 13 ideal for expenmenters! 30 m for £12 99 ref MAG13P1
HEAT SINKS (finned) TO220, designed tomount vertically on a pcb
50x40x25mm you can have a pack of 4 for £1 ref JUN1P11
STROBE LIGHT KIT Adjustable from 1 hz nght up to 60hzl
(elecwonic asssembly kit with full instructions) £ 16 ref EF28.

ROCK LIGHTS Unusual things these, two pieces of rock that glow
when rubbed together belived to cause raini€3 a pair Ref EF29.

NEW HIGH POWER LASERS

15mW, Hellum neon, 3switchable wavelengths .63um,1.15um,3.39um
(2orthem areinfrared) 500: 1 palarizerbuiltin so good for holography.
Supplied complete with mains power supply. 790x65mm. Use with
EXTREME CAUTION AND QUALIFIED GUIDANCE. £349+Vat.

WE BUY SURPLUS STOCK FOR CASH
FREE CATALOGUE

1995 100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
WITH ORDER.

ABLERADIATION DETECTOR
WITH NEW COMPUTER INTERFACE.
£59.00

Hand held personal Gamma and X Ray detector.
is unit contains two Geiger Tubes, has a 4 digit LCD
isplay with a Piezo speaker, giving an audio visual
ndication. The unit detects high energy electromag-
netic quanta with an energy from 30K eV to over 1.2M
and a measuring range of 5-9999 UR/h or 10-99990

Mr/h. Supplied complete with handbook.Ref. NOV 18.




Is your PCB design package not
quite as "professional" as you
thought? Substantial trade-in
discounts still available.

Board ' Board

Cambnd e, PE16 6UT
- Tel 01354'695959'
- Fax 01354 695957
E-mail Sales@tisien.demon.co. uk
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From th? FOX range of low-cost, high quality, Yehicle alarm systems from Maplin' YT —
Electronics comes the expandable remote vehicie alarm with battery back-up. This top- please contact Maplin
of-the-range vehicle alarm system incorporates a host of features: such as LED status Electronics dn
indicator, built-in parking light flasher, and an in-built 2ngine ignition disable facility. 01702 552914.

The lead from the ignition switch to the ignition co'l is cut and the two leads are
connected to two wires on the alarm. When the alarm is armed, the ignition coil is
disabied, the engine weill tum, but not start. An alkaline 9V PP3 back-up battery (not
included) provides additional security. When armed, i the main power - or earth
connection to the alamm is broken - then the alarm will be triggered. A key operated
switch is provided onthe back of the alarm that will bypass all the alarm functions when
operated; this is useful when for instance, the vehicle is being serviced or valetted.

The range of optional extras that can be used with the alarm provides a very
comprehensive and sophisticated vehicle alarm system. Compiete with comprehensive
 fitting instructions, fiXing kit, remote transmitter and waming stickers. A spare transmitter

(£9.99) is also availatie.

Available from Map.in shops price s
£64.99 (Inc. VAT) or by mail order. ew emo e e Ic e arm

Myriad Solutions is launching the alpha drive CPU sub-system for use in high
performance parzllel and multiple processing computer systems.

Designed specifically to provide superior RISC performance for the parallel
system developes, the Myriad alpha drive features the Digital Alpha DECchip - .

21064 running at 166, 233 and 275MHz and offers performance figures of up D\\_ﬂt B{‘F)ﬂpﬂ@

to SPECint 92 175.6 and SPECfp 92 272.8. Packaged in a durable steel case,

alpha drive communicates with PC and workstation host computer systems @ E@@@@@ﬂ[ﬁ]@
using industry standard transputer and C40 comport links.

Its 64-bit RISC super scalar super pipelined architecture can provide a
peak instruction execution of 550 million operations per second! In
harnessing this performance, Myriad has devised the MaxCache memory
manager to provide up to 800 MB per second burst read/write cache access
of up to 32MB of memory. DRAM access of up to 128MB is available to
support larger applications and data files.

Working closely with Digital engineers, Myriad have designed and built the
smallest and fastest Alpha sub-system in the market. The Alpha Drive is a
self-contained Lnit housed In a steel case with integral fan cooling and
customer power management. A single unit is designed to fit compactly into
a PC tower case with a simple cable attachment providing the hardware
interface to the host PC through a transputer or C40 link adapter card. For
use with workszations or small footprint PC machines, single or multiple
alpha drives are supported in the external stand-alone Myriad Drive Box. .

The alpha drive facilitates the development of multiprocessor applications
with the use of the Parallel C / AXP software tools from 3L Ltd in Edinburgh.
Incorporating the DEC Alpha C compiler, Parallel C supports an advanced
microkernal to provide true multitasking, multiple threads and multiple
priorities with pre-emptive scheduling. Run - time library support for
initialisation, communication, load balancing and memory management
aIIosz the deve!opme_nt of a dlstrll?uted appllcatlon. running on ?ne or m?re contact Myriad
Myriad alpha arive units. Standardised 3L communication functions provide Solutions
the tools to burild heterogeneous networks of alpha drive, transputer (TRAM) 01223 421181.
and Tl 320C40 (TIM) processor mode modules. ]

For further
information,
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The problem with trying to cortrol electrostatic damage (ESD)
1as always be2n identifying and measuring something which
cannot be seen. Now, 3M Elacrical Specidists has found a
way of making visible the invisble with ita new Static Event
Detectcr. '

The 1cart ot the new kit is the 715M datector, a one-inch
square electrcstatic semsor module designed to monitor static
events &s they accur at all stag2s of production on
ungrounded ob_ects sueh as PCBs, parts trays or smail
assemblies. Tre detector car akso be Lsed to monitor parts-
skorage “acilities, field s2rvice oderations and to verify static
control grocessss,

- - o= =gl
Make thelinvisible

The sensor & easures the diffarence be-vseen voltages
trensmittad to its backplate and ts small conductive internal
antenna. The artenna is ~hen capacitive'y coupled to earth
greund. Curing a1 ESD event, a trief diflerence in potential
exists between -he backglate and antenna, triggering the
senmsor, and activzating an amplifyang and latch circuit.

When wrigger=d, the Static Event Detector indicates to
operators where and when an ESJ event hes occusred,
allowing them to collect measurement data with which to
audit their process using statistical methads already in
common use in Many cofy panies.

When it arrives on the market, -he detector will be available
alore (in packs o7 ‘ive) or as part of a tumxey audit kit, bundled
with resetters, test boards, simulaters, mounting clips and tapes.

For further
information
rontact 3M on
1344 858739.
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NEW MICRO MIDGET CPU ENGINE

The new Micro-Midget frorm CMS is a-small (3.3" x 2"
approx.) very powertul 18/32 bit contreller. It i3 ideal a< a
component in inteligent ~ortrol systems, with en advanced
royelty free. real ime operatng systen- and ful support for
high ievel languages includi~g C.

The controller has up to 22 digital I/D lines which can de
confgured for inpu: or oLtoLt as requirad, a single serizl port
operating at up tc 38400 baud with RE-232 or RS-485
driver options and two 16-bi- timer/counters, The periheral
expansion kbus can be used with 6800C type davices, 8J51
devices or 12C bus peripherals.

Applications are develcped on a PC, downlozded tc the
Micrc-Midget and tested i1 RAM. Up 1o 1 Mbyte of procram
space is available on board with up to 812 kbtye of Stazc
RAM. The PC utilities are provided to allow the applicatizns
code to be EPROMed anc -un from power up.

Tha Micro-Midgast can be considered as a corponen-
and can be plugged into the user's board as a CPU encine,
with digital and serial ¥O. Al' connectors are brought out on
a 0.1” pitch to gold pin heede-s.

The board is pricec at a remarkable £35 one-cff and =
PC sterter pack contamning li zhe softwase suppot,
operatrg system, C compiler PC utilities and a Vicro-
Midget from £295.

For further details centact Cambridgs Microprocesscr
Systems Ltd on 01371 87584z,
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New Opto Dual RS422 Board

— For more information
super thln LCDS contact Anders

Electronics Plc, on
A range of Super-low profile Chip On Flex LCD dot matrix modules, ideal for any application 0171 388 7171
where space is at a premium, is now available from Anders Displays.

With a thickness less than 2.0mm, they are suitable for a wide range of markets, such as
mobile comms, telecommunications, hand-held instrumentation, metering, medical and
automotive. As stand alone modules, the devices allow users to use in-house mounting and
backlighting techniques, thus offering the possibility of a more cost-effective approach than
using a standard dot matrix module. Tooling a mounting bracket, complete with integral
backlight, is also possible if required.

Requiring an operating voltage of between 2.7V - 5.5V or 4.5V - 5.5V, the modules are
easily customised, allowing icons to be modified to suit user requirements and pin-out
connection to segments relocated to suit customer software listing. Extremely competitively
priced - in line with existing dot matrix modules - the devices are expected to eclipse bezel
type modules completely.

Event Diary

Tel: 01789 740994. I iyt
24 July Construction Competition, Stratford umnAvmmdmmfwm&F&j“.
» |

Tel: 01789 740994.

If you are organising an event which you would like to have included in this section please send full details to: EI'I', '
Nexus House, Boundary Way, Hemel Hempstead, Herts HP2 7ST. Clearly marking your envelope Even: Diary.
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SHAPE MEMORY

METAL

New types of metal alloy can change
shape when heated by an electric
current and are being used to replace
traditional actuators. Nick Hampshire
takes a look at this revolutionary
technology and examines how they
could be used to make muscles for
future generations of robots

In virtually every piece of electrical equipment

there are devices which convert electrical energy

into mechanical energy. The drive motor and

head positioning actuator in a disk drive, the

loudspeaker on a radio or TV, the fan in your
PC, the compressor in the refrigerator. All these, and many
more, use one of three different techniques for energy
conversion - electric motors, solenoids, and piezoelectric materials,

To these three basic techniques we now need to add a

fourth, potentially the most powerful, easy to use, cheapest
and versatile technique of them all. A technique based upon a
strange phenomenon known as Shape Memory Alloys (SMAs).
A phenomena in which certain special metal alloys undergo
changes in shape or hardness when heated or cooled and do
so with great force.
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Fig.1. Temperature vs SMA wire length

K J
What are
Shape Memory Alloys?
Certain alloys of two or more metallic elements exhibit a
property known as Shape Memory Effect. This effect means
simply that they have a crystal structure which will completely
change to another structure at a distinct temperature. In other
words, one may completely deform a piece of such an alloy
but when it is heated past a certain temperature, usually well
under 100C and way below the melting point, it will return to
the shape it had prior to being deformed.

Below the transition temperature a piece of SMA can be
easily stretched and deformed. If it is then heated above the
transition temeperature it will retumn to its unstretched,
undeformed shape. Hence the reason why they are called
shape memory alloys.

A typical SMA wire can thus be stretched by up to about
8% and still contract to its original length when heated above
the transition temperature (it will not properly recover from
excessive stretching or deformation). In contracting it is
capable of generating a considerable amount of usable force.
Indeed, they are being widely talked about as the muscles for
future generations of robot.

The usable force generated by a piece of SMA wire can be
quite substantial, but is of course only generated by the
contraction of a stretched wire. This means, of course, that in
a practical SMA based actuator the wire must contract against
an opposing force which will then stretch the wire as soon as
the temperature of the wire drops below its transition point.

The transition temperature depends on the type of alloy,
and can in fact be very precisely defined during manufacturing
by careful control of the percentages of the different elements.
Thus, the most common SMA is made from nearly equal
proportions of nickel and titanium, and a 1% difference in the
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ratio of these two metals can lead to changes in the transition
temperature in the range -100C to +100C.

The commonest SMA alloys are designed for use at room
temperature and have transition temperatures of about +70C.
However, higher transition temperatures are used where the
cycle of contraction and stretching needs to be at a much
higher rate than normal, the standard maximum cycling rate
being about 50 cycles per minute.

The transition temperature is in fact spread over a small
range, with the contraction temperature being slightly different
from the relaxation temperature. A gap which is referred to as

the temperature hysterisis, and which can be seen cleary in Fig.2.

The development of shape memory alloys.
We have said that SMAs are a new development, but this is
not, strictly speaking, true since the shape memory effect of a
gold cadmium alloy was first noted by the Swedish scientist
Arne Olander in 1932, and he even went as far as predicting
that it had potential use in converting heat into motion.
Olander's discovery remained little more than a scientific

curiosity until 1950 when L C Chang and T A Read of New
York’s Columbia University used X-rays to study this alloy and
understand the changes in its crystal structure which account
for the shape memory effect. Not only did their studies spark
off a lot more research into SMAs but they actually
demonstrated that the shape memory effect could be put to
use and perform actual physical work.

The further research into SME was centred around the search
for other alloys which exhibited this effect. This search which
led to the discovery of another SMA, an alloy of indium and
titanium. However, both these SMAs used very expensive
metals and, in the case of the gold cadmium alloy, one which
was very toxic. Factors which limited any further research into
SME until 1963. It was then that the US Naval Ordnance
Laboratory discovered that the shape memory effect was
exhibited by an alloy of nickel and titanium that they were
examining for use in non-corosive marine applications.

This alloy was called Nitinol ( Ni for nickel, Ti for titanium, and
NOL for the Naval Ordnance Laboratory) and had none of the
drawbacks of the two previous SMAs, it was relatively cheap

An electronic interface for SMA wire

The explosion in applications for SMA are primarily due to the de-velop'ment of electrically activated SMA wire.
Electrical activation involves simply passing an electric current along an SMA wire so that it heats the wire
above its transition temperature and thus causes it to return to its undeformed state.

Simply connecting a piece of SMA wire to 2 battery or other power source will work, but there is a serious
risk of overheating the wire and thus potentially annealing it and in so doing destroying its existing ‘memory’. A
far better way is to use a driver circuit which controls the amount of current flowing through a wire and

therefore the temperature of the wire.

The simplest form of SMA wire driver circuit is a passive current regulator which simply uses a resistor of
suitable value in series with the wire .as a means of limiting the current flow through the wire. The problem with
this technique, though, is that different resistor values will need to be calculated for different wire lengths and
different wire diameters. In other words the driver circuit will have to be taylored for each SMA actuator.

One way round this problem on computer controlled SMA actuators is to use pulse width modulation
current limiting. This essentially means regu ating the current flowing through th2 wire by rapidly turning it off
and on, with the average current being determined be the percentage of time that the current is on. With this
technique the average current delivered across the wire can be very precisely controlled by altering the on

pulse width with respect to the off pulse width.

By far the best form of current driver, for all applications, is an active current driver. This is a simple circuit
which will deliver a constant current for any length or diameter of SMA wire, with the only limit being that of

the power supply. It essentially
consists of a voltage regulator and
a resistor. The resistor determines
the current level and the voltage

IC1

regulator adjusts its output to
maintain a constant current. The
circuit in this box shows a practical
active current regulator for SMA
wire actuators.

Of course there may be a
requirement for other specialised
actuators, which control acivation
or relaxation speeds or even hold

37T
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b 17T
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NPN DARL.

activation. Thus rapid actuation
could be initiated by quickly sending

a very large current through the
wire and drop the current to a low
level which would maintain
activation without overheating

the wire.

OO sYMBOL JSED FOR SMA
(SHAPED MEMORY ALLOY) WIRE

Fig.2. SMA wire driver circuit
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Fig.3. Typical stress vs strain curve for SMA
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and non-toxic. On top of this, it possessed a much better
deformation/recovery ratio than either of the other two SMAs.
This discovery renewed interest in SMAs and their use and, by
1973, researchers in various centres around the world had
discovered the shape memory effect in a range of other alloys.
These included iron-platinum, copper-zinc, copper-tin, copper-
aluminium-nickel, copper-zinc-aluminium, copper-gold-zinc,
nickel-aluminium, and manganese-copper. Of all of these
SMAs, the two most widely used because of their low cost,

5\Y
3
|
LOW FORCE
POSITION SENSOR
CONNECT SENSOR
AND MUSCLE WIRE
TO THE CIRCUIT AS W, "
SHOWN IN THE L
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¢ . CRIMP
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Fig.4. SMA wire based servo mechanism
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Fig.5. Low force position sense circuit

strength, and large deformation/recovery ratios are nickel-
titanium and copper-zinc-aluminium.

During the late 60s and early 70s researchers started to
develop applications for SMAs, and in the forefront of this
work were NASA and the world’s major defence companies.
Indeed, the Soviet Union considered SMA technology so
important that they developed the ability to produce nitinol in
quantity. It was regarded as a strategic material and tons of it
were stockpiled. A lot of work on SMAs was done by the military
and much of it is only just starting to leak out into public domain.
Amongst the non-miilitary applications for SMAs that were
developed in the 70’s and 80’s, NASA devised a system for
unfolding satellite antennas when they were exposed to the
heat of the sun. Other university and corporate researchers
used SMAs to create small heat engines running on hot and
cold water, electrically operated pipe valves, automobile fan
clutches which engaged when the engine reached a certain
temperature, and greenhouse window openers which were
activated at specific greenhouse temperatures.

Many of these applications were initially not very successful
because the quality of the available SMAs (they primarily used
nitinol) was not good enough. But as metalurgical processes
improved and the quality became more consistent and reliable,
so the engineers became more successful in their attempts to
put the shape memory effect to practical use.

An SMA wire based
servo system '

Driver circuit may be called upon to hold the activation of
an SMA wire based actuator at a certain level using some
form of position sensing feedback loop. This is a similar
application to those employed in servo control
mechanisms, such as those used in radio controlled models.

This type of application needs two components, a low
force position sensor and a driver circuit. If we are goint to
use an SMA wire based actuator in place of a standard
radio control servo then we can use the a standard servo
R/C circuit can be used, with the wire connected in place
of the conventional motor and a special position sensor in
place of the potentiometer. (there are some very low cost
R/C servo mechanisms on the market today and it is
probably cheaper and easier to buy one of these and use
the internal electronics tather than buying the components
and building your own control circuitry.

A low force pgsition sensor can be constructed from a
photo transistor and an LED as shown in the
accompanying diagrams. Note that the elastic band
determines the force needed to extend the sensor and
changing the force is simply a matter of changing the
elastic, the paper tube acts as a guide and as a means of
excluding any external light.

In the diagram for the R/C interface circuit note how
the position sensor is connected to a typical R/C servo
PCB, the variable resistors VR1 and 2 are used to adjust
movemeny in the ‘up stick’ and ‘down stick’ positions
respectively.

{The ideas here were drawn from Roger Gilbertson’s
Muscle Wires Project Book, available from Milford
Instruments - Tel: 01977 683665. - this book is an excellent
source of practical SMA based ideas and circuits)
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Thus by 1971 two researchers irt Brooklyn, New York,
P.N.Sawyer, and M.Page, were able to build an artificial heart
that was activated by 500um nitinokwire. But low cycle times
meant that it could only run at about 12 beats per minute as
opposed to 80 or 90 beats in a real heart. The SMA technology
available today would mean that a version could now be buift
which would very nearly beat at the proper rate and thus could
become a viable prospect in medical applications.

A lot of the early development work was related to the
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Fig.6. Construction of low force position sensor

construction of pumps of various sorts since it was quickly
realised that the ability of SMAs to perform useful work given
very small temperature gradients made it the ideal techology for
constructing heat engines. Such engines would be capable of
turning very low grade thermal energy, in particular solar,
geothermal, or waste industrial/domestic thermal energy, into
useful high grade mechanical or electrical energy.

One of the earliest working SMA heat engines was developed
in 1974 at the Lawrence Berkeley Laboratories in California and
is based upon the differentiat pulley. A commercial version of
this design which employs just a single coil of nitinol wire is
capable of speeds of up to 1000PRM with a power output of
1watt using just hot and cold water as the power source.

In 1980 McDonald Douglas demonstrated a scaled up version
which empioyed one hundred 50um mechanically connected
nitinol wires. This also used hot and cold water as the power
source and was capable of developing a power output in
excess of 32watts. In building this engine, the designers
discovered no fundamental reasons why it should not be
possible to build very large and economically viable SMA based
heat engines. Indeed it is rumoured that such engines are
currently being designed in several parts of the world.

Commercial applications for SMAs
One company which began research into SMAs in the late 60s
was the Californian based Raychem Corporation. They also
joined the search for new SMAs and in the early 1970s
launched two products, Batalloy, a copper-zinc SMA and Tinel a
nickel-titanium SMA with an unique sub-zero transition temperature.

Raychem have used the sub-zero transition temperature of
their Tinel SMA to produce a range of high performance
couplings for aircraft hydraulic lines. These couplings are made
of Tinel and both shipped and installed at about minus 200C
(the temperature of liquid nitrogen). Once it is installed the
coupling warms up and in so doing shrinks by about 8% in
diamete,r thereby making a very tight leakproof seal (so far they
have sold over one million units and not one has either ieaked
or failed, thus making it one of the most successful SMA
products to dateh

In the UK, one company which was an early researcher into
SMAs and a developer of SMA based
products was Defta Metals. Using nitinol
they developed a range of automatic
thermally operated vents for use in
applications such as greenhouse windows.

/ b
\1 ) : poweR [SE5— P 5 They also developed a range of fan clutches
. ! MOTOR OUT ?:,.,00, 2‘5?;,,, and hot water valves.
‘Ugﬂ‘ : +v S 1ocny Not surprisingly the Japanese quickly
e :- - S = realised the commercial potential for SMAs
- . s";“':i: 2 T il - and in 1985 the Toki Corporation of Tokyo
TRANSMITTER 1 8k | rouno g e } started manufacturing high quality nitinol
! o = | wire under the trade name BioMetal. The
STANDARD R/C °l & — - L e technology for producing this wire had been
RECEIVER : : R2 :: discovered by Dr Homma whilst researching
! SERCERIN SMAs at Tokyo University and was
_L_ E . 1;71'ﬂ important because it allowed the wire to be
==
T

STANDARD R/C 50k ST electrically activated, and in properly
SERVO PRINTED E . 3
CIHCUIT BOARD - L SENSOR de&gngg mechanisms o‘perate pred|ctab|y
! (SEE TEXT) ? 4 aver millions of cycles without failure.
‘ Qte The BioMetal wires produced by Toki could
GETTERRS L ‘3 not only be electrically activated (in other

Fig.7. SMA servo circuit using R/C system

words heat was applied by sending an
electric current along the wire) but could
also be elongated by a very low deformation
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force. These two factors led to an explosion in the range of
application for the BioMetal nitinol wire, including acting as the
muscles for robotic arms.

Throughout the late: 1980s Toki and other Japanese
companies, including Hitachi and Furukawa Electric,
demonstrated a range of small to medium sized robot arms
and hands which operated entirely using electrically actuated
SMA wire. Hitachi even produced a four fingered robotic hand
that was capable of lifting and manipulating objects in almost
exactly the same way as the human hand. The hand unit was
powered by twelve groups of 200um electrically actuated nitinol
wire, four per finger. These wires were housed in the forearm.

When powered the wires contracted and closed the hand
gripping any object, when the power was removed from the
wires a spring extended the wires and the hand opened.
Under computer control any of the wires, in other words the
finger joints, could be activated individualy to produce complex
hand and finger movements

The production of BioMetal wire in Japan was very quickly
followed by the production of similar products from US
companies, including Dynalloy with its range of Flexinol pre
trained nitinol SMA wires. These have also been extensively
used in robotics. In 1989 Oaktree Automation Inc, of
Alexandria Virginia, started development of an
anthropomorphic robotic hand, the Fingerspeliing Hand, which
was designed as a tactile communications aid for deaf/blind

people who are unable to read Braille

The Fingerspelling Hand was developed in conjunction with
Gallaudet University, and partly funded by the US Department
of Education. It is constructed from one hundred and eight
250um Flexinol wires that are housed in the forearm. The wires
act in parallel with opposing wires providing fiexion and extension
as well as side to side motion where applicable, for each joint.

In use the hand functions as a kind of computer display.
The user places his/her hand lightly on the Hand, reading a
character at a ime by feeling the hand shape, the device uses
a common finger spelling alphabet. The data used to control
the hand comes vie the controlling computer from a variety of
sources, it could be a keyboard, a page scanner with OCR, a
teletext decoder, a modem, etc.(SMA wires have also been
used to create a computer controlled Braille character display).

Researcher's understanding of how SMAs behave and the
techniques for making them has improved to a degree where
SMA actuators are now being scaled down and used as
components in micromecanical systems. In the US TiNi Alloy
Company has now developed ways to use thin films of nitinol
which have been formed on top of silicon wafers to create
mocroscopic mechanisms.

In 1990 they demonstrated a microscopic electronic thin
film SMA valve which used a chemically etched silicon base
and a fiim of nitinol just 2um thick. 1t is capable of opening and
closing in just 15milliseconds and allowed air at a pressure of

An SMA based programmable tactile array

A new application for SMA wires are the ‘tactors’ now being utilised in some advanced virtual reality and
teleoperator systems to give the user a sense of virtual touch. This is very important in arease such as

telesurgery where a remote surgeon often needs to feel texture and force feedback as well as see what he is
doing. Other applications are in telerobotics, micro-robots, molecular modeling, control functions such as
training and simulation cockpit, computer aided design, and sophisticated computer interfaces - super mice
and joysticks.

Tactors fall into three categories, single tactors, and tactor arrays. Single tactors are used by and large used
in vibratory mode and used to give simple warning messages. Tactor arrays on the other hand are used to give
full tactile feedback and also for Braille communications systems. Such arrays will either have vibratory points
under a stationary finger or raised points that are stroked by a finger tip

A tactor array has to be made small enough so that it will fit on a fingertip as perhaps part of a glove worn
by the user, or some form of hand held device. The need to make them very small by and large precludes the
use of conventional solenoids, although piezo electric resonators can be used for vibratory mode applications.
However, SMA based miniature
actuators are ideal for tactor arrays both
in vibratory and raised point mode.

The design of an SMA tactor array is
very simple - as can be seen from the
accompanying diagram. It just consists
of tiny spring levers made from a sheet of
berellium copper that are bent at one end
to protrude through holes in a top plate
to provide the tactor sense points. A
piece of SMA wire is attached to each
lever and angled upwards to a connector
block, so that when they contract the
lever is angled upwards and the end
protrudes through the hole, the
springiness of the lever metal will then
stretch the SMA wire as soon as power
is removed.

TOP PLATE

CONNECTOR BLOCK

BERYLLIUM:COPPER LEVEFS SHAPE MEMORY ALLOY WIRE

Fig.8.SMA tactor array construction

ELECTRONICS TODAY INTERNATIONAL
14 '



20psi to flow through it at a rate of 1litre per minute, and has a
very high reliability, being capable of operating over millions of
cycles. This is the first of many potential micromechanical
applications for SMASs.

Another electronic application is the development by
Betaphase Inc, of Menlo Park in California, of a range of very
high density electrical connectors, with up to 190 signal lines
per centimeter. They incorporate a special intemal heating
element which causes a SMA actuator to press back a spring
and thus allow insertion of the circuit board.

into the future.

The success of the Fingerspelling Hand has led to a lot of
research, primarily in the US, into uses of electrically activated
SMA wire in the field of robotics, teleoperator systems, muscle
amplifiers, and medical prosthesis. By using multiple electrically
activated SMA wires working in paraliel it is possible to create
actuators which can exert very considerable force in a small
relatively light weight and low power package (see Table 1 for
strengths of multiple wire systems)

Such totally integrated muttiple SMA wire actuators are now
being developed commercially and will allow enginers to create
the robotic equivalent of biological muscles. Robots (and
medical prosthesis units) which use these actuators will have a
skeleton to which groups of actuators are connected to give
quiet efficient linear motion without all the problems associated
with hydraulic and pneumatic systems and the weight/ size
problems assoiciated with electric motors. These SMA linear
actuators will have their own in-built intelligence and will be
controlled by a communications and power network from
some form central motion control processor.

With light weight efficient, silent all electric linear actuators
connected to a lightweight skelital framework it should be
possible to design and build artificial limbs which will very
closely resemble the biological equivalent in both form and
function. The electronic limb would be controlled using signals
derived from actual nerves which are then interpreted using
advanced signal processing techniques (scientists are already
working on such systems with considerable success).

it would also be possible to use such actuators to create
muscle amplification systems which would give an ordinary
human superhuman muuscle force or someone with reduced
muscle function the ability to move without recourse to
wheelchairs etc. Such muscle amplifier systems have been the
subject of work in the past by the US military, but in a civilian
version would take the form of an active externally worn brace
with belt mounted power pack and control processor that
would be able to sense the wearer's motion and be able to
take corrective action to prevent a fall.

The ability to use SMA based linear actuators to build robot
systems that very closely model human muscle based systems
also means that they are an ideal candidate for use in
teleoperator robots. These are robots which will exactly mumic
the movements of a human operator, even though the
operator may be thousands of miles away. In many ways the
ultimate in virtual reality systems, but something which is being
very closely examined for space and deep sea exploration as
well as applications such as telesurgery (see ETI May 95 issue
on virtual reality, and Feb 95 on electronics in medicine).

Finally we come to the application of SMA actuators in
robots, this could be a minuature surgical robot no bigger than
a pea, or an autonomous robot designed to construct and
maintain some space based facility. Such actuators are ideal
for use in subsumption based robot systems which ¢urrently
look like the best bet for autonomous operation in distant
locations (see ETl March 95 and November 94).

In short SMA based actuators in conjunction with advanced
computer technology could give us the robot systems that
have so far been pure science fiction.

Sources of SMA wire

Milford Instruments. Milford House, 120 High Street,
South Milford, Leeds LS25 5AQ. UK Tel: 01977
683665

or
Mondo-tronics Inc. 524 San Anselmo Ave. #107
San Anselmo, CA 94960. USA. Tel: 415 455 9330.
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SMA wire specifications

The following table gives some of the main specifications for Flexinol wire
produced by Dynalloy. There are two main types of wire, the HT series and the LT
series. The difference between the two lies in the transition temperature, the HT
series has a higher transition temperature and because it cools 50% faster is
therefore used in applications needing a faster cycle rate (note that the cycle
rates quoted are for cooling in still air at 20C, moving the air or immersing in a
liquid will increase cycle rates by up to ten times).

Wire Linear Typical DeformationRecovery LT cycle HT cycle

diameter resistance current weight weight ) rate rate

(1 meters) (Qs /meter) (milliamp)  (gms) (gms) (cyc/ (cyc/
min) min)

52 68
46 67
KK 50
20 30
9 13

Notes:

® The contraction speed on all wires is about 1/1000sec

@ The annealing temperature for nitinol is 540C and the melting point 1300C
® To convert recovery/deformation weight to Newtons multiply by 0.0098

® Maximum deformation ratio is 8%, recommended deformation ratio 3-5%

Table 1

Strength of multiple nintinol wires lifting in paraliel

Wire size number of wires total force total lift total power
50um 10 3.43N 0.35kg 1watt
50um 50 17.2N 1.75kg Bwatts
50um 100 34.3N 3.50kg 13watts
50um 250 85.8N 8.75kg 32watts
100um 10 14.7N 1.5kg Swatts
100um 50 73.5N 7.5kg 24watts
100um 100 147N 15kg 49watts
100um 250 367.5N 37.5kg 122watts
150um 10 32.3N 3.3kg 8watts
150um 50 161.7N 16.5kg 40watts
150um 100 323.4N 33kg 80watts
150um 250 808.5N 82.5kg 200watts
250um 10 91.1N 9.3kg 20watts
250um 50 455.7N 46.5kg 100watts
250um 100 911.4N 93kg 200watts
250um 250 2278.5N 232.5kg 500watts

Notes:
* individual wire length 10cms

* Total power is the power used in a typical contraction 0.5sec long.
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TEL NET

8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 01203 650702
Fax: 01203 650773
fATIE]  Mobile: 0860 400683

(Premises situated close to Eastern-by-pass In Coventry with easy access
to M1, M6, M40, M42. M45 and M69
OSCILLOSCOPES

Gould OS3000/ADVANCE 3000 — 30MHz Dual ch ..
Gould 4035 — 20MHz Digital storage ...
Gould 4050 — 35MHz Digital storage ...

Gould 5110 — 100MHz Intelligent oscilloscope
Gould 054000, 054200, 0S4100, 0S10008B

from £125
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch ............ from £350

Hewlett Packard 1707A, 17078 — 75MHz 2ch ... ....from £275
Hewiett Packard 54201A - 300MHz Digltizing .£1750
Hewlett Packard 54504 A - 400MHz Digitizing ... .£3500
Hitachl V422 — 40MHz Dual channel ... ....£300

Hitachi V212 20MHz Dual Channel LTl — ...£175
Nicolet 3091 —-LFD.S.O...... — Hi. £1100
Phllips PM 3315 - 60MHz - D.S. 0. ..£750

Phillips 3206, 3211, 3212, 3217, 3226, 3240
3243, 3244, 3261 3262 (2ch + 4ch)

Ph|l|ps PM 3295A - 400MHz Dual Channel.
Philips PM 3296 - 350MHz Dual Channel .
Tektronix 2213 — 60MHz Dual Channel..... -
Tektronix 2215 60iMHz dual trace.

Tektronix 2235 Dual trace 100MHz (ponable
Tektronix 2335 Dual trace 100MHz (portable)
Tektronix 2225 — 50MHz dual ch.....
Tektronix 2465A — 350MHz , 4 channel
Tektronix 2220 — 60MHz Digital storage -
Tektronix 464/466 — 100MHz An storage . ....from £350
Tektronix 465/4658 — 100MHz dual ch . veveeeefrom €350
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch........ ... from £300

_..from £125 to £350
oo .£1950
£1750

Tektronix 7704 — 250MHz 4'ch. ....from £650
Tektronix 7844 — Fitted with 7A42, 7880, 7885 Plug- ns....... .....£1500
Tektronix 7904 — 500MHz . ..from £850
Tektronlx 468 - 100MHz Digital Storage........ .£800

Telequipment D68 - 50MHz Dual Channel....... .£200

Other scopes available too

SPECTRUM ANALYSERS

Ailtech 727 — Spec. Analyser 22.4 GHZ with } £2000
Alitech 70727 — Tracking Generator (10KHz — 12.4 GHz)

Hewlett Packard 3580A — -5Hz-50KHz . . ...£995
Hewlett Packard 182T with 8559A (10MHz — 21GHz) .£3750
HP 3582A — 25KHz Analyser, dual channel .. £2500

Hewilett Packard 35601A - Spectrum Ana!yser Interface .
Marconi 2370 = 110MHz ..

Marconi 2371 — 30KHz - 200MHz.....
Polrad 641-1 — 10MHz — 18GHz .......
Rohde & Schwarz — SWOB 5 Polyskop 0.1 — 1300MHz.
Schlumberger 1250 - Frequency Response Anaiyser
Tektronix 7L12 with 7603 mainframe (1.8GHz)..
Tektronix 7L14 with 7603 mainframe (1.8GHz
Tektronlx 7L18 with 7603 mainframe (18GHz)...
Texscan AL51A (4MHZ — 1GHZ)

MISCELLANEOUS

Anritsu MG642A Pulse Pattern Generator ..............cc.ooiorimieiiiiieniiiciee £1500
Avo VCM 163 Valve Characteristic Meter ... £400
Baltantine 323 True RMS Voltmeter ..£350
Data /O Modet 298 (with 12 fixtures) + Logic pack £995

Datalab DL 1080 Programmable Transient Recorder
Dyanpert TP20 Intelliplace — Tape peel Tester — immacualte condltlon£1 950
0

Farnell RB 1030-35 Electronic load 1Kw ... £45

Farnell 2081 R/F Power meter . .POA
Farnell TSV 70 Mkil Power Supply (70V- “5A or 35V- 1OA) .£200
Ferrograph RTS-2 Audio Test Set with ATU 1 £500

Filuke 8010A/8012A/8050A Digital multlme(ers from
Fluke 5101A AC/DC Calibrator

Fluke 51018 AC/DC Callbrator ...............ccooccoiiiiiiiiiiiiiiiie e acinaes £6500
Fluke 5220A Transconductance Amphfler (20A) £3000
Fluke 720A Kelvin-Varley Voitage Divider ... £450
Fluke 750A Reference Divider ........ .£450
Gould TA 600 — Thermal Array Recorder .. .£400
Goutd K100D — 100MHz Logic Analyser with Pods. ..£350
Heiden 1107 — 30V-10A Programmable Power Supply (IEEE). i ——— £650
Hewlett Packard 334A — Distortion AnalySer ... £250
Hewlett Packard 436A Power meter +8481A sensor .£950

Hewlett Packard 3437A System voltmeter.

Hewlett Packard 3456A Digital voltmeter.

Hewlett Packard 3760/3761 Data gen + error detector...
Hewlett Packard 3762/3763 Data gen + error detector
Hewlett Packard 5420A Digital Sl?nal Analyser.........

Hewlett Packard 5423A Structural Dynamics Analyser o .2350
Hewlett Packard 54470B Digital Filter... ....£100
Hewlett Packard 54410A AnaloguelDlg;tal Converter_..... e £100
Hewlett Packard 7402 Recorder with 17401A x 2 plug-ins . ....£300
Hewlett Packard 8011A Puise gen. 0.1Hz-20MHz.. — ....£500
Hewlett Packard 8406A Frequency comb. generator . : ..£500
Hewlett Packard 8443A Tracking gen/counter with 1EEE .£300/400

Hewlett Packard 8620C Sweep osclllator mainframe .
Hewlett Packard 8750A Storage normaliser

Hewlett Packard 8684A 5.4GHz to 12.5GHz Slg-Gen
Hewlett Packard 3785A Itter Generator + Receiver
Hewlett Packard 8640B — AM/FM Signal Gen (512MHz) ...
Hewlett Packard 5340A — 18GHz Frequency Counter. —
Hewlett Packard 5356A — 18GHz Frequency Converter head.................

Hewlett Packard 432A — Power Meter (with 478A Sensor)...... !
Hewlett Packard 435A or B Power Meter (with 8481A/8484A) ...... from £750
Hewlett Packard 3438A Digital multimeter
Hewlett Packard 6181C D.C. current source ..
Hewlett Packard 595018 HP.1B Isolated D/A power
supply programmer .
Hewlett Packard 3711A/3712A/3791B/3793B Microwave Link
Analyser .
Hewlett Packard 5316A Universal Counter HP1B .
Hewlett Packard 5316B Universal Counter HP1B ..
Hewlett Packard 5385A Frequency Counter - 1GHz - (HP1B)
with OPTS 001/003/004/005.....
Hewlett Packard 86578 2060MHz syn(he5|sed signal generator
............................................ (as new) £7250
Packard 3779C Primary Multiplex Analyser
Hewlett Packard 6623A Triple output system power supply ..
Hewlett Packard 6453A Power supply 15v-200A..

Hewlett Packard 3764A (Opt 002) Digital Transmission Analys
Hewlett Packard 3586A Selective level meter

Hewlett Packard 3488A HP - 1B switch control ................... .£500
Hewlett Packard 3325A - 21MHz Synthesiser/Function Gen. £1500
Hewlett Packard 8152A - Optical Average Power Meter ....... £1250
Hewlett Packard 81588B - Optical Attenuator (OPTS 002 + 011) £1100

HEWLETT PACKARD 6261B

Power Supply 20v-50A £500 Discount for Quantities

International Light - IL 1700 Research Radlometer with Erythermal Sensor
Head ... £12
Krohn-Hite 2200 Lln/Log Sweep Generator ..
Krohn-Hite 4024A Oscillator.............
Krohn-Hite 6500 Phase Meter ..
Leader LCR 745G LCR Meter ........
Lyons PG73N/PG75/PG28/PG Pulse genera(or
Marconi 2432A 500MHz digital freq. meter
Marconi 2337A Automatic dist. meter.. o
Marconi 2356 20MHz level oscillator ....................... .
Marconl 2306 Programmatie interface.
Marconi 2830 Muttiplex tester -
Marconi 2831 Channel access switch... .
Marconi 2019 — AM/FM Signal genera(or— 1040 MHz
Muiticore “Vapourette” Bench Top Vapour Phase SMD Soldenng Machlne
New + Unused) £650
Phillps 5390 1GHz R/F Synthesised signal gen .
Philips PM 5167 10MHz fanction gen ..
Phoenix 5500A - Telecomms Analyser with various Interface Options .. £3750
Racal Dana 9242D Programmable PSU 25V-2A £300
Racal Dana 9246S Programmable PSU 25V- 10A
Racal Dana 3100 40-130MHz synmesiser...
Racal Dana 5002 Wideband evel meter..
Racal Dana 5003 Digital m/meter
Racal Dana 9000 Microprocessing timer/count. 520MHz
Racal Dana 9081 Synth. sig. gen. 520MHz .
Racal Dana 9084 Synth. sig. gen. 104MHz .
Racal Dana 9303 True RMS/RFevel meter..
Racal Dana 9341 LCR databridge .
Racal Dana 9500 Universal timer/counter 100MHz ...
Racal Dana 9917 UHF frequency meter 560MHz...............
Racal Dana 9302A R/F millivoltmeter (new version).......
Racal Dana 9082 Synthesised am/fm sig gen (520MHz)....
Racal 9301A - True RMS R/F Millivoltmeter .
Racal 9921 - 3GHz Frequency Counter ..............ccccovoiiiens
Rohde & Schwartz BN36711 Digital Q meter ... -
Rohde & Schwarz - Soud Radio Code Test Set..................
Rohde & Schwarz - LFM 2 Sweep Generator 0.02 - 60MHz ..
Rohde & Schwarz SUF 2 Noise Generator .................ccc..........
Rotek 3980A AC/DC Precision Calibrator with Rotek 350A High

. (as new) £1150
veeee.from €225

CUITENE AGAPLON ... .coveeeuerencerannssersieeserenssns e assassesbst s esaessnnssasansnssss EPOA
Schlumberger S.1. 4040 Stabilock - High accuracy
1GHz Radio Test Set.. | (R S —

Schiumberger 4923 Radio Code Test Set .....
Schiumberger 2720 1250 MHz Frequency Counter.
Solarton Schiumb 1170 Freq. response analyser ...
Systems Video 1258 Waveform Analyser + 1255 Ve
Ditferential Phase and Gain Module + 1270 Remote Control Panel
Systron Donner 1702 Synthesised Sig. Gen 1GHz ................ —
Systron Donner 6054B or D 18GHz or 24GHz Freq. Counter
Telequipment CT71 Curve Tracer
Tektronix 1480 Waveform Monitor.
Tektronix 651 HR Monitor ... -
Tektronix DASS100 — Series. Loglc Analyser ......
Tektronix 577 — Curve Tracer with Fixtures £95
Tektronix — Plug-irs — many available such as SC504, SW503, SG502,
PG508, FG504, FG503, TG501, TR503 + many more _EPOA
Time 9811 Programmable Resistance .
Time 9814 Voltage Calibrator
Wayne Kerr B424/N LCR Compon
W&G SPM12 Level Meter (200Hz — 6MHz) ..
W&G PS12 Level Oscillator (200Hz — 6MHz)
Weller D801/D802 Desoldering station ..
Wiltron 560 Scalar Network Analyser ...........
Wiltron 352 Low Frequency Differential Input Phase Meter .
EIP 331 - Frequency counter 18GHz

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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| any people rely -on a bicycle as their chief means
| of transport to and from work. Some use one to
go shopping or simply to ride for exercise and
pleasure. With bicycle theft now a growing

e concern, some means of protection is
becoming essential.

The Bicycle Loop Alarm will provide good protection.
However, it must be remembered that no alarm can provide
complete security. If the bicycle is particularly valuable, it would
be wise to consider buying a commercial unit which may offer a
higher degree of protection but is possibly more expensive and
difficult to use. Note that if the alarm is to be used in the rain, a
waterproof enclosure would be needed and some care
exercised to protect other components from the effects of the
weather. With a little ingenuity, this circuit could be used to protect
other items such as bicycle racks, boats, vehicle trailers, etc.

In some ways, this alarm resembles the mechanical
combination lock which will be familiar to many readers. This
has a barrel section attached to a chain. Four wheels on the
barrel, bearing numbers 1 to 9, are lined up to show some
secret code. The free end of the chain is then passed between
the spokes of a wheel or round a post and inserted in the barrel.
The wheels are then rotated to some random position thereby
securing it. To remove the chain, the wheels must be set to the
secret number again. As many will testify, this is a fiddly process
- especially at night - and the combination can easily pass into
the wrong hands. Since the secret number is determined when
the lock is manufactured, it cannot be changed by the owner.

Permanently attached

Instead of the chain, this alarm uses a wire loop. If it is broken,
an alarm will sound. The main unit, which is permanently
attached to the bicycle frame, houses the circuit panel, battery
pack, high-power sounder and key-operated switch. There are
also two miniature line phono-type sockets on short pigtails (see
photo). The loop itseif consists of a length of insulated wire with
a phono plug connected to each end. In use, a plug is inserted
in one of the sockets and the loop passed between the spokes

Terry Balbyrnie shows how to construct
a simple electronic device that will
protect your precious bike from theft

of a wheel. The other plug is inserted into the remaining socket.
Alternatively, the loop may be passed around a post, railings,
etc. Before leaving the bicycle, the alarm is armed using the
key-operated switch. The whole operation is easy to perform
even under dim lighting conditions and only takes a few seconds.
If a plug is now removed from one of the sockets as will happen
if the bicycle wheel rotates - or if it is snapped or cut - the
circuit triggers and a 'yelping’ type siren will sound. It will then
operate for approximately 1 minute 40 seconds (100 seconds)
or some alternative time chosen by the user. It can only be
silenced before the end of its natural timing cycle by using the
key-operated switch. When the alarm is disarmed, the wire loop
may be removed and stowed away ready for further use. Spare
loops-are easily made to suit the purpose or when worn out and
the key-operated switch may be changed quickly if a key is lost
or gets into the wrong hands.

Carried away

If the lid is partially removed in an attempt to tamper with the
circuit, this will trigger the alarm. Note also that the unit may
only be removed from the bicycle frame by first removing the lid.

If the bicycle is moved slightly or if it falls over, this is unlikely
to remove a plug or break the wire so false triggering should not
occur. Note that this is the reason for using phono plugs in the
loop rather than jack or other type of connector - the former
need more force to disconnect them. This immunity from false
triggering sets this alarm apart from those which rely on a
movement or vibration sensor. Unfortunately, this type is
sometimes activated by accidental movements as when the
bicycle falls over.

The circuit draws no current while the alarm is off. While
armed, it needs less than 100mA (85mA in the prototype unit)
on standby rising to about 150mA when the alarm is actually
sounding. In normal use, the 12V 'AAA’ battery pack will provide
many months of service even if the alarm sounds occasionally.
The batteries should be tested every so often by triggering the
unit for a few seconds. Poor battery condition is indicated by a
weakening of sound, not by a reduction in the time period.
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Circuit description

The compilete circuit for the Bicycle Loop Alarm is shown in Fig.
1. Assume for the moment that key-operated switch, S2, is on
(contacts closed) so that a supply is established from the 12V
battery pack, B1. Assume also that a wire loop interconnects
sockets, SK1 and SK2 via the loop and matching plugs PL1
and PL2 and that switch S1 contacts are closed. These
contacts are held in the closed position while the lid of the case
is in position and this provides the anti-tamper facility
mentioned earlier.

The circuit is based on a monostable comprising integrated
circuit timer IC1 and associated components. Once triggered,
IC1 output - pin 3 - will become high (positive supply voltage)
for a certain time. It then reverts to its original low state.
Triggering is achieved by making pin 2 (trigger input) less than
one-third supply voltage (nominally 4V) for an instant. In the
absence of a trigger pulse, the low state of pin 3 will have no
further effect. Normally, pin 2 is kept high (positive supply voltage)
through fixed resistor R2 which prevents false triggering.

Quick pulse
The time period is set by the values of fixed resistor, R5 and
capacitor C3. The higher the value of either or both, the longer
will. be the timing cycle. With the values used in the prototype,
the time will be about 100 seconds. No adjustment is provided
since the exact period is not thought to be particutarly important.
However, for a shorter timing, R5 could be reduced in proportion.

With the loop plugged in, each plate of capacitor C¥ wilt be
maintained in a high state - the left-hand one via the loop and
switch S1 and the right-hand one via resistor, R2. With each
plate of the capacitor at the same voltage, it is discharged.
When the loop is broken, or when S1 contacts ‘break’ due to
the fid being lifted, the left-hand plate of C1 will assume less
than 4V due to the potential divider action of R1 and R2. This
pulse will be transferred briefly to the right-hand plate and
hence to pin 2. The specified value of R1 is sufficiently high to
prevent an excessive current flowing continuously through the
loop when the alarm is armed. This is a less than 2mA and may
be regarded as negligible.

The reason for triggering IC1 via capacitor C1 (so called

pu _sk1 ST

=~

a.c. coupling”) rather than direct is that there is a high
possibility of a potential thief or vandal setting off the alarm,
running away and leaving the wire loop disconnected. Direct
coupling would result in a continuous low state being applied to
pin 2. This would cause the alarm to re-trigger when the timing
cycle ended and the waming would sound continuously.

Short delay

While IC1 pin 3 is high - that is during the course of timing
current enters Darlington transistor TR1 base through resistor
R6. The transistor tums on and collector current flows from the
supply through electronic siren, WD1. It is essential to use a
siren of the type specified in the components list. It must be
loud enough and sufficientty small for the purpose, coupled with
a low current requirement.

Capacitor C2 maintains IC1 reset input (pin 4) low for a short
while after switch S2 is operated. It works in the following way.
When the supply is established, the voltage across this
capacitor will be zero since it is uncharged. It then charges
through resistor R4. It will eventually develop a voltage of about
3.8V across it this being set by the potential divider R3 and R4.
When the voltage rises to about 1V (which takes a fraction of a
second), the i.c. is enabled. This provides a short delay during
which time the i.c. is insensitive to triggering. If pin 4 were not
held low during power-up, there is a strong possibility that the
circuit would self-trigger when switched on which would be a
nuisance. Resistor R3 allows C2 to discharge quickly when the
circuit is switched off.

Using a car exhaust bracket, as described, is a convenient
method by which the unit may be attached rigidly to the bicycle
frame. These brackets may be purchased from any car accessory
store such as Halfords. The diameter of the frame at the intended
fixing position will need to be measured so that the correct
bracket may be bought - they are available in a variety of sizes.

Construction

Most of the components for the Bicycle Loop Alarm are

mounted on a single-sidad printed circuit board {PCB). Fig. 2

shows full topside details (parts placement diagram).
Resistors R2 and R5 have a particularly high value - 33M

)—0 O— i

R2 R4
33M 10M
Cc1

1k

82
° o
wD1
=3 \

ik,
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IZ‘Zn
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NOTE:
IC1 ICM7555
Q1 MPSA14

Fig.1. Bicycle loop alarm circuit diagram
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and 47M respectively. They are available from certain mail order
suppliers - see Buy Lines. Alternatively, they could be made up
(or nearly so) by connecting 3 off and 5 off 10M units
respectively in series zig-zag fashion (see Fig. 4).

Begin by drilling the single mounting hole in the position
indicated. Follow with the soldered on-board components. The
recommended assembly order is as follows. Firstly, solder the
i.c. socket, then all resistors in position as indicated. Note that
some reslstors are mounted flat on the board while others are
perpendicular to it. Add the three capacitors, noting that these
should be of the specified type having 5mm pin spacing or they
will not fit the layout without modification. Solder the Darlington
transistor in position - this is the only on-board component
where orientation is Important (see Fig. 5).

Make up the output pigtails - one about 20 cm long and the
other about 10 cm longer. The best wire to use is the extra-
flexible type often used for test instrument probes. This will have
30 to 50 strands of 0.1mm diameter copper wire. Such wire will
survive a lot of bending as will happen in the normal course of
use. Do not use singe-strand wire which would break after a
very short time.

Complete construction of the PCB by soldering the negative
(black) connection of one of the battery snap connectors to the
pad labelled “’B1-" (this will need to be extended). Solder a 10
cm piece of light-duty stranded connecting wire to the pad
labelled “'S2"'. Solder one end of the shorter pigtail to the pad
labelled "SK2"'. Solder the sounder wires to WD1 + and WD1
pads, taking care over the polarity or it will not work.

Getting ready

Prepare the box to receive the internal components. Begin by
drilling the two holes in the base for the exhaust bracket which
will be used to secure it to the bicycle frame later. After that,

hold the sounder in place and mark out the holes for the
mounting bracket. Note that when the unit is in position, the
sounder points downwards. In the prototype, the bracket
supplied with the sounder was raised on 5mm long spacers so
that it took up a more suitable position in the end panel. Mark
the position of the hole through which the sound will pass. For
maximum sound output a matrix of small holes will not be
satisfactory and the whole of the front face should be exposed.
To do this, drill a circle of small holes around the circumference
as marked out then join them together using a small hacksaw
blade. The edge may then be smoothed using a half-round file.
Drill the holes for the bracket, for PCB mounting and for the
pigtails. Fit this latter one with a rubber grommet.

Dirill holes for key switch S2 and for microswitch S1
mounting (see photograph). Attach the microswitch and adjust
the lever so that the contacts are held in the closed position
(that is, the switch is heard to click) when the lid is in place. This
will ensure that the alarm will trigger when the lid is Jifted a little.

A bit of support

Attach all remaining components apart from the circuit panel
itself and, referring to Fig. 3, complete the internal wiring.
Holders for 8 off ‘AAA’ cells do not appear to be readily
available. In the prototype, the 12V supply was therefore
obtained by connecting two sets of four cells in series as shown
(hence the need for two snap connectors). The common
connection should be sleeved or taped over to insulate it. The
two cell holders were joined together using adhesive fixing
pads. It is important to note that there are exposed connections
on the ends of the battery holders and these must be insulated
from the metal box. This may be done with a thick layer of PVC
tape. If the specified enclosure is used, its height is such that
the lid section will press on the top of the battery snap

S1
MICROSWITCH

SZ

SK2 «—T®

TG i3

WD1- g“ . 020

@m

KEY-OPERATED SWITCH

NORMALLY
OPEN
CONTACTS

INSULATE THIS JOINT

Fig.2. Bicycle loop alarm PCB
component overlay

Fig.3. Bicycle loop alarm wiring diagram
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PCB R2 POSITION PCB R5 POSITION
Connecting five 10M resistors in series

Connecting three 10M resistors in series

Fig.4. Resistor connections

connectors and give firm vertical support. Lateral support may

be given using a small bracket. Make sure that the batteries are
secure because they will be subject to considerable vibration and
jolting in use. The wirning may be tidied up by using small cable ties.

Connect the longer pigtail to one of the microswitch
normally-open contacts as shown. Knot the two pigtails
together and pass them through the grommet. Adjust them so
that there is some slack left on the inside. Cut them to the same
length outside and fit the line sockets making sure these are
secure. Note that, for this purpose, it does not matter if the tip
and sleeve terminals are connected together. Insert thei.c. into
its socket observing the orientation and mount the circuit panel
using a single fixing in the hole drilled for the purpose. The panel
will need to be raised about 10 mm using a plastic stand-off
insulator to provide clearance for the knot in the pigtails.

Note that all components are mounted in the lower section
of the box since this method imposes least strain on the wiring. With
switch S2 off, place the batteries in the holders and secure them.

Prepare the loop itself by cutting off a suitable length of wire
of the same type as already used for the pigtails. Scider the
inner (tip) connection of a phono plug to each end of the wire.
As with the sockets, it does not matter if the sleeve connection
is used too. Secure the wire and make sure that pulling on it will
not dislodge the soldered connections. Attach the unit to the
bicycle frame. Some PVC tape wrapped around it at the point
of attachment will protect the paintwork.

Warning: operating this device in an enclosed space and
close to the ears can cause temporary discomfort or even
permanent damage to the hearing. Testing should therefore be
carried out with the sounder hole taped over to reduce the noise.

Attach the lid and plug the loop into both sockets. Arm the
alarm by switching S2 on. The sounder should remain silent.
Unplug one end of the loop. The alarm should sound and
continue doing so even when the plug is replaced. Check that it
times out after about 1 min. 40 sec. Arm the alarm again and
check that it is triggered by partially lifting the lid.

If all is well, the Bicycle Loop Alarm may be put into
permanent service. Remember to operate the alarm for a short
while every few weeks to check the condition of the batteries.

Happy cycling!

Buy Lines

Most of the components for the Bicycle Loop Alarm are readily
available. The only ones which may cause sourcing difficulties
are resistors R2 and R5. These are available from Maplin as
“"high voltage” resistors order code V33M and V47M respectively.
They are also available from Electromail as *"High Ohmic” resistors
order code 158-187 and 158-193. They could also be made up
using 10M resistors in series as explained in the text.

Pin connections for dartington
transistor - looking at flat tace

T4

Fig.5.Darlington transistor pin
connections.

Resistors

e R1 5M6
e R2 33M
® R4 10M
® R5 47TM
® R6 22k

All resistor 0.25N 5% except R2 and R5 which will be
as available - see text.

Capacitors

e Ci 100n polyester film
e C2 22n polyester film
® C3 2m2 polyester film
All capacitors Smm lead spacing

Semiconductors

o ICt ICM7555 CMOS timer
o TRt MPSA14 Darlington transiston

Miscellaneous
® S1 Sub-miniature lever arm
microswitch
S§2 SPST key-operated switch
e WD1 Audible warning device 12V d.c.
150mA
110dB at 1m minimum.
® Aluminium box size 125 x 85 x 60 mm
® Car exhaust bracket (see text).
® Phono plugs - 2 off

@ lire phono sockets - 2 off.

@ Extra-flexible wire, holder for 8 ‘AAA’ cells (or two
haiders for 4 celis - see text)

® PP3 - type battery snap connectors - 2 off
8 '‘AAA’ alkaline cells

® Rubber grommet

® Stand-off insulators

ELECTRONICS TODAY INTERNATIONAL
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A minl FM. transmitter, very high gain preamp,
supplied complete with FET electret microphone.
Designed to cover 88-108 Mhz but it Is easy to
change it to cover 63-130Mhz. Works with a com-
mon v (PP3) bastery.0.2W RF. £8.22 Kit no 1001.

Electronic siren kit with an impressive § watt
power output. Tdeal for car/bike alarms efc. 6
12vde, max current 1A, tone frequency 1.2khz
£7.05 Kit no 1003.

3-30v Power supply, variable, stabillzed power
supply for laboratory use. Shortcircult protected,
suitable for professional or amateur applications.
24v 3A transformer is also needed to complete the
kit. £16.45 Kit 1007.

Powerful 1 watt FM transmitter supplied com-
plete with piezoelectric microphone. 8-30vdc. At
25-30v you will get nearly 2 watts!. £14.10 Kit no

-
FM/AM Scam;:h well not quite you have to furn
the knob yourself but you will hear things on this
radio (even TV) that you would not hear on an
ordinary radlo!. Recelver covers 50-160Mhz both
AM and FM. Bullt in 5 watt amplifier. £17.62 Kkt
no 1013.

Mosquito repeller, modern way to keep nidges at
bay! Runs for about a month on a 1.5v battery.
£8.22 Kit no 1015.

—,
3 channel wireless sound to light systeni mains
operated, separ ate sensitivity ad)ustment for each
channel, 1,200 watt power handling. Microphone
included. £16.45 Kit no 1014.

= 4 i
Motorbike/cycle trembler alarm, adjustable sen-
sitivity, preset alarm time, auto reset. Couid be
connected to bikes horn etc. £14.10 Kit no 1011

0-5 minute timer, adjustable from 0 1o S mins, will
switch up to 2A malns Perfect for alarms, photo-
graphiclaboratoriesetc. 12vdc. £8.22Kit no 1020.

4 watt FM transmitter, small but powerful trans-
mitter, 3 RF stages, microphone and an audio
preamp incude in kit. £23.50 Kit no 1028.

25 watt FM transmitter 4 RF stages, preamp
required (our kif 1068 is suitable). Due to the

Jexity of the tr itter it is supplied in buill
up form only. £92.82 Kit no 1031.

-
-5

Strobellght, adjustable frequency from1- to 60 Hz
(alot faster than conventional strobes) mains op-
erated. £18.80 Kit no 1037,

-

Ultrasonic radar ideal as 2 movement detector
with arange of about 10 metres, automateyour cat
flap! 12v operaticn so Ideal for cars, caravans elc.
£16.45 Kht 1049,

-
S N

Liquid level detector useful for defecting fluid
levelsintanks, fishponds, baths or asarain or leak
alarm. Will switch 2A mains £5.87 Kkt no 1081.

Combination lock 9 key, easily programmable,
will switch 2A mains. Complete with keypad. 9v
operation. £11.75 Kit 1114.

N

Phone bug detector, this device will warn you If
somebody Is eavesdropping on your phone line.
£7.05 Kit no 1130.

Robot voice, interesting circult that distorts your
volce! adjustable, answer the phone with a differ-
ent volce! 12vdc £10.57 Kit no 1131.

Y

Telephone bug, small bug powered by the tel-
ephone line, starts transmitting as soon as the
handset is picked un? £9.40 Kit lil 1138.

function gener ator, produces stnusoidal, saw tooth
and square waves adjustable from 20hz-20khz,
separale level controls for each shape. Will pro-
duce all 3 together. 24vac £17.62 Kit no 1008.

3 Channel light chaser, 300 walts per channel,
speed and direction contrels supplied with 12 ieds
and malns triacs, so you can use mains light bulbs
if you want. 9-15vdc £19.57 Kit no 1026.

12vflourescent. A useful kitthat will enable youto
light 4’ flourescent tubes from your car battery!
(you will also need a 9v 2A transformer, not sup-
plied) £9.40 Kit no 1069.

VOX switch, sound activated switchideal for furn-
ing tape recorders on and off when sounds are
heard. Makes the tape last alct longer! adjustable
sensitivity, built in delay. £9.40 Kk 1073

?‘d&" -

Incar soundto light, Put some stmosphereln Your
car with this mini 3 channel sound to light. Each
channel bas 6 fed’s. £11.75 Kiit no 1086,

fﬂﬁ
é
7 watt HI FI power amplifier aseful, .powerful.

\deal for intercomms, audio syssemis, car use etc.
12-18vdc S00mA. £8.22 Kit No 1025.

-
Phone call relay, useful devicethatoperates arelay
when ever the 'phone rings, could be used to
operate more bells or signailing Hghts etc. Wil
switch malins at 2A. £11.75 Kit ne 1122,

Lead acld charger, two automatic charging rates,
visual indication of battery state, ideal for alarm
systems, emergency lighting etc. }00mA 12vdc.
£14.10 Kit no 1095.

Car alarm sy stem, works on voltage drop and/or
vibration, entry and exiht delays plus adjustable
alarm duration. Good for cars, caravamsetc. £14.10

Kit no 1019.

: Y
Portable atarm sy stem, based on ameraury switch.
The alarm continues to sound until the unit Is
disabled by the owner. Buzzer incluced. £12.92
Kit no 1150.

Preamp mixer, 3 input mono mixer, separate bass
and treble confrols plus independent level con-
trols. 18vde, input sens 150mv. lOO_ImA. £17.62
Kit no 1052.

Mini metal detector, suitable for locating pipes in
walls etq, range 15-20 cmy, complete with case. 9v
operatlon. £9.40 Kit no 1022.

800 watt single channel sound to light kit, mains
operated, add rhythm to your party for only £9.40
Kit no 1006.

Sound effects gener ator, produce sounds ranging
from bird chips fo sirens, complete with speaker,
add sound effects to your projects for Just £10.57
Kit no 1045.

\

Guitar preamp withtone controls, small enough to
fitinside any gultar, based on TL082 IC, 9-12vde¢,
S0mA. £9.40 Kit no 1091.

1S watt FM transmitter, 4 stage high power,
preamp required. 12-18vdc. Can use either ground
plane, open dipole, or Yagi. Supplied in bulit form
only at £81.07 Kit 1021.

A -

Telephone amplifier, Very sensitive amplifier
which uses a*phone pickup coll (supplied) will ict
you follow a conversation without hoiding the
phone. £12.92 Kit uo 1059.

TOP 10 BEST SELLING KITS CORNER

1. Variahle speed control kit for 12v DC motorsup
t0 30A! (you may necd aheat dnk for 30A) £19.97.
2.Conmipodtevideoklt, converfs composiie dgnals
Into separ ate Hsyne, Vsync and video £9.40.

3. Geiger counter kit, confalns everything you
need to builid a working counter £22.32.

4. Solar energy kit, contalns a solar panel, motor,
buzzer and cable for experiments £5.87.

5. Electronlc accupuncture kit, may help with
migrane, poor circulation, backache etc. £8.22.
6. Electrifying apparatus kit, produces a weak
adjustable high tension of $0-300v from a 9v bat-
tery, ideal for eniching worms etc! £9.40.

7. Adapfer bug ki, confalns everyihing you nced
to build a professional bug built indde a standard
13A mains adapter! the bug is malns powered so
1t operates all the time the adapter is plugged in.
Price Is £16.45 for the complete kit including
adapter. Hand fools and glue required.

8. Nicad charger kit automatic charger for cells
from 1.2v 10 15v, 7 settings S0600mA, transformer
required 18-20v 600mA. £9.40.

9&T0. Tnverter Kts, produce ZA0vaciromalvdc
supply, two versons are avallable a 15w one at
£14.10, and an 80w version at £23.50.

how to order

Remember to add £1.50 p&p.
By phone with a credit card.
By post with either a cheque,
postal order or credit card details.
By fax with credit card details.
EXPRESS COMPONENTS, PO
BOX 517 HOVE SUSSEX BN3
SQZ.DEPTETI

TEL 01273 771156

FAX 01273 206875
Overseas orders please add £3.50

post and packin




U8 SOFTWARE FOR WINDOWS

At last, professional schematic and PCB design
software for Microsoft Windows is available at prices

that won't break the bank. CADPAK for Windows ‘ oo a : a \o
offers entry level schematic and PCB drafting whilst o

PROPAK for Windows adds netlist integration,

muiti-sheet schematics, highly effective autorouting,
power plane generation and much more.

1SIS Hlustrator

ISIS lllustrator was the first schematic drawing
package for Windows and it's still the best.
lllustrator's editing features will enable you to
create circuit diagrams as attractive as the ones
in the magazines.

Runs under Windows 3.1.

Full control of drawing appearance @ ARES for Windows provides all the functionality
including line widths, fill styles, you need to create top quality PCB layouts under
fonts, colours and more. Microsoft's GUI. Combining the best of our DOS
Automatic wire routing and dot 1 based PCB layout technology with the best of
placement. 1 Windows, this package is our most powerful and
Fully automatic annotator. ] casy to use PCB design tool to date.
Comes complete with component : @ True 32 bit application under Windows 3.1.
libraries; edit your own parts . . .
directly on the drawing. @ Adva_nced route edlpng allows modification or

- . deletion of any section of a track.
Full set of 2D drawing primitives + o
symbol library for logos etc. ®  Unlimited number of named pad/track styles.
Exports diagrams to other @ Comprehensive package library for both
applications via the clipboard. through hole and SMT parts.

@ Fullimperial & metric support including all

dialogue forms.

@® Gerber, Excellon and DXF outputs as well as
low PR/CESI output via Windows drivers. Also includes
: Gerber viewer.
¢ = Ak'fbr‘Wh&bws £149 < ® Multi-strategy autorouter gives high
CADPAK forDOS £79. completion rates; power plane generator
PROPAK for Windows £495 5 i creates ground planes with ease.

PROPAK for DOS

Call us today on 01756 753440 or else fax
G C e m C e p 01756 752857 for a demo pack - please state
DOS or Windows as these products are
available for both platforms.

E | e ¢c t r o ni c s

Prices exclude postage (£5 for UK) and VAT. All manufacturers trademarks acknowledged.




STAMP PROJECT

0-5in

Using the STAMP computer
to input analog signals

1918)

eIl
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PIC16C56

ne of the commonest requirements in any
microcontroller application is to input and process
analog data. This could be simply a variable
voltage signal from some other piece of
equipment, or it could be the output from some
sort of measurement circuit, perhaps measuring temperature,
pressure, strain, pH, etc. In this short article, we look at the
hardware and software required to interface an 8-bit serial
analog-to-digital converter to the Parallax BASIC Stamp.

The BASIC Stamp's instruction pot performs a limited sort of
analog-to-digital conversion. It lets you interface nearly any kind
of resistive sensor to the Stamp with a minimum of difficulty.
However, many applications call for a true voltage-mode
analog-to-digital converter (ADC). One that’s particularly suited
to interfacing with the Stamp is the National Semiconductor
ADCO0831.

:Interfacing the ADC0831 requires only three input/output
lines, and of these, two can be multiplexed with other functions
(or additional 0831's). Only the chip-select (cs) pin requires a
dedicated line. The ADC'’s range of input voltages is controlled
by the Vref and Vin(-) pins. Vref sets the voltage at which the
ADC will return a full-scale output of 255, while Vin(-) sets the
voltage that will return O.

In the example application, Vin(-) is at ground and Vref is at +5;
however, these values can be as close together as 1 voit
without harming the device's accuracy or linearity. You may use
diode voltage references or trim pots to set these values.

How it works

he sample program reads the voltage at the 0831's input pin
every 2 seconds and reports it via a 2400-baud serial
connection. The subroutine conv handles the details of getting
data out of the ADC. It enables the ADC by pulling the cs line
low, then pulses the clock (clk) line to signal the beginning of a
conversion. The program then enters a loop in which it pulses
clk, gets the bit on pin ad, adds it to the received byte, and shifts
the bits of the received byte to the left. Since BASIC traditionally
doesn’t include bit-shift operations, the program multiplies the
byte by 2 to perform the shift. When all bits have been shifted
into the byte, the program tumns off the ADC by returning cs
high. The subroutine retums with the conversion result in the
variable data. The whole process takes about 20 milliseconds.

Sicke
OO0 Ly
ls|aND-
BASIC STAMP |8
Modifications

1k
SERIAL OUT

You can add more 0831s to the circuit as follows: Connect
each additional ADC to the same clock and data lines, but
assign it a separate cs pin. Modify the conv subroutine to take
the appropriate cs pin low when it needs to acquire data from a

particular ADC. That's it.

‘ PROGRAM: AD_CONV.BAS

‘ BASIC Stamp program that uses the National

ADC0831 to acquire

‘ analog data and output it via RS-232.

Symbol [of:] 0
Symbol AD pinl
Symbol CLK 2
Symbol S_out 3
Symbol data b0
Symbol i b2
setup: let pins = 255 ‘ Pins high
(deselect ADC).
let dirs = %11111101 ‘ S§_out, CLK, CS

outputs; AD input.

loop: gosub conv ‘

serout S_out,N2400, (#b0,

data, CR, LF.
pause 2000 4

goto loop .

conv:low CLK L
starting state.
low CS i
pulsout CLK, i
pulse.
let data 0 b
for i 1 to 8 ‘
let data = data * 2 v

left.
pulsout CLK,
pulse.
let data

1 ¢

data + AD
data.

next .

high Cs ‘
done.

return

ELECTRONICS TODAY INTERNATIONAL
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Get the data.
13,10) ‘ Send

Wait 2 seconds
Do it forever.

Put clock line in

Select ADC.
10 us clock

Clear data.
Eight data bits.

Perform shift

10 us clock

‘ Put bit in LSB of

Do it again.
Deselect ADC when



HEWLETT PACKARD HP71B

As easy to'use as a calculator
but as powerful as a
computer

BARCODE
READER

Smart wand

Automatically
recognises and
decodes all major
bar-code standards.

These are second user systems ex NHS are
fully tested and working but have na
programming (THAT IS UP TO YOU)

® A powerful set of basic functions,
statements and operators - over 230 in all
~many larger computers don’t have a set

of basic instructions in this complete. HP71B . £29.95
® Advanced ics functions enabli Bar-code Reader £12.95
computations on up to 15 mdependent AC Power Supply £4.95
variables. {Works from batteries normally)
® Recursive subprograms and user defined ~ Keyboard Overlay £1.00
functions (Limited quantities)
® Anadvanced interna! file system for Unknown Program — Memory
storing programs and data — the HP71 has Modules {2 ditferent types) £3.00

(Limited quantities)

tinuous memol hen t th
et Sl b et L L Complete kit of HP71B, Bar-cade Reader

computer off it retains programs and data.

. . d power suppl £39.50
¢ A keyboard that can be easily customised ~ 25¢ pov PPy "
for your specific application. (El;r;)c(;»)s include VAT - delivery next day
* ?yle;l?r:::gc: gr’l‘;:“;‘l:'l"‘:: creale  (Currently sellingin USA for >£500)
J q e, I
and display information. Control or read INTE RCONNECTIONS LTD

Instruments or speak to other computers,
5000 bytes/sec Built in ROM includes 46
separate commands. Interface to HP-1L,

Unit 41, InShops, Wellington Centre
Aldershot, Hants GU11 5DB

HP-1B, RS232C, GPIO or series 80. Tel: (01252) 341900
Includes connection cables Fax: (01293) 822786
Please rush me Please debit credit card No.
[0 HP71B Powerful Calc/Computer @ £29.95 No Exp.
[ Bar-code Reader @ £12.95 Name.
[ Power Supply @ £4.95 Address:
[ Keyboard overlay @ £1.00
[0 Memory module @ £3.00
[0 Complete kit of HP71B, Bar-code Reader and
Power Supply @ £39.50 Postcode:
Total payment £ + £3 delivery = £, Tel
We accept MaslerCard, Visa, cheques or money orders - please post the above form tous, or fax
it, or telephone with a verbal credit card order. ETI

BASIC Sfomp -Stamp sized Computer runs BASIC

The Basic Stamp by PARALLAX mecsures
only 40x60mm yet is o true microcom-
puter that runs BASIC programmes written
on your PC. Its size, ease of use and
extensive }/O features make it an ideal
tool for both educational and industrial
applications as well as for the serious

Writing programmes for the Stamp is easy. A
3-pin cable connects the Stamp to yaur PC
printer port. One piece of software is used to
enter,debug and download your programme.
Features include 8 I/O lines, non-volatile
memory, serial comms, pulse measurement
and PWM; all achleved with a minimum of
external components.

hobbyist.
— [.Y
Bl
Typical o
| b4 B

Application Ly

Muscle Wires

The BASIC Stamp Development Kit ot £99 includes; 1 BASIC Stomp, instruction manual, PC
cable, software and extensive application notes. Further Stamps are available from £29.

-wires that contract when heated!

Fascinating, highly processed Shope Memory
Alloy wires that octuolly contract when
electrically heated producing o useful amount
of force.

Low cost linear actuators at last!

Thelr light-weight makes them excellent for
use in models, robots and many other types
of project. low voltage and power allows
simple control by computer or electronics (eg
The BASIC Stamp}.

Detailed Data and Project Book {128 pages)
plus Muscle Wire kit suitable for 13 projects
including BORIS the walking, six-legged
robot; only £44.95.

AII ices excl VAT ond £3 postage per order. For further detalls of the Stamp, Muscle Wires
cther products please coll for our NEW colour catalogue.

' TOMORROW'S

L S i ULTRA MINIATURE
Tooavs prices OCTV  GAMERAS

MINIATURE PCB CAMERA WITH ELECTRONIC AUTO IRIS LENS
HIGH RESOLUTION WIDE ANGLE OF VIEW ( 72 DEGREES ) £ 1 5 5 ‘ OO
HIDE ANY WHERE, AUTOMATICALLY ADJUSTS TO LIGHT PLUS P&P
ONLY 38mm X 38mm. 12 VOLT DC. 0.5 LUX SENSITIVITY.

WE WERE SURPRISED AT THE QUALITY SO WILL YOU!

PIN HOLE VERSION ALSO AVAILABLE
LENS DIAMETER APPROX Imm COULD FIT BEHIND A PICTURE
SAME BOARD SIZE AND ANGLE OF VIEW AS ABOVE

IDEAL FOR SURVEILLANCE ON
DRIVEWAYS SHEDS, BABIES
ROOM, DOOR ENTRY, FARMS,
PUBS, WATCHING TILLS,

SHOPS.COMPUTERS
POWER sUPPLY £15.00

SPECIAL OFFER

APPROX SZE

COMPLETE CCTV SYSTEMFOR ONLY

CCD CAMERA WITH WIDE ANGLE LENS b

20 MTR OF CABLE, WALL BRACKET ‘P&p
5" MONITOR WITH SOUND

CONNECTIONS FOR VIDEO RECORDER SECOND CAMERA
PROVISION FOR SECOND CAMERA £175.00  +P&P

FREE TECHNICAL ADVICE ~ FREE SYSTEM DESIGN SERVICE

WIDE RANGE OF EQUIPMENT FOR DOMESTIC & COMMERCIAL USES
TEL. 061 702 0500

160 BOLTON ROAD
WALKDEN
MANCHESTER
M28 3BV

ACCESS VISA
EXCEL SECURITY SYSTEMS

High qualty stepping motor kits (ail including stepping
motors) ‘Comstep independent control of 2 stepping
motors by PC (Via Ihe parallel port) with 2 motors and
software.

Kit . £67.00 ready buitt £99.00
Software support and 4 digital nouts kit £27.00
power interface 4A kit £36.00
power interface 8A kit £46.00
Stepper kit 4 (manual control) includes 200 slep

| stepping motor and control circurt £23.00

We are now stocking & range of stepping mo\ors and
kits to drive them please ask for the stepping motor
data sheel for tull information.

Invertor loroldal transformers 225VA 10.5-0-10.5

primary 0-260-285 secondary £29.95
LEDs 3mm or 5mm red or gresn .Tp each
yellow 11p each
cable ties 1p each £5.95 per 1000

£49.50 per 10,000
High quality photo resist copper clad epoxy glass
boards

Dimensions single sided doble sided
Ixnd inches £1.09 £1.23
4x8 inches £2.7% £2.99
6x12 inches £6.20 -

12x12 inches £12.28

Rechargeable Batteries

AA (HPT) £0.99
AA 700maH £1.75
C 2AH witl soider tags £3.60
D 4AH with solder tags £4.95
1/2AA with soider tags £1.55
AAA (HP16) 180mAH £1.75
AA 500mAH with solder tags £1.55
C (HP11) 1.8AH £220
D (HP2) 1.2AH £2.60
PP3 8.4V 110mAH £4.95
Sub C with solder tags . . .. £2.50
1/3 AA with tags (philps C‘I’V) £1.95

Standard charger charges 4 AA cells m 5 hours or
4Cs or Ds in 12-14 hours + 1xPP3 (1, 2, 3 or 4 cells
may be charged ai a fime) £5.95
High cower charger as above but chargas the Cs and
Ds in S hours AAs Cs and ['s must be charged in 2s
or ds £10.95
Nickel Metal Hydryde AA cells high capacity with no
memory. i -charged al 100ma and discharged at
250ma or less 1200mAH capacity (lower capacity for
high cischarge rates) .75
Special offers please check for avaiabdity

stick of 4 42 x 16mm nicad batteries 17 1mmx16mm
dia with red & black leads 4.8v

Comp grade i
58000ul 60v £4.95
115v ac B0v dc motor 4mm x 22mm shaft 50mm dia x
60 long body (excluding the shaft} it ~as replacable
thermal tuse and brushes . . £4.95 each £3.95 100+
7 segment common anode led display 12mm  £0.45
LM337k TO3 case vanable regulator £1.95
£1.44 100+

GaAs FET low leakage current S8873 £12.95 each
£9.95 10+ £7.95 100+

BS250 P channel mosfet €0.45, BC559 transistor
£3.95 per 100

74LS05 hex invertor £10.00 per 100,
Microcontroller £3.50

5L952 UHF Limiting ampliter LC 16 surface mounling
pachage with data sheel

AMZ7502 £1.25 each 90p 100+, CD4007UB IOp
100+, 6p 1000+

with screw

used 8748

Sinclair light gun terminated with a jack plug and PP3
clip gives a signal when polnted at 50hz flickering l:ghl
with output wave form chart £3.9!
DC-DC convertor Reliability model V12P5 12v in 5v
200ma out 300v nput to output Isolation with data
£4.95 each or pack of 10 £39.50
Hour counter used 7 digit 240v ac 50Hz . £1.45
QWERTY keyboard 58 key good quality switches new
£6.00

Airpax AB2903-C large stepping motor 14v 7.5' step
27ohm 68mm dia body 6.3mm shaft £8.95 or £200.00
for a box of 30

Polyesfer capacitors box type 22.5mm lead pitch
0.9uf 250vdc 18p each 14p 1004+ 9p 1000+

tuf 250vdc 30p each, 20p 100+, 10p 1000+

3.3ut 100vdc 30p each, 20p 100+, 15p 1000+

1uf 50v bipolar electrolytic axial leads 15p each, 7.5p
1000+

022yl 250v polyester axial leads 15p each, 7.5p
1000+ Polypropylene 1uf 400vdc (Wima MKP10)
27.5mm pilch

32x29x17mm case 75p each 60p 100+

Philips 123 series sofid aluminium axial leads

33uf 10v & 2 2uf 40p each, 25p 100+

Philips 108 series long life 22uf 63v axial 30p each
15p 1000+

Multilayer AVX ceramic capacitors all 5Smm pitch 100v
100p!, 150pf, 220pt, 10,000pt {10n) 10p each, 5p
100+, 3.5p 1000+

500p! compresston tnmmer 60p
40 uf 370vac motor start capacitor (dialectiol type
containing no pcbs) £5.95 or £49.50 for 10

Solid carbon resistors very low inductance ideal lor|
RF circuits

27phm 2W, 68ohm 2W 25p each 15p each 100+ we
have a range of 025w 0.5w 1w and 2w solid carbon
resistors please send SAE for list

P.C. 400W PSU {intel part 201035-001) with standard
motherboard and 5 disk drive connectors, fan and'
mains inletfoutlet connectors on back and switch on
the side (top for tower case) dims

212x49%149mm excluding switch £26.50 each
£138.00 for 6

MX180 Digitat muttimeter 17 ranges 1000vdc 750vac
2Mohm 200mA transistor Hie 9v and 1/5v battery test

AMD 27256-3 Eproms £2.00 each, £1.25 100+
DIP switch 3PCO 12 pin (ERG SDC-3-023) 60p each
40p 100+
Disk drive boxes for 5.25 disk drive with room for a
power supply lighl grey plastic 67x268x247mm £7.95
or £49.50 for 10
Hand held ultrasoruc remote conlrol £3.95
€Vv2486 gas relay 30 x 10mm dia with 3 wire
terminals will also work as a neon light 20p each or
£7.50 per 100
All products advertised ar new and unused unless
otherwise stated. Wide range of CMOS TTL 74HC
T4F Linear Transistors kits rechargeable batteries
capacitors fools etc. always in stock.
Please add £1.95 towards P&P
vat mduded in ail prices
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Making use of the

PC PARALLEL

In this tutorial project, Stephen Smith
looks at different ways in which the PC
parallel port can be used to control
external circuitry

hen people think of interfacing to computers,

visions of expensive expansion cards fitted

within their PC are brought to mind. This idea of

fitting cards into a machine is scary for some

and impossible for others. The interface that all
PCs have, as do many other types of computers, is the parallel
(or centronics) printer port. You may have wondered exactly
what this parallel port is capable of. This port is normally used to
transfer data to a printer, a byte at a time (8 bits in parallel). The
parallel printer port on PCs have 8 data bits and 9 control lines
(that is 5 inputs and 4 outputs). These input and output lines are
completely user definable and, as such, can have uses other
than printing. The low cost of multi-I/O cards (one parallel and
two serial ports for £8 or £12 with hard and floppy disk
controllers) compared to dedicated digital I/O cards (up to £80
for a professional card giving 24bits of 1/0) makes the parallel
port very attractive to the cost conscious hobbyist.

Many copy protection dongles use the parallel port as do
data transfer packages to communicate between PCs or a PC
and a peripheral (e.g. tape backup or scanner). The universal
nature of the parallel port has led to numerous uses as an
expansion port. Analogue to digital converters, for instance, are
manufactured to talk to the parallel port of a PC (e.g. the
devices made by Pico Technology), and many EPROM and
universal programmers use this port for data transfer and control.

The Printer Port.
The pin out of a standard 25 way D type parallel port is given in
table 1. The eight data bits DO(LSB) to D7(MSB), are used to
transfer the data byte to the printer. The active low Strobe is
generated by the PC to indicate that the data is valid. The
inputs Busy and Ack (active low) are used to tell the PC that a
data transfer is welcome and data has been successfully
received. PaperEnd and Error warn the PC of any errors that the
printer has detected. Select selects the connected printer and
Selectin, indicates that the printer recognises that it has been
selected. AutoFd advances the paper by one line while Init,
when activated for more than 50ms, initialises the printer to a
known state.
® When the printer is initialised and selected, data transfer is
achieved by the following steps.
® Wait for Busy to go Low.
This is the printer saying OK send me data.
@ Pyt data onto the data lines (DO-7).

@ Delay at least _ms.

® Pulse Strobe for at least _ms. PC's
saying data is valid now.

® Upon receipt of Strobe the printer pulls Busy high.

® Hold the data for at least another _ms.

® Sometime after this the printer will pull Ack low for 5ms
minimum.
This is the printer saying that was OK.

® Then, when ready, the printer lowers Busy to continue
the cycle.

Printer Port Handling In BIOS and DOS

IBM has defined three input/output address ranges at which
parallel printer ports are recognised. This allows up to three
printer ports labelled LPT1, LPT2 and LPT3. The
correspondence between LPT number and the base address is
defined by the PC's BIOS. Upon power up, the BIOS attempts
to identify printer ports at three address ranges (3BCHex on
mono display cards, 378Hex and 278Hex on input/output
adapters). The BIOS tries these three in order and if a printer
port-is identified the base address at which it occurs is placed in
a table, starting at memory address 408Hex. This table has four
possible entries of 16bits each. Some software ignores this
table but DOS printing uses it, so it is a good idea to use it to
keep compatible. A parallel port at one of these addresses is
identified by writing AAHex to the base address (therefore the
data register) and reading back from the same address. If
AAHex is read back the BIOS considers this to be a parallel port
and puts its base address in the table. If anything connected to
the parallel port (e.g. a printer that is turned off) interferes with
this identification procedure the printer port may be ignored, or
if another device that allows register feedback, is at a reserved
address it will get incorrectly identified as a printer port.

The number of parallel ports identified is stored in the two
most significant bits of the byte at memory address 411Hex. (It
is confusing to note that the table has four locations but the
count of ports can only go up to three.) The first parallel port is
assigned to device LPT1. The second, LPT2 and the third,
LPT3, if they are all present. Any ports not present are not
assigned and, as such, cannot be accessed. When printing
from DOS the PRN device is an alias for LPT1, although this
can be changed with the use of DOS’s mode command.

By swapping base addresses in the table you can
swap between printer devices, as a number of printer swapping

ELECTRONICS TODAY INTERNATIONAL




RN

Dno——- 4

OPTO ISOLATOR
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interface designs.

WRITE_DATA

1

WRITE. _CONTROL)——S

)
e e

READ_CONTROL

11

DATA BUS

READ_DATA >—

READ_STATUS

—<BUSY

7418374
PAPEREND 7405244
SELECTIM 74L8174
74LS125
IC6, IC7 74LS05

ACK ALL PULLUP RESISTORS
ARE 4k7

<ERROR

WRITE_DATA V/RITE TO BASE ADDREES + 0
READ_DATA READ FROM BASE ADDRESS + 0
READ_STATUS  : READ FROM BASE ADDRESS + 1
: WRITE TO BASE ADDRESS + 2
: READ FROM BASE ADDFESS + 2

Fig.1. Generic printer port
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programs do. Beware, 400Hex to 407Hex is used to store the
base addresses of the PC's COM ports (the serial ports), some
serial port software supports more than four COM ports and
can overwrite the parallel port base addresses. This is rare, but
beware. Just to recap, table 2 shows the allocation of LPT'’s.
Note that MDA is Monochrome Display Adapter.

Programming

When printing, DOS handles the allocation of printing devices to
address (see above), but when using the parallel port as input or
output, the programmer needs to know which address the LPT
device is assigned to. Listing 1 gives a piece of code to find the
Base Address of a port from its device number (1-3). This, like
the other programming examples given here, is written in
QBasic as supplied with MS-DOS 5.0 and subsequent versions.
This listing turns the LPT number into an address in the look up
table, then reads the Base Address of the port from the
memory location calculated. From this Base Address, the
addresses of the Data Register, Status register and Control
Register are derived.

INT17

The PC's BIOS initialises both the hardware and the base
address look up table as described above, The BIOS supports
printing with INT17 (which is used by INT5, the print screen
function). This is called

with the required set up in
specific registers of the

16 MERUTS micro-processor. The

3 Gpe 3 (m2

i index of the parallel port

in the base address look
up table is put in DX. This
is 0-3 representing LPT1-
4. (Yes, you can access
the fourth in the list here,
but exactly what happens
is BIOS dependent.) The
byte to be serit to the
printer is put in AL if
necessary. AH is given a
value of 0, 1 or 2.
AH=0
character in AL.
AH=1
Initialises the port, returns
the status in AH.
AH=2
the status in AH.
The status retumed is

L (ma3

CCCT

Nl

Printer

Return

CLK

the state of the five inputs
(the highest five bits of the
byte, see table 4 for the
bit allocations)and the
LSB is set if a time-out
has occurred.

ICS

16 Interrupts

19 The MDA paralliel port
and that at 378Hex are
allocated IRQ7, and the
} port at 278Hex is

32 OUTPUTS allocated IRQ5. The idea
behind this was to
generate an interrupt

upon the Ack signal from the printer. This then can tell a printer
driver to send its next byte. Unfortunately, this is rarely possible
and is very infrequently used. IRQ5 and 7 are consequently
considered free, and so are used by various other cards, e.g.
network or sound cards. IRQs are used by some other
operating systems and some parallel port data transfer systems.

A Typical Printer Port

Figure 1, shows a generic parallel port. The data bits are
latched together by a write to base address + O (se< tables 3
and 4 for register addresses and bit assignments) and can be
read back at the same address. These and the other output
may have capacitors to ground to remove fast transients. The
control outputs are latched and inverted by open collector
inverters, except Init which is inverted twice to maintain the
same polarity. Each of these outputs are pulled up with 4K7
resistors. These bits can ba read back (with the same polarity
as they were written) as they too are buffered at the same
address. The status of the printer can be read from the port by
the five inputs, of which only Busy is inverted. Two of the other
bits of the control register are aiso used. The first (it 4 of the
control register) enables the interrupt, passing the Ack signal to
the buses appropriate IRQ line. The other (bit 5 of the control
register) is only used in bi-directional parallel ports to enable or
disable the eight data lines.

Bi-directional Parallel Ports

The output latch used to handie the eight data bits has an
output enable control which is, in the original IBM PC, tied to
ground to permanently enable the outputs. As mentioned above
this output enable can be controlled by bit 5 of the control
register, allowing software to control this output enable. Tri-
stating the output, creates an input only port. This was first
introduced on IBM’s PS2 systemns, but the original IBM PC
could be converted to this as all the required hardware is
present; only the output enable connection needs to be made.
This suggests that IBM considered the bi-directional port initially
and abandoned it. This control over the direction of data
transfer allows a greater degree of communication with the
printer and a wide variety of other uses. The ability to send or
receive a byte of data creates a range of data transfer
applications between two PCs or a PC and a peripheral. (See
communications below.)

Dongles

One of the non-printer uses of parallel ports are to talk to
copy protection dongles. These devices sit between the PC's
parallel port and the printer, monitoring the data being sent out.
They usually only process data when the Strobe is high,
therefore ignoring printed data allowing the printer to work in
conjunction with the dongle. Dongles tend to be powered from
the parallel port's data and control lines through a couple of
diodes to sum the current from several outputs. When more
than a milliamp or so is pulled from an output, its voltage can
drop significantly. These outputs are guaranteed to source
current up to 2.6mA, but also the voltage is within the range of
5-2.4V. This is officially a definite no-no, but it does work if you
are careful.

Communications

The idea of transferring data to/from your PC in a high speed
parallel form is very attractive, because it can provide an
efficient means of data transfer at a very low cost. Many
commercial packages, such as LapLink or M3-DOS's interink,
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Table 1

Parallel port pin out and signal details

Pin No. ‘Name

1 Strobe

2 DO (LSB)

3 D1

4 D2

5 D3

6 D4

7 D5

8 D6

9 D7 (MSB)

10 Ack

11 Busy

12 PaperEnd
13 Selectin

14 AutoFd

15 Error

16 Init
17 Select
18-25 Ground

Active High/Low Input/Output
Low Output
High Output
High Output
High Output
High Output
High Output
High Output
High Output
High Output
Low Input
High Input
High Input
High Input
Low O-utput
Low Input
Low Output
Low Output

Table 4

Bit definitions within the registers

Bit No. 7 6 5

Data Register D7 D6 D5

Status Register Busy Ack Paper End
Control Register - - Output Enable

4 3 2 1 0

D4 D3 D2 D1 Do
Select In Error - -

IRQ Enable Select Init AutoFd Strobe

can use the parallel port for file transfer between PCs. A number
of storage systems, such as hard disks, floppy disks, CD-ROMs
and tape back-up systems use the parallel port for data transfer
as an alternative to dedicated interfaces. These systems tend to
be more expensive than their dedicated.counterparts and have
significantly lower data transfer rates. Nevertheless, these
systems are easy to connect and transport (i.e. to use on different
machines) and can be invaluable to portable computer users.

Table 5 gives the connections for a nibble mode data
transfer cable. The use of bi-directional ports or the misuse of
the open collector outputs can give the user byte transfers, but
these methods are not universally compatible or safe. The use
of the lower half of the data bits and status lines to transfer data
a nibble at a time is slower, but works reliably. Data bit 3 and
Error are used to perform handshaking between systems. Just
a waming; the D7 bit is inverted in transfer into the Busy line.

User Input/Output

When not in use for printing, the parallel port is ideal for the
hobbyist to perform simple input or output tasks. Any of the
status inputs could be used to read the status of a switch or
other digital signal. As all the inputs are pulled up internally, a
switch only needs to pull the input to ground when activated.
Relying upon the internal pull ups may prove to be
temperamental in some cases so, if this is the case, use
external pull ups to 8V. The control outputs are implemented

with open collector outputs. These, when outputting a logic low
pull the output to a fow level. But when outputting a logic high
the output goes high impedance, being pulled up by 4K7
resistors to 5V, and can be pulled low by extemal events. So if
the outputs are forced to a logical 1, they can be mis-used as
inputs, with internal pull ups, through the register feedback
buffers. Thisdoes work, but is not recommended as it abuses
the outputs and some multi-I/O cards do not correctly
implement the control outputs with open collector outputs.
B:Using the digital outputs of the parallel port to drive digital
systems, such as an-ADC or DAC, is simply done but it is a
good idea to pull up the inputs to your system to guarantee the
logic levels provided by the output. Examples of this form of
control include a PC based controller for a model railway and
access to devices over the 12C serial bus. The data outputs, as
stated eartier, can only source 2.6mA (Max.) and this is only
guaranteed for one output. You cannot hope to pull that from all
the outputs without damaging the device. Powering projects
from the parallel port is, as stated earlier, not advisable so an
external power supply is needed for example take 5V from the
Games Port (Pin 8).

Figure 2a shows how a LEDcan be controlied by a data output.
These outputs can sink up to 24mA each and as such can be
more useful than sourcing current. So you think, “Ok | can
create a pretty light show with my PC. So what?” Opto isolators
are just a LED driven to cause a photo-transistor to conduct.
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Figure 2b shows how an opto isolator can be used to drive a
relay. Once you can get a LED to flash, any other /O is only a
small step further on. Non-isolated relay control is easy to
achieve, as in figure 3, by using a Darlington driver, such

as the ULN2801.

Port Extenders

The main reason people buy or build a digital input/output card
for thelr PC, is because they require more inputs or outputs than
the parallel port can offer. This is where port extenders come in.
They multiplex the inputs and outputs available on the parallel
port to provide a more useful number of inputs and outputs (see
ETI November ‘94 for such a project based upon shift registers).
Figure 4 gives an example of how to provide up to 16 inputs and
32 outputs with a relatively low chip count (7 chips in fact).
Replacing the 74LS139 with two 74LS138’s can double the
number of I/O bits available (use Select as the next input of the
74L.5138). This circuit latches the data into one of the extemal
fatches by putting the data into the data register and setting the
control register to select the appropriate external register. The
Strobe signal is then pulsed low to latch the data. The inputs are
multiplexed, in banks, onto the status lines controlled by the
same control lines as the outputs.

Listing 2 shows how the discrete port extender is programmed.
This code sends a Byte to the specified expanded port and then
reads in a nibble from the separately defined expanded input.
This nibble is processed to present it in the lower half of a byte,
with the correct logic levels.

Figure 5 shows an I/0 expander based upon the 8243. This
chip is an I/O expander designed for use with the 8048 family of
micro-controllers. It communicates via a four bit data bus and a
few control signals. Data bits DO-3 are used to send data to the
8243 through the 74L$126. This data buffer allows these bits to
be disabled and data from the 8243 to be read in to the PC on
the status lines. The 8243 provides four, four bit I/O ports (16
bits altogether).

To talk to the 8243 an instruction is given to the data bus (D0-3)
and the Prog line is taken from high to low (all this while CS is
low of course). If the instruction is a write, the appropriate data
nibble is placed on the bus and the Prog line taken high again. If
a read instruction is used, the 74LS126 is disabled to allow data
to be output by the 8243 without conflict and then the data is
read into the PC. A port on the 8243 is considered to be an
input port if it has had a read instruction directed towards it. This
means that a dummy read of any input port is required to set up
the port before use. Also you cannot read back the status of an
output, as it will be converted to an input by the read.

if 16 I/O lines are not enough for you, it is possible to use a
number of 8243’s with a different chip select {e.g. use D7 or D6
and D7 via a 74LS139). This is not shown diagramatically or in
the example program, but should not prove difficult for the
experienced hobbyist. Listing 3 shows an example

Table 5
Nibble mode transfer cable as used for
MS-DOS interink
Machine 1 ‘Machine 2
D46 ~ Busy(ly
D3 (8) Ack (10)
D2 (&) Paper End (12)
D1 (3) Selectin (13) |
DO (2) ! Emor (15) |
Busy (11)° D4 (6) .
- Ack(10) D35
- Paper End (12) D2 (4)
~ Select In (13) D1@d
. Ema (15) DO @)
GND (25) GND (25) |
* Note that B_usi is irverted [

Table 2
Base addresses for each LPT device
MDA Present No MDA
. _ Present
il 3BCHex » 378Hex
LPT2 378Hex 278Hex
LPT3 278Hex N/A

programming for this form of port extender.

One note on compatibility with printing; it is a good idea to store
the contents of the control register on start up, before it is
corrupted by your program, and then restore this value to the
control register when the program ends. This ensures that the
correct configuration is present to allow printing to take place
after your program has run.

WARNING
Do not connect any externally powered circuit to your parallel
port unless you have checked and double checked your work.
Use current limiting resistors (10K) in series with the signals if possible.
It is important to note that modern PCs have their parallel
ports on the same small piece of silicon as the serial ports and
floppy, hard disk controllers. So, electrically, the parallel port is
very close to expensive parts of your system, like the
motherboard and hard disk. Damage to the parallel port puts
these expensive parts in danger. Please do not let this deter

Location
Base Address :
Base Address +_2

Table 3
Register definitions
Name Read and/or Write
" Data Eegister ey Read and Write
“Control hegjster Read and Write
| Status Register " Read Only

—Base Address + 1
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you, just be careful. The electrical parameters given in this Byte = &H55

article are correct for the original IBM parallel port, implemented ouT DataRelellster: Byte
; . . : OUT ControlRegister, ExpPort * 2

using discrete 74LS technology. Modern ASIC mplemgntatlons OUT ControlRegister, 1 + (ExpPort * 2)

of the parallel port may not conform to these specifications, but OUT ControlRegister, ExpPort * 2

can sink reasonable current to drive LEDs, etc. REM To Read from the Discrete Port Expander.
The circuits and systems presented here are not intended to REM Set E"D-tnpftt‘ o the number of the expansion

. ¥ 3 input por

be full projects and, agsuch, no PCB or other support is avfanIabIe. L Lt hic TEkut) EOrt Saliaes ceit el

These have been devised only as examples and ideas to inform Register

you and invoke your imagination. The parallel port is an easy and REM Read the data in

universal way to interface to your PC, so have fun experimenting. ~ REM Then invert Busy bit and shift data down by

four bits.
— ExpInput
LIStIl‘Ig 1 OUT ControlRegister, ExpInput * 2
REM This code shows how to read the basg address DataIn = INP(StatusRegister)
of a LPT port 1 Dataln = (DataIn XOR 128) / 16
REM from the installed devices table.
REM Set PORT equal to the LPT port number 1,2 or 3 Listing 3
REM TableStart is the start of the base address REM To Talk to the 8243 Based Port Expander.
lookup table. REM Some consts required to drive 8243, common to
REM The SEG is defined to access the bottom Write and Read.
SEgmant, CONST CS = &H40

REM Then MemoryAddress is calculated from the
port number and start of table.

REM This location is read and the word is put
together from two bytes. . .

REM Using the BaseAddress from the table the e PORTor ;umber of ‘the port to write to; 4.5,6
registers addresses are found. REM Nibble

REM Data Register is at the Base Address itself.

REM Status Register is the second location (
BaseAddress + 1 )

REM Control Register is next ( BaseAddress + 2 ).

CONST PROG &H20
CONST OE H10
REM Write to 8243 Port Expander.

four bits to send.

REM Give instruction which is the same as PORT
number for Writes.

REM Take Prog low.

REM Put the Nibble of data on Port 2

PORT 1 REM Take Prog High again to end write cycle.
TableStart = &H408 REM Put the Chip Select for the 8243 High at the
DEF SEG = 0 end.

MemoryAddress TableStart + 2 * (PORT 1) PORT

BaseAddress = PEEK(MemoryAddress) + Nibble = 14

'(PEEK‘(MemoryAddress + 1) * 256) OUT DataRegister, PORT + PROG + OE
DataRegister BaseAddress + 0 OUT DataRegister, PORT + OE

StatusRegister = BaseAddress + 1 OUT DataRegister, Nibble + OE

ControlRegister = BaseAddress + 2 OUT DataRegister, Nibble + PROG + OE
PRINT “The base address for LPT*; PORT; *“is *; OUT DataRegister, Nibble + PROG + OE + CS

HEXS (BaseAddress); "Hex” REM To Read from the 8243 first send instruction.
REM That instruction is the PORT number with bit

Listing 2 2 reset.
REM Example of how to write to the Discrete Port REM Take Prog Low to indicate instruction on bus.
Expander . REM Put OE Low, so data can be read in.
REM Set number of expansion port in ExpPort. REM Read in the data.
REM Set Byte to the data to be sent. REM Manipulate Nibble so it contains the data
REM Put this data on to the data bits D0-7 ( with correct polarity.
DataRegister ). REM Take CS High at the end.
REM Define the port number onto the appropriate PORT 5
bits of the Control Register OUT DataRegister, (PORT AND 3) + PROG + OE
REM Pull Strobe low to latch the data on to the OUT DataRegister, (PORT AND 3) + OE
defined expansion port. OUT DataRegister, 0: REM i.e. disable OE with PROG
REM Strobe goes High again and the data is ,OW
latched. Nibble (INP(StatusRegister) XOR &H80) / 16
ExpPort 0 OUT DataRegister, PROG + CS + OE
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POWER AMPLIFIER MODULES-TURNTAEBLES-DIMMERS-

LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS
OMP MOS-FET POWER AMPLIFIERS THOUSANDS PURCHASED LR LY YL [TH3S SUPPLIED READY BUILT AND TESTED,
HIGH POWER, TWO CHANNEL 19 INCH RACK | BY PROFESSIONAL USERS now enjoy 8 world-wide for quality, and performance eallstic price. Four

nllabln b suit the needs of the professional and hobby market i.e. industry, Leis: strumentat and Hi-FI

, NOTE that all models inctude toroidal power supply, integral heat sink, glass tibre P.C.8. and
drive circuits 1o power a competible Yu meler. All models are open and short circuit proof.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

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

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

PRICE £64.35 + €4.00 P&P

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

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

ALL POWER RATINGS R.M.S.INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: power supplies with two toroidal transtormers #® Twin L.ED. Vu melers %
Level controls # Illuminated on/off swilch % XLR conneclors % Standard 775mV inpuls % Oper: and short circuit
prool % Latest Mos-Fets lor stress free power delivery into virtually any load * High slew rate & Very low
distortion % Aluminium cases % MXF600 & MXF300 fan cooled with D.C. loud ker and thermal pr
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3"%:" (2U)xD11"
MXF400 W19 xH5"%" (3UxD12"
MXF600 W19 xHS %" (3UXD13"
MXFI00 W19 'xH5%:" (UMD 14%"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL £12.50 EACH

OMP X003 STEREO 3-WAY ACTIVE CROSS-OVER

OMP/MF 300 Mos-Fet Output power 300 watts

R.M.S. into 4 ohms, trequency response 1Hz - 100KHz

v -3dB, Damping Factor >300, Slew Rate 80V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.

-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + €5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
. R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
trequency response 1Hz - 100KHz -3dB, Damping
Factor >300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 + £12.00 P&P

Advanced 3-Way Stereo Active Cross-Over, housed in a 19" x 1U case. Each channel has three level controis:
bass, mid & top. The removable fronl fascla allows access to the programmable DIL switches to adjust the
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24d8 per oclave. Bass invert switches
on each bass channel. Nominal 775mV input/output. Fully ible with OMP rack amptifier ang modules.

Price £117.44 + £5.00 P&P
AT LU P AT NEE G I # ECHO & SOUND EFFECTS%

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed coniret, DJ Mic with talk-over
switch, 6 Channels with individual faders
plus cross fade, Cue Headphone Monitor. B
Sound Effects. Useful combination of the
foltowing inputs:- 3 turntables (mag), 3
mics, 5 Line for CD, Tape, Video etc.

Price £144.99 + £5.00 P&P SIZE: 482 x 240 x 120mm IEMINENCE:- INSTRUMENTS, P.A., DISCO, ETC

NOTE: MOS-FET MOOULES ARE AVAILAB.E IN TWO VERSIONS:
STANDARO - INPUT SENS 500mV, BAND WIDTH 100KHz.
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIDTH SOKHz. ORDER STANDARD 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 also available.

PIEZO ELECTRIC TWEETERS - MOTOROL ALL EMINENCE UNITS 8 OWMS IMPEDANCE
Join the Piezo revotution! The low dynamic mass (no voice coll) of a Piezo tweeter praduces an improved :E; %%:’;;;:;MF:E:;E:E's'pog.gi:“':uggsss;;::Ao GUITAR/ EXCE"LE:;gElg'aT?E(:' £2.00 P&P
transient response with a lower distortion level than ordinary dynamic tweeters. As a crosscver is not required 10" '1 00 v«iATT "‘ M.S 'ME1°:1°° GUIi’AR VOCAL' KEYBOARD, DISCO, EXCELLEP&I’ MID .
these units can be added 1o existing speaker systems of up to 100 watts (more if two are put in series. FREE RES. FREQ. 7T1Hz FREO RESP. TO TKHz SE'NSSMB il > 'PRlCE £33.74 + ':2 50 P&P
EXRLANATORY/LFAELEYS ARG SUFRCEND SITHMARK UREEIEE, ] 10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for§l pes. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
# TYPE ‘B’ (KSN1005A) 3%" super horn for general purpose speakers,ll RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P
e e i NIt On. REe. FREG 23tz FREG. RESH 10, YOKHa SENS 8adB. |\ " RRICE 83607 + £3.50 AP
e "E™ st i -Fi . . 2, r 3 z, 3 X ]
TYEE 3 (K?"“l” aA)2 ": "'dtesd;sgpe's“’" ":;’;,'” quality Hi-Fi sys-§ o 60 WATT R.M.S. ME42-200 GEN. PURPOSE. GUITAR, DISCO, VOCAL, EXCELLENT MID.
tems.and quallly digesiatc. BriDe + SpITI RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 9848. PRICE £46.71 + £3.50 P&P
TYPE ‘D' (KSN10254) 2°x6" wide dispersion horn. Upper frequencyl 12- 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
T r t g down to mid-range {2KHz). Suitable for highfl RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70,19 + £3.50 P&P
qualny Hi-Fi systems and quallly discos. Price £9.99 + 50p P&P. 15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.
TYPE ‘E' (KSN1038A) 3%" horn tweeter with attractive silver tinish trim. :‘?-;:g% :3?‘.;".??;.“5.5?}8 ::"g"spigz gzd&ss —— BAS;'(";'S'ET‘::OM + £4.00P4P
Suilable lor Fi-{ T opithr <ySiadys @1, Paisl S5k 201 JEpIREE RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 10348, PRICE £73.34 + £4.00 P&P

LEVEL CONTROL Combines, on a recessed mountinggplate, level control §

and cabinet input jack socket. 85x85mm, Price £4.10 + 50p P&P. ARBENDERS:- HI-F1, STUDIO, IN-CAR, ETC|

) ALL EARBENDER UNITS 8 OHMS (Except EBS-50 & EB10-50 which are dualimpedance tapped @ 4 & 8 ohm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

ibl FLIGHT CASED LOUDSPEAKER amissssmmmny | 87 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, H1-F), IN-CAR.

) RES. FREQ. 40Hz, FREQ. RESP, TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P
A new range of quality loudspeakers, designed to take advantage of the latest 10" SOWATT EB10-50 DUAL IMPECENCE, TAPPED 4/8 OHM BASS, HI-F1, IN-CAR.
speaker technology and enclosure designs. Both models utilize studio quality RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion 10" 100WATT EB10-100 BASS, Ki-Fl, STUDIO.
constant directivity horns, extruded aluminium corner protection and steel RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96d8. PRICE £30.39 + £3.50 P&P
bali corners, compiimented with heavy duty black covering. The enclosures 12° 100WATT EB12-100 BASS, STUDIO, Hi-FI, EXCELLENT DISCO.
are fitted as standard with top hats for optional loudspeaker stands. RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93d8B. PRICE £42.12 + £3,50 P&P

FULL RANGE TWIN CONE. HIGH COMPLIANCE, ROLLED SURROUND

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 5" 6GOWATT EB5-80TC (TWIN CONE) HI-FI, MUL'I'l-AnnAv DISCO ETC.

FREQUENCY RESPONSE FULL RANGE 45MHz - 20K Hz RES. FREQ. 63H2, FREQ, RESP. TO 20KHz, SENS 92d PRICE £9.99 + £1.50 P&P
ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 6%:" 60WATT EB6-60TC (TWIN CONME) HI-Fl, MULT| ARRAV DISCO ETC.
ibI FC 12-200WATTS (100dB) PRICE €£175.00 PER PAIR RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. PRICE £10.99 + 1,50 P&P
SPECIALIST CARRIER DEL. £12.50 PER PAIR 8" 6OWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
: S12 RES. FREQ, 40Hz2, FREQ. RESP, TO 18KHz, SENS 89dB. PRICE £12.99 + £1.50 PAP
OPTIONAL STANDS PRICE PER PAIR £49.00 10" 60WATT EB10-60TC (TWIN CONE) Hi-F), MULTI ARRAY DISCO ETC.
Detlvery £6.00 per pair RES. FREQ, 35Hz, FREQ. RESP, TO 12KHz, SENS 98d8. PRICE £16.49 + £2.00 P&P

U AR STE| BOOSTER AMP THREE SUPERB HIGH POWER

CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150w [| PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
Bridged Mono PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
250 WATTS (125 + 125) Stereo, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS
Bridged Mono W TRAMSMITTER 80-108MHz, VARICAP CONTROLLEG PROFESSIONAL ©
400 WATTS (200 + 200) Stereo, 400W [ PERFORMANCE, RANGE UP TO 3 MILES. SIZE 38 ¢ 123mm. SUPPLY 12V 3) 0.5AMP.
Bridged Mono PRICE £14.85 + £1.00 P&P

ALL POWERS INTO 4 OHMS FM MICRC TRANSMITTER 100-168MMHz, VARICAP TUNED, COMPLETE WITH
Features: VERY SENS FET MIC, RANGE 100- 300"\ SIZE S6 2 66mm, SUPPLY 9V BATTERY.

+ Stereo, bridgable mono #* Choice of PRIC o cg PHOTO: IW FM TRANSMITTER

high & fow level Inputs # L & R level B K ELECTRDN'CS

controls * Remole on-off & Speaker &
I UNITS 1 & S COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR

PRICES: 150W €49.99 250W £99.99

400W £109.95 P&P £2.00 EACH

ACCESS ACCEPTED BY POST, PHONE OR FAX. Tel. 01702 - 527572 Fax: 01702-420243




he exploration of the Solar System beyond Mars

by unmanned craft could well be described as

now being in its ‘third’ phase. During phase one

the Pioneer craft such as Pioneer 11 in 1979 in

its flight towards the outer reaches of the solar
system, valuable information was obtained which was used to
design and direct the Voyager satellites | and Il some ten
years later.

The extensive data of the Voyager craft in turn allowed
specific missions to be designed such as the Galileo mission
for Jupiter and the Cassini Mission for Saturn. While the Galileo
craft is due to encounter Jupiter this year, the Cassini mission
has still some way to go before launch.

While Satum is even farther away from us than Jupiter and
may be expected to present a cold and utterly barren
environment, scientists have long been curious about Titan,
Satumn’s largest moon. Titan is large enough to support and
retain an atmosphere, although the gases present are quite
unlike those at present in our own atmosphere. A key part of
the Cassini mission to Saturn will involve the launching of
aprobe through Titan’s atmosphere in order to sample its
composition. This Huygens probe is also designed to send
back any images it may capture during its descent or from its
surface if a landing is successfully achieved.

Figure 1 shows the large planet as imaged by Voyager 2
from a distance of 13 million miles. The three small white dots
at the base of the picture are the moons Tethys, Dione and
Rhea. Satum is widely accepted as the most beautiful planet in
the Solar System.

Saturn’s secrets: Early observations
After first having observed the rings of Saturn in 1610,
though without appreciating what they were, Galileo Galilei
was even more astonished in 1612 when the feature
apparently vanished. It was however, the Dutch scientist

Mission

Figure 7

Christian Huygens, who, with the benefit of better optics
around 1655, was able to identify the feature as a set of rings
around the planet. As Saturn orbits round the sun every 29.5
years and the axis of rotation of the planet (rings included) is
inclined at 20 degrees, so on occasion when viewed from
earth the rings can appear to vanish. Huygens also discovered
the largest moon, Titan.

During subsequent observations, the French-Italian
astronomer Jean-Dominique Cassini was able to identify the
additional moons of lapetus, Rhea, Tethys and Dione. In
addition, in 1675, Cassini discovered that the rings of Saturn
are divided by a narrow gap - termed the Cassini division.
Thus, while Galileo and Huygens were involved in important
stages in discovering the first of Saturn's secrets, it was
Cassini who through much patient observation added
considerably to the knowledge of Saturn and her attendant
moons and rings.

Saturn: Facts and figures

The four giant gaseous planets of the Solar System, Jupiter,
Saturn, Uranus and Neptune form a family with shared
characteristics. Saturn is nearly ten times the diameter of the
Earth and its volume would enclose 815 Earths. Its density,
however, is less than that of water. The orbit of Saturn is
perturbed somewhat by the attraction of Jupiter and as a
result the distance of Saturn from the sun varies between 9.0
Astronomical Units (AU) and 10.1 AU. The surface gravity of
Saturn is 1.16 of that of the earth.

The relatively great distance of Saturn from the sun results
in the planet receiving about 1/100th of the amount of incident
sunlight as does the earth. In contrast to most earth orbit
satellites which can utilise solar energy from silicon cells,
Satum-bound probes need to carry their own on board
power sources.

The axis of Saturn is inclined at 26 degrees to the horizontal

Douglas Clarkson
looks at the
forthcoming NASA
European Space
Agency probe to
Saturn - the Cassini

Uncovering

SECRETS
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Figure 11:

Artist’s impression of the
Cassini orbiter with deployed
Huygens probe above Titan.

4 » 4 \_ o
Lt Figure 1:
Saturn as imaged by Voyager 2
from a distance of 13 million miles.
The three small white dots at the
base of the picture are the moons
Tethys, Dione and Rhea.
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Figure 12: Detail of the
Cassini/Huygens craft (Courtesy ESA)

even greater than Earth’s inclination of 23.5
degrees. The Satum day is 10 hours and 40 minutes
and the Saturn year 29.5 ‘Earth’ years.

Satum is a large planet - its equatorial radius is
60,330 miles. In many ways, the structure of Saturn

Table 1:
Relationship between escape velocity and

atmospheric status of various planets of the
solar system.

Planet Escape velocity Atmospheric and its associated planets has been determined by
(km/sec) Status the sheer mass of material which has generated a
| Mercury 425 NONE gravitational field strong enough to retain the lightest
' Earth 112 YES elements, Hydrogen and Helium, in its atmosphere
Mars 502 NONE |1 and also in liquid and solid forms at depth within the
b = 0 fabric of the planet. If the total mass of Saturn had
Jupiter 59.5 YES = .
=} - 1 been below a critical value then it would gradually
Satumn 32.26 YES have lost first its mass of Hydrogen and then its mass

Figure 3: Image of Enceladus taken from a distance of Figure 4: Image of lapetus taken by Voyager I,
74,000 miles by Voyager Il. There appears to be areas of revealing sharply contrasting colour details of the
recent ice melting. surface.
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Figure 5: Details of Titan taken by Voyager 2 in 1981.

of Helium as the associated gas molecules attained sufficient
velocity to escape from Satum's gravity and venture out into space

Table 1 indicates the escape velocity of a range of planets
in the solar system with details of atmospheric status:

Saturn is considered to have a rocky core of probably the
same size of the Earth but contains material around three
times as dense. With increasing depth beneath the top of the
cloud layers, both the temperature and the pressure within the
atmosphere increases. Hydrogen in a metallic state is considered
to start to exist at a depth of 32000km beneath the clouds at
a level where the temperature is 9000K.The temperature at the

VENUS FLYBY
20 JUN 1999

Figure 6: Picture of Titan taken by Voyager Il which reveals
details of the moon’s thick atmosphere.

cloud tops of Satumn is estimated to be -180C.

Satum’s magnetic field was discovered by Pioneer 11 in
1979. This field, which is around 1000 times greater than that
of the Earth, has a significant influence in the interaction of
Saturn with the Solar Wind - the stream of charged particles
streaming out from the sun. The area within this field - the
magnetosphere is a key factor in atmospheric chemistry for

aturn’s and also Titan. The interaction of Saturn’s magnetic
field with high energy cosmic rays of charged Hydrogen nuclei
(protons) renders part of Saturn’s surface relatively free of
cosmic ray radiation.

SATURN
25 JUN 2004

MANOEUVRE
= 2 DEC 1998

\ =

fa)

r 4f ‘ ‘] Y il

VENUS FLYBY RR 8 1,

21 APR 1998 f XS LAUNCH
~ 6 OCT 1997

EARTH FLYBY - |

16 AUG 1999

ba "
JUPITER
30 DEC 2000

PERIHELIA
23 MAR 1998 0.68 AU
27 JUN 1999 0.72 AU

Figure ‘9. details of the interplanetary trajectory of the
Cassini/Huygens spacecraft (Courtesy ESA)
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Figure 8: Details in Saturn’s northern hemisphere cloud
structures. (Slide P-23922) (Courtesy NASA)

Saturn’s moons

One of the major attractions of Saturn is that it has the
most extensive set of moons of any planet in the solar system.
Over 20 have been identified. Table 2 summarises the principal
moons of Satum.

The Voyager missions in their transit past Satumn and its
moons made various surprising discoveries. Figure 2 shows a
montage of the Saturnian system taken from images from
Voyager 1 during November 1980. In the upper left is Rhea
with Enceladus below, just above Dione. Ringed Satum is
above Dione; Tethys and Mimas with its large impact crater
are to the lower right. Titan is in the upper right.

The moon Enceladus, shown in figure 3, while covered with
ice, displays abnormally smooth areas with the absence of
craters as if there have been episodes of melting over parts of
its surface. Stranger still is the object lapetus as shown in
figure 4. One of its faces is exceedingly bright while its leading
side is exceedingly dark - consisting possibly of areas of
organic, carbon-based material.

Titan, however, remains Saturn’s biggest secret. Figure 5
shows details of the shrouded moon taken by Voyager 2 in
1981 from a distance of 1.4 million miles. Titan lies hidden
beneath an opague atmosphere more than 50% denser than

that of the Earth. Nitrogen is probably the principal component
of Titan’s atmosphere. Methane (a few percent) and Hydrogen
(0.2%) are likely present. There may also be a high
percentage of Argon - as high as 20% - though this will need
to be confirmed by direct atmospheric sampling. Figure 6
indicates a picture of Titan taken by Voyager Il which reveals
details of the moon's thick atmosphere. Scientists have
observed a brownish orange haze in Titan’s atmosphere which
is considered to originate from complex organic molecules.
This is considered to result from photolysis of methane caused
by solar ultraviolet radiation, cosmic rays and particles
travelling within the magnetosphere of Saturn.

Titan is of very high scientific interest-since it may hold vital
clues to the initial development of the earth's atmqsphere
from 4.5 billion years ago to its present condition and also to
the development of the early building blocks necessary for the
evolution of organic carbon-based life forms. Scientists have
made a range of speculations about conditions on Titan.
These range from an interesting but lifeless terrain to the
possibility of lifeforms existing in covered lakes of liquid
hydrocarbons warmed by the planet’s internal heat. it will
be guite some time, however, before such scientific
curiosity is satisfied.

Seen in context, however, Titan could easily have existed in
the Solar System as an individual planet such as Mars or
Mercury. Therefore, rather than having to voyage to distant
star systems in the hope of finding 'interesting’ planets or
moons, Titan is one in our own backyard.

The Rings

The Voyager mission provided a wealth of information
about Saturn’s rings and, while some old problems were
solved, new ones were created. Figure 7 shows details of the
ring structure taken by Voyager Il. The earth observation
based convention of banding the rings as A, B, C and D from
the outside towards the centre considerably oversimplifies the
fine detail observed by the Voyagers. Fine structured rings are
observed also to be present in the Cassini division. The
material within the rings of Satum range from sub microscopic
dust to lumps of ice the size of houses. The rings are dense
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Figure 14: Data capture and relay of Huygens probe data by the Cassini orbiter. (Courtesy ESA)

ELECTRONICS TODAY INTERNATIONAL

38



Figure 2: Y
Montage of the o a m ~
Saturnian system ; { 18
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crater are-to the lower
right. Tita1 is in the
upper right.
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Figure 10. Sequence of orbits plannec for the Gassivi
o-biter craft Courtesy ESA).
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enough to cast deep shadows on the surface of Satum.

The rings are considered to interact with the retinue of
orbiting moons and moonlets although most of these lie
beyond the outer extent of the ring system. Scientists are
particularly interested in the ring structure since that may
provide clues relating to the condensation of dust and gas at
the birth of the solar system.

The Voyager mission captured flickering lights in sections of
Saturn’s ring structure. These are thought to be caused by
charged particles in the planet’s magnetosphere.

Saturn: Atmosphere and cloud systems

The Cassini orbiter will be able to monitor the atmospheric
features of Saturn both in greater detail and for a longer time
scale than the Voyager probes. This will give a better
appreciation of the natural cycles of development of weather
systems as observed in the swaths of circling clouds. Figure 8
shows details in Satum’s northern hemisphere cloud structures.

While Satum’s atmosphere is approximately 94% Hydrogen
and 6% Helium, traces of a range of other atmospheric
components have been identified. These include Ammonia,
Phosphine, Propane, Methylacetylene and ethane. It is likely
that many more compounds await detection.

While on the Earth there are significant temperature
differences between poles to equator, on Satum the equivalent
temperature differences are much smaller - around 5 K. Like
Jupiter, Saturn radiates more heat than it absorbs from Solar
Radiation though it is unclear what gives rise to Satum’s
intemnal heating. Most of the energy that drives the cloud
systems on Satum originates as heat convecting up from deep
within the planet. The Cassini mission will afford ample
opportunity to monitor Saturn’s cloud systems.

All about the mission

The Cassini probe is due to be launched in October 1997
by a Titan IV-Centaur rocket from Cape Canaveral in Florida.
Since Saturn is farther from the sun than Jupiter, and payloads
require more energy to reach Saturn than Jupiter, because of
overcoming the gravitational attraction of the sun. Due also
primarily to limitations in payload capacity, the flight path to
Satumn will take place via gravity assist encounters with several
planets of the solar system. Two are planned for Venus and
one each for the Earth and Jupiter.

Figure 9 shows the interplanetary trajectory of the
Cassini/Huygens spacecraft. Hopefully, Cassini will survive
unscathed as it traverses the asteroid belt between Mars and
Jupiter. If all goes well, Cassini should enter Saturn orbit during
June 2004. The orbit of Cassini will be configured to allow
observation of polar as well as equatorial zones. Figure 10
indicates the complex series of orbits planned for the Cassini craft.
The craft will initially enter into a wide orbit and the Huygens
probe released towards the end of this initial orbit around Satum.

The present mission plan dates from mid 1992 when a
more ambitious NASA CRAF/Cassini programme approved in
1990 was scaled down to reduce costs. The mission is a
partnership between NASA, ESA (European Space Agency)
and ASI - the ltalian Space Agency. ASI is involved in
producing Cassini’s high gain antennae and key parts of
several experiments. The main Cassini mission will be
commanded from the.Cassini Mission Support Area (MSA) at
the Jet Propulsion Laboratory (JPL) in Pasadena, Califomia.
The Huygens Probe Operations Centre (HPOC) will be at
ESOC Headquarters in Europe. Links to the Cassini craft will
be undertaken by means of NASA’s extensive Deep Space

Network. Aerospatiale/Cannes was selected by ESA as the
main Huygens contractor in November 1990. The initial orbits
of Cassini are planned to be at an altitude above Saturn
equivalent of one sixth of its diameter. During its planned four
year mission, the craft will undertake around sixty orbits of the
large planet. On account of the principal interest in observing
Titan, Cassini's orbit has been planned to allow over thirty
encounters with the large mysterious moon. Changes in orbit
are undertaken either by propulsive manoeuvres or Titan
gravity assist encounters.

The Cassini Spacecraft

An artist’s impression of the Cassini craft is shown in figure
11. The weight of the Cassini orbiter at launch including
propellants will be almost six tonnes. The actual Huygens
probe itself weighs around 350 kg. Cassini will be powered
using radioisotope thermoelectric generators which utilise
Plutonium. Such power generators have already been used for
the Galileo and Ulysses missions. The details of the
Cassini/Huygens craft design are shown in figure 12.

The Cassini orbiter carries a total of twelve scientific
experiments with the Huygens Titan probe carrying another
six. The Cassini mission makes extensive use of developments
in electronics. While previous planetary spacecraft such as the
Voyagers used on-board tape recorders, the Cassini mission
utilises new solid-state recorder technology with no moving
parts. Extensive use is being made of very high speed
integrated circuit (VHSIC) chip technology for the on-board
computer. Application-specific integrated circuit (ASIC) are aiso
being utilised. The power systems of the Cassini orbiter have
been upgraded to include innovative solid-state power
switches which will eliminate current and voltage transients
and provide significantly improved component lifetime.

The Cassini orbiter carries a broad range of instruments
which include high resolution infra-red spectrometers, CCD
detectors for photometric images (200 nm to 1100 nm),
synthetic aperture RADAR, Ultraviolet spectroscopy, electron
spectrometers, dust particle detectors, magnetic field
detectors, mass spectrometer, ion imager and radio and
plasma wave detectors. Thus, the surfaces of Titan can be
imaged in much the same way that Magelian mapped the
surface of Venus using synthetic radar techniques. Table 3
indicates the components of the Cassini Craft at launch.

The Huygens Titan Probe

The Huygens probe is being supplied by the European
Space Agency. The Huygens probe will be launched from the
Cassini orbiter in late 2004 and drop into Titan’s atmosphere

Table 3

Launch components of the Cassini craft
Item Orbiter Mass (kg)
(dry mass 2150
including payload)
Probe (+ 5Ckg payload) 343
Probe Support equipment 30
Launch adaptor 165
Bipropellant 3000
Monopropellant 1182
Launch mass 5820
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some three weeks later. Up to this time the Cassini craft can
monitor the condition of the instruments aboard Huygens and
where necessary undertake calibration checks and monitor
battery condition. The last operation undertaken before
separation is the activation of the battery circuits and the
resetting of the probe’s timer in order that it should be
activated before it enters Titan's atmosphere.

The probe will initially enter the top of the atmosphere and
begin making measurements in the layer of haze above the
cloud tops. This study will be undertaken by an aerosol
collector pyrolyzer, a gas chromatograph and a mass
spectrometer. During the descent, various instruments will
record temperature, pressure, atmospheric density and energy
balance in the atmosphere. The Huygens probe carries a
camera to capture pictures of the Titan landscape.

Scientists can only speculate what features may exist on
Titan’s surface.There is the possibility that the surface of Titan
is covered by lakes or oceans of methane or ethane. The
Huygens probe is designed to function even if it lands in liquid.
A surface science package has been designed by the
University of Kent at Canterbury to determine characteristics of
any landing site. The Huygens probe is anticipated to land at a
velocity of between 5 to 7 metres/sec. This is equivalent to
dropping the probe from a height of two metres above a
surface in earth’s gravity.

Information captured by the Huygens probe will be stored
on board and relayed to the Cassini orbiter while it is stifl within
range. This data will in turn be relayed onto earth.

The Landing Programme

The deployment and landing of the Huygens probe is
certainly one of the most complex manoeuvres undertaken
during space exploration. Initially, the Huygens probe will be
released some 22 days before the Titan encounter. It will be
released with a relative velocity of 30 cm/sec and with a
rotation rate of seven revolutions per minute. This gives a
degree of stability of the craft during its coast phase to Titan
and during its descent stage through Titan’s atmosphere.

During the initial descent through Titan's atmosphere, the
probe is protected by a heat shield some 2.7 metres in

MACH 1.8

‘|r70-|90 km o8 mvs
]

155-175 km

% ouTye308
80 m/s
152.172 km
Ty = Ty+ 408

AR
R )
<o
100 nvs

160-180 km
aTiets

MACH 20
300-250 km

PILOT-CHUTE
DEPLOYMENT

FRONT-SHIELD
SEPARATION
DEPLOYMENT

INSTRUMENT i
COMNFIGURATION
FOR DESCENT

BACK-COVER RELEASE
MAIN-PARACHUTE
DEPLOYMENT

40 mis
110-140 km
Ty + 15min

3

MAIN-PARACHUTE JETTISON
STABILISER-PARACHUTYE

diameter using heat resisting components Proial and AQ 60.
At initial impact Into Titan's atmosphere the craft's velocity will
be 6000 m/s. This will rapidly be reduced to 400 m/s (Mach
1.5} in less than two minutes at which stage the parachute
deployment stage will be initiated by the firing of a mortar.
Some thirty seconds after the main eight metre diameter
parachute has been deployed the front heat shield will be
released so that it falls clear of any probe landing site and
avoids instrument contamination.

At this stage, various of the sampling ports on the probe
are opened and scientific investigation begins. In order,
however, to speed the descent, after 15 minutes a smaller 2.5
metre parachute is deployed. The landing sequence is
indicated in figure 13.

One of the main limitations of the Huygens probe is the
power requirements of the on board laboratory systems. A
total energy capacity of 1800 Wh will be supplied which
should provide sufficient power for a 153 minute mission - 2.5
hours of descent and three minutes on the surface. Data
captured by the various instruments will be buffered internally
prior to transmission to the Cassini orbiter.

The Cassini/Huygens Probe Interaction

As the flexibility of space craft increases, so also does the
associated complexity of mission control and co-ordination.
Figure 14 indicates the main stages of the mission to capture
data from the Huygens probe. Initially, the Cassini craft is
turned so that the high gain antennae is pointing towards Titan
in order to capture the probe descent phase and up to 30
minutes of data after touchdown. The on-board Cassini
imaging systems are then directed to Titan and other Cassini
specific modules are activated for analysis of Titan data. Around
one hour after closest approach, the Cassini orbiter turns its
high gain antenna towards earth for the playback of data.

The Huygens probe is therefore launched ahead of the
orbiter so that it touches down some 1.5 hours ahead of the
closest approach of the orbiter. Due to the limited battery life
of the Huygens probe, there is no opportunity for a repeat run.
It is a once only event. As a comparison, the Mars landers
could use solar cells to maintain on-board systems.

Summary

The Cassini mission is a
highly ambitious undertaking.
The design of the craft far
exceeds in complexity that of
the highly successful Voyager
vehicles. This added
complexity, however,
introduces complication at
the human level in co-
ordinating and controlling the
mission. As well as scientific
skills being tested at the
limits of knowledge, it will
also be most demanding on
human capabilities and
resourcefulness.

Figure 13: Landing
sequence of the
Huygens probe.

(Courtesy ESA)

Images courtesy of NASA and
European Space Agency
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magine a regulator that will produce a regulated
output with more current than the input. Let's take
a it a stage further: imagine being able to get
several different voltages from one input unregulated
supply, at high efficiency. Take a look at Figure 1
which shows a 40V 1A unregulated supply feeding three
switching regulators giving a total of 3.5A of current at different
voltages. Yes, 3.5A is perfectly possible form a 1A unregulated
supply. The power is fine: the total input power is 40W and the
output power is 29.5W, and the efficiency is just under 75%.
Using linear regulators, the total current from all three
regulators would be limited to 1A and the efficiency would be
around 20%. This is because linear regulators act as clever
attenuators, regulating the output voltage by adjusting the voltage
drop across the input and output terminals of the regulator. Unlike
switching regulators, they cannot increase the current available.

DIY switchers

Switched mode supplies are now widely used to power
computers and they are getting increasingly common in audio
and video equipment. However, they are still a no-go area for
one-off and amateur designs. This is despite ETI, trailblazing as
ever, publishing a practical design in June 1983, when a certain
long-forgotten D. Bradshaw was editor. The ET! design was a
full-blown PSU delivering 12V at 4A, but it required three
transformers, a couple of high-voltage MOSFETs and a heap of
transistors, diodes and passive components.

In contrast, Nat Semi's Simple Switchers make it a cinch to
knock up a fixed or variable switching regulator. They cost a
little more, but they offer a broader input voltage range, higher
efficiency and lower heat dissipation.

Like a linear regulator, this particular switching regulator takes
an unregulated input and produces a regulated lower voltage.
But because the switcher transforms power, the output current
is normally larger than the input current. Switchers can work
efficiently from higher input voltages, so several switchers can
be used to supply different output voltages from a singte input
voltage with no efficiency penalty. Other switchers, like the
LM2577, produce a higher voltage than the input, but I'm
saving that for a future article.

How they do it
Switching regulators use the fundamental property of an
inductor, which is the ability to store energy and, using the

jators

Dave Bradshaw takes a look at the design
and construction of some simple switch
regulators power supplies which offer the
user more current and higher efficiency

stored energy, oppose any change in the current flowing
through itself. The inductor’s energy is stored in its magnetic
field, built up while current is being passed through it. Turn off
the current, and the inductor will do its best to keep the current
flowing, making sparks jump across switch contacts (or across
spark plugs in a car’s ignition systems). The property of
resisting change gives inductors their frequency-dependent
impedance (the quicker the change, the more the inductor
resists, so the higher its impedance).

The switching regulator exploits the inductor's property by
turning the current supply on and off in a controlled way; this is
shown in Figure 2. Inside the regulator IC is a 52kHz oscillator
with a variable duty-cycle: the relative lengths of the ‘on’ and
*off' periods can be changed while the total period is kept the
same. The oscillator output drives a transistor that acts as a
power switch; one ‘terminal’ of the switch is attached to the
unregulated input, and the other terminal to one end of the inductor.

The duty cycle of the oscillator is set by a circuit which
measures the output voltage (at the junction of inductor L1 and
capacitor C4) via the feedback connection to the IC. If the
output voltage is too low, the duty cycle is lengthened, i.e. the
switch stays on for longer so more current flows through L1 into
C4; if the voltage is too high, the duty cycle is shortened, so
that less current flows into the capacitor.

If the unregulated input were the only source of current, the
switcher would not be able to supply an output current that is
higher than the input current. Here's where the inductor’s
energy storage comes into play. It stores energy in its magnetic
field while the switch is “on’ and current is flowing from the
unregulated input to the output. When the switch is tumed ‘off’,
the inductor keeps current flowing by drawing positive current
from the ground via the ‘catch’ diode, D5, as shown in Figure 3.

The best analogy 1 can think of is of a water wheel (Figure 4a)
that feeds water from a higher level to a lower one. The flow of
the water turns the wheel quickly, building up momentum. If the
higher level water is shut off via a tap, the wheel carries on
spinning because of its momentum. If we supply it with water
from a level that is below the output levet (Figure 4b), the wheel
will scoop up this water to the higher output level, losing
momentum as it does so.

The inductor is acting like the water wheel, except that rather
than mechanical energy (momentum), its energy is stored as a
magnetic field. The energy makes the inductor 'scoop up’
current from ground and supply it to the output.
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Fig.2. The essential elements of the switcher are the switch
itself, an inductor, a capacitor and a controlled oscillator.
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Fig 4. The water-wheel analogy: while the top tap is open (Fig
3a), the water wheel is pushed round faster and faster,
building up momentum; when the top tap is shut (Fig3b), the
water wheel scoops up water from the lower tap, losing
momentum.

Fig 3. Essential switcher action: while the transistor conducts,
current flows through the inductor, building up the magnetic

field; when the transistor is off, curent flows from the dicde, but
from ground to positive due to the action of the inductor.
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Fig 6. The switcher circuit for fixed 5, 12 and 18§ V supplies.
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The inductor used cannot be any old inductor. It has to be a
type that is specified for switched mode use, and it must be
capable of carrying the full current. The ‘catch’ diode also is
special, a conventional rectifier diode is not up to the job. It has
to be a fast-recovery high-current device, but not all fast
recovery types are suitable, some will cause instability and/or
electromagnetic interference. Normally a Schottky diode is used
for its ‘soft’ tum-off characteristics.

Iinput ripple and efficiency
In most cases, the switchers are direct replacements for linear
regulators, but they have some different characteristics. As we
have already seen, the switching regulator transforms power, so a
large difference between input and output voltages is not a problem.
With a linear regulator, high voltage difference means high power
dissipation, and the regulator will shut itself off to avoid frying.
As with linear regulators, you have to watch that the
instantaneous voltage on unregulated supply lines does not
drop below the minimum input voltage, otherwise some very
nasty 100Hz ripple will feed through to the output. A step-down
switcher has a minimum overhead of around 2V, depending
quite a lot on current drawn and other operating conditions.
Unlike linear regulators, extra margin does not mean extra

dissipation; rather, we can use a wider margin to increase
transformer efficiency. In linear supplies, we normally use a
high-value smoothing capacitor to achieve a low ripple on the
input voltage (as in Figure 5a). This enables us to keep regulator
heat dissipation low by keeping the input voltage just above the
minimum overhead required by the regulator penalty for
this is the high ripple current flowing in the transformer, rectifiers
and capacitors - up to 50 times the average output current.
Small intemal resistances lower the overall efficie markedly
and lower the output current capability.

The switcher’s ability to take a higher input voltage enables
us to increasing the transformer voltage. Lowering the reservoir
capacitor size produces a longer conduction period (Figure 5b),
so reducing losses in internal resistances. The ripple voltage is
much larger, but so long as there is a good safety margin
between the minimum voltage the regulator needs and the
lowest part of the wave form, the switching regulator works fine.
The higher the input voltage, the higher the ripple voltage can be.

There is a absolute restriction on input voltage, which is that
it must not exceed 45V, the absolute maximum rating of the
LM2575/6 series. Nat Semi does produce high voltage
versions, LM2575HV and LM2576HV, with absolute maximum
input voltages of 63V. However, | was unable to find suppliers.

Table 1
C1 and L1 values for 5V

Transformer voltage 9 12 15 18 22 25, 28, 30
| C1for 1A (UP) 14,700 1,000 470 330 220 220
" C1for 2A (UP) 10,000 2200 680 680 470 220
" C1 for 3A (uP) 12,000 © 3300 1,500 1,000 470 330
- L1 for 1A (uH) 220 220 330 330 330 330

L1 for 2A (uH) 100 100 150 150 150 150 |
| L1 for 3A (uH) 68 100 100 100 100 100 J

b T_ransformer voItage 1_5 - ﬁ " 22 B 25 28,30 |
C1 for 1A (uF) 3,300 1,000 470 330 220 ,
" C1 for 2A (uF) 6,800 2,200 1,000 680 470 |
| C1 for 3A (uF) 10,000 330 1500 1,000 680
Lifor1A@uH) 330 330 470 680 680
L1 for 2A (uH) 150 220 220 330 470
L1 for 3A (uH) 100 150 150 220 220

Transformer voltage 18 S 25 28,30 I
~ Ctfor 1A (uP) 2,200 1,000 470 330 |
Clfor2A(uf) 4,700 2,200 1,000 680
" C1 for 3A (uF) 6,800 2,200 1,500 1,000 l
L1 for 1A (uH) 330 470 680 680 |
CL1for2AQuH) 220 330 330 330 |

L1 for 3A (uH) 150 150 220 220 I
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One final word before we get stuck into the nitty-gritty is that
the LM2575/6 have an on/off control on pin 5. None of the
circuits here make use of this control, so they all take it to earth.

Fixed voitage regulators
There are five different fixed-voltage switching regulators circuits
here, with outputs of 5, 6.3 12 and 15, and 25V, and a variabie
voltage options. There is fixed 3.3V version of the Simple
Switcher that | haven’t made use of, but which could use the
same circuit values as the 5V regulator.

Including a 6.3V version may seem quirky, but it is the reason
why | got involved with the Simple Switchers. | was looking for
an efficient way of supplying valve heaters with 6.3V DC, so as
to reduce mains hum in a valve preamplifier. The solution was
the first supply | built using these devices, but | quickly realised
how many other uses there were.

The circuits are shown in 1A, 2A and 3A versions, with a wide
range of input and output voltages. Although the circuits hardly
change, the component values do vary a lot, so be sure to use
the right values. The 1A version uses the LM2575 series
regulators, while the 2 and 3A versions use the LM2576T
versions (there’s no particular reason for using the LM2575
series for 1A, except that it is a little cheaper).

Figure 6 shows the basic circuit for the fixed 5V, 12V and 15V
regulators (the 6.3 volts and 25 volts versions are described below).
Figure 7 shows the corresponding PCB layout. Figure 6 is drawn
to emphasise the importance of short PCB track paths between
IC1, C1 and 2 and D5, in particular short earth paths; if you do
not use the PCB, you must keep these paths as short as possible.

For each output voltage, the inductor value and minimum
size of capacitor in the unregulated supply depend on the input
voltage and output current. | have given the appropriate values
for C1 and L1 in Tables 1-3.

For the capacitor values, | have chosen commonly-available
values where possible; however, if you cannot find the value
specified, use the next available value above; the circuit is not critical
in this respect. if you use a capacitor with tolerance greater than
20%, you shouid use the next value up anyway.

At first sight, some of the C1 values may seem remarkably
low - for example; 330uF for a 5V 3A output from 25V - but this
is because | have allowed for quite a lot of ripple. Raise the
values if they worry you, or if you find any ripple
breakthrough in the output.

RMS gives a rectified peak voltage of 42.4V, leaving only a 2.6V
safety margin, but with a heavy load there is an additional
voltage drop of around 2V across the rectifier diodes, leaving a
10% (4.6V) safety margin.

Because of the improved efficiency, transformer current
requirements are lower than you would normally expect,
particularly for the higher voltages. As a rough guide, the

transformer current rating (It amps) is given by:
It 2 x Vo x Ia/Vt

Where Vo is the maximum output voitage of the regulator,
1o is the maximum required current in amps, and Vt is the
nominal voltage of the transformer secondary. This assumes an
overall efficiency of 50%, including losses in other parts of the
power supply.

This relationship applies to all the different versions of the circuit.

Next Month...

We will look at 6.3V, 25V, and variable voltage regulators.

Fig 5. In Fig 5a, a high reservoir capacitance value
leads to the very short conduction time; In Fig b, the
conduction time is increased but so is ripple. So long
as the unregulated voltage is above the operating
margin needed by the regulator, high ripple can lead
to higher efficiency.

The optimum value of L1 varies according to
the maximum current output. Some values of L1
may be hard to get; use the next lowest value
that you can find.

If you have a free choice of transformer
secondary voltages, | suggest choosing a value
that is mid-way or above in the table. If you ever
want to use the same transformer to supply
other switchers with different voitage outputs,
choosing a higher voltage adds flexibility.

The maximum input voltage to the IC is 45V,
and this dictates a maximum transformer
secondary-voltage of 28V RMS. This gives a

rectified peak voltage of 39.6V with no load, i.e.
a safety margin of just over 10%. This margin is
needed because under no or light load,
transformers usually give a few extra volts.
However, | have included 30V in the tables as it
is a commonly available secondary voltage and
should be acceptable provided the supply
output will always be under heavy load. 30V

Fig 7. PCB layout for the switcher for 5, 12 and 15V. Note the alternative
positions for different versions of L1. Note also that several holes are not
used In this version. Be careful with the orientation of C1. The PCB tracking
connecting C2, L1, the output and the feedback may look odd, but it is
correct (the shape is to minimise the effect of ripple current).
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ontinuing a series of modules for the 80188
embedded controller, this circuit features a touch
sensitive keypad and tri-colour LED indicator.
This interface is interrupt driven; switch ‘presses’
“ are checked at a rate of 100 times a second.
When a switch is touched, the LED colour will indicate which
switch channel has been activated; a background program can
then determine what action to take dependent on the contents
of the AL register:
AL register qontains 00H; no switch has been pressed

01H; switch 1 pressed
02I; switch 2 pressed
04H; switch 3 pressed
08H; switch 4 pressed

If more than one switch is touched accidentally, no switch
press is registered to provide a fail-safe condition. The touch
pads may be larger than shown, effectively increasing the
sensitivity of the switch to a point that no contact needs to be
made with the switch; the proximity of the finger is all that is
needed to activate the switch. This switch interface then would
be ideally suitable in a intrinsically safe environment, since all
conductive surfaces can be insulated from the user.

How does it work?

The hybrid circuit (consisting of both analogue and digital
components), relies on capacitance effect to introduce a phase
shift in a digital signal. In the block diagram shown, a 100Hz
square wave signal generated by the 80188’s timer is applied to
an octal latch, so that the logic level at its inputs are changing at
a steady rate. A phase shifting circuit - the 10K variable resistor,
and a 100 pF capacitor form a simple integrator which
integrates the square wave input: the slope of the output signat

IANNE
Touch Switch

ne

O AGas s L

ce

Interfa

Another useful add-on module for
Richard Grodzik’s 80188 single board
computer

depends on the value of the variable resistor. Increasing the CR
value reduces the slope of the waveform and therefore modifies
the time at which the Schmidt trigger will change its logic level.
Note that these changes are barely perceptible and a good
50Mhz storage scope is required to observe this effect.

The 10K potentiometer is adjusted to the point where the
latching signal (active high) applied to pin 11 of the 74373 latch
causes the clock inputs of the switches (1D - 4D) to be latched
through to the outputs (1Q - 4Q) when the 100Hz signal is at
logic low. This can easily be checked by means of a logic
probe. As the clock signal continues to toggle, the octal latch
outputs will remain low. A further CR network formed by a 10K
resistor and a 1000pF capacitor introduces a further phase shift
so that an active high interrupt signal is generated just after the
74373 is latched.

The interrupt signal causes an interrupt service routine (ISR)
to be executed which reads in the output logic levels of the
latch into Port B of the 8155, and hence to the 80188, where a
check is made of the logic levels which should be all low.

if one of the touch pads is touched, the extra capacitance
generated by the finger produces a phase shift of the input
square wave to that channel, effectively ‘widening’ the pulse so
that, when the latch signal goes high, the logic level at this input
is at a logic high level - the remaining input channels being at
logic low. The activated channel causes a logic high signal to be
latched to the output pin of the 74373, which is subsequently
read by the CPU when an interrupt is issued.

An indication of which switch channel has been activated is
the function of the tri-colour LED, whose inputs are connected
via FET buffers to Port C.

Construction
A double-sided board was used for the touch interface circuit.
Making a double-sided board is not beyond the realities of the
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Fig. 3. Touch switch PCB component overlay

home constructor. Who would have thought it possible 20 years
ago, that the design and programming of a small
microcomputer would be possible on a kitchen table?. |, for one,
did not, | must admit. My initial response to the PC was that it
was an over-priced word processor, little realising that several
years later, the PC would be an indispensable tool on which all
my microcomputer development would take place.

Back to making a double-sided PCB. We have all found that
designing a single-sided PCB, even with PCB CAD facilities is a
time-consuming task if size constraints or many ICs have to be
accommodated. How to avoid too many links?. The answer is
making a double-sided board where copper connecting tracks
are placed on both sides of the board - the normal copper side
and also the component side. Electrical connections between
bottom and top layers are then made with simple 0. 8 mm pins
which are inserted into the 'pin-thru’ holes and soldered on both sides.

The most common problem is making a double-sided board
is how to align the artwork on both sides of the board, so that
there is correct registration between the component sides and
the copper side. A few millimetres out and the board becomes
unusable. The following method has been tried and tested by
the author many times.

Offer the copperside artwork to one side of the UV sensitive
board, having first removed the protective backing. Secure the
artwork with a couple of small strips of Sellotape - having a
slightly larger board than required will make this task easier - the
board is then later cut to final size. Drill two small diameter holes
(0. 6Bmm) at diagonally opposite ends of the board, including
both pieces of artwork. Now offer the component side artwork
to the other side of the board - print side outwards - and line up
with the aid of the two pilot holes. Secure with sticky tape. The
board can now be exposed to UV light and chemically
processed as usual i. e developed in a solution of caustic soda
and then etched in ferric chloride. Since both sides of the board

need to be etched, tum the board periodically , making sure that
the necessary safety precautions are observed. Use vinyl
surgical gloves to protect the hand - the common kitchen
‘rubber’ gloves tend to disintegrate in contact with ferric chloride
and should not be used. Finally, the board is washed and dried
and the thru holes are pinned through with special 0. 8 mm
track pins or with wire.

All the components are now assembled on the ‘component’
side of the board with the exception of the tri-colour LED which
is mounted on the opposite side - the leads soldered on the
component side, so that when this interface is plugged into the
module of the 80188 embedded controller, all the components
sit face down, with the LED pointing up. A ‘wander’ lead is
soldered to INTO pad on the interface card with connects to the
INTO pin on the embedded controller board. Drill a 10mm hole
so that the 10K pot can be adjusted when the circuit is mated
with the embedded controller.

Software

Most of the procedures to initialise the 80188 have been used in
describing the programming of the 80188 controller board so
they should not be too unfamiliar. Procedure INIT_PORTS
configures the 8155 ports, Procedure Initialise enables the INTO
interrupt system and procedure VECTOR loads the address of
the interrupt service routine (ISR} into the vector table located in
the RAM of the 8155.

The timer is configured at the start of the program and is
identical to the listing given in ‘TIMERO. ASM’ in the first part of
the programming course. Once the timer, ports and interrupt
system has been initialised, the interrupt flag is enabled and the
processor just ‘sits’ doing nothing. This is the background
program which is left for the user to program for their own
requirements.

Every 20 Ms, an interrupt is issued and the ISR routine reads
the logic states of the switch outputs, switches on the LED the
correct colour and returns to the background program.

;4 CHANNEL TOUCH SWITCH INTERFACE.

; TRI-COLOR LED INDICATES WHICH SWITCH HAS BEEN

TOUCHED

; INDICATING RED, GREEN, ORANGE OR OFF

;SWITCH IDENTIFICATION (1,2,4,8) RETURNS IN AL

;REGISTER IN BACKGROUND PROGRAM.

CODE SEGMENT

ASSUME CS:CODE

ORG 0

ORG 0400H
TIMERMODE

CONTROL REGISTER
COUNTER EQU OFF50H

EQU OFF56H ; TIMER 0

;16 BIT COUNT

REGISTER

MAXCOUNTA EQU OFF52H ;MAX COUNT
REGISTER A

MAXCOUNTB EQU OFF54H ;MAX COUNT
REGISTER B

SQUAREWAVE 0CO03H

MAXA 01BO3H ;MAX COUNT
VALUE A

MAXB 01BO3H ;MAX COUNT
VALUE B

i SQUARE WAVE OUTPUT ON
TIMER 0 OUT
;AT 100 HZ
MOV DX, MAXCOUNTA ;NOTE TIMER 0 IN
CONNECTED TO 5V
MOV AX,MAXA
OUT DX, AX
MOV DX, MAXCOUNTB
MOV AX, MAXB
OUT DX, AX
MOV DX, TIMERMODE
MOV AX, SQUAREWAVE
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OUT DX, AX
MOV SP, OFFH
POINTER
MOV DX, OFFA2H ;LOWER CHIP SELECT
MOV AX, 038H
OUT DX, AX
CLI ; DISABLE INTERRUPTS
CALL INIT_PORTS
CALL STOP
CALL VECTOR
CALL INITIALISE
; BACKGROUND PROGRAM

; INITTIALISE STACK

RUNS, INTERRUPTED 100
: TIMES/SECOND TO READ
SWITCHES
BACKGROUND:
STI ; ENABLE INTERRUPT
;WAIT FOR INTERRUPT AT
INTO PIN 45
;WHEN INTERRUPT
ISSUED, READ SWITCHES
;USERS PROGRAM GOES HERE,
;REGISTER AL (LOWER
NIBBLE) CONTAINS
;SWITCH STATUS
JMP BACKGROUND
ISR: ; INTERRUPT SERVICE ROUTINE
CLI ;DISABLE INTERRUPT
MOV SI,0102H ;READ PORTB
MOV AL, [SI)
AND AL, OFH ;MASK OUT BITS 4 - 7
PUSH AX ; SAVE STATUS OF SWITCHES
CMP AL,1
JNE SWITCH_2
MOV DI,0103H ;PORT C
MOV AL, 010H ;GREEN LED ON
MOV [DI],AL
SWITCH_2:
CMP AL, 2
JNE SWITCH_3
MOV DI,0103H ;PORT C
MOV AL, 8 ;READ LED ON
MOV [DI],AL
JMP NO_SWITCH
SWITCH_3:
CMP AL, 4
JNE SWITCH_4
MOV DI,0103H  ;PORT C
MOV AL, 0 ;ORANGE LED ON
MOV [DI],AL
SWITCH_4:
CMP AL, 8
JNE NO_SWITCH
MOV DI,0103H  ;PORT C
MOV AL,01FH ;LED OFF
MOV [DI),AL
NO_SWITCH:

MOV DX, 0FF22H ;EOI REGISTER NON SPECIFIC

MOV AX,0800FH ;END OF INTERRUPT, RESET
INTERRUPT FLAG

OUT DX, AX
POP AX ;RETREIVE SWITCH STATUS
IRET ;RETURN FROM INTERRUPT

STOP PROC NEAR
MOV DI, 0103H
MOV AL, 8
MOV [DI],AL
RET

STOP ENDP

; INITIAL LED STATUS = RED

INIT_PORTS PROC NEAR
MOV DI, 0100H
MOV AL, ODH

; PORT COMMAND REGISTER
; PORT C OUTPUT:
;PC3 RED LED
;PC4 GREEN LED
; PORT B INPUT {SWITCH
OUTPUTS)
;PORT A OUTPUT (UNUSED)
MOV [DI],AL
RET
INIT_PORTS ENDP

;LOAD CS:IP VALUES OF
INTERRUPT
;ROUTINE INTO VECTOR TABLE
VECTOR PROC NEAR
C_S EQU OFF80H ;BASE ADDRESS OF EPROM
INT_TYPE EQU 12
INT0 = INT_TYPE *4
MOV AX,OFFSET ISR
INTERRUET ROUTINE
MOV DI, INTG

;ADDRESS 30H
; LOAD ADRESS OF

; INTO INTERRUPT VECTOR
TABLE

MOV [DI],AX
MOV AX,C_S
MOV DI, INTO+2 ;ADDRESS 032H = CODE
SEGMENT
MOV [DI],AX
RET
VECTOR ENDP

+ADDRESS 030H = IP OFFSET

;iCONFIGURE INTO INTERRUPT
SYSTEM
INITIALISE PROC NEAR
MOV DX,0FF28H ;MASK REGISTER , ENABLE

INTO
MOV AX, 000EDH
OUT DX, AL
MOV DX,0FF38H ; INTO CONTROL REGISTER
MOV AL, 050h ; LEVEL (LOGIC HIGH)
INTERRUPT
OUT DX, AL
RET
INITIALISE ENDP
DELAY PROC NEAR
MOV CX, 01FFFH
LEDS:LOOP LEDS
RET
DELAY ENDP
ORG O07FCH ; RESET VECTOR FFFFO
JMP OFFCO: 0000
ORG 0800H
CODE ENDS
END

A floppy disk (3-1/2”) containing all the
source code and object code files of
the course, including printable artwork
files is available (price £12. 50 P & P
inc) from the author:

Mr. R. Grodzik (Micros), 53 Chelmsford
Road, Bradford BD3 8QN, Engiland.
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— FIELD ELECTRIC LTD
r. N TEL: 01438 353781 FAX: 01438 359397 e
MOBILE: 0836 640328/0806 213370
UNIT 2, WILLOWS LINK, STEVENAGE, HERTS SG2 8AB
SONY: PANASONIC 1.44Mb REFURB DISK DRIVES £10 ] 0-20DVC METER £2 MIN ORDER 2 C AT AI o G “ E
R — L ]

SONY 9" COLOUR MONITOR SUPER FINE PITCH 2VDC CENTRIFUGAL BI BLOWER NEW 26 C/P 2
CASED WITH DATA FOR RGB MODEL KTM 1000UB £45 TRAMQEI\IIMER TP
g:(;g/gl;ALlTY 75 OHM VIDEO CABLE 100M+ REEL c; AD'}S'T(%R-ZSDVA'V D SOCKET T0 W/ELECTRIC 8
SLO-SYN HS25 STEPPER MOTOR NEW + BOXED 40 02 | WAY SC

TEKTRONIX 453 OSCILLOSCOPE 50 MhZ DUAL BEAM
IN TORQUE £8.95 C/P 4.50 £475

ggﬂ FLASH MEMORY CAROS 1Mb TO 4Mb FROM REGHIOND 121D 3000 RPM 60 WAT MOTOR New
SVDC @ 40AMP SWITCH MODE PSU NEW + BOXED ns 207-065 AUTO TRANSFORMER 1000 WATT £40 C/P

£19C/P 6
COUTANT DC/DC CONVERTERS NEW 48V IN 5V OUT @ BERCO STAT 20HM SA POT £2.50
SAL6C/P3

5 200AG RED NEONS£1.00

12 VDC fans 90mm x 25mm £4 C/P 1.50 12.0-12 700 MAT-0-7 1A TIX £350

RS 238738 SWITCHED FILTER 1A £4 C/P 150 MICROVETEG CUB) COLOUR NONITORS TTL 6P
EPSON Pxd COMPUTER. CPM, WITH FLIP UP LoD | DIN'INPUT €29 0P 10.00

DISPLAY 2 SERIAL PORTS: PRINTER PORT: BCR PORT
ETC: NI-CAD BATTS: QWERTY KIBOARD £17 Gip5:00 | AL ITEMS UNDER £5 MIN ORDER £10

FEATURE PROJECT:

Iti Function
'::nom Programmer

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

*%* FOR SALE *»*

DEFENCE & AEROSPACE INDUSTRY
ELECTRONIC EQUIPMENT &
COMPONENTS 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, RA23 OHT
TEL (01984) 631825 FAX 634245
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The Summer '95 edition has 280 pages packed
with over 4000 products and now with news and
features including a full construction project.

P The computer section is greatly increased with new
ranges of equipment and accessories for PCs including:

Mother boards, CPUs and SIMMs
CD ROM drives and hard drives

Sound cards, 1/O cards, disc drive £ 1 9 5
SYSTEM: ASK FOR OUR FREE cards and video cards % 30p p&p
TRACEMCIED I PACK: Mice, trackerballs and joysticks

Power supplies and cases
P Feature project for an EPROM programmer

P> New 20MHz ‘scope from Leader, training systems from
Flight and an extended range of mobile phone batteries
and accessories from Uniross

Also from - . " »
Electrospeed' UK P> Latest addition from Velleman kits including a video
digitiser card

> 280 pages, 26 sections, over 4000 products from some
of the worlds finest manufactures and suppliers

P Available at most large newsagents, from 13th April, or
directly from Cirkit

b Send for your copy today!

MQP Electronics LTD

Park Road Centre, Malmesbury,
Wiltshire, SN16 OBX. (uk)
Tel: 01666 825146. Fax: 01666 825141

Cirkit Dlstrlbutlon Ltd

Park Lane * Broxbourne - Hertfordshire - EN10 7NQ
Telephone: 01992 448899 - Fax: 01992 471314
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0ADS MORE SUPER SURPLUS OFFER

X3216 33uF 250V size 25x16 6/£1.00
X3191 100uF 160V size 40x25 3/£1.00
X3189 100UF 400V sze 3125 DP 389. £2.00
X3221 150uF 385V sze 48x36 DP 388, £2.00
X3180 470,F 350V sie 51x30 DP 600. £3.00

AERIAL REEL

T104BA 1ooso'daen'da;dem'mleadmaoormect
windon rea.  Reel contans a buitin TV/radio spitter.
Usualy £595. NOW £3.60

POWER SUPPLI ES

Z9167 Ome of the best power supphes we've
.. seen for the money - this 397 watt switch mode
“beauty is coe of the highest quahity, made by Delta
: Bectronics inc. Removed from aquipment. but in
- excellent condition (less than a yoar old') the unit s
“totally enciosed in a steel case 340x 152x 152mm..
: It has an IEC mains inlet with suppressor fied and
 on/off mains rocker switch, and all outputs are on
eads with power connectors. Now for the spec:

2

[ Inputs: 100-120V 6 10A or 200-240V €

\ \\\\ 6A. Oumputs +6V € 40A; +12V @ 16A; -6V

! Q_l'l ® 1A; -12V & 1A switchabis on front pansl.

: \sl A 12Vdc 120x120mm tan is fitted at the rear of

‘\W/ the case. Cument distnbutor pce of 8 unit of this
~ \ ik would be around £400. Save 92%

Our Price £29.95

TIEIN A TIN!

25820 The story behind thess is that they were going to
be sent to Metal Box sharehoiders 1o try and stave off a
bid However, before they could be posted, a takeover
was announced - 5o now we've got them.  The metal box
measures 200x 135x45mm and is finshed in an attractive
blue and gold pattern.  Inside, the tie is Enghsh made
100% pure silk in royal blue (sample of material on re-
quest) with a small discreet logo (ideal if BM or MB are

IONIZER

8047EAomvoam mmmsmdasgm
specrically for car, truck and bus use whh a coverage voame
of 14m3.  Remowes unpleasart smels, arbome dust.
bactera, tobacco smoke, etc.  Supphed with a double sded
solf achesive pad. Power 12Vide 18W Dims: 110:65mm
Price £2.96

VICE

YO 10AC Cast steet miniature bench vice. B5mm jaws
open 1o B0mm.  Two bolt fixing to bench.  Red enamel
finish.  Dims _ 100x65x70mm. Only £4.96

ZS5961 Astec AC9232 S50W unt. +12V 25A: +5V
6A: 5V O5A: 12V 05A £12.96

25962 Astec SAT0A-3400 70W uné. +5V BA: +12V
35A; <12V 1A, SVOTA £14.96

26956 Famedi NOS5P21055W unit. 45V 254, +12v
1A £4.96

+ This Month| FREE one year subscription to Greenweld Guardian [vou inmes) T+ oo for st £3.95
Another fine selection of SMPSUs recently armved.  These are a ex-equip, but in working NICAD
order, Al are 115/230Vacnpur Do not exceed maximum wmagewxenbagm CHARGER

X8098 6V Constant cur-
rent nl-cad charger for up
to 4 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>