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 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
B 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!

. PRO+now
' -::;_ :Q—_H—“‘:_'_g_— _3.:: with SPICE
orld Jz - file export
= & SpiceAge
DDE link!

Quickroute 3.0

Integrated Schematic and PCB

Design for Windows 3.1
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*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.

£199

*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.

PRO+ 2L

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.

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

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

Tel/Fax 0161 449 7101
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Busses and Power rails handled easily
using Global Nets on PRO+
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DDE link to SpiceAge
Simulator with PRO+

email info@powrware.demon.co.uk
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Computing
Without Clocks

A revolutionary British designed
clockless asynchronous processor

chip could fundamentally change the

way in which computers are
conslructed and used. Nick
Hampshire looks at this world
beating technology. and why it is
considered to be the Holy Grail of
computer science

12

Large Scale .
Display Drive 24
In the last part of Robin Abbott's ETi
light gun project, he looks the
general problern of driving large scale
displays from a computer using a
standard RS232 serial drive frorm any
suitably equipped PC

80188
ADBC Module

32

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

0 - 5 voits.

Simple Switcher
Regulators 3@

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

Transceiver

Linking computers and peripherals
using fibre optics can help overcome
many probilems. Ken Ginn shows
how it can be done
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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

A look at how this little computer can

be used to implement a wide range
of pulse measurement applications

Stamp Project

PCBs
The Transfer Way 62

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

®IC
Programmer 64
This project by Robin Abbott
descripes a low cost programmer for
‘the PIC microcontrolier. Suitable for
home or other small scale use, it
reads, programs, and verifies PIC
16Ch4,55,66,57,58,64,71,74,84 and
any other upcoming 18, 28, or 40 pin
PIC devices
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® News and event diary 6
@ Practically speaking 69
@ PCB Foils 70

@ Open Forum 74



Pico Releases PC
Potential = o

o : e I instrument’
Pico's Virtual instrumentation enable you to use your software
computer as a variety of useful test and measurement
instruments or as an advanced data logger. " Pond tenporature

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 Picolog

Advanced data

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

Call for your Guide on 'Virtual Instrumentation’. ATE LR REE i

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

@ Connects to your serlal 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:
A range of thermocouple probes is available.

S.24-76 Logic Analyser ADE- 700 virtual Instrument

Pocket sized 16 channel Logic Analyser Dual Channel 12 bit resolution

Connects to PC serial port. Digital Storage Scope

Up to 50MHz sampling. By Spectrum Analyser

Internal and external <] Frequency Meter

clock modes. = Chart Recorder

8K Trace Buffer. o~ Data Logger
Voltmeter

The ADC-100 offers both a high

sampling rate (100kHz) and a high
resolution. Itis ideal as a general

purpose test instrument either in the

lab or in the field. Fiexible input ranges
(x200mV to +20V} allows the unit to
connect directly to a wide variety of signals.

ADE- 700 with PicoScope £199
with PicoScope & PicoLog £209

with software, power
supply and cables £ 219

1 Channel 8 bit

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

Carrlage UK free, Overseas£8 Oscilioscope Probes (x1.x10) £10 PicoScope & PicoLog £59

PICO TECHNOLOGY

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

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT
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ENERGY BANK KT 100 6*x6" 6v 100mA panels, 100
diodes, connection details etc. £69.95 ref EF112.

CCTV CAMERA MODULES 46X70X28mm. 30 grams. 12v
100mA. auto electronic shutter, 3.6mm F2 lens, CCIR. 512x492
pixels, video outputis 1v p-p (75 ohm). Works directly Into a scart or
video [nput on a tv or video, IR sensitive. £79.95 ref EF137.

IR LAMP KIT Sutable for the above camera enables the camera
{o be used in total darkness! £5.99 ref EF138.

PASTEL ACCOUNTS SOFTWARE. does averything for ail
sizes of businesses, Indudes wordprocessor, report writer,
windowling, networkable up 10 10 stations, multiple cash books etc.
200 page comprehensive manual, 90 days free technical suppon
{0345-326009try before you buyf) Currentretailprice is £129,
ours? just £29 ref EF134. SAVE £10011)

MINIMICRO FANS 12V 1.5° sq fust £3.99 each. Ref EF198,
C {TOH PRINTERS 280col, 9pin matrix, senaliparailer, NLQAdraf,
3 mth wamanty, good condition. £49 ref EF133.

MICROSOFT TRACKBALL AND MOUSE Combined ynit
with 4 buftons and trackball, PS2 type connector. Compiete with
storage bracket Qur price just £11.99 ref EF201.

REUSEABLE HEAT PACKS. igeal for Nshermen. outdoor
enthusiasts sidery or infirm, warming food, drinks atc, aefresting
pipes etc reuseable up to 10 times. lasts for up to 8 hours per go,
2.000wh energy, gets upto 90 degC. Pnceis£ 12ref EF129.mp £371
1.44MB 3.6 DISC DRIVES Retums from atop PCmanufactuer
50 they may need attention, bargan pnce £8.50 ea ref EF203,
1.2MB6.26" DISC DRIVES Agan returns somay needattenion,
bargain pncels€£8 50 ref EF204 (1 cteach 1.2+1 44 £14 99refef206
Ad4 DTP MON ITORS Brand new, 300 DP). Complets with
diagram but no nterface detalls.(so you will have to
work It out!) Bargain at just £7.99 sach!H| Ref EF185
OPD MONITORS 9° mono monttor, fuly cased cempiete with
rasterboard. switched mode psuetc. CGA/T TLinput{15way D), IEC
mains £15.98 ref DEC23. Priceincluding kit to convert to composite
monitor for OCTV use etcis £21.99 ref DEC24,

12V 2AMP LAPTOP psu's 110x55x40mm (includes standard
IEC socket) and 2m lead with plug. 100-240v |P. EB.99 ref EF200.
PC CONTROLLED4 CHANNEL TMER Control {(ovoft times
etc) up to 4 items {8A 240v each) with this kit. Complete with
Software, relays. PCB ef¢. £25.99 Ref 95/26

COMPLETE PC 300 WATT UPS SYSTEM Top of the range
UPS system providing protection for your computef systém and
valuabie software against mains power fuctuations and cuts New
and boxed, UK made Provides up 1 5 mins running tme in the event
of complete power failure to aliow you to run your System down
correcty. SALE PRICE just £119.00.

RACAL MODEM BONANZAI 1 Racal MPS1223 1200/75
moder, telephone lead, mains lead, manual and comms software,
the cheapest way onto the neti all this for just £13 ref DEC13.
HOW LOW ARE YOUR FLOPPIES? 3.5 (1.44) unbranded.
We have soid 100.000+ so oki Pack of 50 £24.99 ref DEC16
Emw LASER POINTER. Suppied In kit form, complete with
power adjuster, 1-5mw, and beam divergence adjuster. Runs on 2
AAA batteries. Produces thin red beam ideal for levels, gun sighls,
experiments ete. Cheapast in the UK just £39.95 ref DEC49
SHOP WOBBLERS!Small assemblies designed 1o take D size
batteries and ‘wobble’ signs about in shaps! £3.99 Ref SEP4P2,
RADIQ PAGERSBrand new, UKmade pocket pagers clearance
pnce is just £4 99 each 100x40% 15mm packed with bits! Ref SEPS.
BULL TENS UNIT Fulty buitt and tested TENS (Transcutaneous
Eledirical Nerve Stimulation) ynit. compiete with electrodes and full
Instructions. TENS i used for the relief of pain etcdn up 1o 70% of
sufferers. Drug free pain refief, safe and easy touse, can be used In
conjunction with analgesics etc. €49 Ref TENA

COMPUTER RS232 TERMINALS. (LIBERTY)Exceilent
quality modern units,(like wyse 50,5} 2xRS232, 20 funclionkeys. 50
theo 1 38,400 baud. menu dnven pon. screen, cursos, and keyboard
setup menus {18 menu's). £28 REF NOVA.

OMRON TEMPERATURE CONTROLLERS{E6C2).Brand
new controliers. adjustable from O deg C to +100 deg € using
graduated dial. 2% accuracy, themocouple input, iong life retay
output .3A 240v ofp contacts. Perfect for exactly contraling a tem-
perature, Nomal trade E50+, ours £15. Ref ESC2

ELECTRIC MOTOR BONANZA! 110x60mm.8rand new
pradsion, cap start (or spin o star). virtually siient and features a
moving outer case that acts as a fiy wheel. Because of their unusual
design we 1hink that 2 of these In 3 tube with some homemade fan
blades coukd form the basis for & wind tunnel etc. Clearance price IS
JustE4.99 FOR A PAIRI{note-ihese will have to bewiredIn senes for
240v operation Ref NOV1.

MOTOR NO 2 BARGAIN 110x90mm.Similar to the above
metor but more suitable fof mounting vertically (ie turmtable eétc).
Again you wilt have lo wire 2in series for 240v use. Bargainpricels
just £4.99 FOR A PAIR! Ref NOV3.

OMRON ELECTRONIC INTERVAL TMERS.

‘==*NEW LOW PRICES TO CLEAR{***==*
Minaturs adjustable timers, 4 pole c/o output JA 240v,
HY1230S, 12vDC adjustable from 0-30 secs £4.99
HY1210M, 12vDC adjustable from 0-10 mins £4.99
HY1260M, 12vDC adjustable from 0-60 mins. £4 99
HY2480M, 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 D-1 secs. £4.99
HY2405S, 240v adjustable from 0-5 secs. £4.99
HY24060m, 240y adjustable from 0-60 mins. £6.99
PC PAL VGA TO TV CONVERTER Canverts a colour TV Imo
a bas VGA screen Complete with built in psu. lead and s/ware
£49 65 I0eal for laptops or a cheap upgrade. We also cansupply this
in kit form for home assembly at £34.95 ref EF54,

DRINKING BIRD Remember these? hook onto wina glass (sup-
phed) and they drink, standup drnk standup ETC! £4 each Ref EF{
EMERGENCY LIGHTING UNIT Compiete unit with 2 double
buld foodhghis, buitincharger and auto switch. Fuly cased. 6v 8BAH

lead acid reg'd. (secondhand) £4 rel MAGAP 11

GUIDED MISSILE WIRE. 4,200 metre reel of ultra thin 4 core
insulated cabte, 28ibs breaking strain, less than {mm thick! ldeal
alarms. Intercems. fishing, dolls house's ete. £14 99 ret MAGISPS
ASTEC SWITCHED MODE PSU BM41012 Gives +5 @ 3.75A
+12@1.5A, - 120 4A_ 230/110;, cased, BMA1012 £5 59 ret AUGEP2,
AUTO SUNCHARGER 155x300mm solar panei with diode and 3
metre lead fitted with a cigar plug. 12v 2watt. £9.99 ea ref AUG10P3,
FLOPPY DISCS DSOD Top quality 5 25° discs. these have been
written #0 once and are unused Pack of 20 is £4 ref AUG4P1.
ECLATRON FLASH TUBE As used#n police car flashing lights
etc, full spec supplied. 60-100 flashes a min. £5 99 ref APR10PS.
24v AC 96WATT Cased power supply. New. £13.99 ref APR14,
MILITARY SPECGEIG ER COUNTERS Unused anstaightiom
Her majesty's forces. £50 ref MAG 50P3

OUTDOOR SOLAR PATH LIGHT Captures sunlight during the
day and autornatically Switches on a built In lamp at dusk. Complete
with sealed iead acid battery etc £19 98 ref MAR20P

ALARM VERSION Of above unit comes with built in alamm and pir
1o deter Intruders. Good vaiue a! just £24 99 ref MAR25P4
CARETAKER VOLUMETRIC Alam, will cover the whole of the
ground floor against forcred entry. Indudes mains power supply and
Integral battery backup. Powerful internal scunder, wifl take externat
bell if req'd, Retall £150+, ours? £49.99 ref MARSOP1.
TELEPHONE CABLE White 6 core 100m reel complete with a
pack of 100 dips. ideal ‘phone extns etc £7.99 ref MARSP3,
MICRODRIVE STRIPPERS Small cased tape drves ideal for
sinpping, lots of useful goodies including a smart case, and lots of
components. £2 each ref JUN2P3. Box of 10 just £9 99 ref EF207.
SOLARPOWER LAB SPECIAL Youge! TWO6°x6" 6v 130mA
solar cells, 4LED's wire. buzzer, swich plus 1 relay or motor. Supert
value kit just £9.99 REF- MAGEPS

BUGGING TAPE RECORDER Small voice actvated recorder
uses micro cassette complete with headphones £28 99 refMAR29P1
ULTRAMINIBUG MIC 6mmx3.5mmmadeby AKG..5 12v electret
condenser. Cost £12 ea, Ours? just four for £9.99 REF MAG10P2
RGB/CGA/EGA/TTL COLOUR MONTTORS 12 In good
condition. Back anodised metal case. E79 each REF JUNTS

AN SWER PHOMNES Returns with 2 faults, we give you the bits for
1fault, you haveto find the other yourseif. BT Response 200's £18 ea
REF MAG18P1. PSU L5 ref MAGSP12.

SWITCHED MODE PSU ex equip, 60w +5 @5A -5ve 5A
+2v@2A - 12v@ SA 120/220v cased 245x88x55mm IECinput socket
£6.99 REF MAGTP1

PLUG IN PSU 9V 200mA DC £2.99 each REF MAG3P9

PLUG IN ACORN PSU 19v AC 14w _£2 99 REF MAG3P 10
POWER SUPPLY tuly cased with mains and o leads 17v DC
900mA output. Bargain price £5 99 ref MAGEPI

ACORN ARCHMEDES PSU +5 @ 4 4A on/off sw uncased,
selectable mains nput, 145x100x45mm £7 REF MAGTP2

9v DC POWER SUPPLY Stancard plugin type 150ma 9v DC with
lead and DC power plug. pnce for two Is £2.99 ref AUG3P4,

AA NICAD PACK encapsulated pack of 8 AA nicad batteries
(tagged} ex equip. 55x32x32mm. £3 8 pack REF MAG3P11
13.8V 1,9A psu cased with leads Just £9.99 REF MAGTOP3
PPC MODEM CARDS. These are high spec piug In cards made
for the Amsirad laptop computers 2400 baud dial up ynit complete
whh leads. Clearance pnice is £5 REF: MAGSF1

INFRA RED REMOTE CONTROLLERS Onginalty made for hl
spec satellite equipment but perect for all sons of remoie control
projects Our clearance price is just £2 REF: MAG2

200 WATT INVERTER Converts 10-15v DC into efther 110v or
240v AC. Fully cased 115x36x156mm. complete with heavy duty
power lead, cigar plug. AC outet socket Auto cvertoad shutdown,
auto short circuit shut down, auto input Over voltage shutdown, auto
inputunder voltage shut down (with audibie alarm). aute temp control,
unit shuts down if cverheated and sounds audible alamn_ Fused
reversed polafty protected output frequency within 2%, voltage
within 10%. A well built untt atsnkeen pnce Just £64 99 ref AUGES.
UNNVERSAL SPEED CONTROLLER KIT Designad by usfor
the C5 motor butok for any 12v motor up 'o 304 Complete with PCB
etc. A heat sink may be required. £17.00 REF: MAG1T
MAINSCABLE Precut black 2 core 2 metre lengths Ideal for
repairs, projects etc. 50 metres for £1.99 ref AUG2P7
COMPUTER COMMUNICATIONS PACK Kit contains 100m
of 6 core cable, 100 cable clips, 2 Ine drivers with R5232Interfaces
and all connectors etc, |deal iow ¢osl method of communicating
between PC's over a long distance. Complete kit £8.99
ELECTRIC MOTOR KIT Comprehensive ecucational kit in-
cludes all you need 1o buid an electri¢ motor. £9.99 rel MAR10P4,
VIEWDATA SYSTEMS made by Phillips. compiete with Intemal
1200/75 modem, keyboard. psu elc RGB and composite outputs.
menu dnven, avtodaller etc. £18 each Ref EF88.

BOOMERANG High tach, patentad poly propylene, 3dcm wing
span, Get out and get some exercise for £4 99 ref EF83

AIR RIFLES .22 As usedby the Chinese ammy fortraining puposes,
sothere s a lot aboutt £39 95 Ref EF78. 500 peilets £4.50 ref EFB0.
PLUG IN POWER SUPPLYS Piugsin to 13A socket with output
fead. three types availabie, 9vdc 150mA £2 ref EFS8, 9vdc 200mA
£2.50 ref EF59. 6.5vdc 500mA £3 ref EF61

VIDEO SENDER UNIT. Transmits both audio and video signais
from erthef a video camera, videa recorder, TV or Computeretcto any

standard TV setin a 100 rangs (tune TVio aspare cnannel) 12v0C
“SOME OF OUR PRODUCTS m BE UNLICENSABLE IN THE UK

BULL ELECTRICA

BN3 SQT. (ESTABLISHED $0 YEARS)

BMAIL ORDER TERMS) CASH, PO OR CHEQUS

- WITH ORDER PLUS £3 POST PLUS VAT,
MASﬁ ALLOW 138 DAYS FOR DELIVERY PHONY ORDIERS
| WELOOMS (ACTESS.VISA, SWITCH, AMERICAN m(mss)

_ TEL: 01273 203500
FAX 81273 323077

op. Pnee IsE15 REF: MAG15 12v psuis £5 extra REF: MAGSP2
*FM CORDLESS MICROPHONE Small hand heid unit with a
500 range! 2 transmit power ievels. Regs PP3 9v battery. Tuneable
to any FM receiver. Priceis £15 REF: MAG15P

LOW COST WALKIE TALKIES Pair of banery operated units
with a range of about 200. Ideat for garden use of as an educalonal
toy. Pnce is £8 a pair REF: MAG 8P1 2 x PP3 req'd
"MINATURE RADIO TRANSCENERS A pair of walkie talkies
with arange up 10 2kmif open country. Units measure 22x52x 155mm.
Induding cases and earp'ces. 2xFF3reqd. £30.00pr REF: MAG30
COMPOSITE VIDEQ KIT, Converts composite video inio sepa-
rate H sync, V sync, and video. 12v DC. £8.00 REF: MAGEP2.
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are
entre mechanical pfinter assemblies including printhead. stepper
MOtors efc etc in fact everything bar the case and electronics. & good
stippert £5 REF: MAGSP3 or 2 for €8 REF: MAGBP3

LED PACK of 100 stansard red 5m leds £5 REF MAG5P4
UNNERSAL PC POWER SUPPLY complete with fyteads,
Switch, fan efc 200w at £20 REF: MAG20P3 (265x 155x 125mm),
GYROSCOPE About3* high and an excedent educational toy for all
ages! Pice with Instruction booidet £6 Ret EF15

FUTURE PC POWER SUPPLIES These are 295 135x60mm
4 ditve connectors 1 mother board connector, 150watt, 12v fan, jec
intet and on/off switch. £12 Ref EF&

VENUS FLY TRAP KIT Grow yout cwncarmivorous plant with this
simple kit £3 ref EF34.

PC POWER SUPPLIES (returns) These are 140x150x30mm. o/
psare +12.-12 +5and -5v. Builtin 12v fan, These are returns sothey
may welt need repaining! £3.50 each ref EF42.

*FM TRANSMITTER.KIT housed in a standard worlang 134
adapterit the bug runs directty offthe mains sotasts forevert why pay
£7007 or price is £15 REF: EF62 Transmits fo any FM radio (this is
{n kit form: with full Instructions )

*FM BUG KIT New design with PCB embedded coll for axira
stability. Works to any FM radio 9v battery req'd. £5 REF. MAGSPS
*FM BUG BUILT AND TESTED supenor design to kit. Supplied
to detective agencies 9v battery req’d. £14 REF: MAG14
TALKING COINBOX STRIPPERonginally madetoratail ate 79
&ach. these units are designed to convert an ordinary phone into a
payphone. The units have thelocks missing and sometimes broken
hinges Howevertheycan be adapted for their original use or used for
something eise?? Price is [ust £3 REF: MAG3P1

TOP QUALITY SPEAKERS Made tor HIF| televisions these are
10 watt 4R Jap made 4° round with [arge shisided magnets. Good
quaitty. £2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2
TWEETERS 2= diameater good quality tweeter 140R (ok with the
above speaker) 2 for £2 REF: MAG2PS5 or 4 for £3 REF: MAG3P4
AT KEYBOARDS Made by Apncot these quality keyboards need
justa smalimodto runonany AT. they work perfectybutyou will have
to put up with 1 or 2 foreign keycaps! Price £6 REF: MAGEP3
DOS PACKS Microsoft version 3.3 or higher complete with all
manuals or price just £5 REF: MAGSPE Worth it jusd for the vary
comprehensive manuat! § 25" only.

GAS HOBS Brand new made by Optmus, basic three bumer
suitable for smalt flat etc bargain pnce just £29.95 ret EF73.

GAT AIR PISTOL PACK Complete with pistol, darts and pellets
£12.95 Ref EF82 extra peitets (500) £4 50 ref EF80.

DOS PACK Microsoftversion 6 with manual £9.99 3.5" re! EF209
WINDOWS 3.1 35" with manual £24,99 ref EF210

NOVELL NTEWARE LITE (network siware) €24.99 refEF211
PIR DETECTOR Made by famous UK alarm manufacturer these
are hi spec, long range internal urits. 12v operation. Slight marks on
case and unboxed (although brand new) £8 REF: MAGSPS
MOBILE CARPHON E £6.99 Wellaimast! compiete In car phone
excluding the box of electronics normafly hidden under seat. Can be
made W iluminatewith 12v aiso has bulttin light sensor so display only
luminates when dark. Totally convincing! REF: MAGEPS

5"X12° AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA. Bargain pnce just£5.99 ea REF MAGEP12

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAGEP13 ideal for experimenters! 30 m for £42 99 ref MAG 13P1{
HEATSINKS (Snned) TO220, designed to mountvertically on apeh
50x40n25mm you can have a pack of 4 for £1 ref JUNIPA1.
STROBE LIGHT KIT Agustable from 1 hz right up to 60hz!
{stectronic asssembly Wit with full instructions) £16 ref EF23
ROCK LIGHTS Unusual things these, two pleces of rock that glow
when rubbed togethert befived to cause rainl€3 a par Ref EF29.
AMSTRAD GX4000 games machines, returms, unmested, sold as
seen_Just £2 99 ref EF186.

NEW HIGH POWER LASERS

15mW. Hellum neon, 3 swilchable wave
.63um . 1.15um, 3.38um

(2 of them are infrared) 500:1 polarizer built In so gooa for hologra-
phy. Supplled 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

K

1895 100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
WITH ORDER.

PORTABLE RADIATION DETECTOR

WITH NEW COMPUTER INTERFACE £59

A Hond held personal Garmma and X Ray detec
tor. This unit contains two Geiger Tubes, has a

digit LCD display with g Piezo speaker, giving o
oudio visual indication, The unit detects hig
energy electromagnetic quanta with an energ:
from 30K eV to over 1.2M eV ond a measurln:
range af 59999 UR/h or 10-99990 Nr/h. ref NOV]

langths
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Cut the Cost of PCBs

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 sofiware and connect the machine
to. the new Protomat series are ideal for independent
operators, Iaboratories, small or ogcasional users, new
businesses and educational establishments. The Protoniat
series offers a standard bed size of 420mm x 375mm
{Protomat 91s 340mm x 200mm) and all models performito
the same high standards of precision and accuracy as other
prolessional 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
and are suitable for both single-sided and double-sided PCBs,

iFor further
information,
contact Tracks
on
01344 55046,

\_._

Especially useful where limited motherboard slots are
available is the new Quad RS422, providing 4 industry
standard 422/485 ports. Each port is independentiy
configurable, either as RS422 with or without
handshaking, or R8485 with full and half duplex.

The RS422 standard provides higher speed and
longer distance data fransmission. The card provides
reliable communication up to 1.2 kilometre {4,0001).

On-board, fail-safe, open circuit deteclion prevents
false start bits and bad data being detected, whilst fail-
safe 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
FIFQ enhanced chip for Windows users completes this
tidy package.

Designed and manufactured in the UK by an 1SO9001
Registered Company, this new product is offered
inclusive of full documentation, three- year warranty,.and
telephone technical support.

For’ furtherfinformationy;

contact Brain Boxes gij
0151 220 2500.

ELECTRONICS TODAY INTERNATIONAL
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Ranelibisplays _'

Mda?ﬁlsplays has extended its range of flat panel displays with a
nu_mbef of colour and monochrome modules from Citizen.
'*;Avallablﬂ‘n thrae- versions - transmissive, reflective and
transﬂectl . The GB485H FF series of 5.3" monochrome graphic
LW LCb’s je wre 64 Jx « 480 VGA resolution, and are ideal for

j\ apphcatlons 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, white the transmissive module
‘reature?ﬁ a CCF!‘ backlight The transflective version can be used inl
P trawwa or reflective modes according to ambient light

ions. This range Is complemented by the G648H-FF series,
Yea‘iurl'" ng 640 x 480 VGA resolution and which are sultable for
““applications such as compact portable PCs.
An 800 x 600 SVGA rasolution 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 KE48LFF, and 84 dual-scan SVGA
pa ive colour display wn}h a resolution of 640 x 480 dots

W LCMS12C is a highly advanced colour LCD maonitor using
\E’d al- scan passive Super Twisted Nematic (STh) LCDs. Displaying
y .q;g,‘lo 512 colours with a r@solution of 640 x 3{RGB) x 480 VGA, the
dqvnce offers excellent piglure definition and colour saturation, ancl
is or surpasses the parformance of CRTs. Very compact, and
For mareinformation, § ‘abie to be desk or vall mor%.mted the monitor has very low power

TRt Anfers coﬁsumpuon and the non-glare, flicker-free display meets the latest:
Electronics pie, 0171 | : i JEMC regulations. Potential applications range from computer

388 7471, ; . - inals for financial institutions to customer reservation systems {

I and touchscreen-based Information systems.

e

New DX4 Single Slot

Designed and manufactured in the UK, Biue

Chip Technology continues to expand their

exiremaly successful range ofisingle slot PC

processors with the refease.of the IDX4/1 00MHz

CPUlversion.

The Tatest high speec! CPU takes advantage of

the on#board/local bus GU} accelerated video

with resolutions of up to 1280°1024. Together

with the on-board| 256KBytes ofilevel 2 cache,

{Up to 84MBytes 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 | 4P \

applications where the power monitoring and | : P Further information,
watchdog features:assure integrity of opelali‘én,i o 2 5 = contact Blue Chip
The processor cardils already used extensively 4 ~ ot T 5 Technology on
In a wide range of applications from network - 01244 520222,
nodes/servers through'ic EPOS terminals. 1 - "

ELECTRONICS TODAY INTERNATIONAL
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T 1 R Compact Loudspeaker
N ew from Maplin

- Modules for
Embedded PC

Applications

‘The new Compact Stage Monitorlis@ 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 guality 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
quallity.

The substantial cabinets covered ijn a hdftiwearing material
to cope with theirigours of professional use.

contact Maplin onj01702 554161.

Specification: -

Frequency Response:  65Hzto 20kHz

Crossover Frequency: 2kHz

Nominal Impedance: 8ohm

Sensitivity: 97dB

Power handling
longterm/continuous: 100W
shori-term peak: 200W

Dimensions: 410 x 560 x 410mm

go' sty bullding blocks, b
interconnecting them In a‘%%ﬁ'oﬁ't‘é :
wide variety of configurations to be *s
implemented, thereby offering tha versatility
and flexibility required in many diverse
embedded applications. Because of the
miniature siza, developers can now embed
PC-based control in a variety of machines
and equipment, retaining the develg pment
investment based on PC technalogy as welk
as benefiting from the enormous
development support products available oh

the £C. 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-Tn 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 fo
glow, or if the earth is nat 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-mounied
electronic equipment. The socket strip can be mounted on a wall
or desk and comes with two metres.of mains cable and & BS plug
fitted with a 13A fuse. The
‘socket strip is fitted withan == . -
integral 7A fuse. y

The stage monitor
i costs £189.99 {inc
| f i} il : VAT). For further
: detaiis contact
rMaplin
01702 553161.

_ For further infermation, contact The Spike Protector :Q:-: :
Integrated Measurement Systems Lid or costs £29.99 {inc. VAT}

01703 771143. ' _For further details, contact Mapiin
on 01702 §_5ii1 a61.

ELECTRONICS TODAY INTERNATIONAL
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For furlher information, contact integrated
= Measurement Systems Ltd on 01703 771143

e 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 fauits. Polar's software, called AVR
(Advanced Vendor Recognition), takes advantage of the digitised signature facilities in its PC-based T4000, T6000 and
TDBOO0O field service testers to detect these variances automatically, eliminating confusion for ihe 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 fauit 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 retumed into service for the price of a simple component. PCBs are tested on a component-by-
compenent 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.

Electronics Servic

For further information, contact Polar Instruments
Ltd on 01481 63081,

®

T AL ]
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POWER AMPLIFIER MODULES-TURNTABLES-D

LOUDSPEAKERS-19 INCHSTEREO RACK AMPLIFIERS

OMP MOS-
HIGH POWER. TWO CHANNEL 191

POWER AMPLIFIERS
ACK

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

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

MXF&00 (300w + 300W)} MXF900 (450W + 450W)

ALL POWER RAT!NGS R.M.5. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: * POW with two loroidsl translormers & Twin LLE.D. Yu meters %
Level controls w lliuminated on/off nitch # XLR connectors % Standard 77SmV inpuis % Open and short circul
proof w Lates| Mos-Fets for stress Iree power delivery into virtually any load # High slew rate % Very low
distortion % Aluminium cases ® MXF600 & MXFS0C lan cooled with D.C. loudspeaker and thermal protection
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3I%" (2U)xD11%
MXF400 W19 " xH 5" " {3U)xDI2V
MKF600 W19 xHS %" (3U)xD13"
MXF900 W9 " xHE*." (3U)xD14%."
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.13
SPECIALIST CARRIER DEL, £12.50 EACH

OMP X003 STEREO 3-WAY ACTIVE CROSS-OVER

e

Advanced 3-Way Stereo Aclive Cross-Over, housed in & 19° x 1U case, Each channel has three level controls:
bass. mid & fop. The removabie Iront lascia allows access 1o the programmable DIL switches 10 adjust the
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, sll at 24dB per oclave, Bass invert switches
on cach bass Noming! 775mY input/cutpul. Fully tible wiih OMP rack amplifier and modules.

STEREO DISCO MIXER with 2 x 7 band
L & A graphic equalizers with bar graph
LED Yu melers. MANY OUTSTANDING
FEATURES:: including Echo with repeat &
speed control, DJ Mic with talk-over
switch, § Channels with individual faders
plus cross fade, Cue Headphone Monitor, 8
Sound Effects. Useful combinstion of the
following inputa:- 3 turntables (mag), 3
mics, 3 Line for CD, Tape, Video eic.

I SIZE: 482 x240x 120mm

Price 21 17.44 + £5.00 P&P
B S N P REEGLE]E  # ECHO & SOUND EFFECTSH

IMMVERS-

* ! ol &
SERVICE » LARGE (A4) 8 [le] STAMPED FOR CATALOGUE*

OMP MOS-FET POWER AMPLIFIER MODULESERUL TR S UL g -DIR T LR Loy c 8

These modules now enjoy & world-wide for quaiity, and performance at 8 realistic price, Four
modais are availatle o suit the needs of the pretessional and hobby market Le. Indualry, Laisure, inatrumental and Mi-Fi
oic. When comparing prices, NOTE that ali madaels inctude toroidal power supply, Integral nest sink. giass fibre P.C.B. and
drive circuits 1o powsr 8 compstibie Yu meler. All Modsts 8re open And shor Circutl proot

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Cutput power 110 watts
R.M.S. Into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rale 45ViuS,
T.H.D. typical 0.002%, input Sensltivity 500mV, S.N.R.
-110 dB. Slze 300 x 123 x 60mm.
PRICE £40.85 + £3,50 P&P

OMP/MF 200 Mos-Fel Output power 200 watts
R.M.S. into 4 chms, {requency response 1Hz - 100KHz
-3d8, Damping Factor >300, Slew Rale 50V/iuS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.0D P&P

OMP/MF 300 Mos-Fet Outpul power 300 watts
R.M.S. into 4 ohms, frequency respense 1Hz - 100KHz
-3d8, Dampling Factor > 300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensktivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Outpul power 450 waths)
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 Sensltivity 500mV, S.N.R.
-110 d8, Fan Cooled, D,C, Loudspeaker Protaction, 2
Second Antl-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 walts R.M.S. Into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor >>300, Slew Rale 75V/uS, TH.D. typical
0.002%, input Sensitivity 500mV, 5.N.R, -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259,00 + £12.00 P&P

MOTE; BOS-FET MODULES ARE AVAILABLE IN TWO VERSIQONS:
STANDARD - INPUT SENS 500mV, SAND WIDTN 100K Hz.
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
FPSmY, BAND WIOTH 50X Hz. ORDER STANDARD OR PEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS

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

McKenzie and Fane Loudspeakers are also available.

MINENCE:- INSTRUMENTS. P.A_. DISCO. E1

PIEZO ELECTRIC TWEETERS - MOTORGLA

Join the Piexo revolution! The low dynamic mass {no voice coll} ol 3 Piezo tweeter produces an Improved
iransient response with a lower distortion level than ordinary dynamic tweeters. As & crossover is not required
these units can be added o exlsting speaker systems of up fe 100 walts (mare it two are pul in series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

ik @WF‘E‘

bockshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p PAP.
TYPE ‘@' (KSN1005A) 3'4" super horn for general purpose speakers,

., TYPE 'A’ (KSN10384) 3" round with profective wire mesh. ideal for

i disco and P.A. systems eic. Price £5.99 + 50p P&P.
TYPE ‘C’ (KSN1D16A) 2°x5" wide dispersion horn for quality Mi-Fi sys-
tems and quality discos elc. Price £6.99% + 50p P&P.
—AN‘ TYPE ‘D (KSN1025A) 2"x6” wide dispersion horn. Upper frequency
e c Ywe = response retained extending down to mid-range {2KHz). Suilable for high
quality Hi-Fi systems and quality discos. Price €9,99 + 50p P&P,
~ .4- \ TYPE ‘E' (KSN1038A) 3%" horn tweeter with altractive silver finish trim.
l s~ ~ Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P.
! LEVEL CONTROL Combi onar d ting plate. level control
P | and cabinel inpul fack sockel. 85x85mm. Price £4.10 + 50p P&P,
-

ALL EMINENCE UNITS 8 OMMS IMPEDANCE

8" 100 WATT R.M.S. MES-100 GEN. PURPOSE. LEAD GUITAR. EXCELLENT MID, DISCO.
RES.FREQ, 72Hz, FREQ. RESP. TO 4K Hz, SENS 97dB. PRICE£32.71 ~ £2.00 P&P
10" 100 WATT R.M.5. ME10-100 GUITAR, VOCAL_ KEYBOARDO, DISCO, EXCELLENT MID.

RES. FREQ. 714z, FREQ. RESP. TO 7#(Hz, SENSITJB. PRICEC33.74 + £2.50 P&P
10" 200 WATT R.M.5. ME10-200 GUITAR. KEYB'D, DISCO, YOCAL. EXCELLENT HIGH POWER MID.
RES.FREQ. 65Hz, FREQ. RESP. TO 3.5KHz. SENS 98dB. PRICE£43.47 + £2.50 P&P|
12" 100 WATT R.M.5. ME12-900LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 48Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £36.84 + £3.50 PaP
127 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz. SENS 98<E. PRICE £E38.87 + £3.50 P&P
12” 200 WATT R.M.5. ME1 2-200 GEN. PURPOSE. GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 58dB. PRICE £40.71 + €£3.50 PAP
12" 300 WATY R.M.S ME12-300GP HIGH POWER BASS. LEAD GUITAR, KEYSOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103d8. PRICE £70.19 + £3.50 PAP
15” 200 WATT R.M.5. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES.FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&AP.
18" 300 WATT R.M.S. ME15-300 HIGH POWER BASS. INCLUDING BASS GUITAR.

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P

EARBENDERS:- HI-F1, STUDIO. IN-CAR.ET
ALL EARBENDER UNITS 8 OHMS (Excep! E88-50 § EB18-50 which ere dual impedance tapped @ 4 & 8 ohm)

ibl FLIGHT CASED LOUDSPEAKER

A new range of quality loudspeakers, designed to take advantage ot the tatest
speaker technology and enclosure designs. Both models ulilize siudio quality
127 cast aluminium loudspeakers with factory fitted grilles, wige dispersion
constant directivity horns, extruded aluminium carner protection and steel
ball corners, complimented with heavy duty black covering. The enclosures
are filted sg standard with top hats for aptionai loudspeaker stands.

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

ibIFC 12-100WATTS (100d8) PRICE £159.00 PER PAIR
IBIFC 12-200WATTS (100dB) PRICE £175.00 PER PAIR
SPECIALIST CARRIER DEL. £12.50 PERPAIR

OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery £6.00 par pair

: | BASS, SINGLE CONUE, HIGH COMPLIANCE, ROLLED SURROUND

8" 30watt EBB-60 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-F1. IN CAR

RES. FREQ. 40Hz, FREQ. RESP. TO 7KKz SENS 97dB. PRICE £8.90 + £2.00 P&P

10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-F1. IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz. SENS. 9948, PRICE £13.85 + £2.50 P&P

10" 100WATT EB10-100 BASS, HI-F1, STUDIO.

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

127 100WATT EB12-100 BASS, STUDIO, HI-Ft, EXCELLENT DISCO.

RES. FREQ. 26Hz, FREQ. RESP. YO 3 KKz, SENS 9348. PRICE £42.12 + £3.50 P&P

FULL RANGE TWIN CONE, HIGH COMPLIANCE., ROLLED SURROUND

5% 60WATT EB5-60TC (TWIN CONE) Hi-FI, MULTI-ARRAY DISCO ETC.

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 32dB.

8':" SOWATT EB8-80TC (TWIN CONE) HI-F1, MULTI-ARRAY DISCO ETC.

RES. FREQ. 38Hz. FREQ. RESP. TO 20KHz, SENS 944B.

8° SOWATT EBB-80TC (TWIN CONE) HI-FI1, MILTI-ARRAY DISCO ETC.

RES. FREQ. 40Hz. FREQ. RESP. TO 18KHz, SENS 33dB. PRICE £12.90 + €1.50 P&P

10" BOWATT EB10-50TC (TWIN CONE) HI-FI. MULTI ARRAY DISCOETC.

RES. FREQ. 35Hz. FREQ. RESP. YO 12K#z, SENS 38dB. PRICE £16.49 + £2.00 PAP
o

PRICE £30.38 + C3.50 P&F

PRICE £0.99 + £1.80P&P
PRICE£10.99 + 1.50 P&P

IN-CAR STEREO BOOSTER AMP. THREE SUPERE HIGH POWER
biiiilii 150 WATTS (75 + 75) Stereo, 150W

Bridged Mono

250 WATTS (125 + 125) Stereo, 250W

Bridged Mono

400 WATTS {200 + 200) Slereo, 400W

Bridged Mono

ALL POWERS INTC 4 OHMS.

Famtures:

* Stereo, bridgable mono & Choice of

high & low level npuis # L & R lavet

con!rols * Rsmul. on-off & Speaker &

PRICES: 150W [49.99 250W £69.99
400W £109.95 P&P £2.00 EACH

POSTAL CHARGEE PER OROER £1.00 MINIMUM. OmClAL‘

ORDERS FROM BCHOCLS, COLLEGES, GOVY, BODIES, PLCa ETC.
PRICEB INCLUBIVE OF V.AT. BALES COUNTEA. VIBA AND

ACCESS ACCERTED BY POST, PHONE OR FAX.

CAR STEREC BOOSTER AMPLIFIERS [I'

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
IW  TRANSMITTER 80-108MHZ VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TOJ MILES, SIZE 38 x 123mm. SUPPLY 12V § 0.5AMP.
PAICE £14.85 + £1.00 P4P
FM MICRO TRANSMITTER 100-10BMHz, VARICAP TUNED, COMPLETE WITH

VERY SENS FET MiC. RANGE 100-300m_ SIZE 81 “-, SUPPLY 3V BATTERY.

-

PHOTO: IW FM TRANSMITTER

B.K. ELECTRONICS

UNITS 1 & 5 COMET WAY, SOUTHEND ON-SEA
ESSEX. 552 6TR
01702 - 527572 Fax: 01702 420243

Tel



PROFESSIONAL CIRCUIT AND PCB DESIGN AIDS FOR WINDOWS

CADFAK for Windows

CADPAK is especially suited to educational,
hobby and small scale schematic and PCB
design. CADPAK includes both schematic

drawing and 32-bit PCB drafting tools but as
an entry level product, there is no netiist link
between them,

5818 ILLUSTRATOR. EE

De Cot View Tooh Sheel Confgue e

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

W Runs under Windows 3.1 making full use

of Windows features such as on-line heip.
B Full control of appearance Including line
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Computing

without

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

qguestions most of us will wani to know is the

system'’s clock speed. This is because the clock

spesd gives us some idea of the processing

power of the system; it is a guide to how many
instructions the system can perdorm in a given pariod. It thus
allowvss 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. Indesd
it has a far more imporiant function. The rmain function of the
precessor 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 aboul {o.change
will change at the same time.

The function of the clock is, therefore, 10 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, /0, even disk
drives and video displays. Such systems are therefore
described as synchronous processor systems.

Every digital computar which has been produced so far,
except for some of the very earliest designs has been a
synchronous clocked systern. But although it has sarved
computer designers - in particular microprocessor designers -
well in the past. it is a technigue which is starting to comez up
against severe limitations as processors become both larger
and faster. These limitations are already stretching designers’
ingenuity and capabilities to the imit.

The limitatlons which are becoming a seficus problem in
designing larger and larger, and faster and faster
microprocessors - and we are now looking at devicss 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
1hose transistors bsing switched at very high spasd, such a
processor neads a lot of power, and it dissipates thal power in

the form of lots of heat. Already. microprotessors which
consume 20 or 30 watts are not unusual; indeed if current
design trends continus we could be looking at a 0.1um 5V
CMOS processor dissipating 2kW by the year 2000. (This
could of course be a design feature! every sysiem has a buiit-
in central heating unit equivalent to a two bar electric fire.)
Power consumption is already a sefious problem; even
loday's fairly moderate power usags requires special
techniques to channet away the unwanted heal, 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 Peliier Effeci devices lo actively
coo! the chip, others use fans mounted directly on the
precessaor chip or special heatsinks. "
Power consumption is being kept dovin by several
iechniques, such as the use of lower supply voltages
(reduction to 3V operation will reduce power consumption
by a factar of 3 over 5V operation). More significantly,
the uss of power management techniques to
switch off the clocks fo some areas which are
not currently being used but are still
consuming power. Typical of this technigue is
the ‘sleep mode’ found on many low pover
microprecessoss, but such techniques are
faidy 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 periog; as the pericd oets shorter g0
the distance gets shorter. In a nanosecond,
light travels just 30cms in a vacuum, an
electron maving along a thin gold wire would
probably only go a couple of centimetres. This
essantially means that a very fast processor has to be
bullt on a single piece of silicon using as small a device
geometry as possible. The supercomputers of today are
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Fig.1. The timing diagram showing how the two event signalling lines are used

Much ofithe original theoretical work on designing an
-asynchronous computer was done'by |van Sutherfand in
the States. Suthaertand, whaoiis well known as the
founding father of modem computer graphics, started
looking at the problems involvediinudesigning an
asynchronous system during the late 1970s when he
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.
Suthertand had proposed that the best design was what
is known as a pipelined processor, a.computer Fig.2a The transistor levél implementation of a Muller G gate
architecture which can provide very high: speed for use on aniC
processing because the separate stages of the pipeline .
are able to work concurrently.

Pipelines are widely used:in'modem highrspeed
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 waorking
concurrently perform small specialist.operations.
Productivity is increased because each individuaflhas
oplimised the task that he or she does. The same goes
for a computer pipellne since it uses concurrengy to
maximise processing speed!

A|pipeline processor therefore operates on data ag;it
moves along thepipeline - in other words, down the }—‘
assembly line. This implies of course that the pipeline
both stores and progesses data, andinot just one byte of
data but a sequence of bytes of data, with storage
elements altemating'with processing elements. 1f we 7
remove the processing elements of.a pipeline then it becomes a sequence offgtorage ‘elementsﬁ;lrough which]
data can pass, much like either a shift register, of a FIFO buffer

The virlue of aplpeline is that it cani be either clock driven or event driven, on all:current processors ‘the |
pipelines are of course clock driven, but for an asynchronous processoriit willlbe eventidriven. The problem with
many types of clocked plpeline is that they tend toibe 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 outpufifrom the
pipeline exactly matchesithe input.

Z=AB#AZ.-B7

Fig 2b Muller C gate impiementation using AND gates
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Input and output rates, as well as:slorage capacity
can only ' be made 1o vary when thepipeline is elastic.
An elastic pipeline stripped!ofits 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, andihe referred tothem as
'micropipelines’

The other main key was to move fromusing the
‘high/low' vollage'levels of a clocked system for
definingilogic true andfalse to .a system where the
absolute voltage llevellis ignored and itiis the transition
between the two levels which specifies the ‘event!. This
he referredito as transition signalling, and has the
potential of being twice as fast, and a lotimare energy
effictent than clock based systems since information is
transferred in both the rising and falling ecdges of a
pulse, as opposedito the pulse itself

Transition signalling can be used to providethe
event sighalling which isiessential for the proper
operation of amicropipeline. The actual data is sti(
stored as high andilow voltages representingitrue and
false. Event signalling is the key component of an
asynchronous system, and just as asynghronous

communicafions ports use ‘request’ and ‘acknowledgay
handshaking lines, so a micropipeline also uses
‘request’ and!lacknowledge’' event signalling lines.

The timing diagram (Fig.1.) shows how these two
event signalling lines are used. In phase 1, the sender places a value on the datalines and then sends an event
on the request line. In phase 2, the receiver accepts the data and responds with an avent on the acknowledge
line, Because the events use transition signalling, they can be either arising or a faling edge

Superficially, this resembles a common two phased clocked system, but it is actually rather simpler since suc"ﬁj
systems have five events per cycle as.opposed to two, But what makes it really differentiis the fact that, indhe
micropipelined system, the two phases can be of different and variable duration —this identifies fhas being a true
asynchronous System.

On a practical level, the problemis that transition signalling of events is something which cannot easily be
done using standard logic gates; these are allldesigned for level sensitive operation.rather than transition based
operation. To solve this problem Sutherland usedia special circuit which: contains a 1+bit memory cellland,js
known as a Muller C gate after its inventor David Muller.

The Muller C gate is representediby an AND gate symbol with a Cinside'it. [t lhas two Inputs, one of whichis
ofteninverted, and one output, and a reset|line, Cdn {see Fig.2a which also shows the transistorilevel implementation
foriuse on an IC; an implementationiusing AND gates lis showniin Fig.2b.}. In operation, the C gate will only output
an.event when both:its inputs enterthe samellogic state after both'have received an event. A range of/other
event driven logic modules required for constructing an asynchronots processor are shown'in Figi3; most of
these are constricted using C gales.

One module which s notiin/that listlisthe event
driven transparentlatchishown in Fig.4a. The
Muller C gate handles the event signallingion a
micropipeline but ta construct such a pjpeline 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 fiip-flop.

Each latch has two event driven inputs called
PASS and CAPTURE. The PASS.inputiis used to
render thelatchitransparent -in other words, the
state :of the data input is directly transferred to the:
dataoutput; thellatch essentially disappears. The
CAPTURE eventinput latches, and thus stores, a
1:-bit data value, so that the:logic values oni.the
data input and the data output lines-may well be
different, depending on the value stored in the

Fig.3. Other event driven logic modules required
{or constructing an asynchronous processar
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microprocessors, the DEC Alpha - probably the most powerful
micro cdirently in production - has a power equivalent to

that of a Gray super-computsr produced just three or four
years ago.

Thirdly, thers 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 criticat facior.
If an operation is o be performed in several different areas of
the chip concurrently, then the dzsigner will have to build
delays into some of the dala paths to ensureg this concurmency.
This effectively means that the processor can only operate as
fasl as its slowest component, and a lot of silicon and design
sffort Is usually devoted to making such rare worst case
operations fast.

Fourthly, and finally, there is the problem oi clock slew at
high data rates. This is the tendency of the clock pulse to lose
its sharp nising and falling edges and therefore become an
inaccuraté means of ensuring synchronisation. The onty real
way around this is to use brute force to drive the clock pulse
and prevent it being slewed. 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 lalches and three standard
inverters. The fransparent event driven
atchielements can then be assembled {
build byte wide storage registers.

A simple micropipeline would consist
of'one register per pipeling stage, plus
Muller C gates for the event driven
control; a block diagramifor suchian
event drivenielastic FIFO micropipsline is
showni in Fig.5. The data passes through
the latches from lett to right, and
-elasticity is ensured because empty
latches are comptetely transparent; with
the four stages shown it could have just
one data element or four elements stored

Stability is.ensured by the fact that
eachistage Is a controt event loop which
checks to see if the predecessor and
successor stages are different. If they
are, then it copies the predecessor's
state. f not; it holds the present state
-and goes \back round theconfrol loop it
is this type of event controilloop which
eliminates the need!for clock
synchronisation.

So far we have onlyllooked.at
micropipelines with storage capability
but no processing, andiin fact
micropipelines coutd 'be used to
construct very fast and efficient memory
systems. Adding processing to the
micropipeline increases the circuit
complexity but it does not destroy the
fact thatiit no longer needs any clock
synchronisation to functiont

drivers; essentially in the form of a 40 wati power transistor,

occupying over 20% of the silicon area. The designers of the
Alpha have pushed the solution of this problem to the limils;
there is fitile further scope for improvement.

All these limitations 2dd up to the inescapable fact that the
desigriers of conventional sequential riicroprocessors, both
CISC and RISC versions, are starting 1o encounter technical
limitations in their quesl to huild 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
compuier system or, for that matler, any highiy complex high
speed logic circuit,

Changing the design paradigm

The development af compuler science has been ong ofa
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 ravel jn a very short period, it is
now vadely accepted that very fast computers will have to be

I
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Fig.4b. Gate implementation of event driven latch
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bult on & single plece of semicanductor using very small
component geometries.

This is fine 50 long as the processor design is very simple
since, as we hava seen, increasing devics complexity brings
with it other serious Fmitations, clock slew, synchronisation,
and excessive power requirements. Device simplicity is the
clue to one attempi at minimising some of these problems,
hence the enomnous interast 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
rhinirmurn, and transfering the task of performing complex
operations frorm the processor hardware to either the software
or ather specialist hardware such as a maths COprocessor.
This is a technique which has proved very pogpular 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 comparabls conventional processors,

Another approach is to create a paraliel processor which is
capable of breaking a compiex task into a lot of simpfe tasks

-

Fig 5b. Gate implementation oi micropipeline

‘{i&l

and than performing these concurrently in order to achieve
higher processing power. This is a very successiu! technique,
and some of the world's most powerful computers such as tha
Connection Maching, are parallel architecture systems.

The problem is that these and other similar approaches da
ot actually solve the probiem, they simfly delay ths time at
which they become serious, and indead they may actually add
further problemns. For example, RISC processors are excellent
in certain applications but inditferent in others. This is because
processor complexity is reduced at the expense of an increase
in software complexity. Similarty parallel processors may be
very iast but they are not particularly amenable to being scaled
down so that a whole paraliel system can fit on a single ¢hip.
once again designers are faced with the problem of wirg length
and signal speed. .

These are all probtems which have besn axercising the
rminds of computer designers for many years, and there is one
solution which has been proposed on several oceasions during
this period and which should, ii the theorists are right,
gliminate, or substantially reduce, most of these limitations.
Indeed, &t should enable designers to go on producing ever
faster and more complex processers on a single chip of
semiconductor for many years. That is until new limitations
caused by attempting to fabricale components from just a few
atoms start io make their appearance.

This solution is the asynchrenous computer, the clockless
processor - a solution which has become the Holy Grail of
many computer designers.

The asynchronous computer

In an asynchronous computer, the absence of a clock pulse
means that there is no synchronisation betwesn all the
different components of the processor (a fact which
immediately solves several problems, such as those of
synchronisation with its requirermnents for a mongiithic design,
and clock slew with its need for massive clock drivers).
Insiead, each part of the processor opsrates using either its
own clock or ai maximum spesd.

Data and instructions are transferred between different
parts of the processor using a handshaking technique which
will be familiar to anyone wha 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 teliing 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 spssd whenever instructions and data are available;
there is no nead to slow the overall operational spesd down to
match that of some worst case operation. In other words, an
asynchronous processor will operate at very high speeds when
performing simple commands and at a slower rate whan
performing more complex commands.

For readers famifiar with computer programming, the
asynchronous cornputer Is analogous to object oriented
programming. Here the rigld structure of procedural
languages, as with synchronous comgputer designs, has given
way to the very flexible collection of self comained objects.
Each obiect is a programme In its own right; there are no global
varables or procedure calls, simply the communication of data.

Object criented programming has largely developed from
the programmer’s nesd 10 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 ofiented approach the individual
compaonent objects to be individually tested, verified, and
updated with easc.

Sirmilarly, with the asynchronous computer, it ¢an 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 designad
and tested very quickly. it aiso means that the system can
equally easily be changed, updated or specially tailored for a
specific application. Remember that, with an asynchronous
systern, there is no rigid synchronisation built into the design,
only simple communications finks.

This modularity of design using building blocks and ease of
system testing and verification are both very important factors
in & commaercial world where getling a product an the market
quickly is all important. it allows designers 1o 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 extemal source. In an asynchronous computer, the only
parts of the system that will be functioning are those parts
which are actually pracessing data or insiructions; any other
circuitry is quiescent. This is in contrast to a synchronous
system where every part is operating irespective oi whather it
has any data or instructions to process.

This factor is an important thing in favour of asynchranous
systemns, since if such a systemn is iabricated 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 quisscent stale power requirements are
infinitesimally small.

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

processor will use as much power as a conventional clocked
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 tull capacity.

Of course, some modem pracessors do atiempt 1o save
power by shutting down unused sections of the processor, an
extrerne version of which is slzep mode. But the granuarity of
such control sysiems is very course and can not compare to
the very smooth and automatic reduclion in power use by an
asynchronous processor, which will of course automatically go
to ‘sleep’ when there is no processing 1o be done, and equally
autornatically will ‘wake up' when processing is nesded.

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, makmg it
ideal for the multitude of battery powered poriable, hand- held
devices which are being developed.

We can thus summarise a few of the advantages of an
asynchronous dzsign as:

@ no problemns with clock slevs

@ no nead for large clock drivers

@ no need for rigid synchronised designs

@ highly fiexible modular design

@ easy updating of designs

® casier testing of designs

@ maximlssd cperation speed

@ very low power censumption

@ no problem with signal propagation delays

From this small list it can easily be seen why the design of
an asynchronous computer has been considerad by many fo
be the Holy Grail of computing.

But thers is one negative; it has nothing to do with the
technology, but rather with the people who will use it. The
protiem is that the concept of synchronous clocked
computers has become so ingrained into the psyche of
designers, computer scientisls 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 ariginally developed ove
Welve years ago by the British company Acom

Compulers Ltd/{well known for their BBC Micro ofiwhich
over 1.5millich werasold worldwide). The ARM is a RISC
(Reduced [instruction Set:Computer) processor and was
deslgned as a powerful;; versatile replacementita the 8'bit
6502 usedfin the BBC:machine. It'is now produced by a

ASCRTS
ASYHNC
ARM

Coins

separate company part.owned by Acorn and Apple.

The ARM is a 32-bit processor and the worldis fir-t
commercial implermentation of the picneering/RISC
designs developed:at Stanford and Berkley Universities in
California. The first lersions of the chip were fabricated
using|3um CMOS with tes! samples being delivered in
April 1985. Successive generationsiof the ARM have
become faster andrare fabricated! using smalier
geometries,ithe current' ARM7 being fabricated in 0.8uff}
CMOS with an 8K fully associative cache, and capable of

ADDRESS

Fig.6. Top ievel interface of the AMULET 1
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A similar probtem faced programmers attermpting Lo move
from procedural languages 1o object oriented languages. It
required an encrmous, and extremely difficult intellectual
changs in the way that the programmer looked at preblems
and attempted to solve them. it took many programmers
years lo make this change: some never made it. A similar
change will be demanded of electronics enginsers and
computer designers - they will have to leamn 1o live without a
clock, and that may prove very difficult.

Is the future clockless?

There are currently four magor teams around the world,
besides Professor Furber's at Manchester University, who are
working on asynchronous computer systems. In the USA,
work is baing carried oul at Galtech under Alain Martin on a
16-bit processor, whilst at SUN, lvan Sutherand is working on
an agynchronous implementation of the well known SPARC
processor. In Holland, researchers at Phillps Research under
Keas van Berkel are working on asynchronous systems for
use in audio electronics. Whilst in Japan a team at the Tokyo
Institute oi 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-
implerments a commercial device. Neither of the American
teams have yet come up with a working davice, whilst the
team at Philiips 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 processar. They are currently
working on a larger version which will clossly resemble the
AMULET 1, and they expecl to have a prolotype avaiiable in
1997. This gives ARM about a two year fead on the other
teams. This should be engugh time to permit them to

capitalise on this very important work and start 10 build a
vsortd 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
advanlages in the use of asynchronous technology, pariicutarly
in the areas of low power systems and modutar dasign.

Hand-held devices such as digital phones, the soon 1o be
released hand-held satellite phone, personal digital assistants
and global positioning systems now all incorporate increasing
levels of intelligence. There is an enomous potential dermand
for powerful processors which can operate for a long time on
battery power. Asynchronous devices with their smooth
instantaneous decrease in power regquiremants as data
throughput decreases are idea!, since in most such .
agplications peak processing power is only required for a very
short period, most of the tme the processor will be doing nothing.

Simitarly, ihe rapid increase In the number of applications is
creating an increased need for highly integrated special
purpose chips which incorparate 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 enomously 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 Philfips.

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 1t is a fairly
good bet that just as cbject oriented languages have swept
into and now dominate computer programming, 50 clockless
compuiers will sweep in and dominate the computer hardware
of the future.
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operating at 33MHz.

When deciding to developa working.asynchronous processor Professor Steve Furbel ang]hisfieamn g
Manchester University, in association with Advanced RISC Machines decided to producdfa dévice which
was the equivatent of a standard commercial processor. This decisiorn weuld enabledhem 10 use alfihe
development software already available for the existing synchronous processof. The processar they
chose was.the ARMS&, a device which has become'the world mn;ﬂﬂlsc arcfijtecture for[fow-cost i6w
power applications.

The ARM is built using what is known as a load/storesarchitecture with 16 visible registers availabl&to
the programmer: |In additlon to these general purpose Tegisters, there is.a Current[Programme Statugs
Register availableiin every mode and a Saved Programme Status Register for each non-userimode.!lIn
common with other RISC processors, ARM separates those instructions which perform data processing
functions from those which move data between[fegisters and meniory.

This architecture is re-implemented on the AMULET 1 using a Tully asynchronous design based upon
micropipelines, and has resulted iin a device which exactly copies the functionality @) the ARME, omitting
'only the coprocessor instructions and suppoti for th€l26-bil address space modes which the ARMSG has
purely for backward compatibitity with earlier versigns; The processoriused however, a micropipélined
interface betweenffhe chip and its environment.

This was done s@jthat future versidns could include a cachfl memory, and@ micrgpipeline [iiterfacéis
a natural way g gpnnect such memory to the processor core. [this choice of micropipelffied interface
made initial testing of the AMULET 11ery difficulf buton the AMULET 2 the'interface cirguitry will be
placedion chip and So should not cause any problems)he topileveliinterface ofithe AMULET 1 is shown
in'Flg.6. It shows how the AMULET s connectedio the MMU and standard memory

The funclional units of th~ execution pipeline arg shown in Fig.7. This diagram shows how the
operands first pass through a multiplier. This unit either passes ithem on stréigmgﬁayfﬁr replaces’them
wilth/partial product and partial carry outputs from a carry/save multiplicationfiinit. One of the operands is
then' modified by a barrellshifter before placing both into a pipeline latéh. The operands:are then
combined]in the:ALU which hast daf@ dependent:delay and'a latch to allow a dynamic structure lo
operate with static extemal behavioui; The resulilatch then passes the output to its next’destinatiom:

The instruction; decode and & (ecution pjpe controljogic are also shown in Fig.7. Here the pipeling
shaded o highlight the struclure. Prefetchedfinstructions are qiieued before being passed to the pritiary
decode logic which produces multiple pipeline bubbles for the more complex fnstructions, sends*
appropnate read/write addresses to the register banksfof each bubble and passes [nformation anto he
secondary and:terliary decode logic

The complete Tully asynchronous pipelined structuf@of {fe AMULET 1 is shown i Fig.8. it was
completely designediysing computer aided desigiitools and testedJfjoroughly at component Tevelusing
sophisticated computer simulations before committing the design 1o silicon. Despite someinitial
problems with the interface circuitry .jhe chip worked accorfing lo specifications with only @l cougie of
very minor designﬁgws discovered 'so far in an extensive lesting programme.

Fabrication of the chip was done at‘two sites using two different CMOS fabrication fechnologies. A
1um process was used by ES2@fid a 0,7um process by GEC Plessey Semiconductors ;The performance
of'these two versions and of a standard ARME67are shown [n: the following lable,

Table 1
AMULET & ARM performaiée figures

. AMULET 1-ES2  AMULETY - GPS
Process - . . 07um
Arga {mm)
Transistors _ 374
Parformance ~ 20.5k Dhrystones Ok : ~ 31kDrhystories

g

25ns/oit

- Multiptier 53nsit _ 25ns/oit
Conditions 5V,20C 4 5V,20MHz
" Fower 152mw N/A ~ 148mw

CMIPSW it T AR VA S IR )

Steve Furber's teamqp at: Manchester University, and Advanced RISC Machines have demonstrated with
the AMULET 1 the worldls first working asynchronous implementation of 4 realiprocessor. In'so doing,
lhey have overcome manyldesign hurdles and proved many of the conjecturegtabout asynchronoiis
systems; these all/point to a very importanfuture for such designs. They areisfow working on.an
enhanced version, AMULET 2, which willlincorporate allithe enhancements which they have developed
as@aresyll of working witliithe earlier version. The newversjon shouid be in silicon byithe end of this year!
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Advanced RISC Machines

e ARM RISC processor was first designed and produced by Acom
Computer Group PLC exactlyen years ago. Iliwas one of the fifst
commercial R[SC to be produced 'in the world and has since becornie
ope of the world's leading standard devices for uselin high volume
computing, communications and consumer electronics products.

The ABM processcr and its family of derivative products is now
designed and marketed by a three year.oldicompany called Advanced
RISC Machines Ltd, or ARM Ltd. Bcom still. own 42.78% of ARM, with
an equally large shareholding being held by Apple Computer, with
smaller 7% shareholdings by VLS| Technology, and Nippon Investment
and Finance.

ARM Ltd do not manufacture the ARM chiptfinstead they design,
develop and market the product at thelr Cambridge headquarters. The
resultfis that ARM 11 :ense a wide range of the worid]s feading
semiconductor companies (v L oducgélboth stand-afone ARM
processors and other.chip designs bullt around tne ARM processor. The
licenseas who produce ARM based productstinclude;such as Texas
instruments, Samsung! Sharp, IBM, Digital [Equipment. Corporation,
GEC/Plesseyg Cifrus, VLS|, and AKM of Japan.

'[l!hls strategy'means that countless millielis of ARM jprocessors are
being produced and'used alllaround theiworld asipart of some of the
most sophisticated electrenics products from the woRd'slleading
companies, with ABMi getting royalty payments fof each one produced
It is a strategy which lhas enabled the company to grow very rapidly and
to become-a leading force in the RJSC technology world.

indeed, one will'find ARM  processors all over the place, notjjust ifithe
highly successfull Acormn Archimedes range of computers. [tis the
processing heart oF Apple’s Newton andisimilar products produced by
Sharp and Motorala: Schiumbergeriuse the ARM fin their data
acquisition'systems, and Spyrus and AT&T use itljn theif data
scrambling: systems. The ARM js alsoithe:main processor and.controller
in the lhighly acclaimed 3DO muitimedia entertainment 'system produced
by 300 IPanasonic, Sanyo, Goldstar, and Creative (Labs, whilst [BM use
an ARM core embedded Irito its SSAinterface chlps. There are also a
host of other appfications whicfare stillj ort the drawing board or jnlpres:
production stages.

The success of ABM as a company can be demonstrated by the almost
meteoric rseliniits revenues- up from just €M1.2in 1992 to €M7.2 in
1994, in the same period profits moved!from alfbss of £34,000 ta/a profit
of £M3, and cash in the lbank moved from £M1.3.to £M4.2.lInthe
current year, the 1994 figures are expected to double. All of thisihas
made ARMIs parent company,; Acom, & @arling ofithe City with a very
bouyant share price.

With patents to revolutionary world-beating technology, like the
asynchronous ARMiin;their pocket, the companyllpok set to takesthe
world by storm. They have the technology, they have the right partners,
and they have ithe City financiers behind!them. Let's hopeithat:they can
show the world that Eritish‘high technology 6« mpanies are a force to be
reckoned|with!
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A minl FM transmitier, very high gain preamp,
supplied complete with FET elecirel microphone.
Desgned to cover 85-108 Ahit but It Is easy to
change it to cover §3-130Mhi Works with a com-
mon %v(PP3) battery. 0.2W RF. £8.21 Kit nio 1001,

=

Electronic siren kit with an impressive 5 wan
power oufput. ldeal for car/blke alarms etc. 6
12vdc, max current 1A, tone frequency 1.2khe

3-30v Power supply, variable, stabilized power
suppiy for |aboratory use. Shortclrcult protected,
sultabiefor professional or am ateur applications.
24y 3A transformer Is also needed fo complete the
kit. £16.45 Kit 1007,

Powerful 1 wait FM transmitter supplied com-
plete with plezocleciric microphone. 8-30vdc. At
15 30v you will get ty 2 watts!. £14.10 Kit no

FM/AM Sc-nn‘c;. well not quite You have to furn
the knob yourself but you will hear things on this
radlo {even TV) that you would not hear on an
ordinary radio!. Recetver covers 50-160Mhzx both
AM and FM. Bullt In § watt amplifier. £17.62 Kit

no 1913,

Mosquito repeller, moderh way 1o Keep midges al
bay' Huns for about a month on & 1.5v battery.
£8.22 Kit no 1018,

3 channel wireless sound to light rystem, malns
operated, sepatale sensittvity adjustment for each
channel 1,200 walt power bandling. Mirophone
Included. £16.4S kit no 1014,

ﬁ

Motorbike/cycle trembler alarm. adjustable sen-
dttvity, preset alarm Ume, awlo reset. Could be
connecied to bikes horn ete. £14.10 Kit ro 1011

0-S minute timer, adjustable from 0 fo Smins, wiil
switch up to 2A mains Perfect for alarms, photo-
graphiclaboratoriesetc. 12vde. £8.22 Kitno 1020,

4 watt FM (rananitter, small but powerful trans-
mitter, 3 RF stages. microphone and sn audio
preamp include In kit. £23.50 Kit no 1028,

25 watt FM trassmitter 4 RF stages, praamp
required (our kit 1068 i suitsbie). Due to the
complexity of the tranamitier it s suppled ln built
up form oaly. £92.82 Xit no 1031.

Strobe Uight, adjustabie frequency from - to 80 Hx
(alot faster than conventional sirobes) mains op-
erated. £18.80 Kic no 1037,

Ultrasonic radar ldeal as 2 movement detecior
with arange of about 10 metres automateyour cal
flap! 12v operation soideal for cars caravansete
£16.45 Kit 1049.

Liquid levei detector useful for detecting fuid
levelsintanks, fishponds, bathsor asa raln or leak
alarm Wil switch 2A mains £5.87 K no 1081.

Combination lock 9 key, easity programmable.
will sadich 2A mains. Comphete with keypad. 9v
operation. E11.7S Kit 1114.

Phone bug detector, this device will warn you If
somebody I8 eavesdropping on your phooe line.
£7.65 Kit no 1130,

Robot voice, interesting circuit that distorts your
volce! adjustable, answer the phone with a differ-
ent volce! 12vde £10.57 Kit oo 1131,

Telephone bug, amall bug powered by the fel-
ephone line, starts transmitiing as soon a3 the

handset is plcked up! £94.40 Kit o 1135,

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

3 Chanpet light chaser, 800 watls per channel
speed and direciton controls supplied with 12 Jeds
and mains triacs, 20 you can use mains light bulbs
f you want. 3-15vdc £19.97 KK no 1026.

=

12v flourescent. A useful kittha will enable youto
light 4' flourescent tubes from your car battery?
(you will als0 peed 8 v 2A transformer, not sup-
plled) £9.40 Kit no 1069.

YOX switch, sound activated switch |dead for turn-
Ing tape recorders on and off when sounds are
heard. M akes the tape |ast 2 ot longer! adjustable
sensisivity, built in delxy. £9.40 KRt 1073

Incar soundto light, Put s atmo sphereinyour
car with this minl 3 channel sound to light. Each
channel has 6 led’s. £11.75 KK ng 1086,
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7 wart HI FT power amplifier useful powerful
ideal for Intercomms audlo systems, car use elc
12-18vdc S06mA. £8.22 Kit No 1023,

3 | o — !

-
Phone callrelay, uselul devicethatoperates arelay
when ever the "phone rings could be umd fo
operate more bells or signalling lights etc. Wl
switch matns at 2A. £11.7% KIt oo 1122,

lead acid charger, two automatic charging rates
visual indication of batiery state, Ideal for alarm
systems, emergency lighting etc. 100mA 12vde
£14.30 KN no 1095

Car alarm system, works oa voltage drop and/or
vibration, entry and exlt delays phus adjustahie
alarm duration. Good for carg, caravansetc. £14.10
Kit no 1919,

E

Portable tarm sy dem, based on amercury switch.
The alarm continues to sound until the uni Is
disabled by the owner. Buzzer included. £12.92
KK no 1150.

Preamp mixer, 3 Input mono mixer, separate bass
and treble controls plus independent level con-
trols. 18vde, Input sens 156mv. 100mA. £17.62
Kit no 1052. !

r

Mini metal detector, rultable for locating plpesin
walls ¢t¢, range 15-20 cm, complete with case. v
oper atioh. £9.40 KK no 1022,

[

¥

800 watt dngle channel sound to Light kit madns
operated, add rhythimto your party for only £9.40
Kit no 1006,

1=

-~
Soundeffects generator, produce soundsranging
from bird chips to sirens, complete with speaker,
add sound effects to your projects for just £10.57
Kit no 1045.

[N
Guktar preamp with tone contrels, small enough to
it inside any guitar, based on TLO82 1C, %-12vdc,
S0mA. £9.40 Kit no 1091,

15 watt FM tranwmitter, 4 stage high power,
preamp required. 12-18vde. Can use cither ground
plane, open dipote. or Yagl. Supplled ln bullt form
only w1 £581.07 Kir 1021,

3 e

Telephone amplifier, Very sensitive amplifier
which uses a’phone plckup coll {supplied) will let
you follow 2 conversation without holding the
phone. £12.92 Kit no 1059,
TOP 10 REST SELLING KJTS CORNER
1. Varlable speed conirol ki for Lv D motorsup
to 30A! (you may need a heatsink for J0A) £19.97.
2. Composte video kit, convertscomposite signals
into separate Hsyneg, ¥syne and video £9.40.
3. Gelger counter kit, contains everything you
nerd fo butld a working counter £22.32.
4. Solar energy ki, contalns 2 soiar panel, motor,
buzzer and cable for ¢xperiments £5.87.
T Tlectronlc accupuncture kit, may help with
migrane, poor circulation, backache efc. £8.22.
€. Elecirifying apparatus kit, produces a weak
adjustable high tension of 80-300v from a 9v bat-
tery, ideal for carching worms etc! £9.40.
T Adapter bug kit coatains everything you need
to build a professional bug bullt inside a standard
13A mains adapter! the bug i3 milns powered 50
it operates all the time the adapter ks plugged in.
Price Is £16.45 for the complete Wit including
dapter. Hand tools and glue required
8, Nicad charger kit automatic charger for cells
from 1.2vio 15v, 7 settings 50500 mA, {ransformer
required 18-20v 600mA. £9.48.

. lmverter Kits, proguce aciroma c
rypply, two versons are available a 15w one at
£14.10, and an 30w version at £23.50.

OMPFO

how to order......
Remember to add £1.50 p&p.
By phone with a credit card.
By post with either a cheque,
postal order or credit card details.
By fax with credit card details.
EXPRESS COMPONENTS, PO
BOX 517 HOVE SUSSEX BN3
5QZ. DEPTETI

TEL 01273 771156

FAX 01273 206875




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

i his is the last pant of the light gun project, butis Circuit Diagram and operation

| of more general uss as it addresses the generat The circuit diagram of the main circuit board is shown in figure

problem of driving large scais displays from a 1. This project is based on the PIC16C84 which has on board

i computer. it offers the following feaiures: EEPROM.The PIC uses a commonly available 3.58MHz colour
g stancard RS232 serial drive from any suitably crystal nesded for accuracy on reception of serial data. The

equlpped PC, computer or from the light gun centrat, driven on EEPROM is used to hold power up massages and the address

a 3 wire link (Power, Ground, and serial driva); it will drive four of the module when modules are stacked. The PIC holds the
common anode or commaon cathode 7 segmeni displays code for a 7-segment image of the entire ASCH character set,
driving up to 50mA/segment at up to 24v/segment; madules an RS232 receiver and command decoder, and the display
arg stackable so that up to 16 digits can be driven from one multiplexer.
serial pont; stylised display of the entire ASCI! character set; The serial input signat is shaped and inverted by R1, TR15
automatic scroll; command driven control of flash, dim, pover and R2. The serial signal drives ths interrupt input of the PIC.
up messages, dispiay test, lower powsr maode. The prototype Incoming serial bytes are received and processed entirely on an
ussd 3" displays which are easily visible from a considerabie interrupt routine. The muitiplex driving routine is capable of
distance, but any displays can be driven including the Vielieman  exeguling entirely within the stop bit of a received character so
8" high 7-segment display kits 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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module has an aoptional gleep mode which will tum off the
display, reducing consumption to less than 5mA when no serial
daia 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 1C2 Is replaced
by a 6v supply direci to the board then consurnption will drop
1o around 40uA - the standard PIC sleep consumption. The FIC
program supports watchdog operatlon which increases
reliablity in brief power supply interruptions (which may not
trigger the PIC reset circuitry); however if this is enabled (at
program tima) then the sleep mode will not be supponed.

The displays are driven by a high geing signal for both the
segment and digit drivers. The segment drive for comman
cathode displays consists of an NPFN and PNP transistor
combination switching the positive supply rail, and a Darlington
transistor swatching the ground rail 1o the digits. Rs is the
segment resistor which limits the current drive. The value of Rs
is calculated as Rs=(Vs-VIy], where Vs is the power supply 0
the module, Wi is the voltage drop across tha LEDs and 1is the
required drive current per segment (V and 1 in volts and amps
regpectively). In the prototype, As was chasen as 160 ohms.
For driving common anode displays, then the digit and segment
drive circuits can be exchangsd..In this case there will be seven
Darflington transisiors and four PNP/NPN pairs The segment
drive resistors should be placed in series with the collectors of
the Darlington transistors.

The displays are connected in parallsl for the multiplexed
drive 1o reduce the reguiremient 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 sockel and a serial output socket which are connected
in parallel with the input power and serial data signals. The
operaticn 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. Pover
censumpticn of the prototype was 6mA when all displays were
off, nsing to 75mA when all segments were umed on in dim
mede and 145mA with all segments turned on in bright mode.
This was with Rs set to drive about 10mA per segrment.

Construction

The FCB overay for the main board is shown in figure 3. This is
for the common cathode version. Use an IC socket for ICY and
an [C socket for display board Interiace cable. Construction is
straightfonward; there is only one wire link cetwezn ICY and IC2.
Fit this first, followed by resistors, diodss, transistors,
capacitors, IC sockets and crystal.

The PIC should be programmed with the Intel Hex 16 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 includas checksums so
thal it should be impossible to enter incomectly. Alternatively,
the author is prepared o program PICs - see the end ofthe
article for details. If your programmer is capable of
programming EEPROM data area then the address can be
programmed into EEPROM data location O00H, and the start up
message into data locations 10H to 13H for digits 1 to 4
respectively. However, both these itlems may be programmed

—~ B-PLEG
£ F-Pi8a 1
‘ £ A~PLET
b bt b '] Db
| |
4Yh z}’ !+\ 5+~ < G-PLE
’ P & < E-PLER
< D-PLEN
< € -PLES
COMMON COMMON COMMON COMMON
DHGIT 2 DIGIT 3 DIGIT 2 DIGIT 1
“h s ~ -~
£ €1+ PLEAY
{ G2 - PLE/Y
£ C3- PLEM3
' C4- PLE/E

| Figure 2. Circuit diagram - display

from the serial link as detailed below. If programming the device
yourself, note that the WDT can be enatiled or disabled at
pregram time. If enabled, then the module will be more reliable
at power up {crocodile ¢lips on a battery sesmed to upsst the
PIC power up reset circuitry spectacularty); however the sleep
mode will not then be available _

There is no PCB design shown for the display board as the
module is expeacted o drive many difierent display types.The
displays can be wired up on veroboard using hookup wire
under the displays. FLE should be mounied on the underside of
the display board. If the Velleman 87 displays are used then use
the common cathode version. Connect the input cathods signal
on D1 of the display board io the positive on the display board
with a 10K resistor, and drive the cathode pin with the digit
drive. The segmeni drives can be connected directly to the
moedule main board.

The link between the displays and the main board is a 16
way |DC cable with a 16 pin DIL header at each end which
plugs into PL3 in the mzin board and into PLG on the display
board. In the prototype, the cable was soldered directly to the
main display board connector pins and PLE was not usad.

The case used was Verobox type 201 painied black. The
display board is mounted on the front face of the case and PL6
protrudes through a hole in the case. However, the ¢ase mus!
b= chosen io fit the displays used. Tha cable used 10 connect
the medule is Brm 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 prototyps Is Iniendect for use with the light
qun project, the serial data plug is intended 1o 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. i the module is intended to be ussd 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 intendzsd
for use in the field; it is fixed 10 a 2" belt with a clip for fixing 10
the nearest convenient trea.

Testing

Check the main module careiully, espacially the segment drives
- displays of the size uzad in the module are too expensive to
blow too oftent
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Do not it IC1. 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 IC1. 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
+8Vin tumn, each of the segmenis on all of the displays
iluminate and that there are no short circuits.

Remove power and insert IC1. Connect power and the
display should Immediately show 8888 for about 1 second
before hlanking; this is the power up diagnostic. Now wire the
module to a computer. if you are not surg of the pin out of the
serial pont on your computer then measure the voltags on pins
2 and 3 of the serial pon; the pin which has a voltage of arcund
-8 10 -12Vd

Computer connection

The module can be connectled to a standard RS232 serial pant
using a thres wire link {gnd, power and data); this should be
connected to the module. Use a communications packags on
your computer, set to 9600 bits per second, no parity, one stop
bit, no hardware fiow control, no XON/XOFF signalling (the
terminal program supplied free with Windows 3.1 is suitabla on
a PC). Check that characters typed on the PC are shown
carmrectly on the disptay. The module runs at 9600 bits per
second, and has not RTS/CTS (hardware) signalling, Tha
module will operate with (but ignore) XON/XOFF

Commands

If characters frorm ASCII codes 32 to 127 ars sent to the
module, they will be displayed on the next digit as shown in
figure 8. Text messages are shylised, but can be recognissd
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 digits 4, 3, 2 and
1 respectively. Aiter this, the display is scrofied to the [2ft and

Figure 3. PCB overiay

Figure 9 shows the commands which can be sznt to the
module. Commands have ASCIl numiers from 1 to 25. To zend
code 1 then the control and 'A" keys are pressed together; to
send code 2 then conirol and 'B” are pressad elc. These
control keys are shown in figure 9.

The following commands are of note. Command 10 (Ciri+J)

characters are printed 1o digit 1. clears the display and sets the print position to digit 4.
H8BBE8B3E8E58808080888
& om % o w m om w4 4 e & 4w a4
82888808088 E888888

E ¢« % 2 % & & =2 ¥ F 4 &£ ® 5 2 2
HEBESEBCBEBH888E88E88
e A a c D E 3 G H ] : X M K o
3] L] 86 & €5 2] o) b 72 73 E 7 % 7 T 79
HodoBbEBEGEBHEBB8EBGCEBE8E8
P o A 3 T u v W X ¥ z i o 1 - =
= 8t az :<] s &5 BS 57 ] 2] )] 9t 92 53 9. £
HodobddB8BE8BE808EBEB8E8H
S 9; 5: ;9 |:-3 ::: 'N:Z |§: 1:4 lcis 1c=§ 1;1' u:s 1‘:9 1o :1
HEB8E88E888688808886
P L] T 3 1 u L] x ¥ 14 | ) = 3
1z "3 a4 13 ne nz? RE 19 172 1@ 22 123 124 25 178 =

Figure 8. 7-segment display diagram
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Command 14 (Ctrl+N} sends the module to slesp, tuming the
display off. However, if the watchdog timer iz enabled, then this
will not operate. Any character received will enable the display
and wake up the module. Command 23 and 24 (Cirl+W/X) will
enable or disable fiashing and dim mode respectively. Follow
the command with the numbers 0 or 1 (ASCIl code 48 or 49);:0
will disable the mcde, 1 will enable it.

You can send any pattern you fike to the display. Send
commands 1 1o 4 {Ctrl+A to D) for digits 1 1o 4 respectively and
follow the comrnand with a data byte. The data byte should
have a '1' set in each bit position 1o tum on a segment where
it 0is segrment 'A’, and bit 6 is segment *G'. So, to tum on
szgment ‘G’ of digit 4, send the ASCIl codes 4 then 64. (Ciri+D
followed by by ‘@'}.1t is possible to set a message to be
displayed automatically after the power up display. To do this,
sel up th display to show the message displayed afler power
up using characters or the hit commands Cir A to Ctrl D. Then
send command 25 (Cirl+Y) This will write the bit pattemn 1o
EEPROM and it will be displayed after the power up display
diagnostic. Note that this is the one command which causes
lhe display to flicker momentarily as the program suspends
axecution whilst vriting to EEPROM; incoming commands are
also ignored for a maximum tima of 40mS.

Multiple displays

In normal operation with ong module. there is no need o worry
about module addresses. The module powers up, responding
1o all commands and text. To use stacked modules, it is

possible to operate in ona of two mades. In the first mode, all
commands are actioned by all stacked mogules, in the second
mode only one of the stacked modules will respond to
comrmands.

To set the address of the module the command 5 (Cir-F) Is
used, followed by the address which Is fo be programmed into
EEPROM. This address will now be hzld through a power
down. The address can be any number from 1 to 255. Each
moduls wiich is slacked should be set to a different address,
and the address should be set with only one module connacted
to the PC (otherwise all connected modules will respond and
set themselves to the same address!).

To select a specific module the command 6 (Cirl+F) is used,
followed by the address of the module 10 be selected. Now only
that module will respond 1o any commands sent. The ore
command which will still be aclioned by all modules is
command 6, thus different modules can be selected. If module
address 0 is sefecied 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 1o display 1234, and miodule 2 to display 4567, the
following bytes should be sent 1o the
modules:6,1,49,50,51,52,6,2,53,54,53,56

Example control program

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

PIC 16C84 Code for Large Display

:040000002B280200A7

+ 08000B0OBCO0BCOEQIOERBDOO2E
+38001000083098002120232088
= 0B001800031006180314970CF5
+08002000580B0B2B2F1F922200
:0B002B002F131R089CO0FE3I0AL
:0800300096085061C1928F830A2
+080038008B0S0D0EEI000COEIR
:08004000090603300000000074
:080048009900390B252BAF1166
:0800500008001A302428850184
:0B00S800850123166400823062
:080060006810000306500013031
: 0B006B00BEN08312AF01013094
:080070003200FF308E00BFO0AA
:080078009000%100AF15920100
:0B00BON0E101950196012F1585
: 0E00BEG002I09R00SC00000106
:08009000CC22A100A001903078
:0BO0SBOOBBOGAFIES6ZHAFI2CY
: 0B00A000850186012F176100A2
:D800ASD0031ESI28811F5C2890
: 0800B000AF1C5E20AF144D28C7
: 0800BBOCAF1045236400950F04
:0B00C0006828960A0319852047
:0BOOCB00AFID6B2BAF118B2063
: 0800DONERE601031092000F30B0
: 0800DS00AF1BFF309205120876
$0800E0000319013092000F3SFL
: 0300ERBDOB500051 8008851 8BE
: 0800F0000FP0280519100885191D
:0BOCFE80011089300130D2F1CES
:08010008326816180800860090
:08010B000BDD2F1DOBI0ICORED
:080110000800AF160800G1030D2
:080118000CC228E000E0203152F
:08012000522A890ACD228F0044
z08012800890ACD229000890A7R
:066130000D229100562ACT

=0B040000213422342434263497

:0804080028347F3474342134DA
:0B041000213433345234383436
s0804180021345634583421341C
:080420005A3421342134213447

:0804280044344B34663416E3499

DB8(4300074358534213452134R9

:08043800213421342134213468
:0B044000820008000E30292499
T0B0448000F302592A1030292A87
~0804500011309D002F162E1023
:080458009E0008001DOBAL004D
:080460001708800008009,,0350
:080468009A1F06B0052014B2ABB
:08047000043014020319422A8C
:080478001A0B003C113EE40043
:080480009A0A08000E30840006
108048800100891000F0890001C
: 080490000E02BFO00BD00F0RA0
:080498008B0010086FD011G8JE
: 080440005000 08D0BEQ 1BF019D
:0804ARB00500191019201080086

:0804R000AF1608005E309E0048

:0804B8002F16080017089B0035
=0804C0002F15003C031D08B0048C
: G804C8002F1102006A309ED0AC
:0804D0002F160800170803397C
:0804D8009A0008007030672549
:0BE0AECQ002F1017182F14080058
: 0BO4EBD07630672AAF13171BR4
Z0804F000AF1708007C30672AF3
: 0BOAFRO0170R8A0000800613084
:0B0Q50000672:17085100890115
=0R050800BD24103089000E0825
:080510008D22890A0F08BD227R
:08051800890A1 Q0BRD22890AEE
:0805206011092D22A00803190F
:050528009P2A2F1AA12,0630B8
:0B053000170203199F2A20085D

:0B0538002102031D0B002FIE2]
: 08054000:6222F1202303A00E6
: 080548001 E08B200203017029A
:080550000318AF2A02Z308A00F3
:0805530017082072820038225E
:08056000571320309702031CE1
:0B056800080088228000080021
:0806700003308A00170BR0O3SEF
:0805780082006800821608125%
:08058000081555308500AA306E
:08058800890058146400881842
:0B059000C62A0811831208005D
:0B0598008300683160814831238
: 04052.000080808003F
:0B070000003406342234632496
:080708006D3452347D342034BD
:0807100039340F345234463431
:08071800043440240834523465
:080720003P3406345B344F 314172
:0807280066346D347D34073422
:080730007FI46F3410340A34ED
:08073800583448344C345334A8
:080740006F3477347C34393446
:0BO748005E34793471343IN3454
:08075000763406341E347234C5
:080758003834553437343P34CE
:580760007334673431346D3449
:0E0768007BI43IBI462346A3417
:0807700054346E345B3439344R8
:0807780064340F342334083408
:0607800020345P347C3458144E
:080788005E347B3471346F34E0
:QB079000713404340E834723459
:0B0798003034553454345C3454
:GB07A0007334673450346D34E:
: 0BOTABH0TAI41CAL62346A3419
:0807B00064346E345R14393408
: 080T RBO0E4340F3400340034F%
: 00000001FF
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maodule. It is written in GBASIC which is supplied with DOS-on
£Cs (OBASIC is similar to other BASIC languages). it only

supports ports COMt or COM2. The program allows messages

o be displayed, dim and flash modes to be toggled, and the
start up message and module address can be programimed. It
also supports message scrolling - long messages will be

scrolled across the display repeatedily until commanded fo stop..

Note the line which reads:
FOR I=0 to 3000: NEXT 1

This Is a very crude time delay chosen fora 486/33, increase or
decrease the valus 3000 1o match the scrolling speed with
faster or slower PCs respectively.

Use with the Light Gun Central

The light gun cenlral 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
prompi, enter the password ‘1986 and then reply “Yes' to the
external display prompt).

PIC programming
The author is prepared to program and test PICs with the code
for this project. Send a PIC16C84, retum packaging with

postage, and a cheque for £4.00 tc Robin Abbott, 37 Flantation’

Drive, Christchurch, Dorset. BH23 5S8G. Please state whether
the watchdiog timer i 1o be enabled or disabled.

Programme 1
1ns = CHRS5(10): mdim = 48:
COLOR 15, 1

fiash = 48

CLS : PRINT 1lnS$, “Enter COM Port Number (1 ar
21"

DC: a5 = INKEYS: LOOS UNTIL a$ = ~1* OR a$ =
12'

OBEN *com* = a§ =
“:9600,n,8,1,bin,cdl,cs0,d4s0,0p0, rs* FOR
OUTPUT AS 21
CLS

oo

cLS

BRINT
PRINT , -
OPTIGNS®
PRINT , =

EXTERNAL DISPLAY MOLULE -

. "M - Scroll Message”®
PRINT , “D - Togagle Dim”

. "F = Toggle Flash*

. *C - Clear module”
PRINT . “H - Choose rodule”

PRINT . “S - 5et currenr display as start up
Tessage”

PRINT , “A - -Set Module Address inco EEFROM®

PRINT

PRINT ., “Q — Exit~ >

DO: a% = INKEYS: LOOP UNTIL a$ <> =°

CLS : PRINT ik
SELECT CASE UCASES {a$§)
CASE "M*: LINE INPUT * Message to scroll 2 >

“, ms$

PRINT &1, 1In$; MIDS(ms$%, 1. 4);

IF (LEN(ms3) » 4) THEN

CLS .

PRINT 1n$; - Scrolling®; In§, “>°;
Ms§; “x* i _

PRINT 1ng + * ....Press key to
stop”

msS = ms$ + ~
ppas = 5§
WHILE (INKEYS

u
L
]

ot

PRINT #1, MIDS({ms§, ppos. 1}:
=" PEOS = ppos + 1: IF (ppos »
LEN{msS$)) THEN ppos = 1
FOR 1 = 0 TO 30600: NEXT i
WEND
END IF
CASE *D*: mdim = mdim X0R 1% PRINT ¥1,
CHRS (24); CHRS {mdim);
CASE °F-: flash = flash XOR 1: BRINT I%,
CHRS (23); CHR3 (flash);

CASE *C*: PRINT 21, in$;
CASE “S”": PRINT 81, CHRS(25);
CASE “H": INPUT * Choose Module to addrecss (0

for =111 ? > *, mn

PRINT 21, CHR$(6); CHRS(mn);
CASE "&°: INPUT * Set Module Address ? » -,
mn: PRDNT &1, CHRS(5); CHRS({mn);
CASE <“Q-: EXIT DO
END SELECT
LOOP UNTIL 0

vd

|
i

)
=i
(7]
| =
=
(7))
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Table Of
Mu]lltlple LED Djisplay Commands

Codé ' Ctrl+ Extra | Meaning

I bytes. |
e —_— .i —_——— = = — — —_— ——
1 A 1 Tne following byie is printed di reclry as data todigit 1. Segmem Alsbit D (LSB) anc! segmenl
G bit 6 (MSB). E.G. to send the numeral 2 to digit 1 then send the bytes 01H,58H
2 B g As code 1 for digit 2
3 C 1 As code 1 for digit 3
4 D 1 As code 1 for digit 4 s
5 = 1 Set module address o the following byte (@ny number but 0 may be used). This address is
| wntten into EEPHOM and ls read every time the module powsrs up.
I — ) Fo— - - — - - -
6 F t The following byie s the address of the only modute which will respand to any folloving
commands or text. The only cormmand actioned by a module which doas not have the
specified address Is this command - command 6. If the following byta ts 0 then all stacked
. modules will respond to all jollowing commands and text.
7 G 0 Not Used
8 ’l H 0 Not Used
g I 0 Move print posi!ion left one digit, i already at digit 4 then scroll right
I - - = -
| 10 J 0 C!ear display, set print pos:uon to digit 4
I A% K Q Move print position right one digt, if at digit 1 then scroll left
t - T
| 42 ! B 0 iNot Used
| 18 0 Set print position to digit 4
14 N (4] Send module to sleep - tum off display and enter PIC sleep mods, consumption, waks up
and tum on display on receipt of next character. No effect if walch dog is enabled
L 18 (v} i) Null - va‘il,noz be used in future versions of the sofiware, useful to wake up display
= | =
16 P 1 Set sleep time in units of about 2.5 minutes —if parameter is 0 then never go 10 sieep, if
parameter is greater than O then send module to sleep after this time if no mput:ocours.
E.g. time=2 wili sieep after about 5 minutes.
— L = £ s
7 Not U
|5 ST SN Iy 0. 210 ed g a B ASSCIll codes 32-127
18 5 0 Not Uaad Characters which have codes from'32 1}
= f - = T T R T L R e o 8 127 are printed’lo the display. Prinjing
19 | S 0 Not Used istarts at digil 4 and moves across to digil
e T T E B 1 at which point further characters are
20 T 0 Scroll display left one character - leave pn'nt position printed at digit'1 and ifie display 1
e s il ] scrolled |
| -1 | i u 0 Scroll disptay right one character leave pnn! posmon Aorotied lefl
22 Y 1 Setpnm position o failowmg nurnber, O is digit 4, 3 is di gﬂ 1 etc. v
23 w A 1 Flash Mode, if following byie is even then tum flash mode off, if the byie is odd then
tum fiash mode on
| & = — = S S fo— — == =
24 X, 1 Dim Mode, if folloving byteis even lhen tum. dum mode off, if therbyta is odd
then tum dim mode on
25 Y 0 Write the information currerntly cﬁspiayed to EEPROM ‘for use as the start up
rnnssage N POWET UD.

| 26 ! Z 0 | Not:Usad
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Is your PCB design package not
| quite as "professional” as you
| thought? Substantial trade-in
discounts still available.

Board Board




T E L N'E"E

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

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

Gould OS3000/ADVANCE 3000 — 30MHz Gual ch...
Gould 4035 — 20MHz Digital storage .........cce.....
Gould 4050 — 35MHz Digital storage .....
Gould 5110 — 100MHz Intelligent oscilloscope
Gould 0S4000, 084200, 054100, OS1000B ...
Hewlett Packard 1740A, 17414, 17744A, 100M
Hewlett Packard 1707 A, 1707B — 75MHz 2ch..........
Hewlett Packard 54201A - 300MHz Digitizing ...
Hewlett Packard 54504A - 400MHz Dlghlzing
Hitachl V422 — 40MHz Dual channel ..
Hitachi V212 20MHz Dual Channet
Nicolet 3091 —-LFD.S.0O...............
Phillps PM 3315 - 60MHz - D.S.O. .
Philllps 3206, 3211, 3212, 3217, 3226
3243, 3044, 2261, 3262 (2ch + 4ch)......
Phlllps PM 3295A 400MHz Dual Channel.
Phillps PM 3296 - 350MHz Dual Channel ..
Tektronlx 2213 — 60MHz Dual Channel...
Tektronix 2215 60MHz dual trace..
Tektronix 2235 Dual trace 1OOMHz ponable)
Tekironlx 2335 Dual trace 100MHz {ponable)
Tektronix 2225 — 50MHz dual ¢h............
Tektronix 2465A — 350MHz , 4 channsl
Tektronix 2220 - 60MHz Digital storage ......
Tektronlx 464/466 — 100MHz An storage ...
Tektronix 465/4658 — 100MHz dualch.......
Tektronix 7313, 7603, 7613, 7623, 7633, 10 :
Tektronlx 7704 — 250MHz 5 e S —
Tektronlx 7844 — Fiited with 7A42, 7B80, 7885 Plug—lns
Tektronix 7904 — 500MHz ..
Tektronlx 468 - 100MHz Dlgnal Slorage
Telequipment D68 - 50MHz Dual Channel
Other scopes avallable too

SPECTRUM ANALYSERS

Alitech 727 — Spec. Analyser 22.4 GHZ with
Alitech 70727 — Tracking Generator (10KHz — 12.4 GHz)
Hewlett Packard 3580A — -5Hz-50KHZ ...............coenee
Hewlett Packard 182T with 8559A (10MHz — 21GHz)
HP 3582A — 25KHz Analyser, dual channel .....................
Hewlett Packard 35601 Spectrum Anaiyser Interface
Marconi 237¢ — 110MHz
Marconl 2371 — 30KHz - 200MHz
Polrad 641-1 — 10MHz — 18GHz ...
Rohde & Schwarz — SWOB 5 Polyskop 0.1 — 1300MHz.
Schlumberger 1250 - Frequency Response Analyser .
Tektronlx 7L12 with 7603 mainframe {1 8GH2).....

Tektronlx 7L 14 with 7603 mainframe (1.8GHz)..
Tektronix 7L18 with 7603 mainframe (18GH2}
Texscan ALS1A (AMHZ — 1GHZ)

MISCELLANEOUS

Anrltsu MG642A Pulse Pattem Generator .
Avo VCM 163 Valve Characteristic Meter ...
Baliantine 323 True RMS Voltmeter ...................
Data 11O Model 29B (with 12 fixtures) + Logic pack..
Datalab DL 1080 Programmable Transient Recorder...
Dyanpert TP20 Intelliplace — Tape peel Tester — immacualte condition £1950
Farnell AB 1030-35 Electronic load 1Kw ...£450
Farnell 2081 R/F Power Meter ...............ccvenieen
Farnell TSV 70 Mkll Power Supply (70V-5A or 35V-10A)
Ferrograph RTS-2 Audio Test Set with A
Fluke 8010A/8012A/8050A Dlgnal mulnmeters from ..
Fluke 5101A AC/DC Calibrator ..
Fluke 5101B AC/DC Calibrator
Fluke 5220A Transconductance Amplifier (ZOA)
Fluke 720A Kelvin-Varey Voltage Divider .......
Fluke 750A Referance Divider ..................
Gould TA 600 — Thermal Array Recorder ..
Gould K100D - 100MHz Logic Analyser with Pods .
Heiden 1107 — 30V-10A Programmable Power Supply (IEEE)..
Hewlett Packard 334A — Distortion Analyser ................
Hewlett Packard 436A Power meter +8481A sensor ..
Hewlett Packard 3437A System voltmeter
Hewlett Packard 3456 A Dighal voltmeter
Hewlett Packard 3760/3761 Data gen + error etactor ..
Hewlett Packard 3762/3763 Data gen + ermor detector...
Hewlett Packard 5420A Digital Signal Analyser...
Hewlett Packard 5423A Structural Dynamics Analyser
Hewlett Packard 544708 Digital Filter...
Hewlett Packard 54410A AnaloguelDlgital Converter...
Hewlett Packard 7402 Recorder with 17401A x 2 plug—lns
Hewlett Packard 8011A Puise gen. 0.1Hz-20MHz...
Hewlett Packard 8406A Frequency comb. generator
Hewlett Packard 8443A Tracking gen/counter with 1E
Hewieatt Packard 8620C Sweep oscillator maintrame .
Hewlett Packard 8750A Storage normaliser ..

Hewlett Packard 8684A 54GHz to 12.5GHz Sig-Gen
Hewlett Packard 3785A Itter Generator + Receiver .......
Hewlett Packard 8640B — AM/FM Signal Gen (512MHz) .
Hewlett Packard 5340A — 18GHz Frequency Counter
Hewlett Packard 5356A — 18GHz Frequency Converter head

Hewlett Packard 432A — Power Meter (with 478A Sensor)....................
Hewlett Packard 435A or B Power Meter (with 8481N8484A)

Hewlett Packard 3438A Digital multimeter.........
Hewilett Packard 6181C D.C. current source
Hewlett Packard 59501B HP.1B isolated D/A power
supply programmer ............
Hewlett Packard 3711A/37 12A/3791B/3793B Microwave Link
Analyser...

Hewlett Packard 53164 rsal Counter HP1B .
Hewlett Packard 5316B Universal Counter HP1B ...
Hewlett Packard 5385A Frequency Countter - 1GHz
with OPTS 001/003/004/005...........conminiinicenes

Hewlett Packard 3779C Primary Multiplex Analyser ...
Hewlett Packard 6623A Triple output system power supply
Hewtett Packard 6453A Power supply 15v-200A
Hewlett Packard 3764A (Opt 002) Digital Transmission Analyser ..
Hewlett Packard 3586A Selective level meter ..
Hewlett Packard 3488A HP - 1B switch control . ..

Hewlett Packard 33254 - 21MHz Synthesiser/Function
Hewlett Packard 81524 - Optical Average Power Meler .......... ;
Hewlett Packard 8158B - Optical Attenuator {OPTS 002 + 011) ............ £1100

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

International Light - IL 1700 Research Radiometer with Erythermal Sensor
Head .. . .£1250
Krohn-Hite 2200 Lm/Lo Sweep ‘Generator
Krohn-Hite 4024A Oscillator...
Krohn-Hite 6500 Phase Meter ..
Leader LCR 745G LCR Meter ...

Lyons PG73N/PG75/PG28/PG Pulse generator
Marconi 2432A 500MHz digial freq. meter ...
Marconi 2337 A Automatic dist. meter......
Marconi 2356 20MHz level oscillator ...
Marconi 2306 Programmable interface
Marconi 2830 Multiptex tester ...........
Marconi 2831 Channel access switch...
Marconl 2019 - AM/FM Signal gensrato! 040 M
Multicore “Vapourette” Bench Top Vapour Phase SMD So
(New + Unused) ... s

Phiiips 5390 1GHz R/F ' fyntheslsed sngnal gen

Philips PM 5167 10MHz function ?e -
Phoenix 5500A - Telecomms Analyser wnh varlous Intertace Options ...
Racal Dana 9242D Programmable PSU 25V
Racal Dana 92465 Programmable PSU 25V-10A
Racal Dana 3100 40-130MHz synthesiser.........
Racal Dana 5002 Wideband evel meter...
Racal Dana 5003 Digital m/meter ........
Racal Dana 9000 Microprocessing time
Racal Dana 9081 Synth. sig. gen. 520MHz ..
Racal Dana 9084 Synth. sig. gen. 104MHz
Racal Dana 9303 True RM%/ Fevel meter.
Racal Dana 9341 LCR databridge ...

Racal Dana 9500 Universal timer/counter 100MHz .
Racal Dana 8917 UHF frequency meter 560MHz...
Racal Dana 9302A R/F millivoltmeter {(new versnon)
Racal Dana 9082 Synthesised am/fm sig gen (SZOMHZ)
Racal 9301A True RMS R/F Millivoltmeter ..

TS

Rohde & Schwarz -
Rohde & Schwarz - LFM 2 Sweep Generator 0. 02 -
Rohde & Schwarz SUF 2 Noise Generator .. -
Rotek 3980A AC/DC Precision Calibrator with Flotek 3504 ngh
Current Adaptor
Schlumberger S.). 4040 Stabilock - High accuracy
1GHz Radio Test Set..
Schlumberger 4923 Radio Code Test Set
Schtumberger 2720 1250 MHz Frequency Counter
solarton Schlumb 1170 Freq. respense analyser ..
Systems Video 1258 Waveform Analyser + 1255 Vector Monitor + 1407
Ditferentiai Phase and Gain Module + 1270 Remete Control Panel.........
Systron Donner 1702 Synthesised Sig. Gen 1GHz ................
Systron Donner 60548 or D 18GHz or 24GHz Frsq Counter
Telequipment CT71 Curve Tracer,...
Tektronlx 1480 Wavetorm Monitor
Tektronix 651 HR Monitor......
Tektronix DASS100 — Series Logic Analyser ..
Tektronlx 577 — Curve Tracer with Fixtures... ,
Tektronlx — Plug-ins — many available such as SC504, SW503, 86502
PG508, FG504, FGS503, TG501, TR503 + many more . £POA
Time 9811 Programmable Resistance .
Time 9814 Voltage Calibrator...

Wayne Kerr B424/N LCR Componan Meter Set .
W&G SPM12 Level Meter {200Hz — 6MHz) ........
W&G PS12 Level Oscillator (200Hz — 6MHZ)
Weller D801/D802 Descldering station
Wiltron 560 Scalar Network Analyser ..
Wiitron 352 Low Frequency Ditferential Input Phase Meter
EiP 331 — Frequency counter 18GHz .......cccccovcveeeveen

MANY MORE ITEMS AVAILABLE - SEND LA GE
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 for

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

irtual

Instrumentation

his analog to digital converier module, only twg
inchas square, plugs directly onto the module
cannector pins of the 80188 embedded
controller board. 1 provides a senal RS232
output at 8600 baud for an input voltage rangé
of 0 - 5 volts. The raw RS232 data (00 - FFH),sent to the
serial port (COM1) of a PC, represents an analogus input
voltage with a resolution of 20 mvi/bit; (FFH)255 decimal
representing a full scale voltage of 5000 mV. In ordzr to produce
a meaningful representation of this data, a virtual instrumentation
program is available which runs cn any MSDOS machine.
What is Virtual Instrumentation? Well, it Is a means of
graphically representing, on a PC's screen, a measwring
instrument such as a multimeter. In this case, a visual image
of an analogue meter and pointer is presented to the viewar,
as weli as a precise digital indication, This combination: of
analogue and digital readouts is a raal-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 pessibilities of facia appearance, size, colour, legend,
scales and ergonomic considerations are infinitety variable,
requiring cnly modifications in software. The need for stand-
alone instruments is negated, since they can all be
represent@d in pictorial 'mimic® form on the PC’s screen.

Module Concept

The 80188 embsddzd controiler board was designed to
accommodate plug-in moduies. For this purpose a dual row of
0.1 inch piich cannectors (10 x 10}, is provided alongside the
parallel port - the "MODULE AREA’. Thase pins are connecied
1o YO lines as follows:

BV smsiscaseeteeny Ov

Timer out™ ... Tirmer out 0
Timer in 1 T PRSP Timer in O
+5v A A—— +5v

PC3 PC4

PB7 PB6

BBE e PB4

PB3 PB2

PB1 A il ... PBO

ov PSS . S ov

A mating socket (double row top entry 10 + 10}, available from
Farnell Electronics 148-526 or Rapid Electronics, is soldered
to the module PCB, allowing easy interchange of modules.
Note that the pin cennections are *mirrored’ because the
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Fig.1. Circuit diagram for ADC module
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Fig.3. Flow chart of ADC code g?ﬁb%"gggazm e
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Fig.5. Dala flow diagram

Fig.6. Ratating vectors

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

Description -8

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 dicde REFZ5Z provides a 2.5 volt reference for the
converter, giving a maximurm Input voltags of 5 volts. The
reference voltage is sufficiently stable for most purposes and
sfight variations are easlly offsst in software.

Interfacing of the ADC chip consists of thres 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 {0 this input shift out the eight bits of the
conversion, the most significant bit (D7) being dlocked out first,
wilh least significant bits following; DATA QUT-The B bit serial
data stream representing the converted analogue value

(11111111B) ior a maximum input voliage of 5 volts is fad to
port line PB7 of tha 8155 PIO.

There is a problem, however - how ta convert the serial
information to a parafiel data byte which can then be easily
manipulated and written to a memory location or register.
Biagram ADC? shows how this is achieved. Use is made of a
18 bit register (BX) by the 80188. As each dzta bit is clocked
out oi 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
perforimed, pushing the bit into the BH reglster. This process is
repeated eight times unti! the BH register is filled.

Note that when reading port B, all 2ight bits of port B aré
loaded into the BL register. However only the most significant
bit (the ssrial bit) Bit 7 is valid and bits 0 to 6 are lost. Cnce the
BH register if full, a convearsion is completed, and the
conslructed 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.EXE).
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CALL TDELAY

Operation
JMP CYCLE

Once the PCE has been populated and soldered, i is simply
plugged onto the module pins - thess should be phosphor DELAY PROC NEAR

:REPEAT FOREVER

brenze type since turned ping will break off easily. The source FUSH CX ‘
code (ADC.ASM) is assembled producing an object file ';g‘; g’;"-" BOCS FhRe Rt

{ADC BIN} which is then sent to the EPROM emulator. RET DELAY ENDP
Meanwhile, the MSDOS file (ADC_3.exe) is instalied on the PC TDELAY PROC NEAR ‘

and run by typing ADC_3 <ENTER>. Connect the serial iead HOV CX,OFFFH EOCP:LOOF EOCP

irom the BO188 controller’s serial socket to COM1 port of the ;fgﬂgf&;‘w L

PC. Applying an input voltage (d.c) to the ADC module will

result In digital and analogue voltags baing displayed on
the moniior.

PROC MEAR

MOV DX, 0CO0H
MOV AL,EH

;REGTISTER BH CONTAINS DATA BYTE
OUT D¥,AL ; TRANSMIT

yUSERT DATA BUFFER

Programme 1

: ADC ROUTINE $
;CONVERT INPUT VOLTAGE (RANGE 0-5V) POLT. MOV DX, 0CO1H ;CHECK TO SEE IF TX
;AND SEND VIA RS232 LINT AT 9600 BAUD TO FC BUFFER IS EMPTY

IN AL, DX :BY FOLLING TXRDY ELAG
CODE SEGMENT BIT
ASSUME CS:CODE BND 2L,1
GRZ O CMP AL,1
JNZ POLL
QRG 0400H RET
TRANSMIT ENDP
MOV SP, OFFH
MOV DX, OFFAZH ;LMCS B15% CHIP SELECT USART PROC NERR ;CONFIGURE RS232 PROTOCOL
MOV AX,038H MOV AL, DSFH
OUT DX,BX MOV Dk, 0COLH
OUT DX, AL
MOV DX, OFFA4H ;PCS0 B251 CHIP SELE HOV AL.3
MOV A¥, OFRH OuT DX, AL
OUT DX.A¥ BET USART ENDF
MOV DX, OPFARH TIMERPORTS PROC NEAR :CONFIGURE B155 PORTS
KOV AX,0B1BEH ¥OV D1,01G58
OUT DX, A% MOV i, 040H
BOV (DI, AL
1L, USART FINITIALISE UART 7D MOV DI, 0104#H
TRANSMIT HOV AL, 9 i8155 TIMER DIVISOR FOR
CalL THRMERFORTS TINTTIALTSE PORTS AND USART CLOCK
TIMER HOV [BI].2L
CYCLE: 4OV DI, 0100H ; PORT CCMMARND
¥0ov BH,D ;CLEAP DAT: REGISTER MOV AL, GCDH -BORT B INPUT,PORT C
MO¥ DI, 0103H ;PORT € QUTPUT
MOV AL, 08H ;$TOP aDC,CS HIGH MoV IDT), AT ; BCI=CE
MOV [DI],AL FC4=CLOCK
CALL DELAY SE7=DATA BIT
RET
Oy CX, 9 ;LOOP COUNTER = 8 TIMERPORTS ENDP
QRG D7FDR {80188 Reset vettor
WVERT: FTTFOR JME
¥ov BI, 01035 =FOAT € 0FTFCOH: 0000
¥OV AL,01CH +CLOCK HIGH QG 0800H ;FILE. STZE=2048 {2
MOV [DI],AL KBYTES)
CODE ENDS

CRLL DELXY

#ov SI.0102H

eSS L A floppy disk MSDOS 3-1/2 in).containing all the source

MOV BL, [SI i

SHL BX.1 : $SHTFP DATA BIT LEFT code,object code and printable PCB files for the 80188
embedded conirolier and add-on modules, is available from:

i i e Lo R.Grodzik {(MICROS), 53 Chelmsiord Road, Bradford BD3

MoV [DI],AL e 8QN. Price £12.50 P&P inc.

CALL DELAY

LOOF CONVERT

;REPEAT FOR 8 CLOCK

Next Month...

CYCLES
mov al,08h ;SLop conversion 3 r
R :CS HIGH N.ext m?mh we Iook_‘at h::.w.r to -Q&ln“"‘-gte the
virtuallinstrumentation dispfEw
ALE TREMSMIT 3 TRANSMIT BYTE FROM

GSagTy - -
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Switeln

regu

n the last issue of ET]'we locked at the desin 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
varsions, as well as a variable switch voltage regulator.
Continuing on from last month Figure B shows the slightly
different circuits for these versions, and Fgure 9 the required
PCB layout. Tables 4 and § give the values for C1 and L1, and
Tabie 6 gives the resistor values.

Since there are no fixed-voltage versions of the regulator 1IC
for 6.3 or 25V, the circuit uses the LM2575-ADJ (1A max) or
LM2576-AD adjustable voltage version with a fixed attenuaior
(R1-3) between the ocutput voltage at C4 and the feedback
input. The attenuator reduces the feedback voitage io 1.23V,
which is equal to the IC’s own reference voltage, gensrated by
an internal band-gap dicde. The attenuator uses three resistors

to get the attenuation as close as possible to the value required.

jators

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

'If all the componeant values are spot on, the culput voliages will
bz 6.27 and 25.01 volts (using 240chm for R3 makes the firsi
voltage 6.29V). Howsver, the resislors have a finite lolerance
(nowadays, 1% is usual) and the IC's intemal reference voltage
also has a tolerance of around 3%. The output voliages should
Iherefore be within 5% of the target voltages; if this is not
sufficiently accurate. an 'trimable’ vanable voltage version of the
supply can be used.

Trimable and variable voltage regulators
The LM2576-ADJ will supply voltagss as low as 1.23V and up
to 37V, depending on the unregulated input and the ather
valuas ussd. 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

4
) FEEDBACK

| ICs L1

Z'TG‘V onpaT VY ey
— GIED_ONDEF - R1
I J& I5 D5 :
C2 mpm
ey 1000y |

I..
(=]
(=

L LMPSTEY - ADY
o5 15822

lj
l
WTE. D Avt
R3
12
"C1. L1, 8y, AZ - SEE TEXT 1

INALIT .

Fig 8. Modifications to the basig ¢ircuit to give adjustable
voltages (and to give 6.3V output). The resistor network
modifies the amount of the output vollage that is fed
back to the sensor input.

Fig 9. PCB layout for the variable voltage version. Note that RVl canbe a
presel 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 voitage NS 12 15 18 e o e, 25, 28, 30
C1 for 1A {UF) 4,700 1,000 470 330 220 220 |
Clior2AR) 10,000 2,200 680 €80 470 220 '
G1 for 35 (uF) 12,000 3,300 1,500 1,000 470 830 |
L1 for 1A {uH) 220 220 Q305 SRE ¢ 658 330 @20 oml il
L1 for 2A {ub) 100 s 100 150 150 150 150 "d
L1 for 3A (uH) 68 100 160 100 100 f 100

Table 2

C1 and L1 values for 12¥

| Transformer voltage 15 : 1B ¢ TR0 I VR 25 i 28,30
“Ctfor 1A {UP) = v a0, U 1,000 e Bl Nl st ) aagy Bl ) gt
 C1 for 2A {uF) 6,800 2,200 1,000 o L 470

C1 for 3A (uF) 10,000 3,300 1,500 1,000 680 |
L1 1or 1A (uH) 330 330 470 880 680

L1 for 2A {uH) 150 220 220 330 A LD
| L1 for 3A {uH) 100 150 150 220 220

Table 3
C1 and L1 values for 15V

Transformer voltage - 18 e O e e . ! : - 28,30

| G1for 1A (uP) EL 2,200 1000 470 B0 T B
C1 for 2A (uF) W70, 2200 1,000 680
C1 for 3A (uF) 6,800 2,200 1,500 1,000 .
L1 for 1A (uH). 330 470 680 880 J
L1 for 2A {uH) 220 T 330 330 330 ]
L1 for 3A {uH) 150 150 220 i S0 1

component tolerances

“as a wide output range supply, €.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 R1 for the different output voltages
already. R3 Is 1k2 for &l the trimable versions, and all
other component values are the same as for the fixed
versions. Using the values shown, the potentiometer has
arangs of at least £4%, and in scme cases rather more.

The fully variable version uses a different valus for R3
and no {or rather, short-circuited) R1. RV1 is 22k, and all
the other component values are as the 25V fixed
version. On paper, these valugs give an output rangs of
1.23V to around 28V. Of course, whether or not the lop
of the output range can be realised dzpends on the
input to the regulator, If the input is up to it, you could ry
for the absolute maximum outpui with B1=1k5 and
RV1=47k.

Regulators

Wiis design is aStraight-forward appiication of National
Semiconductor's Simple Switcher TM series of step-down
voltage regulators. At the expense ofia few axtra
components, thase regulators give higher output currents
and lless iheal cissipation than the ubiguilous 78 series of
linear regulators. NatSemi's requiators can supply fixed
and varalle voliages:all maximum currents of 0.5, 1 and 3
amps; this design suits the LM2575/(1A) and LM2576 {3A!
series. The LM2574 series {0.8A) have a different package
and|pin-outy bul are otherwise very similar.
Voltage:step-down is by no means the only way oiwsing
switching regulators. The LM2574/5/6 slep-down
regulalors canibe configured to gencrate negative oulputs
from positiverinputs, althoughithe available current Ts
restricted. Therelis also a step-up version, the LM2577F-
These willlbedhe subject oflafuture arlicle.
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Table 4
C1 and L1 vaiues fof 6.3V

Transformer voltage 12 15 18 220 A 25 . 2830
Clior1A[R) 2,200 470 470 470 220 220
G1 for 2A (uP) 3,300 1,000 1,000 1,000 470 470

C1or 3A (UF) 4,700 1,500 1,000 1,000 470 470

L1 for TA (uH) 220 330 TRRY 330 330 ry—
(Lifor2afuH) 50 150 150 220 == 390 220
L1 for 8A {uH) ' 700 T 00 T s T T ] 150

Table 5

C1 and L1 values for 25V

Transtormer voltage 25 28 g : 30 g

C1 for 1A (uF) SN 5, 3,300 2,200 1,000

C1 for 2A {uFy 6.800 4,700 2,200 |
" T1 for 3A (UF) 10,000 4,700 3,300

L1 for 1A (uH) 470 680 P E e oa B0
L1 for 2A {uH) 220 : 330 330
TLifor3A(uH) = X290 220 | 220

Table 6 Table 8
Resistor values Component valiies
6.3 and 25 V versions for 6.3V DC from 6.3V AC
Output voitage 6.3 25
TR . 47 22k
[TR2 St oanis 1k2
A3 ] 1k2 12

Table 7_
Resistor values = variable vefsions

Trimable verslons I . Fully

Output voltage SN Y, 6:3 S W12 15 25 variable )
TR 3K3 k7 SV ORE 12k 22k sC =
IGess “Not used 4 - AR e ]

R3 1 S k2 k2 : k2 k2 1k2 k0
NS TE =Pl 470R 5 ST TAIL 22k

Table 8

G choice, LM2575/6T-2

- Qutput voltzi_ge_ 5 E 018 12 15 25

Fixed version B T b AL 12 : 7—;1,35_'_7— oA

Trimable of variabie ADJ ADJ ADJ ADJ - ADJ
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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
“Symbol"}F, 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

Fig 11. PCB layout fof 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?

All is not lost! There is a voltage-doubling version shown in
Figure 10, using only two rectifier dicdes (D1 and 2) and two
additional smoothing capacitors (G3,4). Capacitor C1 may

seerm redundant, but has to be retained for correci action of the.

IC; however, it is reduced to 100uF. The PCB overlay is'
given in Fgure 11.

The circuit effectively doubles the transformer secondary
voltage. To find the sizes of capacitors C3 and C4, doubls the
value quoted for C1 in the conventional circuil and then use the
next size up. Except for C1 which Is 100uF regardiess, all the
other component values are the same.

For exampte, suppose | have a 9V 2A transformer and | want
a 12V 1A regulated cutput. Table 2 lists 3300uF as the value for

C1 for 3A, so | could use 1,100uF. To find the right size for C3
and 4, | dotible this to 2,200uF and choose the next size up:
either 3,300 or 4,700uF, depending on what is availabls. 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, | will need a 330uH
1A inductor for L1. Both Maplin and RS/Electrovalue have 330ub
2.8Ainductors, and Maplin also has a 1A inductor for around
the same price. All things being equal, I'i go for the higher
current capability because one day | may need a liitle extra.
This circult can be used with transformer secondaries up 1o
14V; unfortunately, | cannot recommsand use with a 15V
secondary unless the circuit is going to be under lcad full-time
(for the same reason that 30V secondaries ara not advisable
with the conventional version). Voltagss 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 1o the same transformer heater
winding, but if they are, the floaling vollage, the heaters will be
around +7V on average but with ripple of 7V peak-to-peak - not
good for low-noise valves!

Construction and testing

The PCRB is designed for all the oplions described above.
Whatever option you choose, there will be some holes that are
not used. Also notice thal the placement and orientation of
capacitors changes batween 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 itemn Is going o 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. | also like to add a mains neon directly across the
mains Input at the eartiest possible point, as a waming that
some part of the circuit is live | remove the neon when the
circuit is finished and fully tested).

Double, Iriple and quadruple check that the capacitor and
diode polarities are right, Ihen apply power. Check that the
unregulated supply is giving the voitage you'd expect (around
1.4 imes 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 regutator circuit and attach a test load - say ong
that ought 1o draw around 100mA. Again, obsessively check
that the diode and capacitors are the right way round, then
apply power and check that the output voitage is as expected,

if you have access to an oscillossope, check that the output
does not have an excessive amount of 52kHz signal in it. If is
has, consider reptacing C2 with a superior type.

Attach the circuit to the load it is intended to supply, and
check again the outpul 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 Ikely reason for this is the transformet
secondary having guite a high resistance. Try increasing the
values oi capacitar 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 availatyle from
the transiormer.

Component choices and sources

Tne 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/Blectrovalue
canry suilable types. The PCB will accommodate Newport
Components high-current bobbin-typa inductors of

100uH/5.4A, 220/3.5 and 330/2.8 (Maplin codes AH21X,
AHZ22Y and AH234), a very similar series from RS/Electrovalus
(same values, codes 228-416, 228-422 and 228-438, and a
470uH/2.3A type code 228-444), and the lower cument
Newport vertically mounted loroids of 100uH/2.2A, 220/1.2 and.
330/1.0 (Maplin codes BUS5K, BUSEL and BUS7M]. Maplin
also have a couple of unmounted high-current toroids, one
150uH/3A (code JL72F) and the other 300uH/5A (code JL73Q).
In theory, there's na 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
capaciior, but a special-purpose capacitor ior switched mode
supplies will give lower 52kHz ripple on the output. These have
lower internal resistances, so attenuate ripple better; howgver,
they are expansive and if your application will tolerate a little
ripple, then you probably do not need one.

Capacitor voltages in general are commaon sense: at least
1.4 imes the primary voitage for C1 (double this in voltage
doubler circuits), C3 and C4 (if used). However, C2 needs to be
rated at 1.5 times the maximurn oUtput voltage of tha regulator.

For D5 be sure to use the device specified, or any Schottky
or fast recover device rated at least 1.2 timas the maximum
load current with a peak inverse voltage of 1.25 times the paak
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 middiz pin, the negative connection. ;

€ David Bradshaw 1993
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i |l'over the country, contractors are digging, up

| the roads and instaliing fibre oplic cable for

cable TV systems. In this case. fibre optic

W cabiing is used because of its high data transfer
=l capability, but there are other reasons why fibre

opbc cablas are used, and one of them is the cable’s Immunity

to ‘nolse’. Trying to link computers together in an environment

such as a machine shop fifled with powerful electric motors

emitting large amounts of electromagnetic noise can be

~ B FNOPN , -

1C1 MAX32ICE SUAFAGE MOUNT |

| NOTE. |
Ic2 74HCOZM SURFACE MOURT

Linking computers and peripherals using
fibre optics can help overcome many
problems, Ken Ginn shows how it

can be done

‘@xtremely difficult. Well shielded eoaxial cable is one answer,
but a far better solution is to use fibre optic cable.

This project descnbes the consiruction and use of an
interface which can be attached to an RS232 serial data port
of a DTE (Data Terminal Equipment, e.g. compiten) or DCE
(Data Communicating Equipment. &.g. medem) and used to
commuricate at a speed of 19200 baud over a 20 metre
oplical ibre cable run. Communication between two
computers for example, a serial printer connection, prto.a
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Fig.1. Optical transceiver circuit diagram
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Fig.2. Optical transceiver link details
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Fig.4. PCB compenent placements

START VaTH TWO ENCLOSURES
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Fig.7. Optical transceiver link details

REMOVE PORTION OF MOULDING TO
ACCOMCDATE PGB ON 20TTOM
—— MOULDING CHLY \_\\
P il | =
J—J

PCE LOCATED IN FINAL FOEMICY

Fig.8. Case moditications

moderm are possible. The ariginal idea was o provide a extemnal power supplies are available from suppliers such as
suitable fransceiver unit which is powered by an exiernal Maplin. The power supply unit itself supplies sufficient current
power supply at aach end of the fibre optic ink. The unit itsel,  to the transceiver circuitry. The supply could atternatively be
accommodated in a small enclosure, is simply configured tapped off a PC to power the unit; in either case it should be able

accordingly before use and pluagsd into an RS232 serial port. to provide 12 volts DC at B0mA under the masamum load condtions.
B2 is used as a series zensr diode, reverse biased to
Power Supply protect the five volt regulator unit from being stressed when
Power is supplied to the unit by either a commercially available  high currents are being drawn, i.e. when transmitted data from
plug-in power supply, or & PC's intemal power supply. These the serial TXD path enables the optical transmitier. This

ELECTRONICS TODAY INTERNATIONAYL
&




reduces the supply voltage 1o the regulator to about 9.3 voits -
hence, the power dissipation in the regulater is reduced.

REG1 is a three terminal regulator which supplies the unit
with the regulated five volt supply. D1 indicales 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.

Transmit signal path

In this example, the trangmitted 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.
Shouid 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 transmitied data and
thus enables the transmit signal path te the transmit optical
transrritter D5, The output of IC2b passes data when both
inpuls are at a legic “0” and drives the optical transrmitter driver
transistor TR3 on, which provides cumrent to drive the optical
transmitter D5. The drive current is limited by R7 to
approximately 80mA. The TXD {transmitted data) LED D4 will
iluminate to Indicate a logic “17 being presented at IC1 pin 13,
thus giving indication of transmitted data being launched from
‘the unit down the optical fibre.

e
X
e
=
"
=

Receive signal path

Received signal in the form of light is received by the optical
receiver D6, There follows a high gain, low-naise preampiifier
stage. The output of TR1 {emitter) feeds IC2a which in lum
drives current to D4, (RXD, received data), in the presence of a
signal being received from the fibre optics. This indicales
received data. The signal path splits from this pre-amp slage
feeding both the LED driver IC2¢, and also feeds iCl pin 11,
which is presented with TTL logic levels, and converts this to
RS232 levels at pin 14 of IC1. The RS232 signal is then sent
through £K-1 and then on to pin 3 of the 25 way d-type SO-1.

Construction

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
Ihe exception of ICI, 1IC2 and C8 {100n), which are all surface
mount types. This saves an immense amount of space laken
-up by twa of the principle components, IC1 and IC2.

Soldering the two surface mount companents to the board
may be the best choice with which 1o start construction, but
thereafter careful consideration to the handiing 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 fabrcate a simple device to hold the board steady and a
way of applying pressure t¢ the device holding both the board
and cormpenent 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 vartically keeping their height above the board to
a minimum. This will ensure thal the assembled circuit will fit
into the enclosure.

The transistors are mounted closz o the board with lead
iengths no mare than 3mm. ©2 is mounted In.the same
manner o all of the resistors, i.e. vertical. The tallest
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componanis 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 powser.

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
removabile finks 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 ©
provide a plug connection to other equipment.

Once the board has been assembled, it is best o check
the soldering tor 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 o a variable regulated power supply
where the current can be monitored as the supply voliage is
brought slowly up 10 12 volts. Under quiescent conditions a
single unit should not take more than 40mA - typically 35 to
3BmA. Switch off the power supply if the current is highsr and
check the component placements and the soldaring on the
track side of the board.

Check the voltage at the five volt regulator. Tre 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 will return at pin 3.
Installing LIK-6 will enabie the DTR line.

Connecl pin 2 of the 25 way d-type to a positive ten volts
supply via a 1KO resistor. This will enable the optical
transmitter and can be seen illuminated through the apsrure
for the fibre cable (as will D4, TXD). The total curent drawn
from the supply should ba no greater than BOmA in this state.
Connect this Tnput to a negalive ten voit supply, zero volts and
the optical transmitisr 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 cablz
connected from the optical transmitter to the optical receiver,
D5 and D8. This time, monitor the cutput of the RS232 line
driver, i.8. pin 3 of the 25 way d-type connector. D4 will
iluminate o indicate received dala, i.e. logic “1". Whatever
logic voitage Is presented at the input to pin 2 will be echoed
at pin 3. This test provides a simple optical loop and can be
repeatad with a computer connected to the unit, using suitable
cammunications software to drive the unit.

Note that during the static loopback tests, both the TR
and RXD LEDs should iluminate together.

Confirmation of the opticat loap test can be carrded out

at speeds to 19200 baud. Proof of the test can be checked
by disconnecting the optical fibre, and ensuring that thz
echo disappears.

Case Construction
The construction of a suitable enclosure can be fabricated out
of two identical cases available from Mapfin, steck no. JWSEL.
Figure 5 illustrates this. The case extension is stuck with
superglue to iormm the completed case.

Aertures are made as shown in the photos which allow
access 1o 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 atiention has to
be paid 1o the fibre/transducer (optical transmitter or receiver)
interface. Using the cheaper potymer cable has certain
disadvantages over the more conventional glass fibre, which is
more usually suppliad with connectors terminated at egch end
of the cable, and this simplifies connection.

Take care when cutting the patymer cables and try to get a
clean sguare cut at the transducer interface. This will ensure a
good degres of coupling betwean fibre and transducer. A het,
sharp knife is recommendzd.

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 t0 be connzcted

at DTE or DCE the internal links are configured accordingly.
To keep the unit common at either end oi the fibre optical

link, a 25 way gender changer is used o give the facility of a

socket connection 1o a unit.

Links

Considering the connection of the unit to a DTE {i.e. a
computer), data transmitted from ths BS232 port is presented
to pin 2 on the 25way d-type. The optical transceiver unit viill
interface with the computer direct, and plug straight to the
computer's senal pont, (i.e. 25 way d-type plug). Here, the links
for data to follow the path to the optical transmitler will need 1o
be in position, i.e. LK-3.

For DCE connection, pin 3.0f SO-1 takes the transmit signal
path and LIK-2 is installed in place of LK-3.

Considering ihe recsive data from the oplical receiver n 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
bz 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. Thls depends
upon the computer using DTR in the software or not.

Sas figure 2. ior linkage details.

Conclusion

These wnits' have proved useful] linking two
computers together epabling the much smaller and
easier:fclinstall fibre optic cables to.be laid, One of
1he major advantages of running fibre optic cables is
thetivimmunity 1o induced elegtrgallinterferenge and
highék speeds over an equivalgniicable runito
conventional copper gables.
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P Icrogram

In part two of this project, Robin Abbott

explains how to build an inexpensive

PIC programmer

mer

Fig.1. PIC programmer circuit
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Last month we took an overall look al the
design and operation of a programmer for the
popular Microsystems PIC microcontroller chips.
The programmer is connected 10 a PC and can
be used with the PIC assemblsr and simulator
included in the cover disk given away with February 1935 ETI.
This rmonth we conclude the project with a look at

constructing and using the programmer.

The programmer is constructed on a fibreglass PCB with
four rubber feet which prevent the PCB from scraiching any
surface on which it is used. I

Tha PCB overlay is shown in figure 7. Constructon is not
complicated, insert all the jumpers and horizontally mounted
compenents first, IC1 and 1C2 should be sockeied. Insert the
capacitors, crystal, IC3 and PL1 last. Note ihe resistor network
RNt. RN1 can be made up from one 9 way SIL resistor
network and one 3 way SIL network. However as these
appear to ce unobtainable then RN can be made up from 12
indnidual vertically mounted resistors.

1T

M T

SKT3
20 pin

vop [t soofiz_]
C\HD‘S Dig 3% RBS i 1231
I D11 40 RaT ]
'/-_-'-- ——

SKT1, SKT2, and SKT3 ars the device programming
sockets. Zero Insertion Force (ZIF) sockets can e used here.
Howeve,r they are expensive and can be replaced with
stacked DIL sockets. If this is to bs the case, then ensure that
the device programmed is inserted into a DIL socket, and that
the board has at least hwo 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 proiotyps used a 20 pin socket for SKT2. If ZiF
sockets are used then they should be either long pin davices,
or should be mounted on fwo stacked DIL socksts 10 raise
them ahove 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 poris
connectors available then it is likely that different host PCs wil
need different connectors. If you choose to make up a cable
for the host PC then follow the connections shown in figure 9,

The poveer supply is constructed in a small case with an
integral mains plug. There are only three components in the
power supply apart from the transtormer. These are mounted
on a small piece of veroboard. Ensure that the transformer and
power supply board are bolted firmly inlo the case. In the
prototype, the exposed mains pins were liberally smeared with
silicone rubber sealant 1w insulate them.

Code

Figure 8 shows the code for the prototype in INTEL hex
formai. This is checksummed which should reduce the chance
of programming a device in error. The author Is prepared to
program PIC devices which will guarantes the latest code
version - see the end of this anicle for details.

Piease note that this code is copyright, and although it may be
used by individuals for personal experimentation it may nol be
used commercialty.

Testing

Consult figure 1 and check that the PCB matches the circuit
diagram and that there are no short circuits. Without inserting
IC1 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 emitier of TR2 is at 14V+/- 0.2V, Power down,

Insert IC2 and short pins 24 and 25 of the sockst 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 contrel. In Windows terminal this is the menu
option under "Settings - Communications”. Check that
characters fyped 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, rermove the link on IC1 sockat, insert IC1 and

power up. Now at th