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PRO+ now
with SPICE

"moving from schematic to layout could not be easier
Electronics World & Wireless World Jan 1995
Quickroute 3.0 for Windows 3.1 has
been designed from the start to be
as easy to use as possible. without
sacrificing the power professional
engineers need to get the job done.
Quickroute is available with
schematic capture, support for
busses & power rails, 1-8 layer
auto -routing, SPICE file export, and
our new extended library pack.
Quickroute 3.0 PRO+ can also
connect to the Windows simulation
package SpiceAge using Windows
DDE. Contact POWERware for
more details!

file export
& SpiceAge
DDE link!

Quickroute 3.0
Integrated Schematic and PCB
Design for Windows 3.1
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£99

*Schematic & PCB Drawing *1 /2 layer auto -router

*Supports Windows printers/plotters *Full set of
libraries *Clipboard support *Designer Special (manual
on disk) also available.

PRO

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

PR

.660.0 A*

£199

+

T.

Busses and Power rails handled easily
using Global Nets on PRO+

£299

As the PRO but also includes *Advanced Schematic Capture
(Busses,Power rails,etc) *Larger Schematic & PCB Designs
*Gerber file IMPORT for File Exchange *Extended libraries
(CMOS,SMT,etc) *SPICE Export *SpiceAge DDE link.
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*Prices exclude P+P and V.A.T. VISA/MasterCard
Accepted *Network versions available.
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POWERware, 14 Ley Lane, Marple
Bridge, Stockport, SK6 5DD, U.K.
Tel/Fax 0161 449 7101

email infogpowrware.demon.co.uk
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Simulator with PRO+
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Available.
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In the last part of Robin Abbott's ET1
light gun project, he looks the
general problem of driving large scale
displays from a computer using a
standard RS232 serial drive from any
suitably equipped PC

Build a fibre optic
communications
link for PCs

80188

Versatile large
character display

ADC Module

Analog virtual
instrument
interface for the

32

Another add-on module for the ETI
80188 single board computer by
Richard Grodzik - an analog to digital
converter module which provides a
serial RS232 output at 9600 baud for
an input voltage range of

ETI 001811 $1.91.

board computer

0 -5 votts.

PIC

48

Project

In Part 1 of this short tutorial series,
Bart Trepak shows how he set about
building a PIC based alarm clock

58

Stamp Project

A look at how this little computer can
be used to implement a wide range
of pulse measurement applications

Volume 24 No.7

PCBs

The Transfer Way 62

&Features

Terry Balbimie looks at a new, easy
way to make PCBs

Projects

PIC

Computing
Without Clocks

12

A revolutionary British designed
clockless asynchronous processor
chip could fundamentally change the
way in which computers are
constructed and used. Nick
Hampshire looks at this world
beating technology, and why it is
considered to be the Holy Grail of
computer science

Simple Switcher
Regulators

36

In part 2 of this article, Dave
Bradshaw is putting them to work

Fibre Optic
Transceiver

42

,64

Programmer

This project by Robin Abbott
describes a low cost programmer for
the PIC microcontroller. Suitable for
home or other small scale use, it
reads, programs, and verifies PIC
16C54,55,56,57,58,64,71,74,84 and
any other upcoming 18, 28, or 40 pin
PIC devices

Linking computers and peripherals
using fibre optics can help overcome
many problems. Ken Ginn shows
how it can be done
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Pico Releases PC

Potential

PicoScope
'Virtual
instrument'
software.

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.

Pond tononraturo

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

PicoLog
Advanced data
logging software.

Call for your Guide on 'Virtual Instrumentation'.

New from Pico TC-08 Thermocouple to PC Converter
8 channel Thermocouple Amplifier
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,R,S and T types)
Resolution and accuracy dependant on thermocouple type.
For type K the resolution is better than 0.1 'C and accurate to
±0.1°C over -270°C to +1300'C.

TC-08

199

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

rigne- MO Virtual Instrument

.5.64-16 Logic Analyser

Dual Channel 12 bit resolution

Pocket sized 16 channel Logic Analyser

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

Connects to PC serial port.
Up to 50MHz sampling.
Internal and external
clock modes.

8K Trace Buffer.

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.

5414-/6
with software, power
supply and cables £ 219

"Me -100 with PicoScope £199

)4De- /0

with PicoScope & PicoLog £209

1 Channel 8 bit

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

Lowest cost in the Pico range
Up to 22kHz sampling
0 -5V input range
Carriage UK free.

Overseas £9

Oscilloscope Probes ( x1, x10 )

)412)e- /0 with PicoScope £49
PicoScope & PicoLog £59

Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 70J

Tel: 01954 - 211716

Access

Fax: 01954 - 211880

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT
ELECTRONICS TODAY INTERNATIONAL
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lead acid req'd (secondhand) £4 ref MAG4P11

op Pnce is E15 REF: MAG 15 12v psu is E5 extra REF: MAG5P2

GUIDED MISSILE WIRE. 4,200 metre reel of ultra thin 4 core

'FM CORDLESS MICROPHONE Small hand held unit with a

insulated cable. 281bs breaking strain, less than 1mm thick' !deal
alarms. intercoms. fishing. dolls houses etc. £14.99 ref MAG15P5

500' range! 2 transmit power levels. Recis PP3 9v battery Tuneable
to any FM receiver. Pnce is £15 REF: MAG15P1

ASTEC SWITCHED MODE PSU BM41012 Gives +5 a 3.75A,

LOW COST WALKIE TALKIES Pair of battery operated units

+12ta 1.5A -12@.4A.230/110, cased, BM41012 £5 99 ref AUG6P3
AUTO SUNCHARGER 155x300mm solarpanel with diode and 3
metre lead fitted with a agar plug 12v 2watt E9.99 ea ref AUG10P3
FLOPPY DISCS DSDO Top quality 5.25' discs, these have been
written to once and are unused Pack of 20 is £4 ref AUG4P 1

with a range of about 200 Ideal for garden use or as an educational
toy Pnce is £8 a pair REF: MAG 9P1 2 x PP3 req'd

COMPOSITE VIDEO KIT. Converts composite video into sepa-

(0345-326009 try before you buy!) Current retail price 18E129,

ECLAT RON FLASH TUBE As used in police car hashing lights
etc. full spec supplied 60-100 flashes a min £9.99 ref APR10P5.
24v AC 96WATT Cased power supply New £13.99 ref APR14

ours? just £29 ref EF134. SAVE £100111

MILITARYSPECGEIGERCOUNTERSUnusalanstraighttrom

entire mechanical punter assemblies including pnnthead. stepper

ENERGY BANK KIT 100 6"x6" 6v 100mA panels, 100
diodes, connection details etc. £69.95 ref EF112.
CCTV CAMERA MODULES 46X70X29mm, 30 grams. 12v
100mA auto electronic shutter, 3.6rnm F2 lens, CCR. 512x492
pixels, video output is 1v p -p (75 ohm). Works directly into a start or
video input on a tv or video. IR sensitive. £79.95 ref EF137

IR LAMP KR Sutable for the above camera enables the camera
to be used in total darkness, E5.99 ref EF 138

PASTEL ACCOUNTS SOFTWARE. does everything for all
sizes of businesses. includes wordprocessor report wnter
windowing, networkable up to 10 stations, multiple cash books etc
200 page comprehensive manual 90 days free technical support

MINI MICRO FANS 12V 1.5' sq just £3.99 each. Ref EF199
C ITOH PRINTERS 80 col, 9 pin matrix. senal/parallel. NLQ/draft.
3 Mth wane nty, good condition, E49 ref EF133

MICROSOFT TRACKBALL AND MOUSE Combined unit
with 4 buttons and tracicball, PS2 type connector Complete with
storage bracket_ Our pnce just £11.99 ref EF201

REUSEABLE HEAT PACKS Ideal for fishermen. outdoor
enthusiasts elderly or infirm, warming food, drinks etc. defrosting
pipes etc reuseable up to 10 times. lasts for up to 8 hours per go,
2.000wh energy, gets up to 90 degC Price is£12 ref EF129. rip £371

1.4461133.6" DISC DRIVES Relumsfrom atop PC manufactuer
so they may need attention. bargain pnce £8.50 ea ref EF203
1.2M B6.26" DISC D RIVES Agan returns so may need attention.
bargain pnceisE8.50 ref EF204 (1 °reach 1 2+1.44E14.99 ref 0205

A4 DTP MON ITORS Brand new, 300 DPI. Complete with

Her malestys forces. E50 ref MAG 50P3

OUTDOOR SOLAR PATH LIGHT Capturessunlight during the
day and automatically switches on a built in lamp at dusk. Complete
with sealed lead acid battery etc,E19 99 ref MAR20P1
ALARM VERSION Of above unit comes with built in alarm and on
to deter intruders Good value at just E24 99 ref MAR25P4

*MIN ATU RE RADIO TRANSCENERS A pair of walkie talkies
witha range up to 2 kmm open country Units measure 22x52x155mm

Including cases and earp'ces 2xPP3 req'd. £30 00 pr REF: MAG30
rate H sync, V sync. and video 12v DC. E8.00 REF: MAG8P2.

LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are
motors etc etc In fact everything bar the case and electronics a good

stnpperi £5 REF: MAG5P3 or 2 for £8 REF: MAG8P3
LED PACK of 100 standard red 5m leds £5 REF MAG5P4

UNIVERSAL PC POWER SUPPLY complete with flyleads,

CARETAKER VOLUMETRIC Alarm, will cover the whole of the

switch, fan etc 200w at E20 REF MAG20P3 (265x155x125mm).
GYROSCOPEAbout 3' high and an excellenteducationaltoyforall
ages! Pnce with instruction booklet £6 Ref EF15

ground floor against forcred entry. Ind udes mains power supply and
integral battery backup Powerful intemal sounder, will take external
bell if req'd. Retail £150+, ours? E49.99 ref MAR50P1.

4 drive connectors 1 mother board connector 150watt. 12v fan, iec
inlet and on/off switch. E12 Ref EF6

TELEPHONE CABLE White 6 core 100m reel complete with a

VENUS FLYTRAP KIT Grow your own carnivorousplantwiththis

pack of 100 dips Ideal 'phone extrrs etc £7.99 ref MAR8P3

simple kit £3 ref EF34

MICRODRIVE STRPPERS Small cased tape drives Ideal for

PC POWER SUPPLIES (returns) These are 140x 150x9Omm 0/

shipping, lots of useful goodies including a smart case. and lots of
components £2 each ref JUN2P3 Box of 10 lust E9 99 ref EF207.

ps are +12,-12,+5 and -5v. Burn in 12v fan. These are returns so they
may well need repairing! £3.50 each ref EF42

FUTURE PC POWER SUPPLIES These are 295x 135x6Omm.

SOLAR POWER LABSPECIAL you get TWO ENE' 6v 130mA

FM TRANSMITTER KIT housed in a standard working 13A

work It outt) Bargain at just E7.99 each??!! Ref EF186

solar cells. 4 LED's, wire. buzzer, switch plus 1 relay or motor. Superb
value kit just £5.99 REF' MAG6P8

adapter!! the bug runs directly off the mains so lasts forever' why pay
£700? or price is E15 REF EF62 Transmits to any FM radio. (this Is
In kit form with full instructions )

diagram but no interface data Ils.(so you will have to
OPD MONITORS g mono monitor, fully cased complete with

BUGGING TAPE RECORDER Small vomeactvated recorder,

rasterboard. switched mode psu etc. CGATITL input (15way D). IEC
mains. £15.99 ref DEC23 Price including kit to convert to composite
monitor for CCTV use etc is £21.99 ref DEC24

uses micro ca ssette complete with headphones_ £28 99 ref MAR29P1

FM BUG KIT New design with PCB embedded coil for extra

U LT RAMIN I BUG M IC Ernmx 3.5mm made by AKG,.5-12v electret
condenser Cost £12 ea. Ours? just four for £9.99 REF MAGIOP2

stability. Works to any FM radio 9v battery req d. £5 REF. MAG5P5

12V 2AMP LAPTOP psu's 110x55x4Onim (includes standard

RGB/CGA/EGAfITL COLOUR MONITORS 12' In good

I EC socket) and 2rn lead with plug. 100-240v IP. £8.99 ref EF200

condition Back anodised metal case £79 each REF JUN79
ANSWER PHONES Returns with 2 faults, we give you the bits for

PC CONTROLLED 4 CHANNELTNAERControi(ortiotrtimes
up to 4 items (8A 240v each) with this kit. Complete with

etc)

Software. relays, PCB etc £25.99 Ref 95/26

1 fault, you have to find the other yourself. ST Response 200s£18 ea
REF MAG18P1 PSUE5 ref MAG5P12

COMPLETE PC 300 WATT UPS SYSTEM Top of the range
UPS system providing protection for your computer system and

SWITCHED MODE PSU ex equip, 60w +5v 05A, -5vg 5A,

valuable software against mains power fluctuations and cuts. New
and boxed, UK made Provides up to 5 mins running time inthe event
of complete power failure to allow you to run your system down
correctly. SALE PRICE just £119.00.
RACAL MODEM BONANZA? 1 Racal MPS1223 1200/75
modem, telephone lead, mains lead manual and comms software,
the cheapest way onto the net! all this for just £13 ref DEC13.

HOW LOW ARE YOUR FLOPPIES? 3.5' (1 44) unbranded.
We have sold 100.0E0+ so °kr Pack of 50 E24.99 ref DEC16

6mw LASER POINTER. Supplied in kit form, complete with

+12v(p.2A,-12vg 5A 120r220v cased 245438x55mm IECinp ut socket
E6.99 REF MAG7P 1

PLUG IN PSU 9V 200mA CC £2 99 each REF MAG3P9
PLUG IN ACORN PSU 19v AC 14w £2.99 REF MAG3P 10
POWER SUPPLY fully cased with mains and o/p leads 17v DC
90CMA output. Bargain pnce £5.99 ref MAG6P9

ACORN ARCH PAEDES PSU +5v a 4 4A on/off sw uncased
selectable mains input, 145x100x45mm £7 REF MAG7P2
9v DC POWERSUPPLY Standard plug in type 150ma 9v DC with
lead and DC power plug price for two is £2.99 ref AUG3P4

FM BUG BUILT AN DTESTED supenor design to krt. Supplied
to detective agencies 9v battery req it £14 REF- MAGI4
TALKING COIN BOX STRPPERonginally made to retail atE79
each, these units are designed to convert an ordinary phone into a
payphone. The units have the locks missing and sometimes broken
hinges. However they can be adapted for their onginal use or used for
something else?? Price is just E3 REF: MAG3P1

TOP QUALITY SPEAKERS Made for HIFI televisionstriese are
10 watt 4R Jap made 4' round with large shielded magnets. Good
quality. £2 each REF: MAG2P4 or 4 for E6 REF: MAG6P2

TWEETERS 2' diameter good quality tweeter 140R (ok with the
above speaker) 2 for E2 REF: MAG2P5 or 4 for E3 REF: MAG3P4
AT KEYBOARDS Made by Apncot these quality keyboards need
junta small mod to run on any AT. they work perfectly but you will have

to put up with 1 or 2 foreign keycaps! Price £6 REF: MAG8P3

DOS PACKS Microsoft version 3.3 or higher complete with all
manuals or pnce just £5 REF: MAG5P9 Worth It just for the very
comprehensive manual' 5 25' only.

power adjuster, 1-5mw. and beam divergence adjuster. Runs on 2
AAA battenes. Produces thin red beam ideal for levels. gun sights
experiments etc Cheapest in the UK! just £39.95 ref DEC49

AA NICAD PACK encapsulated pack of 8 AA mead battenes
(tagged) ex equip, 55x32x32rnm E3 a pack REF MAG3P 11
13.8V 1.9A psu cased with leads. Just £999 REF MAG10P3

salable for small flat etc bargain pnce just £29.95 ref EF73.

SHOP WOBBLERSISmell assemblies designed to take D size

PPC MODEM CARDS These are high spec plug in cards made
for the Amstrad laptop computers 2400 baud dial up wit complete

E12 95 Ref EF82 extra pellets (500) £4.50 ref EF80
DOS PACK Microsoft version 6 with manual £9.99 3.5' ref EF209
WINDOWS 3.1 3 5* with manual E24.99 ref EF210

battenes and 'wobble' signs about in shops, E3 99 Ref SEP4P2.
RADIO PAGERSBrand new, UK made pocket pagers clearance
pnce is just E4.99 each 100x40x15mm packed with bits! Ref SEP5
BULL TENS UNIT Fully built and tested TENS (Transcutaneous
Electrical Nerve Stimulation) unit. complete with electrodes and full
instructions. TENS is used for the relief of pain etc in up to 70% of
sufferers. Drug free pain relief. safe and easy to use, can be used in
conjunction with analgesics etc. E49 Ref TEN/1

COMPUTER RS232 TERMINALS. (LIBERTY)Excenent
quality modern units.(likewyse 50,$) 2xRS232. 20 function keys 50
thro to 38,400 baud menu dnven port, screen. cursor, and keyboard
setup menus (18 menu's). E29 REF NOV4

OMRON TEMPERATURE CONTROLLERS (E6C2).Brang
new controllers, adjustable from 0 deg C to +100 deg C using
graduated dial, 2% accuracy, thermocouple input, long Ide relay
output ,3A 240v 0/p contacts. Petted for exactly controlling a temperature, Normal trade £50+, ours E15. Ref E5C2.

ELECTRIC MOTOR BONANZA? 110X6OMM.Brand new
preasion, cap start (or spin to start). virtually silent and features a
moving outer case that acts as a fly wheel Because of their unusual
design we think that 2 of these in a tube with some homemade fan
blades could form the basis for a wind tunnel etc. Clearance price is
lust E4.99 FORA PAIR! (note -these will have to be wired In senes for
240v operation Ref NOVI.

MOTOR NO 2 BARGAIN 110x9Omm.Similar to the above
motor but more suitable for mounting vertically (re turntable etc)
Again you will have to wire 2 in senes for 240v use. Bargain once is
lust £4.99 FOR A PAIR', Ref NOV3

OMRON ELECTRONIC INTERVAL TRIERS.
NEW LOW PRICES TO CLEAR!!!
Minature adjustable timers, 4 polo o/o output 3A 240v,

HY1230S, 12v)C adjustable from 0-30 secs £4.99
HY1210M. 1 2vDC adjustable from 0-10 mins £499
HY126OM, 12vCX adjustable from 0-60 mins £4 99
HY2460M, 24vAC adjustable from 0-60 mins £2 99
HY241S, 24vAC adjustable from 0-1 secs. £2 99
HY2460S, 24vAC adjustable from 0-60 secs, £2.99
HY243H, 24vAC adjustable from 0-3 hours £2.99
HY2401S, 240v adjustable from 0-1 secs. £4.99
HY2405S, 240v adjustable from 0-5 secs. £4 99
HY24060m, 2404 adjustable from 0-60 mins. £6 99
PC PAL VGA TO TV CONVERTER Converts a colour TV into
a basic VGA screen Complete with built in psu. lead and sAvare
£49 95 Ideal for laptcps or a cheap upgrade. We also can supply this
in iot form for home assembly at E34 95 ref EF54

DRINKING BIRD Remember these? hook onto wine glass (supplied) and they dnnk, standup,drinkstandup ETC' £4 each Ref EF1

EMERGENCY LIGHTING UNIT Complete unit with 2 double
bulb floodlights buitt in charger and auto switch Fully cased 6v 8A H

with leads. Clearance pnce is £5 REF: MAG5P1

INFRA RED REMOTE CONTROLLERS Originally made for hi
spec satellite equipment but perfect for all sorts of remote control
projects Our clearance pnce is just E2 REF: MAG2

200 WATT INVERTER Converts 10-15v DC into either 110v or
240v AC. Fully cased 115x36(156mm. complete with heavy duty
power lead, cigar plug, AC outlet socket Auto overload shutdown,
auto short circuit shut down, auto input over voltage shutdown. auto
input under voltage shutdown (with audible alarm), auto temp control,

unit shuts down if overheated and sounds audible alarm Fused
reversed pdanty protected output frequency within 2%, voltage
within 10%. A well built unit at an keen pnce Just £6499 ref AUG65.

UNIVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motor but ok for any 12v motor up to 30A Complete with PCB
etc. A heat sink may be required £17.00 REF: MAW?

MAINSCABLE Precut black 2 core 2 metre lengths Ideal for

GAS HOBS Brand new made by Optimus. basic three burner
GAT AIR PISTOL PACK Complete with pistol, darts and pellets

NOVELL NT EVVARE LITE (network sAvare) £24.99 ref EF211
P IR DETECTOR Made by famous UK alarm manufacturer these
are hi spec. long range internal units. 12v operation. Slight marks on
case and unboxed (although brand new) £8 REF: MAG8P5

MOBILECARPHON EE6.99 Well almost! cornpletein carphone
excluding the box of electronics normally hidden under seat. Can be
made to illuminatewith 12v also has built in light sensor so display only
illuminates when dark Totally convinangi REF. MAG6P6

6"x12- AMORPHOUS SOLAR PANEL 12v 155x31Ornm
130mA. Bargain price just E5.99 ea REF MAGEP 12.

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAG5P13 ideal for expenmentera 30 m for E12.99 ref MAG13P1
HEATSINKS n nag) TO220. designed to mount vertically on a pcb
50x40x25rnm you can have a pack of 4 for Et ref JUNIP11.

repairs, projects etc 50 metres for £1.99 ref AUG2P7.

STROBE LIGHT KIT Adjustable from

COMPUTER COMMUNICATIONS PACK Kit contains 100m
between PC's over a long distance. Complete kit £8.99

(electronic asssembly kit with full instructions) £16 ref EF28
ROCK LIGHTS Unusual things these, two pieces of rock that glow
when rubbed togetheri beived to cause rai nIE3 a pair Ref EF29
AMSTRAD GX4000 games machines, returns untested, sold as

ELECTRIC MOTOR KIT Comprehensive educational kit in-

seen. Just £2.99 ref EF 186.

of 6 core cable, 100 cable clips. 2 line drivers with RS232 interfaces

and all connectors etc. Ideal low cost method of communicating

cludes all you need to build an electnc motor £9.99 ref MAR101.4

VIEWDATA SYSTEMS made by Phillips. complete with internal
1200f75 modem, keyboard. psu etc RGB and composite outputs.
menu dnven. autothaller etc £18 each Ref EF88

BOOMERANG High tech. patented poly propylene. 34cm wing
span. Get out and get sane exercise for £4 99 ref EF83
AIR RIFLES .22 As used bytlieChinese armyfortraining puposes,
so there is a lot about! E39.95 Ref EF78 500 pellets £4.50 ref EF80

PLUG IN POWER SUPPLYS Plugs in to 13A socket with output
lead. three types available. 9vdc 150mA £2 ref EF58, 9vdc 200mA
£2.50 ref EF59, 6 5vcic 500mA £3 ref EF61

VIDEO SENDER UNIT. Transmits both audio and video signals
from either a video camera, video recorder. TV or Computer etc to any
standard TV se in a 100' range) (tune TV to a spare channel) 12v DC
SOME OF OUR PRODUCTS MAY BE UNLICZNsABLB IN 11.4B UX

BULL
ELECTRICAL
250 PORTLAND ROAD, HOVE, SUSSEX .

1

hz right up to 60hzi

NEW HIGH POWER LASERS
15mW. Helium neon,
3
so/linable wave lengths
63um,1 15um,3 39um
(2 of them are infrared) 560-1 polarizer built in so good for holography. Supplied complete with mains power supply 790x65mm Use
with EXTREME CAUTION AND QUALIFIED GUIDANCE
NEW SALE PRICE TO CLEAR JUST £249.VAT

WE BUY SURPLUS STOCK FOR CASH

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

11N3 5QT. list ARLISIIED 50 YEARS).

WITH NEW COMPUTER INTERFACE £59

III a II ORDER TERMS: CASI1, PO OR CHEOUF-

A Hand held personal Gamma and X Ray detector. This unit contains two Geiger Tubes, has a 4
digit LCD display with a Piezo speaker, giving an

WITH ORDER PLUS ,C3 POST PLUS VAT.
PLEASE ALLAW 1.10 IllaSkAtIXLIWAYIAtt)-N oktA:Rs
1,t2F1 AIASE (AETIFSS,VISA, SlififTTCR. AMERICAN EXPRESS)

TEL: 01273 203500
1::8): 01273 323077

audio visual indication. The unit detects high
energy electromagnetic quanta with an energy
from 30K eV to over 1.2M eV and a measuring
range of 5-9999 UR/h or 10-99990 Nr/h. ref NOV18

ELECTRONICS
TODAY INTERNATIONAL

Cut the Cost of PCBs

For further
information,
contact Track -

Tracks Cad Systems has announced the new Protomat
series of PCB prototype milling machines for the production
of one -off -and prototype PCBs.
These new systems extend the existing, proven range of
machines and, with prices starting at £7,950, exclusive of
VAT, make it possible for a whole range of new users to
derive the benefits of making their own PCBs. The price of
the new entry level Protomat 91s, is £7,950, and includes
PCB design software - a package price which equals about
half the cost of previous entry level systems. All you need is
a suitable PC to run the software and connect the machine
to. the new Protomat series are ideal for independent
operators, laboratories, small or occasional users, new
businesses and educational establishments. The Protomat
series offers a standard bed size of 420mm x 375mm
(Protomat 91s 340mm x 200mm) and all models perform to
the same high standards of precision and accuracy as other
professional systems in the LPKF range. Repetition
accuracy and precision are measured at +/- 0.02mm. The
machines can cut the full, standard range of PCB materials

on

01344 55046.

and are suitable for both single -sided and double -sided PCBs.

4 Port RS422 from

Brainl
1Boxes

Especially useful where limited motherboard slots are
available is the new Quad RS422, providing 4 industry
standard 422/485 ports. Each port is independently
configurable, either as RS422 with or without
handshaking, or RS485 with full and half duplex.
The RS422 standard provides higher speed and
longer distance data transmission. The card provides
reliable communication up to 1.2 kilometre (4,000ft).
On -board, fail-safe, open circuit detection prevents
false start bits and bad data being detected, whilst failsafe closed circuit detection protects receivers and
drivers. The on -board terminating resistors prevent
echoes. IRQ's 2-7, 10-12 and 15 are provided, together
with the addition of IRQ 14 for greater freedom.
A shared interrupt mechanism provides fast and
flexible interrupt handling. Baud rates up to 115,200 and
FIFO enhanced chip for Windows users completes this
tidy package.
Designed and manufactured in the UK by an IS09001
Registered Company, this new product is offered
inclusive of full documentation, three-year warranty. and
telephone technical support.

For further information,
contact Brain Boxes on
0151 220 2500.
ELECTRONICS TODAY INTERNATIONAL
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For more information,
contact Anders
Electronics plc, 0171
388 7171.
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Anders Displays has extended its range of flat panel displays with a
number of colour and monochrome modules from Citizen.
Available in three versions - transmissive, reflective and
transflective. The G6485H-FF series of 5.3" monochrome graphic
LCDs feature 640 x 480 VGA resolution, and are ideal for
applications such as hand-held data capture and notepad
computers, as well as equipment which has traditionally required
bulky 5" CRTs. Relying on ambient light, the reflective version has a
minimum power requirement, while the transmissive module
features a CCFT backlight. The transflective version can be used iri
transmissive or reflective modes according to ambient light
conditions. This range is complemented by the G648H-FF series,
featuring 640 x 480 VGA resolution and which are suitable for
applications such as compact portable PCs.
An 800 x 600 SVGA resolution modules - the 10.4" K8600L-FF - is
specially designed for the workstation and industrial control
markets, and will also be in demand for applications such as SVGA
notebooks. Also available is the K648LFF, and 8.4" dual -scan SVGA
passive colour display with a resolution of 640 x 480 dots.
The LCM512C is a highly advanced colour LCD monitor using
dual -scan passive Super Twisted Nematic (STN) LCDs. Displaying
up to 512 colours with a resolution of 640 x 3(RGB) x 480 VGA, the
device offers excellent picture definition and colour saturation, and
meets or surpasses the performance of CRTs. Very compact, and
able to be desk or wall mounted, the monitor has very low power
consumption, and the non -glare, flicker -free display meets the latest
EMC regulations. Potential applications range from computer
terminals for financial institutions to customer reservation systems
and touchscreen-based information systems.

Designed and manufactured in the UK, Blue
Chip Technology continues to expand their
extremely successful range of single slot PC
processors with the release of the DX4/100MHz
CPU version.
The latest high speed CPU takes advantage of
the on -board local bus GUI accelerated video
with resolutions of up to 1280'1024. Together
with the on -board 256KBytes of level 2 cache,
(up to 64MBytes of DRAM), 2MBytes of Flash,
512KBytes of SRAM, IDE and floppy controllers,
2 serial ports, (both RS232 or RS485 software
selectable), parallel, keyboard and PS/2 mouse
ports, it is intended for use in mission critical
applications where the power monitoring and
watchdog features assure integrity of operation.
The processor card is already used extensively
in a wide range of applications from network
nodes/servers through to EPOS terminals.

ELECTRONICS TODAY INTERNATIONAL
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Further information,
contact Blue Chip
Technology on
01244 520222.

Compact Loudspeaker
from Maplin

C-104
dules from IMS offer the
benefit of the standard PC -Bus architecture
but on a miniature form size, measuring only
3.6"x3.8" and with exceptionally low power
consumption. PC -104 is therefore ideal for
Prembedded applications where PC
architecture is desired, but current PC
Imotherboard/plug-in cards technology is
too bulky and power-hungry.
The current range offered by IMS
includes a diverse mix of products,
including such modules as CPUs, peripheral
interfaces (hard/floppy disk). serial & parallel
I/0, SVGA& flat panel display controllers,
PCMCIA, ethernet network, RS422/485
communications, solid state disks, digital
I/O and analogue A/D & D/A.
The PC -104 modules can be used as
`Lego' style building blocks, by
interconnecting them in a stack, enabling a
wide variety of configurations to be
implemented, thereby offering the versatility
and flexibility required in many diverse
embedded applications. Because of the
miniature size, developers can now embed
PC -based control in a variety of machines
- and equipment, retaining the development
investment based on PC technology as well
1 as benefiting from the enormous
development support products available on

the PC.

The new Compact Stage Monitor is a high quality, low cost
loudspeaker which has been specially designed to allow
musicians to hear themselves clearly in situations where bass
and amplified instruments are being used. The unit contains a
high quality 12in. woofer, and a 1 3/8" titanium high frequency
driver, which are driven through a specially designed
crossover/equaliser network to give the best possible sound
quality.
The substantial cabinet is covered in a hardwearing material
to cope with the rigours of professional use.
contact Maplin on 01702 554161.

Specification:
Frequency Response:
Crossover Frequency:
Nominal Impedance:
Sensitivity:
Power handling

65Hz to 20kHz
2kHz
8ohm
97dB

longterm/continuous:
short-term peak:
410 x 560 x 410mm

Dimensions:
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The stage monitor
costs £189.99 (Inc
VAT). For further
details contact
Maplin
01702 554161.

.--'-....___._;-- --- - --------______,.....
---.".....-,....,.....;

Maplin Spikes Mains Supply
The new Spike Protector from Maplin Electronics is a 4 -way mains
socket strip that redirects transients and surges on the mains
supply safely to earth. The unit has a response time of less than
ten nanoseconds.
A built-in neon glows brightly when three conditions are met:
the protection unit is intact, the supply fuse is not ruptured and
the correct earth is present. Any problems will cause the neon to
glow, or if the earth is not present, the neon will glow with a
reduced light output.
To help comply with BS 6396, the socket strip is provided with
an external earth terminal to ground other desk -mounted
electronic equipment. The socket strip can be mounted on a wall
or desk and comes with two metres of mains cable and a BS plug
fitted with a 13A fuse. The
socket strip is fitted with an
integral 7A fuse.

For further information, contact
Integrated Measurement Systems Ltd on
01703 771143.

The Spike Protector
costs £29.99 (inc. VAT)
For further details, contact Maplin
on 01702 554161.

ELECTRONICS TODAY INTERNATIONAL
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on kit enabling a s nda PC -Bus (ISA) to be
announced a n = Optical PC- s a
extended up to distances of 100m. Code -named the PCX-797, this kit comprises two, half-size standard
PC -bus plug in cards. A master card, which plugs into the main PC and a slave card which plugs into the
extended bus, joined by fibre optic cable up to 100m away. A number of multi slot extender backplanes
(from 3 to 20 slots) as well as remote housing chassis are also available.
The fibre optic link operates at very high transmission rates (96Mbps) thereby eliminating bus timing
problems usually associated with limited bandwidth cable based bus extension. The optical link also
provides the benefit of interference -free communications allowing extension in
electrically noisy environments. Multiple Master/Slave kits can be installed in a
single PC allowing a star network of remote outstations to be implemented.
The PCX-797 is ideal for remote monitoring and control applications
from a central controller, where the distances are too great for
conventional cable -based extends, as well as for applications in
hazardous areas.
IMS

For further Information, contact Integrated
Measurement Systems Ltd on 01703 771143.

Electronics Service Test Software
Polar Instruments has introduced a powerful new software capability for its analog signature analysis (ASA) test systems
which eliminates a major cause of lost productivity in electronics service test and repair - invalid fault diagnosis. ASA is
one of the most common electronics service techniques in use today, but logic ICs from different vendors - although
functionally compatible - can exhibit marginal signature variances which appear as faults. Polar's software, called AVR
(Advanced Vendor Recognition), takes advantage of the digitised signature facilities in its PC -based T4000, T6000 and
TD8000 field service testers to detect these variances automatically, eliminating confusion for the user - and potentially
unnecessary repairs. When the time to accomplish such repairs - and the necessary retest - is taken into account, AVR
can double the throughput of test and repair operations.
For example, AVR can significantly improve for in-house maintainers of process control and automation equipment
who may have difficulties building up a repair knowledge base due to low volumes of a particular board type. For these
groups, ASA is a key maintenance technique and Polar's AVR can clarify the fault location process, resulting in fewer
unnecessary repairs, reduced maintenance costs and increased overall efficiency. Similarily, in test and repair depots,
AVR can cut the time necessary for a new service engineer to become effective in fault diagnosis.
Working without powering up a suspect PCB and without the need to circuit documentation, ASA provides a fast,
diagnostics -oriented, type of testing which can quickly detect failures in digital and analog circuitry, and typically allows
equipment to be returned into service for the price of a simple component. PCBs are tested on a component -by component basis by applying an AC signal - which is both voltage and current limited - to produce an impedance
'signature' that is characteristic of a node's in -circuit behaviour. Wrong, or failing, components present different
characteristic signatures, making it very easy to identify faults.
The introduction of PC -based virtual instrument panel front -ends for this type of equipment automated the ASA
application by providing powerful signature digitisation, storage and comparison facilities. Digitally -stored signatures
are ideal for long-term system maintenance tasks and for service organisations adopting distributed repair strategies,
because they eliminate the need for expert electronics knowledge of the circuit under test, and speed component -level
fault diagnosis. However, logically equivalent ICs from different manufacturers - for example 74HC373s from Harris
Semiconductor and Texas Instruments - produce marginally different signatures, creating confusion for the user which
can result in invalid fault diagnosis. For example, one frequent cause of such signature deviations arises from the
various methods used by different manufacturers to
construct pin protection diodes. AVR's powerful correlation
techniques identify where three or more pins of an IC fail in
an identical manner and produces the message "probable
vendor difference", eliminating both the confusion and the
need for repair. Interestingly, AVR also highlights the
common case in bus -based boards where different build
standards may or may not contain pull-up resistors, making
it extremely useful for experienced users servicing
computer and peripheral boards.

For further information, contact Polar Instruments
Ltd on 01481 63081.
ELECTRONICS TODAY INTERNATIONAL
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERSLOUOSPEAKERS-19 INCH STEREO RACK AMPLIFIERS
OMP MOS-FET POWER AMPLIFIERS
HIGH POWER. TWO CHANNEL 19 INCH RACK

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

.0

SERVICE r LARGE 0.4439.A.

El

*MP MOS-FET POWER AMPLIFIER MODULE

II

-

-

=

STAMPED FOR CATALOGUE*

SUPPLIED READY BUILT AND TESTED.

These modules now anion a world-wide reputation for quality. reliability and performance at a realistic price. Four
models are available to suit the needs of the professional end hobby market i.e. Industry. Leisure. Instrumental and
etc. When comparing prices. NOTE that all models include toroidal power supply, integral heat sink. glass fibre P.C.B. and
drive circuits to power a compatible Vu meter. All models are open and short circuit proof.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz

-3dB. Damping Factor

300, Slew Rate 45V/uS.

T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.

PRICE C40.85 - £3.50 P&P

OMP/MF 200 Mos-Fel Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS

-3dB, Damping Factor

FOUR MODELS:- MXF200 (100W

100W) MXF400 (200W - 200W)
MXF600 (300W - 300W) MXF900 (450W f 450W)

. 300, Slew Rale 50V/uS.

T.H.D. typical 0.001%, Input Sensitivity 500mV. S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE C64.35 - £4.00 P&P

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *Independent power supplies with two toroidal transformers * Twin L.ED Vu meters *

OMP/MF 300 Mos-Fet Output power 300 watts

Level controls * Illuminated on/off switch * XLR connectors * Standard 775m5 inputs * Open and short circuit

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

proof * Latest Mos-Fete for stress tree power delivery into virtually any load High slew rate * Very low

- 300. Slew Rate 60V/uS,

r -3dB, Damping Factor

distortion * Aluminium cases * MXF600 d MXF900 fan cooled with D.C. loudspeaker and thermal protection.

T.H.D. typical 0.001%, Input Sensitivity 500mV. S.N.R.
-110 dB. Size 330 x 175 x 100mm.
PRICE £131.75
C5.00 P&P

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.
SIZES:- MXF200 W19 -4e13`
(2U)xD11"

MXF400 W19"4N5' (3U)41312"
MXF600W19"4145'n. (3U)401 3"

MXF900W19"4N5'.." (3U)sD14.."

OMP/MF 450 Mos-Fet Output power 450 watts

PRICES:- MXF200 £175.00 MXF400 0233.85
MXF600 C329.00 MXF900 £449.15

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

-3dB. Damping Factor

. 300. Slew Rate 75V/uS.

T.H.D. typical 0.001%. Input Sensitivity 500mV. S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection. 2
Second Anti -Thump Delay. Size 385 x 210 x 105mm.

SPECIALIST CARRIER DEL. £12.50 EACH

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 Rale 75VIuS, T.H.D. typical
0.002%. Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled. D.C.Loudspeaker Protection, 2 Second
Anti -Thump Delay. Size 422 x 300 x 125mm.

Advanced 3 -Way Stereo Active Cross -Over, housed in a 19'' a 1U case. Each channel has three level controls:

bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the
cross -over frequency. Bass -Mid 250/500/800Hz. Mid -Top 1.8/315KHz. all al 24dB per octave. Bass Invert switches
on each bass channel. Nominal 775m5 input/output. Fully compatible with OMP rack amplifier and modules.

PRICE C259.00 - C12.00 P&P

Price £117.44 + £5.00 P&P
4:141.11--f011,'.11:14:11

NOTE MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHL
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) . INPUT SENS
75mY BAND WIDTH SOMA ORDER STANDARD OR PEC.

* ECHO & SOUND EFFECTS*

STEREO DISCO MIXER with 2 a 7 band
L &
Fl
graphic equalisers with bar graph
LED Vu meters.

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.

MANY OUTSTANDING

FEATURES, including Echo with repeat &
speed control, DJ Mic with talk -over
switch, 6 Channels with individual faders
plus cross fade, Cue Headphone Monitor, 8

(60p STAMPED) FOR COMPLETE LIST.

Sound Effects. Useful combination of the

following inputs:- 3 turntables (meg), 3

McKenzie and Fane Loudspeakers are also available.

mins, 5 Line for CD, Tape, Video etc.

Price £144.99

£5.00 PAP

EMINENCE:- INSTRUMENTS. RA.. DISCO. ET a

size: 4824240 x 120,nm

PIEZO ELECTRIC TWEETERS - MOTOROLA
Join the Piezo 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. Asa 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.

ALL EMINENCE UNITS 8 OHMS IMPEDANCE
8. 100 WATT R-M.S. ME8-100 GEN. PURPOSE. LEAD GUITAR. EXCELLENT MID. DISCO.
RES. FREO. 72Hz, FREQ. RESP. TO 4KHz. SENS 97dB
PRICE 032.71 - C2.00 P&P
10" 100 WATT R.M.S. MI10-100 GUITAR. VOCAL. KEYBOARD. DISCO. EXCELLENT MID.
C2.50 P&P
PRICE C33.74
RES. FREO. 71Hz. FREO RESP. TO 7KHz. SENS97dB
10" 200 WATT R.M.S. ME10-200 GUITAR. KEYB'D, DISCO. VOCAL. EXCELLENT HIGH POWER MID.
PRICE C43.47
C2.50 P&P

TYPE 'A' (KSN1036A) 3 round with protective wire mesh. Ideal for RES. FRED. 65Hz. FRED. RESP. TO 3.5KHz, SENS 99d8

TYPE'

TYPE C

TYPE '8

TYPE E

- bookshelf and medium sized Hi-Fi apeakers. Price C4.90 - 50p P&P.
TYPE '8' (K5N1005A) 3'." super horn for general purpose speakers,
disco and P.A. systems etc. Price C5.99 - 50p P&P.
oTYPE 'C' (K5N1016A) 2"x5" wide dispersion horn for quality Hi-Fi systerns and quality discos etc. Price 06.99 - 50p P&P.
TYPE 'D' (KSN1025A) 2"x6 wide dispersion horn. Upper frequency
response retained extending down to mid -range (2KHz). Suitable for high
quality Hi-Fi systems and quality discos. Price C9.99 - 50p P&P.
TYPE 'E' (KSN1038A)3V horn tweeter with attractive silver finish trim.
Suitable for Hi-Fi monitor systems etc. Price 05.99
50p P&P.
LEVEL CONTROL Combines, on a recessed mounting plate. level control
and cabinet input jack socket. 85x85mm. Price £4.10 - 50p P&P.
.

TYPE '0

12" 100 WATT R.M.S. ME1 2-100LE GEN. PURPOSE. LEAD GUITAR. DISCO. STAGE MONITOR.
PRICE 035.84 C3.50 PEP
RES. FRED. 49Hz FRED. RESP. TO 6KHz. SENS 100dB
12 100 WATT R.M.S. ME12-100LT (TWIN CONE1 WIDE RESPONSE, P.A., VOCAL, STAGE
MONITOR. RES. FREO 42Hz, FREQ. RESP. TO 10KHz. SENS 913413
PRICE 036.87 - C3.50 PEP
12 200 WATT R.M.S. ME1 2-200 GEN. PURPOSE, GUITAR. DISCO VOCAL. EXCELLENT MID.
PRICE 046.71 - C3.50 P&P
RES. FRED. 58Hz, FRED, RESP, TO 6KHz. SENS 98d8
12 300 WATT R.M.S ME12-300GP HIGH POWER BASS. LEAD GUITAR. KEYBOARD, DISCO ETC.
-

RES. FREQ, 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB.

PRICE C70.19

'

C3.50 P&P

15' 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS INCLUDING BASS GUITAR.
PRICE C50.72

RES. FRED. 46Hz, FRED, RESP. TO 5KHz, SENS 99dB

C4.00 P&P

15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS. INCLUDING BASS GUITAR.
04.00 P&P

PRICE 073.34

RES. FRED. 39Hz, FRED. RESP, TO 3KHz. SENS 1034113.

*
ALL EARBENDER UNITS 8 OHMS lEcept EWAN) 4 E810-50 which we dual Impedance tapped a 4 a 8 ohm)

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS. HI -Ft. IN -CAR.
RES. FRED. 40Hz, FRED. RESP. TO 7KHz SENS 97418

A new range of quality loudspeakers. designed to lake advantage of the latest
speaker technology and enclosure designs. Both models utilize studio quality

RES. FRED, 40Hz, FREQ. RESP. TO 5KHz. SENS 99013

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

RES. FRED. 35Hz, FREQ. RESP. TO 3KHz. SENS 96dB

-

PRICE C30.39

-

C2.50 P&P
C3.50 P&P

12" 100WATT EB1 2-100 BASS. STUDIO, HI -Fl EXCELLENT DISCO
PRICE 042.12 - C3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5'." 80WATT EB5-80TC (TWIN CONE) HI -Fl, MULTI -ARRAY DISCO ETC.
RES. FREQ. 26Hz, FREQ. RESP. TO 3KHz. SENS 93dB.

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

RES. FREQ. 63Hz. FRED_ RESP. TO 20KHz. SENS 92dB

C1.50 PEP

PRICE C9.99

Eila 6OWATT EB6-60TC (TWIN CONE) HI -Fl. MULTI -ARRAY DISCO ETC.

ibt FC 1 2-100WATTS (100dB) PRICE £159.00 PER PAIR
tb/ FC 1 2-200WATTS (100dB) PRICE C175.00 PER PAIR

RES. FREQ. 38Hz. FREQ. RESP. TO 20KHz. SENS 94.9B

PRICE 010.99

-

1.50 P&P

B 60WATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.

SPECIALIST CARRIER DEL, £12.50 PER PAIR

RES. FREQ. 40Hz. FREQ. RESP. TO 18KHz. SENS 89dB

PRICE C12.99 - C1.50 P&P
10" 60WATF EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES. FREO. 35Hz, FRED. RESP. TO 12KHz, SENS 984113.
PRICE C18.49 - C2.00 P&P

OPTIONAL STANDS PRICE PER PAIR 049.00
Delivery C6.00 per pair

PRICES: 150W C49.99 250W C99.99
400W 0109.95 P&P C2.00 EACH

PRICE C13.65

10" IOOWATT EB10-100 BASS, HI -Fl. STUDIO

are fitted as standard with top hats for optional loudspeaker stands

rIrTFLIFITTqiirriliiI11711TITT-ZqT

C2.00 P&P

PRICE C8.90

10" 5OWATT EB10-50 DUAL IMPEDENCE. TAPPED 418 OHM BASS. HI-FI, IN -CAR.

THREE SUPERB HIGH POWER
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:

* Stereo. bridgable mono * Choice of
high & low level inputs * L & R level
controls * Remote on -off * Speaker &
thermal protection\

POSTAL CHARGES PER ORDER f1.00 MINIMUM. OFFICIAL
PRICES INCLUSIVE OF V.A.T. BALES COUNTER. VISA AND

ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIEB, PLC. ETC.
ACCESS ACCEPTED BY POST, PHONE OR FAX.

RAMICLAYCARD

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TRANSMITTER

60108MHz.
VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm SUPPLY 125 a 0.SAMP

PRICE C14.85 - C1.00 P&P
FM MICRO TRANSMITTER lovaakeu VARICAP TUNED. COMPLETE WITH
VERY SENS FET MIC RANGE 100-300m, SIZE 56146min, SUPPLY 9V BATTERY

PHOTO: 3W FM TRANSMITTER

B.K. ELECTRONICS
UNITS 1 & 5 COMET WAY. SOUTHEND ON SEA,
ESSEX SS2 6TR

Tel 01702 - 527572 Fax. 01 102 420243

PROFESSIONAL CIRCUIT AND PCB DESIGN AIDS FOK WINDOWS
CADPAK for Windows

i I

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.
ISIS ILLUSTRATOR
Edit

iv I Ak

11,,p

I

PROPAK for Windows
PROPAK has all of the features in CADPAK plus

netlist based integration, automatic power
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The schematic drawing module of CADPAK,
ISIS Illustrator, enables you to create circuit
diagrams like the ones in the magazines.

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.
Fully automatic annotator.
Complete with device and
comprehensive package libraries for
both through hole and SMT parts.

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.
III Exports diagrams to other applications
via the clipboard.
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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 -sheet 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.
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.
II Power plane generator creates ground
planes with ease.
PROPAK is also available for DOS.
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Call or fax us today for a
demo pack. Please state
whether you would like a
DOS or Windows pack.
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A revolutionary British -designed clockless
asynchronous processor chip could
fundamentally change the way in which
computers are constructed and used, Nick
Hampshire looks at this world beating
technology, and why it is considered to be the
Holy Grail of computer science..
hen buying a new computer one of the first
questions most of us will want to know is the
system's clock speed. This is because the clock
speed gives us some idea of the processing
power of the system; it is a guide to how many
instructions the system can perform in a given period. It thus
allows us to distinguish between systems which are otherwise
identical. But a processor's clock is not there to simply give
the user some idea about how powerful the system is. Indeed
it has a far more important function. The main function of the
processor clock is to synchronise the different operations of
the processor. It ensures that all logic levels are steady at the
same time, and that all logic levels which are about to change
will change at the same time.
The function of the clock is. therefore, to synchronise all the
diverse different operations of the processor and the system of
which it is part. In other words, not only the CPU operations
are synchronised by the clock but also memory, VO, even disk
drives and video displays. Such systems are therefore
described as synchronous processor systems.
Every digital computer which has been produced so far,
except for some of the very earliest designs has been a
synchronous clocked system. But although it has served
computer designers - in particular microprocessor designers well in the past, it is a technique which is starting to come up
against severe limitations as processors become both larger
and faster. These limitations are already stretching designers'
ingenuity and capabilities to the limit.
The limitations which are becoming a serious problem in
designing larger and larger, and faster and faster
microprocessors - and we are now looking at devices with ten
million transistors running at clock rates of well over 100MHz can be broadly grouped into four categories.
First of all there is the question of power usage. With all
those transistors being switched at very high speed, such a
processor needs a lot of power, and it dissipates that power in

the form of lots of heat. Already, microprotessors which
consume 20 or 30 watts are not unusual; indeed if current
design trends continue we could be looking at a 0.1urn 5V
CMOS processor dissipating 2kW by the year 2000. (This
could of course be a design feature! every system has a builtin central heating unit equivalent to a two bar electric fire.)
Power consumption is already a serious problem; even
today's fairly moderate power usage requires special
techniques to channel away the unwanted heat, as well as
posing problems in the design of battery -powered portable
systems. The DEC Alpha uses heat pipes to channel the heat
away, whilst the SPARC uses Peltier Effect devices to actively
cool the chip, others use fans mounted directly on the
processor chip or special heatsinks.
Power consumption is being kept down by several
techniques, such as the use of lower supply voltages
(reduction to 3V operation will reduce power consumption
by a factor of 3 over 5V operation). More significantly,
the use of power management techniques to
switch off the clocks to some areas which are
not currently being used but are, still
consuming power. Typical of this technique is
the 'sleep mode' found on many low power
microprocessors, but such techniques are
fairly crude and their granularity very course.
Secondly, designers are faced with
physical limitations, the speed of light, on
how far a pulse can be sent down a wire in
a given period; as the period gets shorter so
the distance gets shorter. In a nanosecond,
light travels just 30cms in a vacuum; an
electron moving along a thin gold wire would
probably only go a couple of centimetres. This
essentially means that a very fast processor has to be
built on a single piece of silicon using as small a device
geometry as possible. The supercomputers of today are
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Transition Signalling and Microp pelines
REQUEST

REO

REO

DATA

ACKNOWLEDGE
ACK

ACK
.E.

CYCLE

CYCLE 2

CYCLE 3

Fig.1 . The timing diagram showing how the two event signalling lines are used

Much of the original theoretical work on designing an
asynchronous computer was done by Ivan Sutherland in
the States. Sutherland, who is well known as the
IN1
founding father of modem computer graphics, started
looking at the problems involved in designing an
1H2
asynchronous system during the late 1970s when he
C _7
was at Caltech. This work formed the subject of his
famous Turing Award lecture in 1989.
The publication of that lecture in the Communications
of the ACM inspired researchers around the world to
look again at the design of an asynchronous computer
Sutherland had proposed that the best design was wha
is known as a pipelined processor, a computer
Fig.2a The transistor level implementation of a Muller C gate
for use on an IC
architecture which can provide very high speed
processing because the separate stages of the pipeline
are able to work concurrently.
Pipelines are widely used in modern high-speed
processors, such as graphics processors and DSPs, and
are best understood by using an analogy with a
manufacturing assembly line. In an assembly line, a
succession of objects, such as motor cars, passes down
the line along which different people working
concurrently perform small specialist operations.
Productivity is increased because each individual has
optimised the task that he or she does. The same goes
for a computer pipeline since it uses concurrency to
maximise processing speed.
Z.-4.2.-4ZEZ
A pipeline processor therefore operates on data as it
moves along the pipeline - in other words, down the
assembly line. This implies of course that the pipeline
both stores and processes data, and not just one byte of
Fig 2b Muller C gate implementation using AND gates
data but a sequence of bytes of data, with storage
elements alternating with processing elements. If we
remove the processing elements of a pipeline then it becomes a sequence of storage elements through which
data can pass, much like either a shift register, or a FIFO buffer.
The virtue of a pipeline is that it can be either clock driven or event driven, on all current processors the
pipelines are of course clock driven, but for an asynchronous processor it will be event driven. The problem w
many types of clocked pipeline is that they tend to be inelastic and, when stripped of the processing element,
rather like a shift register. In such inelastic pipelines, the amount of data in them is fixed and the output from the
pipeline exactly matches the input.
4111
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Input and output rates, as well as storage capacity,
can only be made to vary when the pipeline is elastic.
An elastic pipeline stripped of its processing
component is essentially a flow through first in first out
memory, or FIFO. Sutherland realised that event driven
elastic pipelines, with or without processing capability,
were one of the keys to the design of an asynchronous
computer system, and he referred to them as
'micropipelines'.
The other main key was to move from using the
'high/low' voltage levels of a clocked system for
defining logic true and false to a system where the
absolute voltage level is ignored and it is the transition
between the two levels which specifies the 'event'. This
he referred to as transition signalling, and has the
potential of being twice as fast, and a lot more energy
efficient than clock based systems since information is
transferred in both the rising and falling edges of a
pulse, as opposed to the pulse itself.
Transition signalling can be used to provide the
event signalling which is essential for the proper
operation of a micropipeline. The actual data is still
stored as high and low voltages representing true and
poifalse. Event signalling is the key component of an
asynchronous system, and just as asynchronous

communications ports use 'request' and 'acknowledge'
handshaking lines, so a micropipeline also uses
'request' and 'acknowledge' event signalling lines.
The timing diagram (Fig.1.) shows how these two
0
event signalling lines are used. In phase 1, the sender places a value on the data lines and then sends an event
on the request line. In phase 2, the receiver accepts the data and responds with an event on the acknowledge
line. Because the events use transition signalling, they can be either a rising or a falling edge.
Superficially, this resembles a common two phased clocked system, but it is actually rather simpler since such
systems have five events per cycle as opposed to two. But what makes it really different is the fact that, in the
micropipelined system, the two phases can be of different and variable duration - this identifies it as being a true
asynchronous system.
On a practical level, the problem is that transition signalling of events is something which cannot easily be
done using standard logic gates; these are all designed for level sensitive operation rather than transition based
operation. To solve this problem Sutherland used a special circuit which contains a 1 -bit memory cell and is
known as a Muller C gate after its inventor David Muller.
The Muller C gate is represented by an AND gate symbol with a C inside it. It has two inputs, one of which is
Fig.3. Other event driven logic modules required
for constructing an asynchronous processor

often inverted, and one output, and a reset line, Cdn (see Fig.2a which also shows the transistor level implementation
for use on an IC; an implementation using AND gates is shown in Fig.2b.). In operation, the C gate will only output
an event when both its inputs enter the same logic state after both have received an event. A range of other
event driven logic modules required for constructing an asynchronous processor are shown in Fig.3; most of
these are constructed using C gates.

One module which is not in that list is the event
driven transparent latch shown in Fig.4a. The
Muller C gate handles the event signalling on a
micropipeline but to construct such a pipeline one
also needs to give it storage capability, hence the
need for the transparent latch, a sort of event
driven version of the D -type flip-flop.
Each latch has two event driven inputs called
PASS and CAPTURE. The PASS input is used to
render the latch transparent - in other words, the
state of the data input is directly transferred to the
data output; the latch essentially disappears. The
CAPTURE event input latches, and thus stores, a
1 -bit data value, so that the logic values on the
data input and the data output lines may well be
different, depending on the value stored in the

R(in)

DATA IN

LATCH

TOGGLE

DATA OUT

A I r:

)

Fig.4a An event driven transparent latch
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microprocessors, the DEC Alpha - probably the most powerful
micro currently in production - has a power equivalent to
that of a Cray super -computer produced just three or four
years ago.
Thirdly, there is the problem of accurately synchronising all
the operations within a large chip operating at very high
speed. Once again, the length of data paths is a critical factor.
If an operation is to be performed in several different areas of
the chip concurrently, then the designer will have to build
delays into some of the data paths to ensure this concurrency.
This effectively means that the procesior can only operate as
fast as its slowest component, and a lot of silicon and design
effort is usually devoted to making such rare worst case

drivers, essentially in the form of a 40 watt power transistor,
occupying over 20% of the silicon area. The designers of the
Alpha have pushed the solution of this problem to the limits:
there is little further scope for improvement.
All these limitations add up to the inescapable fact that the
designers of conventional sequential dicroprocessors, both
CISC and RISC versions, are starting to encounter technical
limitations in their quest to build ever faster and more powerful
processors. These limitations may be uneconomical to solve in
traditional processor designs, but might be easily soluble if we
simply change the way in which we think about designing a
computer system or, for that matter, any highly complex high
speed logic circuit.

Operations fast.

Changing the design paradigm

Fourthly, and finally, there is the problem of clock slew at
high data rates. This is the tendency of the clock pulse to lose
its sharp rising and falling edges and therefore become an
inaccurate means of ensuring synchronisation. The only real
way around this is to use brute force to drive the clock pulse
and prevent it being stewed. Thus, on the DEC Alpha the
clocking system is a major engineering achievement with the

latch. One can construct such a
transparent event driven latch using three
conventional latches and three standard
inverters. The transparent event driven
latch elements can then be assembled to
build byte wide storage registers.
A simple micropipeline would consist
of one register per pipeline stage, plus
Muller C gates for the event driven
control; a block diagram for such an
event driven elastic FIFO micropipeline is
shown in Fig.5. The data passes through
the latches from left to right, and
elasticity is ensured because empty
*latches are completely transparent; with
the four stages shown it could have just
one data element or four elements stored.
Stability is ensured by the fact that
each stage is a control event loop which
checks to see if the predecessor and
successor stages are different. If they
are, then it copies the predecessor's
state. If not, it holds the present state
and goes back round the control loop. It
is this type of event control loop which
eliminates the need for clock
synchronisation.

The development of computer science nas been one of a
continuous search for ways of constructing machines which
are more powerful. Because of some of the constraints which
have just been outlined, in particular the maximum distance
that an electrical pulse can travel in a very short period, it is
now widely accepted that very fast computers will have to be
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Fig.4b. Gate implementation of event driven latch
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but no processing, and in fact
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fact that it no longer needs any clock
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built on a single piece of semiconductor using very small
component geometries.
This is fine so long as the processor design is very simple
since, as we have seen, increasing device complexity brings
with it other serious limitations, clock slew, synchronisation,
and excessive power requirements. Device simplicity is the
clue to one attempt at minimising some of these problems,
hence the enormous interest in Reduced Instruction Set
Computers, or RISC processors.
With a RISC processor the complexity of the device is
reduced by reducing the instruction set to the absolute
minimum, and transferring the task of performing complex
operations from the processor hardware to either the software
or other specialist hardware such as a maths coprocessor.
This is a technique which has proved very popular in
applications, such as graphics processing, where a lot of
simple repetitive instructions are used. In such applications,
RISC processors can be made to perform at significantly
higher processing rates than comparable conventional processors.

Another approach is to create a parallel processor which is
capable of breaking a complex task into a lot of simple tasks

and then performing these concurrently in order to achieve
higher processing power. This is a very successful technique,
and some of the world's most powerful computers such as the
Connection Machine, are parallel architecture systems.
The problem is that these and other similar approaches do
not actually solve the problem, they simjny delay the time at
which they become serious, and indeed they may actually add
further problems. For example, RISC processors are excellent
in certain applications but indifferent in others. This is because
processor complexity is reduced at the expense of an increase
in software complexity. Similarly parallel processors may be
very fast but they are not particularly amenable to being scaled
down so that a whole parallel system can fit on a single chip,
once again designers are faced with the problem of wire length
and signal speed.
These are all problems which have been exercising the
minds of computer designers for many years, and there is one
solution which has been proposed on several occasions during
this period and which should, if the theorists are right,
eliminate, or substantially reduce, most of these limitations.
Indeed, it should enable designers to go on producing ever
faster and more complex processors on a single chip of
semiconductor for many years. That is until new limitations
caused by attempting to fabricate components from just a few
atoms start to make their appearance.
This solution is the asynchronous computer, the clockless
processor - a solution which has become the Holy Grail of
many computer designers.

The asynchronous computer

7414C I 53

a
74HCI 53

D

Fig 5b. Gate implementation of micropipeline

In an asynchronous computer, the absence of a clock pulse
means that there is no synchronisation between all the
different components of the processor (a fact which
immediately solves several problems, such as those of
synchronisation with its requirements for a monolithic design,
and clock slew with its need for massive clock drivers).
Instead, each part of the processor operates using either its
own clock or at maximum speed.
Data and instructions are transferred between different
parts of the processor using a handshaking technique which
will be familiar to anyone who has worked with asynchronous
communications ports on a computer. When one part of the
processor has data or an instruction available for another part
to use it sends a signal to that part telling it that it is ready to
send this data or instruction, it will only do this upon receipt of
an acknowledgement signal from the part that is to receive the
data or instruction.
This means that each part of the processor can work at
maximum speed whenever instructions and data are available;
there is no need to slow the overall operational speed down to
match that of some worst case operation. In other words, an
asynchronotis processor will operate at very high speeds when
performing simple commands and at a slower rate when
performing more complex commands.
For readers familiar with computer programming, the
asynchronous computer is analogous to object oriented
programming. Here the rigid structure of procedural
languages, as with synchronous computer designs, has given
way to the very flexible collection of self contained objects.
Each object is a programme in its own right; there are no global
variables or procedure calls, simply the communication of data.
Object oriented programming has largely developed from
the programmer's need to produce ever larger and more
complex pieces of code. It allows the programmer to do this
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without the danger of the programme becoming untestable
and so rigid in its structure as to be impossible to easily
upgrade. By using the object oriented approach the individual
component objects to be individually tested, verified, and
updated with ease.
Similarly, with the asynchronous computer, it can be built
from a large number of simple modules which can each be
individually tested and verified with much greater ease than a
large, rigidly structured processor. This means that an
asynchronous system should be capable of being designed
and tested very quickly. It also means that the system can
equally easily be changed, updated or specially tailored for a
specific application. Remember that, with an asynchronous
system, there is no rigid synchronisation built into the design,
only simple communications links.
This modularity of design using building blocks and ease of
system testing and verification are both very important factors
in a commercial world where getting a product on the market
quickly is all important. It allows designers to construct a
working implementation and then gradually refine the design in
small increments as opposed to major design revisions.
In another similarity an object will only be activated when
specific data is available either from other objects or from
some external source. In an asynchronous computer, the only
parts of the system that will be functioning are those parts
which are actually processing data or instructions; any other
circuitry is quiescent. This is in contrast to a synchronous
system where every part is operating irrespective of whether it
has any data or instructions to process.
This factor is an important thing in favour of asynchronous
systems, since if such a system is fabricated in CMOS, there
will be a substantial power saving. This is because, in such a
circuit, power is only used when the circuit is actually
switching data; in the quiescent state power requirements are
infinitesimally small.

This close relationship between power use and the amount
of processing to be done by the system means that an
asynchronous computer will immediately change its power
requirements in response to changes in processing
requirement. At full processing capacity, the asynchronous

processor will use as much power as a conventional docked
processor, but at lower processing capacity it will use less and
less power, whereas the clocked processor will still be using
the same power as it did at full capacity.
Of course, some modem processors do attempt to save
power by shutting down unused sections of the processor. an
extreme version of which is sleep mode. But the granularity of
such control systems is very course and can not compare to
the very smooth and automatic reduction in power use by an
asynchronous processor, which will of course automatically go
to 'sleep' when there is no processing to be done, and equally
automatically will 'wake up' when processing is needed.
All of this means that since most processors spend a very
large proportion of their time doing nothing, an asynchronous
processor could be a very low power processor, making it
ideal for the multitude of battery powered portable, hand-held
devices which are being developed.
We can thus summarise a few of the advantages of an
asynchronous design as:

no problems with clock slew
no need for large clock drivers
no need for rigid synchronised designs
highly flexible modular design
easy updating of designs
easier testing of designs
maximised operation speed
very low power consumption
no problem with signal propagation delays
From this small list it can easily be seen why the design of
an asynchronous computer has been considered by many to
be the Holy Grail of computing.
But there is one negative; it has nothing to do with the
technology, but rather with the people who will use it. The
problem is that the concept of synchronous clocked
computers has become so ingrained into the psyche of
designers, computer scientists and users that it may be very
difficult to get people to switch to clockless designs, despite
the obvious advantages of such designs.

AMULET The Asynchronous ARM
The ARM microprocessor was originally developed over
twelve years ago by the British company Acorn
Computers Ltd (well known for their BBC Micro of which
over 1.5million were sold worldwide). The ARM is a RISC
(Reduced Instruction Set Computer) processor and was
designed as a powerful, versatile replacement to the 8 -bit
6502 used in the BBC machine. It is now produced by a
separate company part owned by Acorn and Apple.
The ARM is a 32 -bit processor and the world's first
commercial implementation of the pioneering RISC
designs developed at Stanford and Berkley Universities in
California. The first versions of the chip were fabricated
using 3um CMOS with test samples being delivered in
April 1985. Successive generations of the ARM have
become faster and are fabricated using smaller
geometries, the current ARM7 being fabricated in 0.8um
CMOS with an 8K fully associative cache, and capable of
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Fig.6. Top level interface of the AMULET 1
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A similar problem faced programmers attempting to move
from procedural languages to object oriented languages. It
required an enormous, and extremely difficult intellectual
change in the way that the programmer looked at problems
and attempted to solve them. It took many programmers
years to make this change; some never made it. A similar
change will be demanded of electronics engineers and
computer designers - they will have to learn to live without a
clock, and that may prove very difficult.

Is the future clockless?
There are currently four major teams around the world,
besides Professor Furber's at Manchester University, who are
working on asynchronous computer systems. In the USA,
work is being carried out at Caltech under Alain Martin on a
16 -bit processor, whilst at SUN, Ivan Sutherland is working on
an asynchronous implementation of the well known SPARC
processor. In Holland, researchers at Philips Research under
Kees van Berkel are working on asynchronous systems for
use in audio electronics. Whilst in Japan a team at the Tokyo
Institute of Technology under Professor Takashi Nanya are
working on an asynchronous RISC processor
So far the Manchester team look like having a considerable
lead over the others since they are the only ones to have
actually produced a working asynchronous processor that re implements a commercial device. Neither of the American
teams have yet come up with a working device, whilst the
team at Phillips have produced working asynchronous devices
but are not working on an asynchronous processor.
This leaves the team in Tokyo who have just produced a
very small 8 -bit asynchronous processor. They are currently
working on a larger version which will closely resemble the
AMULET 1, and they expect to have a prototype available in
1997. This gives ARM about a two year lead on the other
teams. This should be enough time to permit them to

OP B

capitalise on this very important work and start to build a
world leadership in this technology.
The work of all these researchers is being closely monitored
by the big computer, telecommunications and semiconductor
manufacturers, all of whom see enormous potential
advantages in the use of asynchronous technology, particularly
in the areas of low power systems and modular design.
Hand-held devices such as digital phones, the soon to be
released hand-held satellite phone, personal digital assistants
and global positioning systems now all incorporate increasing
levels of intelligence. There is an enormous potential demand
for powerful processors which can operate for a long time on
battery power. Asynchronous devices with their smooth
instantaneous decrease in power requirements as data
throughput decreases are ideal, since in most such
applications peak processing power is only required for a very
short period, most of the time the processor will be doing nothing.

Similarly, the rapid increase in the number of applications is
creating an increased need for highly integrated special
purpose chips which incorporate intelligence; the boom in
licensing agreements by ARM is evidence of this. The need to
get such products on to the market quickly means that the
rapid modular design potential of asynchronous systems will
be enormously appealing. Indeed some of the first commercial
applications for asynchronous systems will probably be as
components within a more conventionally designed chip. For
example, the consumer electronics products being designed
by Phillips.
However, in the longer term, probably within the next five
years, asynchronous processor technology is likely to become
a major factor in the world computer market. And it is a fairly
good bet that just as object oriented languages have swept
into and now dominate computer programming. so clockless
computers will sweep in and dominate the computer hardware
of the future.
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operating at 33MHz.
When deciding to develop a working asynchronous processor, Professor Steve Furber and his team at
Manchester University, in association with Advanced RISC Machines, decided to produce a device which
was the equivalent of a standard commercial processor. This decision would enable them to use all the
development software already available for the existing synchronous processor. The processor they
chose was the ARM6, a device which has become the world standard RISC architecture for low-cost low
power applications.
The ARM is built using what is known as a load/store architecture with 16 visible registers available to
the programmer. In addition to these general purpose registers, there is a Current Programme Status
Register available in every mode, and a Saved Programme Status Register for each non -user mode. In
common with other RISC processors. ARM separates those instructions which perform data processing
functions from those which move data between registers and memory.
This architecture is re -implemented on the AMULET 1 using a fully asynchronous design based upon
micropipelines, and has resulted in a device which exactly copies the functionality of the ARM6, omitting
only the coprocessor instructions and support for the 26 -bit address space modes which the ARM6 has
purely for backward compatibility with earlier versions. The processor used, however, a micropipelined
interface between the chip and its environment.
This was done so that future versions could include a cache memory, and a micropipeline interface is
a natural way to connect such memory to the processor core. (this choice of micropipelined interface
made initial testing of the AMULET 1 very difficult, but on the AMULET 2 the interface circuitry will be
placed on chip and so should not cause any problems) The top level interface of the AMULET 1 is shown
in Fig.6. It shows how the AMULET is connected to the MMU and standard memory
The functional units of the execution pipeline are shown in Fig.7. This diagram shows how the
operands first pass through a multiplier. This unit either passes them on straight away or replaces them
with partial product and partial carry outputs from a carry/save multiplication unit. One of the operands is
then modified by a barrel shifter before placing both into a pipeline latch. The operands are then
combined in the ALU which has a data dependent delay and a latch to allow a dynamic structure to
operate with static external behaviour. The result latch then passes the output to its next destination.
The instruction decode and execution pipe control logic are also shown in Fig.7. Here the pipeline is
shaded to highlight the structure. Prefetched instructions are queued before being passed to the primary
decode logic which produces multiple pipeline bubbles for the more complex instructions, sends
appropriate read/write addresses to the register bank for each bubble and passes information on to the
secondary and tertiary decode logic.
The complete fully asynchronous pipelined structure of the AMULET 1 is shown in Fig.8. It was
completely designed using computer aided design tools and tested thoroughly at component level using
sophisticated computer simulations before committing the design to silicon. Despite some initial
problems with the interface circuitry, the chip worked according to specifications with only a couple of
very minor design flaws discovered so far in an extensive testing programme.
Fabrication of the chip was done at two sites using two different CMOS fabrication technologies. A
1um process was used by ES2 and a 0.7urn process by GEC Plessey Semiconductors. The performance
of these two versions and of a standard ARM6 are shown in the following table:

r

Table

LET & ARM performance figures

AMULET 1 - ES2

AMULET 1 - GPS

ARMS

Process

1um

0.7um

1um

Area (mm)

5.5x4.1

Transistors

3.9x2.9
58,374
40kDhrystones
3nsIoit

Power

58,374
20.5k Dhrystones
5.3ns/bit
5V,20C
152mW

4.1x2.7
33,494
31kDrhystones
25nsibit
5V,20MHz
148mW

MIPSAN

77

Performance
Multiplier
Conditions

5V,20C
N/A
N/A
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Steve Furber's team at Manchester University, and Advanced RISC Machines have demonstrated with
the AMULET 1 the world's first working asynchronous implementation of a real processor. In so doing,
they have overcome many design hurdles and proved many of the conjectures about asynchronous
systems; these all point to a very important future for such designs. They are now working on an
enhanced version, AMULET 2, which will incorporate all the enhancements which they have developed
as a result of working with the earlier version. The new version should be in silicon by the end of this year.
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advanced RISC Machines
The ARM RISC processor was first designed and produced by Acorn
Computer Group PLC exactly ten years ago. It was one of the first
commercial RISC to be produced in the world and has since become
one of the world's leading standard devices for use in high volume
computing, communications and consumer electronics products.
The ARM processor and its family of derivative products is now
designed and marketed by a three year old company called Advanced.
RISC Machines Ltd, or ARM Ltd. Acorn still own 42.78% of ARM, with
an equally large shareholding being held by Apple Computer, with
smaller 7% shareholdings by VLSI Technology, and Nippon Investment
and Finance.
ARM Ltd do not manufacture the ARM chip; instead they design,
develop and market the product at their Cambridge headquarters. The
result is that ARM license a wide range of the world's leading
semiconductor companies to produce both stand-alone ARM
processors and other chip designs built around the ARM processor. The
licensees who produce ARM based products include such as Texas
Instruments, Samsung, Sharp, IBM, Digital Equipment Corporation,
GEC/Plessey, Cirrus, VLSI, and AKM of Japan.
This strategy means that countless millions of ARM processors are
being produced and used all around the world as part of some of the
most sophisticated electronics products from the world's leading
companies, with ARM getting royalty payments for each one produced.
It is a strategy which has enabled the company to grow very rapidly and
to become a leading force in the RISC technology world.
Indeed, one will find ARM processors all over the place, not just in the
highly successful Acorn Archimedes range of computers. It is the
processing heart of Apple's Newton and similar products produced by
Sharp and Motorola. Schlumberger use the ARM in their data
acquisition systems, and Spyrus and AT&T use it in their data
scrambling systems. The ARM is also the main processor and controller
in the highly acclaimed 3D0 multimedia entertainment system produced
by 3DO, Panasonic, Sanyo, Goldstar, and Creative Labs, whilst IBM use
an ARM core embedded into its SSA interface chips. There are also a
host of other applications which are still on the drawing board or in preproduction stages.
The success of ARM as a company can be demonstrated by the almost
meteoric rise in its revenues, up from just £M1.2 in 1992 to £M7.2 in
1994, in the same period profits moved from a loss of £34,000 to a profit
of £M3, and cash in the bank moved from £M1.3 to £M4.2. In the
current year, the 1994 figures are expected to double. All of this has
made ARM's parent company, Acorn, a darling of the City with a very
bouyant share price.
With patents to revolutionary world-beating technology, like the
asynchronous ARM in their pocket. the company look set to take the
world by storm. They have the technology, they have the right partners,
and they have the City financiers behind them. Let's hope that they can
show the world that British high technology companies are a force to be
reckoned with!
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4 watt FM transmitter, mall but powerful transmitter, 3 RF stages, microphone and an audio
preamp Include in kit. £23.50 Kit no 1028.

3 Channel light chaser, 800 watts per channel
speed and direction controls supplied with 12 kds
and mains trials, so you can use mains light bulbs
If you want. 9-15vdc £19.97 Kit no 1026.

Mini metal detector, suitable for locating pipes In
walls etc, range 1520 cm, complete with case. 9v
operation. £9.40 Kit no 1022.

A mini FM transmitter. very high gain preamp,
supplied complete with FF1 electret microphone.

Designed to cover 88-108 Mhz but it is easy to
change it to cover 63-130M hi. Works with a common 9v (PP.3) battery .0.2W RF.1&22 Kit no 1001.

25 watt FM trammitter 4 RF sagas, premise
required (our kit 1068 it rodesib). Dee to the
complexity of the trammitte it Is iupp66le built
up form only. 192.82 Kit no 1031.

800 watt single channel sound to light kit, mains
operated. add rhythm to sour party for only 19.40
Kit no 1006.
12v flourescent.A useful kit that will enableyou to

light 4' flourescent tubes from your car battery'
(you will also need a 9v 2A transformer, not tupplied) 19.40 Kit no 1069.

kdronic siren kit with an impressive 5 watt
power output. Ideal for car/bIke alarms etc. 61 Zvdc, max current 1.S. tone frequency Laths.
£7.05 Kit no 1003.

.

-4111F14
Strobe light, adjustable frequency from 1460 Hz
(a lot faster than conventional strobes) mains operated. £18.80 Kit no 1037.
N'OX twit ds, sound activated switch Ideal for turn-

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

ing tape recorders on and off when sounds are
heard. Makes the tape last a lot longer' adjustable
sensithity, built In delay. 19.40 Ktt 1073.

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

movement detector
It ram rdc radar ideal as
with a range of about 10 metres, autosnateyour cat

flap! 12. operation 'olden for cars, caravans etc.
£16.45 Kit 1049.

.0-4301W094 ---4-0447C7 (JIG-

Guitar preamp with tone controls, small enough to
flt Inside any guitar. based as TL082 IC, 9-12vdc,
50m.A.19.441 KIt no 1091.

Incar sound to light, he sum etwomp here in your

car with this mid 3 thawed mod to light. Each
channel has 6 *Fs. 011.75 K11 op 1086.

Powerful 1 watt FM transmitter supplied complete with piezoelectric microphone. 8-30v dc. At
25-30v you will gel aril 2 watts' 114.10 Kit no
1009.

Liquid level detector useful for detecting fluid

15 watt FS1 transtetter, 4 stage high power,

levels In tanks, flthponds baths or as a rain or leak

premp required. 12-I8vdc.('an use either ground
plane, open dipole, or Y agl. Supplied inbuilt form
only at 181.07 Kit 1021.

alarm. WIII switch 2A mains, £5.87 Kit no 1081.

7 watt HI Fl power amplifier useful powerful.
Ideal for Intercomms audio systems, car use etc.
12-18N dr 500mA. 18.22 Kit No 1025.

FM/AM Scanner, well not quite you have to turn
the knob yourself but you will hear things on this
radio (even 1V) that you would not hear on an
ordinary radio'. Receiver covers 50-160Mhz both
AM and FM. Built in 5 watt amplifier. £17.62 Kit

Telephone amplifier. Very sensitive amplifier

Combination lock 9 key, easily programmable,
will switch ZA mains Complete with keypad. 9v
operation. 111.75 Kit 1114.

which uses a 'phone pickup coil (supplied) will let

you follow a conversation without holding the
.

no 1013.

_

Phone call relay, useful device that operates a relay

wizen ever the 'phone rings, could be used to
operate more bells or signalling lights etc. W111
switch mains at 2A. £11.75 Kit no 1122.

phone. 112.92 Kit no 1059.

TOP 10 BEST SELLING KITS CORNER
1.Variable speed control kit for 12v DC motors up
to 3040 (you may need a beats/Ilk for 30.A)119.97.
2. Composite video kit, converts composite signals
into wparate H rant, %Sync and video £9.40.

3. Geiger counter kit, contains everything you

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

nerd to build a working counter 122.32.
4. Solar energykit, contains a solar panel, motor,
buzzer and cable for experiments 15.87.

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

5. Electronic accupundure kit, may help with
migrane. poor circulation, backache etc. 18.22.
Lead add charger, two automatic charging rates,
visual indication of battery state, Ideal for alarm
systems, emergency lighting etc. 100mA 12vdc.
£14.10 Ktt no 1095.

8. Mead charger kit automatic charger for cells

Robot voice, Interesting circuit that distorts your
voice' adjustable, answer the phone with a different voice! 12vdc 110.57 Kit no 1131.

Telephone bug, snail bug powered by the telephone line, starts transtnitting as soon as the
handset Is picked un! 0140 Kit no 1135.

Motorblkeicyde trembler alarm adjustable sendtivIty, preset alarm lime, auto reset. Could be
connected to bikes horn etc. 114.10 Kit no 1011

from 1.2v to 15v, 7 settings 50600 m.A. transformer
required 18-20v 6011mA. 19.40.

alarm duration. Good for cars caravansetc.114.10
Kit no 1019.

Portable warm sy Arm, based on a mercury switch.

I he alarm continues to sound until the unit Is
disabled by the owner. Buzzer included. £12.92
Kit no 1150.
function generator, products loass1001. saw tooth

and square waves adjustable from 20hs-20khz,
separate level controls for each shape. Will produce all 3 together. 24vac £17.62 Kit no 1008.

0.5 minute timer, adjustable from 0 to 5 mins, will

witch up to LA mains Perfect for alarms, photosgsphielaboratories etc. I 2vdc. £8.22 Kit no 1020.

'7. Adapter bug kil contains everything you need
to build a professional bug built Inside a standard
13A mains adapter' the bug is mains powered so
it operates Al the time the adapter is plugged in.
adapter. H and tools and glue required.

Car alarm system works on voltage drop and/or
vibration entry and eslt delays plus adjustable

rxt

adjust able high tension of 80-300v from a 9v battery. ideal for catching worms etc! £9.40.

Price is 116.45 for the complete kit Including

3 channel wireless sound to light listens. mains
operated, separate sensitivity adjustment for each
channel, 1,200 watt power handling. Microphone
included. 116.45 Kit no 1014.

6. Electrifying apparatus kit, produces a weak

Preaanp miter, 3 input mono miser, separate bass

and treble controls plus independent level controls. Iftvdc, input sent lSOmv. 100mA. 117.62
kit no 1052.

9810. Inverter kits, produce 240, arfrom a 12vdc
supply. two versions are available a 15w one at
£14.10. and an 80,4 version at 123.50.

EXPRESS
COMPONENTS
how to order
Remember to add L1.50 p&p.
By phone with a credit card.
By post with either a cheque,
postal order or credit card details.
By fax with credit card details.
EXPRESS COMPONENTS, PO
BOX 517 HOVE SUSSEX BN3
5QZ. DEPT ETI
TEL 01273 771156
FAX 01273 206875
Overseas orders please add £3.50
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Displays

Robin Abbott concludes
his laser tag game
project with a large
character score display

Circuit Diagram and operation

his is the last part of the light gun project, but is
of more general use as it addresses the general
problem of driving large scale displays from a
computer. It offers the following features:
standard RS232 serial drive from any suitably
equipped PC, computer or from the light gun central, driven on
a 3 wire link (Power, Ground, and serial drive); it will drive four
common anode or common cathode 7 segment displays
driving up to 50mNsegment at up to 24v/segment; modules
are stackable so that up to 16 digits can be driven from one
serial port; stylised display of the entire ASCII character set;
automatic scroll; command driven control of flash, dim, power
up messages, display test, lower power mode. The prototype
used 3" displays which are easily visible from a considerable
distance, but any displays can be driven including the Velleman
8" high 7 -segment display kits

The circuit diagram of the main circuit board is shown in figure
1. This project is based on the PIC16C84 which has on board
EEPROM.The PIC uses a commonly available 3.58MHz colour
crystal needed for accuracy on reception of serial data. The
EEPROM is used to hold power up messages and the address
of the module when modules are stacked. The PIC holds the
code for a 7 -segment image of the entire ASCII character set,
an RS232 receiver and command decoder, and the display
multiplexer.
The serial input signal is shaped and inverted by R1, TR15
and R2. The serial signal drives the interrupt input of the PIC.
Incoming serial bytes are received and processed entirely on an
interrupt routine. The multiplex driving routine is capable of
executing entirely within the stop bit of a received character so
that received serial data has no visible effect on the display. The
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Figure 1. Circuit diagram - main board
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01 - 07
SEGMENT DRIVE x7

SEGMENT
DRIVE

module has an optional sleep mode which will turn off the
display, reducing consumption to less than 5mA when no serial
data has been received for four minutes, or immediately if
commanded. In sleep mode, the majority of the power
consumption is in IC2 (the power regulator); if IC2 is replaced
by a 6v supply direct to the board then consumption will drop
to around 40uA - the standard PIC sleep consumption. The PIC
program supports watchdog operation which increases
reliablity in brief power supply interruptions (which may not
trigger the PIC reset circuitry); however if this is enabled (at
program time) then the sleep mode will not be supported.
The displays are driven by a high going signal for both the
segment and digit drivers. The segment drive for common
cathode displays consists of an NPN and PNP transistor
combination switching the positive supply rail, and a Darlington
transistor switching the ground rail to the digits. Rs is the
segment resistor which limits the current drive. The value of Rs
is calculated as Rs=(Vs-VI)/I, where Vs is the power supply to
the module, VI is the voltage drop across the LEDs and I is the
required drive current per segment (V and I in volts and amps
respectively). In the prototype, Rs was chosen as 160 ohms.
For driving common anode displays, then the digit and segment
drive circuits can be exchanged..ln this case there will be seven
Darlington transistors and four PNPiNIPN pairs The segment
drive resistors should be placed in series with the collectors of
the Darlington transistors.
The displays are connected in parallel for the multiplexed
drive to reduce the requirement for output drivers. The circuit
diagram for the displays is shown in figure 2. Note that digit 1 is
the least significant digit, on the extreme right.
The displays are driven on a 4mS multiplex cycle from the
PIC. In dim mode, the displays are only driven for half the time,
and in flash mode the displays are turned off for 250mS in every
500mS. When display modules are stacked, there is a power
output socket and a serial output socket which are connected
in parallel with -the input power and serial data signals. The
operation and addressing of stacked modules is described below.
Power supply to the PIC is from IC2, a 78L05. Power supply
to the module can be from 10Vdc to 25Vdc dependant on the
voltage requirement of the displays. At the higher levels, then
the voltage rating of C3 should be increased. Power
consumption of the prototype was 6mA when all displays were
off, rising to 75mA when all segments were turned on in dim
mode and 145mA with all segments turned on in bright mode.
This was with Rs set to drive about 10mA per segment.

PLSS
F - P16/3

A PL677

[fif-

< G PLEV4

tT[{T
COMMON
DIGIT 4

COMMON
DIGIT 3

COM.MON
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< E PLE/2

< D PL61

< C PL65

COMMON
DIGIT 1

< C1 - PLEA
< C2

PLEVI 1

< C3 -131.6/13

< C4 P16116

Figure 2. Circuit diagram - display

from the serial link as detailed below. If programming the device
yourself, note that the WDT can be enabled or disabled at
program time. If enabled, then the module will be more reliable
at power up (crocodile clips on a battery seemed to upset the
PIC power up reset circuitry spectacularly); however the sleep
mode will not then be available
There is no PCB design shown for the diSplay board as the
module is expected to drive many different display types.The
displays can be wired up on veroboard using hookup wire
under the displays. PL6 should be mounted on the underside of
the display board. If the Velleman 8" displays are used then use
the common cathode version. Connect the input cathode signal
on D1 of the display board to the positive on the display board
with a 10K resistor, and drive the cathode pin with the digit
drive. The segment drives can be connected directly to the
module main board.
The link between the displays and the main board is a 16
way IDC cable with a 16 pin DIL header at each end which
plugs into PL3 in the main board and into PL6 on the display
board. In the prototype, the cable was soldered directly to the
main display board connector pins and PL6 was not used.
The case used was Verobox type 201 painted black. The
display board is mounted on the front face of the case and PL6
protrudes through a hole in the case. However, the case must
be chosen to fit the displays used. The cable used to connect
the module is 6m of coiled 3 way cable. Screen is ground, one
conductor is for the serial link, and one conductor is for the
power supply. As the prototype is intended for use with the light
gun project, the serial data plug is intended to fit the central; pin
3 is the serial data output from the central. The power plug is
wired into the coiled cable and connected inside the serial data
plug. See figure 7. If the module is intended to be used for
stacking, then PL4 and PL5 should be fitted into the case and
wired to the input serial data and power supply connections.
For use with the light gun, the display module was intended
for use in the field; it is fixed to a 2" belt with a clip for fixing to
the nearest convenient tree.

Construction
The PCB overlay for the main board is shown in figure 3. This is
for the common cathode version. Use an IC socket for IC1 and
an IC socket for display board interface cable. Construction is
straightforward; there is only one wire link between IC1 and IC2.
Fit this first, followed by resistors, diodes, transistors,
capacitors, IC sockets and crystal.
The PIC should be programmed with the Intel Hex16 code
shown in figure 4. This should be entered using a standard
editor and saved as LEDS.HEX" which can be read by any
standard PIC programmer. The code includes checksums so
that it should be impossible to enter incorrectly. Alternatively,
the author is prepared to program PICs - see the end of the
article for details. If your programmer is capable of
programming EEPROM data area then the address can be
programmed into EEPROM data location OOH, and the start up
message into data locations 10H to 13H for digits 1 to 4
respectively. However. both these items may be programmed

Testing
Check the main module carefully, especially the segment drives
- displays of the size used in the module are too expensive to
blow too often!
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Do not fit 101. Connect the power supply and the display to
the main board. Check that there is +5Vdc on pins 5 and 14 of
the socket for 101. Consult figure 1. Take a pair of stripped
wires and short the digit drive pins of the socket one by one to
+5V. Check that when the segment drive pins are shorted to
+5V in turn, each of the segments on all of the displays
illuminate and that there are no short circuits.
Remove power and insert 101. Connect power and the
display should immediately show 8888 for about 1 second
before blanking; this is the power up diagnostic. Now wire the
module to a computer, if you are not sure of the pin out of the
serial port on your computer then measure the voltage on pins
2 and 3 of the serial port; the pin which has a voltage of around
-8 to -12Vd

Computer connection
The module can be connected to a standard RS232 serial port
using a three wire link (gnd, power and data); this should be
connected to the module. Use a communications package on
your computer, set to 9600 bits per second, no parity, one stop
bit, no hardware flow control, no XON/XOFF signalling (the
terminal program supplied free with Windows 3.1 is suitable on
a PC). Check that characters typed on the PC are shown
correctly on the display. The module runs at 9600 bits per
second, and has not RTS/CTS (hardware) signalling. The
module will operate with (but ignore) XON/XOFF

Commands
If characters from ASCII codes 32 to 127 are sent to the
module, they will be displayed on the next digit as shown in
figure 8. Text messages are stylised, but can be recognised
fairly easily - avoid messages with X's and V's! When the
module is powered up, the display position is set to digit 4; the
next four characters received will be printed to diaits 4. 3. 2 and
1 respectively. After this, the display is scrolled to the left and
characters are printed to digit 1.

Figure 9 shows the commands which can be sent to the
module. Commands have ASCII numbers from 1 to 25. To send
code 1 then the control and 'A' keys are pressed together; to
send code 2 then control and 'B' are pressed etc. These
control keys are shown in figure 9.
The following commands are of note. Command 10 (Ctrl+J)
clears the display and sets the print position to digit 4.
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Figure 8. 7 -segment display diagram
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Command 14 (CtrI÷N) sends the module to sleep, turning the
display off. However, if the watchdog timer is enabled, then this
will not operate. Any character received will enable the display
and wake up the module. Command 23 and 24 (Ctrl-i-WiX) will
enable or disable flashing and dim mode respectively. Follow
the command with the numbers 0 or 1 (ASCII code 48 or 49): 0
will disable the mode, 1 will enable it.
You can send any pattern you like to the display. Send
commands 1 to 4 (CtrI÷A to D) for digits 1 to 4 respectively and
follow the command with a data byte. The data byte should
have a '1' set in each bit position to turn on a segment where
bit 0 is segment 'A', and bit 6 is segment `G'. So, to turn on
segment 'G' of digit 4, send the ASCII codes 4 then 64. (Ctrl+D
followed by by '@'),It is possible to set a message to be
displayed automatically after the power up display. To do this,
set up the display to show the message displayed after power
up using characters or the bit commands Ctrl A to Ctrl D. Then
send command 25 (Ctrl+Y) This will write the bit pattern to
EEPROM and it will be displayed after the power up display
diagnostic. Note that this is the one command which causes
the display to flicker momentarily as the program suspends
execution whilst writing to EEPROM: incoming commands are
also ignored for a maximum time of 40mS.

possible to operate in one of two modes. In the first mode, all
commands are actioned by all stacked modules, in the second
mode only one of the stacked modules will respond to
commands.
To set the address of the module the command 5 (Ctri+E) is
used, followed by the address which is to be programmed into
EEPROM. This address will now be held through a power
down. The address can be any number from 1 to 255. Each
module which is stacked should be set to a different address,
and the address should be set with only one module connected
to the PC (otherwise all connected modules will respond and
set themselves to the same address!).
To select a specific module the command 6 (Ctri÷F) is used,
followed by the address of the module to be selected. Now only
that module will respond to any commands sent. The orie
command which will still be actioned by all modules is
command 6, thus different modules can be selected. If module
address 0 is selected then all modules will respond to all
commands until a specific module is selected again.
As an example, if modules 1 and 2 are stacked then to set
module 1 to display 1234. and module 2 to display 4567, the
following bytes should be sent to the
modules:6,1,49.50,51,52,6,2,53,54,55,56

Multiple displays

Example control program

In normal operation with one module, there is no need to worry
about module addresses. The module powers up, responding
to all commands and text. To use stacked modules, it is

Fig 10 shows a simple example program which may be used to
control one or more modules. It is not very sophisticated, but
demonstrates the techniques used to communicate with the

PIC 16C84 Code for Large Display
:0400000028280200A7
: 080008008C008C0E030E8D002C

:08001000)38309800212029208E
: 08001800031006180314970CF5
: 08002000980B0B282F1F922200
: 080028002-81313089COOFE30A1

: 080030009605061C19285830A2
: 0800380088050D058300000E78
:08004000090005300000000074
:0800480099009901325281F1166
:0800500008001A302428850184
:0800580086018316640082306A
:08006000810000308500013031
: 0800680086008312AF01013094
: 08007000920 OFF308E0081:00AA

: 0800780090009100AF159A0100

:080080006101950196012F1585
:08008800023095009000000106
: 08009000CC22A100A001903078
: 080098008/300AFIE5628AF12C9
: 0800A0008501860125176300A2
: 0800A8000315532881155C2890
: 080 OBO 00AF1C5E20AF144 D28C7

: 08008800AF104D286400950504
: 080000006828960A0319852047
: 0800C800AF1D6828AF11852069
: 0800D00086010310920D01:30B0
: 0800D800AF1BFF309205120876
: 080050000319013092000F39F1
080058008500051805088518B8
: 0800F0000F080519100885191D
0800F80011089300130D2F10E9

:08010000832816180800860090

: 0801080008002F1D08009COBEC
: 080110000800AF1608001030D2
: 08011800CC2285000E0A031925
: 08012000522A890ACD228F004A
: 08012800890ACD229000890A2A
: 06013000CD229100562AC9

:08040000213422342434263497
: 0804080028347F347A342134DA

:08041000213433345234383436
:08041800213456345834213410
: 080420005A3421342134213447
: 08042800443448346634653499 :
080430007434853421342134139
:080438002134213421342134668
: 08044000820008000E30292A99
080448000530292A1030292187
0804500011309D002F16253023
: 080458009E0008001D0884004D
:080460001708800008009A0350
: 080468009A1F06009A014B2ABB
: 0804700004301A020319422AAC
: 080478001A08003C113584004B
: 080480009A0A08000E3 0840006
08048800100891000F0890001C
: 080490000E08850008000508A°
: 080498008E001008850011080E
: 0804A000900008008E018F019D
: 0804A800900191019A01080086
: 08043000AF160800553095094,13

:080458002F1608001708980035
: 0804C0002515003C031D08008C
0804C800251108006A309E00AC
: 0804D0002F160800170803397C
: 0804D8009A0008007030672A49
: 080450002F1017182F1408005E
: 0804E8007630672AAF131718E4
: 0804F000AF1708007C30672AF9
: 080458001708A0000800813084
08050000672A1708A100890118
: 08050800BD2A103089000E0825
: 08051000BD22890A0F08BD227B
: 08051800890A1008BD22890ABE
: 080520001108BD2:1-A00803190F
: 080528009F2A2F1AA12A063088
: 08053000170203199F2A20089D
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: 080538002102031D08002F1E23
: 08054000A62A2F1202308A00E0
: 080548001E088200203017029A
: 080550000318A52A02308A00F3
:0805580017082022820038225E
: 080560009713203097020310E1

:08056800080088228000080021
: 0805700003308A0017088038EF

:08057800820088008316081235
: 080580000131555308900AA306E

:08058800690088146400881842
08059000062A0811831208008D
:08059800890083160814831288
0405A000080808003F
:080700000034063422346633496
: 080708006D3452347D342034BD

:0807100039340F345234463431
:080718000434403340834523468
:080720003F34063458334413412
: 0807280066346D347D340734A2
: 080730007F34653410340A3459
: 08073800583448344C345334AA
: 080740006F3477347C34393446
: 080748005E347934713431)3454
: 080750007634063415347234C5
: 080758003834553437343F34C6

:080760007334673431346D3449
:080768007834353462346A3437
:08077000643465345534393448
:08077800643405342334083405
08078000203455347034583445
: 080788005E347133471146534E0
: 08079000743404340E.: -1 23499
: 0807980030345534 -7-0 0513454
0807A0007334673450346D34EA
0807A80078341C346234"6A3419

:0807800064346534583439340
: 080713800643405340034003456
: 00000001FF

module. It is written in ()BASIC which is supplied with DOS on
PCs (()BASIC is similar to other BASIC languages). It only
supports ports COM1 or COM2. The program allows messages
to be displayed, dim and flash modes to be toggled, and the
start up message and module address can be programmed. It
also supports message scrolling - long messages will be
scrolled across the display repeatedly until commanded to stop.
Note the line which reads:

PRINT 41, MID$(ms$, ppos, I);
ppos = ppos
1: IF (epos
LEN(ms$)) THEN epos = 1
FOR i = 0 TO 3000: NEXT i
WEND
END IF
CASE 'D': mdim = mdim XOR
PRINT 41,
CHRS(24); CHRS(mdim);
CASE 'F': flash = flash XOR 1: PRINT 41,
CHRS(23); CHRS(flash):
CASE 'C': PRINT #1, 1n$:
CASE 'S': PRINT #1, CHR$(25);
CASE 'H': INPUT " Choose Module to address
for all) ? >
mn
PRINT 41, CHR$(6); CHRS(mn):
CASE 'A': INPUT ' Set Module Address ? >
mn: PRINT 41. CHR$(5); CHRS(mn);
CASE 'Q': EXIT DO
END SELECT
LOOP UNTIL 0

FOR 11.0 to 3000: NET I

This is a very crude time delay chosen for a 486/33, increase or
decrease the value 3000 to match the scrolling speed with
faster or slower PCs respectively.

Use with the Light Gun Central
The light gun central is set up to use this external display
directly. Simply plug the display into the serial and power
sockets in the rear of the central. The display must be enabled
with the configuration menu option. (Press 'C' at the copyright
prompt, enter the password '19B6' and then reply 'Yes' to the
external display prompt).

Resistors
R1, 3-9, 17-20
o R2

PIC programming
The author is prepared to program and test PICs with the code
for this project. Send a PIC16C84, return packaging with
postage, and a cheque for £4.00 to Robin Abbott, 37 Plantation
Drive, Christchurch, Dorset. BH23 5SG. Please state whether
the Watchdog timer is to be enabled or disabled.

10K
1K

O Rs (7 off)

See text

C1-2
O C3

inS = CHRS(IL;): mdim = 48: flash = 48
COLOR 15, 1
:

o R10-16

Capacitors

Programme 1
CLS

4K7

a C4
O C5

PRINT 1n$, 'Enter COM Port Number (1 or

2)'

15pF (Ceramic)
100uF (16V Electrolytic)
10uF
100nF (Ceramic)

Semiconductors

DO: aS = INKEY$: LOOP UNTIL aS = 'I' OR
.2'

OPEN 'corn'

aS

':9600,n,8,1,bin,cd0,cs0,ds0,m0,rs' FOR
OUTPUT AS #1
CLS
DO
CLS
PRINT
PRINT
OPTIONS'
PRINT
,

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
message'
PRINT
PRINT
PRINT
.

,

78L05
8C548

t

---------' + 114
Toggle Dim'
'F
Toggle Flash'
-c Clear module'
.H - Choose module'

O

o

o

'S - Set current display as s'=art np

PL2

'Q - Exit'
DO: a$ = INKEY$: LOOP UNTIL aS < >

O

PL6
XL1

ms$ = ms$
ppos = 5

It

a

1N4001

3 -way

16pin D1L IC socket
2.1mm power plug
9 -way D connector

9 -way 0 connector
(optional)
2.1mm power socket
(optional)
16 pin OIL IC socket
3.58MHz crystal

16 -way (DC cable
16 -pin DIL IDC header

Fixing hardware
1.5m 2" belt
Rucksack fixing clip

"2,

ms$; <'
....Press key to

PL3
PL4
PL5

PRINT
SELECT CASE UCASES(aS)
CASE 'IV: LINE INPUT ' Message to scroll ?
ms$
PRINT #1, 1nS; MIDS(ms$, 1, 4);
IF (LEN(ms$) > 4) THEN
CLS
CLS

'

Case
PCB
Coiled cable
PL1

'A - Set Module Address into EEPROM'

PRINT inS

BC557
MPSA14
See text
1N4148

Miscellaneous

'M - Scroll Message'

PRINT MS; ' Scrolling'; 114.

01

D2

,

stop'

PIC16C84

O IC2
O TR1-7, 15
O Tfl8-14

TR16-19
D1SP 1-4

EXTERNAL DISPLAY MODULE -

,

O IC1

18 -pin IC socket (1C1)

WHILE (INKEY$ = ")
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(0

Table Of

Multiple LED Display Commands
ASCII codes 1-31 - These are control codes with the foll6Wirig meanings:

-1,

IF_

Code

Ctrl +

Extra
bytes

i

Meaning
The following byte is printed directly as data to digit 1. Segment A is bit 0 (LSB), and segment
_G bit 6 (MSB). E.G. to send the numeral 2 to digit 1 then send the bytes 01H,5BH

1

2

B

1

As code 1 for digit 2

3

C

i

As code 1 for digit 3

4

D

1

As code 1 for digit 4

5

E

1

6

F

7

G

0

Not Used

8

H

0

Not Used

9

I

0

Move print position left one digit, if already at digit 4 then scroll right

r

Set module address to the following byte (any number but 0 may be used). This address is
written into FPPROM and is read every time the module powers up.
The following byte is the address of the only module which will respond to any following
commands or text. The only command actioned by a module which does not have the
specified address is this command - command 6. If the following byte is 0 then all stacked
modules will respond to all following commands and text.

1

.

10

J

0

Clear display, set print position to digit 4

11

K

0

Move print position right one digit, if at digit 1 then scroll left

12

L

0

Not Used

13

M

0

Set print position to digit 4

14

N

0

Send module to sleep - turn off display and enter PIC sleep mode, consumption, wake up
and turn on display on receipt of next character. No effect if watch dog is enabled

15

0

0

Null - will not be used in future versions of the software, useful to wake up display

16

P

1

17

0

0

Not Used

ASSCII codes 32-127

18

R

0

Not Used

19

S

0

Not Used

20

T

0

Scroll display left one character - leave print position

21

U

0

Scroll display right one character - leave print position

Characters which have codes from 32 to
127 are printed to the display. Printing
starts at digit 4 and moves across to digit
1 at which point further characters are
printed at digit 1 and the display is
scrolled left.

22

V

1

Set print position to following number, 0 is digit 4.3 is digit 1 etc.

23

W

1

24

X

1

Set sleep time in units of about 2.5 minutes - if parameter is 0 then never go to sleep, if
parameter is greater than 0 then send module to sleep after this time if no input occurs.
E.g. time=2 will sleep after about 5 minutes.

Flash Mode, if following byte is even then turn flash mode off, if the byte is odd then
turn flash mode on

'

Dim Mode, if following byte is even then turn dim mode off, if the byte is odd
then turn dim mode on

25

Y

0

Write the information currently displayed to EEPROM for use as the start up
message on power up.

26

Z

0

Not Used
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Is your PCB design package not
quite as "professional" as you

thought? Substantial trade-in
discounts still available.

Board

Board

rerratic Cap ur
Direct netlist link
1

5

sward annotatio

Full undo/redo fa
Single -sheet,

mli

90, 45
Ground plane fill
Copper highlight and clearance

Smooth scrolling

BoardMaker2

Integrated on -t e y library editor
Context sensitive editing

-

Advanced level

Ali the features of BoardMakerl 095

Full netlist support- BoardCapture,
OrCad. Schema, Tango. CadStar
Full Design Rule Checking
both mechanical and electrical
Top down modification from the schematic
Component renumber with back annotation
Report generator- Database ASCII, BOM
Thermal power plane support with full DRC

Router
Gridless re-entrant autorouter

7:71 M) Ltd
SFITI

Simultaneous multi -layer routing

SMD and analogue support
Full interrupt, resume, pan
and zoom while routing

£200

Output drivers - Included as standard
Printers - 9 & 24 pin Dot matrix,

111111111111111111

1111111111111111111111111111111

- 0*

HPLaserjet and PostScript
Penplotters - HP. Graphtec & Houston
Photoplotters - All Gerber 3X00 and 4X00
Excellon NC Drill and Annotated
drill drawings (BM2)

For father information contact
Tsien (UK) Limited
Aylesby House
Wenny Road, Chatteris
Cambridge, PE16 6UT
Tel 01354 695959
Fax 01354 695957
E-mail Sales@tsien.demon.co.uk

tsien

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

Hewlett Packard 432A - Power Meter (with 478A Sensor)
Hewlett Packard 435A or B Power Meter (with 8481A/8484A)
Hewlett Packard 3438A Digital multimeter
Hewlett Packard 6181C D.C. current source
Hewlett Packard 59501B HP.1B isolated D/A power
supply programmer
Hewlett Packard 3711A/3712A/3791B/3793B Microwave Link
Analyser
Hewlett Packard 5316A Universal Counter HP1 B

Mobile: 0860 400683

£200
£150
£150
£3500
£550
£775

Hewlett Packard 5316B Universal Counter HP18
Hewlett Packard 5385A Frequency Counter - 1GHz - (HP1B)
£995
with OPTS 001/003/004/005
Hewlett Packard 6657B 2060MHz synthesised signal generator
(as new) £7250
£1000
Hewlett Packard 3779C Primary Multiplex Analyser
£1950
Hewlett Packard 6623A Triple output system power supply
£1250
Hewlett Packard 6453A Power supply 15v -200A
£3500
Hewlett Packard 3764A (Opt 002) Digital Transmission Analyser
£1750
Hewlett Packard 3586A Selective level meter
£500
Hewlett Packard 3488A HP - 1B switch control
£1500
Hewlett Packard 3325A - 21MHz Synthesiser/Function Gen
£1250
Hewlett Packard 8152A - Optical Average Power Meter
£1100
Hewlett Packard 81588 - Optical Attenuator (OPTS 002 + 011)

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

OSCILLOSCOPES
£200
Gould 0S3000/ADVANCE 3000 - 30MHz Dual ch
£500
Gould 4035 - 20MHz Digital storage
£650
Gould 4050 - 35MHz Digital storage
£850
Gould 5110 - 100MHz Intelligent oscilloscope
from £125
Gould 0S4000, 0S4200, 0S4100, OS1000B
from £350
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch
from £275
Hewlett Packard 1707A, 1707B - 75MHz 2ch
£1750
Hewlett Packard 54201A - 300MHz Digitizing
£3500
Hewlett Packard 54504A - 400MHz Digitizing
£300
Hitachi V422 - 40MHz Dual channel
£175
Hitachi V212 20MHz Dual Channel
£1100
Nicolet 3091 - LF D.S.O
£750
Philips PM 3315 - 60MHz - D.S.O.
Phillips 3206, 3211, 3212, 3217, 3226, 3240
from £125 to £350
3243, 3244, 3261, 3262 (2ch + 4ch)
£1950
Philips PM 3295A - 400MHz Dual Channel
£1750
Philips PM 3296 - 350MHz Dual Channel
£425
Tektronix 2213 - 60MHz Dual Channel
£450
Tektronix 2215 60MHz dual trace
£800
Tektronix 2235 Dual trace 100MHz (portable)
£750
Tektronix 2335 Dual trace 100MHz (portable)
£450
Tektronix 2225 - 50MHz dual ch
£2950
Tektronix 2465A - 350MHz . 4 channel
£995
Tektronix 2220 - 60MHz Digital storage
from £350
Tektronix 464/466 - 100MHz An storage
from
£350
Tektronix 465/4658 - 100MHz dual ch
from £300
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch
from £650
Tektronix 7704 - 250MHz 4 ch
£1500
Tektronix 7844 - Fitted with 7A42, 71380, 7885 Plug -Ins
from
£850
Tektronix 7904 - 500MHz
£800
Tektronix 468 - 100MHz Digital Storage
£200
Telequipment D68 - 50MHz Dual Channel
Other scopes available too

HEWLETT PACKARD 6261B
Power Supply 20v -50A £500 Discount for Quantities
International Light - IL 1700 Research Radiometer with Erythermal Sensor
Head

£1250

£995
Krohn-Hlte 2200 Lin/Log Sweep Generator
£250
Krohn -Hite 4024A Oscillator
£250
Krohn -Hite 6500 Phase Meter
(as new) £1150
Leader LCR 745G LCR Meter
from £225
Lyons PG73WPG75/PG28/PG Pulse generator
£200
Marconi 2432A 500MHz digital freq. meter
£150
Marconi 2337A Automatic dist. meter
£300
Marconi 2356 20MHz level oscillator
£450
Marconi 2306 Programmable interface
£1000
Marconi 2830 Multiplex tester
£400
Marconi 2831 Channel access switch
£1800
Marconi 2019 AM/FM Signal generator - 1040 MHz
Multicore "Vapourette" Bench Top Vapour Phase SMD Soldering Machine
(New + Unused)
££1265500
Philips 5390 1GHz R/F Synthesised signal gen
£400
Philips PM 5167 10MHz function gen
Phoenix 5500A - Telecomms Analyser with various Interface Options ...£3750
£300
Racal Dana 9242D Programmable PSU 25V -2A
£400
Racal Dana 9246S Programmable PSU 25V -10A
£750
Racal Dana 3100 40-130MHz synthesiser
£650
Racal Dana 5002 Wideband evel meter
£150
Racal Dana 5003 Digital m/meter
£550
Racal Dana 9000 Microprocessing timer/count. 520MHz
£550
Racal Dana 9081 Synth. sig. gen. 520MHz
£450
Racal Dana 9084 Synth. sig. gen. 104MHz
£650
Racal Dana 9303 True RMS/RFevel meter
£250
Racal Dana 9341 LCR databridge
£200
Racal Dana 9500 Universal timer/counter 100MHz
£175
Racal Dana 9917 UHF frequency meter 560MHz
£375
Racal Dana 9302A R/F millivoltmeter (new version)
£500
Racal Dana 9082 Synthesised am/fm sig gen (520MHz)
£300
Racal 9301A - True RMS R/F Millivoltmeter
£450
Racal 9921 - 3GHz Frequency Counter
£400
Rohde & Schwartz BN36711 Digital 0 meter
£995
Rohde & Schwarz - Scud Radio Code Test Set
£1500
Rohde & Schwarz - LFM 2 Sweep Generator 0.02 - 60MHz
£300
Rohde & Schwarz SUF 2 Noise Generator
Rotek 3980A AC/DC Precision Calibrator with Rotek 350A High
£POA
Current Adaptor
Schlumberger S.I. 4040 Stabilock - High accuracy

SPECTRUM ANALYSERS
Ailtech 727 - Spec Analyser 22.4 GHZ with
Alltech 70727 - Tracking Generator (10KHz - 12.4 GHz)
Hewlett Packard 3580A - -5Hz-50KHz
Hewlett Packard 182T with 8559A (10MHz - 21GHz)
HP 3582A - 25KHz Analyser, dual channel
Hewlett Packard 35601A - Spectrum Analyser Interface
Marconi 2370 - 110MHz
Marconi 2371 - 30KHz - 200MHz
Polrad 641-1 - 10MHz - 18GHz
Rohde & Schwarz - SWOB 5 Polyskop 0.1 - 1300MHz
Schlumberger 1250 - Frequency Response Analyser
Tektronix 7L12 with 7603 mainframe (1.8GHz)
Tektronix 7L14 with 7603 mainframe (1.8GHz)
Tektronix 7L18 with 7603 mainframe (18GHz)
Texscan AL51A (4MHZ - 1GHZ)

£275

from £750

} £2000
£995
£3750
£2500
£1000
£995
£1250
£1500
£2750
£2500
£1500
£2000
£2950
£995

MISCELLANEOUS
£1500
Anrltsu MG642A Pulse Pattern Generator
£400
Avo VCM 163 Valve Characteristic Meter
£350
Ballantine 323 True RMS Voltmeter
£995
Data I/O Model 29B (with 12 fixtures) + Logic pack
£350
Datalab DL 1080 Programmable Transient Recorder
Dyanpert TP20 Intelliplace - Tape peel Tester - immacualte condition£1950
£450
Farnell RB 1030-35 Electronic load 1Kw
POA
Farnell 2081 R/F Power meter
£200
Farnell TSV 70 Mkll Power Supply (70V -5A or 35V -10A)
£500
Ferrograph RTS-2 Audio Test Set with ATU 1
£125
Fluke 8010A/8012A/8050A Digital multimeters - from
£3500
Fluke 5101A AC/DC Calibrator
£6500
Fluke 5101B AC/DC Calibrator
£3000
Fluke 5220A Transconductance Amplifier (20A)
£450
Fluke 720A Kelvin-Varley Voltage Divider
£450
Fluke 750A Reference Divider
£400
Gould TA 600 - Thermal Array Recorder
£350
Gould K1001) - 100MHz Logic Analyser with Pods
£650
Heiden 1107 - 30V -10A Programmable Power Supply (IEEE)
£250
Hewlett Packard 334A - Distortion Analyser
£950
Hewlett Packard 436A Power meter +8481A sensor
£350
Hewlett Packard 3437A System voltmeter
£850
Hewlett Packard 3456A Digital voltmeter
each £300
Hewlett Packard 3760/3761 Data gen + error detector
each £350
Hewlett Packard 3762/3763 Data gen + error detector
£350
Hewlett Packard 5420A Digital Signal Analyser
£350
Hewlett Packard 5423A Structural Dynamics Analyser
£100
Hewlett Packard 54470B Digital Filter
£100
Hewlett Packard 54410A Analogue/Digital Converter
£300
Hewlett Packard 7402 Recorder with 17401A x 2 plug -ins
£500
Hewlett Packard 8011A Pulse gen. 0.1Hz-20MHz
£500
Hewlett Packard 8406A Frequency comb. generator
£300/400
Hewlett Packard 8443A Tracking gen/counter with IEEE
£400
Hewlett Packard 8620C Sweep oscillator mainframe
£375
Hewlett Packard 8750A Storage normaliser
£3000
Hewlett Packard 8684A 5.4GHz to 12.5GHz Sig -Gen
£1150
Hewlett Packard 3785A Itter Generator + Receiver
£850
Hewlett Packard 8640B - AM/FM Signal Gen (512MHz)
£900
Hewlett Packard 5340A - 18GHz Frequency Counter
£450
Hewlett Packard 5356A - 18GHz Frequency Converter head

1 GHz Radio Test Set

£7000

£1500
Schlumberger 4923 Radio Code Test Set
£500
Schlumberger 2720 1250 MHz Frequency Counter
£250
Solarton Schlumb 1170 Freq. response analyser
Systems Video 1258 Waveform Analyser + 1255 Vector Monitor + 1407
£2250
Differential Phase and Gain Module + 1270 Remote Control Panel
£990
Systron Donner 1702 Synthesised Sig. Gen 1GHz
from£800
Systron Donner 6054B or D 18GHz or 24GHz Freq. Counter
£250
Telequipment CT71 Curve Tracer
POA
Tektronix 1480 Waveform Monitor
POA
Tektronix 651 HR Monitor
£500
Tektronix DAS9100 Series Logic Analyser
£950
Tektronix 577 Curve Tracer with Fixtures
Tektronix - Plug -ins - many available such as SC504, SW503, SG502,
£POA
PG508, FG504, FG503, TG501, TR503 + many more
£600
Time 9811 Programmable Resistance
£750
Time 9814 Voltage Calibrator
£200
Wayne Kerr B424/N LCR Component Meter Set
£500
W&G SPM12 Level Meter (200Hz 6MHz)
£500
W&G PS12 Level Oscillator (200Hz - 6MHz)
£175
Weller D801/D802 Desoldering station
£800
Wiltron 560 Scalar Network Analyser
£350
Wiltron 352 Low Frequency Differential Input Phase Meter
£700
EIP 331 - Fre uency counter 18GHz

MANY MORE ITEMS AVAILABLE - SEND LARGE
S.A.E. FOR LIST OF EQUIPMENT
ALL EQUIPMENT IS USED - WITH 30 DAYS'
GUARANTEE.
PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING - CARRIAGE & VAT TO BE ADDED TO
ALL GOODS
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Serial ADC fog

Another add-on
module for the ET!
80188 single board
computer by Richard
Grodzik

wilentJ ter!

Module Concept

his analog to digital converter module, only two
inches square, plugs directly onto the module
connector pins of the 80188 embedded
controller board. It provides a serial RS232
output at 9600 baud for an input voltace range
of 0 - 5 volts. The raw RS232 data (00 - FFH),sent to the
serial port (COM1) of a PC, represents an analogue input
voltage with a resolution of 20 mVib; (FFH)255 decimal
representing a full scale voltage of 5000 mV. In order to produce

The 80188 embedded controller board was designed to
accommodate plug-in modules. For this purpose a dual row of
0.1 inch pitch connectors (10 x 10), is provided alongside the
parallel port - the 'MODULE AREA'. These pins are connected
to I/O lines as follows:

a mean ngful representation of this data, a virtual instrumentation
program is available which runs on any tvlSDOS machine.

Wnat is Virtual Instrumentation? Well, it is a means of
graphically representing, on a PC's screen, a measuring
instrument such as a muitimeter. In this case, a visual image
of an analogue meter and pointer is presented to the viewer,
as well as a precise digital indication. This combination of
analogue and digital readouts is a real-time mimic of actual
hardware meters which, of course do not exist, except on the
PC's screen. Moreover, this is all achieved in software, so that
the possibilities of facia appearance, size, colour, legend,
scales and ergonomic considerations are infinitely variable,
requiring only modifications in software. The need for standalone instruments is negated, since they can all be
represented in pictorial 'mimic' form on the PC's screen.

Ov

Dv

Timer out 1
Timer in 1

Timer out 0
Timer in 0
÷5v
PC4

PC3
PB7

P35
PB3
P81
OV

P86
PB4
PB9

P80
OV

A mating socket (double row top entry 10 ± 10), available from
Fame!' Electronics 148-526 or Rapid Electronics, is soldered
to the module PCB, allowing easy interchange of modules.
Note that the pin connections are 'mirrored' because the
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-5V
RI

NOTE:
IC1

ZD1

-.5V

TLC549
FIEF25Z

10k

a

ANALOGUE Vin

VCC REF.
S

100k

IC1
2

8155

CLOCK
0

FE,7

IN

DATA OUT

R3

100k

Fig.1. Circuit diagram for ADC module

Configure tower
Chip select

I

Configure 8251
RCM, Cm) select

BH

BL
BX REGISTE R

I

80188

DATA BYTE

Initial e
DART

1111:11110011

PORT B 8155

PEP

Initiate

timer
and ports

DATA OUT

CLOCK

TLC549
In

al ADC condbons
loop counter = 8

PORT C

CS = high clock = high
dear data buffer

Fig.2. Data input
Perform oorwersion

read pat B
transfer to BL register

SK
Shift left 1 bit

issue dock prise
dock = tow

ANALOGUE Vas

Decrement loop counter

OUT 0
TIAR IN 0

T1

Disable ADC
CS= high

Yes

SV

PC4
FSO

c;

F34
F32
F90

data

OV

contains
data byte

O 0 VY
O 0 TUB OUT 1
O 0 TUB IN
O 0 5V
O0
O 0 Pa7
O 0 P95
O 0 P93
O 0 Pet
O 0 0V

NOTE
10+ 10 PIN CONNECTOR IS
MIRRORED SINCE ADC MODULE
IS PLACED COPPER SIDE UP
ONTO CONNECTORS

Fig.4. Component overlay and connector
for ADC module

Fig.3. Flow chart of ADC code
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0 5 VOLTS-

c-

ADC

VGA
DISPLAY

Fig.5. Data flow diagram

DC VOLTS
2_82

2.50

0.75

125

0_5

0.62
0.25

22.5'
0.03

=

t.

,D.75

0.5

0:25

0.25

05

0.75

1.0

-0.25
1:1.5

.75

-1-0
Fig.6. Rotating vectors

module board sits in the module socket in an inverted position
i.e. copper side up.

Description

--

.

The A to D converter module Is' based on the TLC549 8 bit
resolution 8 pin DIL IC with a serial output. A potential divider
resistor network of two 100K resistors across the analogue
input produce a voltage on pin 2 of half the input voltage. A
reference diode REF25Z provides a 2.5 volt reference for the
converter, giving a maximum input voltage of 5 volts. The
reference voltage is sufficiently stable for most purposes and
slight variations are easily offset in software.
Interfacing of the ADC chip consists of three lines: CS (chip
select) - active low to enable the internal circuitry and allow
conversion to take place; CLK IN (clock input) -eight clock
cycles applied to this input shift out the eight bits of the
conversion, the most significant bit (D7) being clocked out first,
with least significant bits following; DATA OUT -The 8 bit serial
data stream representing the converted analogue value

(11111111B) for a maximum input voltage of 5 volts is fed to
port line PB7 of the 8155 P10.
There is a problem, however - how to convert the serial
information to a parallel data byte which can then be easily
manipulated and written to a memory location or register.
Diagram ADC2 shows how this is achieved. Use is made of a
16 bit regit4r. (BX) by the 80188. As each data bit is clocked
out of the TLC549, it is received by bit 7 of port B. This bit is
copied to the BL register and a left shift operation is
performed, pushing the bit into the BH register. This process is
repeated eight times until the BH register is filled.
Note that when reading port B, all eight bits of port B are
loaded into the BL register. However only the most significant
bit (the serial bit) Bit 7 is valid and bits 0 to 6 are lost. Once the
BH register if full, a conversion is completed, and the
constructed byte is then sent via the 8251 UART to the serial
port of the PC. No calibration is necessary, since again, all
scaling and conversion is performed by the virtual
instrumentation software (ADC_3.EXQ.
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Operation

CALL TDELAY
jMR CYCLE

Once the PCB has been populated and soldered, it is simply
plugged onto the module pins - these should be phosphor
bronze type since turned pins will break off easily. The source
code (ADC.ASM) is assembled producing an object file
(ADC.BIN) which is then sent to the EPROM emulator.
Meanwhile, the MSDOS file (ADC_3.exe) is installed on the PC
and run by typing ADC_3 <ENTER>. Connect the serial lead
from the 80188 controller's serial socket to COM1 port of the
PC. Applying an input voltage (d.c) to the ADC module will
result in digital and analogue voltage being displayed on
the monitor.

;REPEAT FOREVER

DELAY PROC NEAR
PUSH CX
MOV CX,10 EOC: LOOP EOC
POP CX
RET DELAY ENDP
TDELAY PROC NEAR
MOV CX, OFFFH EOCP: LOOP EOCP

RET TDELAY ENDP
TRANSMIT

?ROC NEAR

MOV DX,OCOOH

;USART DATA BUFFER

MOV AL, BH

;REGISTER BH CONTAINS DATA BYTE
;TRANSMIT

Programme 1

OUT DX, ALL

;ATC ROUTINE
;CONVERT INPUT VOLTAGE (RANGE 0-5V)

POLL:MOV DX, oC0111

;AND SEND VIA RS232 LINE AT 9600 BAUD TO PC
IN AL, DX

CODE SEGMENT
ASSUME CS:CODE
ORG 0

:CHECK TO SEE IF TX
BUFFER IS EMPTY
;BY POLLING TXRDY FLAG
BIT

AND AL,I
CMP AL,1
JNZ POLL
RET
TRANSMIT ENDP

ORG 0400H

MOV SP,OFFH
MOV DX, OFFA2H

;LMCS 8155 CHIP SELECT

USART PROC NEAR
NOV AL,O4FH
MOV DX,OCO1H

MOV AX,038H
OUT DX, AX

;CONFIGURE RS232 PROTOCOL

OUT DX. AL

MOV DX,OFFA4H
MOV AX,OFaH

;PCSO 8251 CHIP SELECT

MOV AL,3
OUT DX. AL

OUT DX. AX

RET USART ENDP

MOV DX,OFFABH
MOV AX,081B8H

TIMERPORTS PROC NEAR
MOV DI,0105H

;CONFIGURE 8155 PORTS

OUT DX. AX

MOV IDII,AL
CALL USART
CALL TIMERPORTS

CYCLE:
MOV BR, 0

MOV DI,0103H
MOV AL,08H

;INITIALISE DART TO
TRANSMIT
;INITIALISE PORTS AND
TTYPR

MOV DI.0104H
MOV AL,9

NOV (DII,AL
NOV DI,O100H
MOV AL,OCDH

;CLEAR DATA REGISTER
;PORT C
;STOP ADC,CS HIGH

MOV CDI),AL

MOV [DILAL

PB7=DATA BIT
RET
TIMERPORTS ENDP
ORG 07FOH

;LOOP COUNTER = 8

CONVERT:

MOV DI,0103H
MOV AL,010H

:PORT COMMAND
;PORT R INPUT, PORT C
OUTPUT
;PC3=CE
PC4=CLOCK.

CALL DELAY
MOV CX,B

8155 TIMER DIVISOR FOR
USART CLOCK

;80188 Reset vector
FFFFOH JIMP

;TORT
;CLOCK HIGH

ORG 0800H

MOV [DILAL

OFFCOH:0000
;FILE SIZE=2048 (2
KBYTES)

CODE ENDS
CALL DELAY

MOV SI,0102H
MOV BL,[SI1
SHL BX,1

;RrAll PORT B

Nov AL,0
NOV [DI3,AL
CALL DELAY

;CLOCK LW

LOOP CONVERT

;REPEAT FOR 8 CLOCK
CYCLES
;stop conversion
;CS HIGH

mov a1,0811
rrtov
[di],a1

CALL TRANSMIT

A floppy disk (MSDOS 3-1/2 in.),containing all the source
code,object code and printable PCB files for the 80188
embedded controller and add-on (nodules, is available from:
R.Grodzik (MICROS). 53 Chelmsford Road, Bradford BD3
8QN. Price £12.50 P&P inc.

;SHIFT DATA BIT LEFT

Next
Next month we look at how to generate the
virtual instrumentation display

;TRANSMIT BYTE FROM
USART
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Last month, Dave Bradshaw looked at
the design and construction of some
simple switch regulators. Here, he looks
at 6.3V and 25V versions, along with
variable voltage regulators
n the last issue of ET1 we looked at the design and
construction of a simple switcher voltage regulator.
Such regulators can for the basis of many efficient
and versatile power supply systems. This month
we look at the construction of 6.3V and 25V
versions, as well as a variable switch voltage regulator.
Continuing on from last month Figure 8 shows the slightly
different circuits for these versions, and Figure 9 the required
PCB layout. Tables 4 and 5 give the values for C1 and L1, and
Table 6 gives the resistor values.
fixed
for 6.3 or 25V, the circuit uses the LM2575-ADJ (1A max) or
LM2576-ADJ adjustable voltage version with a fixed attenuator
(R1-3) between the output voltage at C4 and the feedback
input. The attenuator reduces the feedback voltage to 1.23V,
which is equal to theIC's own reference voltage, generated by
an internal band -gap diode. The attenuator uses three resistors
to get the attenuation as close as possible to the value required.

If all the component values are spot on, the output voltages will
be 6.27 and 25.01 volts (using 24Oohm for R3 makes the first
voltage 6.29V). However, the resistors have a finite tolerance
(nowadays, 1% is usual) and the IC's internal reference voltage
also has a tolerance of around 3%. The output voltages should
therefore be within 5% of the target voltages: if this is not
sufficiently accurate, an 'trimable' variable voltage version of the
supply can be used.

Trimable and variable voltage regulators
The Ltv12576-ADJ

to 37V, depending on the unregulated input and the other
values used. The main difference is in the feedback, which
replaces R2 with a variable resistor, RV1. so making the
attenuator adjustable.
There are two ways of using this circuit:

'as a fixed but 'trimable' supply; in other words a supply
that can be accurately adjusted to make up for

AC

PIPUT

1'

!`:PUT

Failar.c
IC1
OUTPUT

CAA Cft'OFF

05
R2

lC_

OF

RV1

to IT

LLLA76 T - ADJ

1?i=7",

R3
11.2

'CI. Lt. Pl. P2

SEE TEXT

Fig 8. Modifications to the basic circuit to give adjustable
voltages (and to give 6.3V output). The resistor network
modifies the amount of the output voltage that is fed
back to the sensor input.

Fig 9. PCB layout for the variable voltage version. Note that RV1 can be a
preset or full-sized potentiometer mounted on the board, or mounted
entirely off board. However, leads should be kept as short as possible if it
is mounted off board.
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Table 1

C1 and L1 values for 5V
Transformer voltage
Cl for lA (uF)

9

Cl for 3A (uF)
L1 for 1A (uH)

4,700
10,000
12,000
220

12
1,000
2,200
3,300
220

L1 for 2A (uH)

100

100

330
150

L1 for 3A (uH)

68

100

100

C1 for 2A (uF)

15

18

470
680

330
680

1,500

1,000
330
150
100

22
220
470
470
330
150

25, 28, 30
220
220
330

100

100

330
150

Table 2
C1 and L1 values for 12V
Transformer voltage

15

18

Cl for IA (uF)

1,000

L1 for 1A (uH)

3,300
6,800
10,000
330

Li for 2A (uH)
L1 for 3A (uH)

C1 for 2A (uF)

C1 for 3A (uF)

150

2,200
3,300
330
220

22
470
1,000
1,500
470
220

100

150

150

25
330

680
1,000
680
330
220

28,30
220
470
680
680
470
220

Table 3

C1 and L1 values for 15V
Transformer voltage

18

Cl for 1A (uF)

Li for 1A (uH).
L1 for 2A (uH)

2,200
4,700
6,800
330
220

L..1 for 3A (uH)

150

Cl for 2A (uF)
C1 for 3A (uF)

component tolerances
'as a wide output range supply, e.g. for a bench
power.

The circuit for these two applications is quite similar,
but the balance between the component values
is very different.
Starting with the trimable supplies, Table 7 shows the
values of RV1 and RI for the different output voltages
already. R3 is 1k2 for all the trimable versions. and all
other component values are the same as for the fixed
versions. Using the values shown, the potentiometer has
a range of at least ±4%, and in some cases rather more.
The fully variable version uses a different value for R3
and no (or rather, short-circuited) Al. RV1 is 22k, and all
the other component values are as the 25V fixed
version. On paper, these values give an output range of
1.23V to around 28V. Of course, whether or not the top
of the output range can be realised depends on the
input to the regulator. If the input is up to it, you could try
for the absolute maximum output with R1=1k5 and
RV1=47k.

22
1,000

2,200
2,200
470
330
150

25
470
1,000
1,500
680
330
220

28,30
330

680
1,000
680
330
220

Regulators
Thit design is a straight -forward application of National
Semiconductor's Simple Switcher TM series of step-down
voltage regulators. At the expense of a few extra
.components, these regulators give higher output currents
and less heat dissipation than the ubiquitous 78 series of
linear regulators. NatSemi's regulators can supply fixed
and variable voltages at maximum currents of 0.5, 1 and 3
amps; this design suits the LM2575 (1A) and LM2576 (3A).
series. The LM2574 series (0.5A) have a different package
and pin -out. but are otherwise very similar.
Voltage step-down is by no means the only way of using
switching regulators. The LM2574/5/6 step-down
regulators can be configured to generate negative outputs
from positive inputs, although the available current is
restricted. There is also a step-up version, the LM2577.
These will be the subject of a future article.
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Table 4
C1 and L1 values for 6.3V
Transformer voltage

12
2,200
3,300

C1 for 1A (uF)

Cl for 2A (u9
L1 for 1A (uH)

4,700
220

L1 for 2A (uH)
L1 for 3A (uH)

150
100

C1 for 3A (uF)

15

470
1,000
1,500
330
150
100

22
470
1,000
1,000
330
220

18
470
1,000
1,000

330
150
100

25
220
470
470

28,30
220
470

470
470
220
150

330
220
150

150

Table 5

Cl and L1 values for 25V
Transformer voltage
CI for IA (uF)
Cl for 2A (u9
Cl for 3A (uF)
L1 for IA (uH)
L1 for 2A (uH)
L1 for 3A (uH)

28

3,300

Z200

1.000

6,800
10,000
470
220
220

4,700
4,700
680
330
220

2,200
3,300
680
330
220

Table 8
Component values
for 6.3V DC from 6.3V AC

Table 6
Resistor values
6.3 and 25 V versions
Output voltage

8.3

RI

4k7

R2

240R
1k2

R3

60

25

25
22k
1k2

C1

100uF

C2
C3,4

1 ,000uF

1k2

L1

4,700uF
100uH

Table 7

Resistor values - variable versions
Trimable versions
Output voltage
R1

R2
R3
RV1

5

6.3

3k3
Not used
1k2
1k

4k7

12
10k

15
12k

25
22k '

1k2

1k2

1k2

1k2

470R

1k

2k2

Table 8
IC choice, LM2575/6T-?
Output voltage

5

6.3

5

ADJ

12
12

15

Fixed version

Trimable or variable

ADJ

ADJ

ADJ

ADJ
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16

Fully
variable
SC

1k0
22k

IC I

L

CUTF,..TT
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T
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NOTE.

+

1
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L./4257

DI. D2
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IJJ25-75T -5 12 a 15
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t

Fig 10. The switcher with a voltage doubler unregulated supply, so that it can use a lower voltage
transformer. Note that C3 is still needed, but can be reduced in size to 100{SYMBOL 109 \f
"SymbollF, and that D3 and 4 are not needed. This version can be fixed or variable. Note that
the potential of the AC input is affected by this circuit, and this could cause problems if the same
AC input is connected to other items

AC

INPUT

OUTPUT

Fig 11. PCB layout for the voltage doubler option. Note the position of C3 and C4. C3 is
oriented at 90 degrees to that of C1 in the conventional version.

Transformer voltage too low?
Al is not lost! There is a voltage -doubling version shown in
Figure 10, using only two rectifier diodes (D1 and 2) and two
additional smoothing capacitors (C3,4). Capacitor C1 may
seem redundant, but has to be retained for correct action of the
IC; however, it is reduced to 100uF. The PCB overlay is
given in Figure 11.
The circuit effectively doubles the transformer secondary
voltage. To find the sizes of capacitors C3 and C4, double the
value quoted for C1 in the conventional circuit and then use the
next size up. Except for C1 which is 100uF regardless, all the
other component values are the same.
For example, suppose I have a 9V 2A transformer and I want
a 12V 1A regulated output. Table 2 lists 3300uF as the value for

Cl for 3A, so I could use 1.100uF. To find the right size for C3
and 4, I double this to 2,200uF and choose the next size up:
either 3,300 or 4,7G0uF, depending on what is available. C3
and 4 will have to take a peak voltage of 9x1.4=12.6V, so 15 or
16V types will be fine. According to the table, I will need a 330uH
1A inductor for L1. Both Maplin and RSIElectrovalue have 330uH
2.8A inductors, and tviaplin also has a 1A inductor for around
the same price. All things being equal, I'll go for the higher
current capability because one day I may need a little extra.
This circuit can be used with transformer secondaries up to
14V; unfortunately, I cannot recommend use with a 15V
secondary unless the circuit is going to be under load full-time
(for the same reason that 30V secondaries are not advisable
with the conventional version). Voltages higher than this will
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definitely damage the IC unless the 'HV' version is used.
Finally, Table 8 shows the values for the version that started
the whole thing off. This is for 6.3V DC from a 6.3V heater
transformer. Using a heater winding rated at 1.5A, this circuit
delivers up to 1.2A at 6.3V. Ideally, there shouldn't be any other
valve heaters directly connected to the same transformer heater
winding, but if they are, the floating voltage, the heaters will be
around +7V on average but with ripple of 7V peak -to -peak - not
good for low -noise valves!

1COuH/5.4A. 220/3.5 and 330/2.8 (Maplin codes AH21X,
AH22Y and AH23A), a very similar series from RS/Bectrovalue
(same values, codes 228-416, 228-422 and 228-438, and a
470uH/2.3A type code 228-444), and the lower current
Newport vertically mounted toroids of 100u1+2.2A, 220/1.2 and
330/1.0 (Maplin codes BU55K. BU56L arid BU57M). Maplin
also have a couple of unmounted high -current toroids, one
150u1-t/3A (code JL72P) and the other 300uH/5A (code JL730).
In theory. there's no reason why you shouldn't make your own
inductor. Personally, though, this is not something I'd risk.
The choice of capacitors is straightforward with one
exception: C2. This can be a good quality conventional
capacitor, but a special-purpose capacitor for switched mode
supplies will give lower 52kHz ripple on the output. These have
lower internal resistances, so attenuate ripple better; howver,
they are expensive and if your application will tolerate a little
ripple, then you probably do not need one.
Capacitor voltages in general are common sense: at least
1.4 times the primary voltage for C1 (double this in voltage
doubler circuits), C3 and C4 (if used). However, C2 needs to be
rated at 1.5 times the maximum output voltage of the regulator.
For D5 be sure to use the device specified, or any Schottky
or fast recover device rated at least 1.2 times the maximum
load current with a peak inverse voltage of 1.25 times the peak
input voltage on capacitor C1.
I have taken the precaution of using a heat -sink on IC1; for
many applications, it does not need it. but there's no harm done
in keeping it cool. The tab on the IC is at the same potential as
the middle pin, the negative connection.

Construction and testing
The PCB is designed for all the options described above.
Whatever option you choose, there will be some holes that are
not used. Also notice that the placement and orientation of
capacitors changes between the conventional and doubled
versions of the circuit.
The first stage, as ever, is to check the components you are
using fit the PCB and widen any holes as necessary. You may
need to widen the fixing holes, and the hole for a non-magnetic
bolt to go through the middle of a bobbin -type L1; this is only
really necessary if the finished item is going to be portable. Fit
the PCB pins, if you are using them for off -board connections.
Assemble the unregulated supply first. The mains side of the
circuit isn't included on the PCB, so this will have to be done
point-to-point. Include a switch and a fuse, if there isn't one
already. I also like to add a mains neon directly across the
mains input at the earliest possible point, as a warning that
some part of the circuit is live (I remove the neon when the
circuit is finished and fully tested).
Double, triple and quadruple check that the capacitor and
diode polarities are right, then apply power. Check that the
unregulated supply is giving the voltage you'd expect (around
1.4 times the transformer secondary voltage (and often a bit
more because the transformer is designed to be under load).
Then disconnect the mains and discharge the capacitors
through a resistor.
Build the regulator circuit and attach a test load - say one
that ought to draw around 100mA. Again, obsessively check
that the diode and capacitors are the right way round, then
apply power and check that the output voltage is as expected.
If you have access to an oscilloscope, check that the output
does not have an excessive amount of 52kHz signal in it. If is
has, consider replacing C2 with a superior type.
Attach the circuit to the load it is intended to supply, and
check again the output voltage. If this is lower than you would
expect by more than 250mV, there is probably ripple
breakthrough on the output - check for this with an
oscilloscope. The most likely reason for this is the transformer
secondary having quite a high resistance. Try increasing the
values of capacitor C1 (or C3 and 4 in the doubled version), but
this may not work. If all else fails, reduce the current
requirements or increase the voltage or current available from
the transformer.

0 David Bradshaw 1993

Resistors
a R1-3

RV1

See tables 6,7

(if required) horizontal preset or
normal potentiometer; see tables
6,7 for values

Capacitors
C1

C2

a C3',4'

See tables 1-5 and text for values
1000uF low ESR type (voltage to
suit maximum output voltage of
regulator)
see text

Semiconductors
IFP

Component choices and sources

IC1

D1,2 3', 4'

LM2575 series (1A output) or
LM2576 series (up to 3A);
see tables for exact part number
1N4001 (1A) or 1N5401 (up to 3A)

D5

1N5822

Miscellaneous

The Simple Switcher ICs are gradually getting more widely
available. Maplin and RS/Electrovalue both carry a range. For a
small charge, Maplin will also supply copies of the data sheets
for the ICs.
The inductor L1 is a critical component. It is vital that it is
rated for switched mode usage and for continuous usage at the
full current being drawn. Again, Maplin and RS/Bectrovalue
carry suitable types. The PCB will accommodate Newport
Components high -current bobbin -type inductors of

Ll

See tables 1-5 for values

O Ti
Mains transformer to suit
PCB, PCB pins, heat sink
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Linking computers and peripherals using
fibre optics can help overcome many
problems, Ken Ginn shows how it
can be done
II over the country, contractors are agging up
the roads and installing fibre optic cable for
cable TV systems. in this case, fibre optic
cabling is used because of its high data transfer
capability, but there are other reasons why fibre
optic cables are used, and one of them is the cable's Immunity
to 'noise'. Trying to link computers together in an environment
such as a machine shop filled with powerful electric motors
emitting large amounts of electromagnetic noise can be

extremely difficult. Well shielded coaxial cable is one answer,
but a far better solution is to use fibre optic cable.
This project describes the construction and use of an
interface which can be attached to an RS232 serial data port
of a DTE (Data Terminal Equipment, e.g. computer) or DCE
(Data Communicating Equipment, e.g. modem) and used to
communicate at a spccd of 19200 baud over a 20 metre
optical fibre cable run. Communication between two
computers for example, a serial printer connection, or to a
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Fig.1. Optical transceiver circuit diagram
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Fig.2. Optical transceiver link details

Fig.4. PCB component placements
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Fig.5. Construction of case
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Fig.3. LED
positions
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Fig.7. Optical transceiver link details

REMOVE PORTION OF MOULDING TO
ACCOMODATE PCB ON BOTTOM
MOULDING ONLY

PCB LOCATED IN FINAL POSITION

Fig.8. Case modifications

modem are possible. The original Idea was to provide a
suitable transceiver unit which is powered by an external
power supply at each end of the fibre optic link. The unit itself,
accommodated in a small enclosure, is simply configured
accordingly before use and plugged into an RS232 serial port.

Power Supply
Power is supplied to the unit by either a commercially available
plug-in power supply, or a PC's internal power supply. These

external power supplies are available from suppliers such as
Maplin. The power supply unit itself supplies sufficient current
to the transceiver circuitry. The supply could alternatively be
tapped off a PC to power the unit; in either case it should be able
to provide 12 volts DC at 80mA under the maxirntrn Iced conditions.

D2 is used as a series zener diode, reverse biased to
protect the five volt regulator unit from being stressed when
high currents are being drawn, i.e. when transmitted data from
the serial TXD path enables the optical transmitter. This

ELECTRONICS TODAY INTERNATIONAL
44

reduces the supply voltage to the regulator to about 9.3 volts hence, the power dissipation in the regulator is reduced.
REG1 is a three terminal regulator which supplies the unit
with the regulated five volt supply. D1 indicates power being
supplied to the unit. IC1 contains its own power supply unit to
provide the positive and negative power supplies needed for
the RS232 data paths.

Resistors
t, R1

R2
R3
R4
R5

Transmit signal path
In this example, the transmitted data through the transceiver is
presented at pin 13 of IC1 via the link LK-3 (more about that
later). The signal is processed through the MAX232CBE which
is inverted and presented at TTL levels at pin 12 of IC1.
Should DTR on the DTE (e.g. computer) be used, then this
signal line is picked off and processed through the
MAX232CBE in the same way as the transmitted data and
thus enables the transmit signal path to the transmit optical
transmitter D5. The output of IC2b passes data when both
inputs are at a logic "0" and drives the optical transmitter driver
transistor TR3 on, which provides current to drive the optical
transmitter D5. The drive current is limited by R7 to
approximately 60mA. The TXD (transmitted data) LED D4 will
illuminate to indicate a logic -I" being presented at 101 pin 13,
thus giving indication of transmitted data being launched from
the unit down the optical fibre.

1K2
1K0
11(0

10K
11(0

o R6

10K

R7

68R

Capacitors
Cl

22uF 16v tant

o C2

22uF 16v tant

te C3

22uF 16v tant

C4

22uF 16v tant

e C5

22uF 16v tant

C6
C7

100nF.63v polyester film
47uF 16v sub -miniature radial

electrolytic
100nF surface mount

tao

Semi -conductors

Receive signal path
Received signal in the form of light is received by the optical
receiver D6. There follows a high gain, low -noise preamplifier
stage. The output of TR1 (emitter) feeds IC2a which in turn
drives current to D4, (RXD. received data), in the presence of a
signal being received from the fibre optics. This indicates
received data. The signal path splits from this pre -amp stage
feeding both the LED driver 102c. and also feeds ICI pin 11,
which is presented with TTL logic levels, and converts this to
RS232 levels at pin 14 of 101. The RS232 signal is then sent
through LK-1 and then on to pin 3 of the 25 way d -type SO -1.

C,

IC1

0 IC2
REG1

MAX232CBE surface mount
74HCO2M surface mount
LM7805ACZ, 5v 100mA

regulator
TR1

ZTX302

TR2

ZTX109C

T113

ZTX302

ci

D1

Amber LED, Maplin stock
no.YY48C

o 02

Construction

BZY88C2V7, 2.7v 500mW

zener diode

The whole circuit is built on a single -sided PCB measuring
approximately 2.0 by 1.5 inches. The majority of the
components are mounted on the topside of the board, with
the exception of IC1. 102 and C8 (100n), which are all surface
mount types. This saves an immense amount of space taken
up by two of the principle components, 101 and IC2.
Soldering the two surface mount components to the board
may be the best choice with which to start construction, but
thereafter careful consideration to the handling of the board
would have to be observed with static sensitive devices
already in place. When soldering the surface mount
components onto the track side of the board, it would be wise
to fabricate a simple device to hold the board steady and a
way of applying pressure to the device holding both the board
and component in position whilst being soldered onto the
PCB. A fine tipped soldering iron designed for surface mount
devices would be the best.
All of the remaining capacitors are PCB mounting types and
are mounted onto the top side of the board. All the resistors
are mounted vertically keeping their height above the board to
a minimum. This will ensure that the assembled circuit will fit
into the enclosure.
The transistors are mounted close to the board with lead
lengths no more than 3mm. D2 is mounted in the same
manner to all of the resistors, i.e. vertical. The tallest

Cr D3

Rod LED, Maplin stock
no.YY57M

D4

Green LED, Maplin stock
no.YY58N

D5

SHF75UV, Farnell stock
no.212-799

D6

SFH250V, Farnell stock
no.212-805

e D7

1N916

4scellaneous
PCB

Cases (see text)
e 25 way d -type socket
Gender changer (if required)
o Tinned copper wire

Power socket
o Links,
O Single row header Farnell stock no. 176-370

6 Superglue
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components on the completed board should be the LEDs,
which should be no more than 12mm or half an inch above
the surface of the PCB.
Note the mounting of the three LEDs, the LED for TXD (red)
is pointing the opposite way to the RXD. Figure 3 illustrates
this; the middle LED being D1, indicating power.
The links LK-1, 2. 3, 4, 5 and 6 can either be made as
simple wire links on the board, or can be made from
removable links as shown in the prototype. The latter is the
preferred as this will enable the unit to have its configuration
easily altered if the unit's application is later changed.
The prototype is shown having a 25 way d -type solder
bucket socket with short lengths of tinned copper wire bent at
right angles and soldered to the board. Should a 25 way plug
be required, a plug -plug gender changer can be employed to
provide a plug connection to other equipment.
Once the board has been assembled, it is best to check
the soldering for dry joints and solder bridges, in particular the
surface mounted integrated circuits. Clean the track surface
with a cleaning agent such as Isopropanol. This will make the
inspection of the board much easier.

Testing
Initially connect the circuit to a variable regulated power supply
where the current can be monitored as the supply voltage is
brought slowly up to 12 volts. Under quiescent conditions a
single unit should not take more than 40mA - typically 35 to
38mA. Switch off the power supply if the current is higher and
check the component placements and the soldering on the
track side of the board.
Check the voltage at the five volt regulator. The power LED
D1 should be illuminated.
For the initial testing, configure the links as shown below:
LK-1

LK-3
LK-6

This will enable a transmitted signal path at pin 2 of the 25
way d -type on the unit, the receive path
return at pin 3.
Installing LK-6 will enable the DTR line.
Connect pin 2 of the 25 way d -type to a positive ten volts
supply via a 1K0 resistor. This will enable the optical
transmitter and can be seen illuminated through the aperture
for the fibre cable (as will D4, TXD). The total current drawn
from the supply should be no greater than 80mA in this state.
Connect this input to a negative ten volt supply, zero volts and
the optical transmitter will extinguish, as will D4. This has
proved the transmitter path is working under static conditions.
Repeat the tests with a short length of fibre optic cable
connected from the optical transmitter to the optical receiver,
D5 and D6. This time, monitor the output of the RS232 line
driver, i.e. pin 3 of the 25 way d -type connector. 04 will
illuminate to indicate received data, i.e. logic "1". Whatever
logic voltage is presented at the input to pin 2 will be echoed
at pin 3. This test provides a simple optical loop and can be
repeated with a computer connected to the unit, using suitable
communications software to drive the unit.
Note that during the static loopback tests, both the TXD
and RXD LEDs should illuminate tooether.
Confirmation of the optical loop test can be carried out
at speeds to 19200 baud. Proof of the test can be checked
by disconnecting the optical fibre, and ensuring that the
echo disappears.

Case Construction
The construction of a suitable enclosure can be fabricated out
of two identical cases available from Maplin, stock no. JW56L.
Figure 5 illustrates this. The case extension is stuck with
superglue to form the completed case.,
Apertures are made as shown in the photos which allow
access to the links and the LEDs giving power indication and
status of the signal lines.

Dressing the Fibre
When finally installing the units in situ, careful attention has to
be paid to the fibrettransducer (optical transmitter or receiver)
interface. Using the cheaper polymer cable has certain
disadvantages over the more conventional glass fibre, which is
more usually supplied with connectors terminated at each end
of the cable, and this simplifies connection.
Take care when cutting the polymer cables and try to get a
clean square cut at the transducer interface. This will ensure a
good degree of coupling between fibre and transducer. A hot,
sharp knife is recommended.

Using the Unit
To use the unit is simplicity itself. The links within the unit are
configured to suit the need of the unit. If it is to be connected
at DTE or DOE the internal links are configured accordingly.
To keep the unit common at either end of the fibre optical
link, a 25 way gender changer is used to give the facility of a
socket connection to a unit.

Links
Considering the connection of the unit to a DTE fi.e. a
computer), data transmitted from the RS232 port is presented
to pin 2 on the 25way d -type. The optical transceiver unit will
interface with the computer direct, and plug straight to the
computer's serial port, (i.e. 25 way d -type plug). Here, the links
for data to follow the path to the optical transmitter will need to
be in position, i.e. LK-3.
For DCE connection, pin 3 of SO -1 takes the transmit signal
path and LK-2 is installed in place of LK-3.
Considering the receive data from the optical receiver in the
unit, the received data follows a path to pin 3 of the 25 way d type; again, the linking of the RS232 signal at this point has to
be routed. LK-1 is put in position.
For DCE connection, pin 2 of SO -1 now takes the received
signal path and LK-4 is installed.
Should the computer use DTR signalling, this can be
enabled by putting LK-5 into position. To continually enable
the unit, the link can be positioned to LK-6. This depends
upon the computer using DTR in the software or not.
See figure 2. for linkage details.

Conclusion

1

These units have proved useful, linking two
computers together enabling the much smaller and
easier to install fibre optic cables to be laid. One of
the major advantages of running fibre optic cables is
their immunity to induced electrical interference and
higher speeds over an equivalent cable run to
conventional copper cables.
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ogrammer
In part two of this project, Robin Abbott
explains how to build an inexpensive
PIC programmer

D1

>17V

IC4

0

1!4

OUT
GPO

0-1

4

R5
15R

D6

02

14.1V

LD1

'" R6
g=1 C5 "I.' C6

D2

56OR

I10p I 100n

* D3

R2
ZD1

1k

y

5V6

1
RI

vDD
4

01

18

V OD

vS.S

MCLR

i=iC 9

RCS
ui27

22u
26

C7

SKTI

RTCC

XLI 3.58MHz

ROD

05.C2

RC2

OSC2

19

mciesv

21

rtoocke

20

oseldne

RC5

SKT2
18pin

28 pin
3

RTCC
27

Re4 22

C

15p7

4

151

en12

26

RTCC

OSCI

16 MCI

OSC2

osu

2

IC1

1

VCC
11

C13
22u

+

ti

12

24

RAO

RC6

N

6

\

7

RAO

17

GND

1

RC7

RCO

18

14

RA3

4

C10

'T

0
3

IC2

I+

/

20
RBO
21

11

12

5

c=l C 11

3o

13

20

14

14
15
16

C12
122P

22

37

17

/

/

noTE_
10i
:02
IC3
10,4

PICI6C57tXT
MAX232

10

RC7

7805
78L12

Q1.03 8os:8

DO

RN1

12x 10k

Fig.1. PIC programmer circuit
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Last month we took an overall look at the
design and operation of a programmer for the
popular Microsystems PIC microcontroller chips.
The programmer is connected to a PC and can
be used with the PIC assembler and simulator
included in the cover disk given away with February 1995 ETI.
This month we conclude the project with a look at
constructing and using the programmer.
The programmer is constructed on a fibreglass PCB v:ith
four rubber feet which prevent the PCB from scratching any
surface on which it is used.
The PCB overlay is shown in figure 7. Construction is not
complicated, insert all the jumpers and horizontally mounted
components first, IC1 and IC2 should be socketed. Insert the
capacitors, crystal, IC3 and PL1 last. Note the resistor network
RN1. RN1 can be made up from one 9 way SIL resistor
network and one 3 way SIL network. However as these
appear to be unobtainable then RN1 can be made up from 12
individual vertically mounted resistors.

SKT1, SKT2, and SKT3 are the device programming
sockets. Zero Insertion Force (ZIF) sockets can be used here.
Howeve,r they are expensive and can be replaced with
stacked DIL sockets. If this is to be the case, then ensure that
the device programmed is inserted into a DIL socket, and that
the board has at least two stacked sockets. This will ensure
that sockets with bent pins can be replaced without
unsoldering from the PCB. 18 pin ZIF sockets are hard to find,
and the prototype used a 20 pin socket for SKT2. If ZIF
sockets are used then they should be either long pin devices,
or should be mounted on two stacked DIL sockets to raise
them above the board and components.
A serial cable needs to be constructed, or a standard serial
cable can be used. As there are a variety of serial ports
connectors available then it is likely that different host PCs will
need different connectors. If you choose to make up a Cable
for the host PC then follow the connections sha.vn in figure 9.
The power supply is constructed in a small case with an
integral mains plug. There are only three components in the
power supply apart from the transformer. These are mounted
on a small piece of veroboard. Ensure that the transformer and
power supply board are bolted firmly into the case. In the
prototype, the exposed mains pins were liberally smeared with
silicone rubber sealant to insulate them.

Code
I+

Cl '=!
1cC umi

1C2

C4

C3

TTT
3 x100n

I

LR

S KT3

40 pin

Figure 8 shows the code for the prototype in INTEL hex
format. This is checksummed which should reduce the chance
of programming a device in error. The author is prepared to
program PIC devices which will guarantee the latest code
version - see the end of this article for details.
Please note that this code is copyright, and although it may be
used by individuals for personal experimentation it may not be
used commercially.

Testing
Consult figure 1 and check that the PCB matches the circuit
diagram and that there are no short circuits. Without inserting
101 or IC2 check that with the power connected the supply
pins on IC1, SKT1, 2 and 3 are at +5V. Check that the voltage
on the emitter of TR2 is at 14V+/- 0.2V. Power down.
Insert IC2 and short pins 24 and 25 of the socket for IC1
and power up. Use a terminal emulator program on the host
PC. Windows terminal is suitable for a PC. Set the emulator
communications parameters to 9600 BPS, 8 bits, one stop bit,
no parity, no flow control. In Windows terminal this is the menu
option under "Settings - Communications". Check that
characters typed on the terminal emulator are echoed back to
the PC. This ensures that the serial link is working before trying
any programmer functionality.
Power down, remove the link on 101 socket, insert IC1 and
power up. Now at the
emulator enter 'D' (it is
important that capitals are
used). The programmer
0101
should respond with a
?20V
'K', this is the standard
240Vac
`are you there'
diagnostic. Short pins 12
GNO
and 14 of SKT2 and enter
C101
T1
a 'B' the programmer
should respond with a
large number of '@'
Fig.2. Circuit diagram of PIC programmer power supply
characters followed by a
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'K'. This is the programmer -read PIC" command and the link
has forced the programmer to read bytes with the value 40Hex
which is the @' character. Remove the link. This completes
testing of the serial interface.
Enter an 'F' character and LED 1 should illuminate, check
that the voltage on pin 28 of SKT 1, pin 4 of SKT 2, and pin 1
of SKT 3 is about 13.25V. Check all the other pins of SKT 1 to
3 are at +5 or OV, and that there are no other pins with a
greater voltage on them. Enter `K' and LED 1 should go out.
now check that except for the power supply ALL pins of
SKT1, 2 and 3 are at OV.
Finally use the host PC programmer software to check that
real PIC devices are successfully read and proarammed.
Please use erasable devices for the initial tests!

Using the programmer
It is highly recommended that the software developed for the
prototype is used with the programmer which is available from
the author (see the end of the article for details). This software
has been fully tested and offers a number of advanced
features. However, for those who do not own PCs with
Windows software, or who own non -IBM compatible
computers, a full programming specification is given below.

Windows host software
The programmer software runs under Windows 3.1 or 3.11.
The software is generally self explanatory and has help
facilities, however some of the features are explained here.
The program offers the following features:

O Reads, verifies, checksums PIC devices.
o Allows user to set configuration fuses and user
programmable areas.
Allows examination and programming of EEPROM
data areas in devices which have them.
o Supports Program Readable ID's (PRID's) see below.

Displays programs read from PIC, or from files
produced by the assembler.
O Blank checks devices

e Bulk erases EEPROM devices.

Supports PC serial communication ports 1 to 4.
Saves configuration information defined for a
project so that configuration only needs to
be defined once for each project.
Figure 10 shows a screenshot of the programmer showing
a loaded file. The programmer main screen always shows the
buffer. The buffer can be loaded from a file or read from a PIC
device in the programmer. The buffer can then be used to
program a PIC. or can be saved. The buffer can be navigated
using the up and down arrow and page keys.
At the top of the screen is the display showing the use of
PRID's and user values; these are fully described below. The
checksum is also shown. The checksum is a 16 bit value
which is calculated by combining all the words in the buffer
and the configuration fuse value. Tne user values are not
included.
The screen also shows the currently set oscillator type, and
the values of the configuration fuses. The oscillator type may
be set as LP. HS, XT and RC, these types are low power
crystal oscillator (e.g. 32KHzl, High Speed crystal (>4MHz),
normal crystal (1-4MHz) and resistor/capacitor oscillator types

respectively. The user values, and configuration fuses may be
programmed independently of the main buffer.

Configuration fuses
All the PIC devices of configuration ruses which set the
mode of operation of the device - the type of oscillator and
whether the watch dog timer, power up time, and code
protection features are enabled. These are fully described in
the PIC databooks; however, the use of the code protect fuse
bears further examination.
The code protect fuse prevents any copying of the PIC. It
does this by preventing programming of most of the PIC
(including the code protect bit). Reading the PIC results in
reading the value of the upper bits of the PIC XOR'd with the
lower bits (exactly how this is done depends on the PIC type),
and blanking the upper bits. Thus it is impossible to
reconstruct the program, however each PIC program will read
differently. Thus, to verify a code protected PIC, then the PIC
should be programmed, and then,read. The code protected
file should then be saved. Now any PIC which needs verifying
can be compared to the code protected file.
Erasing a device will reset the code protect fuse. The
programmer will not allow any attempt to program a code
protected device, although it will automatically bulk erase
EEPROM devices before programming them.

User Words
The user words are an area of EPROM which is readable
and programmable by the user, but is not accessible to the
program running on the PIC. User words are not available on
the latest devices - the PIC16C64 or the PIC16C74, suggesting
that they may not be available on future devices. Different PIC
device types have different sizes of user EPROM; however the
programmer limits use of these words to entering a single 16
bit value as recommended by the Microchip programming
reference. This is because the way that the 16 bit value is
stored permits it to be read even in a code protected device.
The programmer permits the user words to be set to the
following options:
1. User defined. With this option the user can enter a 16 bit
value in hex which is used to program the user ID.
2. Program sequence. With this option the ID is set
automatically to the number of times that a particular file has
been used to program a PIC. Thus the user ID can be used to
indicate the number of PIC's produced for a particular project.
The file used must have the same directory and file name each
time that a PIC is programmed for this feature to operate.
3. Use device sequence. This can only be used with EEPROM
devices, and is a count of the total number of times that the
device being programmed has ever been programmed regardless' of the file used to program it.
4. Use PRID. In this case the user ID is set to the same value
at the lower 16 bits of the PRID - see below for a description
of PRID's.

5. Use Checksum. In this case the user ID is set automatically
to the checksum of the buffer.

Program Readable ID's (PRID's)
Program readable ID's (PRID's) are used to set an ID which is
readable by the program running on the PIC. PRID's are useful
for serialising projects or for setting values such as code words
in alarm systems such that each PIC programmed will use a
different value. PRID's are available on all the PIC devices. A
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File

PIC

Options

Fr

PIC Programmer - 1 6c81
Help

:: No PRID
:: 7FE6, using checksum
Checksum: 7FE6
:: LP.
OSC
FUSES:: Code Protect: N, Watch Dog: Y, Power Up Timer
C:\PIC\LITEGUN\LITEGUN
PRID
USER
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0085 2833 1CAE 282C 0810 3903 1D03
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0009 3004 008C 301F 0085 0186 0189
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Fig.10. Sample Pogrammer Screen

PRID may be from 1 to 4 bytes in length. To use a PRID then
the program must use an array of RETLW instructions at a
location defined by the user. It is suggested that these are
somewhere obvious like at address 100Hex. Tne programmer
will insert the values for the PRID into these instructions before
programming each PIC. For example if the value 127 is to be
inserted then the programmer will replace the current RETLW
instruction with a "RETLW 127' instruction. If the user has
defined a PRID area which does not contain RETLW
instructions then the programmer will not proceed.
The following types of PRID may be used:
1. No PRID - the default. It is suggested that even if a program
will use a PRID, then the PRID is not enabled until the program
is fully debugged and devices are to be programmed for use.
2. User defined. With this option the user can enter a value of
up to 8 hex digits, the user is prompted to enter this value
each time that a PIC is programmed.
3. Program sequence. With this option the PRID is set automatically to the number of times that a particular file has
been used to program a PIC - this guarantees that each PIC
has a different ID, but ID's will be sequential. The file used
must have the same directory and file name each time that a
PIC is programmed for this feature to operate.
4. Random. With this option, the PRID is set to a random
value. This option is best used for security systems when a 4
byte value is recommended.

Data EEPROM
The EEPROM PIC devices have an EEPROM data area which
may be read or written from the program. The programmer
can also read or write this area. In practice this is most ilseful
for setting up device configuration in advance, or for
debugging to check that the EEPROM data has been correctly
written by an application program. Data may be read from, or
written to, any of the standard file types.
Tnis area is considered to be mapped at address 0, and
information read from Intel hex format files is read to this area.
This is slightly different from the Microchip programming
specification which places the EEPROM data at logical
address 2100H. The reason for the difference is to allow for
any future dxpansron in EEPROM or program sizes.

Adding new PIC types
It is possible to add new PIC device types to the programmer
software. New device types should have the same type of
programming specification as an existing device type. That is,
programming voltage should be on the MCLR pin, and for
serial devices the clock and data should be entered on RB6
and RB7 respectively. For serial devices, the command
numbers should match the 16C6XX or 16C7XX devices.
Please feel free to consult the author in case of uncertainty.
New devices are entered into the file "PROCTYPE.INr
which is in the directory used to run the programmer. A new
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device should be added by putting the line "NAME=TRUE"
where NAME is the device type in the section at the top, and
then adding a definition section. An example definition section
is shown for the PIC16C71 in figure 11- note the information
shown after a ';' on each line describes the entry and should
not be entered into the file. Please examine the supplied file for
other examples as the definition may change as the software is
enhanced. After entering new devices into PROCTYPE.INI they
will then be available for selection in the programmer
host software.

Programming Specification
For those users who wish to produce their own host software
for the programmer this section describes the serial interface
to the programmer.
Communication to the programmer relies on a
command/acknowledgement protocol driven by the host
machine. Commands are given as a letter from 'A' to '0', and
any bytes required by the command follow the command
letter. The programmer responds with any bytes to be sent as
a result of the command followed by an acknowledgement
byte. The acknowledgement byte is either a 'K' or an 'F'. 'K'
indicates the command was successfully obeyed, 'F' indicates

that an error occurred such as a checksum failure on data sent
to the programmer. Commands may take up to 100mS before
the acknowledgement byte is returned, and if this time expires
then an error may assume to have occurred, the time-out in
the prototype was set to 1S.
To initialise the programmer from any state, this sequence
should be followed : Send '0' 18 times, wait 1S and discard
any bytes returned from the programmer. Send 'K' and wait for
the acknowledgement - 'K', the programmer is now
guaranteed to be in a waiting state. This sequence needs to
be followed only at the beginning of an application program.
Figure 12 shows the list of commands which can be sent to
the programmer, and the expected responses. The following
paragraphs describe commands in more detail.
The Set mode command ('A') and the Size command ('I')
should be sent before any other command is sent to the
programmer. These set the type of PIC and the size of the
program area. The Set mode command (Al is followed by a
single byte. Bit 0 of this byte is set for serial mode devices, bit
1 is set if the device is manufactured in EEPROM technology.
For example, the PIC16C84 has the mode command definition
value 3, the PIC16C57 has the value 0, and the PIC16C71 has
the value 1.
All data words written to the programmer for programming
(commands 'E', 'G', and 'L') are in PIC parallel format sent as
the low byte followed by the high byte. This format has the
upper 8 bits of the word in the upper byte, and the lower 4 or
6 bits in the lower byte which should be padded with O's. Thus
the hex word "1EC7" for a 14 bit device is written to the
programmer as the byte "07" followed by the byte "76".
Regardless of the number of words written to the programmer
they are always followed by a single byte checksum which is
the 8 bit sum of the data words. If the checksum fails then the
programmer will return 'F'.
All data read from the programmer in response to the 'B',
'C' or 'J' commands is in the PIC parallel format as for data
written, but there is no checksum. All other 8 bit data is
returned as a single byte. 16 bit data is returned in the normal
low byte followed by high byte format.
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Fig.8 - 16C57 Code for PIC Programmer
:08000000010065006600420CDE
:080008002700680069000200EA
:080010002A0000000200F800A5
:08001800050006008000070042
:080020004E001509E804160958*
:08002800340A1D0B0C0E0201346
:080030000E002E00EE021A0A60
:08003800000000081900000093
:080040000000190A44085708EA
:0800480058084708610850083D
:08005000630859084908580224
:080058005508650867085D0802
:0800600069086E086E08220010
:0800680052008B000306410A53
:08007000410CABOOEB06410A54
:080078002200E8010B02330910
:0130080002200460C1509120ACA
:0800880016090130228004E0005
:08009000420A16090802290007
:0800980016090B022A00470A89
:0800A00008061B090807A809C8
:0800A800470AA209470AA30552
:0800B000430AA305800AA30519
:0800B8002F0AA305ED0AA30500
:08000000010A0305240A03056F
:08000800030AC305000A310997

:0800D000470A03050AA305E5
:0800D8000305200350305BE
:0800E000000A020C°40A10005A
:0800E8003B00FE0270A000851
:0800F0000D003C007BOOFB023B
:0800F8007BOAF002780A000880
:080100000206940A4000050006
:080102000600000225000E02A5
:0801100026006704730967056E
-:08011800FF000500060071094F
:08012000670484096705000832
:080128000200D409EF09080008
:080130000409280678097309BF
:080138000E0028070409E00AA2
:080140000300D409BF090800EF
:08014800b409780A6705730968
:080150004900270000084A000D
:08015800270088000600670480
:0801600000080806D30A470558
:0801680005020F0E2F00060234
:08017000310047040008660090
:080178003F000600A60A40032E
:08018000390079030E033A0077
:0801880039031904FA04100CF0
:080190003700E6043A0339030D
:080198000306E6050605060406
:0801A0008702090A0008060071
:0801A8003700060C3800E604E4
:0801800037030306E60506054E
:080188000604F802070A000892
:08010000F80020002E00400091
:08010800D40913F09070039003E
:080100000309F902E80A05004D
:0801D800EE0A0400D409E8006F
:0801E0000600080024000700BF
:0801E8001709280328033E0040
:0801F0006F0111002400080042
:0801F8001709060506043800FF
:080200000600000838000605E5
:0802080006040304E606030529
:0802100020038 802030E000833
:-08021800E706160A08002D0090
:0802200018091E090000030487
08022800570603052303ED028C
:08023000110B0E02E7071A0B8A
:0802380000082000090C200042
:08024000030403070704030601
0802480007051E09200350029D
:08025000210E0705120900087F
:08040000240B0806100AA304EA
:080408000304A6090902330038
:060410000A0234003302430725

:08041800B402A30403043309F0
:08042000A3040304B309A30502
:080428008302100AF402100AA0
:08043000040C3300B4025A0A67
08043800A30403045809FF007F
:080440002D002E004000A30472
:0804480003040409A30403049A
08045000B80904003300740025
:08045800B402A3056F0A080687
:080460003E0AA3040304A60928
:08046800A3040304B3096300FF
:080470000E0215091102150924
:02047800A305670AA304030485
:080480008E09A3040304E00959
:0804880063000F021509110207
:080490001509A305670A090222
:0204980033000A023400330234
:0804A0004307E40208066C0A00
:0804A800A3040304A609A30488
:0804800003048309A304030453
:0804B300830963000F021509E8
:0804000011021509A305830266
:020408005A0AF4025A0AA304C7
:080400000304A3096300470AF5
:0804D800A304030481309A30443
:08045000030480096300080283
:0804E800150911021509A30416
:0804800003040309A305830204
:08048800680AF4026F0A670AN3
:0805000075007600090233000A
:080508000A0234000806AD0AE6
:080510008302330243079402F9
:08051800A3040304A609A30417
:080520000304B309A3050304E1
:08105280002090F02F5010306D4
:08053000B6021102F601A30559
:0805380083028FOAF402880A9E
:08054000A3040304A30915027A
_
:0805'80WA0403041509160207
:08055000A30403041509630084
:08055800470A33024307840215
:02056000A30403048309A30421%
:080568000304ED09A305030458
:080570000E090802F50103068C
:08057800B6021102F601A30412
:0805800003040309A305830233
:08058800B30AF4023305A30454
:080590000304AB09A30403047A
:080598007809A30403048E09A8
:0805A000A3040304E009A30554
:0805A8000304DE090802850196
:08053000030686021102F60178
:08058800A305A00A6F036F0305
:0805000002000806E60A6F03E5
:080508006F0304003200030470
:0805000031032F03F202E701D8
:080508000008090233000A0209
:0805E0003400330243073402AA
:0805E80008061108A304030473
:0805F000A609A3040304B3092A

:08082800000A0800250AFF0063
:08083000200022004000A3047E
:080838000304D409A3040304A6
:08084000B809C3050800250A0D
:08084800100028003300030423
:0802500033133000240060009E
:08085800A30403041609030543
:080860000B02EC012000A402D0
:08086800E802200AA304030483
:08087000160903050802A00080
:0808780043076E0AE8068E0931
:08088000640030003200750029
:080888000100340012022400EF
:0808900000022000A402000289
:080898002E006400E202E2025E
:0808A000A30403048009030591
:0808A8008806630A0002AFOO2F
:0808200043065D0A28066E0A21
:08088800630A0E02E100430601
:08080000740AE8066E0A28061E
:08080800600A8-402640CE8079D
:0808D0001A0C94004307500A02
:0808D800E806560A4000A304E3
:0808E5D0030415096300410A7D
:080858001402F5012806820A42
:0808F000E806820AD401F401BC
:0808F800A30403048009030539
:08090000F402700AA304030405
:0809080081090305F302440A22
:080910001502A3040304150930
:080918006300470A0807000800
:08092000300024000002200040
:08092800A40200022800640080
:0809300040003040304040934
:08093800A300_0104BF09070C6E
:08094000320UA3040304D30933
:080948000305F202A10A000838
:0809500040002807DF0A080738
:08095800080AA3040304380970
:0809800067040A00A3040304A0
:08096800D40903053800250072
:08097000260040000500060002
:08097800ECO9FF00E009BFOCB7
:08092000E00907003200060023
:08098800260067056704E6057F
:080990008202030A010CE00990
:080998000700E0090200E00940
:0809A000FFOCECO9BFOCEC098F
:0809A8000800E009A304030400
:0809E000780903050100E00984
:0809E8000700E009010C3200F0
:0809000065006600A3040304F6
:08090800A809F8000500630000
:0809000032024306410A470A06
:0809D800260067056704E6052F
:0209E000000800
:08000000090233000A0234006E
:0800080033024307E402A304708
:080C100003042B09A3040304E3
:08001800860963000F02150948
:0800200011021509A304030421. -

:0805F800A3040304B309A301.-79

:080028000309A3050305830283
:080030000A0A84020A0AAIH;77

:08060000000943070008F30293
:08060800FC0AF402800AA30441
:020610000304A2096300470A33
:08051800. 3040304A309630055
:08062000410AA30403043B0955
:08062200A3040301E009A3058E
:08063000000943070008A30431
:0806380003040309A305F3027A
:08064000140EF4021408070360
:080648000000080780002FO1A3
:08065000AF0243070008E102E0
:02065800000898
:08080000E8050200250A0806E8
:08080800170A09023300830204
:080810000A0234003302430721
:080818008402A3040304E309F8
:080820000305F302000A840206

:08004800300024006000A30431
:0800500003041609A305030546
:080058000802E0012000A402D4
:08006000EF02270AA3040304F0
:080068001609A30503050802E8
:08007000A0004307540A640004
:0800780030003200120224000E
:0800800000022000A402000295
:080088002E006400E20282026A
:08009000A3040304A009A3049E
:080098000304B109A305030563
:0800A000F3023E0A6300470A52
:0400A8006300410t4a
02088E00010AE6
:00000001FF
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:080038000304AB0963004005
:08004000100028000800330LA

To program data locations the Enter Program command
('F') is given. This sets the program counter to address 0. Now
8 words can be programmed at a time using the Program
Data command ('E'). Each command returns the overprogram
count (a single byte) followed by the acknowledgement. The
overprogram count is the total number of pulses required to
initially program the 8 words. 'Thus, if the first seven words all
required one pulse to initially program the word, and the eighth
word required 2 initial pulses. then the overprogram count
returned will be 9. After each word -is programmed the internal
counter is incremented ready to write the next 8 words. After
the entire program area is written then the End Programming
command ('K') is given. Note for parallel programmed devices
then when the data locations are to be programmed the initial
'F command must be followed by a single 'M' command. This
increments the program counter past the configuration word in
these devices.
In similar fashion the user words may be programmed by
sending the Enter Program ('F') command followed by the
Program ID locations command ('G'), followed by the End
Programming command (`K').
The User configuration fuses are programmed by sending
the Enter Program ('F') command followed by the Program
configuration fuse command (`U). followed by the End
Programming command ('K'). Note if the Code Protect fuse is.
set to 0 (entering protect mode) then the program command
may fail due to the inability to read back the correctly
programmed value. Fuses must always be programmed after
the program and user words.
Data EEPROM is written in the same way as program
EEPROM, using the F, Q and K commands. Note that data
sent for data EEPROM is still be sent and received as 8 words
in PIC parallel format even though only 8 bit bytes are being
sent. Thus the byte "FF" is sent as the byte "3F" followed by
the byte "03". Note for reading and programming data
EEPROM the size command must be used to send the size of
the EEPROM data area. and not the program area. Also there
is no check of EEPROM data after it has been written - use
the read command to verify it.

Resistors

0

R1,4
R2

4K7

R3
R5

10K
15R

R6

560R

0 RN1

1K

12x1OK (see text)

Capacitors
O C1

100uF 10V Electrolytic
100n Ceramic
G 05
10uF 16V Electrolytic
o C7.8
15pF Ceramic
o C9
22uF 25V Electrolytic
G C10,11,12,13 22uF 16V Electrolytic

o C2,3,4,6

Semiconducors
IC2

PIC16C57/XT
MAX232

IC3

7805

IC4

TR2

78L12
BC548
BC557

D1

1N4001

IC1

0

0 TR1,3
0

D2, 3 ,4 ,6 ,1N4148
0 LD1
Red LED, 5mm
ZD1
5.6V Zener diode
0

Miscellaneous
o XL1
resonator
G PCB
o PL1

PL2

3.579545MHz crystal or ceramic

9 -pin D socket
2.1mm PCB mounted power

socket
IC sockets
28, 18, 40 pin sockets (see text)
4mm high rubber feet

SKT1,2,3

File Formats
The host software accepts the following file types:

Mains Supply

Intel Hex
This format is the standard Intel hex form consisting of data
records with checksums followed by an end record command
and is produced by the Microchip MPASM assembler. There
are two types of Intel hex file supported by the programmer.
The first is merged 8 bit format described by Microchip as
INHX8M format (.HEX extension). This is a single file containing
words in low high format. All addresses are doubled. The
INHX8S format consists of two files, a file with a .HXL
extension and a file with a .HXH extension. The first file
consists of the lower 8 bits of each word to be written to
program memory, the second file contains the upper 4 or 6
bits of each word. The old 16 bit hex format used for the
proprietary Microchip PICPRO programmer is not supported.

Capacitors
C101

100uF, 25V Electrolytic

Semiconductors
o ,D101, 102

1N4001

Miscellaneous
TRANS1

15-0-15V 250mA transformer
Veroboard

Case with integral mains plug

3m two core cable
2.1m power plug
Fixing hardware

Hex Text
The Hex Text format is most useful for producing data files for
the EEPROM data memory. Hex Text format files can be
created with a standard text editor. Tne records consist of a
single word written on each line of the file which has a -.TXT'
extension. Thus the file consisting of the four bytes, 05, 6B, 1A
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Figure 12
Table of commands and responses used by the programmer
Function

Input data

Returned data,

Setmode

Single byte mode data
- see text

Acknowledgement byte

B

Read entire PIC

None

Size' words
Acknowledgement byte

C

Read configuration
word

None

Configuration word
+ Acknowledgement byte

D

Check programmer

None

Acknowledgement byte

E

Program 8 words
at the current location,
move the current
location onward 8
words

8 words
single byte
checksum

Single byte count of overprogram
pulses for all 8 words
+ Acknowledgement byte

F

Enter programming mode,
set current location to 0

None

Acknowledgement byte

G

Program user words

4 words + single byte
checksum

Acknowledgement byte

H

Checksum entire PIC
and configuration word,
excludes user words

None

16 bit checksum in low -high format
+ Acknowledgement byte

Set PIC program size

Size of program area in
low - high format

Acknowledgement byte

J

Read User words

None

4 user words
Acknowledgement byte

K

Leave programming mode

None

Acknowledgement byte

L

Program configuration fuses

Single configuration word
+ single byte checksum

Acknowledgement byte

M

Increment program location
(only needed to step past
configuration in parallel
devices when programming
data - see text)

None

Acknowledgement byte

N

Blank check PIC

None

Return 'K' if the PIC is
blank, 'F' if it is not blank.

O

Bulk erase EEPROM device
program and data
Read EEPROM data

None

Acknowledgement byte

None

Size' words
Acknowledgement byte

Program 8 bytes at the
current FFPROM data
location, move the current
location onward 8 bytes

8 bytes sent as words in
PIC parallel format, followed
by a single byte checksum

Acknowledgement byte

Command
Letter

P

Q

Size is programmed by the Setsize command ('I')
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A7

- particularly those driven using serial protocols.
The PIC16C84 EEPROM device is much cheaper than the
erasable versions of the 18 pin 16C5)0( devices and offers a
code superset of these devices. It also erases in less than one
second and is recommended for development of programs on
18 pin devices.

Binary

Programmer Software

Binary information files are stored as bytes. Where words of
more then 8 bits are written then the lower byte is written
followed by the higher byte. The file extension is ".BIN".

The author is prepared to program PICs as well as to supply
host software. Send a blank PIC16C57/XT or PIC16C57/JW
which will be returned together with the host software. The
host software is supplied on 3.5" High Density floppy disk
suitable for use with Microsoft Windows version 3.1 or 3.11 the software will probably operate with Windows 3.0, but has
not been tested. Send the PIC together with an SAE ancl a
cheque for £20.00 to Robin Abbott, 37 Plantation Drive.
Christchurch, Dorset, BH23 5SG. The author is also happy to
answer any queries on the use of the programmer.

and A7 is written as follows:
05
6E1

1A

Developing with PICs
It is recommended that all development projects should use
the erasable (/JW) versions of the PIC series. There have been
recommendations that the simulator (MPSIM) is sufficient to
fully evaluate code prior to blowing a PIC. However in practice
it is difficult to use MPSIM to exactly simulate external devices

Figure 11
Example Processor definition in "PROCTYPEANI"
[16c711

bitlength=14

; Number of bits in program word

eeprom=0

; Set to 1 if device uses EEPROM technology

serial=1

; Set to 1 if device uses serial programming

proglength=1024

; Size of program in device

put=1

: Set to 1 if the device has a power up timer

rc=3

; value of fuse bits for Resistor/Capacitor oscillator

hs=2

; value of fuse bits for High speed crystal oscillator

xt=1

; value of fuse bits for Medium speed crystal oscillator

1p:--0

; value of fuse bits for Low power crystal oscillator

wdtbit=4

; value of fuse bit for watch dog enable

putbit=8

; value of fuse bit

for power up timer enable

cpbit=16

; value of fuse bit for code protect feature

cfmask=16352

; Mask for unused bits in fuse area

udosc=1

; Set to indicate all devices can have oscillator type programmed

retlw=13312

; Value of `RETLW 0' instruction

eedatasize=0

; Size of FFPROM data area

r-1

OMNI ELECTRONICS

STEVENAGE

174 Dalkeith Road, Edinburgh EH16 5DX 0131 667 2611

Professional Sub -Contract Manufacturing & Suppliers to the
Electronics Industry

l

The supplier to use if you're looking for -

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

* A WIDE RANGE OF COMPONENTS AIMED AT
THE HOBBYIST *
* COMPETITIVE VAT INCLUSIVE PRICES *
* MAIL ORDER - generally by
RETURN OF POST *
* FRIENDLY SERVICE *
* 1995/96 CATALOGUE NOW AVAILABLE

Price £2.00 *
1/171

PCB Assembly (Conventional and
Surface Mount)
Wave & Hand Soldering
Complete Equipment
Manufacture
Device Programming from hand
written shts or PC 3'! disc
Cable Harness Assembly/loom
Manufacture
Card Cage and Module Wiring
Full Inspection

--.,

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

Product Design/Consuttafion
Full Procurement Service
PCB Test & 'Bum in' Facilities
Enclosure Design & Manufacture
PCB Artwork Manufacture
Circuits Drawn Professionally
Kit Procurement & Supply
Component Sales
Refurbishment a speciality
Top Duality Work at Reasonable
Rates

Phone Angela on (01438) 360406 or fax details of your requirements to
us on (01438) 352742
E0T LTD, Cromer House, Caxton way, STEVENAGE. HERTS, SG1 2DF

-:
viimangi4
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High quality stepping motor kits (all including stepping
motors) 'Comstep independent control of 2 stepping
motors by PC (Via the parallel port) with 2 motors and
software.
Kit
£67.00 ready built
£99.00

Sinclair light gun terminated with a rack plug and PP3
clip gives a signal when pointed at 50hr flockenng light
with output wave form chart
.£3.95
DC -DC convertor Reliability model V12P5 12v in 5v

Software support and 4 digital hafts kit
power interface 4A kit

£4.95 each or pack of 10 £39.50
Hour counter used 7 digit 240v ac 50ii2
£1.45
OWEHTY keyboard 58 key good quakty switches new

£27e0

.

£38.00
power interface BA kit
£48.00
Stepper kit 4 (manual control) includeS 200 step
stripping motor and control circuit
023.00
We are now stocking a range of stepping motors and

.

.

£6.00

Airpas A82903 -C large stepping motor 14v 7.5 step
27ohm 68mm de body 6.3rnm shaft £8.95 or £200.00

lilts to drive them please ask for the stepping motor
data sheet for full information.
Inventor toroidal transformers 225VA 10.5-0-10.5
primary 0-260-285 secondary
£19.95
LEDs 3mm or 5mm red or green
7p each
yellow
11p each
cable ties
1p mach £5.96 per
1000
per 10,000
£49.50
High quality photo resist copper clad epoxy glass

for a box 01 30
Polyester capacitors box type 22.5rnm lead pitch

boards

27.5rnm pitch
32029017mm case 75p each sop 100.
Philips 123 sores sold aluminium axial leads

Dimensions
3:4 Inches
408 Inches
8012 Inches
12012 Inches

single aided

dobte sided

£1.09
£2.75
£6.20
£12.25

£1.23
£2.99

Rechargeable Batteries
AA (HP7)
AA 700maH
C 2A14 mitt solder tags

£1 75

AAA (HP15) 180mAH

AA 500mAH with solder top
C (HP11) 1.111AH

0.22u1 250v polyester axial leads 15p each. 7.5p
1000+ Polypropylene 1 uf 400vdc (Wirna MKP101

Multilayer AVX ceramic capacitors all Stow pitch 1005

£4.95

40 al 370vac motor start capacitor (dialectrol type

£1.55
£1.75
11.55

containing no pcbs) £5.95 or £49.50 for 10
Solid Carbon resistors very low inductance ideal for
RF circuits
27phm 2W, 68ohm 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 part 201035-001) with standard

may be charged at a time)
.E5.95
High power charger as above but charges the Cs and
Ds m 5 hours Ms Cs and Ds must be charged in 2s
or 4s
.f10.95
Nickel Metal Hydlycle AA cells high capacity with no
memory. If charged at 100ma and discharged al

2501Ta or less 1200mAH capacity (lower capacity for
high discharge rates).
£3.75
Special offers please Check for availability

stick of 4 42 x 16min mad batteries 171mmx16mm
£5.95

Computer grade capacitors with screw terminals
55000uf 60v
£4 95
115v ac 80v do motor 4rnm x 22mm shaft 50mm dia

60 long body (excluding the shaft) 6 has replacable
thermal fuse and brushes
£4.96 each £3.96 100.
7 segment common anode led display 12mm .00.45
LM337k T03 case variable regulator ...
.£1.95
£1.44 100+

GeAs FET low leakage current S8873 £12.95 each
£9.95 10. £7.95 100.
BS250 P channel mosfet £0.45. BC559 transistor
£3.95 per 100

,

100pf, 150pf, 220p1, 10,00epf (10n) 10p each. 5p
100+. 3.5p 1000+
500p4 compression tnmmer

Sub C with solder tags
1/3 AA with tags (phIlps CTV)
£1.95
Standard charger charges 4 AA cells in 5 hours or
4Cs or Ds In 12-14 hours . 1xPP3 (1, 2. 3 or 4 cells

die with red & black leads 4,8v

1 Lit 50v bipolar electrolytic axial leads 15p each. 7.5p
1000.

£360

.£2.20
£2.60
£4.95
£2.50

D (HP2) 1.2AH
PP3 8.4V 110mAH

Oeut 250vdc 18p each 14p 100. 9p 1000.
fat 250vdc 30p each, 20p 100.. 10p 1000+
3.3u1 100vdc 30p each. 20p 100.. 15p 1000.

33uf 10v & 2,2uf 40p each. 25p 100.
Philips 108 sores long lee 22uf 63v axial 30p each
15p 1000.

£099

D 4Ali with solder tags
1/2AA with solder tags

SUMMER 1995
CATALOGUE

200rtia out 300v input to output Isolation with data

t:

kits

-diernent

BOp

FEATURE PROJECT:

Centronic 8K
EPROM Emulator

motherboard and 5 disk dine connectors. fan and
mains inlet/outlet connectors on back and switch on
the side (top for tower case) dims
212x490149mm excludng switch £213.50 each
£138.00 for 6
MX180 Digital multmeter 17 ranges 1000vric 750vac
214ohm 200mA transistor Hfe 9v and 1.55 battery test
C12.95

AMD 27256-3 Eproms £2.00 each, £1.25 100-,
DIP switch 3PC0 12 pin (ERG SDC-3-023) 60p each

40p 100.
Disk dove boxes for 5.25 disk drive with room for a
power supply light grey plastic 67x268x247mm 07.96
or 049.50 for 10
Hand held ultrasonic remote control
£3 95

NEW IN 'MIS ISSUE

CV2486 gas relay 30 x 1Ornm die with 3 wire
terminals will also work as a neon light 20p each or
£7.50 per 100
All products advertised ar new and unused unless
otherwise stated Wide range of CMOS TEL 74HC
74F Linear Transistors kits rechargeable batteries
capacitors toots etc. always in stock.
Please add £1 95 towards P&P
vat included in all prices
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COMPONINis

mo m03501110
ttI1011iG SYSTEMS

MOBILI tI10111 A((05011113
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JPG ELECTRONICS

74LSO5 hex rvertor £10.00 per 100. used 8748
Microcontroller £3.50
Sl952 UHF Limiting amplifier LC 16 surface mounting
package with data sheet
f1 95

AM27502 £1.25 each 90p 100+, C1340071)8 10p
100., 6p 1000.
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Here, we explore several
R plications for the BASIC Stamp's
ique pulsin command, which
measures the duration of incoming positive or negative pulses in 10 microsecond units

he BASIC Stamp's pulsin command measures
the width of a pulse, or the interval between two
pulses. Left at that, it might seem to have a
limited range of obscure uses. However, puisin
is the key to many kinds of real -world
interfacing using simple, reliable sensors. Some possibilities

transition occurs, because 0 is the edge's destination. Variable
can be either a byte or word variable to hold the timing
measurement. In most cases, a word variable is called for,
because pulsin produces 16 -bit results.
Figure 1 shows how pulsin works. The waveform
represents an input at pin 7 that varies between ground and

include:

+5 volts (V).

A smart feature of pulsin is its ability to recognise a no pulse or out -of -range condition. If the specified transition
doesn't occur within 0.65535 seconds (s). or if the pulse to be
measured is longer than 0.65535 s, puisin will give up and
return a 0 in the variable. This prevents the program from
hanging up when there's no input or out -of -range input.
Let's look at some sample applications for pulsin, starting
with one inspired by the digital readout on an exercise bicycle:
pulsin as a tachometer.

tachometer
speed trap
physics demonstrator
capacitance checker
duty cycle meter
log input analog -to -digital converter
Pulsin works like a stopwatch that keeps time in units of 10
microseconds (ps). To use it, you must specify which pin to
monitor, when to trigger on (which implies when to trigger off),
and where to put the resulting 16 -bit time measurement. The
syntax is as follows:
pulsin pin, trigger condition, variable
Pin is a BASIC Stamp input/output pin (0 to 7). Trigger
condition is a variable or constant (0 or 1) that specifies the
direction of the transition that will start the pulsin timer. If
trigger is 0, pulsin will start measuring when a high -to -low

MAGNET ON
ROTATING
SHAFT OR DISK

Tachometer
The most obvious way to measure the speed of a wheel or
shaft in revolutions per minute (rpm) is to count the number of
revolutions that occur during 1 minute. The trouble is, the user
probably wouldn't want to wait a whole minute for the answer.
For a continuously updated display, we can use pulsin to
measure the time the wheel takes to make one complete
revolution. By dividing this time into 60 seconds, we get a

HALLEFFECT SWITCH
UGN3I 13U
OR
EQUIVALENT

-5V

WAKING TO TRIGGER

TRIGGERED ON

TRIGGERED OFF

+5V

1

/

.

TO BASIC STAMP
PULSIN PIN

LOUIS 692

w3 I4OLDS 0
6 924 s

Figure 2. Schematic to accompany listing 1, tach.bas.

Figure 1. Timing diagram for pulsin 7,00.v3.
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quick estimate of the rpm. Listing 1 is a tachometer program
that works just this way. Figure 2 is the circuit that provides
input pulses for the program. A pencil -eraser -sized magnet
attached to the wheel causes a Hall -effect switch to generate
a pulse every rotation.
We could use the Hall switch output directly, by measuring
the interval between positive pulses, but we would be
measuring the period of rotation minus the pulses. That would
cause small errors that would be most significant at high
speeds. The fiip-flop, wired to toggle with each pulse,
eliminates the error by converting the pulses into a train of
square waves. Measuring either the high or low interval will
give you the period of rotation.
Note that listing 1 splits the job of dividing the period into
60 seconds into two parts. This is because 60 seconds
expressed in 10-ps units is 6 million, which exceeds the range
of the Stamp's 16 -bit calculations. You will see this trick, and
others that work around the limits of 16 -bit math, throughout

100k

PRESS
TO TEST

TO BASIC STAMP
=L.PULSIN
PIN
10k

Figure 3. Schematic for listing 3, cap.bas.

the listings.

Using the flip-flop's set/reset inputs, this circuit and
program could easily be modified to create a variety of speed trap instruments. A steel ball rolling down a track would
encounter two pairs of contacts to set and reset the flip-flop.
Pulsin would measure the interval and compute the speed for
a physics demonstration (acceleration). More challenging
setups would be required to time baseballs, remote -control
cars or aircraft, bullets, or model rockets.
The circuit could also serve as a rudimentary frequency
meter. Just divide the period into 1 second instead of 1 minute.

TO BASIC STAMP
PULSIN PIN

INPUT
VOLTAGE

Figure 4. Schematic for listing 4, vco.bas.

Duty cycle meter
Many electronic devices vary the power they deliver to a load
by changing the duty cycle of a waveform; the proportion of
time that the load is switched fully on to the time it is fully off.
This approach, found in fight dimmers, power supplies, motor
controls and amplifiers, is efficient and relatively easy to
implement with digital components.
Listing 2 measures the duty cycle of a repetitive pulse train
by computing the ratio of two puisin readings and presenting
them as a percentage. A reading approaching 100 percent
means that the input is mostly on or high. The output of figure
2's flip-flop is 50 percent. The output of the Hall switch in
figure 2 was less than 10 percent when the device was
monitoring a benchtop drill press.

1250us

3
-e
?,C

1000-

T50-

500-

2500
10

1.5

2.0

2.5

3.0

3.15

4.0

4.5

51.0

INPUT VOLTAGE

Capacitor checker

Figure 5. Log response curve of the VCO.

The simple circuit in figure 3 charges a capacitor, and then
discharges it across a resistance when the button is pushed.
This produces a brief pulse for pulsin to measure. Since the
time constant of the pulse is determined by resistance (R)
times capacitance (C), and R is fixed at 10k, the width of the
pulse tells us C. With the resistance values listed, the circuit
operates over a range of .001 to 2.2 pF. You may substitute
other resistors for other ranges of capacitance; just be sure
that the charging resistor (100k in this case) is about 10 times
the value of the discharge resistor. This ensures that the
voltage at the junction of the two resistors when the switch is
held down is a definite low (0) input to the Stamp.

produce 2 volts. Others, such as thermistors and audio -taper
potentiomet6rs, produce logarithmic outputs. A Radio Shack
thermistor (271-110) has a resistance of 18k at 10° C and 12k
at 20°C. Not linear, and not even the worst cases!
While it's possible to straighten out a log curve in software,
it's often easier to deal with it in hardware. That's where figure
4 comes in. The voltage -controlled oscillator of the 4046
phase -locked loop chip, when wired as shown, has a log
response curve. If you play this curve against a log input, you
can effectively straighten the curve. Figure 5 is a plot of the
output of the circuit as measured by the pulsin program in
listing 4. It shows the characteristic log curve.
The plot points out another advantage of using a voltage controlled oscillator as an ADC; namely, increased resolution.

Log -input analog -to -digital converter
(ADC)
Many sensors have convenient linear outputs. If you know that
an input of 10 units (degrees, pounds, percent humidity, or
whatever) produces an output of 1 volt, then 20 units will
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Most inexpensive ADCs provide eight bits of resolution (0 to
255), while the VCO provides the equivalent of 10 bits (0 to
1024÷). Admittedly, a true ADC would provide much better
accuracy, but you can't touch one for anywhere near the
4046's sub -C1 price.
The 4046 isn't the only game in town, either. Devices that can

convert analog values, such as voltage or resistance, to frequency
or pulse width include timers (such as the 555) and true voltage to -frequency converters (such as the 9400). For sensors that
convert some physical property such as humidity or proximity
into a variable capacitance or inductance, pulsin is a natural
candidate for sampling their output via an oscillator or timer.

Program listings
Listing 1: TACH:BAS
The BASIC Stamp serves -as a tachometer. It accepts pulse input through
pin 7, and outputs rpm measurements at 2400 baud through pin 0.
input 7
output 0
Tach:
pulsin 7,1,w2
Read positive -going -pulses on pin 7.
let w2 = w2/100
w2/100 divided into 60.000 eauals
let w2 = 60000/w2
6,000,0001w2 (60 seconds in 10 -us units).
'

'

'

'

Transmit data followed by carriage return and linefeed.
serout 0,N2400,(#w2,' rpm',10,13)
pause 1000
Wait 1 second between readings
goto Tach

'

'

Listing 2: DUTY.BAS
The BASIC Stamp calculates the duty cycle of a repetitive pulse train.
Pulses in on pin 7; data out via 2400 -baud serial on pin 0.
input 7

'
'

output
Duty:

0

pulsin 7,I,w2
if w2 > 6553 then Error
pulsin 7,0,w3

'
'

'

let w3
w2443
let w3 = w3/10

Take positive pulse sample.
Avoid overflow when w2 is multiplied x10,
Take negative pulse sample.

Distribute multiplication by 10 into two
let w2 = w210
parts_ to avoid an Overflow.
let w2
w2iw3
Calculate percentage.
serout 0,N2400, (#w2,' percent',10,13)
pause 1000
Update once a second.
goto DutY
'

'

'

'

Handle overflOws by skipping calculations and telling the user.
serout 0,N2400,('Out of ranae",10,13)
pause 1000
aoto Duty

Error:

Listing 3: CAP.BAS
The BASIC Stamp estimates the value of a capacitor by the time required
for it to discharge through a known resistance.
input 7
output 0
Cap:
pulsin 7,1,w1
if wI = 0 then Cap
If no pulse, try again.
if wl > 6553 then Err
Avoid overflows.
let wi = wl'10
All of the listings output results as
let wl = w1/14
Apply calibration value.
if wl > 999 then uF
serial data. To receive it, connect
Use uF for laraer caps.
serout 0.N2400,(4.41
nF',10,13)
Stamp pin 0 to your PC's serial input,
goto Cap
'

'

'

`

'

Note about the Program
Listings

`

uF:

let b4 = wli1000
"
Value left of decimal point.
let b6 = w1//1000
Value riaht of decimal point.
serout 0.N2400,(0b4.'.',*116,' uF',10,13)
goto Cap
'

Err:

serout 0,N2400,("out of ranae',10,13)
goto Cap

and Stamp ground to signal ground..
On 9 -pin connectors. pin 2 is serial in
and pin 5 is signal ground; on 25 -pin
connectors, pin 3 is serial in and pin 7
is signal ground. Set terminal software,
for 8 data bits, no parity, 1 stop bit.

Listing
VCO.BAS
The BASIC Stamp uses input frcm the VCO of a 4046 phase -locked loop
as a logarithmic A -to -D
input on pin 7; 2400 -baud serial
output on pin 0.
input 7
output 0
VCO:
pulsin 7,1,w2
Put the width of pulse on pin 7 into w2.
let w2 = W2-45
Allow a near -zero min value without underflow.
'

'

'

'

'

'

serout 0,N2400, (=w2.10,13)

pause 1000
goto VCO

'

wait 1 second between measurements.
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BASIC Stamp

-Stamp sized Computer runs BASIC

The Basic Stamp by PARALLAX measures

only 40x6Omm yet is a true microcomputer that runs BASIC programmes written

on your PC. Its size, ease of use and
extensive I/O features make it an ideal
tool for both educational and industrial
applications os well as for the serious
hobbyist

Writing programmes for the Stamp is easy. A
3 -pin cable connects the Stamp to your PC
printer port One piece of software is used to
enter,debug and downlood your programme_

Features include 8 I/O lines, non-volatile
memory, serial comms, pulse measurement
and PWM; all achieved with a minimum of
extern° components
1

1 ,,,,

the new

CRICKLEWOOD Ele ctronics
Very Interesting CATALOGUE

ASTRONOMICAL RANGE AT
DOWN TO EARTH PRICES
TRANSISTORS+ICs+SEMICONDUCTORS
RESISTORS+CAPACITORS+INDUCTORS
SURVEILLANCE+SECRECY+SECURITY
PLUGS+SOCKETS+LEADS+CONNECTS
TV & VIDEO SPARES (inc Video Heads)
HIFI+DISCO+HIFI GADGETS+SPEAKERS
AUDIOPHILE COMPONENTS (inc Capacitors)
IN CAR AUDIO+SPEAKERS (inc Bass tubes)
COMPUTER ACCESSORIES+BOARDS
TOOLS+TEST EQUIPMENT+BENCH WARE

INF

LCD

''=ZZEW,

Typical
Application

1110Not Nu OB,

OB,

§Emia

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

Muscle Wires

-wires that contract when heated!
Foscinoting, highly processed Shope Memory

Alloy wires that actually contract when
electrically heated producing a useful amount
of force.

Love cost linear actuators at lasti
Their light -weight makes them excellent for
use in models, robots and many other types

of protect_ Low voltage and power allows
simple control by computer or electronics (eg
The BASIC Stamp).

Detailed Data and Project Book (128 pages)
plus Muscle Wire kit suitable for 13 projects

including BORIS the walking, six -legged

& much much much more (over 10,000 lines).
SEND TODAY FOR THE VERY INTERESTING CA7ALOGUE

Pay by PO, Cheque, Credit Card or tape Coins to Paper
copies of the 1995 Cricklewood Catalogue.
Please send me
I enclose £2.50 per copy (UK & Europe). £5.00 overseas
Name
Address

robot; only £44.95.
All prices excl VAT and £3 postage per order. For further details of the Stomp, Muscle Wires
and other products please call for our NEW colour catalogue

MILFORD INSTRUMENTS
24hr Answerphone 01977 683665, Fox 01977 681465
Milford House, 120 High Street South Milford LEEDS LS25 5A0

Please Charge my Credit Card.no
ETI
Tel no
Expiry Date
Cricklewood Electronics Ltd, 40-42 Cricklewood Broadway
London NW2 SET Tel 0181 450 0995 Fax 0181 208 1441

19C13 Designer

On

For Windows

3.1
Runs on any PC running
Windows in standard or
enhanced mode
with 2MB

AT LAST. A comprehensive, easy to follow
guide to building short range transmitters
and surveillance devices. Packed with
useful information and circuits.

* Only £3.95 inc p&p.

RADIO KITS

AM RADIO. Single chip radio for headphones (not inc.)

£8.90

AUDIO KITS
15 WATT General purpose upgrade
40 WATT High quality, HD 0-003%, switch
on mute ideal for compact disc
150 WATT Rugged and powerful MOSFET
design. PA/sound systems

08.95
C15.50
C22.95

PREAMPS ETC

£4.00
GE ERAL PURPOSE PREAMP. Variable gain 9-25V 40mV max in
C4.50
ULTRA LOW NOISE. For high quality mixers, mics etc 9-25V
C8.95
ACTIVE TONE. t2dB c/b bass and treble with variable gain
7 BAND Ea. 150Hz-18kHz for EO units and tone control,
012.95
includes on -board preamp and pots. Variable gain
NOISE GATE. Dynamic noise reduction system. Variable input
C15.95
and cut off level. Will accept instruments, tape decks etc
MUSIC KITS. Full range of on -board units for guitars and other instruments.
Tone boosters, active circuits, delay lines, transducers. Send for list.
Prices include P&P. Mail Order Only. Make cheques and postal orders payable to

JC6_1111

Nf,t 3

Inclusive

161r4:4'.

of

All kits come with pre -drilled PCBs and high spec.
components_
MICRO FM TRANSMITTER (a). 1km range, 80-100MHz
C6.95
preset inc. mic., very small (2x3cm)
MICRO FM TRANSMITTER (b). Variable mic. sens., tunable 90-110MHz.
£7.95
1km range
FM TRACKER. Transmits an audio tone for direction finding, tracking etc.
08.50
80-110MHz
ULTRA MINIATURE FM TRANSMITTER. Runs off watch battery (inc), only
C8.95
1x2cm, 200mtrs range. 80-100MHz
FM RECEIVER (e). Tiny high quality FM radio. Will drive headphones
010.90
direct (not inc)
FM RECEIVER (b). As (a) but with 3 watt audio output and tuning LED C13.50
£7.50
CRYSTAL RADIO. Includes tuner, earphone, ferrite aerial, etc.

AMPS

ccaIsta4 uses

ve

(Some of the circuits included cannot be used legally in the UK)

AUDIO P

,

RAM

£40
All

PO Box HP79, Woodhouse Street, Leeds LS6 3XN

(Affi

e

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
Pads sizes fully customisable.
No charges for technical support.
Snap -to grid sizes 0.1", 0.05" 0.025" and
unrestricted.

SMT pads and other pad shapes.
Positive reviews by Robert Penfold and Paul
Stenning, copies available on request.

Phone (01432) 355 414

(Access and Visa welcome)

Niche
Software
22 Tavistock Drive, Belmont, Hereford, HR2 7XN.
Please Note Since PCB designer is so easy to use, and to keep costs down, PCB Designer has an On -Line

manual, m Windows Help format A FREE tutorial is also supplied.
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Terry Balbirnie looks at a new,
easy way to make PCBs

hen I was given the opportunity to review
TEC200 Film, I was eager to try it out. This
material promises to be a real help for the
hobbyist wishing to make the occasional printed
circuit board (PCB). TEC200 simplifies the
procedure by eliminating the need for an ultra -violet exposure
box, sensitized board and developer. Instead, plain copper dad board is used in an iron -on process.

Modern trends
It was once common for magazine projects to spe.cify
stripboard as their means of construction. Although designs
still appear in this form from time to time, the trend is now
towards proper PCBs. By using a PCB, there is much less
chance of error. Readers will note foils for this issue
reproduced near the back of ETI.
Many constructors have a problem in transferring the
master foil pattern on to copper -clad board. This must be in a
form which can be etched to produce the pads and tracks. It
is possible to copy the artwork direct on to plain board using
an etch resist pen or rub -down transfers. However, this is very
time-consuming and is not appropriate to anything but simple
designs. The conventional ultra -violet process involves making
a transparent acetate copy and using this in conjunction with
ultra -violet sensitive board and special developer. Exposing the
board to ultra -violet involves the use of a U.V. light box and
this, together with the developer and sensitized board, is fairly
expensive. The cost is therefore not justified for
occasional work.
TEC200 provides a short cut. Here, an image is made
direct on the specLal film using a photocopier or laser printer.
This image is subsequently transferred to copper clad board
using the heat of a domestic iron. Tne resulting image turns
out to be an effective resist so that conventional etching
material may be used on it.

A good image
If a photocopier is used, this must be of the "dry" type where
the toner is heat -fused on to the material. This method will be
useful to the many readers wishing to work from the master
foils reproduced in a magazine. I found that not all copiers are
suitable - mine, for example. My best results were obtained by
using the services of a photocopy shop. They only charged

10p to copy on to my own material. You need to explain that
the film is made to run through the machine and that ordinary
acetate will not do. They are understandably very sensitive
about damaging their equipment.
Unfortunately, it is not possible simply to make a photocopy
from the magazine in one step. This is because the image is
the correct way round - that is, as the board will finally appear.
This would produce a similar (correct way round) image on the
surface of the film. If this image were to be transferred to the
board, it would be reversed - that is. a mirror image would
be produced.
the problem, a conventional
(acetate) copy is first made. This is then turned over and recopied on to the TEC200 film. This will produce a mirror image
of the design on its surface and,. when this is ironed on to the
copper -clad board, it will be the correct way round. Since the
image goes through two processes, it is even more important
to maintain a good image quality. The photocopy shop
charged 50p to make the acetate intermediate copy

The CAD
Some constructors create their own PCB artwork using CAD
software. This may be printed direct on to the TEC200 film
using a laser printer. The software will provide the necessary
mirror image. Note that other types of printer such as bubble jet and matrix varieties are not suitable.
My NEC laser printer did not produce a satisfactory image.
Even darkening it to maximum did not help much. The
problem appeared to be in the toner material itself. Some laser
printers will work well, others will not and readers wishing to
use this approach will need to experiment.
Assuming a good image has been formed on the film, it is
now necessary to transfer it to the copper -clad board. The
board must be perfectly clean for successful transfer to take
place. The best way to clean it is to use a non-metallic
domestic cleaning pad. This should be followed by washing
with a little liquid detergent and warm water, rinsing and
drying. From this point, the board should be handled by the
edges only to avoid finger marks.
The iron (an ordinary domestic type) is adjusted to about
140 degrees C (cotton or linen setting). The TEC200 film,
image side down, is then placed on top of the copper clad
board and heated with the iron. The toner melts and adheres
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to the board. This seemed fiddly to do and I preferred an
alternative method. This involves placing the hot iron on the
board until the copper surface reaches the correct
temperature. The film, image side down, is then applied to the
board and rolled with a rubber roller. A firm, even pressure is
required and it is essential to keep the film still while doing it or
the image will smear. When cool, the film is peeled away and
the board examined for blemishes. If any are seen, they should
be touched -in with a fine etch resist pen. Note that the
transferred image is easily rubbed off so the board should be
etched straight away. This is done in a conventional etchant
bath such as ferric chloride solution.
Obtaining a really good transferred image was not
successful on my first few attempts. I would advise readers to
buy several extra sheets of TEC200 to start with because a
little practice is needed to get the technique right. Irons vary in
their temperature settings and it will be necessary to do a few
tests (using small pieces of film) to find the best one. Too cold
and the image will not transfer property. Too hot and the
film curls.

The film should be left completely clear after the transfer. If
the image fails to transfer completely on the next try wipe the
surface of the film and/or the
board with alcohol. I did not find

The bottom line
TEC200 film is supplied in A4 sheets at 75p each (up to 20).
There is also a postage and packing charge (75p for 10
sheets, for example). The unit price reduces as the number
increases - 100 sheets cost 42p each. A rubber roller costs
£5. Acetate sheets for the intermediate copy are supplied at
25p although a photocopy shop will provide them. The total
cost per PCB will be a little more than £1 plus, of course, the
cost of the copper -clad board and etching chemicals.

Materials
All the above materials (including the roller) are
supplied by:
PSS Services,
217 Prestbury Road,
Cheltenham,
Gloucester.
GL52 3ES
Tel: 01242 254108

this necessary.
I found TEC200 a very
satisfactory product especially for
readers wishing to use published

designs. My most important advice
is to use a photocopier which
produces a really good image. The
black parts should be opaque and
free from blemishes. It may be best
to use a photocopy shop - the
Sharp machine used in mine gave
excellent results but others will,
presumably, be just as good. Those
using CAD design software must
bear in mind that not all laser
printers are the same - some work
much better than others.
Remember, during the ironing -on
process that 'practice
makes perfect".
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In Part 1 of this short tutorial series
Bart Trepak shows how he set about
building a PIC based alarm clock
uring the last economic recovery - the one
where the first green shoots of recession were
just becoming visible by the light from the end of
the tunnel - the author - along with many other
electronics engineers, programmers, accountants

and even one or two politicians - found himself in the situation
which actors euphemistically call "resting between jobs".
One of the problems when one is (to use that well known
DSS phrase) "actively seeking employment", is that apart from
not having any money, the routine imposed by simply having a
job is missing. There is no need to get up at a certain time to
get to work so the day tends to get shifted with late mornings
following ever later nights. Before long one can find apathy and
then depression setting in.
One way out of this dilemma is to set your alarm clock the
night before when you are still full of good intentions, to wake
you at the usual time early in the morning. Unfortunately, when
morning comes and the alarm goes off, you realise that you
don't really need to get up so early, so you reach for the
snooze button. This cancels the alarm and gives you another
ten minutes or so before the buzzer goes off again. You may
do this a few times but eventually, unless you have a strong
will, you will probably switch the alarm off altogether, roll over
and go back to sleep, particularly if you went to bed late the
night before. When you finally wake up at 11.30 am, you may
grab a quick breakfast (or is that lunch?), peruse the papers
for any job (you still have hope) and then as there is not much
else to do, settle down to watching afternoon IN/ with endless
antipodean soap operas and re -runs of old black and white
films - and what could be more depressing than that?
But even in the depths of this gloom, electronics can
provide the answer. An alarm clock that allows you to snooze
- just once (you are allowed some luxuries even when you are
unemployed) but after this it continues to sound the alarm,
disabling the alarm cancel and snooze buttons until you
actually get up.
The clock has an input which can be connected to a
pressure mat of the type used in burglar alarms which is

placed under the mattress and is used to sense the presence
of your body in the bed. To foil any clever attempts to fool the
clock by jumping out of bed, cancelling the alarm and then
getting back in again, the alarm remains potentially active for a
further ten minutes, during which time it will sound again if you
do decide to get back into bed.
By this time you should be wide awake and ready to face
the new day. Of course you could fool the clock by setting the
alarm for 11.30arn in the first place, but the answer to that
problem is beyond the scope of this article.
Although designed originally for myself, this device has
since found a use for other members of the family - namely the
children, whose sense of responsibility is even less well
developed than that of their father, and who find getting up for
school, especially on Monday mornings, extremely difficult.

Another digital clock!
You could be forgiven for wondering why ET1 is publishing yet
another digital clock project when so many have been
published before and it is quite possible nowadays, to buy a
perfectly good clock for a few pounds albeit without the useful
additional feature described above. The real reason is to
introduce readers to designing circuits using micro -controllers
which are destined to virtually replace conventional logic in
many applications and have already featured in many designs
published iri electronics magazines.
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This series of articles will deal with designing a project from
scratch and a digital alarm clock was chosen because it is an
item with which everyone is familiar and we will not need to
spend too much time on describing in detail what the finished
circuit is required to do, but rather how it does it. As well as
this, a digital clock needs a display, a keyboard and a buzzer
and therefore provides a good vehicle for describing how
these devices which are often used in other projects, and the
software routines to drive them, can be used in a microprocessor based design.
The series will deal with the hardware design and, perhaps
more importantly, with how the software is developed and
programmed into the device. No previous familiarity with any
other processor is assumed but the reader should have a
basic knowledge of electronics and how a computer works.
At the end of the series you should be able to at least
modify the design to meet some real or imaginary extra
requirement (such as would be caused by getting a job for
example if you would like a lie -in at weekends) and from this it
is but a short step to designing your own project - an all
singing all dancing temperature/lighting controller to keep your
pet reptiles in the style to which they are accustomed - - or
perhaps an automatic lawnmower/sprinkler system with a
digital display showing the time, amount of grass cut, average
rainfall, distance walked and the date at which the lawn was
last cut at the touch of a button - the choices are limited only
by your imagination!
The circuit will be developed with specific reference to the
PIC16C54 microcontroller which is available for under £4 in
some versions (and that includes the Chancellor's piece of the
action) so many circuits and applications which would
otherwise not be viable because of cost or complexity are now
perfectly feasible. Because this device has some unusual
features compared to more conventional microprocessors,
the series will start by examining the chips themselves but
for fuller information the data sheets for the devices should
be consulted.

(ROM or in this case an EPROM) to store the programme, a
Random Access Memory (RAM) to store the results of the
various operations as well as programmable Input/Output (l/0)
lines for connecting the micro -controller to external devices.
As well as this, it also contains other elements such as a clock
oscillator, a counter/timer and watchdog timer and the only
difference is that, unlike the computer on your desk, all of this
is contained in one chip.
The PIC16C5X series of micro -controllers consists of four
basic types (the PIC16C54, C55, C56 and C57) which differ
only in the number of input/output WO) lines and EPROM and
RAM size. These are available in the UV erasable versions and
come in an 18 or 28 pin ceramic package. The cheaper
windowless plastic versions of these four devices are identical
to their EPROM counterparts except that once programmed
they cannot be erased and are available with the suffixes RC,
XT, HS and LP. These determine the type of oscillator used
and the frequency range which, of course, determine the
speed of operation.
The RC versions use a simple resistor - capacitor network
to define the clock frequency giving a frequency range of DC
to 4MHz and are useful where the execution time of
instructions is not critical but the cost is. Where this timing is
of importance, such as in our clock project where the oscillator
is used as a time base for example, the XT, HS or LP versions
should be used. The XT will run with a 100kHz to 4MHz and
the HS with a 4 to 20MHz crystal or resonator, while the LP
version is a lower power device for use with a low frequency
crystal such as the popular 32kHz watch crystal.
The OSC1 and OSC2 pins are connected to the crystal or
resonator and in the case of the RC oscillator mode only
OSC1 is used with OSC2 functioning as a clock output
producing a squarewave with a frequency of Fosc./4 where
Fosc is the oscillator frequency measured at OSC1. In this
mode, although the circuit will operate with no external
capacitor, one of at least 20pF is recommended for noise and
stability reasons. The value of the external resistor should be
between 5 and 100kOhm. The ceramic "windowed" versions
can be programmed and re -programmed to operate in
any of these modes so that only one device needs to be
purchased for development
The other features common to all devices include 12 - 20

Take your pic
The PIC contains all the basic elements normally associated
with a micro -computer system: an ArithmeticiLogic Unit (ALU),
which executes the various instructions, a Read Only Memory
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fully programmable I/O lines which can easily drive seven
segment LED displays even without driver transistors, an 8 -bit
real time clock/counter (RTCC), an 8 -bit programmable
pre -scaler, a power on reset circuit, a watchdog timer (VVDT)
and a security EPROM fuse which when blown prevents
anyone from reading the contents of your EPROM and
copying your programme.
The pinouts for the dual in line version of the PIC16054 is
shown in Fig 1. Vdd and Vss are the positive and negative
supply rails and can be anything from 3.0 to 5.5 Volts making
the device eminently suitable for batten), operation. The current
consumption is less than 3.3mA (except for the HS version
when operated at 20MHz) and this can be further reduced to
less than 15uA by executing a SI FFP instruction which digables
the clock and halts operation until the device is "woken up"
either by the watchdog timer timing out or by a reset pulse.
The MCLR pin is connected to Vdd (+5V) for normal
operation and doing so will RESET the microcontroller when
the device is powered up. If it is required to reset the device
at any other time during operation, this pin should be
connected to Vdd via a resistor and the pin taken momentarily
to OV. In some cases, especially with certain crystals which
take longer to stabilise, a resistor and capacitor may be
connected to this pin to ensure a longer reset period when the
device is first switched on. On reset, all I/0 lines are set to
input mode and certain registers preset to various values. In
particular the programme counter is set to 1FF (HEX) and
since this is the highest EPROM address it overflows to 000h
and executes the instruction stored there. For reasons which
will become clear later, this is usually a GOTO instruction
causing the programme to jump to the beginning of the
programme which normally starts at a higher address.
The RTCC pin is the external input to the RTCC register
which will be described later and can be used to enable the
device to count external events such as mains cycles for
example. If this input is not used. the pin should be
connected to one or other of the supply rails to prevent
unintended entering of test modes.
The 28 pin device has three I/O ports: PORT A, PORT B
and PORT C while the 18 pin device has only two (A and B).
These are 8 bits wide except for PORT A which has only 4 bits
and each pin can source 20mA or sink 25mA so that LEDs
can easily be driven although care should be taken to ensure
that the maximum power dissipation is not exceeded. After a
RESET, all ports are in the input mode and must be programmed
to output if they are required to drive external devices.
Since this can be done under program control, a pin may
be used as an input in one part of the program and as an output
h another as long as the external circuit can handle this. Remember

that an output should never be driven high or low by another
output or an external device such as a logic gate or a switch.

Internal architecture
The PIC16C series of microcontrollers are unusual in that they
use the so called Harvard Architecture which features a
separate programme memory (which holds the instructions or
programme for the computer to carry out and is usually stored
in EPROM) and data memory which holds the results of these
operations (and is normally RAM) together with separate
connections or busses to transfer the data between the two
memories and the arithmetic logic unit (ALU) which carries out
the instructions.
Contrast this to most other microprocessors which use the
Von Neumann architecture where the EPROM and RAM share

the same address and data bus and form a continuous
memory space within the range that the processor can
address. This enables the PIC to execute one instruction while
it is fetching the next one with a resulting faster execution of
instructions. Because this architecture also permits a different
width of bus to be used for both memories (the EPROM is 12
bits wide in the PIC16C5X series for example while the data
memory is only 8 bits) this enables all instructions to be carried
out in one cycle except branch instructions which require two.
This makes it easy to work out how much time a section of
programme will take to execute because a single cycle is
simply the oscillator period multiplied by four. A 4MHz clock
will therefore execute instructions at 1MHz so that each
instruction will take 1 uS while branch instructions such as
GOTO or CALL will take 2uS.
Fig 2 shows a pictorial representation of the data Memory
of the PIC series microcontrollers. Tne RAM is organised as a
series of 8 -bit file registers numbered from 00 to 1F (hex)
giving 32 registers for the basic devices with further 3 banks of
16 registers (i.e. 48 registers) for the PIC16057. (These
registers are selected by the FILE SELECT REGISTER or FSR
which is register 04 but as this chip will not be used this will
not be discussed further and the user is referred to the data
sheet for more information on this.)
All the registers can be loaded, read and operated on in
various ways by the program and are in this respect all
identical. Some of them have fewer than 8 -bits actually
implemented and these are shown dotted. In these, the state
of the missing bits as far as read operations are concerned are
shown. Any write operation carried out on these registers will,
of course, not alter the status of these bits. Some of the
registers have special functions and cannot therefore be used
as general purpose registers by the programmer and these are
described below together with their file addresses:

Indirect register - 00
This register is not in fact implemented on the chip but is used
in indirect addressing. By specifying this register in an
instruction, the computer will use the register 'pointed to" by
the FSR (see later) to execute the instruction. Thus if the FSR
contains 1Fn (hex) then the instruction will use register 1F.

RTCC - 01
This register is the REAL TIME CLOCK/COUNTER register
which can be incremented by either the internal instruction
cycle clock or by an external signal edge applied to the RTCC
pin mentioned earlier. In addition, an 8 -bit programmable
prescaler counter can be assigned to the RTCC by setting
various bits in the OH I ION register (see later). As long as clock
pulses are applied to the RTCC register (from the internal or
external source, with or without the prescaler) the register will
increment and will simply roll over to 00 hex when the value
reaches FF hex. Since the PIC does not handle interrupts as
do other processors which have built-in counter/timers, the RTCC
register must be read periodically to ccc if it has reached zero if
this function is required in the programme. To ensure that the
count is not affected during this process, it is recommended
that the MOVF RTCC,w instruction is used (see later).

PROGRAM COUNTER - 02
This register is actually 9 bits wide (10 and 11 bits in the PIC16C56
and '57 respectively) and keeps track of the next instruction to

be executed. At reset, it is set to all l's so that program
execution for the PIC16C54/55 wilI start at address 1FF hex.
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STATUS REGISTER - 03

programme, the FSR may be used as a general purpose 5 -bit
register. Bits 5-7 are read only and are always set to 1. In the
PIC16C57, these three bits are also available and are used to
select memory banks 1, 2 or 3 (see data sheet).

This register is a collection of bits which are used to indicate
the results of some of the instructions which the processor
executes (see FIG 2A).

Bit 0 is the carry bit which goes to a logic 1 if an addition or
subtraction operation results in an overflow i.e. if two numbers
are added and the result is greater than 255 (FF hex) this will
not fit into the 8 bits of a register so a carry is generated. Bit 1
has a similar function except that this bit is set if there is a
carry from the 4th bit. This is useful in operations on BCD
numbers but will not be dealt with here.
Bit 2 is the zero bit and is very important because this bit is
set if the result of an operation is zero. This can be used to
"test" a register to see if it contains zero and has many
applications in programming.
The other bits in the STATUS register will not be used in
our project and the reader is referred to the data sheet for
more information on their function.

I/O REGISTERS - 05, 06 and 07
These registers are connected to the output port pins PORT
A, B and (if it exists) C and may be read or written to just like
any other register in the file. If the port is defined as an output,
writing a '1" will cause the corresponding pin to go to -i-Vdd
while a -0" will result in the pin going to 0 Volts. Read
instructions however will result in the status of the pin being
read irrespective of whether the pin has been defined as an
input or output.
Note that since PORT A is only 4 bits wide, the high order
bits of 105 (bits 4-7) do not exist and will be read as "zeros'.
In the 18 pin device there is no PORT C so register 107 can be
used as a general purpose register and writing to it will, of
course, not affect any of the I/O pins.
All the other registers are general purpose 8 -bit registers
for use in programmes to store the results of various
operations. These have addresses ranging from 08h to 1Fh in
the basic types (and to 7Fh in the PIC16C57 See data). As
well as these there are a number of other reaisters which have
special functions.

FILE SELECT REGISTER (r -SR) - 04
Bits 0-4 of this register are used in selecting one of the 32
registers in the indirect addressing mode by specifying register
f00 (INDIRECT register) in any of the instructions. These bits
then act as a pointer to the register which is the object of the
given instruction. If no indirect addressing is used in the
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This register holds the second
operand in two operand instructions
and supports internal data transfer. It
can also hold the result of an
operation. TRISA, TRISB (and
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for the corresponding ports and are
used to define whether the pin in a
port is an output or an input. This is
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corresponding bit of the register
where an input is required and a zero
for an output. Tnus if port B pins
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Fig.3. I/O registers
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the division ratio will be 1:256 with the prescaler assigned to
the RTCC register with the internal instruction dock as the
signal source. For more details on this register refer to FIG. 2A
and the data sheet.

STACK1, STACK2
Very often in a programme it is necessary for the processor to
execute a series of instructions to do a specific job such as
display the contents of a register on an LED display or read a
keyboard. Since these functions are likely to be required a
number of times in a programme, it makes sense to store
them in a part of the memory only once and "call" them up as
they are required. Indeed, whole programmes may be written
by simply calling various subroutines as they are required
which makes the programme easier to write and to understand
as each subroutine performs a separate function.
Such subroutines are normally given a name such as
DISPLAY or KEYBOARD and in the course of a programme a
CALL DISPLAY or CALL KEYBOARD instruction is inserted
when this is required. The processor then replaces the current
address in the programme counter with the start address of
the subroutine and executes it. When it has done this it needs
to return to the point in the programme from which the
subroutine was called to continue the operation and this return
address is stored in a special register called the STACK
register when the routine is called. As there are two STACKs
in the PIC, it follows that a programme can contain a CALL
instruction and the subroutine called can itself contain another
CAI I instruction enabling another subroutine to be executed
(or nested) from within the first subroutine and both return
addresses would be stored correctly. If another subroutine
were to be called before the second one had been finished
however, the programme would fail as the processor would
lose its way".
For those readers familiar with other micro -processors, the
absence of any interrupt handling capability may seem to be a
serious omission as once the programme is running, it would
seem that the processor cannot be interrupted to cope with
external events such as a pin going high or low and would
therefore be unable to respond to them. This is not really a
problem and simply means that the programmer must be
careful to remember to read an input as often as neces-sary if
its status is relevant to the operation of the programme. The
speed with which programmes are executed usually means
that inputs from external devices such as keyboards or other
sensors can be read many times per second and the
maximum delay before the system responds even assuming it
"just missed" the actual input on the first pass would normally
be insignificant.
If the input is a regular event such as a 50Hz mains input
which is required for timing and which therefore cannot be
missed, the programme must be written in such a way that it
waits until the input occurs. does what needs to be done and
then returns to wait for the next input, ensuring that all
inputs are counted.

MOP Electronics LTD
Park Road Centre, Malmesbury.
Wiltshire, SN16 OBX. (uk)

Tel: 01666 825146. Fax: 01666 825141
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DEFENCE & AEROSPACE INDUSTRY
ELECTRONIC EQUIPMENT & COMPONENTS ALL HIGH QUALITY SURPLUS
MANY SPECIALS. WE STOCK 1000 +
ITEMS & IF WE DON'T STOCK IT WE MAY
BE ABLE TO GET IT FOR YOU
PLEASE WRITE OR PHONE FOR LISTS
OR REQUIREMENTS
MAYFLOWER ELECTRONICS

48 BRENDON ROAD,
WATCHET, SOMERSET, TA23 OHT

TEL (01984) 631825 FAX 634245
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Practically
BY TERRY BALBIIRNIE

he unwary or weak-willed electronics enthusiast
will always become the general dogsbody. Every
non -working electrical appliance from kettle or
iron to car radio or CD player will be brought
along with a hurried: You know about
electronics, don't you? Have a quick look at this!
To these people, 'knowing about" electronics is an unskilled
craft where a dab with the soldering iron will always put matters
right. Not only are they prepared to put you down by implying
that they could do the job themselves if they had the time but
they don't want to pay the proper rate. If 1 had charged the
commercial price for all the repairs I have had a 'quick look at"
over the years I would probably be a millionaire. The "quick
look" has a habit of turning into the long slog. Even finding out
how to part the plastic case of a ghetto blaster can take half an
hour or more.
Of course, it is a different matter if you are helping out a
member of the family, a charity organisation or a friend and
there will be many repair jobs which the hobbyist will wish to
carry out in the workshop. Sometimes a quick soldering job to
repair a detached connection is, indeed, all that is required.
Even so, if you are wanting to impress your partner/boss/friend
by repairing a cassette player or fixing the PC - if you want to be
seen as the electronics expert - you must have a selection
strategy. This should enable you to attempt only those jobs
which you are likely to tackle successfully, safely and quickly.
You may get a little praise if you succeed but you will pick up a
great deal of scorn if you fail. Also, you can easily make matters
worse so that the eventual professional repair becomes much
more expensive. You could even end up in trouble with the law
if a botched repair to a piece of mains equipment resulted in injury.

problem. Strange symptoms such as unusual noises from an
amplifier often indicate a more deeply -seated problem and may
require expert knowledge and access to the service manual. If
tentative tests lead you to suspect that you may get out of your
depth or that the job is likely to take too long - refuse straight
away. Simply say that without a circuit diagram to follow or
special test gear, it is impossible for you to repair it. You will not
then lose face.

Extensive dismantling
I was once handed a car radio cassette player on the "quick
look" basis. The fault turned out to be the on -off switch which
was built into the volume control potentiometer - a common
arrangement. Because it was a stereo pot it had six tag
connections plus two for the switch. The whole assembly was
extremely small and mounted on a miniature PCB of its own.
Getting down to this PCB involved much dismantling and took
two hours. Because I did not know the job, I dismantled more
than was actually necessary but this was only clear in
retrospect. Uprooting the PCB took another half hour including
drawing a diagram with the colours of the various connecting
wires on it.
Because the pot was a "special" component, it had to be
ordered from the manufacturer and proved to be very
expensive. There was an additional "small order" charge plus
carriage. It was not supplied with a new PCB and the old pot
had to be removed so that the original PCB could be re -used.
This caused damage to the tracks which had to be virtually remade using soldered bridge wires.
After re -assembly, the radio/cassette worked perfectly and
the owner was delighted. Being realistic though, my labour
would have cost more than a new unit. The agent's repair
department could have done the job in a fraction of the time
because they would be familiar with the model.

Good sign
You need to assess what is being asked of you. If it is simply a
matter of replacing a PP3 battery snap, this would seem a safe
repair job to tackle. If the fault is not obvious, do you have any
knowledge of this type of equipment? Have you done a similar
job before? Do you have the time?
It is often a good sign if the equipment does not work at all.
This often indicates a power supply problem such as a broken
or detached wire, blown fuse or faulty switch. Wiggling controls
and wires sometimes gives a spurt of life and a clue to the

Next Month...
we shall look at some of the special problems in
tackling - or refusing - repairs to mains -operated
equipment.
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ETI
Classified

James Gale
01442 66551
Send your requirements to:
ETI Classified Department. Nexus, Nexus House.
Boundary Way, Hemel Hempstead. HP2 7ST
Lineage: 70p per word (+ VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£9.50 + VAT per single column centimetre
Ring for information on series bookings/discounts.
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).

FOR SALE
VARIABLE VOLTAGE
TRANSFORMERS
INPUT 220/240V AC 50/60
OUTPUT 0-260V
Price

0 5KVA 2.5 amp max
1KVA 5 amp max
2KVA 10 amp max
3KVA 15 amp max
5KVA 25 amp max

P&P
£31.90
£6.00
(£44.53 Inc VAT)
£41.15
£7.00
(£56.58 inc VAT)
£59.40
£8.50
(£79.78 inc VAT)
£78.65
£8.50
(£102.40 Inc VAT)
£139.15
(Plus Carnage)

Buy deed hurt tie Irnovers Keenest prices in the country

COMPREHENSIVE RANGE OF
TRANSFORMERS-LTISOLATION 8 AUTO
11102400 Nile transfer Otter cased with American socket end
rife% lead of ocer frame type. Available for immediate dekvery

WIDE RANGE OF XENON FLASNTUBES

Write/Phone your enquires
ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES
£14.00 lease,. only1
;37,..111E9 00 (callers on11)

can sae° 75p P60

vin 8 wart C3.96

(E16.45 inc VAT)
1E1058 Inc VAT)
IE6-52 Inc VAT
1(524 mc VAT)
(E5.24 Inc VAT)

sop p&p
';m 4 wan E3.96 50p p&p
230V AC BALLAST Kr
For either Sin Skn or 12w tubes E13.05 El 40
080 (01.75 inc VAT)
Tne above Tubes am suitable for Forged Bank Note
detection. security marking on_
Other Wave Lengths of UV TUBE available please
telephone your enquiries
400 WATT UV LAMP
Only E38.00 f4.00 p&p
(E49.35 Inc VAT'.
160 WATT SELF BALLASTED BLACK
LIGHT MERCURY BULB
Atonable with BC or ES lifting. Price inc VAT
5 p&p and VAT E25.55

12V D.C. BILGE PUMPS

vet"'

5)0 GPH iNt head 3 arm E19.98
1750 GPO i5h head 9 amp £34.55
mso now avadal* 24V D.C. 1750 GPO 1511 head
5 amo £3555. Ace deeigned to be used
.aernerged PRICES INCLUDE POP A VAT

"BOFFINS SPECIAL" UNIQUE OFFER
Surplus Precision Medical Unit. internally

VISA

*PAW

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 x 1.5y Ni-Cad

ANALYSERS. BRIDGES. CALIBRATORS. VOLTMETERS.
GENERATORS. OSCILLOSCOPES. POWER METERS. ETC

A.A. cells back-up. L.C.D. Digital read-out 17mm
high with legends. Audible warning.

ALWAYS AVAILABLE

These are sold for the disenartird

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE

quality components, regret no (..:IrCil,tS avafao N^
Ridiculously low price £20.00
4.00 p8 p
1E28.20 Inc! VAT)

EXPORT. TRADE AND U.K. ENQUIRIES WELCOME
SEND LARGE S.A.E. FOR LISTS OF EQUIPMENT AND MANUALS (50p1
ALL PRICES EXCLUDE VAT AND CARRIAGE
DISCOUNT FOR BULK ORDERS
SHIPPING ARRANGED

5KVA ISOLATION TRANSFORMER
As New Exequipment wily shrouded Line Noise
Suppression. Ultra Isolation Transinermr iwth touninai
covers end Knock -on cable entries. Primary 120.240V
Serendary 120740V 50/60 Kt .005 pF Capacitance Sloe
L37 x W 19 x H. Ikon Weight 42 Kane PRICE E12000 .VAT
ex -warehouse. Carnage on request.

OPEN MONDAY TO FRIDAY 9AM - 5PM

COOKE INTERNATIONAL
ELECTRONIC TEST & MEASURING INSTRUMENTS

240V AC CENTRIFUGAL BLOWER
New Manuf. Surplus Skeleton Blower suitable for

mounting inside an enclosure to cool equipment

Overall size 130x110x85rnrn. Outlet 80x35rnm. impelfo,
60mm die x 60mm long. £14.10 incl.INIP 8 VAT

Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,
West Sussex, P022 OER Tel (+44) 01243 545111/2 Fax (+44) 01243 542457
WANTED TEST EQUIPMENT & MANUALS TO PURCHASE

SEWING MACHINE MOTOR
Brand new 220/240v KCMG SEW-TRIC 2 lead Brush
Motor Size L. 100mm x H. 7Ornm x W.S5rnm. Spindle
1/4h1. Cis x tin long. £14.10 Incl. P&P 8 VAT
GEARED MOTORS

71 RPM 201b inch torque reversible 115V AC input

LIVERPOOL

including capacitor and transformer for 240V AC
operation. Price Inc VAT & p&p £27.73
Input

SOLID STATE ENT UNIT
2301240V AC, Output approx

PROGRESSIVE RADIO

15KV

Producing lOmm spark. Built-in 10 sec timer.
Easily modified for 20sec. 30 sec to continuous.

87/93 Dale Street
Tel: 051 236 0982 051 236 0154

Designed for boiler ignition. Dozens of uses in the
held of physics and eleLtioutcs. eg supplying neon
or argon tubes etc. Price less case £8.50 u £2.40
pap ((12.81 inc VAT) NMS

47 Whitechapel
Tel: 051 236 5489

EPROM ERASURE KIT
Build your own EPROM ERASURE fora fraction of the
price of a made-up on It kit of parts less case includes
12in 8 watt 2537 Angst Tube Ballast unit, pair of thorn
leads, neon indicator. orecia switch, safety microswitch
and circuit £15.00 v £2.00 p&p
(E19.913 me VAT

Liverpool 2
'THE ELECTRONICS SPECIALISTS

Open Tues-Sat 9 30-5 30

WASHING MACHINE WATER PUMP
SUPER HY-LIGHT STROBE KIT
Desieed for Disco. Theatrical uses etc.
add,. lb1.Omits Aditnaarile ,Reed E50-00 ,:3.00 pap
f

COOKE INTERNATIONAL

SUPPLIER OF QUALITY USED TEST INSTRUMENTS.

Brand new 240V AC. fan cooled. Can be used fora vanety
01 purposes. Inlet t 'dn. outlet 1 in. do. Price includes PAP
& VAT. E11.20 tech or 2 for E20.50 incluSne

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 RAVEN
RD LONDON E18 1HW
FAX 081 559 1114

(6228 inc VAT)

MICROSvirrcH
rase and reflector £24.00 0300 PAP (0133 Inc VAT)
SAE for lumber deans including Hy -Light and in- Pye 15 omo changeover lever rrucroswitch. type T 1
rhstrial Strobe Kits

SERVICE TRADING CO
snunronni cpwr
Flanday.Friday

LEN COOKE
ENTERPRISES

Brand new price 5 for E7-05 inc VAT 8 pfkp

57 BRIDGMAN ROAD, CH SWICK, LONDON W4 5BB
FAX 0181-995 0549 0181-995 1560
ACCOUNT CUSTOMERS MIN ORDER £10

For the best value in Used
Electronic Test Instruments

11=1=1
"via&

We buy, sell and service oscilloscopes, signal
generators: frequency counters. spectrum
Analysers, Power meters. logic testers. etc.
Spare parts available for most Textronic

Amp.
ProMm, Sprm,

scopes.

Tel: 081-813-9946
Fax 081-574-2339
Mobile: 0374 759984

Mail order address: Unit 5, Southall
Enterprise Centre. Bridge Road,
Southall, Middx. UB2 4AI

*MENDASCOPE

We engineer what we buy, we support
what we sell.

REPAIR & RECALIBRATE
OSCILLOSCOPES
ALL MAKES AND MODELS
NATIONWIDE
COLLECTION & DELIVERY

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,
Combs PE13 7P0
BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 20 YEARS
Tel: 01945 584188 Fax: 01945 475216

OSCILLOSCOPE
PHILLIPS
PM3055 50Mhz dual time base

triple trace. with manual - £500
and also Logic Analyser Thurlby
TEMPERATURE AND
HUMIDITY LCD MODULES

LA160 with manual and full set of
pokes £500. Tel: 01932 783722.

ENVI.CD
A versatile dIg11.111 lhrt1111,111,,:

lOnnection
Sr11311 PCR cub a 20 way
allowing connection of venous opium, anal data caplure
in n computer

t14.90 or VAT
F NVPCIS
nucroprinceivsor atritrolleJ acquisition 111011111[ that
i.onnects to the Temperature/Hurnidity module

FREE ESTIMATES

10 interface to the winnow,. feria! MO.

Llangollen, Clwyd, N. Wales LL20 7PB

£67.511 en VAT
Man: 3:14 02.541 lams and dackina and 11.59r VAT to your order

SATURN SOLUTIONS

PHONE: 01691 718597

Ingles Yard, Jolnton Road. Folkestone. Kent
CT20 2RF
Phone (01303) 248634 Fax (01303) 220315
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READERS
PLEASE NOTE

that some telephone
dialling codes may recently
have changed. If you
experience any difficulty in
contacting advertisers. ring
our advertising department
on 01442 66551.

COURSES

COMPONENTS

PLANS

EPROMS
PLDs
+ MICRO
CONTROLLERS
copied
or
programmed.
We
supply
devices/convert discrete logic to
PLDs. PLDs for ETI PC Post
Card supplied at £10/P.C.B. £12.
PO Box 1561, Bath 0225 444467.

ELECTRONIC PLANS,
laser
designs, solar and wind generators,
high voltage teslas. surveillance

PRINTED CIRCUIT
BOARDS

devices. pyrotechnics and computer graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

Telephone us on 01626 779398

Licence C&G

Microprocessor
O Introduction to

,II.ezmer for he PC. Sac
mine coming 111C

PDSi

Woodcot Avenue. Belfast, BT5

Fr mEkdissitt Hiseba,

'tee

Onions,',:.roFcIrril
insert EseittoiseCADL,...DTrilsba,

Television

limassrA

Ullrirt,ToskariesNREliten.
ban:. NO* Asteanyiliseadiaws

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon T014 9UN

PRITireriZeims.

PRINTED CIRCUIT
SERVICES

AlbeflwatembcposieedosFlowycliicorCDROM.
Miner year Ming in probe* hese e. Sad
kr ow PC

%Mit letCRICt pit 6 nos to mon to

I

skrrds midis

proluMy the arm COMPthatta c csalorx aim* pals*. Sad
L'301kecterAtovided triumdable on first Wert or phoodu wog

PANELS

AcceofferAif iv

PDSL IM ILL

Bari 1?"4"1171

Oitlit2ffi.12

For the VERY best in:-

PANELS

:Photoplotting

Se
'-'"

:Screen Printing Metal Panels
:Graphic Reproduction
t o ....

0181 - 777 4407

overture

soles ...es

Premier
P

Cut to size

yn

SAE to P.M.S.
320C High Road,
Benfleet
Essex SS7 5HB
Tel: 0268 793381

rpm. 11lex fermi Ick or

Stleoluatet

fACsi011ai plu

S&S Systems Ltd. Bretton (Must. Manor Bead, Waks

1RP PHOTOGRAPHIC\I
teI

ALUMINIUM OR STEEL

IF!110 ASTRA Desk Top Accounting

:Printed Circuit Design

It's GOOD to talk

Tech C&G 2710

O Radio Amateur

SHAREWARE

473533 or write to P Agar. 36

)

ETI 7/95

O Telecomms

Name

SOFTWARE

PCB's, PROTOTYPES AND
PRODUCTION, Artwork copied
or raised from your draft designs
or schematics. Quoteline 01232
5JA

Start training now with the specialists for
the following courses. Send for our
brochure - without obligation or

sm Appktitin)

Sheffield. S3I BPD. UK iSm,sarr

-4,w Fll

"-VA,

In CU& *M 5R5

FOR DETAILS OF
OUR COST
EFFECTIVE
ADVERTISING
CALL JAMES ON
01442 66551

TO ADVERTISE FILL IN THE COUPON BELOW. IF YOU DO NOT WISH TO CUT
YOUR MAGAZINE PLEASE SEND A PHOTOCOPY

ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED
ADVERTISEMENT DEPARTMENT, NEXUS HOUSE, BOUNDARY
WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 70p per word + VAT minimum 15 words.
Semi -display £9.50 per single column cm plus VAT. No reimbursements for cancellations.
All ads must be pre -paid.
Name

Address
Daytime Tel. No:
Signature

Date

PLEASE DEBIT MY ACCESS/BARCLAYCARD No
Expiry Date

FOR SALE

COMPONENTS

PLANS

OTHER - PLEASE STATE
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Open Forum
ccording to figures just
released by the Central
Statistical Office, the economic
recovery in Britain is being led
by manufacturing industry
rather than by a consumer or property
price boom as in previous recovery
periods. The figures show that the fastest
growing areas of the economy are exports
of high technology electrical and electronic
engineering equipment, news that should
gladden all of us who are involved in
electronics.
Some of this growth is accounted for by
booming sales for UK made personal
computers, and allied equipment, areas
where the UK is especially strong in
Europe. But a lot of the growth comes
from the new electronics based technology
companies which have sprung up all over
the country during the last ten years.
Robert Madge's Madge Networks,
founded with very little financial backing in
1986 is now a major player in the world
market for Token Ring networks, and
wresting market share from IBM amongst
others. With a current turnover of nearly
£150million per year. and profits of over
£30million, the company is a major UK
success story.
Another example is Advanced RISC
Machines, the creators of the
asynchronous computer featured in this
is -sue of En. In the last four years, this
company has become a world leader in
RISC processor design and has seen
turnover, profits, number of employees,
and cash in hand roughly double every
year over the last three or four years.
These are the new high technology
companies which are revitalising the UK
manufacturing industry and providing the
impetus behind the current economic
recovery - a recovery which is infinitely
more sound and potentially durable than
any based on retail sales or house price
increases. for it is a recovery which will
generate real wealth and real employment.

These are companies which are using
the intellectual talent that exists within this
country rather than relying on cheap labour
and large government grants. They are
companies which are looking towards the
construction of true global markets for their
products and which are investing heavily in
research and development to ensure that
their position can not be challenged.
At Madge Networks the company have
just opened a new UK based research
centre employing 200 computer scientists
and electronic engineers, At ARM they
now employ over 110 people, well over
half of whom are development engineers,
plus they are funding basic long-term
research at Manchester University.
A lot of forecasters say that the rapid
expansion of such companies will be
restricted in the long term as a result of a
shortage of skilled personnel. In the very
long term, they may be right, and we as a
country do desperately need to educate
more engineers, but what is noticeable
about such companies is that they regard
talent as being international.
The thing is that the people who run
such companies realise that you need the
best brains working for you in order to
succeed in the cut-throat world market for
high technology. Tney know that they must
recruit the best, and to keep them they
must pay them well and, if necessary, give
them stock options. The wealth generated
by these new high technology companies
must be shared with those whose skills
have bccn used to generate that wealth.
Only if we can encourage this attitude
will this country succeed in high
technology industry. For tomorrow's
success stories will be companies created
by the employees of today's success
stories. It is a self-perpetuating system
that is fuelled by recognising talent and
remunerating it well, and in so doing
allowing that talent the freedom to
recognise new opportunities and create
new wealth.
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Next Month...
In the August 1995 issue of Electronics Today International we will be starting an
interesting range of new projects. One of these is the start of a new computer
construction project, an 8088 interrupt based control computer from Richard
Grodzik. Dr Pei An shows how to build a computerised radio digital transmission
system and Robert Penfold offers an analogue shutter timer project.
Tim Parker describes how to build a pocket -sized multipurpose tester that will be
a handy addition to any test bench. Continuing on from his Raydor project in ETI a
few months ago Pat Alley describes a few add-on features, including a remote radio
controller. Continuing his practical approach to deSigning with the PIC
microcontroller Bart Trepak continues his quest for the perfect alarm clock.
The two feature articles in next month's ETI are a detailed look by Dave Clarkeson
at DC and electrically commutated electric motors, and an investigation into the
future of digital interactive television - will it bring the information superhighway into
everyone's homes? Will we become a nation of old movie addicts. home shoppers,
and teleworkers?
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Nexus House, Boundary Way,
Hemel Hempstead HP2 7ST
Telephone (01442) 66551
Fax (01442) 66998

Get the Best

universal Diagnostics Tom
on the market!
Winners of these awards:

vests%os 6-0
pc!

BYTE
1=11E1IM

fivon.k4

12=1:MI=M

"You name it,
this tests it. If you
maintain PC's,
you'll love it."

Featuring these
two top -rated,
award -winning
diagnostic tools

-Jerry Poumelle,
BYTE Magazine, May 94
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MICRO 2000, Inc:

SERVICE NEWS
PRODUCT OF THE MONTH

iM

UNIVERSAL DIAGNOSTICS SOFTWARE

1/... 5.0

Fully 0/S independent
diagnostic software...
MICRO-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 standard 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 advantages 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.

drives, video cards, etc. BATCH CONTROL - All
tests, even destructive, may be selected for testing.
ERROR LOGGING - Automatically inputs errors
during testing to an error log. AUTOMAPPING
- Automatically bad sector maps errors found on

hard disks. IRQ DISPLAY - Show bits enabled
in IRQ chip for finding cards that are software driven. (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 1 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...We don't
have enough space here for everything this software can do!

OtSTP OB

1ST EVER UNIVERSAL AQSX CARD FOR ALL PCs!

LOW-LEVEL FORMAT - Performs Low-level
format on all drive types including IDE drives. This

function cannot hurt IDE drives. USE CONTROLLER BIOS - Program will access BIOS format

built into any hard disk controller-even Controllers 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

The only
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

HARDWARE DIAGNOSTICS - Accurate testing of

Codes for different BIOS versions, but also includes

CPU, IRQ's, DMA's, memory, hard drives, floppy

a detailed reference to the bus signals monitored

by the card." -Scott Mueller from his globally
recognized book, 'Upgrading & Repairing PC.s,
Second Edition'

Includes pads for voltmeter to attach for actual

voltage testing under load. 4 LEDs monitor
+Svdc -5vdc +12vdc -12vdc. Monitors Hi & Lo
clock and OSC cycles to distinguish between clock
chip or crystal failure. Monitors I/O Write and
I/O Read to distinguish between write and read
errors, Monitors memory write/ read to distinguish between address line failures and memory
chip failures. Monitors ALE for proper CPU/DMA
operation. Monitors Reset to determine if reset is

occurring during POST, indicating short. Monitors 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 td 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 ProductsMicro-Scope CLIENT: The practical answer to
remote diagnostics (no modem required).
The COMPUTER CONSULTANT: 100% accurate
realtime benchmarking tool.
Micro -Scope CENSUS:
Inventory software
to see and record what's
inside all of your PCs.

MICRO

21E11

Call Now for Special Pricing: Tel. + 44 (0) 1462 483483 or Fax + 44 (0) 1462 481484
MICRO 2000 EUROPE: P.O. Box 2000, LetchwOrth. Herts, SG6 lUT, England, United Kingdom
SEE US AT: MESSE FRANKFURT GERMANY HALL 5.1/F28 31 May - 2 June 1995
NEC BIRMINGHAM ENGLAND HALL 12/T2 27- 29th June 1995

Sept 1994-Aug 1995

BS 5750
Part 2 1987
Level B:

Quality Assurance
RS12750
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Products at Super Low Prices.
Available from all branches of WHSMITH, John Menzies in Scotland
ONLY, Eason El Son in N. Ireland ONLY, and Maplin stores nationwide.

The Maplin Electronics 1995 Catalogue - OUT OF THIS WORLD!

