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8 Gene -de a PCB rats -nest .rear a lc

..of all the products included here, this is my personal
favourite... Really, Chats all I have to say about Quickroute

- it certainly gets my vote!"
EA SW TO USE
Qu aroute 3.5 is c powerful, afforcable and easy to ..ise in-eg-ated
schematic & PCB design system foe Windows'. With its rrultip1-3
buttal bars, 'tcc hints and 'parts bir', Quickroute helps youta
deg qIckly and efficiently

POOIERFUL
There are four ci-erent versions of Quickroute giving you a chc'ice
of factures & pr ce Cuickroute is avci able wit- multi-st-eet
schernatt capiu-e, auto -routing, 'engineering chance'
(modricct,on of a PCB from a ..hematic), copper fill, cad c range
of fia import/export options. See the table for c selection of

AFFCRDAIE
Price; are Designer (1,149), PRO (i24?) and PRO+ (i.39c). The
Perscnal edition is cvcilable for just 568, but has the manual
prow ded on disk as on-line help. Post & Packing is £5 (UK), £S' SC),

.3:Varlc) VAT must be addec to the total price.
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Review of Q2311 & other prod jets
CompulterShopper Mar 95

PCB & Schematic Dez.ig-1 1/1/VV
Schematic Capture V V Igi

12Auto router --..,
Design Rule Oleckirc V V
Export vilfv1F & Tango ill V V
Export Gerber/NC-D-ill V tri
Extended Libraries IN V V
ango + erbei rnpor I/
Update PCB from scheercill. V
DXF & SPICE Export 151
Copper Fill 1/

Tel/Fax 0161 449 7101
Quickroute Systems Ltd., 14 _ey Lane, Marple Bride

Stockport, SKO 5DD, U K.
email info@quicksys demorco.uk

Phone now
for move

information

Prices and specifications subject to chanae without notice. All trade rr arks are ackncwledgec if. respected.
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Douglas Clarkson looks at how
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Large Matrix 22Display (part 1)
Robin Abbott looks at how to
construct a PIC microcontroller
based large matrix display, a smaller
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A look at this month's free cover
disk, a versatile PCB design
package that runs on a PC under
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Terry Balbirnie builds a useful
NiCad battery charge checker,
to stop those flat battery blues

Keypad 36
Controlled Dimmer
Bart Trepak introduces a PIC based
keypad controlled dimmer project for
that soft romantic lighting

An 8051/80535 44
Single Board
Computer (Part 1)
This month's project from Dr Pei An
is the first part of a new 8051/80535
single board computer project

Portable Audio 56Mixer(part 1)
The construction of a versatile
portable audio mixer is the subject of
a project from Tony Sercombe

Antique
Electronics (Part 1) 64
Paul Stenning takes an initial practical
look at repairing and restoring
antique electronic equipment
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Pico Releases PC
Potential
Pico's Virtual Instrumentation enable you to use your
computer as a variety of useful test and measurement
instruments or as an advanced data logger.

Hardware and software are supplied together as a package
- no fnore worries about incompatibility or complex set-up
procedures. Unlike traditional 'plug in' data acquisition cards,
they simply plug into the PC's parallel or serial port, making
them ideal for use with portable PC's.

Call for your Guide on 'Virtual Instrumentation'.

r

*Pi

PicoLog
Advanced data

logging software.

NEW from Pico TC-08 Thermocouple to PC Converter
8 channel Thermocouple Interface
 Connects to your serial port - no power supply required.
 Supplied with PicoLog datalogging software

for advanced temperature processing, min/max detection and alarm.
 8 Thermocouple inputs (B,E,J,K,N,R,S and T types)
 Resolution and accuracy dependant on thermocouple type.

For type K the resolution is better than 0.1'C

TC-08 £ 199
TC-08 + Calibration Certificate £ 224
complete with PicoLog, software drivers and connecting cable.

LA range of thermocouple probes is available.

PicoScope
'Virtual
instrument'
software.

Pond temperature
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0 de ..4:ft.-.5G Logic Analysers

Pocket sized 16/32 channel Logic Analysers
 Connects to PC serial port
 Up to 50MHz sampling.

Internal and external
clock modes.

 8K Trace Buffer.

"'De- 0
1 Channel 8 bit
 Lowest cost in the Pico range
 Up to 22kHz sampling
 0 -5V input range

Carriage UK free, Overseas £9

S.Z74- 16 219
SZ>4-32 349
with software, power
supply and cables

"iff)e- MO Virtual Instrument
Dual Channel 12 bit resolution

Digital Storage Scope
Spectrum Analyser
Frequency Meter
Chart Recorder
Data Logger
Voltmeter

The ADC -100 offers both a high
sampling rate (100kHz) and a high
resolution. It is ideal as a general

purpose test instrument either in the
lab or in the field. Flexible input ranges

(±200mV to ±20V) allows the unit to
connect directly to a wide variety of signals.

rirre- 100 with PicoScope £199
with PicoScope & PicoLog £219

The ADC -10 gives your computer a single channel of
analog input. Simply plug into the parallel port.

riDe- /0 with PicoScope £49
Oscilloscope Probes ( x1, x10) £10 PicoScope & PicoLog £514

Pond t.mp

Air
°
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Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ

I Tel: (0)1954 - 211716 Fax: (0)1954 - 211880 E-mail: 100073.2365 @compuserve.com

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



PORTABLE X RAY MACHINE PLANS Easy to construct
plans on a simple and cheap way to build a home X-ray machine!
Effective device. X-ray sealed assemblies can be used for
experimental purposes Not a toy or for minors' £6/set Ref F/XP1
TELEKINETIC ENHANCER PLANS Mystify and amaze your
friends by creating motion with no known apparent means or cause
Uses no eiectncal or mechanical connections. no spea al gimmicks
yelproducespostive mobon and effect Excellert for science p rotects
magic shows party demonstrations or serious research
development of this strange and amazing phychic phenomenon.
Ea/set Ret F/TKE1

ELECTRONIC HYPNOSISPLA NS Li DATA This data shows
several ways to put subjects under your control I nauded Is a full
volume reference text and several construction plans that when
assembled can produce highly effectve stimuli This maternal must
be used cautiously It is for use as entertainment at parbes etc only
by those experienced In Its use E15/set Ref F/EH2.
GRAVITY GENERATOR PLANS This unique plan
demonstrates a simple eiectncal phenomena that produces an anti-
gravity effect You can actually build a small mock spaceship out of
simple materials and without any visible mean, cause n to levitate
£10rset Ret F/GRA1
WORLDS SMALLEST TESLA COILJLIGHTENING
DISPLAY GLOBE PLANS Produces up to 750,000 volts of
discharge, experiment with extraordinary HV effects, 'Plasma in a
jar. Si Elmds tire, Corona, excellent science proiect or conversation
piece. ES/set Ref F/BTC1/1,5.
COPPER VAPOUR LASER PLANS Produces 100m* of
visible green light High coherency and spectral quality similar to
Argon laser but easier and less costly to build yet far more effiaent
Thispaelcul ardesgn w as developed at the Nome EnergyCdrirri son
of NEGEV In Israel £10/set Ref F/CVL1
VOICE SCRAMBLER PLANS Mi nature solid state system
turns speech sound into Indecipherable noise that cannot be
understood without a second matching unit. Use on telephone to
prevent third party listening and bugging E6/set Ref FNS9
PULSED TV JOKER PLANS Little hand held device utilises
pulse techniques that will completely disrupt TV picture and sound)
works on FM tool DISCRETION ADVISED £8/set Ref F/TJ5
BODYHEAT TELESCOPE PLANS Highly directional long
range device uses recent technoiogy to detect I he p resence of living
bodies, warm and hot spots, heat leaks etc Intended for security, law
enforcement, research and development, etc Excellent securtty
device or very Interesting science protect E8/set Ref F/BHT1
BURNING, CUTTING CO2 LASER PLANS Protects an

Invisible beam of heat capable of burning and meting materials over
a considerable distance This laser Is one of the most efficient,
converting 10% Input pow er into usel ul output Not only Is this device
a workhorse In welding cutting and heat processing rnatenals but It
is also a likely candidate as an erec-bve directed energy bean,
weapon against missiles. aircraft. ground -to -ground etc Particle
beams may very well utilize a laser of this we to blast a charm..
the atmosphere for a high energy stream of neutrons or other
particles The device Is easily applicable to burning and etching
wood, cutting plastics, textiles etc £12/set Ref F/LC7
MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple
concept Objects float In air and move to Ire touch Defies gravity,
amazing gift, conversation piece, magic tndr or science protect (6/
set Ref F/ANT 1K.
ULTRASONIC BLASTER PLANS Laboratory source of sonic
shock waves, Blow hoes In metal, produce 'cord' steam. atomize
liquides. Many cleaning uses for PC boards, terillery, coins small
parts etc E6/set Ref F/ULEil
ULTRA HIGHGA IN AMP/STETHOSCOPIC MIKEJSOUND
AND VIBRATION DETECTOR PLANS uitrasenetwe device
enables one to hear a whole new world of sounds. Listen through
walls. windows. floors etc Many applications shown. from law
enforcement nature listening. medical heartbeat to mechanical
devices E6/set Ref F/FiGA7
ANTI DOG FORCE FIELD PLANS Highly effective circuit
produces time variable pulses of accoustical energy that dogs
cannot tolerate £6/set Ref FIDOG2
LASER BOUNCE LISTENER SYSTEM PLANS Allows you
to hear sounds from a premises without gaining access. E12/set Ref
FILLISTi
CRAWLING INSECT ROASTER PLANS Harmless high
frequency energy pulses destroy pests as they crawl into
the energy field, £4/set Ret F/RCR1
LASER LIGHT SHOW PLANS Dort yourself plans show three
methods £6 Ref F/LLS1
PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld. has large transducer and battery capadry with external
controls £6/set Rei F/PSP4
INFINITY TRANSMITTER PLANS Telephone line grabber/
roommorrltor The utbrnatein home/office security and safety. simple
to use! Call your home or office phone, push a secret tone on your
teiephone k access either A) On premises sound and voices or B)
Existing conversation with break -In capability for emergency
messages E7 Ref F/TELEGRAB
BUG DETECTOR PLANSIs that someone getting the goods on
you? Easy to construct device locates any hidden source of radio
energy, Sniffs out and finds bugs and other sources of bothersome
Interference Detects low, high and UHF frequencies E5/set Ref F/
B01
ELECTROMAGNETIC GUN PLANS Protects a metal object
a considerable distance requires adult supervision E5 ref F/E M L2
ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! £5/set Ref F/EMA1
PARABOLIC DISH MICROPHONE PLANS Listen to distant
sounds and voices. open windows. sound sources In 'hard to get' or
hostile premises Uses satellite technology to gather distant sounds
and focus them to our ultra sensitive electronics Plans also show an
optional wireless link system E8/set ref F/PM5
2 FOR I MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TES LA COIL AND
VARIABLE 100,000VDCOLITPUTGENERATORPLANS
operates on 9- 12.vdc. many possible experiments, E 10 Ref Fri-IVM 7/
TCL4

F WOLA ERIIAMYTON BRANTIV-
NOW OPEN AT WORCESTER ST

WHAMPTON TEL 01902 22039

INFINITY TRANSMITTERS The ultimate 'bug' tits to any phone
or One undetectable. listen to the conversations in tne room from
anywhere In the world 24 hours a day 7 days a we., just call the
number and press a button on the mini controller (supplied) and you
can hear everything! Ring or Fax for latest prt.,
SWITCH ED MODE PSU'S 244 watt, +6 32A, +12 6A. -5 0.2A. -
12 0.2A There Is also an optional 3.3v 25A rail available 120/240v
P Cased. 175x90x145mm IEC Inlet Surtable for PC use (6 d/drIve
connectors 1 miboard). £10 ref PSU1
VIDEO PROCESSOR UNITS?/6v 10AH BATTS/12V 8A
TX Not too sure w ha' the function of these units is but they certainly
make good stoppers' Measures 390X320X120mrn on the front are
controls for scan speed, scan delay, scan niode.loadsof connections
on the rear. Inside 2 x 6v 10AH sealed lead acelbatts.pcb, and a 8A7
17v torradial transformer (mains In) Condition not known. may have
one or .obroRen knots due to poor storage £17 50 ref VP2
RETRON NIGHT SIGHT Recognition of a standing man at 30Orr
In 1/4 moonlight, herrnabcally sealed, runs on 2 AA batteries. 80mm

F1 5 lens, 20mw infrared laser Included £325 ref RETRON
sit IN I FM TRANSMITTER KIT Very high gain preamp, supplied
complete with FET eectet microphone Designed to cover 88-108
M. but easily changed to cover 63-130 M. Works with a common
9v (PP3) battery 0 2W RF E7 Ref 1001
3-30V POWER SUPPLY KIT Vanable stabilized power supply
for !abuse Short circuit protected. suitable for prolesional or amateur
use 24v 3A transformer Is needed to comple.e the .1E14 Ref 1007
1 WATT FM TRANSMITTER KIT Supplied with piezo eleanc
mlc. 8-30ydc. At 25-30, you will get nearly 2 wattsl E12 ref 1009
FM/AM SCANNER KIT Weil not quite, you have to turn the knob
your self but you will hear things on this radio that yon would not hear
on an ordinary radio (even TV) Covers 50160mhz on both AM and
FM. quilt In 5 wan amplifier. Inc speaker. £15 ref 1013.
3 CHANNEL SOUND TO LIGHT KrT Wireless system, mains
operated, separate sensitivity adjustment for each channel, 1.200 v.,
power handl.ng, microphone Included E14 Ref 1014
4 WATT FM TRANSMITTER KIT Snail but powerful FM
transmitle', 3 RF stages, microphone and audio preamp Induct.
£20 Rei 1028
STROBE LIGHT KIT Ad ustable from I-60 lu (a lot faster than
convention . strobes) Mains operated £16 Ref 1037
LIQUID L'EVEL DETECTOR K IT Usefulfa tarns, ponds, baths,
rain alarm ieak cletectr, etc Will switch 2A mains. £5 Ref 1081

COM BIN AT ION LOCK KIT9key, programmable, complete with
keypad, wit switch 2A mains. 9v dc operab on E10 ref 1114
PHONE BUG DETECTOR KIT This device will wan iou if
somebody ts eavesdropping on your line £6 ref 1130.
ROBOT VOICE KIT nteresbng circuit that distorts your vace,
adjustable answerthe phone with a different voice! 12vdcE9ref 1131
TELEPHONE BUG KIT Small bug powered by the 'phone line
starts transmitting as soon as the phone rs picked up! £8 Ref 1135
3 CHANNEL LIGHT CHASER KIT 800 watts per channel.
speed and direction controlssuppliedwrth 12 LEDS (you can fit Macs
Instead to make kit mains not supplied) 9-12vdc E17 ref 1026
12V FLOU RESC EN T LAMP DRIVER X IT Light up 4 foot tubes
from your car battery! 9v 2a transformer also required £8 ref 1069
VOXSWITCH KITSoune activated svortchKleal lormMing bagging
tape recorders etc adjustable sensitivity £8 ref 1073

Check out our
WEB SITE

http://www.pavilIon.cao.uk/bull-eleotrloal Il

PREAMP MIXER KIT 3 Input mono mixer, sep bass and treble
contrdspius Individual level contras. 18vdc, Input sens 100mA £15
ref 1052
METAL DETECTOR KIT Range 15.20cm complete with case
9v. CB ref 1022
SOUND EFFECTS GENERATOR KITProduces sounds ranging
from tars chips to sirens Complete with speaker add sound effects
to your projects for just E9 ref 1045
16 WATT FM TRANSMITTER (BUILT) 4 stage high power
preamp required 12-18vdc. can use ground plane yag or open
dipole £69 ref 1021
HUM,DITY METER Kn. Builds into a precision LCD humidity
meter. 9 is design. pcb. lcd display and all components Included. £29
PC TIMER KIT Four channel output controlled by your PC, wiz
switch high current mains with relays (supplied) Software suppiiec
so yon can program the channels to 00 what you want whenever you
want Minimum system conhgeratioe is 286. VGA 4 1 540k, sena
port hard drive with min 100k free (24 99
DIVINING RODS Expensive technology cannot chatter, et he fool

SoMZ OF OUR PRODUCTS MAT BE uhru GEN SABLE IN THE IM

BULL ELECTRICAL
250 PORTLAND ROAD, 110VF.,, SUSSEX .

BN3 SQT. (FSTABLISLIED 50 1.1EARB).
NIAILORDER TERMS: CASH, PO OR CHEW

WITH ORDER P1,1)813 P&P PLUS VAT.
Pf.....sE ALLOW ,-10 DAYS FOR CrEGIVEitYPTITNE ORM.
WILCO& (ACE YISA,SWITM AM EFO CAN E VMS)

TEL 01273 203500
FAX 01273 323077

FOasi bull@pavitionico.uk

proof anolwaterdivining,passedlown from generation to generaton
Seeing Is believing Use in the home. garden_ countryside or desert
it's divinely simple, E4 99 a pair ref E/3.
HUGE BUBBLE MAKING KIT You'll be amazed al theme size
of the bubbles you can acheive with this bubble making kit. Once you
have got the knack ills possible to make bubbles of up to 40 feet long
£11 99 ref E/9

FM CORDLESS NI ICROPHON E This unAls an FM broadcasting
station In minature 3 transistor transmitter with electret condenser
mica.ret amp design resultin maximum sensitivity andbroadfrequency
resperse 90 105mhz. 50 1500., 500 foot range in open country'
PP3 battery required E15.00 ref 15P42A
MAGNETIC MARBLES They have been around for a number of
yearabut still give rise tocuilosityand amazement A pack of 12Isjust
E3 99 ref GI/R20
STETHOSCOPES A fully functioning stethoscope for all those
intricate projects Enat,les you to listen to motors, pipes, heartbeats
walla, Insects etc E6 ref MAR6P6
NICKEL PLATING KIT Proffesional electroplating kit that will
transform rusting parts Into showpieces in 3 hours, Will plate onto
steel Iron, bronze gunmetal, c opper. welded.sitver sd de red or brazed
joints Kit includes enough toplate 1,000 sqinches You will also need
a 12e supply, a container and 2 17v light bulbs £39.99 ref NIK39
Minature adjustable timers. 4 pole c/o output 3A 240v,
HY12305. 12vDC adjustable from 0-30 secs. £4 99
HY1260M, 12vDC adjustable from 0-60 mins £4 99
HY2405S. 240v adjustable from 0-5 secs £4 99
HY24060m. 240V adjustable from 0-60 mans £6 99
DRINKING BIRD Remember these? hook onto wine glass (sup-
plked) and they drink standup.dri..standup ETC. £4 each Ref EF 1
SOLAR POWER LAB SPECIA L You get TVY0 6,6. 6v 130mA
solar cells. 4 LED's, wire. buzzer, switch plus I relay or motor Superb
vaue kit just £5.99 REF MAC6P8
BUGGING TAPE RECORDER Small voice aclivated recorder
u ses rata° cassette complete with headphones £28.99 ref MA R29P 1
PLUG IN ACORN PSU iSv AC 14w £2.99 REF MAG3P10
POWER SUPPLY filly cased with mains and orp leads 17v DC
900mA output Bargain pnce £5 99 ref MAG6F'9
9v DC POWER SUPPLY Standard plug in type 150ma 9v DC with
lead and DC power plug pnce for two Is £2.99 ref AUG3P4
COMPOSITE ViDEO Kn.. Converts composite video Into sepa
rate H sync V sync, and video 17v DC, £8.00 REF: MAG8P2
GYROSCOPE About 3' high and an exceient educational toyfor all
ages, nce with instruction booklet £6 Ref EF 15

FUTURE PC POWER SUPPLIES These are 295,35x6Omm
4 dnve connectors 1 mother board connector. 150watt, 12.v tan. 'cc
inlet and on/on switch E12 Ref EF6.
VENUS F LYTRAP K IT Graw your own carniyorousplant with this
simple lot £3 ref EF34
6"X12" AMORPHOUS SOLAR PANEL 17v 155x3l0rnm
130mA Bargain pnce lust E5 99 ea REF MAG6P12.
FIBRE OPTIC CABLE BUMPER PACK 10 metres for E4.99

re, MAG5P13 ideal for expertmente. 30 m for £12.99 ref MAG13P1
ROCK LIGHTS Unusual things these two pieces of rock thatglow
when rubbed together, bowed to cause ra nIE3 a pair Ref EF29
3' by 1' AMORPHOUS SOLAR PANELS 14 5v. 700rr A 10
watts, aluminium frame screw terminals. £44.95 ref MAG45
ELECTRONIC ACCUPUNCTUREKITBuldsintoanelectronc
version Instead of nee,1 est good to expenment with £7 ref 7P30
SHOCKING COIL KIT Build this late battery operated device into
all sorts of things also gets *01715 out of the ground! £7 ref 7P36

FLYING PARROTS Easily assembled kit that b taids a parrot that
actually flaps its wings and fliesi m range E6 ref EF2
HIGH POWER CATAPULTS Hinged arm brace for stability
tempered steel yoke super strength latex power bands Departure
speed of ammunition is in excess of 200 miles per hour! Range of over
200 metres' £7 99 ref Ft/9
PHILLIPS PRO COLOUR MON(TORS, SCART INPUT
OUR PRICE JUST E80 REF BA R328.
GALLON MANUFACTURING KIT British made. small blob
blow sinto a large long,asting balloon hours offunlE3 99 ref GI/E99R

CLEARANCE SECTION, MINIMUM ORDER
£15 NO TECHNICAL DETAILS AVAILABLE.
NO RETURNS, TRADE WELCOME.
2000 RESISTORS ON A REEL (SAME VALUE) 99P REF BAR340
AT LEAST 200 CAPACITORS (SAME VALUE 99P REF BAR342
INF. RED REMOTE CONTROLS JUST 99P REF BAR333
CIRCUR BREAK ERS. OUR CHOICE TOCLEAR 99P REF BAR335
MICROWAVE CONTROL PANELS TO CLEAR £2 REF BAR 329
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 90P REF BAR305
LOTTERY PRE DICTOR MACHINE. JUST E1.50 REF BAR313
HEL L A L/ROVER ELECTRIC H1LAMP EVELL ER £2 REF BAR311
SINCLAIR C5 16" TYRES TO CLEAR AT JUST 75P REF BAR318
LARGE MAINS MOTORS (NEW)TO CLEAR AT 75P REF BAR310
MODEMS ETC FOR STRiPPING £2 50 EACH REF BAR32A
110V LARGE MOTORS (NEW) TO CLEAR AT 50P REF BAR322
MODULATOR UNITS UNKNOWN SPEC JUST 50P REF .R323
GX4000 GAMES COSOL ES JUST E4 REF BAR320
SMART CASED MEMORY STORAGE DEVICE, LOADS OF BITS
INSIDE, PCB, MOTOR CASE ETC. BUMPER PACK OF 5
COMPLETE UNITS TO CLEAR AT £2 50(FOR 5) REF BAR 330.
2 CORE MAINS CABLE 2M LENGTHS PACK OF 4 £1 REF BAR337
PC USER/BASIC MANUALS. LOADS OF INFO. El REF BAR304
PCB STRIPPERS TO CLEAR AT 2 FOR 99P REF .R341
3 M SCORE MAINS CABLE AND 13A PLUG. 60P REF BAR325

WE BUY SURPLUS STOCK
FOR CASH

BUYERS DIRECT LINE 0860 425692

FREE CATALOGUE
100 PAGE CATALOGUE NOW

AVAILABLE. 45P STAMP OR FREE
ON REQUEST WITH ORDER.
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Computer Products announces hundreds
of CE -marked AC/DC power supplies

Computer Products has announced that following extensive test and product
evaluation, its entire CUSCL series of external AC/DC power supplies is now
CE -marked (EMC and LVD). Furthermore, every open -frame AC/DC switch -

mode power supply that the company manufactures also now carries the CE
mark. Covering output powers from 25 to 790W, Computer Products' range
of CE -marked power supplies represents one of the broadest in the industry,
enabling systems integrators and OEMs to speed time -to -market by using
preapproved units for a diversity of applications.
All of Computer Products' external power supplies comply with both the Low
Voltage and EMC Directives. These include the CL25 and CL40 units.
together with a new low-cost version, known as the SCL25. All three types
of power supply feature a universal input that accepts AC or DC, providing a
packaged power solution that is suitable for a wide variety of low -power,
desktop -type applications, worldwide. The CL25 and SCL25 units offer a
25W continuous power output capability, whilst the CLAO offers 40W
continuous, 50W peak.
Computer Products' CE -marked open -frame AC/DC power supplies include
models from all popular families - such as the NFS, NFN, SL and XL series of
switchers - and cover a power range from 25 to 790W. The company's new
NAUNAN series of low cost power supplies also carry the CE mark.
Available in 25W and 40W versions, the NAL/NAN series offers a choice of
38 models, with single, dual and triple outputs; each features a universal

input, less than 1% output ripple and VDE noise compliance as standard.
- Computer Products was the first power supply company in the world to establish a formal EMC policy, and has made a

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

Teknema shows ARM based Internet appliance at DEMO 96
Teknema Inc recently announced that it is demonstrating a prototype of its Internet appliance at DEMO 96. Dubbed 'Easy Rider', the
network computer is an integrated software and hardware design incorporating Teknema's Web browser and systems software. Easy
Rider uses the ARM7500 high integration multimedia system on a chip.
In its simplest form, the computer consists of a processing unit with 4 megabytes of RAM, modem connection to the Internet, VGA
display, keyboard and mouse. Teknema estimates that the computer can be sold for under $500.
"Key to our design is a compact software architecture, that avoids the use of a standard operating system," said Marco Graziano,
president and CEO of Teknema. "This really makes the browser the operating system of the network computer and simplifies both the
use and the architecture of the system."

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

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

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

Oki Electric Industry Co Ltd and Advanced RISC Machines
Ltd (ARM) today announced the licensing of the ARM7TDM1
processor core to Oki.
The ARM7TDM1 is an easy to integrate 32 -bit RISC
processor core with ARM's advanced Embedded ICE
debug, DSP optimised multiplier and the Thumb extension
to reduce system cost. Like all ARM processors the
ARM7TDM1 delivers industry leading ratios on
performance/price and performance/power consumption Oki
judged these versatile features make the ARM core ideal for
integration into high performance custom chips and believes
the architecture will give customers flexibility to build a wide
variety of systems.
OKI will also be able to use and distribute ARM's
development tool suite and has options on other existing
and future ARM products. ARM licenses complete
development capabilities including hardware, software, and
models. ARM also has strong 3rd party support and has
active programs to further it.
Capitalising on the versatility of the ARM7TDM1, Oki will
create and sell custom application specific chips and

controllers for car electronics and computer peripherals
(including disk drives, CD-ROM drives and printers). Also
since Oki Is an expert in communications and audiovisual
technologies, the company also plans to use the CPU core
to develop ASICs for multimedia communications equipment
such as mobile phones, PHS, and PDA. ARM's CEO and
Managing Director Robin Saxby, says, "Oki brings new
expertise to the ARM partnership and opens up new
markets to the ARM architecture. Oki will further strengthen
our position as the global embedded RISC: "standard"
Oki's broad peripheral library, flash memories, and
submicron process technology, together with ARM's
powerful development environment and software support,
will allow customers to rapidly develop effective 'system on a
chip' solutions in the most cost effective manner. The
ARM7TMD1 core will be added to Oki's lineup of ASICI MCU
(quick cores) alongside 8- and 16 -bit controller cores. The
new ARM core will be supported in Oki's existing
semicustom design environment such as cell bases and
embedded arrays, as part of the company's enhanced
customer services.

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

Parker-Digiplan has launched EMC -compliant versions of its
highly successful PD series ministepping indexer/motor drive
packages. Known as the PDHX-E series, the motor drives
can operate from any AC supply voltage in the range 100 to
240V without adjustment, and contain all necessary line filter
components to meet the EMC Directive - no external add-
on units are needed. These latest -generation drives are ideal
for OEMs and systems integrators seeking a complete,
ready -to -run digital positioning system for automation
equipment intended for the European market.
PDHX-E drives incorporate all the performance features of
the other models in Digiplan's renowned PD series product
range. These include the use of a 70VDC bus to maximise
highspeed torque, a choice of 3A or SA/phase peak motor
current, and an output resolution of up to 4000 steps/rev for
smooth rotation at all operating speeds. The built-in
intelligent switch -mode power supply automatically handles
power factor correction, and the drive is comprehensively
protected against thermal and electrical overload. For
applications demanding fast deceleration of high -inertia
loads, the 5A version of the drive can be fitted with an
optional regenerative power dump.
The built-in indexer is equipped with an exceptionally
powerful controller which can be programmed over a
standard RS232C or RS485 serial link from any computer or
terminal, using an enhanced version of Digiplan's popular X -
code motion control language. Up to 64 separate programs
can be downloaded over the link and stored in non-volatile
memory, and then subsequently selected for execution by
external input signals, thumbwheel switches, or
automatically at power -up. Advanced programming features
include extensive branching facilities and powerful maths

functions, which enable even complex conditional
sequences to be set up very easily. The indexer can handle
position data in the range +1 to _+268,435,455 steps,
velocities in the range 0 0001 to 200 revs/sec and
acceleration rates from 0.06 to 999,999 revs/sec/sec. For
large multi -axis applications, as many as 32 PDHX-E
drive/indexer packages can be daisy -chained to a single
RS232C or RS485 port.
Suitable for use with any standard 2 -phase stepper motor,
PBHX-E drives offer user selectable resolutions of 400,
1000, 2000 and 4000 steps/rev, making it very easy to
implement the optimum control conditions. For simple
motion control applications, or if users wish to employ an
external controller, the drives are available with a step -
direction input option instead of the built-in indexer. Known
as the PDS-E series,
these drives offer
optically -isolated
inputs for differential
TTL-level step and
direction signals, as
well as nonisolated
inputs for single -ended
control signals
operating at 12V
levels. PDS-E drives
incorporate a dual -
speed clock generator
with adjustable
ramping for manual
positioning or simple
on -off control.
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Hitachi data book
now on CD-ROM
Hitachi Europe Limited recently announced a new CD-ROM
product data book which covers the H8 series of
microcontrollers, and the SuperH family of 32 -bit RISC
devices. The new title complements the existing CD-ROMs
which cover optoelectronic devices and memories.

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

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

The microcontroller documentation on CD-ROM is the
next step in the Hitachi Electronic Application Document
System (HEADS) which aims to distribute technical
information to as wide an audience as possible. HEADS is a

world-wide programme that aims to provide technical
documentation in an electronic format to users no matter
what system they use to read it. For example, the current
CD-ROMs use Adobe's Portable Document Format (PDF).
The PDF format allows documents to be read by Windows,
DOS, Macintosh and UNIX users, and can be used directly
on the World Wide Web.

High performance data
acquisition sub -systems

The new Vanguard family of products f-om Pentland Systems
offers a high level of performance and versatility, and will find
applicators in Rader, Sonar, Image Prcx:assing, High Energy
Research, Simulation and Tetecommuncations.

The vanguard ccncept utilises a pro ion digital motherboard
design which can carry a wide range of high per fo rmance data
acquisition daughtertx)ard cards . A varety of Front Pane,
interface options are available for the motherboard wt-uch will
provide connection to a number of system buses.

Off -the -shelf high performance analog daughtercards offer 2

channels of ND conversion at rates of up to 30 million samples
per second at 12 -bit resolution; 16 chan leis of ND conversion at
rates of Lc to 3.75 samples per second at 12 -bit
resolutiort and 8 channels of ND conversion at rates of up to 1.5
million samples per second at 12 -bit resclution.

Front Panel interface options include VME, VSB Front Panel
Data Port (FPDP) FPDP is a standard interface allowing direct
high speed connection to Mercury, CSPI, SKY and Ixthos
boards. Future Direct Data Interface (DDI) options include
RACEVVAY, and C40 comm ports.

By allowing system designers to ccmtine the analog
claughtercard and data interface option of their choice, this
exceptionaily flexible product can be quiclEy tailored to provide
solutions to highly specified data acquisiticr systems.

Additionally, this versatile approach allows the quick turn-
around of custom design analog and digital daughtercards to
meet individual customer requirements. Vanguard can be easily
integrated into most architectures, and is flexible enough to
accept the peculiarities of individual applications.

Further inbrmatior about Pentland's other products and
services can be found on the Pentland Home Page located at
the following Internet address:

http://www.linnet. OD. ukilinnet/pentlancl/
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Renowned Toneohm family of PCB shorts and
bus fault locators gains ultra low impedance

measurement capability

Polar Instruments has introduced two new models to its
ubiquitous Toneohm family of low-cost PCB short-circuit
fault locator tools. Toneohms are widely regarded as one of
the most indispensable tools - second only to a multimeter
for PCB test and repair; around 10,000 of these low-cost
instruments are in use worldwide. The latest models, known
as the 550A and the 850A, offer a high sensitivity 0 to 40
milliohm range which is ideal for tracing short-circuits on
PCBs with large -tracks, such as high -current power
distribution buses on backplanes, and the output stages of
power supplies. The 850A also provides a current tracing
mode for locating shorts on busstructured boards. Both
models also feature a new case design: the display and all

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

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

conditions.
In addition to the new milliohm measurement range, the

850A also offers microvolt and current tracing functions for
locating 'soft' shorts and faults in bus -structured boards.
Both tracing functions use a voltage -limited drive signal to
prevent any damage being caused to sensitive components.
The microvolt range allows low resistance faults such as
faulty decoupling capacitors to be located very quickly.
Current -tracing employs a non -contact probe to measure
the current produced by the drive signal, and is ideal for
locating shorts on networks with multiple possible causes,
such as 'stuck -at' logic devices on bus -structured boards or
within banks of memory.

Polar's new 550A and 850A Toneohms provide the same
exceptional cost/performance as other members of the
family. The 850A, for example, costs less than 2500, which
is the same price as its equivalent ten years ago.

Quarter -size VGA LCD and touch screen controller
Arcom Control Systems announces a new STEbus interface board for driving quarter -size VGA LCD panels, providing a simple
means of adding economical graphical man -machine interfaces to embedded systems and Industrial computers. This approach

is ideal for mounting a display on the front panel of a rugged 3U Eurocard rack containing STEbusbased hardware. An
integrated driver for a touch -screen further simplifies the design of systems intended for use in harsh industrial environments.
Dubbed SQVCrA, the new board offers a cost-effective solution for any computer system requiring a simple yet flexible user
interface. Application areas include machine automation, standalone controllers and communications systems.
The board is based on the highly -integrated Vadem VG -660 controller, with 256kbyte of 70nanosecond video RAM. It can drive
displays from 240x128 to 640x480, covering both quarter- and full-size VGA screens. It also supports a CRT, and features dual
output connectors to allow two displays to be resident in the system. Connectors are provided to interface an optional resistive
matrix touch sensor panel of up to 10 x 8 resolution, together with bias and contrast control button signals.
Powerful facilities help designers to optimise man -machine interfaces for industrial situations. These include hardware panning
and zooming to allow users to focus in on - say - a MIMIC diagram of a process, or to 'page around different text and graphics

screen areas using touch -screen softkeys. The alternate CRT output allows systems to flip between a simplified display for an

operator, for instance, and a full-size CRT display for a supervisor or maintenance engineer.
The new SQVGA board additionally forms part of Arcom's innovative EMC initiative, which provides a plug -together framework
to allow designers to build custom control systems yet self -certify them as CE -compliant. To achieve this, Arcom supplies
SQVGA with a quartersize LCD and integrated touch -screen, plus a dedicated front panel and cable assembly for its EMC -
protected rack. SQVGA costs £280.
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The Tutort is a 7" x 4.5" board designed for professional
engineers, technicians and designers wishing to rapidly gain
a comprehensive understanding of the ITC232A chip on
which it Is based.
As it is based on the above Intelligent Serial Interface Multi -

Function Data Acquisition and Control IC, it can be
controlled directly from a dumb ASCII terminal, a PC
Comms Utility like Windows Terminal, Procomm or Telix, or
Timely Technology's entry level Windows SCADA
supervisory Control and Data Acquisition ) program.
The hardware allows the following :

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

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

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

4) Hardware Interrupts.
5) Pulse Width Modulation. Tones can be heard on a

small transducer, duty cycle changes can be seen
in the relative brightness of a small incandescent
lamp. A transistor driver is also included to show
how the speed of a DC motor might be controlled
using the built in PWM features.
Temperature measurement using a thermistor.
Using external resistors and capacitors, the
capabilities of the chip to directly read resistance
and capacitance.

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

9) The simplicity and power of the SPI serial interface
protocol is laid open and every facet of its
operation made available for investigation and
monitoring.

10) Stepping Motors. The board includes a stepper
and its driver chip, which can very readily be
controlled in a number of sophisticated ways by
means of a few ASCII keystrokes.

11) Remote control over a phone line. This feature is

6)

7)

available on chip, but requires the addition of
modem hardware and software .

The hardware consists of the populated PCB itself, together
with 3 wire RS232 cable, a 240V plugtop power supply, and
a disk featuring a DOS software simulator of the chip plus
manuals and source code. The board has so many features
that many customers use it for their low volume designs. The
DIPSWITCH and LED Array are both socketed and therefore
replaceable with DIL headers. This too assists those who
wish to adapt an existing product for their particular
application.
Prices for the Timely board start at £149.99 whilst the
ITC232A chip at the heart of the board is available at £20 in
volume. The CASE GUI can cost as little as £499..

PC -based calculator
tool demystifies design

and production of
controlled impedance
printed circuit boards

Polar Instruments has launched an innovative PC -based
calculator that removes much of the mystique surrounding
controlled impiance printed circuit boards. The calculator
enables users to obtain the PCB trace dimensions
necessary to achieve a specific impedance, simply by
keying -in a few fundamental process details, such as the
thickness and dielectric constant of the materials being
used. Unlike commercial tools for this specialist application,
which tend to be complex and expensive, Polar's calculator
is exceptionally easy to use. Available free of charge from
the company or its distributors, the calculator is an ideal tool
for PCB designers and manufacturers serving the fast-
growing market for these high technology boards,
Running under Windows on any standard PC -compatible
computer equipped with a colour monitor, the mouse -driven
calculator employs a graphical user interface to convey
information in a simple -to -understand format. Users simply
point and click on the appropriate PCB trace icon, and
enter the necessary process data on a numeric keypad; the
calculated PCB trace geometry is displayed instantly,
allowing the effect of minor changes to parameters such as
trace positioning or board thickness to be previewed very
easily. Results can also be output to a printer, for
subsequent inclusion in manufacturing process reports or
customer documentation.
The calculator features online help, and accommodates all
popular controlled impedance PCB fabrication technologies,
including surface, embedded and coated microstrip, and
symmetric and coated stripline.
The calculation algorithms can handle both metric and
imperial measurements, and are based on IPC Standard
IPC-D-317A. Prior to releasing the calculator, Polar
submitted it for extensive beta site evaluation with a number
of leading manufacturers of controlled impedance boards,
who - without exception - pronounced it an extremely useful
tool for evaluating PCB production techniques.
Polar's controlled impedance calculator software may be
freely copied and distributed, provided it is not sold for
commercial gain and is not modified in any way.
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Programming Soliitions

Multi -Device Programmer
 EPROMs, FPROMs, Flash EPROMs, Serial PPROMs,

PLDs, GALs, PEELs, EPLDs, MACHs, & WSI PSDs
Micros - Intel, Microchip, Motorola, Zilog

 Fast programming algorithms.
 Connects direct to pc printer port.
 Simple full colour software.
 No expensive adapters.

pA,t\k-r
Prices exclude VAT & Delivery

Universal Programmer
 Uses stardard pc printer pert

works with notebook and handbook pc's
 Pin drivel- expansion can drive up to 256 pins.
 Supports over 2000 IC's - 3 and 5 volt devices.

EPROMs, E2PROMs, Bipola-s, Flash, Serial EPROMs

over 150 microcontrollers, WSI/Philips PSDs,
PLDs. EPLDs, PEELs, PALs. GALs, FPGAs
including MACH, MAX, MAPL & Xilinx parts

 Universal DIL (up to 48 PLCC and gang PACs

 Powerful full colour menu driven software.
 Approved by AMD, TI, NaSemi, etc...
 Tests TTL, CMOS and SRAM devices (including SIMMS)

Eprom Programmer
EPROMs, E2PROMs, Flash and 8748/51 micros.
Fast programming algorithrris. Simple colour menu operation.

EMULATORS  SIMULATORS  ,COMPILERS  ASSEMBLERS
PROGRAMMERS  8051 8085 Z8 68020 77C82 800552
320(25 68HC1 6301 6502 87C751 65816 Z80 6809

P/C 7720 MIPS etc.

COMMUNICATIONS 2 Field End  Arkley Barnet Herts  EN5 3EZ England

Telephone +44 (0)181 441 389-0 Fax +44 (0)181 441 1843 orl

SWITCHES
FLOW METERS

VALVES

CHEMICALS

MECHATRONICS

INITMEIMMI

n
STEPPER
MOTOR

Writing software is optional with this
AMAZINGLY SIMPLE but powerful

multifunction chip. Designs can be
shortened by weeks with this technology,

at both chi3 and board level. The I.C. cos
only £29, while the boards start at £150.

I/0485
BOARD

I/0.222
BOARD

485 ntultldro

YOUR EXIS-ING PC COMMS OR TERMINAL
PROGRAM (OPTIONAL GUI OFFERED)

KEYSTROKES!.
TIMM IREICHNORGY LTD. Millbank, Kettering Road, MI6- Gransley. Northants NN14 1PJ

Tel: 01536 791269 Fax: 01536 790730

n
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1
t was the ancient Greeks
al the thought experiment
level wio were firmly
convinced of fie
existence of small

incivisble units that made up the
phrysical world. The rapid
development of physical sciences in
the 19th century did not, however,
ccnfir-n the existence of the atomic
world even though laws of chemical
composition expounded oy John
Dalton in 1808 showed compelling
evidence for the existence of atoms.
There was great reluctance to believe
it somethirg that could -ot be directly
observed. The basic proolem was that
no one could 'see' atoms.

The phenomenon of Brownian motion, discovered by
Robert Brown in 1827 rad, however, puzzled many observers.
This effect is best observed by, for example, suspending
minute polien grains in a liquid and observing the rapid and
random motion of the pollen grains. II was, however, Albert
Einstein vvio interpreted the movement of the grains as being
due to mclecular collisions. Based on a steady state model of
cud grains setting under gravity in a vertical column, Einstein
calculatec how the der say of grains could vary through the
layers of the column. This model was in fact confirmed by the
French scientist Jean Perrin in 1908. This was to encourage
scientists to believe in she existence of atoms and molecules.

It was only around 1955, however, that atoms as individual
uns became visible using techniques of electron field
emission as developed by Erwin Muller in the USA. With this
technology atoms were beingdetected by high energy
electrons that streamed off a surface and were detected on a
viewing screen. Electon beams, however, in this mode had
limited application for imaging a wide range of materials and

surfaces.

FLUID LAYER

TAPPING'

4

'FREE AMPLITUDE

AMPLITUDE REDUCED

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

On the small side
Tie smallest of the atoms, Hydrogen, has an atomic diameter
o: arourd 0.1 nm (1 A). Larger atoms have larger diameters.
Taking however a ref resentative figure of atomic diameter of
C.25 nm the following table gives an indication of the scale
aid orcanisation of progressively smaller structures.

Side of P. of Atoms
Cube in side Cube

mm 4,000,000 6.4 1019
100 u 400,000 6 4 1016
10u 40,000 6 4 1013
1u 4,000 6 4 1010
100 nm 400 64 107
10 nm 40 4 104
1 nm 4

No. in

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

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

Richard Feynman gave a talk entitled 'There's plenty of room
at the bottom'. Not laving given any clue about its content,
speculation ranged over al kinds of topics. Feynman,
howeve-, made everything very clear to his audience. One
main theme was the vast potential to store information at the
level of atoms. Text characters could be coded using a 1C by
10 matrix of individual atoms. This would allow the entire 'ext
content of Encyclopaedia Britannica to be accommodated in
an area the size of :he head of a pin - an area one sixteenth
of an inch in diameter.

Also, by using a three-dimensional storage of a cube of
atoms in a 5 by 5 by 5 matrix, and using the dimension cf
thickness of 1/32th of an inch, then all of the data of 24
million books (such was the world's total in 1959), could oe
encoded into a voldme smaller than the head of a pin. No
doubt various members of the audience had been carrying
out all kinds of calculations on napkins and odd scraps of
paper. Up to this point, tie talk had been playing with
numbers.

The more controversial portion of h s presentation,
howe./er, was related to assembly of atoms into structures.
This was where Feynman began to lose his audience. Ile
postulated the p-cssibilitv of systems Mat could assemb e
structures - atom by atom. Such systems could be used to
assemble compwers ar.d also be seen as a general purpose
manufacturing resource. Some in the audience looked upon
manufacturing at the atomic scale as completely
impracticable while others were immediately struck by -he
inevitability of such 'nanotechnology'

Feynman threN down two challenges. A $1000 prize was
offered for the construction of a motor to occupy a volJrne
not greater than 1/64th of an inch and a $1000 prize for
demonstrating the ability to pack the Encyclopaedia
Britannica at the reduced scale of 1/25000. Both challenges
would subsequently be met. The mctor was fabricated in
19eo using con:entional technology. Feynman had hoped
that his incentive would help develop a new technology of
microfabricatior. The second prize was awarded in 1985 to
workers at Stanford University. They successfully wrote the
firs: paragraph of Dickens 'A Tale of Two Cities' at a scale of
1/25,000 using an electron scanning microscope.

Having defined the challenge of new technology o' 'room
at the bottom'. Feynman was content to le: others pursue tie
goals of achie\. ng the challenge of small structures. -here
were plenty of other challenges in Physics for Feynman to
explore which were also more immediately realisable
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Figure 2: Basic structure
of atomic switch. Lower
structure consists of
nickel atoms and the
upper structure the tip
of the STM probe. A
Xenon atom can be
moved between the two
sets of atoms by
application of a voltage
pulse of appropriate
polarity. (Courtesy IBM)

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

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

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

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

rapid

been transferred from the STM t p to the crystal surface. This
was the first time that a single abm had been 'officially'
moved. With, however, STM systems having been in use for
almost five years, researchers must have on various occasions
contaminated scanned surfaces with atoms from STM tips.

Variations on this technique, however, have provided
improved obsevational methods where little, if any, damage is
sustained by the surface being scanned. One approach is to
use a so-called 'Tapping Mode' technology as developed by
Digital Instruments of Santa Barbara, California. In this
technique, a probe with an oscillming tip amplitude as
indicated in Figure 1 is scanned oder a specific area. The
probe tip is driven by a piezoelect-ic oscillator and the probe
tip amplitude is detected by a feedback system. When the
probe tip is 'free' of the surface it oscillates with maximum tip
amplitude. When driven down onto the atomic surface the tip
amplitude woulo he considerably reduced. For a given (X,Y)
co-ordinate, the vertical position of the probe is adjusted so
that the probe tip is beginning to cbtect the presence of an
atomic interface. This technique all-Dws even delicate structures
to be imaged successfully. In this v,Pay the profile on a 3 - D
surface of atomic interfaces can be relatively easily scanned.
Surfaces can also he 'imaged' under liquid.

Also, if sections of silicon are imaged by 'Tapping Mode'
technology after i: has been scanned by an Atomic Force
probe which appl es force in the plane of the surface, it is often
observed that the sample surface has been altered significantly
by the atomic force probe. 'Tapping Mode' probes, however,
have been shown not to disturb moecularlatomic interfaces,
even after numerous scans.

Other types of scanning probe have subsequently been
developed - inducing sensor probes for electric and magnetic
fields. These techr iques are especiaiy relevant for the
investigation of semiconductor struckires and optical/magnetic
media.

Within the space of 10 years this las provided an array of
techniques to image the world at the atomic level. It should be
borne in mind, however, that such images are derived from

POSMON SENSITIVE tip
DETECTOR

rc AD LASER

CANTILEVER/TIP

TRANSPARENT DISK'

a

tr'

PZT ACTUATOR

WRITE LASER

Figure 3: Read/write system using AFM tip. A pulsed lases beam heats up an
AFM probe tip which in turn indents the media surface. The presence of 'pits' in
the media is detected by movement of the cantellver system in contact with the
media surface.
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traisducer parameters such as tunnelling current, atomic
contact force and tip oscilating amplitude. The visual
reconstruction interface o- such systems provides a
reconstruction image of s_ich structures. While with electron
m croscopy pictures usudly appear in grey, the images of
atomic scale microscopy are usually shown in tasteful pinks
and blues. The colour rer.dition, however, has more to do with
art than science.

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

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

Playing with atoms
It was some time, however, before researchers realised that it
was possible to work with individual atoms and move and
arrange them in specifc patterns. Eigler and Schweizer of
IBvt's Almaden Resea-ch Center at San Jose in California
arnounced in 1990 that they had successfully arranged xenon
atoms on a nickel substrate at a temperature of liquid Helium -
4 K and under conditions of high vacuum. Initially the STM
image observed was of individual atoms arranged at random.
Each atom is sensed as a 1.6 A high bump with a tip bias of
0.01 V and a tunnel current of 10-9 A. In order to 'pick up' an
atom, the probe tip is moved over a selected atom, the tunnel
current is increased by a factor of around 10 which causes the
probe to approach the atom more closely. In this mode the
force of attraction of the atom to the probe tip is greater than
that of its attraction lo the nickel surface and the atom can be
moved by the opera:or. To disengage the tunnel current is
-educed to previous image only value and the probe tip
withdraws. The atoms of xenon, however, require to be placed
at stable positions cf the nickel crystal. This is how the
arrangement of atoms looks 'neat'. The demonstration of this
ability to manipulate individual atoms for days at a time was to
encourage others to replicate such experiments. Before long all
sorts of images had been created at the atomic level.
Later in 1991 Eigleu was able to report that he had
demonstrated a sirgle atom switch using STM technolpgy. The
so-called atom switch is shown in Figure 2. The lower array of
atoms consists of iickel atoms. The upper set of atoms are
those of the probe tip of the STM. In imaging mode the STM
imaged a xenon a'om on the nickel surface - using a tip biased
at -0.02 V. By pulsing the probe tip with a pulse of 0.8 V for 64
ms the tunnel current increased by a factor of around 8. In this
mode the xenon atom had been transferred to the STM probe
tip. The application of a pulse of -0.8 V restored the tunnel
current to its initial imaging mode - the xenon atom is hack on
the nickel surface_ It is conceivable that logic arrays could be
designed at the atomic level. Manipulation of atoms has also
been carried out successfully at room temperature.

Quantum Corrals
IBM broke new ground when it reported in 1993 what
happened when so called 'quantum corrals' containing 48 iron

SLIDER f

RECORDING HEAD

41*i>
HIGH ASPECT RATIO
M CROACTUATOR
I-NCMOS CIRCUIT

INTEGRATION

Figure 4: Incorporaion of microactuator into the main
susponsion arm of the read/write head using magnetic
recording technology. (Co.irtesy IBM)

atoms were assembled on top of a copper crystal surface.
When tie structure with a radius of 71.3 A was scanned with
tunnelling spectroscopy, a series of resonances in the form of
concentric rings were observed. These wave resonances were
interpreted as a direct demonstration of the distribution of
electrons within the confines of the ring pf atoms. This is a
direct ;ndication of how tre configuration of atoms in such a
structure can influe-ice the electron energy states. This may
have applications ii deveopment of special waveguide
structures and in probing structures of superconducting
mater als.

Data Read Write with Atomic Force
Microscope tip
The development of atomic force microscopy, where surface
contours are 'sensed' by a cantilever force tip is finding direct
application in developments in mass storage. The write media
used is a thin film of heat -sensitive material such as poly-nethyl
methacrylate (PMMA) which has a sorening point of 120 oC.
The tip of a pyramidal AFM probe is ir contact with rotating
media. A pulsed laser cn the undersice of the media causes
the probe tip to rapidly increase in temperature with the result
that the probe melts a pit' on the media surface. Pulse times
are as short as 0.3 us in present systems. In the 'read' mode,
the cantilever/tip deforms as it detects pits on the media
surface. This small movement is detected by a position
sensitive detector which detects a beam reflected off the
oscillating cantilever. Tie read/write system is shown ir Figure
3. The size of a typica pit is around 150 nm across.

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

This technc.ogy, fist reported in 1992, is actively being
developed as a potential successor to existing magnetic type
mass storage systems. Researchers at Stanford University are
currently investigating systems usirg large arrays of around
130 such cantilever probes in paralel.

Microactuator for advanced data storage
I' is widely aricipated that significant enhancements in mass
storage capacity wil be derived from spacing data tracks
closer together - whatever techno ogy is used to record the
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Figure 5b: Mask structure used for the fabrication of
microturbine components. (Courtesy CMF at RAL)

Figure 5a: Components in polyimide fabricated by use of
mask/laser ablation. (Courtesy CMF at RAL)

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

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

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

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

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

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

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

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

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

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

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

beams and excimer lasers it association with
protective masks.

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

Thus whi'e conventional electronics deals

with aggregate events of la-ge numbers of

eiarge carriers, such quantum devices are
being developed to demonstrate discrete
'lumpy' events such as the passage of an
electron across a gate. The LIGA (Lithcxgraphie

Galvanoformung Abfomiu.-ig) technology uses

hard synchrotron x-rays tc etch relatively deep
structures - between 20 u and 1000 u. A gold
mask of 20 u thickness is used to protect areas
where no erosion of material is required.

Mask -making is a key requirement for a
wide range of microfabrication techniques. With

conventional technology now utilising gate
widths of 0.5 u, a range of techniques are being
developed to achieve line widths of less than 0.1
u nm = 400 atoms wide). Such masks are
used as a key stage ofsemiconductor fabrication techniques using
lasers and UGA method.

Excimer lasers at 193 nm have been successfully used for
micromachining. The masks used with such lasers, however, require
to be capable of withstanding over 109 laser pulses. The CMF unit
has successfully developed a multilayer dielectric stack capable of
withstanding such a level of exposure. Figure 5a shows

components in polyimioe created for a chrome on quartz mask for a
microturbine project. Using a mask and excimer laser at 248 nm,
material was ablated to a maximum depth of 125 nm. 200 laser
pulses were delivered in 4 seconds. The level of laser energy density
was 1.5 J/cm2. Figure 5b shows the pattern of the original mask
used to fabricate these devices. The successful production of

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

components indicated that n this producticn mode excimer lasers
could provide relatively cheap alternative methods compared with
conventional UGA processes.

As ndicated previously there is consde-able interest in exploiting

the characteristics of the atomic force microscope in diverse areas
of technology. Figure 6 indicates an array of sirs- 10 nm diameter
silicon field emitter tips manufactured by a novel CMF process.
Such units are being considered for flat panel displays and atomic
force microscope probes.

Figure 7 indicates a 50 keV electron beam lithography in 4 um

PMMA resist of a micro gear assembly. The methods used included
a surface image bilayer process and reactive ion etching.

Conventional matching techniques can stit be used successfully
for fabrication of snail structures. Figure 8 indicates the components
of a prototype microturbine for eye surgery produced at RAL
microwave workshop. The unit was machined in brass. The otor is

1.5 mm diameter and the casing 2 mm x 4 mm x
0.5 mm. Powered by water flow, the unit is capable
of 3000 - 12000 rpm.
There is clearly, however considerable scope for
techniques such as laser ab;ation in manufacture of
components. Key aspects cf such techniques are
maintenance of uniform intensity over mask area
and robustness of the ptiotomask. The uniformity of
the target material is also a 7actor.

Biomimetics
There is no doubt that the development of
technology in the 20 th century has significantly
helped 'ay the development of a wide range of new
materias - especially plastics and ceramics. As

material! scientists investigate the options of

nanotechnology - the fabrication of structures at the
atomic and molecular level, significant research is

being undertaken to disco\.er what nature has done
well and the replicate this. This process of emulating
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Figure 8:
Prototype microturbine 2 mm x 4 mm x 0,5 mm for eye surgery: Machined in brass by RAL:'s microwave workshop. (Courtesy RAL)

nature is called Biomimetics.

In particular, there is interest in developing ceramic materials which

have the residual strength of bone and mother of pearl. Investigation

of such natural compounds shows that ceramic particles are very
small and isolated from each other within a protein matrix. This makes
such structures less liable to fracture.

Nature also produces compounds very efic,iently in terms of
energy. By comparison, man-made compounds typically require
significantly higher levels of energy for their fabrication and as a

byproduct create pollutants. The process of manufacture derived from
Biomimetics as well as creating materials with improved structures

should also lead to consumption of less energy and be less polluting.
This general drive towards more 'natural' materials is illustrated in

Figure 9.

Enter Eric Drexler
While Feynman is recognised as having first defined the challenge of
nanotechnolcgy, Eric Drexler has become a key individual involved in
the further development of its theory. Eric Drexler was some four
years old when Feynman gave his talk in 1959. During his study at
MIT, Drexler became drawn to studies in space science in fields
primarily related to the conquest of space anc the migration of
humanity out into the galaxy For Drexler, space travel was the
solution to humanity's problems. Space travel would provide more

resources, more opportunities - more challenges. Drexler became

involved in the design of light sails that could be used for the
propulsion of craft within the solar system. The key part of this
technology would be to fabricate aluminium foil of a tew atoms
thickness so that very large sail arrays coulc be fabrcated from
small amounts of aluminium.

It was during the mid 1970's that Drexler began b form
concepts of nanotechnology where processes of production could
be undertaken at the atomic level. He was. however. inclined not to
publish his theorems openly. He had serious reservations, however,
about the down side of such technology. A key aspect of Drexler's
vision was that of self replicating units or 'as..mblers . Once such
units were made it was proposed that they could be -..irogrammed
to self replicate - like cels of the human body For DrIer this was
seen to present vast risks.

Drexler became convinced that he should maintain a public
silence so that society as a whole would be ale to postpone for as
long as possible the day when it would have to confruit such
controversial technology. At this point Drexler- had beer unaware of
the ground breaking work of Feynman in 1959. It was with mixed

feelings that Drexler read in the November 1979 issue of Physics
Today a review of nanotechnology - citing Feyriman's t. -.1k some 20

years previously. From this point it was evident to Drexbr that
nanotechnology was moving into the public domain where all its
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diverse pros and cons were already being debated. Drexler would

seek to clarify his concept of nanotechnology by writing scientific
papers and presenting tutorials. His book, Engines of Creation, was

published in 1986.
In the present, Nature Is the Great Assembler. Cells grow, cells

multiply - using DNA to continue the identity of their function. Each
unit of identity corresponds to an assembly of around 50 atoms.
Bacteria also replicate and at an even smaller scale viruses invade
cells and hijack their genets material. The world of living things
replicate with remarkably Evil errors using systems which have

slowly evolved for thousands of millions of years.
In Drexler's vision of the future, a man-made unit called an

assembler would be able in the first instance to assemble atoms
into a pre -determined structure. This could involve, for example,
seeking out a molecule cl dioxin and rendering it harmless. This
could involve manufacturng hydrocarbon fuel from the molecular
structure of leaves and crass. In this bright perception such devices
could meet all of humanty's needs for energy, food, raw materials
etc. Nanotechnology had become not just an interesting curiosity. It

would be the means of -otal global domination of all processes. This
could be both the environmentalist's final nightmare or the dawn of a

New Green Age. As wits the very early work now being undertaken
on genetic engineering, developments tend to be linked to
commercial returns. The stability and welfare of the eco system is

not the prime directive. Will this also be the path followed by

nanotechnology?
The other property Df these assemblers would be self replication.

This would be essentlEl for setting up unit manufacture so that
processes could be undertaken at bulk level. Skeptics, however,
have indicated the view that while as a thought experiment such
concepts are highly ceative and lead to all sorts of lecture tours and
stimulating social engagements, there is as yet no possibility of

constructing such nanomachines.
As part of the Brave New World concept expounded by Drexler,

there is also room in his philosophy for the defeat of human ageing

and the colonisation of space very much also in conflict with any

theory that would terd to limit the growth of human potential and
the world economy and force humanity to 'fit' in with natural

ecosystems.
The most recent book published by Drexler 'Nanosystems:

Molecular Machinery, Manufacturing and Computation' is brim full of
complex equations which seek to define and model the behaviour

of atomic based strictures
At this very early, stage in nanotechnoloyy, it is simply not

possible to envisage how the concept of 'intelligent' atomic
assemblers can be realised It is clear, however, that they could not

be developed until well into the next century if at all.

Atomic football and atomic Lego
The existing experence, however, of 'atomic football' give some
clues about what Tray be possible. The atomic switch expenment
indicates how an atom could be picked from a surface, and then
replaced. There isalso the accuracy with which individual atoms can
be located. In the (X,Y) plane this is of the order of 0.1 A or better.

The key to any kind of useful atom by atom manipulation - 'atom
Lego' is going to be high levels of automation. Assuming a constant
supply of atoms rum an 'atomic hopper' which could be 'injected'
onto a set surface 100 nm x 100 nm in size it is possible to do
some quick surrs to estimate the translational speed of the
scanning tip.

Assuming the atoms are 0.25 nm apart, the 100x100 nm
surface corresponds to an array of 4CX)x400 atoms. If it is assumed
that these 160,000 atoms can be placed in 10 seconds, then the
time between pacements is 62.5 us and the tip velocity is

approximately 4000 nm,s. This speed is something like 10,000
times faster that the STLII probe that moved the xenon atoms in

IBM's logo in 1990.
This system for atonic placement obviously requires a highly

developed actuation system - of a type which has not yet been

developed. The history of STA.1 and AFM technology, however, dces
indicate that the breaktnroughs in this area tend to come unlooked

for. It may be possible, for example, to fabricate tubes made frcx-r
carbon - as variants of Buckrninsterfullerines and use these as
components of atomic hoppers. Atoms could be pulsed along
stacks using electrostatic actuators. There's room at the bottom for

a lot of invention.

Enter MEMS
The new buzzword vethin the nanotechnobgy world is
Micronchanical sys-erns 01 MEMS. Already whole new ranges of
devices and products - mary of these unfortunately of interest to
the world's defence ndustnes - are on the drawing board.
MEMS is a technology area where miniaturisation of components
makes possible distinct new products. A small set of examples cited
so far include distributed unattended sensors for asset tracking and
environmental/security surveillance, miniature analytical instruments,

embedded pressure sensors for tyres, electromagnetic beam
steering. active structural control and inertial measurement.

MEMS is riot primarily about forcing technology to the atom level
of fabrication and design but designing new products to take
advantage of the existing Ovels of electronic mcrofabrication. v1EMS

is gong to have very significant economic importance as it
embraces a diverse set of new products, processes and activities in

the next century.

Summary:technology overlap
Figure 10 indicates regions of atomic fabrication using two main
technologies. Stricture A corresponds to what could at present
(with some patience) be assembled from hand moved atoms - an

array of atoms 20x20. S:ructure B corresponds to structures
fabricated using mask fabrication technology. The current lower limit
of structures is around C. 1 nm. In time tie two areas will overlap

indeed it may be the case that they already overlap.
It is clear, however, that the 'atomic _ego' approach will require

significant development of microactuators which can comtine high
acceleration anc excellent stability. There is no reason to doubt that

this area of technology will be developed in the future. Alsc, the era
of responsibility br nanotechnology is already with us.

MECHANISM OF BIOMIMETICS

NATURAL

MAN
MADE

ENERG' OF FABRICA-10N

Figure 9: Comparison between '-natural' and 'man made'
materials expressed in terms of strength and energy required
for fabrication
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SURVEILLANCE TELESCOPE Superb Russian zoom
telescope adjustable from 15x to 60x1 complete with metal tnptod
emposible to use without the on the higher settings) 66mm tense.
leather carrying case £149 ref BAR69
RADIATION DETECTOR SYSTEM Designed tc be wall
mounted and connected into a PC .ideal for remote monitoring, whole
building coverage etc. Complete with detector, cable and software
E19.95 BAR75
WIRELESS VIDEO BUG KIT Transmits video and audio
signals from a ml nature CCTV camera (Included) to any standard
ieevision, All the components Including a PP3 battery will fit Into a

cigarette packet with the lens requInng a hole about 3mm diameter
Supplied with telescopic aerial but a piece of wire about 4' long will
still give a range of up to 100 metres A single PP3 will probably give

iess than 1 hours use E99 REF EP79 (probably not licensable')
CCTV CAMERA MODULES 46X70X29mm, 30 grams. 12v
100mA. auto erectronic shutter, 3.6mm F2 lens, CCIR, 512x492
pixes, video output is lv p -p (75 ohm). Works directly into a scarf or
video Input on a iv or video. IR sensitive £79.95 ref EF137
IR LAMP KIT Suitable for the above camera enables the camera
to be used In total darkness) £5.99 ref EF 138
REMOTE CONTROLTANDATA TD1400 MODEM/
VIEWDATA Complete system comprising 1200,75 modem auto
dialer. Infra red remote keyboard. (could be adapted for PC use?)
psu UHF and RGB output. phone lead, RS232 output, composite
output Absolute bargain for parts alone19.95 ret 8AR33
9 WATT CHIEFTAN TANK LASERS Double beam units
designed to ft In Ire gun barrel of a tank, each unit has two semi
conductor lasers and motor drive units fix alignment 7 mile range,
fun circuit diagram, new pnce £50,000? us? E349 Ring for Info
TWO VVAYMIRROR KIT Ind udes spea al adhesive film to m ake
two way mirror(s) up to 60,20' (glass not Included) Includes fill
Instructions £12 ref TVV1.

NEW HIGH POWER RF TRANSMITTERS
AMPLIFIERSAssernbled PCB transmitters, 4 types available.
12.6vdc 90 watt 1.5-30mhz 75 ohm In/out FM/AM £75 ref RF I
12.6vdc 40 watt 50-200mhz 50 ohm In/out FM/AM E65 ref RF2
28v. 125 watt 1.5-30intu 75 ohm In/out FM/AM (85 ref RF3
28vdc 100 watt 50.200mhz 50 ohm in,u1 FM/AM E75 -el RF4
A heat sink will be required, nng for pnce and availability
If you Intend using these as audio transmitters you will need a also
need a pre., Complex modoe available at E40 re, RF5
COMPUTER/WORKSHOP/HI-FI RCB UNITS Complete
protection from faulty equipment for everybody) Irvine unit fits In
standard IEC lead (extends it by 750mni), freed In less than 10
seconds. reseteest button, 101 rating E9 each Ref MM5

RADIO CONTROLLED CARS FROM £7
EACHM!
THOUSANDS AVAILABLE RING/FAX FOR DETAILS(
MAGNETIC CARD READERS (Swipes) £9.95 Cased with
Ityleads. designed to read standard credit cards' they have 3 wires
coming out of he head so they may wale as well? complete with
control eldronics PCB just E9.95 ref BAR31
WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We have collated 140 business manuals that give you
Information on setting up different businesses, you peruse these at
your leisure using the text editor on your PC. Also Included is the
certificate enabling you to reproduce (and sell) the manuals as much

as you likel E14 ref EP74
PANORAMIC CAMERA OFFER Takes double width
photographs using standard 35mm film Use In horizontal or verocai
mode Complete with strap E7 99 ref BAR1
COIN OPERATED TIM ER KIT Complete with comslot
mechanism, adjustable time deiay, relay output put a coinsiot on
anything you like, TVs. videos, fndges dunks cupboards HIFI.
takes 50p's and £1 coins DC operated pnce just E7 99 ref 8AR27

ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom
metal construction. built In light shrimp farm, group viewing screen,
lots of accessones £29 ref ANAYLT
AA NICAD PACK Pack or 4 tagged AA nicads £2.99 -et BAR.
PLASMA SCREENS 222x31ornrn, no data hence E4 99 ref
8AR67
N IG HTS IG FITS Model TZS4 with Infra red illuminator, views up to
75 metres In full darkness In infrared mode. 150rn range. 45mm lens.
13 deg angle of view, focussing range 1.5m to Infinity 2 AA batteries
rect... 950g weight. (.210 ref BAR61 1 years warranty

MEGA AIR MOVERS 375 cubic feet per mint. 240v 200 watt
2.800 rpm, reversable, ria. UK made, new. Aluminium. current list
price about El. ours? £29.95 ref BAR35
LIQUID CRYSTAL DISPLAYS Bargain prices,
16 character 2 Ilne, 65x14mm £1 99 ref SM1612A
16 character 2 line, 99x24mm £2.99 ref SM1623A
20 character 2 line, 83x19mm £3.99 ref SM2020A
16 character 4 line, 62x25mm £5.99 ref SMC1640A
TAL-1 110MM NEWTONIAN REFLECTORTELESCOPE
Russian Superb astronomical 'scope everything you need for some
senous star gazIngl up to 169x magnification Send or fax for further
details £249 ref TAL-1
GOT AN EXPENSIVE BIKE? You needone of ourbotse acarms.
tney look like a standard water bottle, but open the top, insert a key
to activate a motion sensor alarm built inside Fits aN standard bonle
tamers. supplied with two keys SALE PRICE E7.99 REF SA32.
GOT AN EXPENSIVE ANYTHING? You need one of our
cased vibration alarms. keyswitch oc crated, fully cased just fit it to

anything from videos to caravans, provides a years protection from
1 PP3 battery. UK made SALE PRICE E4.99 REF SA33
DAMAGED ANSWER PHONES These are proicabty beyond
repair so just E4.99 each BT response 200 machines REF SA30
COMMODORE GAMES CONSOLES Just a few of these left
to dear at E5 ref SA31 Condit), unknown
COMPUTER DISCCLEAROUTWearelell wrthalotofsoftware
packs that need clearing so «e are selling at disc value only 50discs
for £4, tats Just 8p eacell(our choice of rises) Ea ref E P66

IBM PS2 MODEL 160Z CASE AND POWER SUPPLY
Complete with fan etc and 200 watt power supply E9.95 ref EP67
DELL PC POWER SUPPLIES 145 watt, +5.-5..12.-12.
150x150x85mm complete with switch. flyteads and 1EC socket

WOLVERHAMPTON BRANCH
NOW OPEN AT WORCESTER. ST
WHAMPTON TEL 01902 22039

snit FMtit tv eir 7er r
1.44 DISC DRIVES Standard PC 3.5. drives but returns so they
will need attention SALE PRICE E4.99 ref EPEE.
1.2 DISC DRIVES Standard 5.25' dnves but returns so they wri
need attention SALE PRICE NOW ONLY E3.50 ref EP69
PP3 N CA DS.Unused but some storage marks £4 99 ref EP52

DE LL PC POWER SUPPLIES (Customer -etums)Standard PC
psu's complete wrth fly leads. case and lan..12,12,+5v.5v SALE
PRICE E1.99EACH worth ;lid the bits alone. ref DL1. TRADE PACK
OF 20 (29.95 Ref DL2
GAS HOBS AND OVENS Brand new gas appliances, perfect for
small flats etc. Basic 3 burner hot SALE PRICE E24.99 ref EP72.
Basic small bull In oven SALE PRICE E79 re' EP73
RED EYE SECURITY PROTECTOR 1.000 watt outdoor PIR
switch SALE PRICE E6 99 ref EP57
ENERGY BANK KIT 100 6,6' 6v tOiCrnA panels, 100 diodes.
connection dails c E69.95 ref EF 112
PASTEL ACCOUNTS SOFTWARE, does everything fix all
sues of bu,nesses Ind tides wordprocesso, report ivnter, windowing,
networkable ap to 10 stations multiple case books etc 200 page
comprehensive manual. 90 days free technical s Lipp ort (0345-326009
try before you buyf) Current retail price 16E129. SALE PRICE E9.95

'er SA12 SAVE E120.11
MINI M CRO FANS 12v 1.5' sit SALE PRICE E2 Ret SA13.
12V 2AM P LAPTOP psu's 110x 55x4Omm (includes standard IEC
sockei) and 2m lead with plug 10424. IP E6 99 REF SA15

COMPLETE PC 300 WATT UPS SYSTEM Top of the range
UPS system providing protection for you: computer system and
valuable software against mains power fluctuations and cuts New
and boxed. UK made Provides up .5 ...inning time In the event
of complete power 'allure to allow you Ic run your system down
correctly. LAST FEW TO CLEAR AT £59 SAVE £30 ref SEP149P1
SOLAR PATH LIGHTS Low energy walklights powered by the
sun, buittin PIR sothey work whenyou walk past Inclielessoarpanel

rechargeable bat SALE PRICE £19.95 REF 0.62
BIG BROTHER PSU Cased PSU. 6v 2Aoutput, 2m &plead 1.5m
Input lead, UK made.220v SALE PRICE El 99 REF EP7

Check out our
WEB SITE

http://www.pavIllon.co.uk/bull-electrIcal
RACALMODEM BONANZA! 1Racal MPS1223 1200/75modem
teiephone lead, mains lead. manual and comms software the

cheapest way onto the net all 1Ns for just £13 ref DEC13
4.6mw LASER POINTER. BRA NON EW MODEL NOW IN
STOCK!, supplied In fully built form (looks Ilke a nice
pen) complete with handy pocket ollp (which also acts
as the on/off switch.) About 60 metres range! ILins on
2 AAA batteries. Produces thin red beam ideal for
levels, gun sights, experiments etc. Just £39.96 ref

DEC49 TRADE PRICE £28 MIN 10 PIECES
BULL TENS UNIT Fully built and tested TENS (TranscuUneous
Electrical Nerve Simulation) unit, complete with electrodes and fill
Instructions TENS is used for the retie of pain etc In up to 70% of
sufferers Drug free pain relief, safe and easy to use. can Ge used In
conjunction with analgesics etc. (49 Ref TEN/1
COMPUTER RS232 TERMINALS. (LIBERTY)Excellent
quality modern unrts,(Iike wyse .,$) 2xRS232. 20 function keys, 50
thro to 38,400 baud. menu dnven port, screen, cursor, a ndkeytioard
setup menus (18 menu's). E29 REF NOV4
RUSSIAN MONOCULARS Amazing 20 times magnification.
coated lenses carrying case and shoulder strap £29 95 REF B.73
PC PAL VGA TO TV CONVERTER Converts a colour TV into
a basic VGA screen Complete with truth In psu. lead and s/w are Ideal

for laptops or a cheap upgrade Supphed In kit form for home
assembly SALE PRICE £25 REF SA34
EMERGENCY LIGHTING UNIT Complete unit vitt 2 clout.
bulb floodlights, buatin charger and auto switch Fully cased 6v BAH
lead acid req'd. (secondhand) £4 ref MAG4P11.
SWINGFIRE GUIDED MISSILE WIRE. 4,200 metre reel of
ultra thin 4 core Insulated cable 2845s breaking stram.less than leen
thick! Ideal alarms. Intercoms. dohs ^ouse's etc E 13.99 ret EP5t
ELECTRIC CAR WINDOW DE-ICERS Complete. with cede.
plug etc SALE PRICE JUST £4.9e REF SA28
AUTO SUNCHARG E R 155x300mm solar panel with diode and 3
mere lead fated with a cigar plug 12v watt £8.99 REF .25.
ECLATRON FLASH TUBE As used In police car flashing
etc. full spec supplied. 60- 100 lashes a min. £8.99 REF SA15B
24v AC 96WATT Cased power supply. New E9 99 REF SA40
M ILITARY SPEC G EIG ERCOUNTERS Unused anstraightfrom
Her majesty's forces, SALE PRICE E44 REF SA16

'SOME OF OUR PRODUCTS MAT BR UNtJ AArt IN TI -EE UE

BULL ELECTRICA1L
250 PORTLAND ROAD, HOVE. SUSSEX,..

BN35QT. (ESI'AILLSBED 50 YEARS).
IN14IL ORDER mats: CASH. PO OR CHEQt

WITH ounnt rum I) P&P PLUS VA'.
PLEASE ALLOW 7.1(1 CiAr417012 DELIVERYPHONE ORDERS
WELCOME 0.1111bItYMA, FXRiPtSs)

TEL: 01273 203500
FAX (1V3 323077

E at bull(cpsNilion.co.uk

MICRODRIVE STRIPPERS Small cased tape dnves ideal for
stnpping, lots of useful goodies Including a smart case, and lots of
components SALE PRICE JUST E4.99 FOR FIVE REF SA26
SOLAR POWER LAB SPECIA L You gel TVV06.x6. 6v 130mA
solar cells 4 LED's. wire buzzer, switch plus 1 rel ay or motorSuperb
value elf SALE PRICE JUST £4.99 REF SA27
RGB/CGA/EGAML COLOUR MONITORS 12' In good
conditon Back anodised metal case SALE PRICE E49 REF SA 16B

PLUG IN ACORN PSU t9v AC 14w E2 99 REF MAG3P10

POWER SUPPLY fully cased with mains and op leads 17v DC
900rnA output Bargain price £5.99 ref MAG6P9
ACORN ARCHIMEDES PSU +5w 0 4 4A on/off sw uncased.
selectable mains Input, 145x 100x45rnm E3.99 REF MAG7P2
13.EN 1.9A PSU cased with leads Just E9 99 REF MAGIOP3
UNWERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motor but ce Ice any 12v motor up to 30A Complete with PCB
etc A heat sink may be required £17.00 REF: MAGI7
PHONE CABLE AND COMPUTER COMMUNICATIONS
PACK Kit contains 100m of 6 core cable, 100 cable clips, 2 line
drivers with RS232 Interfaces and all connectors etc Idea, low cost
method of communicating between PCs over a long distance utd¢i ng
the senal ports Complete kit E8 99. Ref comp 1
VIEWDATA SYSTEMS made by Phillips. complete with Internal
1200/75 modere, keyboard. psu etc RGB and composite outputs.
menu dnven, autodialler etc. SALE PRICE E12.99 REF SA18
AIR RIFLES .22As used byt he Chinese arrny for training puposes.
so there is a lot acct., E39.95 Rel E F78 SOO pellets E4.50 ref EF80
PLUG IN POWER SUPPLY SALE FROM E1.60 Plugs In to
13A socket with output lead. three types available. 9vdc 150triAE1 50
ref SA19. 9v. 230mA £2.00 ref SA20. 6.5vdc 500mA E2 ref SA21
VIDEO SENDER UNIT. Transmits both audio and video signals
from either a videocamera, video recorde r, TV or Computer etc to any
standard TV set Ina 100' range, (tune TV to a spare channel) 12v DC
op Pnce Is E15 REF: MAG15 12v psu Is E5 extra REF: MAGSP2
MINATU RE RADIO TRANSC MERSA pair of wake talkies
with a range up lo 2 kmln open country. Urttsmeasure 22x52x1 Y.oirn.
Including cases and earp'ces 2xPP3 (30.00 pr.REF: M AG30

'FM TRANSMITTER KIT housed In a standard working 13A
adapterfl the bug runs directly off the mains so lasts foreveri why pay
£700' or pnce is £15 REF EF62 (kit) Transmits to any FM radio
"FM BUG BUILT AN DTESTEDsupenor design to kit Supolleri
to detective agencies. 9v battery req'd E14 REF MAG14
TALKING COINBOX STRIPPER COMPLETE WITH
COINSLOT MECHAN ISMS onglnally made to retail at (79 each,
these units are designed to cony. an ordinary phone Into a
payphone The units have the locks missing and sometimes broken
hinge, How ever they can be adapted fix tee r onglnal use or used for
something else?? SALE PRICE JUST E250 REF SA23
GAT AIR PISTOL PACK Complete with pistol, darts and pellets
£1295 Ref EF82B extra pellets (500) E4.50 ref EF80
6-X12- AMORPHOUS SOLAR PANEL 12v 155X31Ornrn
13OrnA. SALE PRICE E4.99 REF .24
FIBRE OPTIC CABLE BUMPER PACK 10 metres for E4.99
ref MAG5P13 ideal for expenmenters, 30 m for £12.99 ref MAGI3P1

MIXED GOODIES BOX OF
MIXED COMPONENTS WEIGHING 2 KILOS

YOURS FOR JUST £6.99
4X28 TELESCOPIC SIGHTS Suitable for all air rites, ground
lenses good light gathenng properties £ 19.95 ret Ft/7
RATTLE BACKS Interesting things tee.. small piece of solid
perspex like material that it you try to spin It on the desk it only spins
one way,'" fact if you spine the 'wrong' way it stops of its own accord
and go's back the other way, E1.99 ref G1,01
GYROSCOPES Rem., berthese, ell we have foi; nd a company
that still manufactures these popular scientific toys perfect gift or for
educational use etc. £6 ref EP70
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised
foil blanket reflects more than 90% of body heat. Also suitable for the
construction of two way mirrors, E3 99 each ref 0,041
LENSTATIC RANGER COMPASS oil filled capsule, strong
metal case, large luminous pdnts Sight line with magnifying viewer
50mm dia. 86gm. E10.99 ref 0/K604
RECHARGE ORDINARY BATTERIES UP TO 10 TIVI ES!
With the Battery Wizard! Uses the latest pulse wave charge system
to charge all popular brands of ordinary batlenes AAA. AA. C. D. four
at a smelled system show sw hen batteries a recha rg., automatically
rejects unsuitable cells. complete with mains adaptor BS approved.
Pnce is E21.95 ref EP31
TALKING WATCH Yes. it actually tells you the time at the press of
a button Also features a voice alarm that wakes you up and tells you
what the time 151 Lithium cell Included_ £7.99 ref EP2

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new rnulhband 2000 radar detector can
prevent even the most responsible of drive rs from losing their licence'
Adjustable audible alarm with 8 flashing leds gives instant warning of
radar zones Detects X K. and Ka bands. 3mile range. 'over the hill'
'aroundbends' and 'rear trapfacebes micro suejust4 75'

Can pay for itself In Just one day, E79.95 ref EP3
SANYO NICAD PACKS 120mmx 14mm 4 8v 270 maH suitable
for cordless phones etc. Pack of 2 just £5 ref EP78

3." DISCS As used on oider Amstrad machines. Spectrum plus3's
etc E3 each ref BAR400
STEREO MICROSOPES BACK IN STOCK Russian 200x
complete with lenses. lights, filters etc etc very comprehensive
microscope that would normally be around the £700 mark, our price
is just £299 (full money back guarantee) full details In catalogue Ref
95r'300.

WE BUY SURPLUS STOCK
FOR CASH

BUYERS DIRECT LINE 0860 425.692
F REECATA LOGUE

100 PAGE CATALOGUE NOW
AVAILABLE, 50P STAMP OR FREE

ON REQUEST WITH ORDER.
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message display
Robin Abbott looks at the construction of a LED Matrix message display driver

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

The basic unit of six 5x7 displays (offering a display of
30x7 LEDs) can be stacked lengthways theoretically to an
infinite number of modules (in practice around 20 modules for
a display of
length 600 dots, or 20 metres !)

The system is set up from a PC running Windows
software.

The controller module contains an 8Kx8 EEPROM
allowing very long messages to be stored and run in a loop
automatically, and then the module can be operated
independently of a controlling PC.

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

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

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

Display effects include variable brightness, message
pausing, variable scroll speeds, flashing text and inverted text.

Uses standard 5x7 LED display blocks, although in
practice any short persistence display technology may be
used.

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

The commercial applications of electronics are becoming so
widespread, that the only reason for home constructors to
embark on a project must be that it is available considerably
more cheaply than commercial equivalents, or that it offers
features unavailable commercially. This project falls into the
former category. For each 5x7 display the cost of the display
driver is about f3.50 plus the cast of the displays. In addition
there is a controller module which should cost about f22.00.
Thus a complete display with eighteen 5x7 displays (90 by 7
dots) can be built for under£100. The only comparable project
that I could find available as a kit costs around £100 for a
display of 16 dots by 8 dots !

Architecture
There are three basic modules for the display driver. These are
illustrated together with their connections in Figure 1. The
master module contains a PIC16C74, together with the 8Kx8
EEPROM device which is used to store the fonts and
messages to be scrolled. This module communicates to the
PC using a 3 -wire serial interface (RS232), running an
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XON/XOFF protocol. For each block of six 5x7 displays there is
a single display controller board which uses two PI016057
devices. Each display controller board communicates to
adjacent controller boards and to the master module using a
14 -way IDC cable. The display board holds the 5x7 LED

displays and is connected to the display controller
board using two 20 -way IDC cables. Finally there is a
single communication link between the last module in
the chain and the master module.

Each display controller board contains a 5V
regulator which may be optionally used as the power
supply to drive the displays. However, with higher
drive currents the LED displays may use an external
power supply. The master module contains a single
5V regulated supply. Power consumption for the
prototype (which operated at 30mA drive current per
dot) averaged at around 200mA per display controller
and display board, rising to over 600mA when all dots
are dnven. This allowed several hours of battery
operation using sealed lead acid technology.

The operation of the system is complex, and a full
understanding is not necessary for its construction.
However, an understanding of the operation of the
system may be useful for other designers of real time
systems using microcontrollers.

System operation
Figure 2 shows a block diagram of the
communications paths used in the operation of the
system and Figure 3 shows the system timing
diagram. Figure 2 shows the system as configured
with only one display controller module. The display
controller module contains two P1046057 devices
shown on Figure 2. One of the devices is termed
"odd" and one "even". Each device has one serial
communications path to the right, and one to the left
which connect to adjacent devices. The master
module also has a left and a right communications
serial path which connect to the two P1015057
devices -at each end of the chain of devices.

Multiplexing
The system operates on a time division multiplexed scheme.
Each row is turned on by a row drive signal from the master
module. Each row is turned on in sequence, and is driven for
about 990uS. Before each row drive is turned on, the master
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Fig.4 Global commands
and their effects

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

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

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

As the row drive signals are not used by the 16C57
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devices, they can be controlled by the master module to
control display effects. The master module turns off the row
drive signals for 250mS, and then back on for 250mS to create
the flashing effect. To control brightness, the master module
turns the row drive signals off for between 1 and 3 multiplexing
cycles for every multiplexing cycle which it is turned on; this
effectively dims the display. Flashing and dimming effects may
be combined.

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

shifting characters on the display.
Each 1.6C57 maintains an area of 15 bytes of RAM which

hold the column drive information for the 15 columns driven by
each device. To decide on the next information to be driven to
the columns of the display, the bit corresponding to the row to
be driven is tested in each byte of RAM, and if it is set then the
corresponding column drive bit is set. When shifting characters
across the display (left or right) the 15 bytes of RAM are shifted

one to the left or right; the byte to be shifted into the edge of

the display is obtained from serial communications on the left
and right ports.
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Communications
The code running in each
16C57 device is identical, and
the program running detects
whether it is an even device or
an odd device by the pull up or
pull down resistors on its left
and right communications port.
An odd device has a pull up
resistor on its left port and a
pull down resistor on its right
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port. Even devices have the
opposite directions of pull up and pull down resistors. In
Figure 2 the leftmost 16C57 is an odd device, and the right
hand 16C57 is an even device.
There are three communications paths in total for each
16C57 the left and right communication paths, and the
global communications path. The global path is driven by the
master module and communicates commands to every
16057 device at the same time. The left and right paths
operate at different times in the multiplexing cycle, and are
used to send information about the display pattern to be
driven on adjacent 16C57s when the display shifts.
All communications operate using the same serial protocol.
Each bit is 40uS long (resulting in a 25KHz transmission
rate). To send a single 8 -bit word an 80uS high start bit is
sent first, followed by a single 40uS low start bit. This
multiple start bit is to allow for two different devices working
on slightly different timing (such as the 16C57 and the
16C74 on the master module when communicating) to take
a common timing from the start of the low timing bit.
Following this the 8 data bits are sent LSB first, active high
fora '1' bit.
The full timing diagram for communications is shown in
Figure 3. During rows 1 to 4 each device in the system
(including the master module) transmits and receives on their
left and right ports. The actual rows used depend on
whether the device is even or odd as shown in Figure 3.
There are two types of information sent on left and right
ports.

The first is display information. The byte received on the left
port is the next byte to be shifted into the leftmost edge of

'the display on the next right display shift. Similarly, the byte
received on the right port is the next to be shifted into the
rightmost edge of the display on the next left display shift.
Display information is sent with the pattern for the column in
bits 6 to 0 of the received byte; bit 7 is always set for
display information.
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The second type of information to be sent on the left and
right ports is command information. Currently the only
command sent is the module command count. Whenever a
byte is received on the right port with bit 7 reset, and bit 6
set, then one is added to the byte, and it is then transmitted
on the left port. This is used to count the number of 16C57
devices TRANSITED by the module count command and to
determine the total display width.
Finally, the global commands are used for a number of
purposes as shown in Figure 4.
Thus, to shift a character left onto the display, the master
module sends the bytes which make up the columns of the
character, one after the other on its left port (which connects
to the right port of the 16C57 on the extreme right of the
display). Between each byte it sends a shift command on
the global port. On receiving the shift command, the 16C57
devices all move the columns In the display RAM to the left,
and each shifts the last display byte received on its right port
into the rightmost byte of display RAM. The frequency of the
shift commands controls the speed of the display, the
maximum speed being achieved with a shift on each
multiplex cycle.

Circuit diagrams
Despite the complex iy of the system design, the circuits
used are reasonably straightforward, all the communications
being performed in software in the PIC devices.

Master module
Figure 5 shows the circuit diagram of the master module.
Those who have been following the ETI PIC BASIC series will
recognise this circuit. The PIC16074 is used for the master
controller, and although the amount of EPROM and I/O
provided on this device is beyond the needs of the project it
is used because it sports an independent asynchronous
serial port. For further details on the 16C74 see the separate
panel.

To cut the cost of the crystal oscillator, only one PIC has a
crystal oscillator, and its oscillator output is used to drive the
oscillator input of the second PIC. A crystal oscillator is used
because the timing of communications between PICs in the
system is very tight for serial Links of just 40uS per bit with a
master clock of only 4MHz.
Each display controller board buffers both column and row
drives to the LED displays. The signals for the rows are
active high and are active low for the columns. The row
drives are buffered using a ULN2001A. This 8 bit Darlington
array (which is very cheap) provides a drive of up to 500mA
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for each row. In practice, the prototype drew nearly 600mA
per row when all LEDs were turned on, and higher drive
currents require even greater currents when all LEDs are
turned on. To meet the drive capability of the ULN2001A,
then two of the devices should be connected in parallel. The
easiest way to achieve this is to solder a ULN2001A on top of
another one, and then solder the bottom device into the
board. This will allow up to 1A drive per row (33mA per LED).
Increased currents can be achieved by stacking even more
ULN2001As
Each column is buffered by a PNP transistor with a base
resistor and an emitter resistor which controls the current
drive to the LED. The emitter resistors are actually formed by
a SIL resistor network. The prototype used a 75ohm SIL
resistor pack which resulted in an LED drive current of
around 25mA. The equation for drive current is R=1.9/I,
where I is the drive current for the LED and R is the value of
the SIL network. The prototype displays could handle a drive
current of 75mA with a ImS pulse drive as used in the
multiplexed drive, which is achieved with a 22-ohrri SIL
network. However with this drive current the row drive may
get as high as 2A per display module. In the prototype the
25mA drive current gave a display which was perfectly
legible indoors in daylight or artificial light. The use of very
high drive currents like this is not recommended without
some consideration for the power supply, and probably
changing of the UL2001A for discrete power transistors. In
this case, the raw drive circuit may be capable of driving
several modules at once.
Do not be tempted to leave out the PNP buffer transistors
for the columns. Although the PIC16057 is capable of
handling 20mA per output pin it is not capable of handling
20mA on 15 pins simultaneously, the output drive for all
output pins in total is limited to 100mA.

Display board
Figure 7 shows the circuit diagram of the display card. It
contains six 5x7 LED matrix blocks. each of which interlocks
with the next display in sequence. The pinout of these
displays is standard, and almost any LED block display may
be used provided that it has cathodes connected to rows,
and anodes to columns. The prototype used surplus
displays from Greenweld which cost less than f1.00 each.
However, new display blocks are available for around E3 - E-4

each, dependent on size and configuration. There is no
reason why a LED matrix of 30 by 7 LEDs should not be
constructed and a double -sided PCB to handle this would
be straightforward to design. However, soldering in 210
LEDs with over 400 leads (and all in the correct orientation)
is not a simple task !
A display with columns as cathodes may also be driven.
However, this will require inversion of. the signals on the
controller card. Please contact the author if you would like a
version of the PIC16057 which drives active high signals on
the outputs.
The display board connects to the display controller card
with two 20 -way IDC connectors. Connectors with locking
ears should be used for greatest robustness.

The next article in the series shows the component lists,
PCB oyerl8ys, and how to construct, test and operate
the display system.

RADIO DATA MODULES
MODEM TRANSCEIVERS

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

-

R-XXX-11 _ i
--

1

, - Efficient 5V operation -

 400 to 500MHz Versions 

' Range up to 5Km °

' Compact Size ideal for Hand Helds "
,  UK, North American, Australian 

.L,
 MPT, 1-ETS & FCC Approval '

.4110 I.: IN ill
Up or 64 selectable channels "

Only 55 x 23 x 15mm - 100+ Price Only 115.00

20% Discount On Evaluation Pairs
UK, US EEC or Australian Models

li
Reduce Component Count, Cost, Size & Power Drain "

" Drives directly from a PIC Port III 

Faster than -A version up to 20,000 bps "

"Available UK Approved MPT1340 418MHz 

 Export I-ETS-300-220, 433.92MHz 
., .,-.

- .. .: iii:1,,,.

I

, 6,  .1...4 .

TXM-418-F Transmitter I

SILRX-418-F Receiver

* Special 40% Off Introductory Offer *
* Only 29.95 per pair Inc VAT *

Agskokive Y South Mitten Modules on 403111.

* TXM-403-A, SjLRX-404-A, RXM-403-A ..'
 High Quality Fivl system > 120M Range *

!.

 Evaluation Ki(5 Available '

1

 No Price Surcharge "
* Eg : 1000 + TXM's Only 5.95 Each RXM-403-A

L. Nil -Pinup, 4444=i) Tommirourill NIS worn).
.,-,

.1.,  esirinr-----, '
titIN-18.F

Approved. to MPTI340

World leading in price performance and
size the BIM high speed transceiver has
already found a home around the World
in many wire free products form corn -
puter networks, hand held terminals to
EPOS. Available on 418 and 433.92MHz

 5V Operation, PIC Compatible*
* Exclusive RS232 Version 79.95 *
* Packet Controller Board 79.95 *
 Evaluation Kit + 2 BIM's 149.95 '

* Sold Separately From 1 - 1000 pcs " BIM-433-RPC

Check Odr Prices, Now with Free Postage !
Transmitters Antennas Receivers
TXM-418-A 0 25mW 12.50
TXM-433-A 0 25mVV 14,75
TXM-418-F 0.25mVV 14 75

TXM-433-F 0.25mVV. 14 75

Helical-173MHz 4 90
1/4 Wave 418MHz. 4.90
Dipole 418MHz. 23.50
VHF Whip Antenna. .35.00

 SILRX-418-A .22 50
RXM-418-A. .29.05
SILRX-433-A .23.95
SILRX-403-A .23.95

TXM-403-A 025mW. 1475
TXM-173-4689 1mW. .22 50
TXM-173-4689 10mW .24 50
TXM-184-4689 10mW. ..29 95

1

r

RXM-403-A 29.05
SILRX-418-F .23 95
SILRX-433-F. .23_95RXM-173-60....31.62

RXM-184-60 _31.62

Prices unless otherwse slated e.-
dune vAT Cavia, tree on all no,
account mainland UK orders
insurance available at addition. cost

Credo Card Payments
Welcome Exports 2/4 day
delivery by DHL UPS or
Air Express Available All

in Pounds Stenindprices

Radio-- Tech Untitled, Overbridge House, Weald Kan Lane,
Thornwood Common,.Epping, Essex CM16-6NB.

Sales +44 (0) 181- 368 8277 Fax +44 (0) 181 361 3434
Accounts +44 (0) 1992 57 6107 Fax +44 (0) 1992 45 1994
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1

Free
coverdisk

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

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

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

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

For the latest information on Quickroute readers can now
contact us over the Internet using either world wide web
(V\AANV) on

http.//www.quickroute.co.uk
or on Email using
info@quicksys.demon.co.uk
The Web page is a good place for users to get the latest

information about Quickroute and to download the latest
demonstration software, etc. Quickroute 3.5 is available in a
range of different versions, the current ones are listed below:

ELECTRONICS
TODAY INTERNATIONAL

Quickroute 3.5 Personal
An entry level product with support for PCB and schematic
drafting. PCBs with up to two copper layers can be designed.
The basic set of PCB and schematic libraries are included and
the manual is available as 'online' help only (no printed manual
is supplied).

Quickroute 3.5 Designer
This produtt has support for PCB and schematic design. It
includes schematic capture which will turn a schematic into a
PCB rat's -nest which can then be manually routed. There is
support for two copper layers. Basic design rule and
connectivity checking is included, and a 'rat check' feature for
highlighting rat lines which have been manually routed.

Quickroute 3.5 PRO
This product includes support for multi -sheet schematics (up
to eight sheets), schematic capture and supports PCB's with
up to eight copper layers. An auto -router is included which has
support for automatic via placement. The product supports
Gerber and NC -Drill file export, and WMF and Tango net -list
export. The extended library pack is also included as is basic
design rule and connectivity checking.

Quickroute 3.5 PRO+
In addition to all the features of Quickroute 3.5 PRO. this
product includes support for exporting SPICE and DXF files,
support for exporting net -lists to SpiceAge using a DDE link,
the ability to import Tango (PCB) net -lists, and the ability to
import Gerber files. The product also includes a 'copper fill'
facility and has the capability of updating a PCB from a
schematic net -list ('engineering change').
The current prices for Quickroute products are .

Quickroute 3.5 Personal Single User £68.00
Quickroute 3.5 Designer Single User £149.00
Quickroute 3.5 PRO Single User £249.00
Quickroute 3.5 PRO+ Single User £399.00

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

Quickroute Systems Ltd,
14 Ley Lane,
Marple Bridge,
Stockport, SK6 5DD, UK.
TeVFax +44 (0)161 449 7101
Email: info@quicksys.dernon.co.uk
WWW http://www.quickroute.co.wk

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

THE ORIGINAL SURPLUS WONDERLAND!
THIS MONTH'S SELECTION FROM OUR VAST EVER CHAhGING STOCKS

Surplus always
wanted for cash!

LOW COST PC's -

SPECIAL BUY
AT 286

40Mb HD + 3Mb Ram
LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems
Made in the USA to an Industrial specification, the system was
designed for total reliability. The compact case houses the mother-
board, PSU and EGA video card with single 5," 1.2 Mb floppy disk
drive & Integral 40Mb hard disk drive to the front. Peal time clock
with battery backup is provided as standard Supplied In good used
condition complete with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run!
Order as HIGRA DE 286 ONLY .£129.00 ( E )
Optional Fitted extras: VGA graphics card
1.41iaa 31/2' floppy disk drive (instead of 1.2 Mb)
NE200-0 Ethernet (thick, thin or twisted) network card

£29.00
£19.95
£39.00

LOW COST 486DX-33 SYSTEM
Limited quantity of this 2nd user, supurb small size desktop unit.
Fully featured with standard simm connectors 30 & 72 pin. Supplied
with Keyboard, 4 Mb of RAM, SVGA monitor output. 256k cache and
integral 120 Mb IDE drive with single 1.44 Mb 3.5' floppy disk drive.
Fully tested and guaranteed. Only

Many other options avalable - call for details. £399.00 (E)

FLOPPY DISK DRIVES .3/2" - 8"
" or 31/2 " from only £18.95 !

Massive purchases of standard 5'/' and 31/2. drives enables us to
present prime product at industry beating low prices, All units (unless
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a 90 day
guarantee and operate from standard voltages and are of standard
size All are IBM-PC compatible (if 31/2' supported on your PC).
3W Panasonic JU363/4 720K or equivalent RFE £24.95(B)
3,-. Mitsubishi MF355C-L 1.4 Meg. Laptops only £25.95)B)
3% Mitsubishi MF355C-D. 1 4 Meg Non laptop £118.9513)
51/4 Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95 131

Teac FD -55F -03-U 720K 40/80 (for 88C's etc) RFE £22.95 B)
, BRAND NEW Mitsubishi MF501 B 360K £22.95(B

Ta.ale top case with Integral PSU for HH 5, Flopp or HD £29.95(B
8 -Shugart 800/801 8' SS refurbished & tested £195.00(E
13.'Shugart 8108' SS HH Brand New £195.00(E
8 -Shugart 851 8' double sided refurbished & tested £250.00(E
Mtsubishi M2894-63 8" double sided NEW £275.00(E)
Misubishi M2896 -63-02U 8' DS slirnline NEW £285.00(E)
Deal 8" cased dr ves with integral power supply 2 Mb £499.00(E)

HARD DISK DRIVES
End of line purchase scoop! Brand new NEC D2246 8' 85 Mbyte
dave with industry standard SAID interface. Ultra hi speed data
transfer and access times, replaces Fujitsu equivalent model
Complete with full manual Only £299.00 or 2 for £525.00 (E)
3,' FUJI FK-309-26 20mb MFM i/F RFE £59.951C)
34' CONNER CP3024 20 mb IDE I/F (or equiv )RFE £59.95 C)
2..2. CONNER CP3044 40mb IDE I/F (or equiv.)RFE £69.00 C
3'./' RODIME R03057S 45mb SCSI I/F (Mac & Acorn) £99.00 C
:..7 la" WESTERN DIGITAL 850mb IDE I/F Brand New £185. C
E,4' MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 C
, SEAGATE ST -238R 30 mb RLL I/F Refurb
5," CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 C
S.' FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 E
Hard disc controllers for MFM , IDE, SCSI, RLL etc from £16.95

THE AMAZING TELEBOX
Converts your colour monitor into a QUALITY COLOUR TVII

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE

The TELEBOX Is an attractive fully cased mains powered unit. con-
taining all electronics ready to plug into a host of video monitors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The composite
video output will also plug directly into most video recorders, allowing
reception of TV channels not normally receivable on most televi-
sion receivers' (TELEBOX MB) Push button controls on the front
panel allow reception of 8 fully tuneable 'off air' UHF colour television
channels. TELEBOX MB covers virtually all television frequencies
VHF and UHF including the HYPERBAND as used by most cable
TV operators. A composite video output is located on the rear panel
for direct connection to most makes of monitor or desktop computer
video systems For complete compatibility - even for monitors with
out sound - an integral 4 watt audio amplifier and low level Hi Fi
audio output are provided as standard
TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
'For cable / hyperband reception Telebox MB should be connected
to a cable type service. Shipping code on all Teleboxe's is (B)

DC POWER SUPPLIES
Virtually every type of power
supply you can imaglne.Over10,000 Power Supplies Ex StockCall for info /

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

6,000,000 items EX STOCK
For MAJOR SAVINGS- CALL. FOR SEMICONDUCTOR HOTLIST

VIDEO MONITOR SPECIALS
One of the highest specification

Artmonitors you will ever see -
At this price - Don't miss it!!

Mitsubishi FA3415ETKL 14" SVGA Multisync win., monitor with Ire
028 dot pitch tube and resoUtion of 1024 x 768 A

, variety of nputs alnws conneocn to a host of ccimput-
ers hcludrig IBM PCs iri CGA. EGA VGA & SVGA
modes. BBC, COMMODORE tnctuding Amiga 1200),
ARCHIMEDES and APPLE. Many features Etcised

,. - .... . faceplate, text switching and LOW RADIATION !APR
specification. Fully guarante,t, suptiiied in EXCEL-

LENT little used condi.,
Tilt 8, Swivel Base rA.75 Only £119 (E) Order FS

mITS-SVGA
VGA cable for If3m PC included
External cables for other types of computers CALL

5000 Monitors from stock !!!
HERCULES EGA. CGA, VGA S /GA - 6 to 26"
+ Many special items - CALL with your needs !

Just In - MIcrovitec 20' VGA (800 x 600 res.) colour monitors.
Good SH condition - from £299 - CALL for Info

PHILIPS HCS35 (same style as CM8833) attractively styled 14"
colour monitor with Mb RGB and standard composite 15.625
Khz video inputs via SCART socket and separate pl'ono jacks.
Integral audio power amp and speaker for all audio visual uses.
Will connect direcr to Amiga and Atari BBC computers. Ideal for all
video monitoring I security applications with direct connection
to most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good
used condition - fully tested - guaranteed O £95nlyDimensions: W14' x H123+' x 151/2' 0 tEl

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video Input via SCART socket. Ideal
for all monitoring / security applications High quality, ex -equipment
fully tested R. guaranteed (possible minor screen bums) In attrac-
!lye square black plastic case measuring W10' x H10. x 13"4 D.

240 V AC mains powered. Only £79.00 (D)
KME 10" 15M10009 high definition colour monitors with 0.28' dot
pitch. Superb clarity and modern styling.
Operates from any 15.625 khz sync RGB video
source, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 131/2' a 12' x
11'. Good used condition. Only £125 (E)

20" 22" and 26" AV SPECIALS
Superbly made UK manulacture PIL all solid state colour monitors,
complete with cornpostte video & optional sound Input Attractive
leak style case. Perfect for Schools. Shops, Disco. Clubs. etc. In
EXCELLENT little used condition with full 90 day guarantee

20"....£135 22"....£155 26"....£185 (F)

SPECIAL INTEREST ITEMS
mITS. FA3445ETKL 14' Industrial spec SVGA monitors
2kW to 400 kW - 400 Hz 3 phase power sources - ex stock
Broadcast Electronics Inc FX30 FM exciter 80-108 MHz
Stanelco STA15 15kW RF Induction heater system
IBM 8230 Type 1, Token ring base unit diver
IBM 53F5501 Token Ring ICS 20 port lobe modules
IBM MAU Token ring distribution panel 8228-23-5050N
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE
Trend DSA 274 Data Analyser with G703(2M) 64 Lbo
HP APOLLO RX700 system units
HP6621 A Dual Programmable GPIB PS',) 0-7 V 160 watts
HP6264 Rack mount variable 0-20V B 20A metered PSU
HP54121A DC to 22 GHz four channel test set
HP7580A Al 8 pen HPGL high speed drum plotter
Marconi 6310 Programmable 2 to 22 GHz sweep generatcr £6500
EG-NG Brookdeal 95035C Precision lock in amp
OTC Ltd 1550 SM Stabilised IR laser calibration source £2250
Ling Dynamics 2kW programmable vitiation test system £POA
Computer 16mm CCTV auto iris lenses 'C' mount - NEW £125
Kelthley 590 CV capacitor / voltage analyser £POA
Racal ICR40 dual 40 channel voice recorder system £3750

ICI R5030UV34 Cleanllne uttrasonlc cleaning system
£1200Roken 80-250 240v single phase flow solder machine
£POA

Mann Tally MT645 High speed line printer £22OC
INTEL SBC 486/133SE Multibus 486 sristem 8Mb Ram £120C
Zeta 3220-05 AO 4 pen HPGL fast drun plotters £115C
Nikon HFX-11 (Ephiphot) exposure control unit £145C
Motorola VME Bus Boards & Components List. SAE / CALL CPO,
Trio 0-18 vdc linear, metered 30 amp tench PSU. New

Fuitsu M3041D 600 LPM printer with retwork interface £££11529555:

Fujitsu M3041R 600 LPM band printer

Perkin Elmer 2998 Infrared spectrophotometer £1,0,k
VG Electronics 1035 TELETEXT Decoding Margin Mete £3753
Andrews LARGE 3.1 m Satellite Dist + mount (For voya,eit) £95.3
Thurlby LA 160B logic analyser £373
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1996
Dense' MUD 0185AH 1KVa UPS system with bats NEW £575
System Video 1152 PAL waveform monitor £4E5
Test Lab - 2 me square guetised acoustic test cabinets £300
Kenwood 9601 PAL Vectorscope  NEW £6810

Please call for further detaks on the above items

£245
£POA
£750

£POA
£950
£750
£95

£550
£POA
£950

£1800
£675

£POA
£1850

19" RACK CABINETS
Superb quality 6 foot 40U

Virtually New, Ultra Smart
Less than Half Price!

Top quality 19' rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjt.stable internal fixing struts, ready punched
for any configuration of equipment mounting
plus ready mounted integral 12 way 13 amp
socket switched mains distribution strip make
these racks some of the most versatile we

have ever sold. Racks may be stacked side by side and therefore
recuire only two side panels to stand singly or in multiple bays.
Overall dimensions are: 771/2" H x 321/2' D x 22' W Order as:

CPT Rack 1 Complete with removable side panels. £335.00 (G)
CPT Rack 2 Rack, Less side panels £225.00 (G,

32U - High Quality - All steel RakCab I
Made by Eurocraft Enclosures Ltd to the highest possible spec,
rack features all steel construction with removable
side, front and back doors Front and back doors are
hinged for easy access and all are lockable with
five secure 5 lever barrel locks. The front door
is constructed of double walled steel with a
'designer style' smoked acrylic front panel to
enable status indicators to be seen through the
panel, yet remain unobtrusive. Internally the rack
fectures fully slotted reinforced vertical fixing
members to take the heaviest of 19" rack
equipment. The two movable vertical fixing struts
'extras available) are pre punched for standard
'cage nuts'. A mains distribution panel internal-
ly mounted to the bottom rear, provides 8 a IEC 3 r,

pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventilation is provided by
fully louvered back door and double skinned lop section
with top and side louvres. The top panel may be removed for fitting
01 Integral fans to the sub plate etc. Other features include: fitted
castors and floor levelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
Mm=1625H x 635D x 603 W (64"Hx25"Dx233:"W)

Sold at LESS than a third of makers price iI

4 superb buy at only £195.00 (G)

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

Call with your requirements.

TOUCH SCREEN SYSTEM
The ultimate in 'Touch Screen Technology' made by the experts
PlcroTouch - but sod at a price below cost II System consists of
a flat translucent glass laminated panel measuring 29.5 a 23.5 cm
,onnected to an electronic controller PCB. The controller produces
a standard serial RS232 or TTL output which continuously gives
simple serial data containing positional X & Y co-ordinates as to
where a finger is touching the panel - as the finger moves, the data
instantly changes. The X & Y information is given at an Incredible
matrix resolution of 1024 x 1024 positions over the entire screen
size it A host of available translation software enables direct con-
nection to a PC for a myriad of applications including: control pan-
els, pointing devices. POS systems, controllers for the disabled or
Computer un-trained etc etc. Imagine using your finger with
'Windows', instead of a mouse II (a driver is indeed available I) The
applications for this amazing product are only limited by your
imagination!! Complete system including Controller, Power Supply
and Data supplied at an incredible price of only.
Full MICROTOUCH software support pack £145.00(8)
and manuals for IBM camper.. PC's MSS RFE Tested

LOW COST RAM & CPU'S
INTEL 'ABOVE' Memory Expansion Board. Full length PC -XT
and PC -AT compatible card with 2 Mbytes of memory on board.
Card is fully selectable for Expanded or Extended (286 processor
and above) memory. Full data and driver disks sumiled. RFE.
Fully tested and guaranteed Windows compatible. £59.95(A1
Half length 8 bit memory upgrade cards for PC AT XT expands
memory either 256k or 512k in 64k steps. May also be used to fill
in RAM above 6401. DOS limit Complete with data.
Order as: XT RAM UG. 256k. £34.95 or 512k £39.95 (Al)

SIMM SPECIALS
1 MB x 9 SIMM 9 chip 120ns Only £19.50 Al)
1 MB a 9 SIMM 3 chip 80 ns £23.50 or 7Ons E24.95 Al)
1 MB x 9 SIMM 9 chip 80 ns £22.50 or 7Ons £24.00 Al
4 MB 70 its 72 pin SIMM -with parity- Only £95.00 Al
8 MB 70 ns 72 pin SIMM noparrty £159.00 Al
INTEL 486-0.3 CPU £55.00 INTEL 4416-DX66 CPU £69.00

FANS & BLOWERS
EPSON D0412 40x40x20 mm 12v DC £7.95 10 /£65
PAPST TYPE 612 60x60x25 mm 12v DC £8.95 10 / £75
MITSUBISHI MMF-D6D1201_ 60x60x25 mm 12v DC £4.95 10 / £42
MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10 / £49
MITSUBISHI MMF-09B1201-1 92x92x25 mm 12v DC £5.95 10 / £53
PANCAKE 12-3.5 92x92x18 mm 12v DC £7.95 10 /£69
EX -EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110
or 240 v £6.95, 80 x 80 x 38 mm - specify 110 or 240 v £5.95
IMHOF B26 1900 rack mnt 3U x 19' Blower 110/240v NEW £79.95
Shipping on all fans (A) Blowers (B) 50,000 Fans Ex Stock CALL

Issue 13 of Display News now available - send large SAE - PACKED with bargains!
r :   

. :     
ALL MAIL & OFFICES LONDON SHOP

Open Mon -Fri 9.00-5:30 Open Mon - Sat 9:00 - 5:30: 215 Whitehorse LaneDept ET. 32 BI in Way South Norwood
Upper Norwood On 68A Bus Rout.

Heath
LONDON SE19 3XF Solh

.ursi
Park S.ThorrIonR Rail

k
...hens

-ELECTRONICS-
VISA "V ESTABLISHED

25 YEARS

DISTEL©
The Original

REE On line Database
info en 20,000  stock rtemsl
RETURNING SOON !

ALL'S` ENQUIRIES

0181 679 4414
FAX 0181 679 1927

Al moss tot UK Manta. UK customers add 17.5% VAT to TOTAL order amount. Mininurn order £10. Bona Fde arrhunt orders accepted from Government. Schools,
Universities and Local Authorities - mhmum account or., £50 Cheques over £100 are sub,. to 10 wodcng days clearance Carriage charges (AK3 DO, (A1K4.00
(B)=-£5 50, (C)=£850, (D)=f12.00,4E-£15.00. (F)=-£18.03. (GI,.CALL Now approx 6 days for sticiping faster CALL Scotland surcharge CALL Al goods suppled to ou
Standard Conditions of Sale and unless stated guaranteed for 90 days. Ail guarantees on a ,.um to base bas6 An nghts reserved to criange pr es / speafoatens vathotn enc.
notice Orders subject to stock. Descants tor volume Top CASH prices paid tot se plus goers Al trademarks etc aci,niowledged © Display Electronics 1996 E & 0 E 01/5



HitlikliE
A project from Terry Balbirnie to

N
Ickel cadmium (rechargeable) batteries are found in
most homes. Typical uses include powering
photographic equipment (flash guns, etc.) toys,
personal stereos, calculators, razors and small
power tools. This article is concerned with

checking the charge state of the most popular variety - the "AA"
size sometimes known as SP7/HP7, UM3/AM3, MN1500,
R6/LR6/RX6 and Penlight among others. Some of these terms
really apply to the non -rechargeable equivalent but they are
widely used to describe any cell of this size. Simply by
substituting the battery holder on the unit with a different one,
this tester could be used to check various other sizes of nickel -
cadmium cell.

Charge Check is extremely easy to use; the cell to be tested
is placed in the holder and a meter read The pointer shows
green for good, yellow for serviceable and red for flat. Current is

drawn from the cell itself so no internal battery is needed. The
unit will therefore always be available for use. It will not give
consistent readings if it is subjected to wide temperature
variations. However, it will operate correctly over the "normal
room temperature" range.

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

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

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

The Charge Check is basically a narrow -range voltmeter. An
ordinary analogue instrument with a full-scale deflection (FSD)
of, say, 2.5V would waste most of its scale length (about 84%)
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since the regions below 1V and above 1.4V would
significance. This would make small changes very difficult to
see. A digital meter could be used but it would not apply a load
to the cell under test. Also, not everyone wants children and
others to use their valuable test instrument for this purpose.
Non -technically minded people would also find difficulty
translating a basic voltage into the state of charge.

To mark the scale with coloured bands rather than voltage
readings does require some care to remove and re -mark the
existing one. Timid readers could stick a label on toi) of the face
above the pointer and colour that but the final appearance
would not be as good. Also, it would be more difficult to
interpret. In the prototype, it was arranged for readings above
1.3V to be green; below this and down to about 1.2V yellow;
and, below that, red showing that the cell has little life left in it.
However, these boundaries are subjective and readers will
perform their own calibration at the setting -up stage.
Circuit description
The circuit for Charge Check is shown in Fig. 1. When cell B1
under test is connected, current completes a circuit through

have no

diodes D1/D2 and resistor R1. With the specified value of R1
the current drawn from a freshly -charged cell will be some
150mA falling as the battery drains. Ignore the effect of RV1, R2
and ME1 for the moment - these components form the narrow -
scale voltmeter and have negligible effect on the current.

A diode exhibits a forward voltage drop. This is the voltage
which appears across it when current flows. The voltage drop is
reasonably constant over a wide range of current. Diode D1 is a
Schottky Barrier device and this has a very low forward voltage
drop - around 0.25V with the range of current flowing In this
circuit. D2 is an ordinary silicon diode and it will have a voltage
drop of 0.7V approximately. The diodes are connected in series
so the sum of the voltages (0.95V or, say, "1V) appears across
the pair.

Taking account of the drop across the pair of diodes, the
voltage across R1 will be that of the battery minus 1V
approximately. When the battery voltage is 1.4V (about right for
a fully charged cell), the voltage across R1 will be 0.4V. The
device works by using the basic 0-50uA microammeter, ME1,
to provide full-scale deflection when it detects this voltage. In
theory, the scale will therefore cover a battery voltage from 1 to
1.4V. In practice, it will be about 0.6V to 1.4V and this point wilt
be explained later. To make the microammeter behave as a
voltmeter, a resistor connected in series with it is needed. In this
circuit, this is achieved using two resistors fixed resistor R2 and
preset potentiometer, RV1 I It Is then only necessary to adjust

RV1 at the end of construction to provide the correct FSD.
Ohm's Law suggests that a lower value for RV1 could be used.
However, using this one will take account of any component
differences.

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

Bend the cathode end lead of each diode (those near the
stripe on the body) down the side. Solder these components in
position vertically, notng that the cathode connections are
marked "k" in Figures 1 and 2. Mount the other soldered
components and attach lOcm pieces of light -duty connecting
wire to the points marked B1+ and B1 -. Remove the bolts and
washers from the meter terminals. Secure the circuit panel to
the posts using the bolts through the holes in the PCB
observing the polarity (which is marked on the underside of
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D1

B1

NOTE
D1 1N5820
D2 1N4001

Fig.1 Circuit

D2

Figi2 PCB overlay

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

Testing
Initial testing may be carried out simply by touching the wires
on to the cell terminals, observing the polarity. Remove only a
very small amount of insulation from the ends so that there is
no possibility of causing a short circuit. Start with the cell fully -
charged. Connect it up and adjust RV1 so that full-scale
deflection is obtained. Put the cell in a piece of equipment so
that it runs down to the point where it does not work properly.
Test it again. The meter should now show a low reading.

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

Practising scales
Before modifying the existing meter scale, it will be necessary
to test the cell during a controlled discharge. This may be
done by running it down (as part of a set) in, say, a personal
stereo. Begin with all cells fully charged. Switch the equipment
on and remove the cell at intervals to test it and record the
reading (it is probably better to use the same one each time).
Judge what will be reasonable for the boundaries between
green/yellow and yellow/red. The green and yellow bands will
be much narrower than the red one. This is because the
voltage falls only very slowly over much of the discharge cycle.

Next, modify the meter to show coloured bands instead of
microamp readings. The plastic face is easily removed by
applying gentle force around the edge. Great care must be
taken not to bend the pointer from now on. Remove the two
small screws which secure the scale and slide it out. Using
tracing paper, and taking note of the readings, mark the
outline of the existing scale and the positions of the
boundaries which will exist between the coloured bands. The
scale may now be turned over and sprayed using matt paint
(car -type cellulose primer was used in the prototype). Another
method would be to cover it with a thin self-adhesive label
and cut it to shape. Using the tracing, draw in the outlines of
the bands and colour them in using fine fibre-tip pens. It

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

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

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

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

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

Resistors
R1 2R7.0.25W 5%
R2 1 lk,0.25W 5%
RV1 22k,sub.Min vertical preset

Semiconductors
D1 1N5820 Schottky barrier diode
D2 1N4001 silicon diode

NE= Miscellaneous
ME 1 0-50 microamp meter. Face size 51 x 45mm
approximately, terminals having 20mm between
centres.
PCB materials
Single 4.9.A" size cell holder
Plastic box size 100.x 75 40 MM.

Buy Lines
The meter used in the prototype was obtained from
Greenweld Electronics, Ltd. It was an Altai meter
from the "50mm" range. Diode D1 was obtained from
Maplin. Everything else is freely available.
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POWER AMPLIFIER MODULES -TURNTABLES -DIMMERS -
LOUDSPEAKERS -19 INCH STEREO RACK AMPLIFIERS

-'- ea - 1t te' ,* -I., sit  f * . Is

SERVICE a LARGE tA4) = STAMPED FOR CATALOGUE

MOS-FET P  WER AMPLIFIERS
HIGH POWER. TWO CHAN. L 19 INCH RACK

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

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

MXF600 (300W + 300W) MXF900 (450W + 450W)
AU. POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN

FEATURES *Independent power supplies with two toroidal transformers * Twin L.E D. Vu meters *
Level controls  Illuminated oniciff switch * XLR connectors * Standard 775mV inputs * Open and short circuit
Proof * Latest Mos-Pets for stress free power delivery into virtually any load * High slew rate * Very low
distortion * Aluminium cases * MXF600 & MXF900 fan cooled with O.C. loudspeaker and thermal protection.

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 043,, (24.11)11011"
MXF400 W19"iiH51, (3U)401 2^
MXF600 W19-40451, (3U)x013"
MXF900 W19 x115'4 (3U)x11314*."

PRICE3:-MXF200 0175.00 MXF400 0233.85
MXF600 C329.00 MXF900 0449.15
SPECIALIST CARRIER DEL. (12.50 EACH

TrjniliFiryiTT't4Y15"1:31FT4IVIWT- VrillirrU

Advanced 3 -May Stereo Active Cross -Over, housed in a 19' x 1U case, Each channel has three level controls:
'bass. mid & bp. The removable ,front fascia allows access to the programmable DIL switches to adlusl the
Cross -over frequency Bass Mid 250/500.800Hz, Mid -Top 1.8/3/51041, all at 24dB per octave Bass Invert switches
on each bass channel_ Nominal 775rnV InpuUoutput. Fully compatible with OMP rack ampliller and modules.

Price £117.44 + £5.00 P&P

STEREO DISCO MIXER with 2 x 7 band
L & R grashic equalisers with bar graph
LED Yu metes. MANY OUTSTANDING
FEATURES, including Echo with repeat it

speed control, DJ Mic with talk -over
switch, 6 Channels with Individual faders
plus cross Lade, Cue Headphone Monitor. 8
Sound Effects. Useful combination of the
',following inputs:- 3 turntables (mag), 3
rnics, 5 1.11, for CO, Tape, Video etc.

Price £144.99 + £5.00 P&P

* ECHO & SOUND EFFECTS*

-

SIZE: 482 . 240 x 120mm.1.-
1:1147Z01411 47-4-:1131[Trin.1:r.1111r
Join the Piero revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an Improved
'transient response with a lower distortion level than ordinary dynamic tweeters As a crossover is not required
'these units can be added to existing speaker systems of up to 100 watts (more it two are put In series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KSN1036A) 3' round with protective wire mesh. Ideal for
bookshelf and medium sized Hi-Fi apeakers. Price t4.90 50p P&P.
TYPE '8' (KSN1005A) 3'/,' super horn for general purpose speakers,
disco and P.A. systems etc Price £5.99 + 50p P&P.
TYPE `C' (KSN1016 A) 2'x5- wide dispersion horn for quality 111-Fi sys-
tems and quality discos etc. Price C6.99 50p PAP.
TYPE 'D' (KSN1025A) 2"x6" wide dispersion horn. Upper frequency
response retained extending down to mid -range (2KHz). Suitable for high
quality HI -Fl systems and quality discos. Price £9.49 + 50p P&P.
TYPE 'E' (KSN1038A) 30 horn tweeter with atti active silver finish trim
Suitable for HI -Fl monitor systems etc. Price C5.99 + SOp P&P.
LEVEL CONTROL Combines, on a recessed mounting plate, level control
and cabinet input lack socket. 85x85mm. Price £4.10 + 50p P&P.

rYPE TVPC

TYPE C

TYPO 0,

TYPE

I . IGHT CASED LOUDSPEAKER
A new range of quality loudspeakers, designed to take advantage of the latest
speaker technology and enclosure designs. Both models utilize studio quality
12' cast aluminium loudspeakers with factory fitted grilles, wide dispersion
constant directivity horns, extruded aluminium corner protection and steel
ball corners. complimented with heavy duty black covering. The enclosures
are lined as standard with top hats lor optional loudspeaker stands

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

(1.1 FC 1 2-10 OWATTS (100(113) PRICE C1 59.00 PER PAIR
lit FC 12.200WATTS (100dB) PRICE C175.00 PER PAIR

SPECIALIST CARRIER DEL £12 50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR C49.00
Delivery £6.00 per pair

N -CAR STEREO BOOSTER AMP

PR CES: 150W C49.99 250W C99.99
400W 0109.95 P&P £2.00 EACH

NPIEE SUPERB HIGH POW
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged mono
250 WATTS (125 + 125) Stereo, 250W
Bridged Mono
400 WATTS (200 + 200) Stereo. 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:

bridgable mono * Choice of
high & tow 'eye' Inputs * L A R level
Controls * Remote on-ott * Speaker &
the in olaction.

elPOSTAL CHARGES PER ORDER IC 1 00 MINIMUM OFFICIAL
, ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLC. ETC

PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND
ACCESS ACCEPTED BY POST, PHONE OR WAX.

;jrjjrraTSrra.ITTrTlrtrr:jlnirfrroiqrllrV SUPPLIED READY BUILT AND TESTED.
These modules now nloy a world-wide repuledon km quality, reliability and performance at  nimbi:tit VIC*, lour
Models are avellabl lb suit the needs of this professional and hobby mahel Industry, Leisure, Instrumental and HIFI
etc. When comparing prices, NOTE that all mods Is Include 'ovoidal power supply. Integral Mal sink. plass Ilbr P C.c. end
drive circuits w power A compatible Yu meter. All models ere open and short cIrculi proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. Into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor 300, Slew Rate 45V/uS,
T.H.D. typical 0.002V., Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE 040.85 - C3.50 P&P - -
OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor 300, Slew Rate 50V/uS,
T.H.O. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.
PRICE 064.35 + C4.00 P&P - -

OMPPMF 300 Mos-Fet Output power 300 watts
R.M.S. Into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor 300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.
PRICE 081.75 £5.00 P&P

OPAP/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 V., Input Sensitivity 500mV, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti -Thump Delay. Size 385 x 210 a 105mm.
PRICE C132.85 - C5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. Into 2 ohms, 725 watts R.M.S. Into 4 ohms.
frequency response 1Hz - 100KHz -3dB, Damping
Factor > 300, Slew Rate 75V/uS, T.H.D. typical
0.0027., 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 C259.00 + C12.00 P&P

NOTE: mos-PET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD -INPUT SENS SOOrwV, BAND WIDTH 100Klis-
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE, - INPUT SENS
71brnV, BAND WI0TI4 SOPLIts. ORDER STANDARD OR PEC

LOUDSPEAKE 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.

XITIMMIIMIRITIITI4ZiikilLJEINIIIITZIONG4itel
ALL EMINENCE UNITS 8 OHMS IMPEDANCE
8 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.
RES. FREO. 721-1z, FREO. RESP_ TO 4KHz, SENS 97dB. PRICE C32,71 + C2.00 P&P
10. 100 WATT R.M.S. 91E10-100 GUITAR, VOCAL, KEYBOARD. DISCO, EXCELLENT MID.
RES. FREQ. 71Hz, FREQ. RESP. TO 7K Hz, SENS97dB. PRICE 033.74 C2.50 PIP
10' 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO. VOCAL. EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99118. PRICE 043.47 }- 02.50 P&P
12' 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREO 49Hz: FREQ. RESP. TO 6KHz, SENS 1 oodB. PRICE £35.64 ÷ £3.50 P&P
12' 100 WATT R.M.S. ME1 2-100LT (TWIN CONE) WIDE RESPONSE, P.A. VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE 036.67 + (3.50 PAP
12. 200 WATT R-M.S. ME12.200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID
RES. FREQ. 58Hz, FREO. RESP TO 6KHz, SENS 98dB. PRICE 046.71 + C3.50 P&P
12- 300 WATT R.M.S mEi 2-3000P HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 + £3.50 P&P
15- 200 WATT R.M.S. 811E15-200 GEN. PURPOSE BASS. INCLUDING BASS GUITAR.
RES. FREQ. 46Hz, FREQ RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 PAP
15 300 WATT P.M S. ME1 5-300 HIGH POWER BASS, INCLUDING BASS GUITAR.
RES. FREQ. 39Hz. FREO. RESP. TO 3KHz, SENS 103dB. PRICE C73.34 + C4 (X) PAP

0771-741717j-1511Firilirririll
All. EARBENOER UNITS B OHMS (Except Efia,50 it E810-5O1which are dual Impedance tapped 43; 4 8 8 ohm)
BASS, SINGLE CONE. HIGH COMPLIANCE, ROLLED SURROUND
Eli 50watt EB8-50 DUAL IMPEDENCE, TAPPED 418 OHM BASS, HI-FI, IN -CAR.
RES. FREO. 40Hz, FREO. RESP. TO 7KHz SENS 97dB. PRICE 08.90 J- C2.00 P&P
10. 5OWATT EI310-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI -Fl, INC AR.
RES. FREO. 40Hz. FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE C13.65 + 02.50 P&P
10' 100WATT EB10-100 BASS, HI-FI, STUDIO.
RES. FREO. 35Hz, FREO. RESP. TO 3KHz, SENS 96118. PRICE 030.39 V £3.50 PAP
12" 100WATT EB 1 2-1 oo BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ 26Hz, FREQ. RESP. TO 3KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P
FULL RANGE TWIN CONE. HIGH COMPLIANCE, ROLLED SURROUND
5'. 6OWATT E85-60TC (-WIN CONE) HI -F1, MULTI -ARRAY DISCO ETC.
RES. FREO. 63Hz. FREQ. RESP. TO 20KHz, SENS 92dB. PRICE £9.99 -, C1.50 P&P
615 60wATT Esis-ooTc (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC.
RES. FREO. 38Hz, FREQ. RESP. TO 20KHz, SENS 9411E3. PRICE £10.99 + 1.50 PIP

.8 ISOWATT E88-60TC (TWIN CONE) HI -Fl. MILTI-ARRAY DISCO ETC.
RES. FREO. 40Hz. FREQ. RESP. TO 18Kliz, SENS 89118. PRICE C12.99 + C1.50 P&P
1 0- 60WATT Eel 0-60TC (TWIN CONE) HI -Fl. MULTI ARRAY DISCO ETC.
RES. FREO. 35Hz. FREQ. RESP, TO 12KHz, SENS 98118. PRICE £16.49 + 02.00 Pa P

RAN MITTER HOBBY ILI
(PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

COMPLETE WITH CIRCUIT AND INSTRUCTIONS

i3W TRANSMITTER 843108141H/ VARICAP CONTROLLED PROFESSIONAL

PERFORMANCE RANGE UP TO3 MILES. SIZE 31 1123nsm SUPPLY 120 4 D.54144P.
PRICE CY4 85 t1.00P&P

FM MICRO TRANSMITTER 100.1.081414z. VARICAP 10840, COMPLETE WITH
VERY SENS PET miC RANGE100-300m. SIZE 56. 46mm SUPPLY 9V BATTERY.

PINC1 (8.80 (1.00 PAP PHOTO:3W FM TRANSMITTER

B.K. ELECTRONICS
UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA,

ESSEX. SS2 6TR
Tel 01 702 - 527572 Fax: 01702-420243



N

rT
num

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

(Premises situated close to Eastern -by-pass in Coventry with easy access
to Ml, M6, M40, M42, M45 and M69)

OSCILLOSCOPES
Gould 0S3000/ADVANCE 3000 - 30MHz Dual ch
Gould 5110 - 100MHz intelligent oscilloscope.
Gould 1602 - 20 MHz D.S.O. with printer (cursors)
Gould 33008 - 40 MHz Dual Channel
Hameg - 203/203-4/203-5/203-6 - 20 MHz Dual Channel
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch
Hewlett Packard 1707A, 1707B - 75MHz 2ch .....
Hewlett Packard 19808 - 100MHz, 2 Channel, HPIB
Hewlett Packard 54201A - 300MHz Digitizing
Hewlett Packard 54501A - 100MHz - Digitizing 4 channel ..
Hewlett Packard 54100D - 1GHz Digitizing
Hewlett Packard 180D -4 channel - 100 MHz
Hewlett Packard 182C -- 4 channel - 100 MHz
Hitachi V650F - 60 MHz Dual Channel....
Hitachi VC6265 - 100 MHz Digital Storage (AS NEW) GPIB
Intron 2020 - 20 MHz Digital Storage (NEW).
Kikusui COS 6100 - 100MHz, 5 Channel, 12 Trace.
Lecroy 140 100MHz - D.S.O.4 Channel
Meguro - MSO 1270A - 20 MHz Digital Storage (NEW)
Nicolet 3091 - LF D.S.O.
Phillips 3211, 3217, 3240, 3243, 3244, 3261,
3262 (2ch + 40).
Philips 3219 - 50MHz with analogue storage
Philips 3302 - 20MHz - Digital Storage
Philips PM 3295A - 400MHz Dual Channel
Philips PM 3295 - 350MHz Dual Channel
Philips PM 3315 - 60MHz - D.S.O.
Tektronix 468 - 100MHz - D.S.O.
Tektronix 2213 - 60MHz Dual Channel
Tektronix 2215 60MHz dual trace
Tektronix 2235 Dual trace 100MHz (portable
Tektronix 2335 Dual trace 100MHz (portable,
Tektronix 2225 - 50MHz dual ch
Tektronix 455 - 50MHz Dual Channel
Tektronix 464/466 - 100MHz An storage
Tektronix 465/465B - 100MHz dual ch
Tektronix 475 - 200Mhz Dual Channel. ..

Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch
Tektronix 7704 - 250MHz 4 ch
Tektronix 7904 - 500MHz
Telequipment D83 - 50MHz Dual Channel

Other scopes available too

£200
£850

£1150
£250

from £175
from £350
from £275

£750
...£1750

£1950
. £4500

.£300
£350
£350

£2250
..£900
.£475

£2750
£900

£1100

.from £125 to £350
.V00
£475

£1950
.£1500

£750
£750
£425
£450
E800
£750
£450
£350

from £350
from £350

£475
from £300
.from £650
from £850

£200

SPECTRUM ANALYSERS
Advantest 4133A - 100KHz - 20 GHz .£6995
Eaton/Alltech 757 -- 10KHz - 22 GHz.... £2750
Hewlett Packard 3580A .5Hz-50KHz... £995
Hewlett Packard 37096 - Constellation Analyser with 15709A High Impedance
Interface (As New)
Hewlett Packard 182T with 8559A (10MHz - 21GHz) . .... . . ....... ... ....£3750
HP 3582A - 25KHz Analyser, dual channel £2500
Hewlett Packard 35601A - Spectrum Analyser Interface. ..£1000
Hewlett Packard 8754A - Network Analyser 4 - 1300MHz ..£2950
Hewlett Packard 853A with 8559A - (0.01 .21GHz)..., £4250
Hewlett Packard 8565A - (0.01 - 22GHz) ...£4000
Hewlett Packard 141T + 8552B + 85554 - (10MHz - 18GHz) ....£1600
Hewlett Packard 8505A - Network Analyser (500KHz -- 1 3GHz) ..£4000
Hewlett Packard 3562A Dual Channel Dynamic Sig. Analyser 17500
Hewlett Packard 8590A 15 10KHz-1 5 GHZ ..£4250
Marconi 2370 - 110MHz .£995
Marconi 2371 -- 30KHz - 200MHz .£1250
Meguro MSA 4901 - 1-300 GHz (AS NEW) ..£1995
Meguro MSA 4912 - 1-1 GHz (AS NEW) ...£3000
Polrad 641-1 - 10MHz -- 18GHz, £1500
Rohde & Schwarz - SWOB 5 Polyskop 0 1 - 1300MHz £2500
Schlumberger 1250 Frequency Response Analyser. .£2500
Tektronix 2710 9 Khz - 1.8 GHz . £4250
Tektronix 496P - 9KHz - 1.8GHz (Programmable). .£4500

£6750

MISCELLANEOUS
ANRITSU ME 462B DF/3 Transmission Analyser £3000
Anrttsu MG642A Pulse Pattern Generator .£1500
California 751TC - AC variable Power Source £1200
Datalab DL 1080 Programmable Transient Recorder £350
Datron 1061 - Precision Multimeter £500
Dyanpert TP20 Intelliplace , Tape peel Tester - immacualte condition £1950
E.I.P. 548A - Frequency Counter (26.5 GHz) £2995
EIP 331 - Frequency counter 18GHz £700
Farnell AP70-30 Power Supply (0-70v/30A) Auto Ranging. £750
Farnell SSG -520 Signal Generator (520 MHZ). £400
Farnell TTS 520 Transmitter Test Set .£400
Farnell TSV 70 Mkll Power Supply (70V -5A or 35V -10A) .£200
Heiden 1107 - 30V -10A Programmable Power Supply (IEEE) .£650
Hewlett Packard 4953A - Protocol Analyser .£2750
Hewlett Packard 3437A System voltmeter .E350
Hewlett Packard 3456A Digital voltmeter 1850
Hewlett Packard 5420A Digital Signal Analyser 1350
Hewlett Packard 8011A Pulse gen. 0 1 Hz-20MHz .£500
Hewlett Packard 8620C Sweep oscillator mainframe .£400
Hewlett Packard 8750A Storage normallser. .. 1375
Hewlett Packard 86844 5.4GHz to 12.5GHz Sig -Gen. .£3500
Hewlett Packard 5356A - 18GHz Frequency Converter head £450
Hewlett Packard 432A Power Meter (with 478A Sensor) .£275
Hewlett Packard 435A or B Power Meter (with 8481A/8484A) .from £750
Hewlett Packard 3438A Digital multimeter .£200
Hewlett Packard 6181C D.C. current source . .£150
Hewlett Packard 3711A/3712N3791B/37938 Microwave Link Analyser £3500
Hewlett Packard 5385A Frequency Counter - 1GHz - (HP1B)
with OPTS 001/003/004/005 £995

Hewlett Packard 6623A Triple output system power supply £1950
Hewlett Packard 3586A Selective level meter ..£1750
Hewlett Packard 3325A - 21MHz Synthesiser/Function Gen... ...£1500
Hewlett Packard 5183 - Waveform Recorder. £2250
Hewlett Packard 8152A - Optical Average Power Meter . £1250
Hewlett Packard 81586 - Optical Attenuator (OPTS 002 + 011) 11100
Hewlett Packard 83554A - Wave Source Module 26.5 to 40 GHz ........£3500
Hewlett Packard 8444A - Tracking Generator £775
Hewlett Packard 3488A - HP - 1B Switch control unit
(various Plug -ins available)....
Hewlett Packard 8660D - Synthesised Sig Gen 10 KHZ-2.6 Ghz
Hewlett Packard 4192A - L.F. Impedance Analyser (5Hz - 12MHz)
Hewlett Packard 4261A - L.C.R Meter (Digital;
Hewlett Packard 4271B - L.C.R. Meter (Digital

£650
£4500
115995
1500
1900

HEWLETT PACKARD 6261B
Power Supply 20v -50A £450 Discount for Quantities

Hewlett Packard 4342A - '0' Meter._ .... .£995
Hewlett Packard 4954A - Protocol Analyser .12995
Hewlett Packard 8116A - Pulse/Function Generator (1MHz - 50MHz) .£2750
Hewlett Packard 8349B - Microwave Broadband 'Amplifier' (as new) 2 - 20GHz£4250
Hewlett Packard 83508 - Sweep Oscillator Mainframe (various Plug -Ins available) extra .£2650
Hewlett Packard 8656A  Synthesised Signal Gen (100KHz - 990MHz) .£1750
Hewlett Packard 8683A - Microwave Signal Gen (2.3 6.5GHz) ...£3500
Hewlett Packard 8901B - Modulation Analyser (150KHz - 1300MHz). ..£4250
Hewlett Packard 8903A - Audio Analyser (20Hz -100KHz).___..£2600
Hewlett Packard 3455A 61/2 Digit M/Meter (Autocal) ....£750
Hewlett Packard 4948A - (T1MS) Transmission impairment M.Set ....£2000
Hewlett Packard 8601A - Generator/Sweeper (110 MHZ). £300
Hewlett Packard 8165A - 50 MHZ Programmable Signal Source....
Hewlett Packard 3746 A - Selective Level Measuring Set
Hewlett Packard 6002A - Autoranging P.S.U. 50V - 10A ..
Hewlett Packard 84034 - Modulator
Hewlett Packard 334A - Distortion Analyser
Hewlett Packard 339A - Distortion Measunng Set
Hewlett Packard 53144 - (NEW) 100MHZ Universal Counter..
Hewlett Packard 5350B - (NEW) 20GHZ - Microwave Freq. Counter
Hewlett Packard 6623A - Triple Output system P S.U.
Krohn -Hite 2200 LIn/Log Sweep Generator
Krohn -Hite 4024A Oscillator
Krohn -Hite 6500 Phase Meter
Marcon 2432A 500MHz digital freq. meter
Marcon 2337A Automatic dist. meter
Marcon - 2019A - 80KHz 1040MHz - Synthesised Signal Generator.
Marcon 2305 Nodulation Meter..
Marcon 2871 Data Comms Analyser.
Maroon 6500 Automatic Amplitude Analyser
Philips PM 5167 10MHz function gen.
Philips PM 5565 - Waveform Monitor ..

Philips PM 5567 - Vectorscope
Philips PM 8226 - 6 Way Pen Recorder
Phillips 5190 L.F Synthesiser (G.P.I.B.1..
Phillips 5390 Programmable R/F Signal Gen (1020 MHZ).
Phoenix 5500A - Telecomms Analyser with various Interface Options
Prema 4000 - 6 1/2 Digit MultImeter (NEW)...
Raca Dana 9242D Programmable PSU 25V -2A.
Raca Dana 9246S Programmable PSU 25V -10A
Raca Dana 3100 40-130MHz synthesiser..
Raca 1992 - 1.3GHz Frequency Counter
Race Dana 9081 Synth. sig. gen. 520MHz
Raca Dana 9084 Synth. sig. gen. 104MHz
Raca Dana 9303 True RMS/RFevel meter..
Raca Dana 9917 UHF frequency meter 560MHz
Raca Dana 9302A R/F mIllivoltmeter (new version)
Raca Dana 9082 Synthesised am/fm sig gen (520MHz).
Raca 9085 Low Distortion Oscillator..
Raca 9301A - True RMS R/F Millivoltmeter
Raca 9921 - 3GHz Frequency Counter
Rohde & Schwarz AMF 2 - TV Demodulator
Rohde & Schwarz LFM 2 - 60 Mhz Group Delay Sweep Gen ...
Rohde & Schwarz UPSF 2 - Video Noise Meter
Rohde & Schwarz - Scud Radio Code Test Set..
Rohde & Schwarz SUF 2 Noise Generator
Schaffner NSG 200E Mainframe for NSG Plug s
Schaffner NSG 2034 Line Voltage Variation Simulator
Schaffner NSG 222A Interference Simulator.
Schaffner NSG 223 Interference Generator
Schlumberger 4021/4022 Radio Test Sets
Schlumberger S.I. 4040 Stabilock - High accuracy 1GHz Radio Test Set
Schlumberger 4923 Radio Code Test Set
Schlumberger 2720 1250 MHz Frequency Counter
Stanford Research DS 340 - 15 MHz Syntesized Function (NEW)
and arbitrary waveform generator.
Systron Donner 6030 - Microwave Frequency Counter (26.5 GHz)
Telequipment CT71 Curve Tracer
Tektronix TM5003 AFG 5101 Arbitrary Function Gen
Tektronix 1240 Logic Analyser.
Tektronix 1480 Waveform Monitor.
Tektronix 521 Vectorscope.
Tektronix 651 HR Monitor.
Tektronix DAS9100 - Series Logic Analyser
Tektronix - Plug -ins - many available such as SC504, SW503, SG502,
PG508, FG504, FG503, TG501, TR503 + many more
Tektronix 576 - Curve Tracer (with Test Fixture)
Tektronix AM503 + TM501 + P6302 - Current Probe Amplifier.
Tektronix PG506 + TG501 + SG503 + TM503 - Oscilloscope Calibrator
Tektronix CG5001 - Programmable Oscilloscope Calibrator Generator
Time 9811 Programmable Resistance ..........
Time 9814 Voltage Calibrator.
Toellner7720 - Programmable 10 MHz Function Gen (AS NEW)._
Wavetek 2002B - Sweep generator (2.5 GHz).
Wavetek 3010- 1- 1GHz Signal Generator
Wayne Kerr 8905 - Precision LC.R. Meter...
wiltron 560 Scalar Network Analyser

.£1650
£1750

£650
£500
£300

£1500
£250

.£2500
£1950

£995
£250
£250
£200
£150

£1950
£2500
£2000
£1750

£400
.£200
£500
£550
£800

£1250
£1995

£450
£300
£400
£750
£850
£550

£450
£650
£175
£375
£500

£P0A
£300
£450

£1250
£1600
£1400

£500
£300

£1250
£1250
£850
£850
£750

£4995
£1500
£500

£1200
£2750
£250

.£1750
.£750
.P0A
£425
POA
£500

£POA
£1250
£995

£1995
£6995
£600
£750
£700

£1950
£1250

£850
£800

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  
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SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS

Un t Four, Fordingbridge Site, Main Road,. Barnham,
Bognor Regis, West Sussex, P022 0E3

Tel: (+44)01243 545111/2 Fax: (+44)01243 342457

OPERATING & SERVICE MANUALS

On'
Cooke

Intern ati.nal,..
---- "...1,,

CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, P022 OEB

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457

PCB Designer
For Windows 3.1, '95 or NT

PCB Designeg - IdApdAsomPlel-Pcbi

Ege Ede ao.d Textriapaelp

VISA

Amex/Access/Delta/Visa

+5

Looking for the price?

It's just £49.00 all inclusive:
...no VAT...no postage...
...no additional charges for
overseas orders.

Dealers and distributors wanted.

r, Li 1

Runs on any PC running Windows 3.1, Windows 95 or
Windows NT with a minimum 2MB RAM
Will work with any Windows su000rted orinter and monitor

25_1

r t I c2_1 !J
Inter net
Visit our WWW site at www.niche.co.uk for more information
and a working demo. The demo is also available via anonymous FTP

Cfrom ftp.demon.co.uk in the dir /pub/ibmpc/win3/apps/pcbdemo/ as
pcbdemo.zip. Internet e-mail pcb@niche.demon.co.uk.

CH 0

CM

1
 Produce Single or Double sided PCBs.
/Print out to any Windows supported printer.
./Toolbar for rapid access to commonly

used components.
 Helpful prompts on screen as you work.
/Pad, track & IC sizes fully customisable.
.(No charges for technical support.
/Snap -to grid sizes 0.1", 0.05" 0.025"

and unrestricted.
VSMT pads and other pad shapes.
/ Prints at the resolution of your printer, much

hic:iher than the screen shot shown here.

Niche Software (UK)
10 Y 0,300

22 Tavistock Drive, Belmont, Hereford, HR2 7XN. Phone (01432) 355 414

Available in South Africa from JANCA Enterprises, PO Box 32131, 9317 Fichardtpark at R299, 00

ELECTRONICS TODAY INTERNATIONAL
35



a keyboard controlled

LIGHT DIMM

L

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

ight dimmers have been around since the early 70's
and in that time have undergone many changes in
design. Although the fundamental principle of
operation has remained the same, namely phase

control, the methods of achieving this has changed
from using a simple resistor/capacitor/diac in the early "rotary"
circuits to special integrated circuit designs featuring touch and
even remote control. Whatever type of light dimmer is used,
anyone who has fitted one in his or her lounge or dining room will
probably agree that it is hardly ever used at minimum brightness or
indeed at many of the other possible settings. More often than not,
it is set to maximum brightness or perhaps some slightly lower

setting and switched on and off at this setting. This is seldom
altered even to suit some specific activity and the available settiiigs
remain unused mainly because it is too much bother to think about
what level may be required on entering a room and once the lights
are switched on, no-one wants to return to the switch (or even
reach for the remote control) to change the brightness. This is not
too much of a problem in domestic settings (other than perhaps
wasting power by running lights brighter than required for a given
situation) and it has in any case been cheaper to provide a

continuously variable brightness control rather than a number of
pre-set levels whether people use it or not..

In commercial premises such as hotels, conference halls and
restaurants this can be a bit of a disadvantage as setting an

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

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

The micro -controller can perform all of these functions digitally,
removing the need for pre-sets, voltage controlled dimmers,
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interlocking switches etc. and by reducing the total component
count to a keyboard, triac, chip and a few resistors making the
whole unit small and inexpensive as well as providing features
which the designer of the "analogue" system could only dream
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about. Although this has not been done in this design, the set
levels could easily be made programmable (instead of pre-set) and
the light levels could be made to fade from one level to another. A

real time clock could also be added to make the lights assume pre-
set levels at predetermined times and all of these features would
not require a single extra component but lust a few more lines of
programme. In this design, nine pre-set levels 1-9 have been
programmed with the "0" key reserved for switching the lights off.
The "*" and "#" keys have been programmed to enable
intermediate bnghtness levels to be set with the * key causing the
brightness to decrease while it is pressed and the # key causing it
to increase for as long as they are held down.

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

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

Software
A software technique for detecting the mains zero crossing using a
PIC microcontroller was described in an earlier article and so will

not be repeated here. The generation of a delay is also quite
standard and involves loading a counter (which Ls called PHSCTR
or PHaSe CounTeR in the programme listing) with a suitable value

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

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

As well as performing the above functions, the micro -
controller also scans the keyboard to detect which key (if any)
has been pressed. The keyboard is connected in a 4x3 matrix
which enables 12 keys to he connected using only 7 lines (see
Fig. 2). The software for this is written as a subroutine which is
called once every mains cycle and returns with a value in the
"W" register which depends on the key which was pressed. The
subroutine pulls each of the rows connected to output ports
B4, B5, B6 and B7 low in turn and monitors the resulting states
of the column lines on inputs BO, B1 and B2. These are
normally high because they are fitted with pull up resistors R5,
R6 and R7. If any of these inputs is low, it is as a result of a key
being pressed and the programme returns from the subroutine
with the corresponding number in the "W" register using, the
RETLW instruction.

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

Subroutines
The flowchart for the unit is shown in Fig. 3 and, as can be
seen, the main programme does little more than continually test
input A3 to see if the zero crossing point has occurred and,
depending on the result of the test ,calls the various
subroutines. The advantage of writing a programme in this way
is that it enables each subroutine to be tested separately and
makes the operation much easier to follow. It also enables
these subroutines to be used in other programmes removing
the need to "re -invent the wheel" each time a zero crossing
detector or a keyboard routine is required in another application.

The ZERO CROSSING routine loads the value in the BRG
register into the PHSCTR which determines the delay which will
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Fig.3 Light dimmer Flowchart
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occur before the triac is triggered and hence the brightness of
the lamp. As well as this, it also loads a pulse counter which
counts the number of pulses generated. This is used to ensure
that trigger pulses are not produced beyond the end of each
half -cycle. This is necessary to prevent false triggering at the
beginning of the succeeding half -cycle which could occur due
to the limited accuracy of the zero crossing detector. In
addition, this routine also generates a pulse on port AO which
can be used to aid in setting up the circuit (see Fig. 1).

The PULSE subroutine determines if the PHSCTR has
reached zero and produces a pulse on A2 to trigger the triac if
this has occurred. Because this routine is called continuously if
no zero crossing has been detected, multiple pulses are
produced on A2 once PHSCTR has reached zero, resulting in a
more reliable triac triggering especially with lower power lamps.

The SCAN subroutine deals with reading the keyboard
and, as already mentioned, returns from the subroutine
with a number corresponding to the key pressed in the
W register. If no key is pressed, the number in the W
register is zero, enabling the programme to test for this
easily and take no further action. The keyboard is read
once per mains cycle and no key debounce routine is
used as each key performs only one function
irrespective of how many times it is pressed or the
contacts bounce.
Before th3 main programme is entered, following a reset
which occurs when power is first applied, the
programme jumps to the label START and follows a
SETUP routine which defines the input and output ports
and sets -he initial condition of the dimmer to OFF after
which the main programme is entered at the label
BEGIN.

The circuit
The complete circuit is shown in Fig. 4 and as all the
functions are performed in software, very few
components are required.
Capacitor C1 together with resistor R1 and zener diode
D1 provide a "loss -less" mains dropper which results in
a 4.7V square wave appearing across D1. This is
rectified and smoothed by D2 and C2 to provide a
nominal -4 Volt dc supply for the micro -controller.
C3, R4 and VR1 define the micro -controller clock
frequency which determines the speed at which the
programme is executed and sets the minimum
brightness and, hence, the zero crossing point
accurately. The mains signal for the zero crossing
detector is derived via R2 with the internal protection
diodes of the PIC clamping the voltage on A3 to the -4V
or OV supply rail depending on the polarity of the signal
and preventing it from rising to high levels and causing
damage to the chip. The output A2 drives the triac gate
directly via R3 and consists of a large number of pulses
which are generated when the triac is required to switch
on.
L1 in conjunction with C3 forms a filter to reduce the
radio interference caused by the fast switching of the
mac.

Construction
The small number of components makes construction
very easy and leaves little scope for errors. It is
recommended, howeve,r that the unit is built on a
printed circuit board because of the presence of mains

voltages in the circuit and a layout and track pattern for this is
shown in Fig. 5. The micro -controller IC1 should be mounted in
an 18 -pin dil socket and care should be taken that it and the
diodes D1 -D3 and capacitor C2 are inserted into the circuit the
correct way around. The leads of the triac should be carefully
bent as shown in Fig. 6 before mounting it flat on the PCB by
holding them with a pair of pliers at the point where the bend is
required. Do this carefully as repeated bending will break the
lead.

When the PCB has been assembled, solder seven wires
(discarded resistor leads will do) to the copper side of the PCB
leaving them to protrude 1 or 2 cms on the copper side while
trimming them flush with the surface of the component side of
the PCB. Assemble the keyboard and PCB "back to back" with
the seven wires mating with the corresponding holes on the
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Fig.4 Circuit diagram of dimmer

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

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

an the place where the unit is to be installed To avoid damage
and blowr fuses in case of mistakes it is a good idea to
connect a lamp of, say, 150W temporarily in series with he L
lead of the mains supply to act as a current limit. Conne.,t the
unit to the mains supply with a 40W lamp connected to th3
output (between Lo and N) as shown in Fig. 7 and switai on.
With a vol-meter set to 10V d.c. range, measure the voltace
between pins 5 and 14 of the IC holder which should slow a
reading of approximately 4 Volts (pin 5 negative). Provided that

this voltage is not greater than 5 Volts, switch off the supply and
plug in the micro -controller chip making sure that it is inserted

the correct way around. The PIC is a CMOS device and
although it has got built in protection against static damage, it
should still be handled carefully, taking all the usual precautions.
It is also a good idea to short out capacitor C2 to discharge it
before fitting the PIC into its socket. This is because without the
micro -controller in the circuit, there is no discharge path for C2
so that it could remain charged after the previous test and
prevent a proper internal reset from occurring when power is re-

applied.
Turn the pre-set VR1 fully anti -clockwise and reconnect the
supply. Both lamps should remain off. If the 150W lamp lights
there is a fault in your wiring while if the 40W lamp lights, the
triac is short circuited. If all is well, press key 1 to light the lamp
and turn VR1 until minimum brightness is obtained. If the pre-
set is adjusted beyond this point, the lamp will begin to flash so
VR1 should be backeC off slightly. Note that level 1 is not the
minimum brightness to which the unit will dim and tie
brightness may be furtier reduced from this level by means of

the key f required. It was felt, however, that levels lower than
this would not normally be required so more of the bnghter
settings were incorporated. Pressing keys 2 to 9 in turn will
make the brightness ircrease in roughly equal stages to
maximum. When key 0 is pressed, the light should switch off
while pressing any other key will cause the light to switch on at
the level selected. If keys ' or # are pressed when the light is
off, the light will oome on at the level at which it was switched
off and commence dimming or brightening from there.
This completes the setting up procedure and the unit is now
ready to use. With the triac specified, the maximum lighting
load should not exceed 200W but if higher lamp loads are
envisaged, a TIC 225D or equivalent 8 Amp device may be
fitted. This will enable 300W to be controlled. This device may
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control up to 500W if a small heatsink is fitted although the
choke would also need to be suitably rated.
No details are given for mounting the unit as much will depend
on where the unit is to be used. The size of the enclosure will
depend on the power to be controlled as this will determine the
size of the choke and any heatsink which may be required. In
any event, it should be mounted preferably in a plastic box, or if
higher powers are to be controlled, a metal box which should
be earthed, and the normal precautions taken when dealing
with mains powered equipment. A suitably rated fuse should
also be fitted into the Live lead and a panel mounted fuse
holder mounted on the box would probably be best for this
purpose. For lower powers where no heatsink is required, the
unit could be mounted on a standard electncal wall blanking
plate with a suitably shaped cut out to accept the keyboard.
The circuit is not suitable however for use as a direct
replacement for a wall switch as the mains neutral connection is
required and this is not normally available at the wall switch.

Code listing
;PBDIM.ASM - KEYBOARD CONTROLLED DIMMER

*--I Cl

11111.2r 0-1 R1 1-11!

mit
K AM)

1     I
Fig.5

LKP equ OCh ; Last Key Pressed

DYCTR1 equ 08h ; DelaY CounTeR1

DYCTR2 equ 09h ; DelaY CounTeR2

DYCTR3 equ 0Ah ; DelaY CounTeR3

FLAG equ OBh ; FLAG register

PHCTR equ ODh ; PHase CounTeR

BRG equ OEh ; BRiGhtness register

PLSCTR equ OFh ; PuLSe CounTeR
counts 120 pulses ie. full range

LIST P=16C54

include "PIC.h"

goto START

********************** *********** ******

ZRX clrwdt :***ZERO CROSSING
SUBROUTINE***

bsf PORTA,0

movlw .120

movwf PLSCTR

movf BRG,w

; load Pulse counter with
120

movwf PHCTR ; load Phase counter from
BRG

bcf PORTA,0

retlw 00

DIMR clrwdt ;***DIMMING AND TRIGGER
SUBROUTINE***

movf PLSCTR,1
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btfsc STATUS,2

retlw CO

decf PLSCTR,1

movf PHCTR,1

btfss STATUS,2

goto DIMR1

bcf PORTA,2

bsf PORTA,2

retlw 00

DIMR1 decf PHCTR,1

retlw 00

;***FADE SUBROUTINE***

; PLSCTR=O?

; yes - no more trigger

btfss

retlw

PORTB,0

.53

;

;

pulses btfss PORTB,1 ;

; no - decrement PLSCTR retlw

btfss

.67

PORTB,2

;

;

; PHCTR=O? retlw .60 ;

; no

; yes - generate trigger
pulse on A2

FADEUP decf BRG,1

movlw 04h

xorwf BRG,w

btfss STATUS,2

;

;

brighten lamp

is BRG=4?

retlw 00 ; no

movlw

movwf

retlw

05h

BRG

00

; yes - reload BRG with 5

FADEDN

movlw

incf BRG,1

.121

; dim lamp

xorwf

btfss

BRG,w

STATUS,2

; is BRG=121?

retlw 00 ; no

movlw .120 ; yes -reload BRG with

movwf

retlw

BRG

00

120

SCAN clrwdt ;**KEYBOARD SCAN
SUBROUTINE**

movlw 07h ; ie. 0000 0111

tris PORTB ; make port B0 -B2 i/ps
and B3 -B7 o/ps

movlw OFFh

movwf PORTB

bcf PORTB,4

nop

bsf PORTB,4

bcf PORTB,5

nop

BO low?

yes - KEY6 pressed

B1 low?

yes - KEY4 pressed

B2 low?

yes - KEYS pressed

; no keys pressed - make
B4 high

; make B5 low

btfss PORTB,0 BO low?

retlw .30 ; yes - KEY9 pressed
return with 0000 0001

btfss PORTB,1 ; Bl low?

retlw .47 ; yes - KEY7 pressed -

return with 0000 0011

btfss PORTB,2 ; B2 low?

retlw .40 ; yes - KEY8 pressed -

return with 0010 0010

bsf PORTB,5 ; no keys pressed - make
B5 high

bcf PORTB,6 ; make B6 low

nop

btfss PORTB,0 ; BO low?

retlw 02h ; yes KEY# pressed

btfss PORTB,1 ; B1 low?

retlw 03h ; yes - KEY* pressed

btfss PORTB,2 ; B2 low?

retlw Olh ; yes - KEYO pressed
return with 0000 0100

bsf PORTB,6 ; no keys pressed - make

B6 high

bcf PORTB,7

nop

btfss PORTB,0

retlw .75

btfss PORTB,1

retlw .92

btfss PORTB,2

retlw .82

bsf PORTB,7

; make B7 low

; BO low?

; yes - KEY3 pressed

; B1 low?

; yes - KEY1 pressed

; B2 low?

; yes KEY2 pressed

; no keys pressed - make

; ie. 1111 1111 B7 high

make all o/ps high

; make B4 low

retlw 00 ; no keys pressed

*********************** *******.
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START nop STAR call FADEDN

SETUP movlw OCh

tris PORTA

; movlw OFFh

; movwf PORTA

movlw .60

movwf BRG

BEGIN btfss PORTA,3

goto BEGA

call ZRX

call SCAN

movwf LKP

movf LKP,1

btfsc STATUS,2

goto LOOP

movlw OFEh

andwf LKP,w

btfsc STATUS,2

goto SWTOFF

movlw 08h

tris PORTA

movlw 03h

xorwf LKP,w

btfsc STATUS,2

goto STAR

movl, 02h

xorwf LKP,w

btfsc STATUS,2

goto HASH

movf LKP,w

movwf BRG

goto LOOP

; ie. 0000 1100

; make port A2 & A3 i/p
triac off

; make port A high
triac off.

; is A3 = 1 ie. zero
crossing

; no

; yes

; place returned key code
into LKP

; LKP=0 if no key pressed
ie. is key pressed?

; no - make trigger
pulses and await neg zero y.

; yes a key is pressed
select brightness

; ie. 1111 1110 to mask
bit 0

; is LKP = 0? ie 0 key

pressed

; yes - switch off

; no - ie. 0000 1000
SWITCH ON

; switch on A2 (make it
an o/p)

; is LKP=3?

; yes - STAR key pressed
fade down

; no - try # key

; is LKP=2?

; yes - HASH key pressed
fade up

no - so key must be a
brightness level

; load BRG with key value

goto BRGLKP

HASH call FADEUP

BRGLKP movf BRG,w

movwf LKP

goto LOOP

SWTOFF

tris PORTA

LOOP btfsc PORTA,3

goto LOOPA

call ZRX

goto BEGIN

BEGA call DIMR

goto BEGIN

LOOPA call DIMR

goto LOOP

movlw OCh ; switch o/p
off ie. 0000 1100

; make A2 an i/p

; is A3 = 0? ie. zero
crossing

; no

; yes

org 1FFh

END

Resistors
R1 1k

R2

R3
R4

R5 -R7

4M7
100R
22k

10k

Capacitors
Cl 100nF/250V ac
C2 100uF/16V
C3 10nF 250V ac
C4 22pF Ceramic

L1 torroidal choke
D1 4V7 Zener diode
D2 -D3 1N4148 diode

01 TIC206D triac

IC1 PIC16C54-4 (programmmed)

VR1 10k vertical pre-set

Miscellaneous
Printed circuit board
12 -way keyboard (matrix type)
18 -pin dil socket
3 -way terminal block
Plastic blanking plate.
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MadLab
PACKITS

Everybody's talking about the PIC these days the hottest microcontroller
on the hobbyist market. It's cheap, robust, easy to interface to the outside
world, and a breeze to program. Now's your chance to build a kit featuring
one of these chips. MadLab® at the Edinburgh International Science
Festival has developed an exciting range of PIC kits which allow you to
explore the capabilities of this powerful device.
All MadLab kits include a professional pcb and full instructions.

MAP MUSIC MACMINI £12.(X) - our simplest kit and an excellent
introduction to the PIC. Pre-programmed with 4 tunes (state Scottish, Soaps
or Kids mixes). You can also play your own tunes oxer 4 octaves.
LOTTOMANIA £13.(X)- could win you a fortune in the National Lottery.
And melt more. Also simulates the rolling of dice, a I or 2-playerreact ion
game, and a tracker game which tests how quick thinking you are.

RAZZLE DAZZLER £13.50 - a stylish piece of electronic jewellery.
A ring of superbright LEDs around a circular pcb displays an ever-changing
pattern of liyht. Wear ii as a badge or pendant and get noticed.
SPYEATCNER £ I4.(X) - a sophisticated security alarm with multiple
sensors, silent mode and security code. The infra -red sensor triggers the
piezo alarm when a light beam is interrupted. Also includes a magnetic
switch which can be attached to a door or window. In fact most of the
features of a professional burglar alarm for a fraction of the cost!
SPAGEFLAG £15.00 - our most advanced kit. When the SpaceFlag is
waved in front of your eyes a scrolling message magically appears in space.
Any message (up to 24 characters) can easily be programmed usiflg the on-
board pushbuttons. As featured in New Scientist.

All kits require a PP3 battery (I. I) except the Razzle Dazzler which needs a
miniature I 2V battery (75p). All prices are inclusive. P&P is £1.50 (UK).

Please make cheques and PO's payable to MadLab Ltd. Send your order to:
MadLab (Dept. ETI), 149 Rose Street, Edinburgh EH2 4LS

No callers please. Allow 28 days for delivery Please send a SAE for further
details on MadLab kits. including our range of educational electronic kits.

E&OE
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80535
Single Board Computers

EXTERNAL
POWER

8-15V DC

RS232
U NK

Dr Pei An begins a new project to construct a single board
computer based upon the popular MCS-51 series
microcontrollers

CONNECTED TO THE
CENTRONIC OR RS232
PORT OF THE PC

8031/80535
SBC

PC LINK

1

1111111

11111{111111:11111111111111111111

NOMMEIsma.

PC COMPUTER

nn n nn n n

OTHER OPTIONAL I/O CARDS

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

system which offers some very unique features. Firstly,

the SE3C is built on three independent changeabe

modules, namely, the microcontroller motherboard, the
memory and VO expansion board and the

display/keyboard. This allows various microcontrollers and VO

expansion modules to be used. For example, if an 8031
motherboard is used, an 8031 single board computer is formed.
Replacing the 8031 motherboard with an 80535 (note that the

80535 is a far more powerful microcontroller in the MCS-51 series!),
an 80535 single board computer is formed.

Another feature is that the SBC provides the users with two
facilities for inputting programs. Users can either input a program
from a keyboard or download the program into the SBC from a
personal computer via a RS232 link. Keyboard input is a useful facility

for users to experiment with. The PC link is far more convenient and

advanced and is intended for high-level programming.
The third feature is that this SBC can be built very easily. It Is

constructed around commonly available components and on single -

sided PCB boards. By constructing the SBC and carrying out
machine language programming, beginners can acquire the very

basic knowledge of how a computer system works. For advanced

users, It provides an environment for developing hardware and
software of a sophiscated MCS-51 microcontroller system.

Figure 1 shows the schematic of the SBC system. Table 1 gives
some of the main specifications of the three modules of the SBC.

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

Microcontroller motherboards
Dimension: 85 x 85 x 35 mm
On -board 8031 or 80535 microcontroller
6 MHz crystal clock oscillator (2 micro second machine cycle)

Reset facility
Full -duplex RS232 interface (maximum Baud rate: 4800);

5V 1A DC power supply
Connectors for 8 peripheral digital VO lines (for 8031)
Connectors for extended peripheral digital VO lines and
analogue input lines for ND conversion (for 80535)
Connectors for MCS-51 buses expansion

Memory and I/O expansion module
Dimension: 85 x 120 x 35 mm
8k byte on -board RAM
On -board 3.6V rechargeable battery for RAM backup
16k byte on -board ROM with selection for upper and lower

8k byte blocks
Selectable single-step and continuous program execution

mode
Pizero electric sounder
Industrial standard 8155 programmable peripheral interface

Display and keyboard module
Dimension: 115 x 140 x 40 mm
Six 7 -segment LED displays
One 4x4 multi -function keypad
One digit/function selection key

Software
Keyboard monitor software in 8k 2764 EPROMs
PC monitor software on 8k 2764 EPROMs and driver
software for PCs
Two -in -one monitor software in 16k 27128 EPROMs

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

Overview
A single board computer is a very simple computer system
(compared to your personal computer). Nevertheless it includes
almost all the functional unils that a PC boasts. It has a CPU
(central processing unit) which, instead of being a 486 or a
Pentium processor, is an 8031 or an 80535 microcontroller.
The SBC has read-only memories (ROMs) to store program,
random-access memories (RAMs) to store data, keyboard for
data input, LED displays to show information and serial and
parallel I/O ports for data exchanges with external devices.
This is illustrated in the SBC block diagram in Figure 2. Figure
3 gives the complete circuit diagrams of the 8031 motherboard
(Figure 3a), memory and I/O expansion boatel (Figure 3b) and
display/keyboard (Figure 3c). The circuit diagram of the 80535
motherboard will be given in a future issue.

8031 single chip microcontroller
The Intel 8 -bit MCS-51 series microcontrollers are widely used
as stand-alone single -chip microcontrollers which form the
intelligence centres for many modern electronic devices. Some
members of the series are shown in Table 2:

Table 2. MCS-51 microcontroller series

External
ROM

Internal
ROM

Internal
EPROM

Internal
ROM

fkby!e]

Internal
RAM
[byte]

Maximum
ROM and

RAM
rkbyt,

Standard
CMOS
version

8031
80C31

8051
80051

8751
87C51

4 128 64

Enhan:ed
cmos
,..,..,

8032
80C32

8052
80052

8752
87C51

8 256 64

The 8051 has a 4k byte on -chip program ROM and it is able to
address up to 64K bytes of external program memories and
64k byte of external data memory. The 8031 is a version which
does not have the on-cnip ROM, hence it relies on external
program memory to store instructions. Again, it can address
up to 64K bytes of program memory ano 64k bytes of data

memory. The present SBC utilizes an 8031 microcontroller.
There are some 'super members' in the MCS-51 series,

which offer increased peripheral performance in terms of
increased number of digital I/O lines and added features such
as A/D and D/A conversion, watchdog timer, etc. The
SIEMENS 80535 microcontroller is an example and is used in

the present SBC.
The pin -out of the the 8031 is shown in Figure 4a. Figure 4b

gives the logic symbol. The pin functions are described briefly
as follows.

Port 0 (P00 -P07) is a time multiplexed 8 -bit bidirectional VO
port. When 8031 accessing external memories, it supplies the
low byte address (AO -A7). It also acts as a bi-directional data

bus (DO - D7). When outputs the address, a line called
Address Latch Enable (ALE) becomes high. The port sinks or
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8-15VDC

EXTERNAL
DEVICES

MICROCONTROLLER MOTHERBOARD

Fig.2 Block diagram of the 8031/80535 single
board computers

EXTERNAL
ADDRESS
LATCHES

ADDRESS
DECODER
CIRCUITS

lcs

1,0 EXPANSION
(8155)

HP -
SPEAKER

MEMORY AND 1,0 EXPANSION BOARD

DATA/
PROGRAM

RAM
(6264)

BATTERY

CS.

Program

ROM

(2764 or

27128)

6 -DIGIT LED DISPLAYS

17 -KEY LED DISPLAYS

sources 8 LS TTL loads. For the 8051 microcontroller, the port
can be used as a general purpose 8 -bit bi-directional I/O port.

Port 1 (P10 -P17) It is a general purpose 8 -bit
bidirectional I/O port. It can be configured as an input or an
output port by software. It sinks or sources 3 LS TTL loads.

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

Port 3 (P30 -P37) is an 8 -bit bi-directional VO port and can
sink or source 3 LS TTL loads. All pins have secondary functions.

P3,0 (RXD):
P3,1 (TXD):
P3,2 (-INTO):
P3,3 (-INT1):
P3,4 (TO):

P3,5 (1-1):
P3,6 (-WR):

P3,7 (-RD):

RSTNPD

serial data input.
serial data output.
input of interrupt 0
input of interrupt 1
input trigger signal for counter/timer #0
input trigger signal for counter/timer #1
write control which latches data into external
data memory
read control which strobes the external data
memory to place data on the data bus

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

ALE/PROG Address Latch Enable. The function is to
provide a signal to latch the low byte address (A0 -A7, output
from Port 0) into an external latch when accessing external
memories. The address is valid at the high -to -low transition of

KEYBOARD AND DISPLAY BOARD

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

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

-EANPP If it is held high, the microcontroller fetches
the low 4k byte program codes from its
internal ROMs (8051 and 8751). When held
low, it fetches from external program
memory. As 8031 uses external ROMs, this
pin must be tied to low.
The pin for connecting crystal oscillators.
When an external oscillator source is used. it
is connected to GND.
The pin for connecting crystal oscillators.
When an external oscillation is used, the
clock signal is fed in.
Ground rail of the power supply (OV).
Positive rail of the power supply (+5V).

)(TALI

XTAL2

VSS
VCC

Internal structure of the 8031
Figure 5 shows the internal block diagram of the 8031
microcontroller. It has a variety of functional blocks built on a single
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chip including the CPU, internal 4k byte ROM (8051 and 8/ 51
only) internal 256 byte RAM, two 16 -bit timers, parallel anti
full- duplex serial I/O interfaces, etc. All the units are connected
by an internal bus and work harmonically under the control of
the CPU.

D7 D6 D5 04 D3 D2 D1 DO

CY AC FO RS1 r RSO OV 1 P

CY
-.. Carry flag It is set or cleared by hardware or software dunng arithmetic

and logical operations

AC Auxiliary carry flag. It is set or cleared by hardware during addition or
substraction operations to indicate carry or borrow out of bit 3.

FO Flag 0. It Is set or cleared by software as a user -defined status flag

RS1

and
RSO

Bits for selecting working register banks in the Internal RAM.
It is set or cleared by software.

RS1 RSO register bank address in memory

0 0 Bank 0 00H 07H
0 1 Bank 1 08H - OFH
1 0 Bank 2 10H 17H

1 1 Rank 3 18H 1FH

OV

I

Overflow flag. It is set or cleared by hardware during anthmetic operations
to indicate an overflow condition

1 Reserved.

p Panty flag. ft is set or cleared by hardware to indicate an odd/even number
of 'I 's In the accumulator (1 -, even parity).

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

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

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

The arithmetic section performs data manipulation and is
compnsed of an arithmetic and logic unit (ALU), an accumulator
A, a register B, a program status word (PSW), a stack pointer
(SP), a data pointer (DPTR) and an instruction register, etc. The
ALU is responsible for arithmetic operations such as addition,
substraction, multiply, divide, increment, decrement and
compare and logic operations such as AND, OR Exclusive -OR,

bit rotation. etc. The accumulator is a special 8 -bit register and
it is used in accumulator -specific instructions. Register B is
another register which is used for multiply, divide and other
operations. The data pointer (DPTR) is a 16 -bit register, which
consists of a high byte (DPH) and a low byte (DPL) address. It
holds a 16 -bit address when addressing the external data
memory. The program status word (PSW) is an 8 -bit register
which contains the current status of the program It is used

frequently in conditional jump operations. The bit functions of
the register are shown in table 3.
The program control section controls the sequence in which the
instruction is executed. A 16 -bit program counter (PC) holds the
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of 8031 motherboard
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1
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5

6
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C
110

111

12

113

114

15

116

117
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119

[20

401

3-1

GNU +5V

P10

P11

VCC

ADO/P00

P12 AD1/P01 38 XTAL1

P13 AD2/P02 371
1

r.

P14 AD3/P03 361 XTAL2

P15 AD4/PO4 L51
P16 AD5/P05 341 EA/VDD
P17 AD6/P06 331 RSTNPD
RSTNPD AD7/P07 .321

PSEN
P3O/RX0 CANDO 311

ALE/PROG 
P31/TXD ALE/PROG 30

P32/ -INTO PSEN 29

P33/-INT1 A15/P27 281 RXD

P34/T0 A14/P26 21i
TXD

INTO

INT1
P35/T1

P36/WR

A13/P25

Al2/P24

*
25

PORT
TO

T1P37/RD A11/P23 241

XTAL2 A10/P22 231 WR

XTAL1 A09/P21 El RD

VSS A08/P20 211

(a) PIN OUT OF 8031

(

(

(

(b) LOGIC SYMBOL OF THE 8031

Fig.4 Pin -out and logic
symbol of the 8031
microcontroller

) PORT 0

) PORT 1

) PORT 2

address of the next instruction to be executed. It consists of a

high byte (PCH) and a low byte (PCL) address.

Internal RAM
The internal RAM of the 8031 has 256 bytes memory
locations (00-FFH). The lower half (OOH - 7FH) is used as a

access The upper half (80H - FFH) is
area containing various special function registers, such as A,
B, PSW, etc. The details of the memory structure will be
discussed in '8031 memory organization'.

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

bit ports, PO to P3. Each I/O line has a latch, an output driver
and a tri-state buffer and can be configured either as an input
or as an output. When 8031 is accessing the external
memories, Port 0 has two functions. Firstly, it emits the lower
8 -bit address (A0 -A7) and secondly it is a bi-direction I/O port
for data transactions between the 8031 and external
memories. For the 8051, Port 0 can be used as a general
purpose I/O port, if it does not use the external memory. Port
1 is used only for I/O operations. Port 2 supplies the high -

order address (A8 -A15) when accessing external memories.
Port 3, apart from being a general purpose I/O port, has
various secondary functions as we have seen earlier.

Serial I/O interface
The 8031 is equipped with a standard UART (Universal
Asynchronous Receiver and Transmitter), which allows a full -

duplex serial data communication with external devices.

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

Clock generator
XTAL1 and XTAL2 are the input and output of an on -board
clock generator which can be configured for uses with a

crystal oscillator, a ceramic resonator or an external source.
The clock generator divides the oscillator frequency by two
and supplies the two phase clock signal to all units of the
controller.

LO

VO tarb

Co... cont..

D TY.

Fig.5 Internal unit block diagram of 8031 microcontroller

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

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

up to 64k byte of program memory including internal
and external memory (4k byte on board program memory for
8051 and 8751)

up to 64k byte of external data memory
256 byte of internal data memory (consisting of an

128 byte of random access data memory and an 128 bete
special function register area)

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

Memory
Address Name of the subroutines

0000H Starting address of the program memory

0003H External Interrupt #0

000BH Timer 0 overflow interrupt

0013H External Interrupt #1

001BH Timer 1 overflow interrupt

r 0023H Serial port Interrupt

After the 8031 is reset, the content of the program counter
(PC) is 0000H The CPU will therefore fetch program codes
from 0000H location of the program memory. Usually, this
location stores a jump command which makes the program
jump to the beginning of the user's program.

Data memory
There are two data memory portions in the 8031: an
internal data memory area consisting of 256 byte and an
external data memory area which is expandable up to 64k
byte. They are accessed by the CPU using different
instructions. When 8031 accesses the internal memory, a
`MOVI instruction is used. For external memory, `MOVX' is
used. The structure of the data memory is shown in Figure

The internal data memory is further divided into two
blocks: a lower 128 byte internal data memory from OOH to
7F1 -f and an upper 128 byte special register area from 80H
to FFH. In the lower block, the first 32 bytes (OOH - 1FH)
are allocated for 4 working register banks 0 to 3. Each
bank contains 8 working registers (RO to R7). A particular
bank is selected by RSO and RS1 bits In the PSW register
(Table 3). Locations from 20H to 2FH (128 bits in total) are
bit accessible memories. The upper block contains 21
special function registers (SFRs). Table 5 lists these
registers, their functions and addresses.

Address Name Description

FO B Register B

CO A Register A, accumulator

DO PSW . Program status word

CD TH2 Timer 2 counter, high byte

CC - TL2 Timer 2 counter, low byte

CB RCAP2H Timer 2

CA RCAP2L Timer 2

C8 TC2CON Time 2 control

88 IP Interrupt priority

BO P3 Port 3

A8 IE Interrupt enable

AC P2 Port 2

99 SBUF Senal port buffer

98 SCON Serial port control

90 PI Port 1

8D TH1 Timer 1, high byte

8C THO Timer 0, high byte

83 TL 1 Timer 1, high byte
. ..

8A 710 Timer 0, lower byte

89 TMOD Timer mode

88 TCON Timer controller

87 PCON Power controller

' DPH Data pointer, high byte

82 DPL Date pointer, low byte

81 SP Stack pointer

90 PO Port 0

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

External program memory fetch
From Figure 8a, it can be seen that ALE is activated twice
every machine cycle: once during 51P2 and S2P1 and once
during S4P2 and S5P1. -PSEN is also activated twice every
machine cycle. At the beginning of S2P1, the 8031 sends the
16 -bit address contained in the Program Counter (PC) to Port
2 and Port 0. The high 8 -bit address (A8 -A15) is output from
Port 2 and it lasts until the end of S4P2. The low 8 -bit address
(A0 -A7) is output from Port 0 only in S2. As Port 0 will also be
used as a bi-directional data bus, the address must be latched
to external latches in order to provide a stable address for
external memories. ALE is used for this purpose. At the high -
to -low transition at the end of S2P1, ALE strobes the address
AO - A7 at Port 0 into the external latches. At the beginning of
S3P1, -PSEN becomes low (active), which enables the
selected external program memory to place data on the data
bus, Just before -PSEN goes high at the end of S4P1, the
8031 reads the program code from Port 0.

in a machine cycle, ALE and -PSEN are activated twice.
This means that 8031 ,is able to read program codes twice
from the external program memory. If it is a one -byte
instruction there is still a fetch at S4, but the byte read is
ignored and the program counter is not incremented.

External data memory access
When accessing external data memory, a MOVX Instruction is
used. It is a one -byte, 2 -cycle instruction. During this
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Fig.7 Internal data memory
address space

execution, the two fetches in the second cycles are skipped
while the external data memory is being addressed and
strobed by -RD and -WR (see Figure 8b).

How the 8031 microprocessor is used in
the present SBC
Figures 3a and 3b give the circuit diagrams showing how the
8031 is used in the present SBC. A 74LS573 is used as the
external address latch. The pin -out layout and functions of
74LS573 is given in Figure 9. The eight latches are D -type
latches. While the enable (G, Pin 11) is high the Q outputs will
follow the data (D) inputs. When it is taken low, the outputs will
be latched at the levels that were set up at the D inputs. A
buffered output control input (-00, Pin 1) can be used to set
the outputs in normal logic (0 and 1) or a high -impedance
state.

It can be seen that the 8 inputs (Pins 2 to 9) are connected
to Port 0 of the 8031. -CC input is pulled to GND to enable the
outputs. G input is connected to the ALE of the 8031. When
ALE is high, the outputs of 74LS573 will follow the inputs D1
to D8. When ALE goes from high to low, the lower 8 -bit
address (A0 -A7), which has already output from Port 0, is
latched to the output of the IC. The high -order byte of the
address (A8 -A15) is given by Port 2. During external memory
write and read operations, Port 0 also acts as a bi-directional
data bus. -PSEN, -WR and -RD, together with ALE form the
control bus. The schematic of the address, data and control
buses of the 8031 microcontroller is shown in Figure 10.

A 6MHz crystal oscillator is connected to the )(TALI and
XTAL2 pins. The clock frequency of the SBC system is
therefore 6 MHz. This means that the clock period is 0.16 us
and a machine cycle is 2 us (a machine cycle consists of 12
clock periods). -EA pin is connected to GND to allow the 8031
to read program codes from the external program memory. -

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

Registers Content Registers Content
PC 0000H TLO OOH

ACC OOH THO OOH

PSW OOH TL1 OOH

SP 07H TH1 OOH

DPTR 0000H SCON OOH

PO P3 FF SBUF 00H
IP XX000000B PCON 0)00(00008
1E OX000000B TMOD 00B
TCON I OOH

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

Memory expansion
External program memories are required by 8031. The present
SBC hardware is equipped with an 8k byte ROM space and an
8k byte RAM space. An address decoder is used for allocating
addresses of the ROM and RAM.
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Fig.8 CPU timing for program and data memory fetches
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Address decoding
Address decoders are used to allocate addresses for memories
so that each memory location has a unique address Mich can
then be addressed by the 8031 microcontroller. In the SBC, two
74LS138 3 to 8 line decoders (103 and IC6) are utilized. The pin -
out of the IC and its pin functions are shown in Figure 11. A, B
and C (Pins 1, 2 and 3) are inputs. YO to Y7 (Pins 15 to 9 and Pin
7) are encoded outputs which are high when not selected. When
an output is selected, it becomes low. -G2A, -G2B and G1 (pins
4 5 and 6) are enable pins. -G2A and -G2B pins are connected
to GND and G1 is connected to +5V A, B and C are connected
to P25, P26 and P27 of the 8031, respectively. As we know that
P25, P26 and P27 correspond to the address bits A13, A14 and
A15, the decoder circuit divides the 64k bytes of memory into 8
blocks. Each block has 8k byte memory locations. The following
table overleaf shows the addresses of the blocks.

From Figure 3b, it can be seen that the
encoded outputs, Y0, Y3 and Y4, are
connected to the chip enable inputs of the
27128 ROM, 8155 and 6264 RAM. These
three address locations have 8k byte space
and are not overlapped: 0000-1FFF for
external program memory, 6000-7FFF for
8155 chip and 8000-9FFF for external
prograrrVdata memory.

ROM - external program
memory
An 8k byte ROM (such as 2764) can be
used as an external program memory.
However, the hardware of the SBC allows a
16k byte ROM (such as 27128, IC5) to be
used. The 16k byte memory (C000H-3FFFH)
is used in two memory portions: the lower
8k byte portion (0000H-1FFFH) and the
upper 8k byte portion (2000h-3FFFH). Each
of the memory portions contains an
independent software and can be selected
by an on -board memory portion selector,
SW1.

For a quick reference, the pin -outs of
2764 and 27128 EPROM are shown in
Figures 12a and 12b. The lower 8 -bit
address (A0 -A7) to the ROM is supplied by

the 74LS573 latch. A8 to Al2 are supplied
from Port 2 of the 8031. A13 is either
connected to GND or +5V by the memory
selector, SW1. When the selector is
switched to GND, A13 is pulled to low state.
Thus, the address accessed by 8031 is
from 0000H to 1FFFH. If it is switched to
+5V, the address accessed by 8031 is from
2000H to 3FFFH of the ROM. The data bus
is connected to Port 0 of the 8031. -CE is
connected to YO of the decoder C3, which
is effective in memory locations from 0000H
to 1FFFH. The -OE input is connected to -
RD and -PSEN of 8031 via a 74LS08 OR
gate (IC2):

-OE = -RD x -PSEN

When accessing external memory, -
PSEN becomes low. -RD is high. -OE

becomes low which enables the memory to output data.

RAM - external program/data memory
The external RAM is the 6264 8k byte random access COMS
memory (IC4, see Figure 12c for the pin -out). It acts both as a
program memory and a data memory. Again, the lower 8 -bit
address (A0 -A7) to the ROM is supplied by the 74LS573 latch. A8
to Al2 are supplied from Port 2 of the 8031. CS2 (second enable)
is connected to +5V to enable 6264. -CS1 input is connected to
Y4 (pin 11) of Ica, which is effective in memory locations from
8000 to 9FFFH. The data bus of the memory is connected to Port
0 of the 8031. -WR of the 6264 is connected to -WR pin of the
8031. The -OE input is connected to -RD and -PSEN of 8031 via a
74LS08 OR gate, (IC2):

-OE = -RD * -PSEN
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When the 8031 reading data from the external memory,
-PSEN is always high and -RD is low. When 8031 reading
instructions from the memory, -RD is high and -PSEN is
active (low).

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

ADO-AD7 A time shared address and data bus. They are
connected to Port 0 of the 8031. At the low -going edge of
the ALE on the 8031, the 8 -bit address is latched into the
8155. Whether the address is for accessing the I/O ports
or the internal memory depends on I0/ -M inputs.
PAO-AD7 Port A programmable peripheral I/O lines.
There are 8 lines. It can be configured as an input or
output port by software
PBO-AD7 Port B programable peripheral I/O lines. There
are 8 lines. It can be configured as an input or output by
software.
PCO-PC5 Port C programable peripheral I/O lines. There
are 6 lines. It can be configured as an input or output port
by software. The lines can be also used with Port A and
Port B as handshake lines.
-CE Chip enable. Low to enable the 8155.
-RD Read strobe. When -CE and -RD are both low,
the contents of I/O port registers (when 10/-M=1) or
internal memory (10/-M=0) appear on the ADO -7.
-WR Write strobe. When -CE and -WR are both low,
data on ADO -7 will be written into memory (10/-M = 0) or
written to I/O registers (I0/ -M = 1)
ALE Address latch enable. At the low -going edge, it
latches the address on ADO -7 and the data on 10/-M into
the 8155.
10/-M Input/output and memory selection line. When
it is low, memory is selected. When it is high, I/O registers
are selected.
RESET Reset pin. A high level on this pin resets the
8155. After reset, the three ports are all configured as input
ports.
TIMER IN Timer/counter input
TIMER OUT Timer/counter output. Output waveform is
programmable.

Enable inputs
of 74LS138

Encoder inputs Encoded outputs Address block i fin,..tior

G2
A

-

G2
B

G1

C

(A
15)

B
(A
14)

A
(A
13)

0 0

i

0 0000-1FFF EXTERNAL
PROGRAM
MEMORY

0 0 1 2000-3FFF NOT USED

0 0 1 0 1 NOT USED

1 0 1 1 8155 I/0
EXPANSION

1

-
Fr 0

,

0 EXTERNAL
PROGRAM/

DATA
MEMORY

1 0 1 A000-BFFF NOT USED

0 0 1 1 0 (V6)9 C000-DFFF NOT USED
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HIGH QUALITY LOW COST
C.C.T.V. CAMERA

EXTREMELY LON% LIGHT LEVEL
turn ELECTRONIC SHUTTER.
COMPOSITE VIDEO OUT VIA

BNC PLUG.
SMALL DISCRETE SIZE.

CAN BE USED WITH PC DIGITISER.

This super quality CCD camera can be con
netted into your existing TV or video using
the AV channel and can be used for discrete
surveillance or observing your property externally using a suitable weatherproof hous-
ing. Can accommodate lighting levels ranging from daylight to street lighting using its
built-in electronic shutter. Excellent when using with an infra red source. Built-in wide
angle fixed focus lens, the camera has a resolution of 380 TVL. Can be housed insidt
an empty floodlight case, (extra). Camera size only 45mm x 45mm.

Special offer price of only: £79.95 plus VAT (P&P £3.(X))
For full range of CCTV products send SAE to:
DIRECT CCTV LTD., DEPT ETI, UNIT 6,

CARRICK COURT, FORREST GROVE BUSINESS
PARK, MIDDLESBROUGH TS2 1QE

ATTENTION ALL
NORTH AMERICAN READERS!

Did you know that you can order an
annual subscription to this magazine
direct from our official U.S. subscription

representative?

For more information and rotes contact:
Wise Owl Worldwide Publications,

4314 West 238th Street,
Torrance, CA 90505 4509

Tel: (310) 375 6258
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EASY -PC, Schematic and PCB CAD

Over 19,000 Installations
in 80 Countries World-wide!

Runs on:- PC/XT/AT/
286/ 386/ 486 with
Hercules, CGA, EGA
or VGA display and
many DOS emulations.
Design:- Single sided,
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Multi -layer (8) boards.
Provides full Surface
Mount support.
Standard output
includes Dot Matrix /
Laser / Ink -jet Printer,
Pen Plotter, Photo -
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PULSAR: Digital Circuit Simulator
ANALYSER III: Analogue Linear Circuit
Simulator
FILTECH: Active and Passive Filter
Design program

STOCKIT: New comprehensive Stock
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Schematic CAD.
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PART 1.

T

Tony Sercombe delves into the complexities
of constructing a portable audio mixer

his project began when I decided I needed a good -

quality sound mixer but, as it would only be used
occasionally, it would not be worth paying a lot of
money for a top -of -the -range, professional unit.
For field work, the mixer is, of course, battery -

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

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

7 -WAY SW

POSN. GAIN RG RATIO

11/2 6k8 4dB
2 3 3k3 10dB
3 10 1k0 20dB
4 30 330R 30dB
5 100 10CR 40dB
6 300 33R 50,1H
7 1000 10R 60dB

XLR PIN 2 I/P+ 0

XLR PIN 3 I/P-

XLR PIN 1 E 0 --
EARTH + SCREEN

R1

f1

k0

.=
R2
1k0

Portable mixer input module

+VE

VE

interference. This is the system I adopted and, with it, input
cables could be up to several miles long at the extreme.
The SSM 2017 is used in the input stage. This IC is
designed to accept floating balanced inputs. The cost is
such that input transformers of sufficient quality were ruled
out. Although they can be said to give a degree of
noiseless gain, due to the turns ratio, the modern design of
ICs has rendered that a bit of a specious point. As may be.
seen, the input floats across two 1K0 resistors, and a
47pF is paralleled across the two. The gain is set by the
value of the resistor connected between pins 1 and 8 of
the IC. A make -before -break switch selects gains of
approx: 1 1/2 (Line input) then 10dB to 60dB in 10dB
steps, giving a maximum gain of 1000 times. A mbb switch
is important here, otherwise severe 'crashing' will occur

 MATCHED TO 590 MIN.
C5' C6

470n 470n 4u7

I 1

R5
3k3

R8
4k7

R9
10k

100H, 6d8

I
40Hz 6dB

R10
10k

RICA
1k5

MOUNTED
ON SWITCH

+12V

-12V

Portable mixer - channel amp and L.F. Atten.

R12
3k6

C10
4u7
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when it is operated. No output coupling capacitor is
required since the next stage is capacitor coupled at its
input. It is also worth noting that since the supplies are
positive and negative, the output should exhibit no DC
voltage. However, this is not always quite the case in
practice with most IC amps - without nulling.

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

The output of this amplifier is fed to the channel fader. I

used the plastic conductive variety, although this is not
strictly necessary - a good quality carbon unit
would be sufficient. Capacitor coupling is used
here since even a very small offset voltage at
the output will make the control noisy in use.
The slider of this control is connected directly to
the mixing and pan resistor of the TL072C
which, in turn, is connected as a virtual earth
mixer. This is a dual amplifier in an 8 -pin DIL
package and has a gain of 1/7X.

As mentioned earlier, extra channels may be
used, and would be duplicated up to this point
(i.e. pin 2). The output at this stage is fed to the
compressor/limiter. Again this is a stereo IC,
SSM 2120. The IC has been designed
specifically for the control of dynamic range in
various applications. In this case as a
compressor or limiter, choice of function being
dependent upon the connection of a flying
jumper in each channel on the circuit board.
Alternatively its action may be completely

disabled with a switch on the control panel.
If the function is set to compress, the ratio is 2:1, that is

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

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

R13 R14 C11
100u TANT

8k2 39k

ZJ
-v

2w0o
ELL 8k2

0-

R15

10k UN.

R16
39k

C12
100u TANT.

1111 PIN 6

+12V R17
68k

(51

10R

I

'/2 x TL072C (1)

10R

Mixing amps (Duel I.C.)

I
12,/

22u
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22u
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C14
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4u7

-4-

R18
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R19
100k
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U MITER -
TO DIRECT
BUFFER AMPS
CONNECTION
FROM COM, UM
OUTPUT

0/P Sendins amp

22u 22u

IC PINS 1/8

ALTERNATIVE TO REVERSABLE
ELECTROLYTICS

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

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

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

diode rectifiers should be set in the feedback loop to
linearise the gain, taking into account the forward
voltage drop. In this case, they are not in the feedback
loop but, assuming that they were, the deflection on
the meter would only just be off the back stop, at
around the -20dB point of the scale. This is of no
practical use, particularly in the case of a VU meter.

However, it is essential to provide full wave since the
voltage change on one side of the waveform may
exceed those on the other, and if it is the lower half
that is being measured, then the other half will not be
registered on the meter and vice versa. The average
reading on the meter will also be more accurately
displayed with full wave rectification. The gain setting
resistors are of the same value i.e.: 10Kohms.

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

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

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

When lining up a mixer or other equipment to be
interconnected with other items, it is usually necessary to
include a line-up oscillator. The circuit for this is quite
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C29
10u

1[1+

.VE

-1-R42

4k7

R41

2M2

C30
4u7

BC548

INJECT SWITCH

R43 TO MIX AMP 0/P
100R

OV

Portable mixer OSC

0

TO COMP. LIM.

MONO/STEREO
SWITCH

0

MAIN EARTH

ELECTRONICS TODAY INTERNATIONAL
58



TO 0/P MONITOR
BUFFERS

R47
27k

V.U. Drive

+VE

T
4-
VE

R49
10k

R50
51k

-
1N914 R51

10k

1N914 R54
10k

1N914

 MATCHED TO OTHER CHANNELS

simple, and consists of a single transistor, oscillating and
made available via a single amp. The normal frequency
employed is 1Khz, although the actual frequency is r'ot too
vital. The monitoring buffer amplifiers use an LF 347N, and
contribute no voltage gain to the monitoring circuits. it is
important that when the direct/reply monit switch is used, it
does not introduce clicks onto the signal path. Thus these
amplifiers simply buffer the signal path to the headphcrie
amplifiers. The headphone amplifiers consist of a dual IC,
the TLO 72C, and this provides more than enough ga n
to drive two pairs of 8 ohms headphones if desired.
Using the 10 ohms resistors in the outputs as shown
provides a close match to 8 ohms with either one cr two
pairs of headphones In use. The 12 ohms resistor
connected between the bottom of the input level control
and earth serves to prevent the headphone signal be ng
faded out altogether. It is surprising how often it is
assumed a signal is missing, when in fact the ampifier is
not operating. When using battery power it is necessary
to know the state of the batteries at a glance, therefore a
battery condition indicator is included.

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

When the supply drops below 2/3, and therefcre
below the avalanche point of the Zener diode, the BC
548 is cut off, and so extinguishes the LED. However,
enough current can now flow via the 470K resistor to
switch on the second transistor BC549. Now the
collector of this transistor is almost at ground so drawing
current through the red LED. In the prototype, I used the
LED type which has an internal circuit, causing it to blink
at about 2Hz. This is easier to see when outdoo-s, or in
other brightly lit conditions.

The external power unit is built into a die cas: box,
and is a project published In Practical Electronics some
time ago. I used a pre-set to adjust the output \.oltage.
Also it will be noticed that it is set to 12-0-12 volts,
whereas the battery supply is 9-0-9 volts. This has the
effect of allowing a higher signal level at any of :he
inputs. However the 9-0-9 volts battery supply s
perfectly adequate for normal use. I used 741 Os simply
because they were to hand. The 801s originah :-vecified

are, of course, equaly suitable. No mains switch is fitted
since the power output is switched at the mixer end of the
power cable.

This completes the gereral outline of the unit Since it
consists of a series of separate interconnected units, it may
be adapted to suit individual requirements. For example, the
input attenuator switch could be replaced with a 10K anti log
potentiometer in series with 10 ohms. If powered inputs are
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required, the input stages
should be changed as
shown, or the pan pots
could be brought out to the
control pane. If desired.
veroboard could be used.

On the case, there is an
overhang of 1 Ornm on both
side panels, at the top and
both sides. The purpose of
this is to offer some
protection to the controls.
The central section is a
channel, set at right angles
at three corners and joined
at the fourth by, in my case,
pop rivets. There is a 10mm
skirt around the four edges,
on both sides, and bent at

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

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

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

In case of difficulty in locating a suitable case or parts for
this project, Partridge Electronics of Benfleet (01268
793256) and BK Electronics of Southend on Sea (01702
527572) both stock a wide range of components, sub
frames, meters etc.
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Is your PCB design package not
quite as "professional" as you
thought? Substantial trade-in
discounts still available.
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Printers - 9 & 24 pin Dot matrix,
HPLaserjet and PostScript

IIIPenplotters - HP, Graphtec & Houston
Phatoplotters - All Gerber 3X00 and 4X00
Excellon NC Drill and Annotated
drill drawings (BM2)

For futher information contact
Tsien (UK) Limited

Aylesby House
Wenny Road, Chatteris
Cambridge, PE16 GUT

Tel 01354 695959
Fax 01354 695957

E-mail Salesgtsien.demon.co.uk

£200

tsien



"Your low cost route to embedded 8051"

Program., support for the following devices

Cunene 8751/8752 ncrocoritroliers from Intel S Ph.hps

Atmel 8951/8952 FLASH re.ements for the
8751/8752

Avner 1051/2051 20., FLASH 8051 rruocontrode,
dernatrres

Sena) EEPROMS larndtes 24.. 93Co. 590). 25C0

MICRO -PRO 51
"Hardwarelsoftware upgradeable
programmer for the 8051 family"
 Accepts up to 40 pin DIL directly via

Aries ZIF socket

 Surface mount and PLCC package
adaptors available as optional extras

 Atmel 8951/8952 & 105112051 ICE
cables available as optional extras

 Field programmable hardware to
allow future upgradeability

 Fast PC parallel port based design

KEIL C51 PK LITE

ONLY
£110

(Reslricted to 2K total program code.

SMALL model only)

VL-ISOFTWARE

"The complete Ansi-C development
environment for the 8051"

 Optimising Ansi-C compiler

 dscope-51-8051 software simulator
& source level debugger

 uVision-Integrated Windows based
CSI project management system

 Support for most 8051 derivatives
eg. Attire!, Intel, Siemens etc.

 Numerous microcontroller language
extensions for the fastest, tightest code

C51

Printer,

Embedded C51 Starter Systems for the 8051 family
"Everything you require to develop an

embedded 8051 -based project in C"

 MICRO -PRO 51 device programmer

 KEIL C51 PK LITE

 Sample Atmel FI.ASH
microcontrollers

 Full suite of C51
demonstration software

EQUINOX
TECH NOLO GIE S

Atmel 8051 FLASH Microcontroller Range

6951 I 8952 1051 2051
FLASH code ROM 4K OK 1K 26

RAM 121 256 64 128
I/O 32 32 15 15

Timer/Counter (16 bit) 2 3 1 2
Serial Port YES YES NO YES

Intern Sources 5 5 3 5
Pins (01UPLCC) 40/44 40/44 20 20
Special features Tinier 2 Comparator Comparator

895X -ST (ONLY £215)
Comes complete with samples of Atmel 8951 and 8952 40 pin microcontrollers

X051 -ST (ONLY £199)
Comes complete with samples of AtMe11051 and 2051 20 pin microcontrollers

Equinox Technologies, 229 Greenmount Lane Bolton 81..1 5./B. Lancashire. ENGLAND
Tel: (01204) 492010 Fa, (01204) 494883 Mt dialling code (UK +44 1204)
E-mail: salesqi.,,quintec.demon cal* Web Page: Avmdemon.co.uklegiiintec
AO prices exclusive of VAT and carriage

Get into PIC Programming with Forest Electronic Developments !
PIC Programmer and Development

equipment
Programmer kit £35.00, Pre -built £45.00

This programmer based on the ETI PIC programmer
programs the 16054/55/56/57/58, 16064, 16071
16074, 16084. Operates over a serial link to a PC
running Windows or DOS software. Includes latest
versions of Microchip's assembler and simulator on 3.5"
disk. ZIF sockets not included (not essential and may be
added as necessary).

Now includes new PC development environment !
Running under Windows 3.1 PICDE is a PIC assembler development
environment which is MPASM compatible, offering on-line help, project
management, multiple editing windows, error tracking, programmer and
MPSIf',1 support etc. Supplied Free of Charge with our programmers.

Blank PIC16C74, and other Microchip devices
16C74 - The largest 16C,oc device with 4K EPROM, 192 bytes of RAM
with extensive peripheral support including 8 channel A/D conversion
PIC16C74/JVV - Erasable version, 20MHz. £24.00
PIC16C74-04P OTP 4MHz version, £8.00
PIC16C57-04P - OTP 4MHz version, £5.00
24LC16, 2Kx8serial EEPROM, £2.00 (suitable for PIC BASIC)
24LC65, 8Kx8 serial EEPROM, £5.00 (suitable for PIC BASIC)

ETI PIC BASIC - Modules for
PIC16C57 and PIC16C74

16C57 module £27.00, 16C74 module £35.00

Now available for the 16074, our advanced module
includes the following features - all supported in BASIC

8K byte EEPROM - up to 2000 lines of BASIC !
8 Channel A/D inputs and PWM D/A output
27 lines of programmable I/O
3 timers and interrupt support in BASIC
Interrupt driven serial RS232 interface
Available in 4MHz and 20MHz versions
Peripheral 120 bus interface
Optional external I2C static RAM
Module size is 115x55mm

The 16057 version offers 16 lines of programmable I/O
a serial interface and a 4MHz clock.
16C57 module kit (2K EEPROM) - £27.00, Pre -built Module £33.00
16C57 module kit (8K EEPROfv1) - £30.00, Pre -built Module £36.00
16C74 module kit (8K EEPROM, 4MHz) - £35.00, Pre -built £42.00
16C74 module kit (8K EEPROM, 20MHz) - £40.00, Pre -built £46.00

Kits and modules are supplied with fully featured host software for a PC
running under Windows 3 1, 3.11 or '95

Kits & Modules are supplied with instructions, all components and connectors, fibreglass PCB, and a programmed PIC microcontroller, Prices are
inclusive, add £3.00 for P&P and Handling to each order Add £7.50 for a serial cable to link either project to a PC All orders in stock returned by 1st
Class Post Send cheque/PO payable to: Forest Electronic Developments - 10 Holmhurst Avenue, Christchurch, Dorset. BH23 5PQ.

Telephone 01425-275962, Technical 01425-274068

Visit our Web page at http://www/ibmpcug.co.uk/-gmwarner/fed.htm
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PROPAK for Windows

PROPAK has alt of the features in CADPAK plus
netlist based integration, automatic power
plane generation and a powerful auto -router
PROPAK includes enough schematic capture
and PCB design functionality for all but the
most demanding applications.

PROPAK's schematic drawing editor ISIS
ILLUSTRATOR+ includes even more features than
ISIS ILLUSTRATOR. PROPAK's 32 -bit PCB design
tool, ARES for Windows, is our most powerful
and easy to use yet.

 Multi -shoot and hierarchical designs.
 Netlist link between modules guarentees

consistency between schematic and PCB.
 Netlists are also compatible with SPICE -AGE

and most other electronics CAD packages.
 Generates a full bill of materials.
IN ASCII data import facility.
 Electrical rules and connectivity checkers.
 Ratsnest display with automatic update

during placement and routing.
 Multi -strategy autorouter gives high

completion rates.
 Power plane generator creates ground

planes with ease.
 PROPAK is also available for DOS.

PROPAK FOR WINDOWS 495
PROPAK FOR DOS 395

cbc_enLenElectronics
53-55 Main St. Grassington, N. Yorks. BD23 5AA
Tel: 01756 753440 Fax: 01756 752857

I PROFESSIONAL CIKCUIT ANO 7C5 OESIGN A105 FOK 0/1001/46

CAPPAK for Windows

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

1,1

ISIS ILLUSTRATOR

LrIlf Ws. X,,4

011),

P9.11

I E,

The schematic drawing module of CADPAK.
ISIS Illustrator, enables you to create circuit
diagrams like the ones In the magazines.

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

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

 Automatic wire routing & dot placement.
IN Fully automatic annotator.
 Complete with device and

comprehensive package libraries for
both through hole and SMT parts.

II Advanced route editing allows deletion
or modification of any section of track.

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

II Exports diagrams to other applications
via the clipboard.

 CADPAK is also available for DOS.

CADPAK FOR WINDOWS £ 149
CADPAK FOR DOS if 79

Call or fax us today for a
demo pack. Please state
whether you would like a
DOS or Windows pack.

Prices exclude postage (£5 for UK) and VAT. ISIS
ILLUSTRATOR and ARES for Windows are also available
separately. All manufacturers trademarks acknowledged.



Paul Stenning begins a new, five -part series
on the repair and restoration of valve radios

have been collecting and restoring valve radios for
about eight years. My interest began when I was
given a Bush VHF80C set by a relative. Since that
time I have repaired and restored approaching one
hundred sets. My own collection consists of about 20

sets - although it would be larger if I had more space! Pride of
place goes to a Bush VHF61, which is the same type of set as

my grandparents owned when I was a child.
This series is based on my own experience and opinion - it is

not intended to be a definitive guide to the subject. If you have
any comments, or perhaps a useful technique for overcoming a
particular problem. we would be pleased to hear from you.

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

equipment is collectible.
The definitive source book covering details of collection and

interest hobbies of this kind is the "Sound and Vision Yearbook"
by Andrew Emmerson. This contains a concise introduction to
the subject (such as the examples on computing featured in this
magazine), together with an extensive list of auctioneers, books,
dealers, magazines, museums, societies and numerous other
useful contacts. This highly recommended 96 -page paperback
is available from Sunrise Press, 2-4 Brook Street, Bampton,
Devon, BO 6 9LY for just £3.50.

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

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

Obtaining sets
Twenty years ago, valve radios could be obtained from jumble
sales for a few pence. Today, however, they are not regarded as
junk, an'd sellers often have an inflated idea about their value.
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There are several ways of finding sets. The obvious thought
nowadays is probably car boot sales, but I have had little
success with these. Car boot sales (particularly the larger
regular ones) and indeed local auctions are sometimes used
to pass off suspect or even stolen equipment anonymously.
and should be viewed with caution.

There are a few specialised valve radio dealers around the
country, who may have a stock of sets available. Some
dealers only sell fully restored sets at an appropriate price -

but others will sell sets for restoration. Most dealers will sell by
mail order.

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

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

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

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

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

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

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

Replacement valves
Many valves are still available. A good range are being

manufactured again, and will be available from dealers. Many of
these originate from the former Soviet Union, and the developing
countries. Some are also made in the USA, where vintage radio is
even more popular than in the UK. New valves are normally

guaranteed for three months, but this is void if the valve is
damaged by a set fault,

If a new replacement valve is not available or is too expensive
for your budget, one or two dealers sell used -tested valves. Anode
Electronics have a vast range, with many costing less than 25.

Due to their nature, used -tested valves are not usually guaranteed.
Anode Electronics and a few other dealers offer a valve testing

service. Normally this only consists of testing the essential
characteristics to keep the price down, but this is generally
sufficient to tell you if a valve is serviceable or junk.

Boxes of Unknown Valves
If you are advertising for valve radios in the local paper, you will
inevitably receive calls from people offering boxes of old valves.
This may sound wonderful, but from my experience they are
normally useless.

There will often be many television types (PCL82, PY88 etc),
which are no use for valve radio repairs! If there are any radio

types. I suggest you pay no more than ten pence per valve. as the
majority will be in a poor state (no matter what the seller claims).
It was the practice of many engineers to put the old back in its
new counterparts box as an emergency spare, so although you
may be offered apparently "new valves in original boxes", always
be aware of this ploy.

Scrap chassis
It is worth keeping any sets that are not worth repairing, as a
source of spare parts. I currently have about five scrap chassis,
and parts from thesp have saved me a considerable amount of
money. Hang on to what remains of the cabinet and trim too. you
never know what you might need!
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Service Information
Unless the work required is minimal, you should obtain a copy of
the relevant Service Sheet. Anode Electronics have a stock of over
5,000 sheets and can supply a comprehensive service information
pack for a very reasonable cost.

A valve data book is useful, particularly if you do not have the
service sheet for a set. The publishers of "Radio Bygones" are
offering reprints for very reasonable prices. It is also worth looking
out for original data books - particularly Mullard publications.

Test gear
The test equipment needed to get started is minimal. A multimeter
is essential, but most electronics enthusiasts will have one already.
A cheap digital type is ideal, and has the advantage of a high input
Impedance.

Sooner or later you will need to realign the RF and IF circuits of
a set, and for this you will need an RF signal generator covering
the range 150KHz to about 12MHz or maybe higher, and possibly
also 87MHz to 100MHz. It must also have an option to modulate

the output with an audio tone. I use one costing over £100, but an
inexpensive basic unit designed for this specific purpose, will
appear in this magazine sooni

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

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

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

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

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

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

If possible, work on a flat, stable surface with a piece of rubber
mat between the table and the chassis. A car mat is ideal, and will
provide some protection to the surface and yourself. Standing on
a second car mat will provide some insulation between yourself
and earth.

Disassembly
The first stage of any repair and restoration is to remove the
chassis and establish what work is needed. Resist the temptation
to plug the set into the mains and test it first, as this could cause
further problems.

Disassembly should be carried out with care so as not to
cause further damage. It may be worth sorting the various screws
and small parts into separate containers, and making notes or
sketches so that you can remember how it all goes back together.

Removing the knobs
It will often be necessary to remove the knobs before the chassis
can be withdrawn. This is usually easy, but a little corrosion in the
wrong place can cause problems.

There are three usual methods of fixing the control knobs.
Probably the most common method is grub screws, accessible
through small holes in the side of the knobs. Sometimes the
screw passes through a hole in the shaft so complete removal is
needed.

If the grub screw won't shift relatively easily, squirt a SMALL
AMOUNT of WD40 into the hole and leave it for an hour or so. If
the screw still refuses to budge, or the screwdriver slot is
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damaged, you may have no choice but to drill it out. This is a last

resort, however, and will probably result in a badly damaged knob

and possibly some cabinet damage too.
If there is no grub screw hole, the knob is either a push -on

type or is retained by an internal screw. Internal screws may be

accessible either from inside the cabinet or through holes in the

base.
Push -on knobs can be difficult to remove. One old method is

to lay the set so that the knobs are uppermost. Wrap a length of

strong thin wire around the base of the knob two or three times to

form a loop and gently pull the knob off. NEVER use a screwdriver

to lever the knobs off, you will end up damaging the case or

breaking the knob.

Removing the chassis
In most wooden and heavier bakelite cased sets, the chassis is

retained by four bolts on the underside of the cabinet. On some

lighter and modern sets, particularly AC/DC sets, the chassis fixing

screws are internal.
You may have to disconnect the leads from the loudspeaker or

output transformer, and possibly remove the dial lamps. Before

disconnecting any wires, note their positions carefully.

Assessing the condition of the chassis
Check that the valves are the correct types. If the type numbers

do not match the service sheet or internal label, do not assume

,they are wrong. Different valve manufacturers use different

numbers for the same component, so the valve fitted may be a

direct equivalent or a viable alternative.
If the valve markings are missing you will have to assume they

are correct for now. If any of the valves have what looks like a

milky white deposit on the inside of the glass, the vacuum has

been lost and the valve must be replaced.
Make a note of the valve positions, and then remove them, to

avoid damage. If the valves have plastic base sections, remove
them by gripping the bases and not the glass. It is common for

the glass bulb to become detached from the base, and be held

only by the wires. Once the valve has been carefully removed, the

two parts can be fixed back together by with a little super -glue.

Look closely at any signs of previous repair work or
modifications. It is worth comparing the values and positions of

any replaced parts with the service sheet.
Look for signs of excessive heat build -op. The high power

resistors obviously run very hot, but charred or browned low

power resistors should be noted. Check any high power resistors

with a test meter. If you have the service information or can read

the markings, you can measure the actual resistances, otherwise

just check they are not open circuit.
While you've got the meter out, check the windings of the

mains and output transformers. The actual resistances are given in

the service sheet, but are not important at this stage. We are

simply checking that the windings are not open circuit.
By far the most common causes of problems is capacitors.

Many of the types used in valve radios are prone to failure,
normally current leakage. On many AC/DC sets a capacitor is
connected directly across the mains after the poWer switch, and

this capacitor will often be found to have blown itself to pieces.

1Next Month
In the second part of this series I will introduce the twc example

circuits that will form the subject -of our discussions. V'Ve will

cover the work needed before applying the mains, and some

quick hints for fault diagnosis. I will then starts more detailed

discussion of the circuit, highlighting common problem areas.

PORTABLE PROGF.AMMER & EMULATOR

PROGRAMS
EPROMS/FLASH TO 40
PINS WITHOUT ADAPTORS
EMULATES 8 & 16 BIT
SYSTEMS

from

E465

its an easy touch
for anyone

loeal for R&D or small volume p-ocluclion. ISO 90(7
manufacture and strict use of manufacturers
algorithms guarantees reliable programming.

Lloyd Research Ltd.
7 & 7a Brook Lane, ligarsash, Southampton,
Hampshire S331 9FH, England.
Tel: +44 (0)1489 574(40.
Fax: +44 (0)1489 88'3853.

 2M ram, expandable
to 8M - avoids multiple
downloads and
pr)gramming in
blocks.
Set programming &
emulation for 16 bit
systems.

I Tactile membrane
with individual keys
for all major functions.
Supports sector
protect/ unprotect
feature on 29F0101040.

Fast download.
15 seconds for 1M
bit Intel file.

INT=

STEVENAGE
Professional Sub -Contract Manufacturing & Suppliers to the
Electronics Industry
Do you have a requirement for any of the following services:
PCB Assembly (Conventional and
Surface Mount)
Wave & Hand Soldering
Complete Equipment
Manufacture
Device Programming from hand
written shts or PC 31/2" disc
Cable Harness Assembly/loom
Manufacture
Card Cage and Module Wiring
Full Inspection

Product Design/Consultation
Full Procurement Service
PCB Test & 'Burn in" Facilities
Enclosure Design & Manufacture
PCB Artwork Manufacture
Circuits Drawn Professionally
Kit Procurement & Supply
Component Sales
Refurbishment a speciality
Top Quality Work at Reasonable
Rates

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

OMNI ELECTRONICS
174 Dalkeith Road, Edinburgh EH16 5DX  0131 667 2611

The supplier to use if you're looking for -
* A WIDE RANGE OF COMPONENTS AIMED AT

THE HOBBYIST *
* COMPETITIVE VAT INCLUSIVE PRICES *

* MAIL ORDER - generally by
RETURN OF POST *

* FRIENDLY SERVICE *
* 1995196 CATALOGUE NOW AVAILABLE

Price £2.00 *

In Open: Monday -Thursday 9.15-6.00
Friday 9.15-5.00 Saturday 9.30-5.00 UMW
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SAVE.M01111EY NOW

Did you know...
A subscription is the cheapest
way to receive your favourite

magazine every month.

Fact: An annual subscription costs
£24.75*

That's £2.25 less than buying 12 issues
from your newsagent. What's more, we
take away all the effort so you receive

every issue direct to your door.
Don't risk missing another issue.

'U.K only

Permanently low
subscription rates from

Nexus
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companies which may be of interest to you.L1
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Practicaliy
Speaking
BY TERRY BALBIRNIE

ecently, I was involved in examining practical
coursework for GCSE Electronics. The idea is that
the teacher assesses the candidates' work then a
moderator (me), appointed by the examinations
board, visits a proportion of the centres. He or she

looks in detail at samples of the work with a view to confirming

the teacher's marks.
Looking at hundreds of projects in schools and colleges

aid talking to candidates reveals some fascinating
observations. Over the next few months of Practically
Speaking, I shall pass on some of these since many will be
helpful to those building projects at home. They will also be
useful to candidates who are themselves preparing for

examinations.

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

Components are mounted on the plain side of the board
with the leads pushed through the holes and soldered to the
copper tracks. The strips then form the electrical connections
between components. With a little planning, even complicated
circuits may be fabricated this way. In ail but the simplest
designs, tracks will need to be broken so that they may be
used for various independent connections along their length.
Also, where appropriate, tracks will need to be linked using
short pieces of wire. Incidentally, the layout should be carefully

planned in advance and all this work done before the
components are mounted. The non -dedicated nature of this
material makes it very useful and extremely versatile for one-off
circuits. In fact, many of the projects I have designed for
magazines have used this method of construction.

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

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

Track breaks are often incomplete or omitted. I have seen

tracks apparently broken but close inspection revealed a sliver
of copper remaining. The problem can be reduced by using
the proper tool for the job. I have see tracks broken with such
things as compass points, hacksaw blades and screwdrivers -
this is simply asking for trouble. A proper track breaker (spot
face cutter) should always be used - see photograph.
Problems arise when cracks occur in tracks. A hairline crack is
difficult to detect and often shows up by intermittent operation
of the device especially when the circuit board is bent slightly.
Do not try to repair a crack by simply applying solder across It
- this often cracks too. Instead, solder a short bridge wire over
it. Always remove integrated circuits first. Cracks are
sometimes caused when a soldered component is removed
and the leacZ of a new one are pushed through the same
holes without properly clearing the old solder away.

R.S. Components (and its retail outlet Electromail supply
stripboard having a 3.81 mm (0.15 in) matrix which makes it
more suitable for beginners. The wider spacing makes it less

likely to develop. solder bridges. Also, the tracks are slightly
wider so are more robust. Remember, however, that this
material will not accept the pin spacing of integrated circuits.
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mlNLCAMERAARD SPECIALOITERS

Now mini waterproof TV camera 40x40x15mm
requires 10 to 16 volts at 120m with composite video
output (to feed into a video or a TV with a SCART

aPirt:?3'1801ai'Va litresh horizontal,resolution ofe electronicorecTV haneutso
Mir

nearly dark (1 LUX) to bnght sunlight operation and a
pinhole lens wrth a 92 degree field of view, it focuses
down to a few CM if Is fitted with a 3 wire lead (12v in
grid and video out).
£93.57 a VAT = £109.95 or 10. 089 32 a VAT - £104 95.
High quality Stepping motor kris (all including stepping
motors) 'Comstep' independent control ol 2 stepping
motors by PC (Via the parallel port) with 2 motors and
software
Kit .. £87.00 ready built £99.00
Software support ano 4 digital inputs lilt £27.00
power Interface 4A kit £36 00
power interface 8A kit £46.00
Stepper tut 4 (manual ccntrd) includes 200 step
stepping motor and control arcua 123.00
Hand t.id transistor analyser 11 tells you which lead is
the base, the collector and emitter and if it is NPN or
PNP or faulty £33.45
spare 6v battery £1.20
LEDs 3mm or 5mm red or green .7p each
yellow .11p each
cable ties 1p each £5.95 per 1000
£49 50 .per 10.1)0(1
Rechargeable Batteries
AA (HP7) 10.99
AA 700maH £1.75
C 2AH will solder tags £3.60

4AH with solder tags £4 95
1/2AA with solder tags 11.55
AAA (HP16) 180mAH £1.75
AA 500mAH with solder lags 11.55
C (HP11) 1.8AH 12.20
D (HP2) 1 ZAN 12.60
PP3 8.4V 110mAH £4.95
Sub C with solder tags £2.50
1/3 AA with tags (philps CTV) 11.95
Standard charger charges 4 AA cells'ln 5 hours or
4Cs or Ds in 12.14 hours txPP3 (1, 2, 3 or 4 cells
may be charged at a time) £5.95
High power charger as above but charges the Cs and
Os in 5 hours AAs Cs and Ds must he charged in 2s
or 4s . £10.95
radtel Metal Hydride AA .11s high capacity with no
memory. II charged at 100ma and discharged at
250ma or less 1100mAH capacity (lower capacity for
high discharge rates). .03.75
Special offers please chock for availability
stick ol 4 42 x 16mm rricad batteries 171mmx lemm
die with red A. black leads 4.8v £5.95
5 button call 6V 280mAh battery with wires (Va.
5.2500K) .02.45
Shaded pole motor 240Vac 5mm x 20mm shaft 80 x
60 x 55mm excluding the shaft E4.95 each
115v ac 80y ai- motor 4mm x 22mm shalt 50mm dla X
60 tong body (excludilg the shaft) it has replac.ble
thermal fuse and brushes £4.95 each 03.95 1004
7 segment common anode led display 12mm 10.45
LM337k T03 case variable regulator £1.95

£1.44 100.
GaAs FET low leakage current S8873 012.95 each

£9.95 104. £7.95 100.
BS250 P channel mosfel £0.45, 8C559 transistor

53.95 per 100
BC547A transistor 20 for £1.00
74LSO5 hex invert. £10.00 per 100. used 8748
Microcontroller £3.50

SL952 UHF Limiting amplifier LC 16 surface mountain
Package wrth data sheet
AM27S02 £1.25 each 90p 100., CD4007JB 10p
100, 6p 1000.
Sinclair light gun temainated with a (ack plug and PP3
dip gives a signal when pointed at 50hz flicks, light
with output wave forth chart 0.95
DODC convertor Rekabrllty model V12P5 12v in Sr
200ma out 300v input to output Isolation with data
£4.95 each or pack ol 10 £39.50
Hour counter used 7 digit 240+ ac 50Hz £1.45
OWERTY keyboard 58 key good quality switches new

.06.00
Arrpax A82903, large steppe, motor 14v 7.5' step
27ohm 68mm die body 8.3mm shaft £8.95 or E200.00
for a box of 30
Polyester capacitors boa type 22.5mm lead pitch
0.9u1 250vdc 18p each 14p 100. 9p 10004.
luf 250vdc 20p each, 15p 100, 10p 1000-
1d 50v tip.ar electrlybc axial leads 15p each, 7 5p 100.
0.220 250v polyester axial leads 15p each 75p 100.
Polypropylene tut 400vdc (Wima MKP10) 27 .5mm
pitch 32x29x17rnm case 75p each 60p 1004
Philips 123 series solid aluminium axial teat's
3301 tCv R 2 201 40p each. 25p 100
Philips 108 se.s long life 22u1 63v axial 30p each
15p 1000-.
Multilayor AVX ceramic capacitors all 5mm pitch 100v
100pf. 150pf, 220p1. 10.000p1 (10o) 10p each. 5p
1004, 3.5p 10004.
500plcompression trimmer 60p
40 el 370vac motor start capacitor (dial -aced type
contatning no pcbs) £5.95 or £49.50 for 10
Solid caMon resistors very low inductance ideal for
RF circuits
27ohm 2W. 613ohm 2W 25p each 15p each 100. we
have a range of 0.25w 0.5w 1w and 2w solid carbon
resistors please send SAE for list
P.C. 400W PSU (Intel pail 201035.001) with standard
motherboard and 5 disk drive connectors fan and
mains Inlet/outlet connectors on back and switch or,
the side (top for tower case) dims
212x49x149mni exckiding switch £26.50 each
£138.00 for 6
MX180 Digital multimeter 17 ranges 1000vdc. 750vac
2Mohm 200mA transistor Hle ev and 1/5i battery test

19.95
AMD 27256.3 Eproms £2.00 each, £1.28 100.
Inmac delux anti -glare static control panel WM..
size 228x161mm overall size 264 x200mm held to the
monitor with hook R loop tape pads 57.95 each
DIP sivItch 3PCO 12 pin (ERG SDC3.023) 60p each
40p 1C.I.
Disk dnve boxes tor 5.25 disk drive with room for a
Power Supply light grey plastic 87x268x247mm £7.95
or £49 50 for 10
Hand held ultrasonic remote control .13.95
CV2486 gas relay 30 x 10mm dui with 3 wire
terminals will also work as a neon tight 20p each or
£7.50 per 100

All products advertised ar new and unused unless
otherwise stated Wide range of CMOS TTL 74HC
74F Linear Transistors kits rechargeable batteries

capacitors tools etc. always In stock
Please add £1.95 towards PRP, vat inc. In all prices

JPG ELECTRONICS
Elf 276.278 Chal.sworth Fro..

Chesterfield S40 2BH
Access Visa Orders (01246) 211202

Callers Welcome

Dianamic
NIPLC1000Tm
The Dianamic MPLCI000 is an industrial
specification Programmable Logic Controller with both
ANALOGUE & DIGITAL I/O capability, at an affordable price.

STARTER KIT CONTAINS: MPLC, BM PC
programming interlace & compiler detailed

programming & interlacing manual.

PROGRAMMED IN BASIC

ANALOGUE CAPABILITY

I6 I/O PORTS(A&D)

STANDALONE OPERATION

Very Wide PSU
input voltage

range
6-30V

Incredible
small size

68mm x 72mm

APPLICATIONS LIMITED ONLY BY YOUR IMAGINATION

Measuring just 68mm X 72mm. The MPLC is a stand alone micro computer,
programmable in BASIC. An on board EEPROM stores your compiled
programme and 16 channels of I/O interface to the real world. But that's
not all -Despite the small footprint, the 16 channels of I/O can be
configured as digital inputs, digital outputs, analogue inputs, or pulse
counters or any combination thereof. If that is still not enough, the
MPLCI000 has on board timers and can drive LCD displays directly. It can
talk to external devices using the 11C protocol and also possesses an
onboard 9600 baud RS232 interface. You might be forgiven for thinking
that this type of performance comes at a price. Simply put, it doesn't. One
of our main design aims was to produce the lowest cost analogue capable
MPLC in the world...

Call NMB Marketing on Tel: 0171-731-8199
London House, 100 New Kings Road, London SW6 4LX. Fax: 0171-731-8312

When Performance
is more important

than size: -
two new re -programmable BASIC Stamp

Computers.

BS 1.1C
8 I/O lines

up to 100 program lines
2,000 lines/sec

Comms to 2400 baud

29 single price

24C
16 I/O lines

up to 600 proram lines
SP1 DTMF

Comms to 19.2k baud

E 49 single price

Programming package £66

Milford Instruments Tel 01977 683665 Fax 01977 681465
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Classified

James Gale
01442 66551
Send your requirements to:
ETI Classified Department, Nexus, Nexus House
Boundary Way, Hemel Hempstead, HP2 7ST
Lineage: 75p per word (+ VAT) (minimum 15 words)

Semi display: (minimum 2.5cms)
[VISA £10.50 + VAT per single column centimetre

Ring for information on series bookings/discounts.

1

All advertisements In this section must be pre -paid.
Advertisements are accepted subject to the terms and conditions

' printed on the advertisement rate card (available on request).I
ACcess

FOR SALE

VARIABLE VOLTAGE
TRANSFORMERS

IN UT 220/240v A 50 60
OUTPUT 0-260V

Price P8P
0.5KVA 2.5 amp max C31.90 £6.00

(£44 53 inc VAT)
1KVA 5 amp max £41.15 £7.00

(£56.58 Inc VAT)
2KVA 10 amp max £59.40 £8.50

(£79.78 inc VAT)
3KVA 15 amp max £78.65 £8.50

(£102 40 inc VAT)
5KVA 25 amp max £139.15

(Plus Carnage)
Buy died Prom Pe importers Keenest owes h inn cow,

COMPREHENSIVE RANGE OF
TRANSFORMERS -LT -ISOLATION d AUTO

(110.2400 Asir. cased est American socket and
maons tad Of ocor.

WIDE RANGE OF XENON FLASHTUBES
Write/Phone your enquires

ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES

an 411 wail £14.00 (callers or.ty) (£16 45 etc VAT)
211 20 watt C9.00 (calieis only) (£10 58 inc VAT)
12e, 8 evert C4 BO  751' pep (08.52 roc VAT
9e, 8 wart £3.96  50p pip (£5.24 1,,c VAT)
6m 4 wen £3 96  50p PAP (£5.24 inc VAT)

230V AC BALLAST KIT
For Morn bin, Din or 12o tubes £6.05  £1.4C

P81, (0.75 Inc VAT)
The above Tubas are suitable Mr Forged Bank Note

...etc.. .cud, mark, etc
Other Wave Lengths W U V. TUBE ave....

he your eegetnes

400 WATT UV LAMP
On, C38 00  C4.00 pap (C49.35 me VAT;

160 WATT SELF BALLASTED BLACK
LIGHT MERCURY BULB

suaiidhie with BC ox ES thine. Pnce inc VAT
A oilp end VAT £25.55

12V D.C. BILGE PUMPS
aSOO lIPH 1511 'wad 3 ame 119 'etwell 1750 GPM 1511 head 9 erne E34 56

tuso new ave.. 2400.0 1750 GP04 i 511.head
5 amp £3555 Al desryned lo be used
submerge& PRICES INCLUDE PIP a VAT

SUPER HY-LIGHT STROBE KIT
Desiged for Chsco, Thoulf1441 uses etc.

Appro. 16 Taub, AdiuS1abie speed ,50.00  £3.00 pip
(62 28 Inc VAT)

Case and reflector C.24.00  £3 00 98.o (£31.73 Or VAT)
SAE for runner delarls Yxwdmg Hy -Light and in

dustriat Strobe Kris

'BOFFINS SPECIAL --
UNIQUE OFFER

Surplus Precision Medical Unit., Internally In
excellent condition. Designed primarily to elect a
precise controllable amount of fluid from a medical
syringe (latter not supplied). Contains the
following removable components: Dual Micro
Processor Boards and EPROMS Escap Precision
12V DC Motor with 300:1 Gear Box and optical
encoder coupled to a precision threaded drive
mechanism. Mains supply with 6 a 1.5V NI-Ced
A.A cells back-up. LC.D. Digital read-out 17mm
high with legends. Audible warning.
These are Sold for the dismantling of the excephonnl
quality components, regret no Circuits available
Rodoculously low price. kftr0.00  14.00 p&p
(T:28.20 net VAT)

5KVA ISOLATION TRANSFORMER
As New Ex equ'pment fully snr,Oen Line Norse

Superessan, Ultra isolate, Transtormer with terminal
covers and KnOCAout cable wen. Primary 12024e0

Secondary 120,40V 50/60 Hr. .005 pF Capacitance Si:
L.37 it W.Ift x H.t6cm Wet, 42 Kdos

PRICE £120 00 eVAT
nxware,kose. Carriage on ',Jest.

240V AC CENTRIFUGAL BLOWER
New manui Surplus Skeleton Blower suitable for
mounting inside an encbsure to cool equipment
OveraN sae 130:110x85mm. Outlet 80x35mm
60rnor d1a x 60rtim tong C14.10 Incl.P8P 8 VAT

SEWING MACHINE MOTOR
Brand new 220/240v AC/DC SEWTRIC 2 lead Brush
Motor Sobel. 100mm x H 713mm x W 55mrn. Spindle
1/4in. eta x tin. long. £14.10 Inc! P&P 2. VAT

GEARED MOTORS
71 RPM 20Ib inch torque rover.. )15V AC input
including capacitor and transformer for 240V AC
operation Price Inc VAT 8 pip £27.73

SOLID STATE ENT UNIT
Input 230/240V AC. Output approx 1 5KV
Producing tOmm spark. Built -In 10 sec timer
Easily non.. for 20sec. 30 sec to continuous
Designed lor boiler ignition. Dozens of uses on the
field of physics and electronics, el, Supply', neon

tubesopf,apryn.. et&;itNemlesss case £8.50  12.40

EPROM ERASURE KIT
Build your own EPROM ERASURE !or a fraction of the
once of a made-up unit kit of pans less case Includes
12in 8 wan 2537 Angst Tube Ballast unit, pair of Lthpon
leads, neon indicator. onhati switch, safety niocroswach
and circuit 015.00  0.00 pep (£19.98 Inc VAT)

WASHING MACHINE WATER PUMP
Brand new 240V AC. cook. Can be used for a vanety
xi purposes Inlet 1 Ltir outlet 1 in d.i Pnce includes pip
8 VAT 011.20 each or 2 for £20 50 incluswe.

MICROSWITCH
Pye 15 amp changeover lever nitcroswrich, type S171
Brand new price 5 for t7.05 Inc VAT & pep

SnOwr opr,

SERVICE TRADING CO
57 BRIDGMAN ROAD, CH SWICK, LONDON W4 5BB

FAX 0181-995 0549 0181-995 1560
ACCOUNT CUSTOMERS MIN. ORDER £10 Am it

Perm, So..,

SMART CARD PRODUCTS
Smartcards Readers/Writers.
OEM couplers, Evaluation kits

and more.

EPSILON ELECTRONICS
Brynsengvn. 1A, 0667 Oslo,

Norway TELJFAX
+4722640810

TURN YOUR SURPLUS
TRANSISTORS ICS ETC INTO

CASH immediate settlement.
We also welcome the opportunity to quote

for Complete factory clearance
Contact:

COLES-HARDING & CO
Unit 58, Queens Road, Wisbech,

Cambs PE13 7P0
BUYERS OF SURPLUS INVENTORY

ESTABLISHED OVER 20 YEARS
Tel: 01945 584188 Fax: 01945 475216

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street
Tel: 0151 236 0982 0151 236 0154

47 Whitechapel
Tel: 0151 236 5489

Liverpool 2

'THE ELECTRONICS SPECIALISTS'

Open Tues-Sat 9.30-5.30

FIELD ELECTRIC LTD
Unit 2, Willows Link, Stevenage, SG2 8AB

Tel: 01438 353781 Fax: 01438 359397

24 VDC 9" Colour VGA MonitorChassis
Totally enclosed £38.00 C/P 9

Test equipment, computer hardware,
audio video communications mechanical

bought & sold stock list available.
Please ring

MAINT_NANcE FREEDATTERIES
Yuasa batteries are
sealed lead acid
types so they can w tad
be used in any
position and are
virtually maintenance tree.
We have 2 popular ones In stock at bargain
pnces. The 12V 15AH will cost you only
£10, Order Ref 10P140. The other one is
smaller, it is a 12V 2.3AH, regular price £14,
yours for only £5, Order ref 5P258 These
batteries are in tip top condition, virtually
unused and fully guaranteed. Send cash,
PO, cheque or quote credit card number,
phone 014441 881965
J & N FACTORS, Pilgnm Works, Stairbrxige
Lane, Bolney, Sussex, RH17 5PA

TELEKINETIKS
UNLEASH THE POTENTIAL OF YOU. IBM COMPATIBLE PC
RS732 CONTROLLED INTERFACE ;ARC, PITH oPucAnoNoorEs
AND SOFTWARE SELECTABLE Mut, RAM,. nROTOrseireG AREA
°P.p.() VOLTAGE REGULATOR ALL SiCISALS AVA.BLE RA 40
WAY CC CONNECTOR HANOSHIAING SIC NAL S 11011i WAYS) FOR
CONT. or,. COUNTERS ETC STAN( APIO 9 INN RS232 CABLE
ALSO SuPPi LED Me h. INCLUSIVE,
SOUND AMR IF ER FITS INSIDE PC CASE DS OIL exCLuSNE
EU.V'TiC FilTER WANES* PACKAGE_ LCWHIGH AND BAND PASS

MADE EASY. PASSNE,AC RYE 051411 ....UWE,
FOR FURTHER DETAILS PHONE, 01182 6621189 MARE ChEOuES
PAYABLE T08 TREK' 1 VCTINIA courtr BRAMPTON ROAD.
LIATELmo NEWCASTLE- UNDERTYME. suffoAosm, $r, est.

LEN COOKE
ENTERPRISES

For the best value in Used
Electronic Test Instruments

We buy, sell and service oscilloscopes, signal
generators, frequency counters, spectrum

Analysers, Power meters. logic testers, etc
Spare parts available for most Textronic

scopes
Tel: 0181-813-9946
Fax: 0181-574-2339

Mobile: 0802 177752
Mail order address: Unit 5, Southall

Enterprise Centre, Bridge Road,
Southall, Midcbt UB2 4AI

We engineer what we buy. we support
what we sell.

111E PAR.1ELEL INTERFACE PIIWEII CARD
In ILAN0DI 1.td Tor complete 00,11'1,TEk CONTROI

Ibis could he !our most useful end che.rpesi rnmpeier/P1
...1 ore' at oil)

motor speeds, stepper motors
inlays rim. ash,. 8A20,/, notputs.

Cl,,,,, sold already for succrodul Model Rails.,
Levee INSTRUCTIOSS mpplad!

Snot cheque for f 19.10, ORS.A.E. for derails to
Dt. 80.8os Sot. Litho. Knee, At

SWC SCIENTIFIC
WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 FAVEN
RD LONDON E18 1HW
FAX 0181 559 1114

ELECTRONIC
VALVES

CHELMER VALVE
COMPANY

130 NEW LONDON ROAD.
CHELMSFORD

ESSEX CM2 ORG
Tel 01245 355296
Fax: 01245 490064

For high quality audio valves

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

PRINTED CIRCUIT
BOARDS

PCB's, PROTOTYPES AND
PRODUCTION, Artwork copied
or raised from your draft designs
or schematics. Quoteline 01232
473533 or write to P Agar, 36
Woodcot Avenue, Belfast, BT5
5JA

SMART CARD PCB'S
Blanks for adult/D2mac etc
Season/eurocrypt int, pcb's
D2MAC 14 ch cards £25 ea
Or made from your design
Boards -r -us 0121-321 2436

SOFTWARE

Ns.? ASTRA Desk Top Accounting
overture MN., 4aerL v.

Premier du.N.41..1704 Ileoeks sew tr.,.
Professional.... weiecannayllisoluaxe inc

Systems Lid. Bretton (A)U11, Kiniir lead, W2Ies

Shellieki. S3 19D,11( (58e.: ewtx4asl(IpkJr#nt

rci (0198%773M  Fax (019077.  In Ccdt.(444 1909)

PC SCIENTIFIC & TECHNICAL
PROGRAM LIBRARY
low cost specialist software and

GOOD QUALITY PROGRAMS THAT WORK
are our tone.

We have inn iaogest scoeoethc and tech.., software klyay as
.04 as the beet manstroam programs avaaable anywhere

Software suppves en CO ROM 7 Floppy Discover themAgerns
of snarevrare woth our 3000.000 word hypertext book 'The

Err"... of Shareware'. Cher aoce Orognms Wed aril
deecilted el 178 (Meru, calegooIes Fox you, copy send £2 50
or phone/fax , ortier. Van, credo cards accept. You also

racers* a money Say, SpeC, ofter voucher
PDS, Winscombe House, Beacon Rd. Crowborough
Sussex TN6 1UL Tel 01892 663298, Fax 01892 667473
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M.G.C. Electronics
PHONE/FAX: 01476 79974

 FM MICRO BUG TRANSMITTER 88-108MHZ 500 METRE RANGE KfTC3.99 BUILTU
 FM BUG AS ABOVE 1000 METRE RANGE KfTC.4.99 BuiLTE8.00

FM ULTRA SMALL BUG 15MM X 20MM X 15MM 88-108MHZ 100 METRE
RANGE BUILT/BOXED£15.00

 FM TELEPHONE TAP BUG POWERED FROM THE UNE AND TRANSMITS
BOTH SIDES OF THE CONVERSATION 88-108MHZ 500METRE RANGE KITEI0.00
BUILT/ 80XED£14.00

 FM 13A 3 WAY ADAPTER BUG BUILT/TESTEDE25.00
 FM BUG HOUSED IN A PRIMARY PHONE SOCKET 88-108MHZ 500 METRE

RANGE K1T£15.00 BUILTr23.00
 TRACKING TRANSMITTER AND RECEIVER 418MHZ 2KM RANGE FOR

TRACKING OF VEHICLES, PEOPLE, ANIMALS ETC290.00
 BUG CONSTRUCTORS MANUAL- A BOOKLET CONTAINING MANY OF VHF,

CRYSTAL CONTROLLED BUGS, TELEPHONE TAPS, INFINITY
TRANSMITTERS ETC£4.00

 a WATT FM BROADCAST QUALITY TRANSMITTERS 88-108MHZ KITC40.00
BUILT/TESTED/ALIGNEDE60.00

 15 WATT FM BROADCAST QUALITY TRANSMITTERS 88.108 TUNED TO
YOUR SPECIFICATION, BOXED/BUILT/ALIGNED

 30 WATT FM BROADCAST QUAUTY TRANSMITTER AS ABOVE
BOXED/BUILVALIGNED£165.00

 !NEARED CAMERA SIZE 40mm x 40mm x 40mm (SEE IN THE DARK CAPABILITY)
PLUGS DIRECTLY INTO VCR ETC ONLYE150.00

 LASER DIODES lmW 67ONM REDC75.00
 LASER DIODES 5mW 670NM RED£95.00
 LASER DIODES 3mW 633NM RED OVER 10 TIMES VISIBLY BRIGHTER

THAN THE 670NM LASERS. EQUIVALENT TO THE HE -NE LASERS,£175.00
 -250 WATT 12V X TO MAINS AC INVERTER IDEAL FOR RUNNING A TV,

FRIDGE, STEREO, LIGHTS ETC WHEN ON THE MOVE IN YOUR CAR OR
WHEN CAMPING/CARAVANNING FROM THE CAR BATTERY £140

 AA SOLAR POWERED BATTERY CHARGER£9.99
 WATCH AS YOU BUILD RADIO RECEIVER KIT WHICH INCLUDES STEP BY

STEP CONSTRUCTION GUIDE ON A VHS TAPE AND ALL COMPONENTRS
TO BUILD THE RADIO.£25.00

 PC/IBM COMPATIBLE RELAY CARD USED TO CONTROL ROBOTICS,
PROCESS CONTROL, HOME AUTOMATION, LAMPS ETC. PROGRAMS
ON 3.5 OR 5.25 INCH DISKS PLEASE STATE WHEN ORDERING ,45.00

 ALL KITS SUPPLIED WITH HIGH QUAUTY PCB AND COMPONENTS. 'RICES
INCLUDE V.A.T. WITH ORDERS LESS THAN £10.00 PLEASE ADD £1.00 P&P,

ORDERS OVER £10 PLEASE ADD £2.50 P&P. SEND S.A.E. FOR FULL CATALOGUE

CONTAINING LASERS, SURVEILLANCE DEVICES, KITS ETC AND MUCH MORE!
CHEQUES/POSTAL ORDERS PAYABLE TO:

M.G.C. E1ECTRONICS,SUITE 501, INTERNATIONAL HOUSE, 223 REGENT STREET,

LONDON 4042 800. PHONE/FAX: 01476 79974. MOBILE: 0378 9682.52.

BUILDING AN AUDIO MIXER??
CALL THE ONE STOP SUPPLIER FOR ALL YOUR NEEDS....

Electronic Components
Pre -Amp Sub Units

P.P.M. & V.U. Meters
Screen Pnnted Front Panels

Metal Sub Frames
Available as Kits or Assembled & Tested Units

S A.E. For Full Details to

PARTRIDGE ELECTRONICS
56 FLEET ROAD. BENFLEET Phone:01268 793256

ESSEX, SS7 5JN Fax: 01268 565759

C21:0:31
VISA

To advertise in ETI
phone James on 01442
66551 or Fax on 01442

66998 or fill in the coupon
below and send it to

Nexus Special Interests,
Nexus House,
Boundary Way,

Hemel Hempstead,
Herts, HP2 7ST.

ELECTRONICS TODAY INTERNATIONAL., CLASSIFIED
ADVERTISEMENT DEPARTMENT NEXUS HOUSE,
BOUNDARY WAY. HEMEL HEMPSTEAD HP2 7ST.

Rates: Linage 75p per word + VAT minimum 15 words.
Semi -display £10.50 per single column cm plus VAT. No reimbursements for cancellations.
All ads must be pre -paid.

Name

Address

Signature

PLEASE DEBIT MY ACCESS/BARCLAYCARD No

Expiry Date

Daytime Tel. No:

Date

1

FOR SALE COMPONENTS PLANS OTHER - PLEASE STATE

ELECTRONICS TODAY INTERNATIONAL
73



t is over ten years since the
personal computer revolution
started in real earnest, and we are
now in the midst of another
revolution, the electronic

information revolution. Suddenly, over the last
few months, I have started to see little cryptic
strings of characters appearing at the bottom
of ads, on posters for new films, in the Sunday
papers, even on TV ads. A little cryptic string of
characters which usually seems to start with
Hi II-V/WVVW

These cryptic strings of characters are of
course the URL, or Uniform Resource Locator,
for a site on the World Wide Web, the
sprawling hypertext information system which
is rapidly becoming the most widely used part
of the Internet. The Web has fired the
imagination of users and information providers
alike, and it is now expanding at an explosive
rate.

New sites are being added to the Web at
an estimated rate.of over 7(X) per day, and
there are now almost 40million pages of
information on the Web, nearly all of which can
be accessed by anyone with a PC and a
modem. Information on every subject under
the sun, and all just a local phone call away.

There is a lot of idle chatter about
pornography and subversive material on the
Internet, but this obscures the fact that there is
now an enormous amount of useful and
valuable information out there, and the great
thing about it is that apart from the cost of a
local phone call, and a subscription to one of
the Internet Service Providers, it is nearly all
free.

Amongst all these Web pages is an awful
lot of stuff which is of interest to the electronics
engineer. There are now whole catalogues of
components published on the Web; nearly all
the major semiconductor, computer,
telecommunications, and electronics
companies in the world now have Web sites of
their own. These often include details of new
products, and the great advantage for English
speakers, is that 98% of the material published
on the Web is in English.

Even small companies, including some
one-man outfits, are now represented on the
Web, with many seeing it as the most powerful
medium yet invented to communicate

information about new products, and services
to a massive global market. The Web is also
set to change the way in which traditional
information services are provided. This includes
books, magazines, radio, TV and, of course
libraries and conventional on-line information
services.

For a start, information will become
available faster. For example, information on a
new product will now be available on the Web
the day it is announced, not a month or two
later in a trade magazine. The information can
also be more comprehensive than would be
the case with that published in a magazine,
and ).rxhaps most important of all it will be
available globally at the same time; someone in
India can thus have equal access to
information with someone in California.

Once again the world shrinks, inequalities
start to disappear, and competitiveness
increases. With the Web, none of us will be
able to be complacent about a commercial or
technological lead. But to compensate it will
also bring with it an explosion of opportunity.
Already in the UK and around the world we are
seeing an enormous upsurge in entrepreneurial
activity related to the Web, an upsurge
reminiscent of that which happened in personal
computing. Just as fifteen/twenty years ago,
enormous businesses like Microsoft, Sun, and
Oracle were very small outfits, sometimes
located in a garage or spare room.

We in the UK are uniquely favoured in the
potential offered by the Web for new
businesses, we speak English, the language of
the Web, we have a highly developed and low-
cost telecommunications network, we have
lower wage rates than the US, and perhaps
most important we in this country have a
tradition of world trade. Who knows, the new
megabusinesses on the Web could be created
by individuals working in small offices and
backrooms in the UK.

Let's hope so, and in the mean time if you
have access to the Web why not try this site:

1-fTTP://VVVVVV.EMAGS.COMIPR.1-fTM

It has an interesting collection of the latest
press releases from a range of companies in
electronics, computing, aerospace and
defence.

Next Month
In the May 1996 issue.of Electronics Today International, Robin Abbott will conclude his
prOject to construct a -large matrix display, whilst from TerryBalbirnie there, is a project.
Bart Trepak introduces another PIC microcontroller project, whilst Dr Pei An Will. continue hi:,
8051/80535 single boardicomputer project, Tony Sercombe concludes his portable audio
mixer project.
The feature articles will include a look at the impact of the World Wide web on the
electronics world by Nick Hampshire, and Paul Stenning will continue his practirOlook at
repairing and restoring antique electronic equipment. Plus reviews of some more PC
software.
Finally, we would Iike4Q thank (belatedly) Leo Electron Microscopy for their help 'in providing
much valuable Information for the Electron Microscopy article in ET1 Octber 1995.
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Get the. Best

uniuersaimiagnostiR1 DoiRit
on the market!
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Featuring mese
two top -rated,
awarti-winning
diagnostic tools
from
MICRO 2000. inc:

Fully 0/S independent
diagnostic software...
It ICRO-SCOPE Universal Computer Diagnos-

tics was developed to satisfy the expanding
need for accurate system diagnosis in the rapidly
growing desktop computer market. Patterned after
super -mini and mainframe diagnostic routines,
MICRO -SCOPE runs independently of any stan-
dard operating system, and is therefore at home on
any machine in the Intel world. Speed, ease -of -use,
and razor sharp accuracy are a few of the advan-
tages that arise from this system independence,
together with an impressive list of functions
including the ability to perform low level format-
ting on every drive currently manufactured,
including all IDE drives.

 LOW-LEVEL FORMAT - Performs Low-level
format on all drive types including IDE drives. This
function cannot hurt IDE drives.  USE CON-
TROLLER BIOS - Program will access BIOS format
built into any hard disk controller-even Con-
trollers yet to be invented.  0/S INDEPENDENT
- Does not rely on 0/S for diagnostics. Talks to PC
on hardware level. All tests are full function regard-
less of 0/S (I.e. Novell, UNIX, OS/2).  TRUE
HARDWARE DIAGNOSTICS - Accurate testing of
CPU, IRQ's, DMA's, memory, hard drives, floppy

drives, video cards, etc.  B1TCH CON (*ROL - All
tests, even destructive, may be selected for testing.
 ERROR LOGGING -Autornatiolly inputs errors
during testing to an error log.  XUTOMAPPING
- Automatically bad sector maps errors found on
hard disks.  IRQ DISPLAY - Show hits enabled
in IRQ chip for finding cards that are software driv-
en. (Network, Tape Backup, etc.)  IRQ CHECK -
Talks directly to hardware and shows I/O address
and IRQ of devices that respond.  MEMORY
EXAMINE - Displays any physical bit of memory
under l Meg. Very useful for determining memory
conflicts. Very useful for determining available
memory space.  SECTOR EDITOR - Allows the
editing of any sector of floppy or hard disk media
(even track 0).  AND MUCH MORE...\Ve don't
have enough space here for everything this soft-
ware can do!

The only Power -On Self -Test
card you need to debug any
"dead" PC...
iirrhis is the only card that will function in every

1 system on the market. The documentation is
extensive, and not only covers the expected POST
Codes for different BIOS versions, but also includes
a detailed reference to the bus signals monitored

j 11 inners of these awards:

I -
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"You name it,

this tests it. If you
maintain PC's,
you'll love it."

-Jerry Pournelle.

BY1 r. Magazine, May 94
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SF tivicE NEWS
PRODUCT OF THE MONTH

by the card." --Scott Mueller front his globally
recognized book, 'Upgrading & Repairing PCs,
Second Edition

 Includes pads for voltmeter to attach for actual
voltage testing under load.  4 LEDs monitor
+5vdc -5vdc +I2vdc -I2vdc.  Monitors Hi Lo

clock and OSC cycles to distinguish between clock
chip or crystal failure.  Monitors I/O Write and
I, 0 Read to distinguish between write and read
errors.  Monitors memory write/ read to distin-
guish between address line failures and memory
dip failures.  Monitors ALE for proper CPU/DMA
operation.  Monitors Reset to determine if reset is
occurring during POST, indicating short.  Moni-
tors progress of POST without POST codes.  Reads
POST codes from any IBM or compatible that emits
POST codes. ISA/EISA/MCA.  Compatible with
Micro Channel computers.  Dip switch allows
easy selection of I/O ports to read.  Includes tri-
state LOGIC PROBE to determine actual chip fail-
ures.  Manual includes chip layouts and detailed
POST procedures for all major BIOS's.  AND
MUCH MORE...
Also ask about our other Universal Products-
Micro-Scope CLIENT: The practical answer to
remote diagnostics (no modern required).
The COMPUTER CONSULTANT: 100% accurate
realtime henchmarking tool.
Micro -Scope CENSUS: ivilicraCj
Inventory software
to see and record what's 2 u
inside all of your PCs.

Call Now for Special Pricing: Tel. +441 462 483483 or Fax +441 462 481484
MICRO 200() EUROPE: P.O. Box 2000, Letchworth, Herts, SG6 1UT, England, United Kingdom

MICRO 2000 HOLLAND: Tel. +31 20 6384433 or lax. +31 20 6203437



With over 14,000 products
the new Maplin Catalogue

is now bigger than ever

THE EIFFEL TOWER
Built in 1889 by Alexandre Gustave Eiffel,

the Eiffel Tower is 984 feet high and
gives an unrivalled view of the

whole of Paris.

COMPLETE RANGE OF PCB
MAKING EQUIPMENT

COMPREHENSIVE RANGES OF
TEST EQUIPMENT

20Mscilloscope w
Fund' Generator £349.99

THE NEW MAPLIN CATALOGUE
Built for 1996 by Maplin, the new catalogue is

almost 1,200 pages long and gives an unrivalled
view of the whole world of electronics.

Now Only £2.95

rWeller Temperature Controlled
Soldering Iron £44.07

OVER 60 PAGES OF 100LS AND
SOLDERING ACCESSORIES

RANGE OF SATELLITE RECEIVERS
AND ACCESSORIES

1D

Extender

Satellite
uency

4 £25.99MI 1 I h--41 sisTaMidu- -/A kv. I
OVER 300 KITS FOR YOU TO BUILD

FROM £5 TO L599

Receiver
RR £9.9

Mobl4
£389.95

i; ;455u

FULL RANGE OF TRANSCEIVERS,
RECEIVERS AND SCANNERS

fll !IONICS .AND NIVONO

`BIG NAME' HI-FI SEPARATES AN
ACCESSORIES

Dolby Pro -Logic Surround Sound
£229.99

Get your copy now from WH SMITH, John Menzies and Maplin stores nationwide
Or order direct NOW on 01702 554161

Catalogue Mail order Price £3.45 (inc p&p) Prices referito the 1996 Maplin Catalogue and are inclusive of VAT
All items are subject to availability. L&OE. Maplin Electronics, PO Box 3, Rayleigh, Essex, England SS6 8LR.


