@ BUILD A CHRISTMAS
LIGHTS FLASHER

ELECTRONICS

TODAY INTERNATIONAL

TOMORROW'S TECHNOLOGY TODAY

® MAKE A PHOTOGRAPHIC
ENLARGER TIMER

TR

How advances in electronics and space technology
£go hand in hand

NMOS A& |
IMST225-J255 |-
(21 2 9327

USING EPROMS
- TO REPLACE LOGIC

BUILD AN
EPROM EMULATOR

@® BUILD AN RS-232 ,
TO PARALLEL INTERFACE December 1994 £2.15

S 2 ® CONSTRUCT . P
© © ° ZEirTcou 1IN il )




Take the

s i .

to successful PCB & —-— |
Schematic Design

N

i ; i i =P O w Z 0 o
Design PCB's and Schematics quickly 5 £8 3§ ;: =
5] =9 oo o2
: Quickroute 3.0 - S VOHIBIGZ E ) =3 0 oQ
{ ickenute L a m = m :
| Edc- Edit Yiew Toois Q_’rllnni Library Symbal uelp « © 8 go ¢ o
LEmids =izloERERIY  FeSeemen 3 % =4 5
= o
ic2 1c3
r g« veel—5 1* O R DESIGNER 2 None None
- % :4: :3 g ;; :f Standard| e
E—: st 1 & )
5 T K te—15 3 DESIGNER+ | " None | Export| 20
) 8 0" 186 8 eaium
GND T 2 : GND T
&8
J PRO Fast | Standard| Export| 30
s 8 Export/
PRO+ Fast |Advanced| Lo .| 40

After schematic capture, components can be AR (RuET I

re-arranged prior to manual or automatic
routing. All versions include an auto-router.

DR BRI TLPCA] | = Quickraote 310 - [¢ 306 ninc33 pCA)
[-u f_dl ¥Yiew JIools Opilons Librsey symnl |;_
1 - N

Telephone or FAX POWERware on 061 449 7101 g1V (e}
Quickroute 3.0 for Wmdows 3.1

II;O:NER::;e, 1gtl'e‘:(l'apte’ DESIGNER £99.00 DESIGNER+ £149.00 DISK
arp 5 Uf(e’ ockporl,  pRE £199.00 PRO+ £299.00 Available
SK6 5DD, i All prices exclude post & packing, and V.A.T.




@ BUILD A cHRISTMAS
. LIGHTS FLASHER

ORCEROW § TICHNOLOGY TODAY

@ MAKE A PHOTOGRAPHIC
ENLARGER TIMER

ELECTRONICS
IN SPACE

Mo advances i okoch and e bl
ey

1

o wwiiaron @ BUILD AN RB-232
Dueevmber 1#34 13 48

TO PARALLEL INTERFACE
=Lty
® CONSTRUCY < >
8 6 ‘ AN AUDIO 3
S PARAMETRIC
EQUALISER R ol

Volume 25
No.12

Features

Projects

Electronics in
Space

Space, the final frontier, a frontier that

would be uncongquerable without the help

of sophisticated electronics, Nick
Hampshire investigates and discovers
that in the field of microsatellites there is
a UK company that is leading the world
in space technology.

19

Enlarger Timer

A very useful battery power project for
any photographer's darkrcom, designed
by Terry Balbirnie.

A General
Purpose 24
RS232 Card

This project provides the user with 24
lines of input/output from a standard
RS232 port. Designed by Dr Pei An, part
one of this project looks at the problems
involved in using serial data
transmissions to control parallel VO
operations.

The ETI
Transputer 32

This month we conciude the construction
of what is probably the world's first
practical project to build a single board
computer system based around the
famous Inmos Transputer chip. In this
issue we take a further look at
programming the board designed by
Mark Robinson and Andy Papageaorgiou.

PC Clinic 37

Part 7 of the series which shows readers
how to repair, maintain, upgrade and
build circuits for, personal computers. In
this issue we look at using, choosing and
upgrading video adaptor boards.

Proms vs
Logic 42

in the first part of a two-part tutorial
Graham Reith shows that EPROMSs can
be used for a lot more than simply storing
computer programs and data; they can
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also be used to perform a wide range of
useful functions that would otherwise
requlre complex dedicated logic.

Christmas
Lights Flasher 52

A simple seasonal design by Paul
Stenning which should make your
Christras tree stand out from all the
others.

ETI EPROM
Emulator 56

A project designed by Paul Stenning
which complements the EPROM
programmer introduced in tast month's
ETI. The emulator looks like a standard
EPROM to any circuit into which it is
plugged, but it allows data to be easily
downloaded from a PC and is therefore
much easier to use than repeatedly
programming and erasing EPROMs.

The
Parabender 64

A project by Barry Porter which will
interest all audiophiles, a modular, high-
quality stereo parametric equaliser that
gives one real control over audio
frequency response.
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News and event diary 6

Practically Speaking — a regular series in
which Terry Balbimie divulges some
practical hints and tips for the electronics

enthusiast 62
PCB foils 70
Open Forum 74
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Data Acquisition for your PC

bdlbsasesbahbinchs

NEW S.Z4-76 Logic Analyser

Pocket sized 16 channel Logic Analyser

S.24- 16 with power
supply and cables £219

ADE-10

1 Channel 8 bit
® Lowest cost
@ Up to 22kHz sampling
® 0-5Vinput range
The ADC-10 gives your
computer a single
channel of analog input.
Simply plug into the
parallel port and your
ready to go.

ADE-10 with
PicoScope £49

PicoScope &
PicoLog £59

Carriage UK free,

Connects to PC
serial port, ideal
for desktops or
notebooks.

Supplied with
easy to use
software,
power supply
and cables.

High Speed
-up to 50MHz
sampling.
Internal and

external clock
modes.

8K Trace Buffer.

ADE-77
11 Channel 10 bit

@ Digital output
® Up to 18kHz sampling
® 0-2.5V input range

The ADC-11 provides
11 channels of analog
input in a case slightly
larger than a matchbox.
It is ideal for portable
data logging using a
“notebook” computer.
ADE-11 with
PicoScope £85

PicoScope &
PicoLog £95

Overseas £6

Oscilloscope Probes ( x1, x10} £10
Existing ADC 10/11/12/100 users can add PicolLog for £25

—

Tel:

01954 - 211716

NEW ~+#D¢@-700 virtual Instrument

Dual Channel 12 bit resolution

Digital Storage Scope
Spectrum Analyser
Frequency Meter
Chart Recorder

Data Logger
Voltmeter

The ADC-100 offers both a high
sampling rate (100kHz) and a high
resolution. It is ideal as a general
purpose test instrument either in the
lab or in the fieid. Flexible input
ranges (x200mV to +20V) allows the
unit to connect directly to a wide
variety of signals.

HD@- 700 with PicoScope £199
with PicoScope & PicoLog £209

~ADE-12
1 Channel 12 bit

® High resolution

® Up to 17kHz sampling
® 0-5Vinput range
The ADC-12 is similar to
the ADC-10 but offers an
improved 12 bit (1 part
in 4096) resolution
compared to the ADC-
10's 8 bit {1 part in 256).

ADE-12 with
PicoScope £85

PicoScope &
PicoLog £95

ADE-76
8 Channel 16 bit+sign

® Highest resolution
® 2Hz sampling - 16bit
® + 2.5V input range

The ADC-16 has the
highest resolution of the
range, it is capable of
detecting signal changes
as small as 40 pV. Pairs
of input channels can be
used differentially to
reject noise. Connects to
serial port.

ADE-16
withPicoLog £115

ADC-10 Simply plug into the parallel port

and your ready to go.

Fax:

ELECTRONICS TODAY INTERNATIONAL
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Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ
01954 - 211880

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT
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Surplus always
wanted for cash!

SPECIAL BUY
AT 286
40Mb HD + 3Mb Ram

UMITED QUANTITY only of these t2Mhz HI GRADE 286 systems
Made Tn the USA to an industrial specification, the system was
designed for reliabilty. The compact case houses the motherboard,
PSU and EGA video card with single 5%" 1.2 Mb floppy disk drive &
integral 40Mb hard disk drive to the front. Real time clock with bal-
tery backup is provided as standard, Supplied in good used condtion
complete with enhanced keyboard, 640k + 2Mb RAM, DOS 4.01
and 90 DAY Fuil Guarantee. Heady to Run |

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

LOW COST PC's - ALL EXPANDABLE - ALL PC COMPATIBLE

PC SCOOP

COMPLETE

COLOUR SYSTEM &"‘@@
ONLY £99.00

A massive bulk purchase enables us to bring you a COMPLETE
readg to run colour PC system at an unheard of price!
The Display Electronlcs PCH8 system comprises of fully com-
patible and expandablne XT PC with 256k of RAM, 5% " 360K flopp!

disk drive, 12* CGA colour monitor, standard 84 keuy kev)oar ,
MS DOS and all connecting cablas - ]um Flug In and go 1! Ideal
studenls, schools or anybody wishing to leam the warid of PC's
on an ultra low budget. Don't miss thia opportunity.

It
OderasHIGRADE 285 DAL Y £149.00 (&) MYV TO0E  4s pesacoL  £99.00 )
Optional Fitted extras: VGA g Optional Fitted extras: 640k AAM £29.00
2nd floppy drive, specify 5%" 360k or 3%" 720k £29.95

5.25" from £22.85 - 3.5" from £24.95

Massive purchases of standard 5.25" and 3.5" drives anables us to
present prima product at industry beating low prices! AR units (unless
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a 50 day
guarantee and operate from standard voltages and are of standard
size. All are IBM-PC compatible (# 3.5" supported on your PC).

35" Panasoni¢ JU3B3/4 720K or equivaient £24.9
3.5" Mitsublsht MF355C-L. 1.4 Mag. Laptops only ¢ £36.95(8
3.5" Mitsubishl MF355C-D. 1.4 Meg. Non laptop £29.95(B
5.25" Teac FD-55GFR 1.2 Meg £29.95(B
525" BRAND NEW Mitsubishl MF501B 360K £22.95(B)
* Data cable in¢luded in price

Shugart 800/801 8" S§ refurbished & lestad £195.00(E
Shugart 851 8" double sided refurbished & tested £250.00(E
Mitsublshi M2894-83 8° sided switchabie NEW £250.00(E
Mitsubishl M2896-63-02U B DS slimline NEW £285.00

Dual 8* drives with 2 mbyta capacity housed in a smart case with
built in power supply. Ideal as exterior drives! £495.00(F)

HARD DISK DRIVES

End of line purchase scoopl Brand new NEC D2246 8° 85 Mbyte

of hard disk storage! Full industry standard SMD Interface. Uttra hi
speed dala transfer and access lime, replaces Fujitsu equivalant
model. complete with manual, Only £299.00(E)

35" FWJI FK-308-26 20mb MFM I/F RFE £59.95(C
3.5" CONNER CP3024 20 mb IDE UF (or equiv JRFE £69.95(C
3.5 CONNER CP3044 40mb IDE UF (or equiv.}RFE £99.00

3.5" RODIME RO3057% 45mb SCSI I/F (Mac & Acomy £99.00

5.25° MINISCRIBE 3425 20mb MFM IF (or equiv.) RFE  £45.95(C
5.25" SEAGATE ST-238R 30 mb RLL I/F Refurb 69.95(C]
5.25" CDC 94205-51 40mb HH MFM I'F RFE tested £69.95(C
8 FUJITSU M2322K 160Mb SMD UF RFE tasted £195.00(E

Hard disc contrallers for MFM , IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBOX

Converts your colour menltor into a8 QUALITY COLOUR TV

The TELEBOX consists of an attractive fully casad mains powered
unit, containing all electronics ready 1o plug into a host of video moni-
tors made by manulacturers such as MICROVITEC, ATARI,
SANYO, SONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD
and many more. The composite videc output will also plug directly
into most video racorders, allowing reception o! TV channels not nor-
mally receivabie on mos! television receivers® (TELEBOX MB). Push
button controls on the front panel allow reception of 8 fully tuneable
‘olt air* UHF colour television channels, TELEBOX MB covers virtual-
lg all television frequencies VHF and UHF Inciuding the HYPER-
AND as used by most cable TV cperators. A composite video
output is located on the rear panal for diract connection lo most
makes of monitor. For complete compatibility - even for monitors
without sound - an intagral 4 watt audic amplifier and low lavel Hi Fi
audio cutput are provided as standard.
TELEBOX ST for composite wdeo input type monitors £32.85
TELEBOX STL as §T but with integral speaker £36.50
TELEBOX M8 Multiband VHF-UHF-Cable- Hyperband tunar £69.95
For overseas PAL versions state 5.5 or 6mhz sound specification.
“For cable / hyperband reception Telebox MB should be connacted
to cable type socket. Shipping code on all Teleboxes is (B)

FANS & BLOWERS

[ MMF-DED12DL 60 = v [ £4.9 k4

MITSUBUSHI MMF-08B12DH 92 x 25 mm 12v DC  £5.95 10/£53
PANCAKE 12.3.592 x 18 mm 12v DC £7.95 10/ £69
EX-EQUIP 120 x 38mm AC fans - tested specity 110 or 240 v £6.95
EX-EQUIP 80 x 38mm AC fans - tasted specity 110 or 240 v  £5.95
VERO rack mount 1U x 19" fan ray specify 110 or 240v £45.95
IMHOF B26 1900 rack mnt 34 x 19* Blower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

IC's TRANSISTORS DIODES

OBSOLETE - SHORT SUPPLY - BULX

5,000,000 items EX STOCK

For MAJOR SAVINGS - SAE or CALL FOR LATEST LIST Scawsard PAT 2000 dual voltage compulerised PAT lester

raphics card £29.00
1.4Mb 3%" floppy disk drive (instead of 1.2 Mb) £32.95
NE2000 Ethemet (thick, thin or twisted) network card £49.00

FLOPPY DISK DRIVES 3.5"- 8"

Above prices for PC99 offer ONLY.

VIDEO MONITOR SPECIALS
uperb quality 14 RONT MTS-9600 SVGA Muitlsync -
Muttimode monitor 0.28" dot pitch with resolution of
1024 x 768. Tha multi mode input allows direct con-
nection to & host of computers Including IBM PC's in
CGA, EGA, VGA & SVGA modes, BBC, COM-
MODORE (rciuding Amiga 1200), ARCHIMEDES
= otc. The M version will also funclion with the ATAR! in

&l modes inc HI RES monochroma, Complete with Yext'
switching for WP use.(possible minor screen bums) Syncs down o 15
kHz Supplied in EXCELLENT Iittle used condition with full 90 day guar-
antes.

Order as MTS-9600/H for ATAR! £159.00
All modes as above Order as MTS-96001 S £139.00
ELECTROHOME ECM-1211SBU 12" VGA muftisyne monitor with

resolution 640 x 480, Multh Input selection; 9pin CGA/ EGA ; 15 pin
VGA or 5 BNC connectors. 0,31 pitch. Compaltible with PCs, Amiga,
Atari and othars. In good used condition (possible minor screen
bums). 90 day guarantes. ..... £99.00 (E)
KME 10" high definttion colour monitors. Nice tight 0.28° dot pitch
for superb clarity and modem styling. Operates i
any 15.625 khz sync RGB video source, with RGB
analog and composite sync such as Atari,
Commodore Amiga, Acomn Archimedes & BBC.
Measures only 13.5" x 12* x 11°. Only £125 (E)§
Good used condition, 80 dagguarantee. .
KME 10" as above for PC EGA standard £145.00 (E)

NEC CGA 12" colour 1BM-PC compatible. High quali- gee
ty ex-aquipment fully tested with 4 90 day guarantes. ¥
In an attractive two ione ribbedT%rey plastic case £

measuring 15" x 13"W x 12°H. Tha front cosmetic§
bezel has been ramovad for contractual reasons.

Only £49.00()
20" 22" and 26" AV SPECIALS

Superbly mace UK manulacture. PIL all solid state colour monitors.
complets with composite video & optional sound inpuls. Aftractive
teak style case. Perfect for Schools, Shops, Disco. Clubs, ete.ln
EXCELLENT lIittle used condition with full 80 day guaramntes.

20"...£135 22"...£155 26"...£185m

9" Mono cased, Black & White for CCTV Used Tested £49.00 (C)

DC POWER SUPPLIES

10,000 Power Supplies Ex Stock
Call for info / list
Powar One SPL200-5200P 200 watt (250 w peak).Semi open
frame giving +5v 35a. -5v 1.5a. +12v da (Ba peak), -12v 1.5, +24v
4a (6a peak). All outputs ully regulated with over voltage protection
on the +5v output. AC Input selectable for 110/240 vac. Dims13° x
5" X251 | Fu"sy iuarameed RFE. £85.00 (B)
Power One SPL130. 130 watls. Selectable for 12v (4A) or 24

(2A). Sv @ 20A. & 12v @ 1.5A Switch mode.New. £59.95(8)
Astec AC-8151 40 watts. Switch mode, +5v @ 2.5a. +12v & 2a.
-12v @ 0.18. 6-1/4° x 4° x 1-3/4° RFE tested £22 95(B)
Lambada LYS-PV-12 200 watt switch mode.+12V OC @ 29a

semi enclosed, 10" x 5" x 5°. RFE and tully 1ested. €59,95(C)
Conver AC130. 130 watl hi-grada VDE spec Switch mode.+5v @
15a,-5v @ 1a,+12v € 6a.27 x 12.5 x B.5cms.New, £49.95(C)
Boshent 13090.Switch mode.|deal for drives & system. +5v@ 6a,
+12v @ 2.5a, -12v @ D.5a, -5v @ 0.5a, £25.95(B)
Farnell G&/40A. Switch mode. Sv @ 40a.Encased £85.00(C)

SPECIAL INTEREST

INTEL SBC486/1335E Multibus 486 system. 8Mb Ram
Zeta 3220-05 AO 4 pen HPGL RS232 fast drum piotter
Avitel VDA-3100 Video Distribution Amps.1 in 92 out

€1975
£2100
E575

Trio 0-18 vde banch PSU. 30 amps. New €479
Fujitsu M3041 600 LPM band printer £1950
VG Electronics 1035 Decoding Margin Meter Rack £3750
Andrews LARGE 6 m Satalfte Digh 4+ mount (For Voyager) ~ £950
RED TOP IR Haat seeking missile (not armed 1) POA
Tektronix 1L30 Spectrum analyser plug in £330
Thurlby LA 160B logic anafyser £375
GEC 1.5kw 115v 60hz power source £950
Brush 2Kw 400 Hz 3 phase frequency converter £850
Anton Pillar 75 kW 400 Hz 3 phase frequency converter POA
Newton Derby 70 KW 400 Hz 3 phase frequency converter  POA
Nikon PL-2 Projection lens meter/scope £750
Sekonic SD 150H 18 channsl dightal Hybrid chart recorder  £1985
HP 7580A A1 B pen HPGL high speed drum plotter £1850
Kenwood DA-3501 CD tester, laser pickup smulator £350
Computar MCA1613APC 16mm auto ifis lenses 'C' mount  £125

£585

s

Surplus always
wanted for cashl
THE OFFER OF 1994 !

Computer
Controlled

Laser Video
One ofth most amazing surplus deals Disk Playe r

that we ever been able to offer youl

The Philips vP410 LaserVision player, in as new condition, unit fea-
tures full computer control, Plays standard 12" LaserVision disks with
startiing visual and audio quallty in two channgl slerec of mono.
When controlled by a computer, it may also be used as a versatile
high quality storage / retrieval medium_ It will play back either
LaserVision CAV (active play) or CLV (Long Play) discs (which cov-
ers most types of commercially available video discs). Some of the
many features of this incredible machine ara;

RS-232 INTERFACE RGB/ COMPOSITE VIDEO OUTPUT
BNC+SCARY INTERFACE PAL/RGB DECODER
IR+WIRED REMOTE CONTROL FAST RANDOM ACCESS

<pECIAL PURCHASE o, £390.00,,

BBC Model B AP\ Board
w

£100 CASH FOR THE MOST
NOVEL DEMONSTRABLE
APPLICATION

BBC Model B type computer on a board. A major purchase aliows us
to ofter you the PROFESSIONAL version of the BBC computer at a
parts only prica. Used as a front end grag)hics system on large net-
worked systems the architecture of the BBC board has so many sim-
itarities to the regutar BBC model B that we ara sure that with a bit of
experimentation and ingenuity many useful applications will be found
for this board! It is supphed compiets with a connactor panet which
brings all the L/O's to ‘D' and BNC type connectors - alf you have to
do is provide +5 and +12 v DC, The APM consists of a single PCB

L s
L L

with most major ic's socketed. The ic's are too numerous 1o list but
include a 6502 / 6512 CPU, RAM and an SAAS0S50 teletext chip.
Three 27128 EPROMS contain the custom operating system on
which we have no data, On application of DC power the system
boots and provides diagnostic information to the videc output. On
E%aorng_er sé:rndres adnd jumpers ?elec( the
address and enable the four extra
EPROM sackets for user software. Appx on'y £29'95
dims: main board 13 x 10*. VO board 14" x 2 £53
3". Supplied tested with circuit diagram, for (8)
data and competition entry form.
n
19" RACK CABINETS
L uperb quality 6 foot 40U
Virtually New, Ultra Smart
Less than Half Pricel
Top quality 19° rack cabinets made in UK by
Optima Enclosures Ltd. Units feature desi?n-
er, smoked acrylic lockable front door, full
height lockable half louvered back door and
ramovable side panels. Fully adjustable inter-
nal fixing struts, ready punched for any config-
uration of equipment mounting plus ready
mounied Intagral 12 way 13 amp socket
% switchad mains distribution strip make these
racks some of the most versatile we have
ever sold. Racks may be stacked side bg:lde and therefore requira
only two side panels to stand singly or in bays

Overall dimansions are: 77-1/2" H x 32-1/2° D x 22° W. Order aa:
Rack 1 Complete with removable side panels. £295.00 (@)
Rack 2 Rack, Less side pansls £175.00 (G)

Over 1000 racks In all sizes from stock 1
Call with your requirements.

LOW COST RAM UPGRADES

INTEL 'ABOVE' Memory Expansion Board. Full langth PC-XT and
PC-AT compatible card with 2 Mbytas of memory on board. Cardis
fully selectabie for Expanded or Extended (286 processor and
above) memory. Full data and driver disk supplled. In good used
condition fully tested and guaranteed.
Windows compatible. Order as: ABOVE CARD  £993.95(a1)
Half length 8 bit memory upgrade cards for PC AT XT expands
mamory aither 256k or 512k i 64k steps. May also be used to fill
in RAM above 640k DOS limit. Complete with data
Order as: XT RAM UG. 256k £32.95(at
512k £38.95(a1
1 MEG x 9 SIMM 9 chip 120ns only £29.95(A1
- B i
No Break Uninterruptible PSU's
Brand new and boxed 230 volts 1 KVa unintarruptible power supply
from system from Densel. Model MUD 1085-AHBH. Complate with
senledilead :‘cld banen’esl in rnn:‘tghﬁn.lnlg case. :kpprox tima from mier-
rupt 1s 15 minutes. Complete wi Il manual.
orderas: MuD1 £575.00@
EMERSON ACCUCARD UPS, brand new 8 Bit half iength PC com-
patible card for all JBM XT/AT compatibles. Card provides DC power
to all intlemnal system componants i the event of power supplg tail-
ure. The Accusaver software provided uses only 6k of base RAM
and automatically copies all system, expanded and video memory (o
the hard disk in the event of koss of power, When power is returned
the maching is retumed to the exadt status when the power failed |

The unit features full self diagnosties on bool and is supplied with full
fiting instructions and manual. Normal price £189.00

Only £99.00) or 2 for £195¢,

Issue 12 of Display News now available - send large SAE - PACKED with bargains!
ol ALL T ENQUIRIES

081 679 4414

FAX 081 679 1927
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ESTABLISHED
25 YEARS

LONDON SHOP
Open Mon-Sat 9:00-5:30
215 Whitehorse Lane
South Norwood
LONDON SE25

Al prices for UK Mainland. UK cuslomers add 17.5% VAT to TOTAL ordar
Schools, Universities and Local Authorties - minimum account order £50. Camiage charges (A)
for shipping - faster CALL Scotland surcharge |
Uniess stated guaranteed lor 90 days. All guarantees offt a retum to base basis. All rights reserved 1o change prices 1 specifications without priof notice. Orders
subject to stock. Discounts for volume, Top CASH prices paid for surpius goods. All trademarks etc ackno

(F}=£18.00, (G)=CALL Allow approx 6 days

DISTEL © The Orlginal
FREE On line Database
Info on 1000's of Items
v21,v22, V22 BIS

081 679 1888

u

ALL MAIL & OFFICES
Opan Mon-Fri 9.00-5:30
Dept ETI. 32 Biggin Way

ppe
LONDON SE19 3XF

r Norwood

amount. Minimum order £10. Bcna Fide account orders accepted from Government,

=£3, {A1)=£4.00, (B)=£5.50, (C)=£8.50, (D)=£12.00, (E}=£15.00,
ALL All goods supplied to our Standard Conditions of Sale and

ged. @ Display Electronics 1994.EA O E
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New Virtual
Instruments

Cambridgeshire-based virtual instrument speciatists
Pico Technology have added three new products to
their range of PC-based instruments. All the products in
this range offer desktop instrument performance,
coupled with the enormous benefits of PC connection.

Slightly smaller than a cigarette packet, the SLA-16
(£219) is probably the smallest and most economical
PC-based logic analyser on the market today. it offers
16 channel operation with an 8K trace buffer. Flexible
internal and external clocking modes are supported (up
to 50MHZ). The supplied software provides state listings
and waveform displays, while two cursors can be used
for time and frequency measurement. The SLA-16 is
supplied with all necessary software, cables and
probes; all it needs is a standard PC AT with a spare
serial port.

Another new product is the ADC-100 {£199). With
this plugged into a PC and the supplied PicoScope soft-
ware, a PC can be used as a dual channel digital - - - B
storage scope, spectrum analyser, frequency meter and voltmeter. For long-term data Ioggmg and chart recorder emulation
PicolLog software is an optional extra. The ADC-100 offers 100kHz sampling and 12-bit resolution. Each channel can be set to
any of seven input voitage ranges (+-20V to +-0.2V). The ADC-100 is powered from the PC's parallel port,

The last of the trio of new products is the ADC-22 (£199) which is a 22 channel data lcgging unit. Its input specifications are
the same as Pico’s best-selling ADC-11 data logger and it too plugs into the parallel port of a PC. All three of these new virtuai
instrumentation products are available directly from Pico Technology, 149-151 St Neots Road, Hardwick, Cambs. CB3 7Q4,

Tel: 0954 2117186.

High density SMD probes

Polar Instruments has developed two new high
density probes for state-of-the-art, surface
mount electronics components, providing an
efficient test interface for ICs with fine geom-
etry 0.65mm metric or 25thou Imperial lead
pitches. Providing a row or 32 pins, the hand-
held probes - known as T Series - interface
with troubleshooting instruments equipped
with the analogue signature analysis fauilt loca-
tion technique. The probes provide a conve-
nient and cost-effective interface for many of
the latest VLSI peripherals and processor IC
packages, and greatly accelerate the diag-
nostic tests needed for circuit investigation and
repair.

For more information about these probes
contact Polar Instruments Ltd of Guernsey on:
0481 53081.
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Filter Designing Made Easy

The filter circuit is one of the basic building
blocks in analog circuit design. Indeed : . -
almost every piece of electronic equip- 3 ESTRET | Rand Pas
ment, of whatever sort, contains at least
one filter circuit and their use is becoming
more common as EMC legislation
progressively comes into force.
For many electronics engineers, particu-
larly those trained in digitai electronics, the
design of active and passive filters is a
tedious and error-prone process, which
invariably involves many repetitive and
tedlous calculations or the looking up of
dozens of normalised co-efficients in
tables.
Thankfully, such days are now past. A
new design program, FILTECH, from
circuit simulation software specialists ;
P 7.0on 7.10M
Number One Systems, will do all these . : Frequency €Hz)
caloulations automatically, thus making e ‘;ﬁ"‘" 5‘%: -
filtter design a relatively simple process. e —— "
The software wil also simulate the behav-
iour of the fiiter circuit and display a graphic plot of the calculated frequency response superimposed on the specified filter
limits, thereby giving the user immediate confirmation of the accuracy of the design.
Both active and passive fiters up to sixth order with frequency ranges extending from fractions of a Hertz to GigaHertz can be
designed and simulated using FILTECH. There is a no-nonsense approach to fitter specification, Passband and Stepband
frequency limits, Ripple and Attenuation levels and terminating impedances are alt the parameters that the design program
needs to complete a design. The user has full override capability on both design and simulation.
The FILTECH program costs £145, and is available from Number One Systems Ltd and includes all documentation plus
example designs and a full discussion of filter circuits and characteristics. They can be contacted at: Harding Way, Somersham
Road, St ves, Huntingdon, Cambs, PE17 4WR. Tel: 0480 461778

40nE TRES
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Very small embedded
PC module

Skylake Talix of Southampton have developed what is almost
certainly one of the smallest and least expensive PC-compatible
computers for embedded applications that is on the market
today. Known as Talix uv25, the computer board measures just
52 x 80mm, similar to a credit card, and weighs a mere 30g.
Priced at £75, it sets a new price/performance standard for
embedded control and data acquisition applications.

Developed to meet the ever-growing requirement for
compact and economic PC-compatible processing power, Talix
uV25 contains a V25 processor running at 8 or 10MHz, plus up
to 1MByte of memory in dual half megabyte RAM and
ROM/Flash-EPROM arrays. Also onboard are three paraliel 110
ports offering up to 32 I/0 lines - two serial channels, a real-time
clock, interrupt controller, and interface/expansion connectors
with terminals for back-up battery. Power consumption is
50mW typical at 5V.

The talix uV25 may be operated as a PC-compatible running
DOS applications software. In an agreement between Skylake
Talix and Great Westem Instruments, General Software's
powerful mutti-tasking embedded DOS has been ported onto
the module. Software development for PC-compatible target
systems is simplifiec by a suite of utilities provided, including a
debugger and a silicon disk utility for booting PC operation
system and applications.software from non-volatile memory.
Altematively, the processor can be used in its native 8086-
compatible mode, and the module can opticnally be supplied
with Paradigm's TDREM monitor for the V25 CPU.

For further details contact Skylake Talix on: 0703 666403,
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24-bit colour in a low-cost package

A new 24-bit RAMDAC from AT&T Microelectronics allows designers of personal computer
systems to provide high resolution graphics facilities at a price comparable to standard
VGA. Featuring a 16-bit pixel port and maximum video rate of 135MHz, the ATT20C498
displays 24-bit colour at resolutions of 800x600, and up to 64K colours at resolutions of
1280x1024.

Packaged in a low cost 44-pin PLCC, the ATT20C498 is backward compatible with the
8-bit VGA standard. An Internal multiplexer allows the 16-bit pixel port to load two 8-bit pixels
simultaneously; this means that designers can use slower, less expensive frame buffer
memory, and run clock signals at half the video rate, reducing EMI. An on-chip clock doubler
simpiifies design even further. Switching between the ten graphics modes of the chip can be
implemented “on the fiy” or on a pixel by pixel basis, allowing the device to display several
windowed applications supporting different graphics capabilities. Each application can be run at
its highest resolution, using the correct colours, regardless of the primary system display mode.

For further information contact AT&T Microelectronics, on: 0732 742999

Quiality Technologies' new range of fully
enclosed, slotted optical switches has
a unique housing design which incor-
porates ambient light protection and
has a smooth external surface to
prevent any build up of dust or dirt in
the optical path.

Designated the QVA and QVB series,
the switches comprise an infra-red
emitting LED, facing an NPN photo-
transistor, across a 3.18mm gap. The
phototransistor detects the presence of
infra-red light from the LED, until it is
blocked by a mechanical object.
Moulded internal apertures of 1.27mm
or 0.25mm in the optical path make
these switches ideal for high resolution
applications, such as encoders and
precise position sensing.

For further details contact Quality
Technologies of Aylesbury, on: 0296
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Electronics in
sSpace

Space, the final frontier, a frontier that
would be unconquerable without the
help of sophisticated electronics. Nick
Hampshire investigates

tis probably true to say that without electronics,
and in particular computers, mankind's conquest
| of space would never have happened.
" The history of the conquest of space tegan during
the latter part of World War I, with the development
of the German V2 rocket. This was a revolutionary weapon that
could be launched deep in continental Europe on a trajectory
that took it into near space, and that on its retum to Earth
brought so much terror, death and devastation to large parts of
the city of London.

The V2 was a liquid fuelled rocket designed by Wernher von
Braun, the brilliant engineer whao later went on to design some
of the most famous US rockets, including the giant Satum V
which launched all the Apollo moon missions. Indsed the V2
was the basic design on which all subsequent liquid fuelled
rocket designs were based.

Although a very sophisticated system at the time, the V2
was, by today's standards, very simple. It was designed to
foilow a preset trajectory; once set on that trajectory the rest
was autormatic - gravity and the Laws of Physics would do the
job. This meant that all it needed was a simple electromechan-
ical inertial guidance system that would ensure that the rocket
stayed on the desired trajectory during the flight.

Electromechanical systems were used because they were
better able to stand up to the vibration and acceleration force
experienced during a rocket launch. At that time the only elec-
tronics available were valve based, and valves are not the most
physically robust devices.

The development of the much more robust transistor in the
early 1950s, allowed designers to replace the earlier electro-
mechanicat systems with purely electronic systems. Rocket
guidance and control systems consequentty became much
more sophisticated, and included telemetry links. Telemetry was
very important because, up to the early 1960s, a great many of
the missile guidance computers in use were ground based. This
was because they were too iarge and required too much power
to be fitted into the actual rocket.

The greater sophistication of flight control systems, whether
ground or rocket based, allowed the flight trajectory to be
controlled more accurately, something which was of increasing
importance given the much longer range of the bigger rockets
that were being produced.

At the height of the Cold War, the accuracy of long range

ballistic missiles was of paramount importance, as the military
wanted to be able to deliver a nuclear weapon to a precise
target on the other side of the world. Control systems therefore
needed to be even more complex, and more reliable.

The engineers given this task quickly realised that the elec-
tronic components and construction techniques available at the
time were not well suited to the requirements of extreme relia-
bility, or of packing large amounts of circuitry into small spaces.
The result was the Tinkertoy project which sought to produce
ultra-miniaturised, highly robust circuit modules which could
then be assembled into the control system.

it was the developments generated by the Tinkertoy project
In the late 1950s which effectively led to the creation of the first
integrated circuit In the earty 1960s.

By this time, ballistic missiles had developed to a stage
where things could be put into orbit around the Earth; the days
of Sputnik, Yuri Gagarin, and Gemini. Satellites and spacecraft
called for even more sophisticated and miniaturised electronics
that could fit into the very small spaces that were available. The
first satellite launched in 1957, the Russian Sputnik 1, only
weighed 75Kg. And, for the first time, electronics which coutd
stand up to the very harsh environmental conditions found in
space, and electronics which could run on the very minimal
amount of power in these early spacecraft. were available. All
these factors helped to further accelerate the development of
the integrated circuit.

President Kennedy's acceleration of the 'space race' by
declaring that the first man on the moon would be an American,
put the full power of the US govemment budget behind the
development of ali the systems necessary to achieve this goat -
development which was being funded to the tune of over 4% of
US GDP. It is thanks to this enormmous expenditure that we have
most of the technologies that we take for granted today.

The space program gave an enormous boost to the US
computer industry thanks to NASA's requirement that subcon-
tractors were fully computerised. It also boosted the develop-
ment and use of numerically controlled machine tools and a
host of new production techniques.

But electronics was the area which saw some of the biggest
advances. When Kennedy made his famous declaration, inte-
grated circuits were confined to a few simple gate circuits but,
by the end of the Apollo program, there were the first pocket
calculators, electronic watches, memory chips and, just a
couple of years later, microprocessors. All products where the
development process had been directly, or indirectly, acceler-
ated by the US space program.

Today the impact of space technology on electronics is less
proncunced, but still enormously important. No fonger is the
acceleration provided by geopoiitical factors. Instead it is
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provided by hard commercial facters. Satellite communications
systems have become commonplace. We now take it for
granted that an overseas phone call could be relayed via a
satellite.

Millions of us watch TV programmes broadcast from a satel-
lite. We watch news programs sent live via satellite from remote
corners of the world, or watch the weather forecast with its
satellite-generated images of terrestrial weather-systems, We
use information systems which rely on global networks of
computers often linked via satellite.

Then ,of course, we depend on sateliites to glve us informa-
tion about other planets in our universe. We also use them 10
monitor the health and state of

duration, and much of the electronics will be within the pres-
surised crew compartment and thus will not be exposed to the
very harsh environment of space. The Shuttle has five general
purpose computers, four of which can be configured as a triple-
redundancy fail-safe system for highly mission-critical opera-
tions such as flight control during re-entry.

in unmanned systems, the main criteria is reliability over a
very long period, ten years or more is not unusual, with fult
exposure to the environment of space. This means that they have
to be capable of being remotely configured, maintained, and
repaired. Despite the use of the Shuttle to repair the Hubble
Space Telescope, there is, in general, littie possibllity of having

someone physically repair a

our planet, to track down pollu-
tion, to monitor crop yields, to
locate new sources of natural
resources. And, as we saw in
ETl a few months back, we can
use satellite systems to accu-
rately determine the position of
a plane, a boat, or even a lorry-
load of goods travelling across
Europe.

Without the myriad satelfites
which now circle the Earth,
much of what we do today
would be impossible. Satellites
would in turn be impossible
without sophisticated and
highly reliable electronics -
electronic systems which can
work 24 hours a day, 365 days
a year for ten years or more
without a single fauit despite
operating in one of the
harshest environments known
and being subjected to enor-
mous mechanical stress

In the rest of this article we
lock at some of the problems
facing electronic systems that
are designed for use In space.

Types of spacecraft

However, before taking a closer look at the actual electronics,
we need to look at the different types of space mission; each
has different needs and different design criteria. We can divide
space missions into three broad categories. Firstly, there are the
manned missions, such as the regular Shuttle flights and the Mir
space station. Secondly, there are the unmanned orbital satel-
lites; these have a wide range of different functions; from
weather and communications satellites, through the Hubble
Space Telescope, to navigation satellites and military reconnais-
sance satellites. Lastly, there are the unmanned interplanetary
probes, These include some of the most sophisticated and
complex spacecraft, with future missions scheduted 1o camy
robot explorers.

For manned missions safety of the crew is of paramount
importance. Consequently, all the critical electronics are
designed to be completely fail-safe. However, the presence of a
human crew means that non-criticat areas can, in the event of
failure, probably be repaired and repiaced by the crew or over-
ridden by direct human control. In addition, flights are of short

faulty satellite, and absolutely
no chance of intercepting and
repairing an interplanetary probe.
This need for very long term
reliability in a very hostile envi-
ronment means that such
systems have to incorporate a
great deal of redundant
circuitry. They have to be
testable and reconfigurable
from the ground, so that a
faulty part of the circuitry can
be switched out and replaced
with a functioning circuit. For
interplanetary probes, some of
this testing and reconfiguration
must be done automatically by
the spacecraft itself, since
signals between the space-
craft and Earth can take
too long.

The rating of space-
craft electronics

| have already sald that space
is an extremely hostile environ-
ment. We all know that space
consists of a near vacuum and
this fact by itself is of little
concern to the designers of
spacecraft electronics. Indeed,
it can be beneficial since having no atmosphere means that
there is no oxygen and therefore no problems with oxidation.

However, operating electronic circultry in a vacuum brings
other sorts of problems, the biggest of which concems the
dissipation of heat. In operation, all electronic circuitry generates
heat. Normally this is dissipated by a combination of convection
with the aid of air currents, and conduction through the housing
PCRB etc plus a certain amount of heat radiation.

Convection is the primary means of cooling electronic
circuitry, hence the inclusion of a fan in many pieces of equip-
ment. But in the absence of any ar, it Is impossible to cool any
circuitry in this manner. Conduction only moves unwanted heat
from one place to another (specialist high efficiency conduction
devices known as heat pipes are frequently used in spacecraft
for this purpose). This leaves just one method of getting rid of
unwanted heat; radlating it out into space.

Reducing the heat generated by circuitry Is therefore a very
important component in the design of space-based electronic
systems. This is a requirement which also coincides with the

ELECTRONICS TODAY INTERNATIONAL




need for circuitry which uses very little power {power is usually
provided by an array of solar cells feeding a battery, battery
power being used when the satellfte is in the Earth's shadow)

The movement of a satellite in and out of the Earth's shadow
is the cause of yet more heat-related problems. The lack of any
atmosphere in space means that a spacecraft is exposed to the
full radiation from the sun. Much of this solar radiation can be
reflected away from the electronics, but it still means that
temperatures can rise to +55C when the spacecraft is in the
sun and then plummet to -30C or lower when it Is in the Earth's
shadow. The electronic systems on a spacecraft must therefore
be capable of operating successfully over this very wide
temperature range.

This repeated oscil-
lation between being
very hot and very cold
can lead to enormous
thermal stresses within
components due to
differential expansion
and contraction rates.
These stresses can
easily lead to failures of
joints, and thus failure
of the circutt.
Overcoming these
probiems requires very
special construction
technigues which
reduce the expansion
differentials to a
minimum,

Thermal stress is
just one source of
mechanical failure in
spacecraft electronics.
There are aiso the
enormous stresses
caused dunng launch,
Components need to
be designed to with-
stand forces up to 30
gravities. In addition,
there are high levels of
vibration associated
with the launch, ail of
which can easily lead to
component or joint

One way of limiting the potential darmage is to shield the
circuitry using aluminium plates. However, this approach often
has limited success since one high energy particle hitting a plate
can, if its energy is high enough, produce mors than one high
energy particle coming out the other side of the plate. This is
therefore a potential cause of problems since the effects of radi-
ation damage are cumulative; the more high energy particles
which hit an IC the sooner it will fail,

The standard unit of radiation is the rad, and a standard
commercial IC will, in general, fail after it has been exposed to
several thousand rads of total radiation. However, susceptibility
to damage depends upon the fabrication technigue employed in

making the IC. Thus,

flamongst commercial
chips, old-fashioned
TTL fabrication is prob-
ably the least prone to
damage. Somewhat
more prone to damage
are PMOS, and CMOS
fabricated circuits,
whilst NMOS is prob-
ably the most suscep-
tible.

For applications
where radiation damage
is a problem, circuits
can be produced in
versions which are
designed to be radiation
hardened. Making such
chips involves special
fabrication techniques,
usually based upon
CMOS, and ngorous
testing procedures, and
in consequence are
enormously expensive.
But whereas a commer-
ctal chip will fail after
cumulative exposure to
a few thousand rads,
special radiation hard-
ened chips will stand up
to a cumulative expo-
sure of several million
rads, thereby ensuring a
long life In a high radia-

failure.

Solar radiation is not the only source of radiation encoun-
tered in space, there are other forms of radiation which are
potentially far more damaging to electronic circuitry, There are
high levels of electromagnetic disturbance present in space,
capable of causing induced currents that will destroy ordinary
circuitry. In addition, electromagnetic disturbances can, if the
system is not very carefully designed with electromagnetic
shielding, arise from other satellite systems due to the fact that
all the circuitry is in very close proximity.

In space there are also large numbers of high energy parti{
cles (cosmic rays) which can, at best, cause a serious glitch in
cireuit operation and, at worst, literafly blast holes in integrated
circuits. To a degres, semiconductors will, if switched off, heal
themselves of much of the damage caused by a high energy
particle strike, But this is often impossible in mission critical
applications.

tion environment such

as space.

The combined effects of the harsh space environment mean
that one cannot build a satellite with the same types of compo-
nents and construction techniques which one would employ to
build, say, a personal computer. if the system is to work reljably
for a reasonable period then special care has to be taken in
selection of components and the way that they are assembied.

Types of spacecraft electronlcs.

Broadly speaking, spacecraft and satellite electronics can be
broken down into four broad categories. These are the power
supply system, radio transmitter/receiver equipment, the main
control system and the main payload, which could range from
specialist scientific experiments to highly sensitive cameras, plus
all the associated data input equipment.
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The power supply systems usually consist of a large array of
solar cells, organised either as wings that can be tilted towards
the sun or actually wrapped around the outér body of the
spacecraft. On manned missions such as the space shuttle,
power is usually provided by-fuel cells which produce electricity
as a result of the catalytic oxidation of hydrogen or alcohol. The
continuous power generated by a spacecraft is rarely more than
a few kilowatts, and there are battery storage systems to allow
for fluctuations in power generated, such as when the satellite
moves into Earth shadow, and fluctuations in power require-
ments.

Without a power source, a satellite will cease to function as
soon as its batteries are

incorporate an on-board general purpose computer was the
Orbiting Astronomical Qbservatory launched in 1972.

Today, all spacecraft have on-board computers, and it is
thanks tt'them that satelites have the reliability, flexibility, and
autonomy of function which is required for today's applications.

We can divide the fuactions of the software that runs on a
spacecraft's computer {today it is more fikely to be an array of
computers) into six broad sections. These are: attitude determi-
nation, command storage, executive, housekeeping, telemetry
format control, and Instrument sequencing and control.

The attitude determination function is very important since it
is used to ensure that the spacecraft always maintains the same

attitude in space s0

drained. This happened
just a few weeks ago to
the US weather satellite
NOAA13, which func-
tioned for just 13 days
after launch. Analysis of
the system showed that
it failed because primary
power was not supplied
thanks to a 30mm
screw shorting out the
circuit - $7 7milfion
worth of sateilite is now
dead thanks 10 a very
simple design failure.

All spacecraft, with
the possible exception
of some spy satellites,
have radio communica-
tlons capability with
Earth based control and
communications
systems. in the case of
communications satel-
lites which are used to
transmit TV programs to
dish equipped viewers,
or relay phaone conver-
sations and computer
data between ground
stations in different
parts of the globe, the
communications equip-
ment is the primary
payload. In other appli-
cations, such as
weather satelltes, the communications system is simply a
means of controliing the operation of the satelite and transfer-
ring data back to Earth.

The communications hardware is a cruciaily important
component of any spacecraft-since without communications
back to Earth the satellite is effectively dead, an event which
has happened recently with several interplanetary probes
including an important mission to Mars.

Computer systems

The rest of the electronics on a satellite consist primarily of
computers and various data acquisition devices such as
cameras. Computers and their associated data systems are
now a crucial component of any spacecraft design, athough it
is surprising to discover that the first spacecraft o actually

that communications
antennae, cameras and
solar arrays will' atways
be painting in the right
direction, it is, after all,
no good having a
weather satelliite where
the camera might :
somatimes be pointing
at the Earth and some-
times at the Moon.

The data required to
ensure that the correct
attitude is maintained is
derived from a number
of specialist sensors.
Theses include star and
sun trackers, earth
sensors and gyro-
scopes and of course,
for orbital satellites GPS
(see ETI August issue),
all of which provide
data for the attitude
determination program.
This program uses the
data from all these
various sources to
compute the actual atti-
tude of the spacecraft
with respect 1o some
predetermined datum.
The calculated attitude
is then compared with
the expected attitude
and corrections are
made if necessary with the aid of small thrusters or reaction
wheels,

The command storage function is used to store sequences
of commands uploaded from Earth based control. These types
of commands are time-tagged for execution at specific times
and are often necessary because the spacecraft may be out of
direct communlication for short periods as it orbits over parts of
the Earth which do not have communicatiens links. 1t should be
noted that only semiconductor memory can be used on a
spacecraft, Disk drives will operate in space but have the unfor-
tunate side-effect that disk rotatiorywill impart a momentum to
the spacecraft that will, over time, alter its attitude.

The executive function is simply a means of co-ordinating
spacecraft functions using a real-time clock. The executive
actually comprises a real-time, multi-tasking, interrupt-driven
software system that is capable of sequencing all tasks as well
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as handling alt necessary inputs and outputs.

One of the regular tasks initiated by the executive is the
housekeeping function. This is probably one of the most Impor-
tant functions since with the aid of an array of speciallst sensors
it monitors the state of the spacecraft. It will look at the power In
the batteries, the temperature at key positions, nun diagnostic
tests on the circuitry and the software. in general, it will check
that all the spacecraft’s systems are behaving in the proper
manner. If they are not, then the fault data will be relayed to
ground control and special software routines will be called into
play which will allow the system to be reconfigured to overcome
the fault.

The key to this proce-
dure is the telemetry
format control which
performs the actual
sampling and format of
the spacecraft's telemetry
points, These are the
measurements which are
constantly being retayed
to ground centrol. This
code will then perform
any necessary reconfigu-
ration in response to both
failure and system degra-
dation {note that space-
craft are designed to
degrade gradually rather
than fail catastrophically).

All the software func-
tions mentioned so far
have dealt with the opera-
tion of the actual space-
craft. It is only in the sixth
and last of the program
section that we come
upon the functions which
control the actual opera-
tion of the spacecraft, its
instrumentation, commu-
nications equipment etc.
This is the instrument
seguencing and controt
function and it is used to
either moniter and control
the instruments directly or
to communicate with the
instrument's own
computer systems. This
function is also designed

or NASA Standard Spacecraft Computer. They have also stan-
dardised both electronics and software modules for various
spacecraft control functions (see Box 1 for an insight into an
actual computer system).

The spacecraft's computer software is designed in such a
way that it can easily be changed, debugged and reconfigured
by a ground based operator using the communications finks.
Using a ground based support computer, a programmer can
reconfigure the software and then reload the spacecraft's
memory using the cornms links. In this way, it is possible to not
only maintain a system but actually improve it.

into the future

The electrenics payload
Is becoming an ever
more important
component of the
average spacecraft.
Most now contain
several computer
systems networked
together and, because
each microprocessor
based computer is
smaller, faster and uses
less power than its
predecessors of even
five years ago, itis
enabling designers to
build much smaller and
cheaper satellites.

A lot of effort is now
being spent on using
some of this increased
amount of on-board
computing power to
make the system more
intefligent. By adding
inteligence into the
software it is hoped
that satellites will
become more
autonomous and able
to repair and malntain
themselves automati-
cally. This has the
obvious advantage that
it does away with the
some of the very
expensive need for

to handie data coming
from the instrumentation, perhaps pre-processing it to remove
noise, and distortion, perhaps compressing It to remove unnec-
essary data and also storing it so that it can be downloaded
during the periods when there is a direct link with an Earth
station

As can be seen from the above, a spacecraft’'s computer
systems can be called upon to perform an enormous amount of
computation. The programmes themselves are written in a wide
variety of different languages and run on an equally wide range
of different processors. As far as languages are concerned
Pascal and Ada are commen favourites, and, as for processors,
they range from the 80286 to the T8O00 Transputer. NASA
have standardised their computer systems and use the NASSC

human monitoring of
satellite telemetry data.

Indeed spacecraft, in particular interplanetary probes, are
becoming more ‘robotic'. NASA is already planning a new wave
of planetary exploration with the aid of srmall autonomous
robots that can be landed on the surface of planets, the moons
of planets, comets and asteroids. Preliminary experiments with
this type of spacecraft robotic explorer are being carried out
right now with the NASA-funded Dante project. Dante is a
walking robot that has been designed to explore one of the
most hostile environments on Earth, an active volcano n
Antarctica.

The Dante robot has gene through several generations, with
engineers gradually overcoming problems associated with its
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operation. But within the next few years they will be solved and,
by the end of the decade, we should see the first true
autonomous robots exploring parts of our solar system. Yet
another stage in the application of advanced electronics
systems in space and a pioneering use of artificial intelligence
and robotics.

Satellites also hold the key to future developments in
communications technology. There are now several commercial
proposals for using large numbers of small communications
sateliites in low Earth orbit (LEO) to provide world-wide commu-
nications using hand-held terminals. The uitimate in portable
phone technology. These proposed networks include the
Motorola inspired IRIDIUM project and the more recent
Teledesic project proposed by Bill Gates {founder of Microsoft)
and Craig McCaw (founder of McCaw Communications).

The IRIDIUM project calls for the use of some 66 satellites in
LEO, but this is dwarfed by the $3bilion Teledesic project to
create an orbiting packet switched data network of 840 LEO
satellites, 40 in each of 21 polar orbits that will take them some
700km above Earth. Using a 30GHz carrier uplink it will be
possible for users of specially equipped computers and hand-
held terminais to communicate with the satellites.

These communications will then be automatically routed

Microsatellites in Guildford.

Just outside Guilford in Surrey, a small pioneering British
company s building and launching satellites. Since 1981 they
have launched eleven, the twelfth is just being built. Not the
great big highly expensive satellites that we are ail familiar with,
but small (50Kg), relatively cheap ($1-2million ), very high tech-
nology satellites, the so-called microsateflites.

The company is Surrey Satellite Technology {SSTL} and
they are an unknown British success story in an area of high
technology which most people think is dominated by the
Americans and Russians. Indeed, so successful have they
been in designing a revoiutionary class of small satellites that
NASA have just ordered two slightly larger satellites 1o be
dasigned and built by SSTL at a cost of $110million each.

This NASA order is an acknowiedgement of the fact that
this small company just 34 people, is way ahead of NASA, or
anyone eise, in this particular area of technology. The
company was founded by its technical director Professor
Martin Sweeting in 1979 as part of the University of Surrey and
has now become an University owned company, the income
trom which is used to support an academic Centre for Satellite
Englneering Research at Surrey.

Besides buitding satellites SSTL also provides ground
stations and telemetry support for the satellites owners. It also
provides training and technology transfer for its customers as
well as supporting an extensive R&D program. Total R&D
expenditure now stands at over $1million per annum and
climbing.

The researchers at SSTL are currently working on develop-
ment of a hybrid rocket motor for in-orbit propulsion, & special
three-axis attitude control system, adaptive modulation/coding
schemes for low earth (LEO) communications, VHF/UHF/SHF
communications systems, and autonomous on-board attitude
determination and orbit navigation systems. In addition many
of the satellites contain technology which is being proved and
tested for other companies, in particular electronics
companies.

around the satellite network and sent via a downiink to the
receiver computer or terminal. The Teledesic systemn is being
designed to handie voice, 16kbit/sec data, and because of the
increasing use of multimedia systems 2GBits/sec video.

The infinite frontier

The satellite and space technology are now a vital part of our
technology and Information infrastructure. In the future they will
become even more important. What started as a weapon of
mass destruction has now become a force that is bringing the
people of the world together.

The development of modern space technology and the
development of advanced electronics has gone hand in hand.
Each has propelled the growth of the other. In the near future,
concepts like IRIDIUM and Teledesic will provide the driving
force for new generations of consumer electronics products,
new applications and new industries, whilst the work on robotic
expiorers will inevitably lead to the development of advanced
mobile, intelligent, robotic systems for use on Earth.

Such developments are only the beginning. Space is the finai
frontier, but it is also an infinite frontier full of infinite possibilities
for technology, and electronics in particular,

Two of their recent launches are the HEALTHSAT Il, and
PoSAT. The HEALTHSAT has been designed to be part of the
HealthNet gicbal communications system that is run by a non-
profit making US-based organisation called Satekife and is
designed to provide desperately needed low-cost communi-
cations links between medical institutions and heaith
programmes in the developing world. Indeed, HEALTHSAT
has played a vital part in helping the medical program in
Rowanda. PoSAT is primarily an Earth resources satellite that
has been developed by SSTL in conjunction with a censortium
ot Portuguese academia and Industry.

HEALTHSAT Il.

The HEALTHSAT |l satellite is a "state-of-the-art' design that is
based upon SSTL's considerable 9 year experience in fiying
‘store and forward’ communications satellites. It was launched
as part of a 'piggyback’ load on an European Space Agency
Ariane (as a result of special deals the Ariane will put a
microsateliite into orbit for about $1/2million, in space launch
terms a phenomenal bargain) in September 1993,

The project was compieted from concept to faunch in just
one year. SSTL being responsibie for the complete design,
construction, test and in-orbit commissioning, as well as
organising the launching and insuring the satellite during
jaunch. Al this within a contract price of just £1million.

This satellite has been designed to support cost-effective
store and forward communications using low-cost gortable
groundstations, basically a transceiver and a portable PC. it
has the following characteristics:

Communications link:
* 3 uplink recsivers at VHF
* 2 redundant downiink transmitters at UHF
* Omin-direction safellite antennas
* Switchable AFSK/FSK modutation
* 1200/9600 bps uplink, 9600/38,400 bps
downlink
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* Qutput transmitter power adaptive from
1W to 10W under computer control

© AX.25 packet communications protegol
Payload:

* Dual redundant 80C186 on board
computers at 8MHz

* Highly integrated 80C188 back-up
on-board computer at 10MHz

" 48MBytes SRAM on-board memory

* EDAC memory protection against radiation
induced Single Event Upsets (SEUs)

* Advanced high efficiency(17.5%) GaAs
solar cell array of 1344sg.cm, producing 30W

The large amount of memory on the satellite is needed to
store messages coming in on the uplink so that they can be
retransmitted on the downlink when the satellite is in range of
a groundstation. The memory is organised as a RAM disk, and
the controfling software is all written in C. The RAMdisk is
protected from SEUs by special software coding and 'wash
routines' plus the extensive use of error correction in the
transmission protocols

PoSAT - 1

Tha PoSAT - 1 was launched on an Ariane rocket in
September '93. It is primarily a research satellite designed to
test a range of satellite systems, but its primary function is as
an Earth imaging sataliite. In its design, SSTL have drawn
upon three previous research and two commercial missions
that used similar technology, in particular KITSAT - 1.that was
built and launched for the South Koreans in 1992,

The Earth Imaging System (EIS) on board the satellite
consists of two charge coupled device (CCD) imagers, two
lenses and a Transputer based on-board image processing
and data compression system. There are two imaging/lens
systems in order to provide a wide field of view with a 2Km
resolution and a narrow field with 200m ground resolution.

The imagers are EEV(UK) 576x576 pixel area CCDs digi-
tised to 2586 levels of grey. The digitised data derived from
these CCDs is stored in a special 2Mbyte SOS (silicon on
sapphire) RAM. This RAM can be accessed by two T-800
transputers to allow the image data to be processed to
enhanced quality and also to compress the data and thereby
reduce storage and transmission requirements.

The E!S data, once it has been compressed and
processed, Is transferred via the satellite's local area network
to an 8MHz B0C186 based on-board computer which then
stores the images as files on its 16MByte RAMdisk for subse-
guent transmission to a ground base. There is sufficient space
on the RAMdisk to store 60 images.

To use the EIS system, a ground base sends a command
to the satellite's computer to initiate imaging over a particutar
area of the Earth’s surface. In order to ensure that the proper
area is imaged, the ground control team use a model of the
satellite’s orbit to determine at exactly what time the satellite
will be over the desired location. Usually a sequence of such
image time commands will be sent.

On-board the satellite, the computer runs a real-time, muiti-
tasking, operating system that is responsible for the automatic
operation of the satellite’s mission. One of these tasks is to
periodically check a 'diary' of timed events, some of which
might be the uploaded times at which images must be taken.

it shouid be noted that the SSTL EIS is different from that

commonly used in Earth imaging satellites. It is different
because it uses a CCD array rather than a mechanically
scanned linear CCD, an arrangement which is usually chosen
because it gives a higher resolution image. However, the SSTL
approach has a number of major advantages, the biggest of
which is the fact that it has no moving parts and is thus far
mora refiable. In addition, the absence of a motor means that
it uses a lot less power and can be much more compact, both
important factors in spacecraft design. The CCD array
approach also has the advantage that exposure times can be
very short, just a few milliseconds, a factor which means that
spacecraft stability is iess of a problem.

Besides the EIS, POSAT payloads include a star sensor
which is based upon the same technology as the EIS but is
optimised for imaging the faint light from stars for use as part
of the spacecraft's attitude determination system. The star-
field image is analysed by the same transputer based system
that is used by the EIS and the measurement data returmed to
the on-board 80C186 computer.

To make satellite position location more accurate the
PoSAT carries a Global Positioning by Satellite (GPS) receiver
based upon the Trimble TRANS-Il receiver. The received data
is decoded and filtered by the Transputer system to produce a
highly accurate three-dimensional co-ordinate for the satellite
togather with information about its velocity and maintenance of
the on-board time reference. With the aid of the GPS receiver,
the satellite can generate its own orbital element set, providing
scheduiing and synchronisation to other computers, and allow
groundstations equipped with a GPS receiver to experiment
with applications for real-time differential GPS.

This GPS capability is potentiaily of enormous commercial
importance since it would allow the construction of an ‘asset
monitoring' satellite, a satellite which could track from space
vehictes, ships or pianes that are equipped with simple trans-
mitters. This satellite could tell the owners of such assets
exactly where they are, thus improving efficiency and also
enabling the police to track down, for example, a stolen lorry.
Current GPS systems will only tell the vehicle driver where he
is, they will not track the vehicle from a centrat control.

Since SSTL, its customers and its partners are keen to be
involved in projects like IRIDIUM and Teledesic, it is not
surprising that another experimental payload on PoSAT is a
digital signal processing experiment. This consists of two
Texas Instruments processors, a TMS3320 C25 and a TMS320
C30 with associated ROM, RAM and I/0 interfaces. These
chips can be used as a programmable communications
modem to modulate downiink data from, or demodulate uplink
data to, the on-board computer, thereby enabling experiments
in modulation techniques for LEO sateliite mobile
communications.

These experiments are aimed at trying to overcome some
of the problems; for example: the varying communications
path and fink characteristics, the high Doppler shifts, and the
problems associated with handing over from one satellite to
another in the constellation of microsatellites, The DSP system
on the PoSAT should enable engineers to look at ways of
overcoming these problems.

As can be seen the SSTL microsateliites such as PoSAT
are very sophisticated and complex systems and they provide
a significant pointer to some of the applications for satellites
over the coming years. It is good to see that despite the
almost complete lack of any viable UK space program, at least
one UK company is leading the world in space technology.
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POWER AMPLIFIER MODULES-TURNTABLES-D

LOUDSPEAKERS-19 INCHSTEREO RACK AMPLIFIERS

[4d;1] THOUSANDS PURCHASED
ACK BY PROFESSIONAL USERS

OMP MOS-FET POWER AM
HIGH POWER, TWO CHANNEL 19 IN

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

MXF600 (300W + 300W) MXF90O0 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OMMS, BOTH CHANNELS DRIVEN
FEATURES: *(ndesendent power supplies with two loroidal Iranstormers & Twin LEE.D. Vu melers w
Lavei controls % llluminated on/ofl gwitch % XLA conneciors & Standard 775mY Inputs & Open and short circull
proot % Latesl Mos-Feta 1or sirens free power delivery into virtually any load & High slew rale & Very low
distortion % Aluminium cases % MXF600 & MXF300 lan cooied with D.C. lcudspeaker znd thermal protection.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 " xH3%:” (2U)xD11"
MXF400 W19 " xHBY." (3UD 12"
MXF500 W19 xH5%" (3U)xD13”
MXF900 W19 xHS V" (3U)XD14%"
PRICES:-MXF200 £€175.00 MXF400 £233.85
MXF600 £329.00 MXF300 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

MP X003 STEREC 3-WAY A

Advanced 3-Way Stereo Active Cross-Over, housed In a 19 x 1U case. Each channel has three levei controis:
bass. mid & top. The removable froni lascis allows access to the programmable DIL swiiches lo edjusl the
cross-over trequency: Bass-Mid 250/500/800H7, Mid-Top 1.8/3/5KHz, stl at 24dB per oclave. Bass invert awitches
on each bass channel. Nominal 775mV input/output, Fully compatible with OMP rack amplifier and modules.

Price €117.44 + £5.00 P&P

M v - i

HIES «
ED FOR CATALOGU

IMM - *
e SERVICE + LARGE (AQ) 8.A.E, 80 STAM

P MOS-FET POWER AMPLIFIER MODULE SUPPLIED READY BUILT AND TESTED.

These modules now enjoy 8 werld-wide rapulslion lar quality, reliability and performsance st & realistic price. Four
modele are dvailable 16 Suill 1he nesds of ha protessional and hobby market Le. Industry. L 9. Insiruméntal sed Hi-Fi
etc. When comparing prices, NOTE thai all models Include 16t0idal powsr supply, integral heat sink. glass fibre #.C.08.and
drive circuits $o pawer 8 compatible Yu meter. AH models sre open and shon chrcull proat.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100K Hz
-3d8, Damping Faclor >300, Slew Rate 45V/uS,
T.H.D. typical 0.002%, Input Sensitivity 500mV, $.N.R.
<110 dB. Slze 300 x 123 x 60mm.
PRICE £40.85 + £3.50 P&P

ry

OMP/MF 200 Mos-Feli Output power 200 watts
R.M.8. into 4 ohms, frequency response 1Hz - 100KHz
-3d8, Damping Factor >300, Slew Rate 50V/u§,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R,
<110 dB. Size 300 x 155 x 100mm.

PRICE €£64.35 + £4.00 P&AP

OMP/MF 300 Mos-Fet Output power 300 watls
R.M.S. inlo 4 ohms, frequency response 1Hz - 100KHz
-3d8, Damping Factor >300, Slew Rate 60V/uS,
T.H.D. typlcal 0.001%, Input Sensitivity S60mV, §.N.A.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + €£5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watls
R.M.S. into 4 ohms, requency response 1Hz - 100KHz
-3d8, Damping Factor >300, Slew Rate 75V/u§,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.A.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £€5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor =300, Slew Rate 75ViuS, TH.D. typical
0.002%, Input Sensitivity 500mVv, $N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Slze 422 x 300 x ¥25mm.

PRICE £259.00 + €12.00 P&P

MOTE: MOS-FET MODULEE ARE AVAILABLE IN TWO VEASIONS:

STEREQC DISCO MIXER with 2 x 7 band
L 8§ A graphic equelisers with bar graph
LED Yu meters MANY CUTSTANDING
FEATURSS:- including Echo with repeal &
spaed control, DJ Mic with talk-over
awitch, § Channels with individual taders
plus oross tade, Cue Headphone Monitor. 8
Sound Effects. Usetul combination of the
tollowing inputss- 3 furntables (mag), 3
mics, 3 Line for CD, Tape, Video stic.

Price £144.89 + €£5.00 P&P

STERE D DISCO ENELGLLE  * ECHO & SOUND EFFECTS*

SIZE: 482 x 240 x 120mm

STAMDARD - INFUT SENS 50OmV, BAND WIDTH 100K Hz.
PEC (PROFESSIONAL EQUIFMENT COMPATIOLE) - INPUT SENMS
779mV, BAND WIDTH 50K Hr. ORDER STAMDARD OR PEC.

AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also avaliable.

PIEZO ELECTRIC TWEETERS - MOTOROLA

Join the Plezo revolution! Tha low dynamic mass (no voice coll] of @ Piezo tweeler produces an improved
| transient response with a lower distortion level then ordinary dynamic tweeiers. As  crossover is nol required
these units can be sdded o exieting speaker systems of up to 100 watis [more it two are put In series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

/_‘ TYPE ‘N (KSN1036A) 3" round with proteclive wire mesh. Ideal for
w’f@wpﬁ '

bookshelf and medlum sized Hi-Fi apeskers. Price £4.90 + 50p P&P.
TYPE ‘B* (KSN1005A) 3% super horn for general purpose speakers.
disco and P.A. systems elc. Price £5.89 + 50p P&P,

TYPE '€’ (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fl sys-
tems and quality discos efc. Price £6.99 + 50p P&P.

TYPE 'D* {(KSN1025A) 2"x6" wide dispersion horn. Upper frequency
response retalned extending down to mid-range {2KHz). Sullable for high

i TPEE  quality Hi-Fi systems and quality discos, Price £8.99 + 50p P&P,
. _,"-.l' TYPE 'E' (KSN1028A) 3%" horn tweeter with attractive silver finigh trim.
3 Lo Suitable for Hi-Fi monitor systems efc. Price £5.99 + 50p P&P.
. <] LEVEL CONTROL Combines, on a recessed mounting plate, level control
o 3 and cabinet Input jack socket. B5x85mm. Price £4.10 + 50p P&P,
L A

ALL EMINENCE UNITS B OHMS IMPEDANCE
8”100 WATT R.M.S. MEB- 100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MiD, DISCO.

RES. FREQ. T2Hz, FREQ. RESP, TO 4KHz, SENS 97dB. PRICEC32.71 + €2.00 PAP
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

RES. FREQ, 71Hz, FREQ. RESP. TO 7KHz, SENSS7dB. PRICE £33.74 + £2.50 PAP
40" 200 WATT R_.M.S. ME10-200 GUITAR, KEYB’D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES.FREQ. 85Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P
42” 100 WATT R.M.S. ME12+100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR,
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100d8. PRICE £35.64 + £3.50 PAP
42" 400 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP, TO 10KHz, SENS 88¢8B. PRICE £36.87 + £3.50 PAP
12° 200 WAYTY R.M.5. ME12.200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ, 58Hz, FREQ. RESP. TO 6KHz, SENS 984B. PRICE £46.71 + £3.50 PAP
12" 300 WATYT R.M.§ ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £7¢.1% + £3.50 P&P
15" 200 WATT R.M.S. ME18-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Mz, FREQ. RESP. TO 5KHz, SENS 39dB. PRICE £50.72 + £4.00 P&P

15° 300 WATT R.M.S. ME18-300 HIGH POWER BASS, INCLUDING BASS GUITAR.
RES. FREQ. 39Kz, FREQ. RESP. TO 3KHz, SENS 10348,

PRICE£73.34 + £4.00 P&P

ARBENDERS:- HI-FI. STUD
ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual Impedance tapped 3 4 & 8 ohm)

bIFLIGHT CASED LOUDSPEAKERS

A new range of qualily loudspeakers, designed to take advantage of the latest
spazker technology and enclosure designs, Both models ulilize studio quality
12" cast aluminium loudspeakers with factory fitted grilles. wide dispersion
constant directivity horns, extruded sluMinium corner prolection and steet
bali corners, complimented with heavy duty black covenng The enciosures
are litted as standard with top hats for optional louds peaker stands.

POWER RATINGS QUOTED IN WATTS AMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45z - Z0KHz

ib1FC 12-1 00WAYTS (1004B) PRICE £ 1 89.00 PER PAIR
il FC $2-200WATTS {100dB) PRICE £478.00 PER PAIR
SPECIALIST CARRIER DEL. £12.50 PER PAIR

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

N-CAR STEREO BOOSTER AMFS]

CAR STEREO BCOSTER AMPLIFIERS
150 WATTS (75 + 7T5) Stereo, 150W
Bridged Mono
250 WATTS (125 + 128) Stereo, 250W
Bridged Monao

400 WATTS (200 + 200} Slereo, 400W
Bridgad Mono

ALL POWERS INTO 4 OHMS
Features:

* Slereo, bridgable monc % Choice of
high & low level inputs % L & R levet
controls & Remote on-ofl & Speaker &

PICES: t50W €49.99 250W C99.00
400W £109.95 P&P £2.00 EACH

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

8" 50watt EEB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, Hi-FI, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97d8. PRICE £8.90 + £2.00 P&P
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fl, IN-CAR.

RES. FREQ. 40Hz, FREQ. AESP. TO 5KHz, SENS. 55dB. PRICE £13.85 + £2.50 P&P
10" 100WATT EB10-100 BASS, HI-FI, STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 98dB.

12" 100WATT EB12-100 BASS, $TUDIO, Hi-Fl, EXCELLENT 0ISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

B%s” BOWATT EB5-680TC (TWIN CONE) HI-FI, MULTI-ARRAY 0ISCO ETC.

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

&%:" SOWATT EB6-60TC (TWIN CONE) HI-FI, MULTLARRAY DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP, TO 20KHz, SENS 34dB.

" 6OWATT ER8-80TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 33dB. PRICE €12.99 + C1.50P&P
40" SOWATT EB10-60TC (TWIN CONE} HI-FI, MULTI ARRAY DISCO ETC.

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98d8B. PRICE £16.49 + £2.00P&P

PRICE £30.36 + £3.50 P&P

PRICE £9.99 + T1.50 P&P

PRICE £10.99 + 1.50 P&P

e = o}
LARGE SELECTION OF SPECIALIST LOUDSPEAKERS

1

TRANSMITTER HOBBY KIT
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARO AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

IW  TRAMSMITTER B0-108MHz. VARICAP CONTROLLED PROFESSIONAL

IPERFORMANCE, RANGE UP TD 3 MILES, SIZE 33 x 123mm. SUPPLY 12¥ & 0 SAMP,

PRICE €14.88 + C1.00 P&P

PN WICRO TRANSMITTER 100-108MMz. YARICAP TUNED, COMPLETE WiTH

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 4bmm, SUPPLY 9V BATTEAY.
PRICE €8.80 + £1.00 P&P

B.K.ELECTRONICS

UNITS 1& SCOMET wWAY, SOUTHEND-ON-SEA,
ESSEX. SS2E6TR.

PHOTO: 3W FM TRANSMI TTER

Tel: 0702 -527572 Fax.:0702-420243
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8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 0203 650702
Fax: 0203 650773

IARIAl  Moblle: 0860 400683

{Premises sltuated close to Eastern-by-pass in Coventry with easy acCcess
fo M1, M6, M40, M4a2, M45 and M69)

OSCILLOSCOPES

Gould 083000 — 30MHz Dual h.........ccooooiiiiiiii i
Gould 4035 — 20MHz Digital storage.. o
Gould 4050 - 35MHz Digital storage............
Gouid 5110 - 100MHz Inteltigent oscilloscope .
Gould 054000, 0S4200, 0S4020, 0S245...........
Hewlett Packard 1740A, 1741A, 17744A, 1
Hewlett Packard 182C -~ 100MHz 4ch.....c.ccoocoviiniceans
Hewlett Packard 1707A, 1707B — 75MHz 2ch.
Hewilett Packard 542014 - 300MHz Dlgmzing
Hitachi V.U22 —~ 40MHz Dual chanr\el &
Hitachi V212 20MHz Dual Channel ..
Nicolet 3081 - LF D.S.0................
Philips PM 3315 - 60MHz - D.S.O. ..
Tektronix 2213 — 60MHz Dual Channel
Tektronix 2246 100MHz-4 channel........
Tektronix 2215 60MHz dual trace ..
Tektronix 2235 Dual trace 100MHz | portable
Tektronix 2335 Dual trace 100MHz (portable) .
Tektronix 2225 — 50MHz dual ch..................
Tektronix 465/465B — 100MHz dual ch............ccocoerenee.
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch
Tektronix 7704 250MHz () e
Tektronix 7834/7844 — 400MHz 4 ch .

Tektronix 7904 — 500MHz ..................... from £850
Tektronix 468 - 100MHz Digital Storage ...... ......£800
Phiitips 3206, 3211, 3212, 3217, 3226, 3240

3243, 3244, 3261, 3262 (2ch + 4ch) ............................ from £125 to £350
Philips PM3070 100MHz 2 + 1 Channels + Cursors............. as new £900

Other scopes avallable too

SPECTRUM ANALYSERS

AINEOhNRT7 - 20GHZER L. (. e d S A e W il o il
Hewlett Packard 35804 — -SHz-50KHz... et
Hewlett Packard 8590A — 10KHz — 1.5GHz — (as new)
Hewlett Packard 182T with 85584 f1 OMHz - 21GHz) ..
Hewlett Packard 4953 Protocol analyser ..

Hewlett Packard 8561A - 6.5GHz ..
Hewlett Packard 8594E - 2.9GHz ......
HP 3582A — 25KHz Analyser, dual cha
HP 8590B — 9KHz — 1.8GHz .. -
HP8754A — Network analyser 4-1300MHz..
Marconi 2370 — 110MHz

Rohde & Schwarz — SWOB 5 Polyskop 0.1 — 1300MHz ..
Tektronix 7L18 with 7603 main frame 1.5 GHZ — 18GHZ. .
Texscan ALSTA (AMHZ — 1GHZ) .......ccooooiceiriiecicccreveeeien

MISCELLANEOUS

Anritsu ML938/ML82B Optical power meter with sensor............... £2000
Anritsu MG642A Pulse Pattern Generator ... ..£1500
Avo VCM 163 Valve Characteristic Meter...............ccoocoovvnniiininsnd £400

Ballantine 323 True RMS Voltmeter...
Datalab DL 1080 Programmable Transient Recorder. -
Farneli RB 1030-35 Electronic load 1Kw............... ..£450
Farneit 2081 R/F Power Metar..............coon i POA
Farnelt SSG 520 Sig. gen 10- 520MHz . .
Farnell TTS 520 Transmitter test set...
Farnell SG1B Sig. geninterface......ccocooeeerveiccccnecernnan -
Farnell TSV 70 Mklt Power Supply (70V-5A or 35V-10A) ................ £225
Ferrograph RTS-2 Audio Test Setwith ATU 1 ...
Fluke 8010A Digital multimeter...........ccoeveiiiiicciiicenniinnns
Gay Milano FTMIC/FTM3C - FTM - Fast transfent monitor -
General Rad 1658 LCR Digibridge ... ..£250
Hewlett Packard 436A Power matar +8481A sensor. .
Hewlett Packard 3437A System veltmeter.................
Hewlett Packard 3456A Digital voltmeter................cocoieicnne 3
Hewlett Packard 3478 Digital voltmeter, 4 wire system, 1EEE........ £650
Hewlett Packard 3760/3761 Data gen + error detector ........... each £300
Hewtett Packard 3762/3763 Data gen + error detector ...........

Hewlett Packard 3777A Channel selector........................
Hewtlett Packard 3779A Primary muitiplex analyser ..
Hewlett Packard 4193A Vector Impedance mater ..
Hewlett Packard 7402 Recordar with 17401A x 2 plug ins..

Hewlett Packard 80058 Pulse generator ...... s .£250
Hewlett Packard 8011A Pulse gen. 0. 1Hz—20MHz ..... £500
Hewlett Packard 80138 Pulse gen. 1Hz-50MHz ....... ....E£750
Hewlett Packard 8406A Frequency comb. generator ....................... £500
Hewlett Packard 8443A Tracking gen/counter with 1EEE £300/400
Hewlett Packard 8444A Tracking Generator ................... ....£750

Hewlett Packard 84458 Automatic preselector..........
Hewlett Packard 8620C Sweep oscillator mainframe "
Hewlett Packard 8750A Storage normaliser................ooe. £375

Hewlett Packard 8654B 10-520MHz sig. gen
Hewlett Packard 3438A Digital multimeter.....
Hewlett Packard 6181C D.C. current source
Hewlett Packard 595018 HP.1B isolated D/A power

SUPPlY Programmer...........ooivipermieimeiieaseccieinens ....£150
Hewlett Packard 3403C True RMS voltmeter ...........cccococeeieecvennnnne .£250
Hewlett Packard 37t11A/3712A/3791B/3793B Microwave Link Analgser
....................................................................................................... £3500

Hewlett Packard 89018 - Modulation analyser AM/FM (150KHz
1 S0OMIPE s 8 v o e S i
Hewlett Packard 89038 - Audio Analyser (20Hz 100KHz)

Hewlett Packard 5316A Universal Counter HP1B . he ....£550
Hewlett Packard 53168 Universal Counter HP1B ... . ... ... £775
Hewlett packard 5385A Frequency Counter - 1GHz - (HP1B)

with OPTS 001/003/004/005... corvrrrky R ARBO S D

Hewlett Packard 1630G Loglc Analyser (65 channel)
Hewlett Packard 8657A ...................ccoovinniiiniennn, -
Hewlett Packard 3779C Primary Muitiplex Analyser..............c....... £1000
Hewlett Packard 8920A R/F Communications Test Set ....as new £8000
International Light - IL 1700 Research Radiometer with Erythermat

SR ARSI S IR AR - e = b, — ool B e £1250

J.J. Instruments CR700 Recorder (m carrying case) ......£300
Lyons PG73N/PG75/PG28/PG Pulse generator .. from £225
Marconl 2019A 80KHz-1040MHz sig. gen ... ..£1850

Marconi 2432A 500MHz digital freq. meter ... - £200

Marconl 2337A Automatic dist. meter.......... €150
Marconi 2356 20MHz level oscillator .................... ..£300
Marconl 2306 Programmable interfacs.. ...8450
Marconl 2830 MultipleX teSter...........ocooiiii e £1000
Marconl 2831 Channel access switch .. ......£400
Marconl| 2440 — Microwave freq. counter 20GHz .. £1500
Multicore “Vapourette” Bench Top Vapour Phase SMD Soldering

Machine {NEwW. + LINUSEH) it vovost b e e Aher O st So. k. s e £650
Phllips 5390 1GHz R/F Syntheslsed signal gen . .£1250
Phllips PM 5167 10MHz functicn gen.............. ..£400
Philips PM 5519 Colour TV patterngen ..., E400
Philips PM 6672 1GHz timer/counter WF 1EEE. ..£650
Philips PM 8272 XYT chart recorder........ ............ £500

Philips 5518 Colour TV Pattern Generator................
Racal Dana 202 Logic analyser + 68000 disassembler
Racal Dana 9242D Programmable PSU 25V-2A....
Racal Dana 9246S Programmable PSU 25V-10A
Racal Dana 3100 40-130MHz synthesiser................. LR ...£750

Racal Dana 5002 Wideband evel meter ...£650
Racal Dana 5003 Digital m/meter ... ]
Racal Dana 9000 Microprocessing timer/count. 52MHz...... ...£550
Racal Dana 9081 Synth. sig. gen. 520MHz .. - ...£550
Racal Dana 9084 Synth. sig. gen. 104MHz .. ...£450
Racal Dana 9303 True RM5/RFevei meter . %, .£650
Racal Dana 9341 LCR databridge ... ...£250
Racal Dana 9500 Universal imer/counter 100MHz ... ...£200
Racal Dana 9917 UHF freguency meter S60MHz.......... E175

Racal 9301A - True RMS R/F Millivoitmeter ..
Racal 9921 - 3GHz Frequency Counter........
Rohde & Schwartz BN36711 Digital Q meter...........
Rohde & Schwarz - ZPV Vector Analyser....... y -
Rohde & Schwarz - SMFP2 Mobile Tester ..............cccccoocmeeeaid £4000
Rohde & Schwarz - Scud Radio Code Test Set,.................. :
Rohde & Schwarz - LFM 2 Sweep Generator 0.02 - 60MHz ..

Rohde & Schwarz SUF 2 Noise Generator... :
Schiumberger S.I. 4040 Stabilock - High accuracy
1GHz Radic Test Set..................... L oo, M i
Schlumberger 4923 Radio Code TestSel ...
Schlumberger 2720 1250 MHz Frequency Counter
Solarton Schiumb 1170 Freq. response analyser
Systems Video 1258 Waveform Analyser + 1255 Vector Monitor + 1407
Differential Phase and Gain Module + 1270 Remote Control Panel £2250
Systron Donner 1702 Synthesised Sig. Gen 1GHz ... -..£1000
Telequipment CT71 Curve Tracer.............c.cocovvceiincccrieanens *
Tektronlx TM503, SG503, PG506, TG501 Scope calibrator ..
Tektronix TM5003 + AFG5101 arbifrary function generator
Tektronlx 1411 PALNTSC/PAL-M Signal Generator with
SPG 12/TSG11/TSG13/TSG15/TSG16 and SP11 Pluguns .............
Tektronlx 1480 Waveform Monitor =
Tektronlx 851 HR Monitor...................
Time 9811 Programmable Resistance.......
Time 9814 Volitage Calibrator...

W&G SPM12 Level meter 200Hz-6MHz ..........
W&G PS12 level generator 200Hz-6MHz ..
W&G PCM 3 - Auto Measuring Set for Telephone Channels...
W&G MU3 Test Point Scanner...............cccooiiiiniccininnne.
Wayne Kerr B424/N LCR Component meter set....
Weller D801/D802 Desoldering station...............
EIP 331 — Frequency countar 18GHz .......

SPECIAL OFFERS — Phoenix 5500A Telecoms analyser, ex. demo. as
new with 12 moenths calibration + 12 months guarantee fitted with V24
interface. A variety of interface options available — Ring/Fax tfor details.
Navtel 9440 Protocol analyser, ex. demo. as new £8000 new — cost
now £3500. Navtel 9410 PCB based protocol analyser ex. demo. as
new £3000 new — cost now £1500.

MANY MORE ITEMS AVAILABLE - SEND LARGE S.AE. FOR LIST
OF EQUIPMENT ALL EQUIPMENT IS USED — WITH 30 DAYS

GUARANTEE. PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING ~- CARRIAGE & VAT TO BE ADGED TO ALL GOOODS
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MINI ENLARGER

This month,
Terry Balbirnie
puts on his
photographer’s
hat, and shows
how to make a handy
battery- powered
enlarger timer that will
prove very useful in any
darkroom

his project will be of value to anyone needing
a basic timer for darkroom work. Being
battery-operated, it will be of special interest to
constructors wishing to avoid mains circuits for
safety reasons. Although originally designed as an
enlarger timer, there is no reason why it could not be used for
general darkroom work or, indeed, for other purposes in and
around the home - as a kitchen timer, for example.

Taking risks
Some amateur photographers make prints without using a
timer. They rely on looking at the clock or simply counting
seconds. At best this is risky and at worst will produce grossly
inconsistent results. This will be particularly evident when
several prints are being made from a single negative.
Commercial timers operate by switching on the enlarger for a
time set by switches on the front panel. There will also be an
override facility so that the lamp may be operated continuously
to facilitate focusing. More sophisticated units have a built-in

TIVER

photometer
which measures
the light passing
through the negative to the
baseboard and provideés the
correct exposure automatically.
Such devices may be a good idea for
the professional or serious amateur,
However, for occasional use, the outlay is probably not justified
and a simpler unit will be adequate. It was with such users in
mind that the Mini Enlarger Timer was designed.

As described, periods between 1 and 199 seconds in 1
second steps are provided. These timings could be easily
Increased as required and more will be said about this later.

Seeing the light

To avoid mains connections, this timer requires the user to
switch the enlarger on and off manually. Three rotary switches
on the front panel are set to the exposure time required. One
acts as an on-off switch and also selects 0 or 100 seconds as

- * $—0"0
$3 POLE B

NOTE: R2
IC1  ZN1034E 100R )
IC2  ICM7555
M ZTX300 4 8

4 5

12 R3 co |2 Rs EY
Py - M ' + 390R T
RESISTOR 1c1 Cs 1 gy
CHAIN o 13 3 220u —
+| BUZ % T
[ ?&m R4 LED2
T N 220R
I L s2
AV 1 t] —_—o ':| )
100k 22n v wo"I ¥/LED1
e e L [0 s | oleadingd
Fig.1. Mini enlarger timer circuit diagram
1
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required. The other two switches provide the tens and units.
When ready, the push button (START) switch is operated
momentarily and the enfarger switched on at the same time. An
LED illuminates while the circuit is in the process of timing and
when it goes off, a bleep is emitted. At that point the enlarger is
switched off. A push-button (CANCEL) switch allows timing to
be interrupted before the end of the natural timing period if
required.

The unit is powered using a PP3 battery which is convenient
and for occasional use will provide good service. For longer
periods of use, it is suggested that a pack of six AA cells in a
suitable holder be used. An LED indicator serves as a reminder

ZRRRN

LED2 RESISTOR S1 LED1 S2 GND
CHAIN

Fig.2. Mini enlarger timer PCB component overlay

that the unit is switched on so that the battery is not drained
while not in use. 1t would greatly reduce the standby current
requirement if this LED were cmitted. However, doing so would
be risky because of the ease with which the unit could be left
on. Although red LEDs are generally *'safe’" with black-and-
white papers, it may be necessary to cover them over for
certain specialist work such as when using panchromatic mate-
rials or colour paper.

Circuit operation

The compiete circuit diagram {schematic) for the Mini Enlarger
Timer is shown in Fig. 1. It will be seen that the design centres
on two integrated circuits. IC1 is a precision timer which
provides the actual time periods. IC2 is responsible for the
bleep time and since this is not very critical, it is a simple C-
MOS 555 type.

C1 operates in the following way. When S1 (START) is
pressed for an instant, pin 1 is made low and the device trig-
gered. This allows timing capacitor, C1, to charge from pin 14
through the resistor chaln. This chain is a set of precision fixed
resistors selected by the rotary switches and more will be said
about this arrangement presently. As C1 charges, the voltage
across it rises. After a time dependent on the value of the
resistor(s) in the chain, the capacitor will reach a certain voltage
level and Is then discharged by intemal circuitry. At the same
time, an on-chip register records a count of one in a 12-stage
binary divider. This process repeats until 4095 counts have
been counted whereupon the twin outputs, pins 2 and 3,
change state - that is, pin 3 which was high during timing goes
low and pin 2 which was low goes high. With timing complete,
the i.c. reverts to its original state ready for further operatign.

Rapid pulse

During the course of timing, the high state of pin 3 operates the
light-emitting diode, LED1, through current-limiting resistor, R4
and this indicates that timing is taking place. With timing over,
pin 2 goes high and allows base current to enter transistor, TR1
via R3. The collector goes low and sends a momentary low
pulse via capacitor, C3, tc the trigger input, pin 2, of timer IC2.
This part of the circuit is configured as a short period mono-
stable - once triggered the output, pin 3, goes high then low
again. The time during which the output remains high depends
on the values of resistor R7 and capacitor, C4. With those
specified this will be about 0.2 secends. To lengthen the time,
R7 could be increased in value and vice-versa. As pin 3 goes
high, the solid-state buzzer, BUZ1, will emit a bleep. During the
course of timing, IC1 may be reset by pressing switch S2
(CANCEL) connected directly between pins 4/5 and supply

- ——

TO ‘RESISTOR CHAIN'
ON CIRCUIT BOARD

™
RESISTOR

TO'S3 POLE B
ON CIRCUIT BOARD

82 s

100k RESISTORS
9 OFF

10k RESISTORS
g OFF

TENS UNITS

Fig.3. Mini enlarger timer switch wiring and resistor network
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negative. This interrupts the current entering the chip
and resets the internal register.

The purpose of resistor R6 is to keep IC2 pin 2
normally high which prevents false triggering.
Resistor RS allows capacitor C3 to discharge
between operations via R6. Light-emitting diode,
LED2, which is connected across the supply glows
whenever the circuit is switched on. R8 limits its
operating current.

The power supply for IC1 needs to be stable
despite wide variations in battery voltage. This
ensures that the timings are accurate. This is
provided by a 5V on-chip regulator. The difference
petween this voltage and that of the supply is
“'dropped" across resistor, R2. In practice, the circuit
operates correctly down to a supply of about 6V.

ALUMINIUM PANEL

A" CIRCUIT PANEL

Fixed resistor R1, in conjunction with preset potentiometer,
RV1, provide a “'trim** for the time perlod to take account of
component tolerances. At the end of construction, this will be
adjusted for best accuracy over the entire range.

e \ Construction
ﬂs‘lj‘&?g; The component overlay for the circuit board (PCB) s shown in

Fig. 2. Mount the IC sockets first followed by all resistors
1 . : : (including preset RV1) and capacitors. Take care over the
Fig-4. BN 111 polarity of C5. Follow with the audible wamning device (note that
the polarity is inscribed on the
plastic body underneath) and
the transistor. Do not insert the
e o ICs yet. Solder 12cm pieces of
— light-duty stranded connecting
wire to the 7 points along the
left-hand side. Solder a similar
length of wire to the pad
- labelled *"S3 Pole B™ on the
right-hand side and the nega-
tive connection of the PP3-type
battery snap (if the battery
holder is of this type} - if not,
= use a piece of wire similar to
= that used for the other connec-
J tions.

Before proceeding, it is
necessary to cut the spindles of
*o 7‘ * ot = i the rotary switches to size and

5 .10 e 4 0 2, adjust them to provide the
oz e ot e 1 o correct number of positions. As
I__ supplied, $1 and S2 (units and
NOTE: NO RESISTOR CHAIN DETAILS SHOWN tens respectively) are 12-posi-
tion single-pole switches and
S3is a 6-position 2-pole one. It
is necessary to provide 10, 10
and 3 positions respectively. To
do this, first tum the spindle
L Fig.5. Mini enlarger timer connection diagram fully anti-clockwise then remove

the large brass nut, the serrated
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washer and the tab washer beneath. This will reveal a circle of
small holes into which the tab may be located. With luck, the
plastic will be inscribed with numbers indicating which hole is
used to provide a given number of positicns and all that is
required is for the tab to be placed in this one. If the position is
not indicated, it is easily found by trial and error. Replace the
nut and washer.

Spread the tags to be used and, referring to Fig. 3, mount
the chain of resistors around the switches as shown. The
diagram shows the conventional numbering found on most
switches of this type. Note that it is essential, in the Interest of
accuracy, to use 1% tolerance resistors for the chain. Care
should be taken to avoid overheating them with the soldering
iron since this may disturb their values permanently. If there is

Components

Resistors

R1,5,6 100k
R2 100R
R3 ™
R4 220R
R7 10M
R8 390R

Additional for the resistor chain: 10k - 8 off, 100k
- 8 off, IM - 1 off.

All fixed resistors in chain 0.6W 1% carbon film
- see text.

any doubt about your ability to sotder them quickly, leave longer Others may be 0.25W 5% carbon fim.
end leads. Make certain all switch connections are sound -
check them with a multitester.

Note that all components are mounted on the lid of the box.
This means that there will be no strain on any wires when the lid
is removed to change the battery. Drill the front panel for the Rv1
three rotary switches, the LED indicators and the START and
CANCEL push-button switches (see photograph) then mount
these components. Leave the attaching nuts on the rotary

Potentiometer
100k sub-min vert. preset.

switches slightly loose for the moment and fit the knobs Capacitor

temporarity. Turn them fully anti-clockwise and adjust the posi- C1 22nF close-tolerance polystyrene

tion of the switches so that the white markers on the knobs C2.3 100n dise ceramic

point to the top. Remove the knobs and tighten the fixing nuts. C4 22n monolithic ceramic
Make an aluminium panel 160mm long and bent to the form C5 220m 16V electroiytic

shown In Fig. 4. Mount the circuit board on this using small nuts

and bolts with short plastic stand-off insulators on the shanks.

The soldered connections should be kept at least 5mm clear of

the metatwork. Using small nuts and boits, attach the panel in Semiconductors

posttion as shown in the photograph. The PP3 battery holder LED1, 2 5mm LED indicators

rmay also be mounted on the rear of this panel. Refer to Fig. 5 Q1 ZTX300

and complete the internal wiring. Note that the resistor chain IC1 ZN1034E precision timer

details are not shown on this diagram. Mark the switch posi- IC2 ICM7555

tions with rub-down lettering and re-fit the control knobs.

Testing .

insert the ICs into their sockets observing anti-static precau- Miscellaneous

tions. Connect the battery and switch on by placing the
hundreds switch at O initially. Note that the ON LED operates
and the buzzer gives a bleep. Set the tens switch also to zero
and the units to 9 seconds. Press the START button. The
TIMING LED should operate for somewhere in the region of 9
seconds then go off. At the same time, the audible warning
device should emit a short bleep.

It is convenient to set the tens switch to 60 secends and
adjust RV1 to provide this time accurately - aim for within 1
second, Note that clockwise rotation of RV{ will increase the
timing and vice-versa. This done, check throughout the entire
range and make minute adjustments to RV1 as necessary to
provide the best overall performance. Test the action of the
RESET switch - the TIMING LED should go off and the buzzer

emit a bleep. Note that if all switches are set to zero, when trig-

gered the circuit remains on.

For certaln applications the timings may need to be
increased. This can be done by increasing the value of capac-
itor C1 in proportion. Note that this capacitor must be a high
quality component {close tolerance polystyreng). An unsuitable
one will drift in value with time and atter its value (and therefore
the timings) with changes in temperature.

S1,2,Single-pole 12-way rotary switches make-
before-break action

S 3 2-pole 6-way rotary switch make-before-break
action.

B1 PP3 battery, hoider and connector.

BUZ1 PCB mounting solid-state buzzer 3-24V d.c.
operation.

Printed circuit board, 14-pin d.ll. socket; 8-pin d.i.l.
socket. Box for unit. Aluminium for bracket, small
hardware.

Buy Lines

The sloping-front box used in the prototype (see
photograph) was obtained from Maplin {(order code
LHBEW). The ZN1034E (UF32K) and buzzer (KUS8N)
are avaijlable from the same supplier as are ali other
components.
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EXPRESS COMPONENTS

MAINS IONIZER KIT. Very usetul
kit that increases the flow of negative
ions, helps clear cigaretie smoke, dust,
pollen ctc. Helps reduce stress and
respiratory problems. £15. kit, £20
buili.

COMBINATION LLOCK . Electronic
9 key combination lock suitable for
alanns, cars houses etc, casily program-
mable. Includes mains 2Arelay o/p. 9v
operation. £10 kit, £14 built.
VARIABLE POWER SUPPLY.
Stabiized, shortcircuil protected. Gives
3-30v DC at 2.5A, ideal for workshop
orlaboratory. £14 kit £18built. 24VAC
required.

LEADACID CHARGER. Twoauto-
matic charging rates(fast and slow),
visual indication of battery state. Ideal
for alarm systemis,emergency lighting,
battery projects etc. £12 kit,£16 built.
PHONE LINE RECORDER.Device
that connects to the 'phone line and
activates a cassette recorder when the
handset is lifted. Ideal for recording
‘phone conversations efct. £8 kit, £12
built.

ROBOT VOICE. Tums your voice
into a robot voice! answer the phone
with a different voice!. £9 kit, £13
buiit.

PHONE BUG DETECTOR. Thisde-
vice will warn you if somebody is
cavesdropping on your ‘phoneline. £6
kit £9 built.

PIIONE BJG. Smallbug powered by
thetelephoneline. Only transmits when
the phone is used. Popular surveil-
lance product.£8 kit, £12 built.

STROBE LIGHT. Bright strobe light
with an adjustablefrequency of 1-60hz.
(a lot faster lhan conventional strobest)
£16 kit, £20 buiit.

4W FM TRANSMITTER 3RFstages,
audio preamp. 12-18vDC. Medium
powered bug £20 kil, £28 built.

3 CHANNEL LIGHT CIIASER. 3x
800w output, speed and direclion con-
trols, can be used with 12 led's (sup-
plied) or TREACS for mains lights (also
supplied). 9-15v DC. £17kit, £23 built.
25W FM TRANSMITTER. 4stage, a
preamp will be required. (Our preamp
below is suitable) £79 built. (no Kits).
SOUND EFFECTS GENERATOR.
Produces any thing from bird chips to
sirens! add sounds 10 all sorts of things
£9kit £13 buily,

FM/AM SCANNER. Well not
quite,you havetoturn the knob yourself
but you will hear things on this radio
(even TV) that you would not hear on
an ordinary radio! A receiver that cov-
ers 50-160M11Z both AM and FM. Built
in Sw aniplifier. £15 kit, £20 built.
CAR ALARM SYSTEM. Works on
vibration and/or voltage drop from door
ete being opened. Entry and exit delays
plus adjustable alarm dusation. Low cost
proteclion! £12 kit, £16 built.

15W FM TRANSMITTER. 4 stage,
high powerbug. You will need a preanip
for this (see our preamp below which is
ok) £69 built. {no kits).

IW FM TRANSMITTER. 2 stage in-
cluding preamp and mic. Good general
purpose bug. 8-30VDC.

£12 kit,£16 built.

BULK PACKS

PREAMP MIXER. 3 channel input,
independent level and tone controls.
Ideal for use with the hi power FM
transmitters. £15 kit, £19 built.
TREMBLER ALARM. Designed for
bikes ete, adjustable sensitivily, preset
alarmtime, autoreset. Could be adapted
for all sorts of "borrowable” things £12
kit,£16 built.

ULTRASONIC RADAR. A project
thet can be used as amovement deteclor
in an enclosed space. Range about 10
metres,12vDC. Good basis for
car,shed,caravan alarm etc.£ 14 kit, £19
built.

PHONE CALL RELAY. Very uscful
kit that incorporates a relay that oper-
ates when the phone rings. Can be used
to operate more bells, signalling lights
etc. Good for noisy enviroments or if
you have your headphones on! £10kit,
£14 built,

PORTABLE ALARM SYSTEM.
Small 9v alarm system based on a mer-
cury switch, The alann conlitues to
sound until disabled by the owner.
Buzzer included. £11 kit £15 built.
800W MUSIC TO LIGHT EFFECT.
Add rhythm to your music with this
simplesound 1o light kit L8 ki, £12
bauilt

MOSQUITO REPELLER. Modem
way 10 keep the midges away! Runs for

about a month on one

1.5v battery. Frequency is
set 1o drive away mosquitos e1c. £7 kit,
£11 built.
3 CHANNEL SOUND TO LIGHT.
Can be used any where as no connection
is made to hi fi. Separate sensitivity
controls for e¢ach channel,
1,200Wpowerhandling. Microphone
included. £14 kit, £19 built.
MINIMETAL DETECTOR. Detecls
pipes,wires etc up to 20cm deep. Use-
ful before you drill those holes! £8 kit,
£12 built.
0-5 MINUTE TIMER. Simple time
switch adjustable from 0-5 mins,will
switch 2A mains load. 12v op. Ideal for
laboratory, photographic projects etc.
£7 ki, £11 built.
7 WATT H1 F1 AMPLIFIER. Useful,
powerful amplifier 20hz-15hz, 12-
18vde. Good for inlercoms, audio sys-
tems, car etc. £7 kit £11 built.

INCAR SOUND TO LIGUHT. Put
soue atmosphere in your car with this
kit. Each channel has 6 led's that creale
a beautiful lighting effect! £10 kit, £14
built.

YOX SWITCI. This is a sound acti-
vated switch, ideal for use on transmit-
ters, CB's, tape recorders ete. Adjust-
able sensilivity, built in delay. Mic in-
put. £7 kit, £11 built.

50 K/C's for £1.50
Nice mix of chips at a bargain price!

CERAMIC CAPACITOR PACK
Good mixed pack of 100 capacitors
for just £1.0¢

FUSE PACK NO2
30 mixed 1.25" fuses again ideal for
spares elc. Just £1.00

ELECTROLYTIC PACK 1

WIRE PACK
25 Metres of insulated wire for just
£1.00, good for projects elc.

100 small mixed electrolytic
capacitors just £1.00

ELECTROLYTIC PACK 2

SLEEVING PACK
100 assorted pieces of sleeving for
connectors etc. Yours for just £1.00

50 larger electrolylic mixed
capacitors

DIODE PACK
100 assorted diodes for just £1.00

RESISTOR PACK NO 1
250 low waltage resistors, ideal for
most projects et¢. Just £1.00

LED PACK
20 light emilting diodes for £1.00

RESISTOR PACK NO 2
Hi wattage pack, good selection of
mixed wattages and values 50 in al,

TRANSISTOR PACK
50 mixed transistors, another bargain
at £1.00

bargain price just £1.00

PRESET PACK
Nice selection of 25 mixed preset
pots for just another £1!

BUZZER PACK
10 things that make a noise for just
£1.00

RELAY PACK NO 1
6 mixed relays for £1, thats just | 7p

POT PACK
10 pots for L1, (5 different types) a
snip at £1.00

each.

CONNECTOR PACK
10 different connectors, again for £1

DISPLAYS
10 seven segment displays for
£1.00

FUSE PACK NO 1
40 mixed 20mm fuses, ideal for
repairs et¢, or jusi to stock up the

ORDER 10 PACKS OR MORE
AND CHOOSE ONE FREE
PACK!I

spares box? Just £1.00

KITS 'N

LIQUID LEVEL DETECTOR.

Useful jtem, can be used fo detect
fuid levels in watertanks, baths, ponds
fishtanks ¢ic. Could also be used as rain
alann with an easily constructed sen-
sor. £5 kit, £9 buil.
FM TRANSMITTER. Mini FM trans-
mitter 2 lransistor, comes with FET
minature mic and is tunenble from 63 to
130MHZ. £7 kit, £11 built.
FUNCTION GENERATOR. Gener-
ates sinusoidal, saw toolh and square
waveforms from 20hzup1o20khz. Sepa-
rate level controls for each waveform.
24vac. £15 kit, £20 built.
5 WATT SIREN. Powerful siren kit
with an impressive § watts output. ldeal
for alarms etc. £6 kit £10 built.
TELEPHONE AMPLIFIER. Very
sensilive amplifier which usinga ‘phone
pickup coil (supplied) will let you fol-

How to place your order

By phone
By FAX

FREE COMPONENT CATA-
LOGUE WITIHI EVERY ORDER!!

MODULES

low a ielephone conversation without
holding the handset to your eart £11 kit
£15 built.

SWITCIH PACK
10 switches for just £1.00

12vFLLOURESCENT. Auseful kitthat
willenable youto light largeflourescent
tubes from your car battery et¢. 9v mains
transformer required. £8 kit, £12 built.

KNOB PACK
10 knobs for just £1.00

REMEMBER! YOUR FREE COPY|
OF OUR CUT PRICE COMPO-
NENTS CATALOGUE SENT
WITII EVERY ORDERI!!

0273 771156
0273 206875

By Post...PO box 517 Hove Sussex BN3 5QZ

Payment by ACCESS,VISA, CHEQUE OR POSTAL ORDER.

Cheques and poslal orders should be payable to Express Components.
ALLPRICES ARESUBJECT TO99p POST AND VAT. Some of ourproducts
may be unlicensable for use in the UK {particularly the FM transmilters.)




Versatile 24 line

RS232 1/0 Interface

Serial RS232 communications are an ideal way of linking a PC to a
remote device. In this project Dr Pei An shows how to convert a
serial input into a bidirectional I/0 port

he RS-232C port is an industrial standard asyn-
chronous serial data communication interface for
the purpose of serial data communications
between two devices and is available on almost all
modern perscnal computers. it is frequently used for
connecting printer, modems and mice to the computers. One
advantage of the serial port is its simplicity in linking the
computer to extemal devices. In total, there are nine lines.
However, in most applications, lines are sufficient to perform a
bi-directional communication. Another advantage Is that the
communication distance of the RS232 interface can be up to
100 feet. Unfortunately, unlike parallel ports which requires
simple interface circuit, the RS232 port requires a slightly
complicated interface circuit.

In this article, | am going to introduce a versatile, general
purpose RS232 I/O card. This card is connected to the PC's
RS232 port via three wires and it is able to provide 24
input/output lines. These lines are organized in four groups,
namely, groups A, B, C1 and G2. Groups A and B have eight
data lines and groups C1 and C2 have four lines. Each group
can be configured as an input or output under the control of the
RS232 port. Figure 1 shows the schematics of the card
connected to a PC and the pin functions of the 26-way DIL
socket from which external clrcuitry is connected.

FUNDAMENTALS OF SERIAL DATA
TRANSMISSION

Serial data transmission

Unlike a parallel port, which normally has eight data lines and
each time transmits an 8-bit byte in one go, a serial port only
needs one data line to transmit the 8-bit byte. The byte is trans-

mitted successively, or in another word, serfally. There are two
serial data transfer schemes: the synchronous and asynchro-
nous transmissions. In the synchronous data transfer scheme,
additional lines are required to transmit handshake or timing
signals along with the data line to indicate when the next bit is
to be transmitted on the line. The advantage of this data transfer
Is that the receiver is able to respond to the clock rate of the
transmitter automatically. For asynchronous data transfer, the
transmitted data themselves contain the information of synchro-
nization and neither handshake nor clock signals is needed. The
transmitted serial data comprises a Start Bit, which indicates
the beginning of a data transmission. It is followed by Serial
Data Bits and then Stop Bits indicating the end of the transmis-
sion. An optional Parity Bit can be added between the Serial
Data Bits and the Stop Bit for parity checking. The receiver
device detects the start bit and receives the subsequent data
bits. This data transfer requires that the transmitter and the
receiver must have the same clock frequency. Asynchronous
data transmission Is used in most personal computers. In prac-
tice, the asynchronous communication is facilitated by a family
of industrial standard computer peripheral ICs known as the
UARTS (Universal Asynchrenous Receivers & Transmitters).
Most PCs use 8250/16450 UARTs and the present card
employed a 6402 UART.

SERIAL DATA FORMAT

The format of the serial data transmission generated by UARTS
consists of four parts: a start bit, data bits, one parity bit, and at
least one stop bit {see Figure 2). The functions of these bits are

discussed in detail: When no data is sent, the transmitting data

line is at high state (2V-5V TTL level). The beginning of a data
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VERSATILE
RS-232
1/0 CARD

CONNECTED TO
THE RS-232
PORT OF THE PC

Mo owmoe o o - o
R EEEEE K

Fig.1 Versatile RS232 /O card connected to a PC

transmission is indicated by the line going low (0-0.8V TTL
level) for 1 bit time. This bit is the Start Bit. The Data Bits are
then sent out one after another with the least significant bit
sent first. The length of the data bit can be 6, 7 or 8. Following
the data bits is the Parity Bit which is used to check for errors
occurring in the data transmission. The last bits are the Stop
Bits. The data line goes to high for at least 1 bit time to identify
the end of the data transmission. The stop bitcan be 1, 1.5
and 2 bit length.

The serial data transmission format is generated by the
electronics inside the fransmitting UARTSs. The electronics in
the receiver will detect the leading edge of the start bit. It then
waits for one and a half bit times before reading the data bit.
The reading should therefore come exactly in the middle of the
first data bit. It waits for one bit time and reads the second bit.
This time the reading comes exactly in the middie of the
second data bit. After completing reading the data bits, the
electronics detects the parity of the received data for error
checking and resets itself during the stop bit to wait for the
next data transmission.

The rate at which data bits are sent is measured by Baud
Rate. it is defined as 1/(the time between the shortest signal
transition period _T, see Figure 2). The standard Baud Rates
for RS232 serial port are 110, 150, 300, 600, 1200, 2400,
4800, 9600 and 19200. Knowing the Baud Rate, the number

RS232 CONNECTOR

T STANDARD RS237 CABLE Q

CONNECTION TO RD
TD AND GND LINES
OF THE RS232 PORT

EXPANSION SOCKET

STOP

WAITING 1STAHT DATA .. DATA | DATA | OATA 1 DATA | DATA ¢ DATA ° DATA IF‘AHIT‘I|
B

STAGE | BIT | BTG | BT} | 6T | B3 , B4 | BTS 314 BT-7 | BT
|

e e S 4 - Ny )

L] 0 1 1 0 ] 1 a
]

Fig.2. The format of serial data transmission {baud rate 9600,
Data bit length: 8, Parity: Even, Stop Bit: 1)

of characters {or bytes) to be transmitted per second can be
calculated. For example, if the serial data transmission has 8
data bits, one parity bit and 1 stop bit, the total length of serial
data bits is 11. The transfer rate for characters is the Baud
Rate divided by 11. For example, a Baud Rate of 9600 will
transfer 870 characters per second.

Parity check can be ODD, EVEN or NONE. The odd and
even parity checks indicate that the total number of ones (1')
in the transmitted serial data is an odd number or even one.
This method is the simplest way for checking errors during
data transmission. However, it is only reliable to detect single-
bit errors. Errors with several bits cannot be detected this way.
The parity bit is generated by the electronic circuit of the
transmitting UART in such a way that the number of ones (17)
in the data bits plus the parity bit is odd or even as declared.
For example, suppose we send & binary byte 01000011 (there
are 3 °1’s in the byte) from the computer to an external device
and the parity has been declared as odd {the total number of
‘1" is odd). The parity bit will be set 0, since the number of ‘1"
in these 9 data blts is already odd. At the receiver end, the
receiving device must also be configured to have an cdd
parity check. The glectronics in the receiver UART will count
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RS232 LOGIC
_ : LOGIC 0:-3VTO-12V [ =
COMPUTER B LOGIC 1: 3V TO 12V : EXTERNAL DEVICE :
UART AS232 DRIVERS T i RS232 RECEIVERS UART
Pe———
J L \ . _ﬂ_ .
TRANSMITTING | /4 ; » | RECEIVING
DATA LINE 10 / RD DATA LINE
RS232 RECEIVERS f1S232 DRIVERS _
N UL
DATA LINE A . « | TRANSMITTING
RD / 7D DATA LINE
_ﬁ/ . ===
TTL LOGIC ' TTL LOGIC
LOGIC 0: 0 TO 0.8V | sl LOGIC 0:0 TO 0.8V
LOGIC 1: 2 TO 5V | LOGIC 1: 2 TO 5V
RS232 COMMUNICATION CABLE

MAXIMUM LENGTH: 30m

Fig.3 RS232 driver and receiver in PCs and extemal devices
1 ? 3 4 5 STANDARD PIN FUNCTIONS OF THE RS232 CONNECTORS
T
I O 60600 O 25PIN| 9PIN | NAME | DIRECTION DESCRIPTION
Q (FOR PCS)
=) 1 Prol E Protective ground
R 2 3 |m OUTPUT | Transmit data
{a) 9-PIN MALE SOCKET VIEWED FROM THE BACK OF THE COMPUTER 3 2 RD INPUT Receive data
4 7 RTS OUTPUT | Reguestto sgnd
Tl 31l ? 6 7 8 9 10 11 12 13 5 8 cTS INPUT Clear to send J
=1 i S —— 6 & |Dbsm INPUT Data set ready
i i { | I | 3,
O OO0 0000000 CI) (5 6 6 7 5 GND | - Signal ground (common)
© 000 0 Q © 000 O L8 1 DCD | INPUT Data carri‘er detected
[ ll { E L i — 20 4 | DTR QUTPUT Data terminal ready
| I ) | 1 ) U i i
14 15 16 17 18 19 20 21 22 23 24 25 | 22 | oM INPUT | Ring indicator
23 DSRD 11O Data signal rate detector

(b) 25-PIN MALE SOCKET VIEWED FROM THE BACK OF THE COMPUTER

| Fig.4. Pin layouts and functions of the R$232 connectors of PCs

the number of ones in the received data. If the data does not RS-232 INTERFACE ON PCS

have an odd parity, an error signal is given indicating that a PC RS-232 INTERFACE
transmission error has occurred. If the parity check is declared A standard RS-232 interface is a 25-pin interface, which is
as NONE, the parity bit will not be generated and checked. housed in a 25-pin male D-type connector. A short version of
the interface is also commonly used on PCs which is a 8-pin
LINE DRIVERS AND RECEIVERS male D-type connector. The pin functions of the connectors are
' FOR RS232 LINK shown in Figure 4. The functions of mostly used pins are shown

The signal from the UARTSs have a TTL. level. A logic high corre- below:
sponds to a voltage ranging from 2V to 5V and a logic low

corresponds to a voltage between OV and 0.8V. Signals of this

voltage Ievel can not be transmitted reliably over a
long distance. To solve the problem, RS-232

drivers are used to boost up the voltage of the ‘ Protective ground line. It is connected to the metal screening in

transmit line from TTL level to the RS-232 level the cable and the metal chassis of the eguipments

which is substantial higher than the former. ; Ground line. It provides a common voltage reference for

Receivers are used in the receiving device to input and output signals.

convert the RS232 voltage level to the TTL level ; Transmitting Data line on which serial data is transmitted.

{Figure 3). This arrangement enables the RS-232 : Receiving Data line on which serial data from other RS232

interfaces to communicated over a maximum devices is received.

distance of 100 feet. The voltage conversion ; Handshake line. It indicates a RS232.device is Ready To Send

between TTL and R$232 is facilitated by industrial data out.

standard RS-232 driver and receiver ICs. In the ; Handshake line. It Indicates a device is ready to receive data

present application, a MAX232CPD RS-232 transmitted to it.

driver/receiver G is used. It is noted that the : Handshake line. It'is used to indicate that the RS232 transmit
L RS232 drivers and receivers have an inverting ting

action. A TTL legic high is translated to -3V to - device is ready

12V at the RS-232 slde and a TTL logic low is ; Handshake line. It is used to indicate that the RS232 receiving

translated to +3 to 12V. device is ready.
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SOFTWARE CONTROL OF THE RS-232 convenient way.

INTERFACE A DOS command ‘MODE’ can be used to set up the format
A PC supports up to 4 RS232 interfaces. They are labelled of the serial data transfer for COM1 through COM4. The syntax
COM1, COM2, COM3 and COM4 with each controlled by an of the MODE command is:

8250/16450 UART. There are 9 IO ports associated with each

UART for accessing 9 intemai registers of the UART. The base MODE COMm: baud=b, parity=-p, data=d, stop=s,

VO addresses of these registers are shown in the following retry=r

table: or

MODE COMm: b, p, d, 8, T

Interface Base Address Addresses

COM1 3F8h 3F8-3FFh Functions of the specifiers in the command are shown
COMm2 2F8h 2F8-2FFh below:

COM3 3E8h 3E8-3EFh
com4a 2E8h 2E8-2EFh

Each UART intemal register has a particular function. As an
example, the functions of the registers for COM?1 interface (base
address=3F8) are listed in the following table:

Offset Address Function of the port Description
0Ch 3F8h Receiver buffer register
Transmitter hold register  Holding the received data
Holding the data tc be transmitted
01h 3FSh Interrupt enable register Setting the mode of interrupt request
02h 3FAh Interrupt identification register ~ Checking the mode of interrupt request
03nh 3FBh Data format register Setting the format of serial data transmission
04h 3FCh Modem control register Setting the UART modem control logic such as RTS and DTR
05h 3FDh Serialization status register Containing information on status of the receiver and transmitter section
0Bh 3FEh Modem status register Containing the current signal status of DCD, RI DSR and CTS
07h 3FFh Scratch-pad register Acting as an one-byte memory

The functions of these registers are not discussed in detail in
this article. Readers who are interested In this can read the
manufacture's data sheet. In the present project, only two
registers are relevant to us: the register accessed by Port 3F8h
(offset 00) and the one accessed by Port 3FBh (offset 03). The
former is the data receiving/transmitting register. If we write a
data byte to the register, the byte will be transmitted through
the TD (Transmitting data) line. If we read a byte from the
register, the received serial data from the RD line is fetched. The
other register defines the serial data transmission format, e.g.
the Baud Rate, the number of data bits, parity check and the
length of stop bits. We can write a byte to the register to define
the senial data format. However, as we see below that we can
use a DOS ‘MODE’ command to define the data format in a

TD D TO TD
RD DC RO § RD Bl ST g
RTS - RTS E RTS RiliSi:. 5
& CTs DC cTs ® Q CTs crs 8
Z DTR DTR g 2 DR DTR  §
~ DSR ,_><_. DSR £ = DSR DSR &
GND |« »lGnD W GND |« s GND U
PROT |« »{ PROT PROT |« -+»{ PROT
(a) Nult modem for connecting two RS232 data terminal devices (b) RS232 port pin connecticns between two devices via three lines
Fig.5 RS232 pin connections between PCs and external devices
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'(a) Sending out a blnary value of 0

{a} Sending out a binary value of 1

EEE

{a) Sending out a binary value of 2

(a) Sending out a binary value of 64

{a) Sending out a binary value of 128

g

(a) Sending out a binary value of 255

Fig.6 Waveform of TD signals shown on the oscilloscope when outputting a binary byte from the RS232 port. |

To send data out of the COM1 interface, we need to write
data to Port 3F8h. The following commands can be used:

OUT 3F8h, X
PORT[$3F8):=X

in BASIC)
{in Turbo Pascal)

In which X is the data to be sent (in decimal).
To fetch data from the COM1 interface, we read data from
Port 3F8h and the following commands can be used:

Y=INP[3F8h] {in BASIC)
Y:=PORT[$3F8] {in Turbo Pascal)
In which Y is the input byte (in degimal).

CONNECTION BETWEEN RS232 INTER-
FACES

Two common RS232 links are shown in Figure 5. The arrcws in
the figure show the direction of the data flow. Figure 5a shows a
connection known as a null modem. In this arrangement, socme
lines of the two RS232 interfaces are used as handshakes
between the two devices. Figure 5b shows a connection which
only consists of 3 lines.

AN EXPERIMENT WITH THE

RS-232 INTERFACE

Finally, let us conduct a simple experiment which will help us to
understand how the serial data is transmitted. Try to use the
knowledge we know to explain what we have observed. This
experiment needs an oscilloscope. The procedure of the experi-
ment is shown below:

Step 1: Type the following command under DOS prompt C:\
MODE COM1: 96,n,8,1

This command will configure the COM1 interface to the
following specification: 9600 Baud Rate, 8 bit of data length, no
parity checik and 1 stop bit.

Step 2: Type one of the following programs into the computer.
These programs will cause the COM1 to send out the specified
value (Byte_Value) continuously.

(In Turbo pascal 6}

Program RS_232_Experiment;
var Byte_Value:byte;
Begin

Byte Value:=0; {Input the byte to be sent by COM1
which is set to be 0,1,2,64,128 and 255}

repeat

port[53F8]) :=Byte Value; {$S3F8 is the address of the
TOM1 transmit data register}

delay(l);{Delay 1 ms}

until keypressed; {Press any key to stop the
program}

end.

(In BASIC language)

5 Byte_Value=0 ;Input the byte value to be sent
from COM1, which is set to be 0,1,2,64, 128 and 255
10 Out 3F8h, Byte_Value

15 delay(1l}

20 goto 10

STEP 3: Connect the oscilloscope probe to the COM1 serial port
The negative pole of the probe is connected to the GND line of
COM1 (Pin 7 for 25-pin connectors and Pin 5 for 9-Pin connec-
tors) and the positive connected to the TD line (Pin 2 for 25-pin
connectors and Pin 3 for 8-pin connectors).

STEP 4; Run the above program and observe the waveform of

the TD signal on the oscilloscope.

The control knobs of the oscilloscope should be finely adjusted.
TD waveforms on the oscilloscope are shown in Figure 6 when

sending values of 0, 1, 2, 64,128 and 255 to COM1

STEP 5: Try t@lain these waveforms on the basis of the
knowledge weliv

e.
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PC PAL VGA TO TV CONVERTER Converts a colour TVinto
a basic VGA screen. Complete with built in psa. lead and siware
£49 95 \deal for laptops or a cheap upgrade,

EMERGENCY LIGHTING UNIT Complate unit with 2 double
bul foodlights, builtin charger and auto switch Fully cased Bv8AH
lowd acid req'd. (secondhand) £4 rel MAGAP11.

GUIDED MISSILE WIRE. 4,200 metre reel of uftra thin 4 core
insuiated cable, 28ibs breaxng siran, (ess than Imm thick! ldeal
#amns, intercoms. fshing, dolls house's ete. £14.99 ref MAG15PS
SINCLAIR C6 13" WHEELS Compiete with centrs beafing
[¢yde type). tyre and inner tube. £6 ea ref MAG 6P10. Ideal go kart
300v PANEL M ETER 70X60X50MM, AC, 90 degree scate. Good
quality meter. £5.99 ref MAG 6P 14. Ideal for monitoning mains etc.
ASTEC SWITCHED MODE PSU BM41012 Gives +5 @ A75A.
+12(R1 5A.-12@.4A 230/110, cased, BM41012 £5,99 ret AUGEP3
TORRODIAL TX 30-0-30 480VA Perfect for Mosfet ampiifiers
etc 120mm dia 55mm thick. £18.99 ref APR19.

AUTO SUNCHARGER 155x300mm solar panet with diode and
3metrelead fitted with aaigarplug 12v 2watt £9.99 ea ref AUG10P.
FLOPPY DISCS DSDD Tap quality 5.26" discs, these have been
writien & once and are unusad, Pack of 20 is £4 ref AUG4P1
MOD WIRE Perfect fof tepainng PCE's. wire wrap etc Thin
insulated wire on 500m reets. Our price [ust £9 99 ref APR10PS.
412v MOVING LG HT Contraller, Madeby Hella, Bchanneils rated
st 90walts each. Speed contrel, cased. £34,.99 ref APR35.
ECLATRON FLASH TUBE As used in palice car flashing lights
etc, full spec supplied, 50-100 flashes 2 min, £9,99 ref APR10PS.
24v AC 96WATT Cased power supply. New_£13.99 ref APR14,
MILITARY SPEC GEIGER COUNTERS Unused and straight
from Her majesty’s forces. £50 ref MAG 50P3,

STETHOSCOPE Fully functioning stethescope, idea! for iistening
10 hearts, pipes, motors etc. £6 ref MARGPE.

OUTDOOR SOLAR PATH LIGHT Captures sunight during
the day and autamatically switches on a bun in jamp at dusk.
Complete with seales lead acd battery etc £19.88 ref MARZ0P1
ALARM VERSION Of abave unit comes withbuiltn aiarm and pir
to deter Intruders. Good value at just £24 99 ref MAR25P4.
CLOCKMAKER KIT Hours of fun making your own dock, com-
plete Instructions and everyming you need. £7.99 ref MARBP2
CARETAKER VOLUM ETRIC Alamm, will cover the whae of the
ground foor agatast forcred entry. Includes mains power supply and
integemt battery backup. Powerful internal sounder, will take extemal
bell if req'd. Retall £150+, ours? £49.99 refl MARSOPY.
TELEPHONE CABLE white 6 core 100m reei complete with a
pack of 100 dips. ideal ‘phone extns stc, £7 93 re! MARSP3

{8M PC CASE AND PSU ideal base for building your own PC.
Ex equipment but OK. £8.99 each REF: JUN10P2
MICRODRIVE STRIPPER Small cased tape drives idteal for
stpping. lofs of usefui goodies Induding a smart case, and fots of
components. £2 each ref JUN2P3.

SOLARPOWER LABSPECIAL You get TWOB°xE* 6v 130mA
solarcells, 4 LED's, wire, buzzer, switch plus 1 relay ormotor. Syper
vaiue idt just £5.99 REF. MAGERS

SOLID STATE RELAYS Wil switch 25A mains. Input 3.5-26v
DC 57%43x2imm with terminal screws £3.99 REF MAGAP 10
30007 A4 DTP MONITOR Brand new but shop sailed sohence
bargain price!TTL/ECL Inputs. 15° landscape, 1200x1664 pixed
complete with circult diag to heip you interface with your projects.
JUSTE14.99, REF JUN15P2.

MULTICORE CABLE 300 metre rea of grey 8 core cable idea!
for "phones, Intercomms, computers, alarms eic. Comes in
spedaldispensing contalner to avoid tangles. £15 ref AUG1S.
BUGGING TAPE RECORDER Small volce activated recorder,
usas micro cassette complete with headphones. £28.99 ! MARZ9P1.
ULTRAMINIBUG MIC6mmx3 5mmmade by AKG,.5- 12v siectret
condenser. Cost £12 es. Our? four for £9.99 REF MAG10PZ.
RGB/CGA/EGAMTTL COLOUR MONITORS 12* In good
condition, Back anodised metal case. £79 each REF JUNTI
GX4000 GAMES MACHINES returns so ok for spares of repair
£9 each (no games). REF MAGSP1

C64 COMPUTERS Retums, so ok for spares etc £39 ref MAGSF2
FUSELAGE LIGHTS 3 foot by 4" panet 1/8" thick with 3 panels
that glow green when a valtage is applied. Good for night ghts. front
panels. signs.disco etc. 50-100v per stfp. £25 ref MAG25P2
ANSWER PHON ES Returns with 2 faults, we give you the bits for
1 fault, you have to find the other yourself, BT Response 200's £18
ea REF MAG18P1. PSU £5 ref MAGSP12.

SWITCHED MODE PSU ex equip, 60w +5v @5A, -5v@ 5A
V@A 129 5A  120/220v cased 245x88x55mm (ECinput
socket £6.99 REF MAGTP1

PLUG IN PSU 8V 200ma DC £2.99 each REF MAG23P9
PLUG IN ACORN P3U 19v AC 14w ,£2 99 REF MAG3P10
POWER SUPPLY fully casad with mains and op leads 17v DC
900mA outpyt. Bargan price £5.99 ret MAGEPS

ACORN ARCHMEDES P3U +5v @ 4.4A on/off sw uncasad,
selectable mains input, 145x100xaSmm £7 REF MAGTP2
GEXGERCOUNTER KIT Low cost professional twin tube, com-
plete with PCB and components. Now only £19 REF AUG19.

9v DC POWER SUPPLY Standard plug In type 150ma 9 BC
with lead and DC power plug. price for two is £2.99 rel AUG3P4.
AA NICAD PACK encapsulated pack of 8 AA nicad bafieres
ftagged) ex equip. $5x32x32mm. £3 8 pack REF MAG2P11
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3
360K £.26 brand new haif height floppy drives IBMcompatble
industry standard. Just £6 99 REF MAGTP3

PPC MODEM CARDS. These are highspec plug in cards mace
for the Amstrad laplop computers. 2400 baud dial up untt comptete
with leads Clearance price is £5 REF: MAGSP

INFRA RED REMOTE CONTROLLERS Criginally made for
N spec satellite equipment but perfect for all sorls of remote control
projects. Our dearance price Is just £2 REF: MAG2

TOWERS INTERNATIONAL TRANSISTORGUIDE A very
useful book for finding equivatent transistors, leadouts, specs &ic.
£20 REF: MAG20P1

SINCLAIR C5 MOTORS We have a féw left without gearboxes

NEW BULL ELECTRONICS STORE IN

WOLVERHAMPTON

55A WORCESTER ST TEL 0802 22038

Spec Is12v DC 3.300mm £25 ref MAG25.
wesnsssesssssnans N EW PRODUGCTverrssersstsesnnss
200 WATT INVERTER Converts 10-15v DCinto
either 110v or 240v AC. Fully cased
115%36x 156 mm, complete with heavy duty power
lead, cigar plug, AC outlet socket.Auto overload
shutdown, auto shartcircuitshutdown, autoinput
over voltage shutdown, auto input under voltage
shutdown {with audible alarm), auto temp control,
unit shuts down ifoverheated and sounds audible
alarm. Fused reversed polarity protected. output
frequency within 29, voltage within 10%. A ex-
tremely well built unit at a very advantageous
priceMPrice is £64.99 ref AUGES.

UNIVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motor but ok for any 12v motor up to 30A. Complete with PCB
efc. A heat sink may be required £17.00 REF: MAG1Y
MAINSCABLE Precut blagk 2 core 2 metre lengths (deal for
repalrs, projects etc. 50 metres for £1. 95 ref AUGZPT.
COMPUTER COMMUNICATIONS PACK Kit contains 100m
of 6 core cable, 100 cable dips, 2 line drivers with RS232 lnterfaces
and afl connectors eic. ideal iow cost method of communicating
betweenPCEover along distance Complete kit £13.99 Rel MAR 16P2.
MINICYCLOPS PIR 52x62x40mm runs on PP3battery complete
with shrill sounder, Cheap protection at onty £5.99 ref MARGPA.
ELECTRIC MOTOR KIT Comprehensive aeducational kit in-
cludes all you need to build an electric motor, £9.95 ref MAR10P4
VIDED SENDER UNIT. Transmits both audio and video signals
from either & video camera, video recorder, TV or Computer elc to
any standard TV setin a 100* ranged (tune TV to & spare channel) 12v
DC op. Piice is £15 REF: MAG1S 12vpsu is£5 extra REF: MAGSP2
*FM CORDLESS MICROPHONE Small hand heid unit with a
500’ range! 2 ransmit power levels. Reqs PP3 9y hattery. Tyneable
10 any FM receiver. Pnos is £15 REF: MAG15P1

LOW COST WALKIE TALKIES Pair of battery operated units
with a range of about 200". |deal for garden use or as an educational
toy. Price is £8 a pair REF: MAG BP1 2x PP3reqd.
‘MINATURE RADIO TRANSCE IVERS Apalt of walkie taikies
with a range of up 1o 2 kilometres in open country. Units measure
22x52x155mm._ Compiets with cases and eapieces 2xPP3 reqd.
£3000par REF: MAG30,

COMPOSITE VIDEO KIT. Converts composite video into sepa-
rate H syne. v sync, and video. 12v DC. EB.0D REF: MAGEFZ
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they sre
entire mechanical printer assemblies Induding prnthead, steppel
motors etc efc In faci everything bar the case and slectronics. a good
stnpperi E5 REF: MAGSP3 or 2 for £8 REF: MAGEPY
SPEAKER WIRE Brown 2 core 100 foot hank £2 REF: MAG2P{
LED PACK of 100 standard red 5m leds £5 REF MAGSP4
UNIVERSAL PC POWER SUPPLY compiete with fiyteads,
swilch, fan etc. Two types avalladle 150w at £15 REFMAG15P2
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x2323mm)
*FM TRANSMITTER houseadIn a standard working 13A adapter|
the bug runs directly off the mains 0 lasts forever! why pay £7007 of
price it £26 REF: MAG26 Transmits to any FM radio.

*FM BUG KIT New design with PCB embedded ¢oll for extra
stability, Works to any FM radio. 9v battery req’'d £5 REF: MAGSPS
«FiM BUG BUILT AND TESTED supenor desgn kit Suppliad
to detective agencies. 9v battery req'd. £14 REF. MAG14
TALKING COINBOX STRIPPER onginally made to retail at£79
each, these units are designad 1o convertand ordinary phone into &
payphone. The units have the locks missing and sometim es broken
hinges. Howevet they can be adapted for their original use or used for
something eaise?? Price s just E3 REF: MAGIP1

100 WATT MOSFET PAIR Same spec as 25K343 and 28J413
(8A. 140v,100w) 1 N channel, 1 P channel, £3 & pair REF: MAG3P2
TOP QUALITY SPEAKERS Made for Hi Fl televisionsthese are
10 watt 4R Jap made 4' round with large shielded magnets. Good
quality, £2 each REF: MAG2P4 or 4 tor £6 REF: MAGEP2
TWEETERS 2° diameter good quaiity tweetor 140R [ok with the
above speaker) 2 for £2 REF: MAG2PS of 4 for £3 REF: MAGIP4
AT KEYBOARDS Made by Apricot these quality keyboards need
justa smali modto runon any AT, they work perfectly but you wi have
to put up with 1 or Z foreign keycaps! Price £6 REF: MAGEP3

PC CASES Again mixed types 0 you take a chance nextone off the
pile £12 REF:MAG12 or two the same for £20 REF: MAG20P4
HEADPHONES Ex\irgn Atlantic. Bpairsfor£2 REF: MAG2P8
PROXMITY SENSORS These are small PCB's with what iook
like a source and sensor LED on one end and lots of components on
the rest of the PCB. Complete with fiy [eads, Pack of 5£3 REF: MAG:
3PS or 201or £B REF: MAGBP4

OF QUR PROOUCTS MAY

BULL ELECTRICAL
250 pORTLA"Bnﬂg(S)QA'lg HOVE SUSSEX

MAIL ORDER TERMS: CASH PO OR CHEQUE
WITH ORDER PLUS £3.00 POST PLUS VAT.

PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY

TELEPHONE ORDERS WELCOME 1
E TEL: 0273 203500 w

FAX: 0273 323077
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SNOOPERS EAR? Original made fo clip over the eafpiece of
telephone to ampihty the sound-it also works quite well on the cable
running along the walli Price is £5 REF: MAGSP7

DCS PACKS Microsoft version 33 or higher complete with all
manuals or price just £5 REF: MAG5PE Worth It just for the very
compfehensive mahuall 525" only.

DOS PACK Microsoftversion § Onginal software but no manuals
hence onty £3 REF: MAG3P8 5.25 only.

PIR DETECTOR Made by famous UK alam manufacturer these
are hi spec, long range internal units. 12y operation, Sfight marks on
case and unboxed (aithough brand new) £8 REF: MAGEPS
WINDUP SOLAR POWERED RADIO AMFM rado compiete
with hand charger and sotar panell £14 REF: MAG14P1
MOBILECARPHONEEE.93 well aimostt completein carphone
exduding the box of electronics normalty hidden under seat, Can be
made to illuminate with 12v also has busit In Nght $&nsor so dispiay
only liluminates when dark_ Totally convincingl REF: MAGEPE
ALARM BEACONS Zenon strobe made to mount on an extemal
pell box but could be used for caravans ¢ 12v operation. Just
connect up and it ashes regulay) £5 REF. MAGSP11

FIRE ALARM CONKTROL PAMEL High quality metal cased
alarm panel 350x165x80mm With key Comes with eléctronics but
no information, sale price 799 REF MAGBPS
REMOTECONTROL PCB Theseare receiverboardsfor gamge
door opening systems. Another use? £4 ea REF MAGAPS
8"X1Z° AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA. Bargain price just £5.99 &a REF MAGGEP12

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99
ref MAGSP 13 Ideal for expenmenters! 30 m for £12 99 ref MAG13P1
LOPTX Lina output transform ers betieved to be for [BM hi res colour
monitors but useful for gettng high voltages from low onasl £2 each
REF: MAG2P12 bumper pack of 10 for £12 REF: MAG12P2
HEATSINKS (finned) TO220, designed to meunt verticaltyon a pch
50%40%25mm yols can have a pack of 4 for E£1 rel JUNIP11
WATERPROOF JUNCTION BOX 65mm dia 33mm deep, Four
cable emryexit paints (adjustable for any size cable) snap fithd. Ideal
for TV, satetiite use. £2 ea ref APR2 or 6 for £10 ref APRIOP7.

BOTH SHOPS OPEN 9-5.30
SIX DAYS A WEEK

INFRARED LASER NIGHT SCOPES
Second generation image intensifier
complete with hand grip attachment
with built in ad justable laser lamp for
zero light conditions. Supplied with
Pentax 42mm camera mount and
normal eye piece. 1.6kg. uses
1xPP83,3xAA's (all supplied}£245+Vat
NEW HIGH POWER LASERS
15mW, Helium neon, 3 switchable
wave lengths .63um,1.15um,3.3%um
{2 of them are infrared) 500:1 polarizer
built in so good for holography. Sup-
plied complete with mains power
supply.790x65mm. Use with EX-
TREME CAUTION AND UNDER
QUALIFIED GUIDANCE. £349+Vat.

££££E£EWE BUY SURPLUS STOCKEL££££S
TURN YOUR SURPLUS STOCK INTO CASH
IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR
COMPLETE FACTORY CLEARANCE.

1994 CATALOGUE.

MINIUM GOOOS CROER £3.00. TRADE ORUERS FROM GOVERNMENT, SCHOX S,
UNIVERS(TIES, 8 LOCALAUTHORITIES WELCOME ALLGOOGS SUPPLIED SUBLIECTTO
OUR CONDITIGNS OF SALE AND UNLESS QTHERWASE STAT ED GUARANT EED FOR 30
DAYS. MGHTS RESERVED TOCHANGE PRICES & SPECIFICAT IONS WITHOUT PRIOR
NOTICE ORODERS SUBJECT TO STOCK QUOTAT IONS WHLLINGLY GIVEN FOR QUAN-
TIIES +aGHER THAN THOSE STATED

3FT X 1FT 10WATT SOLAR PANELS
14.5v/700mA
£33.95

CPLUS $2.00 SPECIAL PACTAGING CHARGE)
TOP QUALTY AMORPHOUS SRICON CELLS HAVE ALMOST A
TIMELESS LIFESPAN WITH AN INFINTTE NUMBER OF POSSIBLE AP
PLICATIONS, SOME OF WHICH MAY BE CAR BATIERY CHARG
ING, FOR USE ON BOATS OR CARAVANS, OR ANYWHERE A
PORTABLE 12V SUPPLY IS REQUIRED. REF. MAGM

PORTABLE RADIATION DETECTOR

£49.99

i Hand held personal Gamma and X Roy detec-
or. This unit contains twa Geiger Tubes, has a 4
diglt LCD dispiay with a Piezo speaker, glving an
audio visugl indicatian. The unit detects high
anergy elec fromagnetic quanta with an energy
from 30K eV to over 1.2M eV and a measuring
ange of 59999 UR/h or 10-99990 Ni/h. Supplied

omplete with handbook.Ret MAGS0.
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TEST METERS
Satellite Finder
W Eosy lo use Wil
Professional Satellite
F/S meter £89,.9%
LCR Meter 8@ 3/0git @ 7Cop @6
mtmml?ms#mrm £67.95
itance Mﬂer .3 Di

1000es @1 8mm 62.95

ital Lux Metel

rmoaslamgnlwloammu
ourpu' Isrminal £62.95
Sound Level Meter
@ 40% 120 & @ Two ronges  £46.95
Ana Clamp Meter
W 0/30C amps B AL 5 ranges @ 0/750
VAC O/75v DC Ml 0200 K OHM £32.95
Digital Clamp Meter
| 34Digit @ 11 mnges Incl lempasoture
B Oalo alc £56. 9%

AC/DC Current Clamp
AC/DC two 1Nges, kor
£51.95
Temperature Measurement
W Dudl it 34 Digit *c™t with
fhommocoupie (X}

£29.95

METEX 4% DIGIT DMM
MA4630 @ 30 Ronge 4% Digit
Dispiny 17mm @ 0.05% Accurocy.
Fectues B 5 range copocionce
st W5 0TS (ONQeS 10 20M
& Tronssior ond Drode Test
@ Conbrusty LED ona buzzer @ Dala
hold swich B 5 ronges ACDC volls
8 AC/DC current ko 20 Amps.

= £49.95

£41.
digit 24mm Large Display o

BENCH INSTRUMENTS
Digiral LED Capaciance putosa
bench meter 0.1%

LCR brioge

Yo oo

POWER SUPPLIES

tangla merss *twan merar

224 |} voits renges Bask 0.5% occuraty
\ & 5 ranges AC/DC current 10 20 Amps)

§-15v de Q4 omps 1£52.95

0/30v DC OV2¢ Amps

dhgiled dispiay £99.95

SlGNAL SOURCES noaeow A
RF Gen 100 KHZ 30 150 MHZ

(3 IHZ HOMOMNCS) €122.00

MX190

@ 19 Range 3% Digit
Features: I AC/DC vorts (0.7%)

W 0-10 ADC curreni B OV2W/2MEG
ohrrnsxsnrml [node test 8 Signol

Full detalls send tor lnstruments ALL PRICES INCLUDE VAT
info pack (SAE 36p UK) Ref: TG OPEN 6 DAYS A WEEK

ey 204 Edgware Rd, London W2 1ED [ g ]
Tel: 071-724 3564/071-258 1831
Fax: 071-724 0322 Ei

AUDIO €LECTRONICS Discounts for quantity and education q

Invanior loroidal transtormers 225VA 10. 5—&;092 Airpax AB2803-C large stepping motor 14v 7.5' step
N

primary 0-260-285 secondary.. 27ohm 88mm dia body 6.3mm shatt ..... £885 or
LEDI 3mm or Smm red or green.. ..6p each .00 for a box of 30
T NN N i e s T - 1. O I'Ip sach Polyaster capncuun box type 22.5mm lead pich
ngn lnlansuy red. green o yetlow Smm ... .30p o Suf 250vdC ... uvuats 18p each 14p 100+ Sp 1000+
uf 250vde . 20p each. 15p 100+, 10p 1000+

Clblc thes ...... 1p each £595 per 1000 2 Zuf 250vdc (27. 5mm pitch) 30p each 20p 100+,
EA0'S0M L o SFRRENE e L . per 10,000 15p 1000+
ngh qulllly Photo sasist copper clad epory glass  3.3uf T00vde ...... 30p each, 20p 100+, 15p 1000+
board, tul 50v Depolar electrofylic axial teads  15p each,

6p 100+

7
Dlm«uiom single double i
"“;g E'd_;g D.22uf 250w polyester axial leads ... 15p sach 1.5;3
3xd inches £t 1
g,a;;cm Q278 £2.99 ;‘nlyprwvlenn fuf 400vde (Wima MKP10) 27 Smm
x12 inches £6.20 e
S £12.25 o 32x29x17mm case , .15p sach 60p 100+

Philips 123 saries soiid suminium u.ai leads.

33uf 10v & 40y 409 each, 25p 100+

Philips 108 series 22uf 63v axial . . 30p esch_15p
1000+

:J&J;:ilnyer AVX ceramic capacnators ail Smm pitch

10Cpi, 150pf. 220pf. 10.000pf {10n) 10p sach. Sp 100+

3.5p 1000+

500p1 compression trimmar 60p
40ut 370vec motar siart capacllov (awlectrol type

RAechargable batieries

AA (HPT) 500mAH

AA 700mAH

€ 2AH with solder tags

4AH with solder tags

1/2AA with soider tags

AAA (HP10) 180mA

AA S00mAH with solder tags
C(HF11) 1. 8AH

D{HP2) 1.2AH COMAINIMG NG PEHS), ... cauu. 95 or £49.50 for 10
84V $10mAH e 9W 1200hm 35p each 20p 100+
680 ochm 2W metal film resisior 4p 100+, 2p 1000+

Sub C with solger tags
1/3 AA with soider 1ags {philpsCTV

Siangard charger charges 4 AA collg in &
or 4Cs or Ds 1n 12-14 hours « $xPPQ (1.2.
4 celts may be charged at a time)

High power charger as nbova but cnarges the P.C. 400W PSU {intel part 201035-001) with
Cs and D3 in 5 hours AAg Cs and Dy musl be Standard motherboard and S disk drive conneclors,

charged in2s ords ... ... ioaa.. g5 fan and mains inlet/outlet connectors on back and
Sr!gd offers piesse check for -vnilnb!llty

Solid carbon resistors very low Induciance idesal for
RF circuits

27chm 2W, B8ohm 2W 25p each 15p each 100+ we
have a range of 0.25w 0 5w 1w and 2w soiid carbon
resigiors please send SAE for hst

gb2 mpeopemnrpee
223 RERBRMILELHE

rs
or
L3

switch on the side (top for towar cass) dims 212

42 x 1Bmm din 1.2v 45 %149 x 149mm excluding switch ... .., £26 .00 each
Stick of 4 174mm x 16mm ddia with red A black £138 00 for 8

leads 4 By ..£5.95 MX180 ital muitimaler 17 ranges 1000vdc T50vac

2Mohm A transistor His v and 1.5v bcne
gwogulm grade capacnors with screw terminals tesl .. .....,.. ;;
A 20v ., ..... LE280 AMD 27258-3 Eproms £2_00 sach, 1.25 1w

87000uf 10v £1 96 Gmu! 15y £2.95.10000u! 18y OIP swilch 3PCO 12 pin (ERG SDC-3-023) 60p erch
£1.50. S8000uf BOv 40p 100+

Oisk drive boxes for 5.25 disk drive with room for
2 power supply Ilgm grey plasiuc 67x268x247mm
£7.95 or £49.50 for 1

Hand held ulluwnlc remote conirod £3.95

CV2488 gas relay 30 x 10mm die wilh 3 wira
tarminals will also work as a neon light 20p each

7 segrnanl common anoae lec display 12mm .
LM2931A1’5 0 low drop out Sv m;ulllor ‘rozzu

7’812 ond 7912 12v 1A regulators 22000 por

LM337K TO3 case vaniable requistor _.,.. £1.95 or £7 50 par 100
i1.44 100 + AZ3 12v Danury for car slarms or lighters 75p each
GaAs FET low luk-qe curfenl 58873 ... £1295 £50.00 per 1

each £9.95 10+£7

B5250 P channel m\)sm m 45, BC559 transisior
95 per 100

741605 nex invertor  £10.00 per 100, used 8748

Micraconirgler £3.50

All products advertised are naw and unused ynlass
otherwrse slated

of CMOS TTL 74HC 74F Litvear

i1s rechasgable batlarhs capacitors

wide ran
Transistors

$L952 UKF Limliting amplifier LC 18 surface 100fs etc aiwsys in stoc

mounting package with data sheel . .,... £1 Please aod £1.95 1owards PAP vat Included in all
AM2780Z  £1.25 sach 30p 100+, CDM:O?UB 10p prices

100-8p 1000+

Sinclair ght gun terminated wilh 8 JAcK piug and
PP3 ¢lip gives 8 signal when painted at 50hz
Hickering light with ouipul wave form chart
£3.95

DC-DC canvertor Reliabsdity modal V12P5 12v n

Sv 200ma oul 300v INpul 10 output 12018tioN with
data .... .95 each or pack of 10 £39.50
Hour counler used 7 digit 240v ac SOH2  £1.45
QWERTY keyboard 58 ksy |ood qualilty swltéhg
ngw -

JPG ELECTRONICS

276-278 Chatsworth Road
Chestertield S40 2BH
Access Visa Orders (0246) 211202

Callers welcome

Still Onty
95 s + VAT
carmiage extra
- — g -
* Provides 10MHz, 5MHz & 1MHz
* Use it for caiibrating equipment that relies on quanz crystals,
TCXOs, VXCOs, oven crystals
* Phase iocks to DROITWICH (rubidium controlled and Output frequancies
fraceable to NPL) 10MHz. 5MHz, 1MHz

* For ADDED VALUE also phase locks 1o ALLOUIS (cesium
controlled and traceabie to OP - French eq to NPL).

* British designed and British manufactured

* Options available include enhanced recetver, sine wave Long term - tends to
outputs and 13MHz outpul for GSM. Pricas on application. 2x10 "2 (1000 sec)

Short term stability - better
than 1x10 " * {1 sac}
Typicai - 4 x 10~ * {1 sec)

SUPERB DUAL TRACE SCOPES, TELEQUIPMENT D614, 10mV SENSITIVITY,
10uS-500mS/DIV && éﬁE)é X-¥ INPUTS, Z-MOD INT/EXTTV TRIGS ETC FROM £99

T24 (VHF BC221) HET FREQ M ?m VSH 2A VARIACS, BRAND

AMPROBE LAVIX AC V-METER RECORDERS POA NP S7014/3702B TX GENERATOR A BE RX PO!
19" % 20U 2 31° DEEP INSTRUMENT RACKS €99  XT & AT MOTHER BOARDS. INC RAM FROM 25
PE GENERATOR 12V 17A BATT CHARGE £95 VALVE TYPE PSU TRANSFORMERS/.CHOKES POA
JANKE & KUNKEL MI-SPEED MINI MIXER €20 19 x 5L VERD INSTRUMENT CASES BRAND NEW £25
COMMODORE PETS, PRINTERS, D/ORWVES. ETC  £15ea  AVO VALVE TESTERS MK2. 4 & CT180 FROM £49
CAMBRIDGE SCHERING BRIDGE €35 “GIBSON GIRL* EMERGENCY RADIO SET 500 KCS 55
TINE 2004 DC VOLTAGE STANDARD 0 005% €750 ELECTRCNIC VISUALS EV4020a NTSC ViSCOPE £395
FLUKE 760A MULTIMETER CALIBRATOR €245 FERROGRAPH RTSZ TEST SETYAUX TEST UNIT £295
BRADLEY 471B MULTIMETER CALIBRATOR £249  PHILIPS PM5134 FUNCTION GEN 1mHz-20MHz :1495
BRADLEV 191 DISTRIBUTION UNIT £149  PHILIPS PM5326 RF SIG GEN 0.1-125MHz

EYWELL COLOUR GRAPHIC RECORDER £295 PHILIPS PMSTH6 PULSE GENERATCR 1Hz 50MHz tsss
TEKTRONIX 545 PLUG-INS, VARIOUS €101 £25 BRADLEY 143 DC MULTPLIER UNIT £143
PLESSEY TCT10 SI6 GENANAL 50-300 805 €85 XT°AT & COMPAQ COMPUTERS £35
PRECISKON STD CELL MUIRHEAD K231A TEMP CONT £185  LEVELL TM38 MICRC V-METER 3MHz £85
MARCON! TF2212 XY DISPLAV €58 HPa951G PROTOCOL ANAL § 181794 FS?IQCN'M £995
QUAD 303 STEREQ POWER AMI £95  LING DYN V(B GEN 406 & PA30C PWA O £9s
ORAKE MN2700 MATCHING NMORK 4PS7TPSU  E195EA  UDI2028 SOMAR SCANNER SURFACE UNIT £975
SCOPEX 456 6MHz SINGLE TRACE £¢5 CITOH CX6000 6-PEN Aa PLOTTER CENTRSEN £135
SCOPEX 4D168L.S. 10MHz WITH EXTENDED LFTB £143 GOULD 2400 4-PEN CHART RECORDER £143
LEADER LBO-9C ALIGNMENT SCOPE £185 PHILIPS PME456 FM STEREQ GENERATOR £95
IWATSU 855118 DUAL THACE 10MH; E175  MARCONI TF2300 FIMAM MODULATION METER £149
TELEQUIPMENT D1011 10MHz DUM. TRACE £185  McHENZIE TDAY TEMP/HUMIDITY RECORDER £95
H.P. 3505A VECTOR VMETER 1GHz £395 FEEDBACK 550603 1Mz SINE/SQ OSC 125
TELEQUIPMENT DE7A 25MHz, 2T, DEL TR £215 LCR 8RDGE WAYNE XKERR (Tas2 £79
HITACHI ¥C 6015 10MHz DIGITAL STORAGE £185 LCR BRIDGE MARCONI TF2701 £125
HP1340A X-Y DISPLAYS £95 LCRMARCOMI TF1313 0.25% {95
LEVELL THEB MICRO V-METER 450MH; £95  LCA COMPONENT COMPARATOR AVO CZ457/5 95

GUALITY ELEC TRONIC EQUIPMENT ALWAYS WANTED

A HALCYON ELECTRONICS ==

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383. FAX 081-542 0340

LISTS AVAILABLE BUT 1000's OF UNLISTED BARGAINS FOR CALLERS, ALL PRICES EXC. OF P&P AND VAT

A SAMPLING
OSCILLOSCOPE AND
LOGIC ANALYSER

IN AN AFFORDABLE PORTABLE PACKAGE

10 Mega samples per second
single channel DSO

The Miniscope

§ @ IMHz analogue bandwidth
@® 0.2v-50v input range
@® Various Triggering options
@ 10 Mega samples per second 8
channel logic analyser
@® 5v TTL/4.5-15v CMOS logic-level
inputs
@ Crisp, clear LCD screen
@ Zoom and Scroll facilities (selected
ranges only)
@ Battery or mains adapter powered MINISCOPE KIT £139
@ 12 Months Warranty (Built version
only) MINISCOPE BUILT £179
@ “Get you working™ service (kits MAINS PSUE£3 P&P £3
ik | PLEASE ADD VAT AT 17.5%
I[ Write or phone for a free Information Pack to ||
AUD O AUDON ELECTRONICS
36 Attenborough Lane, Chilwell, Nottingham NG9 5JW 0602 259737
F
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ROMBO are specialists in video capture
systems. Vidi products form the link between
Video Camera, Camcorder, VCR and your home
computer. With Vidi you can capture and store
images for DTP, graphics or database use.

Mono 1/50th sec. 16 grey scale [rame grabbers

vanca  £49.00

Vidi-PC Incl. VAT and UK postage
4096 Colour (built in RGB splitter) frame grabbers

Vidi-ST 12

Vidi-AMIGA 12

Vidi-Archimedes £69 I 00

Vidi-PC 12 Inel. VAT and UK postage

All are supplied with software, manual and if available,
programming and toolkit wtilities,

A a-?fmmhc
or 3.5 disk (D05 3.2)

For further details, or to place an order ring
ROMBO on 0506 414631, or write to:

Tech Sales Dept.

ROMBO Productions Ltd.
2b Young Square
Brucefield Ind. Park
Livingston

Scotland

EH54 9BX

rombo

ks e

L BEn

s

& - Ranger 3500
Schematic capture linked All the features All the features
to PCB. of the Ranger 1, plus, of the Ranger 2, plus,
Parts and wiring list entry, Gate and pin swapping UNIX or Dos versions.
Outllne (footprint) library (linked to the schematic), 1 Micron resolutions and
editor. Track highlighting. angles to 1/10th degree
Manual board layout. Auto track necking. Hlerarchical or flat
Full design rule checker. Copper flood fill. schematic.
Black annotation Power planes Unlimited design size.
(linked to schematic) {heat relief and anti-pads). Any-shaped pad.
Power, memory Rlp-up Split power planes.
and signal and retry Optional on line DCR.
autorouter, . autorouter. 100% rip-up and retry,
£50. O push and shove
autorouter.
i i 8/9 and 24 pin dot-matrix printers.
= HP Desk/Laser Jet, Canon BJet, Postcript (R3 only)
e HP-GL, Houston Instruments plotters.
’& i Gerber photoplotters.

NC Drill Excellon, Sieb and Meyer.
AutoCAD DXF.
Seetrax CAE / Hinton Daubnay House / Broadway Lane / Lovedean / Hampshire / PO8 0SG.

Call 0705 591037 or fax 0705 599036 for further information / demo packs.
All systems upward compatible. Trade deals avallable. All trademarks acknowledged.
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TRANSPUTER BASED SINGLE

BOARD COMPUTER

In the fourth and final part of this project to build a Transputer based single
board computer, Andy Papageorgiou and Mark Robinson take a look at
programming the board

his month we explain in detail how the /O of the
transputer card is organised and present some useful
muititasking software to illustrate the transputer's
features. A basic familiarity with transputer assembly
language is assumed so now is the time to read the
literature. A summary of the transputer integer instructions is provided
as a text file on the examples disk as a reference.

The I/0 mapping

The /O occupies the upper 128 bytes of the memory map (addresses
7F80H to 7FFFH) whenever the ROM is paged out. This area also
contains the ROM page register, which is accessed using a special
mode of the transputer and so s invisible to normal read and write
operations. Tha complicated structure of the /O area is the main reason
for using a GAL in this application: a memory map like this would be
nearly impossible to implement in discrete logic.

Figure 1 summarises the organisation of the top 128 bytes of
memory as seen by “nommnal” memory accesses, i.8. those performed
using the STNL and LDNL {'STere Non Local’ and *LoaD Non Local”)
Instructions. Since the upper 64 bytes are an exact mimor of the lower
ones, we will restrict our discussion to the area from 7F80H to 7FBFH.

The /O space is divided into four word blocks by IC8 and IC9. The
lower six biocks are allocated to the I/O port ICs, the seventh biock is
unused and the eighth is assigned to the port data direction register. All
the /O devices are 8 bit devices occupying the low byte of the 16 bit
word. The upper byte is always read from or written to the RAM.

Write operations are straightforward; a STNL to any of the four
words in a block will write to the port or register associated with that
block. Reads are slightly more complicated. A read operation from the
data directlon register has no effect. A read from a port either reads
from the port directly or from the port input latch depending upon which
address is read from. Data is put into the input latch on the rising edge
of the port input strobe signal.

The following fragment of code ifustrates the IO operations; it sets
ports 0-2 to output and ports 3-5 to input, then reads from port 3 directly
{i.e. not the latch} and writes the value to port 2.

The ROM page register also occupies the top 128 bytes of the

L $07 ; ports 0-2 ofp ports 3-5 i/p

LDC $7FB8 ; address of the Data Direction
Register

STNL ; write to DDR

DC S7F8C ; Base of I/0 area

LDNL S0C : 4*Port_no direct (4*Port_no+l latched)
i Read port 3 and leave result on the
stack

$7F80 ; Base of I/0O area
STNL sos 4*Port_no, writes wpesult of

previous reaéd to
port 2
; Ports are numbered 0-5

memory map. The transputer has two instructions for accessing byte
wide memory - SB (Store Byte) and LB (Load Byte}. The sequence of
signals on the control bus are different for a Store Byte to an odd
address than for any other memory write operation. These signals are
detected by the GAL and used to operate the ROM page register.

The ROM is paged out by executing an SB instruction to any odd
address between 7F81H and 7FBFH, the top half of the memory will
then be occupied by RAM and I/O. Executing an SB to an odd address:
between 7FC1H and 7FFFH will page the ROM in, the top half of
memory will then be occupied by ROM. The following code fragment
illustrates paging the ROM out.

Lpc 0
LDC S7F81

SB ; Page ROM out

The Boot Loader

Last month, we tested the transputer card by using the boot-from-link
ability. While booting from link allows programs to be developed and
debugged quickly, it has a couple of snags. First, once one process is
loaded and running no further processes can be loaded, and second,
the program must be less than 256 bytes long and has to be loaded
into a preset memory location.

To solve these problems, we will now describe a small boot loader
which will monitor a link and launch processes of any length
continuously. This program, together with a program to run on the host
PC, forms a rudimentary operating system, will give us our first taste of
concurrent programming, and aliow easy development of parallei
programs. The code can also be used with some modification to
program the EEPROM or NVRAM,

Listing 1 is the transputer boot code which launches the processes,
(process queues) the program monitors the status of link3. When data
arrives on link 3, it is taken to be program code and spawned as a child
process. The sequence expected by the program Is two bytes
indicating the address to store the new process from, two bytes to
indicate the iength of the process and finally the program code.

The hard work of this program is done in the loop from getwords
onwards. This code illustrates just how easy it is to communicate
between processes and to launch child processes using the transputer.
The loop performs two IN instructions, the first to fetch the two word
header, which is placed in the workspace, and the second to fetch the
program code. Once the code has been fetched, it is launched as a
process using the STARTP instruction. A minor complication is that the
address is absolute, but the STARTP instruction requires an offset
address relative to the next instruction. A bit of simple maths is used to
sort this out.

It Is interesting to note that this program will be descheduled at the
IN instruction, and will not be rescheduled until data arrives. Hence,
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apart from a hundred or so bytes of memory, the program uses no
resources at all unless loading a process.

In listing 2 ,is a C program which is used to communicate with the
loader. It Is given as dump.c on the examples disk, and for those
without a C compiler dump.exe is the executable. The program is
basically identical to the boot loader tboot.c from last month, except
that the program prompts for the address to load the process to, and
sends the header words required by loader.asm.

The final link in this chain is listing 3. This is the error light fiashing
code from last month stripped down to its bare minimum. This code is
called errlite.asm on the examples disk. Assemble the code, then send
it to the loader using the command

dunp errlite.asm

The program will ask you for an address to joad the code to, type
8800 for now. Any address in RAM could be used except the lower 200
bytes or so where the reserved memory and the loader program are
situated. Hopefully, you will be rewarded with the error light flashing.

Now for the real concurrent processing. Re-

are becoming popular in autonomous
robots, where thay allow the robot 10
'learn’ how to solve problems in the
environment. This is a fascinating area
of robotics with plenty of scope for
the arnateur to make breakthoughs.
Neural nets are a particularly good
appiication for parallel computing.

Machine vision and image
processing are other areas where this
card could find applications. Video
cameras provide a huge amount of
information and processing all this
{often confusing) information requires
a huge amount of power. Most robots
with vision capabilities are not
autonomous, but are connected to a
powerful workstation using an
‘umbilical cord’. The transputer wins
here as well; the use of links for
communication means that the
umbilical cord can be just two wires rather than a thick ribbon cable.
The lower cost and lower weight of this arangement gives the robot
more freadom from its host, while the bandwidth is sufficient to send
dightised video or audio back to the host machine.

Another interesting possibility is to use the card as an I/O proceggor
in a farger network of transputers. The 32 bit and floating point
transputers are Now becoming reasonably paced, and the T9000
promises phenomenal power. As for software, public domain operating
systems (including a UNIX like environment) exist for the 32 bit
transputers.

The prospects for this project are very exciting, and ETI will continue
to support the card with add-ons and software articles In the future.
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assemble errlite.asm with different on and off times
and resend it to a different address (8300 for example)
without resetting the transputer. Repeat this a few
times and you should see the error light behaving very
strangely as each process fights for control over i

the ETI chaotic LED flasher!

Using the Transputer Card.

The example programs given here are fairty trivial,
and were mainly designed to illustrate the main
features of the card. What to do with the card is
obviously down to the requirements (or imagination) of
the user. This card can be used anywhere where an
embedded microcontroller is required, although in
some applications it would be hard to justify using the
transputer rather than an 8 bit micro. Where this board
would find an advantage is real-time or semi-
intefiegent control; digital PID controllers for example.

The application where this card really stands out
though is robotics. Autonomous rebot vehicles need a
reasonable amount of on board processing power 10
make sense of the world around them. Neural
networks {usually simple single-layer perceptron types)

Odd add,

Fig.1. Memory map of top 128 bytes as seen by 'normal’ memory accesses.

Byte Address
Even add.
| $7FFF
Copy of
$7F80 - |
$7FCO

Analyse Out

s7Ge I Reset out

™

Port 0
e ]

I

Port &
L

t'p& >
ut

(o
=

=
]
3
e

ort input

ELECTRONICS TODAY INTERNATIONAL

33



Listing 1 (LOADER1,ASM)
; Process Launcher {(C} 1994 Mark Robinson.

; Waits for code to be sent down link 3 and
launches it
; as a process. Messages take the form:

<address»> <number of bytes:> <data» <data>

<data>.i
; <address» and <number of bytes> are both 16 bit
words .
buffer EQU 8
procoff EQU (here+5B024)
progstre: AJW $10 ; move workspace
up a bit
MINT ; Minimum {nteger
STLF ; Imitialise
queue pointers so that
MINT ; milgi-
pracess:ng may be used
STHF A
CLRHALTERR : Clear "‘Halt on
Error'"
TESTERR ; Clear error
flag
LDC O ; Imitialise loop
control
STL O
LDC 11
STL 1
InieLp: MINT ; Null value
LDL [ ; Index
MINT ; Base address of
transputer
WSUB Calculate
channel" addréss
STNL 0 : and store null
value in it
LDOLP [ Point at loop
control block
Lnc InitLpEnd-Initlp; Offset to start
of loop
LEND : Repeat
InitlLpEnd: LDC 0 i Initialise and
start the clocks
STTIMER ; which enables
txmeslicing
LDC 0
LDC $7F81
sB ;: Page out ROM
LDC S3P
LDC S7FBE
STNL O Set ports to
o/p keeps CMOS happy
getwords: LDC 0
STL buffer

LDLP buffer Pointer to

message buffer

1LDC $800E ; Channel address
for link 3

LDC 4

IN ; Get 2 words to
butfer

LDL buffer ; Destination
address

LDC $800E . i Channel address
for link 3

Lt buffer+i } Number of bytes

to get

InN ; Get message
from 1ink

LDL buffer

LDC procoff

5UB ; Compute offset
LO new process

LDL buffer

LDL buffer+l

s

LDC s20 Put new process
workspace 20H

SUM ; bytes above the
last instruction

STARTP ; Spawn the new
process

heres J getwords wait for next

link acL1v1ty

Listing 2 (DUMP.C)
finclude <stdio.h>
tinclude <dos.h>
tinclude <time.h>

#define BASEADD 0x300 /* Base address of the

8255 card */
kdefine PORTA (BASEADD + 0)
PORTB (BASEADD + 1)
PORTC (BASEADD ¢+ 2)
CONTROL (BASEADD + 3)
MAKEINPUT 152
MAKEOUTPUT 136

TIME_OUT 5

tdefine
tdefine
#define
#define
#define

#define /* wait 5 seconds before
vy

timing out
cs 8
RW 4
QPINT 16

#define
#define

#define

I; W?it for port C bit 4 to become active, indicates that
the

ic ready to accept a byte of data */
void wait_for_link{}
{
time_t start;
start = time{NULL}: 1
while (!{inportb{PORTC) & OPINT}) \
if ({time(NULL}-start) > TIME_OUT) J

printf ("Link timed out\n®};
exit{-1);

/* Write the byte contained in val to the link adapter '
register reg */

void write_register{reg, val)

int reg;

unsigned char val;

{

/* Put the required byte on pert A */

outportb{PORTA, val):

/* Pulse the link adapter CS line low to write the byte */
outportb {PORTC.,
outportb (PORTC,
outporthb (PORTC,

{unsigned char) (reg+Cs});
{unsigned char} ireg}};
(unsigned char) (reg+CS+RW}};
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mnsigned char read_registerireg) num_gcows = fint) (num_bytes/1T);
BT TVG; last_row = num_bytes®l7;

num_bytes = 16*nuin _rows;

wnsigned char temp; if t(last_row!=0) aum bytess=last_row-1;

out porth{CONTROL, MAKEINPUT}: princf{-writing %4 bytes to BX\n*, num_bytes,[rom);
oerportbh (PORTC, (unsigned char) (reg+RwW+CS)); wait_for_tink(j;

outportb (PORTC, (unsigned char}{reg+RWL); write_register (1, {unsigned char} {£rom¥255));

temp = inportb{PQRTA}: wait_for_link(});:

surportb{PORTC, (unsigned ¢har) (reg+RW+CS)); write_register(l, (unaigned char} tfrom/256));
return{temp} ; wait_for_linkt):

} write_register{l.{(unsigned char) fnum hytes2258)};

wait_for_link{):
7% Initialise the link adapter status registers */ write_reglister(l, tunsigned char) (rmam_bytes/256)% ;
void setup_link_registers()

/* Hex file consists of an address followed by 16 bytes on
- : ' each row.
write_register(2, {unsigned char}3); 3
\ , A minor complication is that the last row may have less
write_register(3, {unsigned char)d); than 16 bytes *

thie_row = 16;
for (i=0; i<num_rows+l; i++}

void maintarge, argv) {
int argce; if (i1=-num_rowsl this_row = last_row-1;
char **argv; if (rhis_row != 0} fscanfihexfile, "¥X",&fbiti:

for (§=0; j<this_row; j++}
FILE *hexfile: {

et 5, o1ty fscanf (hexfile, *¥X* &val);
int num_bytes, num_rowe, last_row, this_row; printf{*%.2X *,val); fflush(stdouti;
unsigned int val, from; wait_for_link{):

write_register {1, (unsigned chartval):
setup_link_registers(); \

/* Make port A an output, since all link transfers are . “\nvy .
writes T/ printf("\n"};
}

outporth (CONTROL, MAKEQUTPUT) ;
o T, Listing 3. (ERRLITE.ASH)
{ i

printf(~Usage: as <hex file>\n,argvi0i}; ; Example process to flash error light.

; {C)y 1994 Mark Robinson.
This is not boot code -- use the loader program

axie(-1):
) H
if (tihexfile = fopenlargvil}.°zrt*}))

LDG 3000 ; Error light on time
printf(*Can't find file %s\n",argv(i}}); e
i LDC 3000 ; Exror light off time
exit(=-13;
STL 6
}
princi(*Start Address ?\n“}; e, g light ey g
scanf ("¥X", &from); LOTTMER
LDL 4
/* Count the number ol strings in the file, including SI™M
addresses */
rum_bytes = 0; I ——cn
4 TESTERR 3 ; Turn off error
o light
{ LDTIMER
fscanf (hexfile, *$X*, &fbit); LDL &
num_bytesss+; SUM
} while (ifeof(hexfile}): TIR : Wait gome more

/* Round odd bytes to the nearest word. 1I the hexfile J Liabel ; Do it all again
contains an

pumber of bytes, the last one will bec sent twice %/
if ((num_bytes$2)==1)
num_byles+=

/* Rewind the file and compute how many actual data bytes
there are *

rewind(hexfile);
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PC Ciinic

This month in PC Clinic Nick Hampshire looks at the hardware and
software which generates the display shown on the monitor,
at the video adapter card, and at some of the other display
technologies which are in use today

he very first computer that | owned, back in the late
1970s, was an Altair 8800b, a machine now widely
regarded as the world's first commercial micro-
processor based computer. The 8800b had no video
terminal, no keyboard, no disk drives, no DOS operating
system, no ROM based BIOS. In fact it had nothing but a
processor, a couple of Kbytes of RAM, a serial interface to a
Teletype, and a front panel full of switches and lights which
allowed one to look at and alter the contents of any byte of
memory.

When one switched the machine on one could not simply
power it up and use it, one first of all had to laboriously enter a
small bootstrap program into memory using the front panet
switches. This program was no more than 20 or30 bytes long.
Using this bootstrap loader, one could then load in a small
monitor program stored on punched paper tape via the
Teletype's paper tape reader. Only then was it possible to use
the Teletype keyboard and printer to communicate with the
computer in a meaningful manner.

Within a year or two of the launch of the Altair 8800b, other
manufacturers were producing microprocessor based systems
with no front panel switches and display, with the bootstrap and
monitor code stored in ROM, and programmes loaded from
cassette tape - systems that were a ot easier to use and which
no longer required the slow, cumbersome Teletype with its
paper tape reader and punch.

The Teletype was very quickly replaced by what became
known as the ‘Glass Teleltype’, a simple stand-alone, text-only
video display terminal that exactly emulated the old Teletype
and so could be used as an interchangeable replacement. Thus
the text scrolled up the page in the same way that it was printed
on paper, and the serial communications used the same data
transfer speeds and protocols.

The problem with this type of terminat was that the data
transfer rate was quite slow on account of transmission, and
terminal, hardware limitations. Thus, a typical video terminal of
this pericd, the late 70's early 80"s, displayed text only in 40
character lines and 25 lines per screen, data being transfered at
rates of between 300baud, or 30 characters per second, and
9600baud, or 960 characters per second.

Although this type of data transmission speed is ample for
user data input from a keyboard it is obviously totally inade-
quate for generating high quality text and graphics displays.
Hence, this use of a separate terminal for input and output was
abandoned quite early on in the development of personal
computers. It was abandoned in favour of the currently used
fully integrated system where computer, keyboard and monitor
were all part of the same unit.

This means that the terminal and the computer have been
merged together. The video display has been connected to
special high speed circuitry that interfaces directly with the
processor bus and thus allows for the rapid generation of high
resolution colour displays, including both text and graphics. The

revolution that made the Apple Il such an enormous success.

In video display terms, the first IBM PCs that were sold in
1981were rather disappointing compared to the Apple, since
they lacked both colour and graphics capability. It supported
the monochrome MDA card with its 80x25 character text
disptay. IBM saw the PC as being used in business, and
thought that in consequence there was no need to support
either colour or graphics disptays. How wrong they werel

The first true graphics cards to be made available for the PC
were not produced by IBM but by another independent
company, thereby setting a trend for third part innovation which
has heiped power the PC to a dominant position in the world
personal computer marketplace. This card was the Hercules
and it rapidly became the standard for high resclution graphics
with its 720x350 pixel image area. Although only a mono-
chrome display, one can still find them in use.

The success of both the Apple and the Hercules prompted
IBM to introduce their Color Graphics Adapter, or CGA card.
This offered a resolution of 640x200pixels with 2 colours or
320x200 with 4 colours. Atthough very primitive by todays stan-
dards, it is still being used in some current portables and note-
books. By the mid-1980's IBM upgraded the graphics on the
PC to the Enhanced Graphics Adapter or EGA card. It offered
the user 16 cotours from a palette of 64 and had a much
improved graphics resolution of 640x350 pixels. it is rarely
found on any of today's current systems but is still widely used
on older machines.

Today's most popular video display standard is the Video
Graphics Adapter, or VGA card, which was first launched by
IBM in 1087. This was quite a revolutionary design since it not
only offered users a 640x480 pixel resolution with 256 colours,
fast 60 or 70Hz refresh rates and far clearer square pixels with a
4:3 aspect ratio, but it was also the first design to dispense with
the old RGB monitor interface and move to the modem
analogue monitor interface.

VGA is probably the most widely used PC display technology
in use today, but is now superceded by SVGA systems which
can offer resclutions of 1024x768 pixels or more, and up to
16million colours. These systems work at very high speeds, so
high that they can no fonger work within the bandwidth of the

PC bus. To allow them to work, special high speed local bus
systems have been developed by the motherboard designers,
systems such as VESA and PCl.

The availability of such high resolution, high speed, colour
graphics displays means that we now live in a full colour
computer graphics dominated world. There is almost universal
use of graphical user interfaces such as Windows and the
complex applications software which makes use of it. Now with
multimedia we are going even further with the use of displays
that are fast enough to display computer-generated full motion
video. Indeed, in the future there will be very little to differentiate
between computer display technologies and the new digital
interactive TV technologies.
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Upgrading PC video.

One of the best ways to upgrade a system so that it can handle
the needs of modern graphical interfaced software is to
upgrade the display hardware, While an EGA display may be
fine for use with DOS based software, one really needs a stan-
dard VGA as the minimum level of display quality for Windows,
whilst if you want to run multimedia applications thera is really
no atemative to a very fast local bus SVGA display.

Considerable care should be taken when choosing a new
adapter card. It is, for example, no good buying a high speed
VESA card if your motherboard does not have a VESA slot.
Unless you also want to buy a new monitor it should be
compatible with your existing monitor. Go for a card which has
the highest speed for the desired number of colours and
graphics resolution. The speed of a video card can be tested
with the aid of the graphics benchmark program that was
included on last month's ETI front cover disk. But do not forget
that it should be tested on a PC with similar specifications to
your own.

Having chosen a new video adapter card, installing it in a
system Is quite stralghtforward. The first step is to check the
amount of video RAM it has. If you want a lot of colours at high
resolution you may want to add more memory at this is best
done at this stage.

if you want to add more memory you will first of all need to
check what type of video RAM is used; it is usually DRAMS or
SIMs, memory speed, etc, This data can usually be obtained
from the manual that comes with the board. Falling that, have a
look at the RAM chips/modules which are already instalted. One

must then acquire and insert the appropriate number-ofthe
appropriate chips or modules.

When inserting DRAM chips it is very important that they are
correctly oriented in the sockets on the board. First check that
the notch or dot at one end of the DRAM IC is at the same end
as the notch indicated on the board legend. Then line up the
pins on cne side of the chip with the correct side of the socket
and gently ease the chip in, rotating it slightly to bring the other
line of pins into alignment with the sccket. Then carefully verify
that all the pins are aligned in the socket before firmty pushing
home.

When inserting ICs, one should first make sure that any
static electricity charge in your body is discharged and hold
them by the ends rather than the pins. Also take particular care
not to bend a pin under the body of the IC when pushing it into
the socket.

If the video adapter uses SIMs, and these are almost univer-
sally used on modem systems, then first of all determine the
correct crientation of the SIM to the socket. Having done this,
insert the edge connector of the SIM into the socket and then
push it back into the socket untit both the tabs at the end of the

socket snap into place and hold the SIM tight.

Having added the additional memory, If any is reguired, to
the video adapter board, the next step is to configure the
adapter and the motherboard. Installing extra video RAM may
require the resetting of a jumper or DIP switch on the adapter
board; for details about this, carefully consult the manual that
comes with the board and set the jumpers or DIP switches
accordingly.

The video adapter card should now be inserted into the
appropriate bus siot, putting 8bit adapter cards into 8bit slots,
16bit adapter cards into 16bit stots and of course VESA/PCI
bus cards into slots with the appropriate local bus connector,
Secure the adapter card with a screw, and connect to the
monitor using the appropriate cable.

Memory configuration and device drivers
Once the board is installed it should work perfectly under the
DOS environment, but to get optimum use from it with applica-
tions such as Windows you may need to reconfigure memory
usage and alsc install special drivers.

Scme of the memory used by a video adapter lies in the
processor's upper memory area, or UMA. This means that if the
adapter has more memory than standard then unless steps are
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adapters is as follows:

You will probably have to check in the video
adapter manual to make sure which memory
blocks It uses. Also, before you change
CONFIG.SYS, do not forget to keep a copy of
the original version just in case the change
causes problems.

If you intend to use the video adapter exclu-
sively for DOS applications then there should be
no need for any special device drivers, but such
drivers will probably be necessary if you will be
running Windows or any other GUI. A selection
of drivers will probably be provided on disk
together with the video adapter board. To install
the selected driver, follow the steps shown in
the video adapter card manual, or install under
Windows using SETUP from the DOS Windows
directory.

Testing

The only way to really test a video card is to
start up the PC and run a few applications. The
following are a few common faults and some
remedies:

Blank display - check that the monitor is
tumed on and connected properly to the power
supply and to the video adapter. This type of
fault is invariably caused by a bad
connection.

Multiple images on the display under
Windows - this is probably because the monitor
and adapter are not using the same video
modes. Read the manual for the monitor and
the adapter; you may well be able to reset the
modes using a switch on the monitor so that
they both match. Alternatively, switch to a video
mode that is supported by them both, thus
some monitors do not support 800x600 mode
with some adapters but will support 1024x768
with the same adapiter. If problems with
Windows persists then try running Setup with
either the VGA or SVGA drivers.

Improving performance under
Windows

Video speed is one of the most important factors
in determining how well a system will run under
Windows; it is even more important than screen
resolution and number of colours. So if you
intend to run Windows you will need to make
sure that your video adapter card is running as
fast as possible. The following are a few ways of
enhancing the speed:

taken to prevent it, this memory could be used by other * Unless you really need 256 or more colours, use 16 colour
applications. mode.
To prevent this situation, it is necessary to use the memory * Unless you really need very high resolution then use a lower
manager EMM386 or equivalent. This will entail editing resolution and trade resolution for speed
CONFIG.SYS to make sure that the EMM386 command * Carefuilly check for any memory conflicts, this may be the
includes an X switch that will exclude the area of memory used cause of the system slowing down and producing occa-
by the video adapter. The resutting CONFIG.SYS command sional strange error messages. To test for this, try running
could look something like this: Windows from DOS using the WIN/D:X switch which prevents
Windows from using any memory in the UMA., If the problem
DEVICE = C:\DOS\EMM386.EXE NOEMS X=A000-CBFF goes away then there is probably a conflict and one should use
The PC memory map with respect to most common vided EMM386 to exclude all video memory from use by Windows
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RGB displays

The simplest colour menitor drive technique, found on CGA and
EGA systems, Is known as RGB. This refers to the red, green,
and blue electron guns that are used in every colour CRT. By
turning the three guns off and on in various different combina-
tions it is possible to generate a range of elght colours. This can
be seen in the folowing table:

9]
w

Colour R

black
blue
green
Cyan

red
magenta
yellow 1
white 1

- o000
4+~ 20 - 200
= OO0 =0 =C

Note that to generate white all the guns are tumed on, whilst
they are all tumed off to generate black.

By changing the intensity of the on/off signals from the video
adapter to the monitor it is possible to increase the range of
colours available. Thus on a CGA system a fourth wire is used
to indicate whether the intensity is full or half normal (where full
is about one volt on the electron gun and half is half a volt).
Thus the fourth Intensity line can be used to toggle between,
say, red and a kind of pink, thereby increasing the number of
colours that can be generated 1o sixteen,

On EGA systems the concept of having an additional line to
control intensity has been expanded, and there are three inten-
sity lines, a secondary red, green and blue. With this system it is
possible to generate displays using 16 colours drawn from a
palette of 64 different colours.,

This is the practical limit to this technique for generating
different intensities.

It should be noted that on both CGA and EGA systems the
wires connecting the video adapter and the monitor are all at
standard TTL voltage levels - +5V and GND.

Analogue displays

With the VGA adapter launched in 1987, IBM introduced a new
way for the video adapter card to send image data to the
monitor, the analogue interface. A way which allowed a lot more
coleurs to be displayed on the screen.

The original RGB simply turned the electron guns of the
colour monitor CRT on or off, all the different permutations of
the three guns gave a range of eight colours. Then with CGA an
intermediate gun intensity level was introduced thereby
increasing the number of colours to 16, a range that was
stretched to 64 in EGA displays.

However, there is no reason why each gun should not have
an infinite number of different intensity levels thereby giving rise
to an infinite number of displayed colours and thus allow the
computer display to show images which have all the range of
colour seen in everyday life. To do this the voltage of each one
of the three lines to the electron guns needs to be varied with
great precision. This is done using special digital to analogue
converter circuits on the video adapter, hence the reason why
such boards are refered to as analogue display boards.

On VGA displays the digital to analog converters can
produce up to 64 different intensity leveis on each of the three
guns, thus enabling a VGA display to have 8443, or 262,144
different colours. Although to do this will reguire eighteen bits of

storage for each pixel, six bits for each gun, or just under
700Kbytes of video RAM for a standard 640x480 pixel

display. The analogue technique has been expanded even
further with SVGA where the guns can be driven at up to 256
different levels thus giving rise to a potential 16.7million colours,
assuming memory is avallable at 24bits per pixel, or 2.4millicn
bytes of video RAM. Most of the adaptors sold today have at
least 1Mbytes of video RAM, this should be checked carefully
when buying either a new system or adapter board, it is impor-
tant toc make sure that can add more video RAM to increase the
capability of the display system.

iNote: in most cases RGB moniters will not work with
anglogue video adapters and analogue monitors will not work
with RGB adapters. However, some more expensive monitors
come with sockets for cables from both types of video adapter,

Composite video

A handful of PCs, such as the Commodore range of machines,
also have a composite video output as well as the conventional
RGB output, This type of output combines the three colour
signals and thr synchronisation signals into a single signal that
can be sent down a piece of coax wire with a phono plug. This
signal is essentially the same as that which comes into the aerial
socket of a conventional TV.

The reason for including the composite video output is
simply that it allows the system to use a TV set as a monitor, a
very usetul capability in some applications. Primarily, however,
its use was a hang over from the home games computers such
as the Commaodore 64, and it is now rarely encountered.

If you do need to use a TV set as a monitor then there are a
number of special VGA to TV converter cards on the market.
But it should always be bom in mind that the current generation
of computer monitors have displays which are far superior to
that found on the average TV. So do net expect a TV based
monitor to have the same quality of display. Having said that, a
TV output does allow a PC to utilise eguipment such as projec-
tion TV displays.

Light pen connectors.
A light pen is not normally considered as a PC pointing device,
the mouse has almost exclusively taken over this role, But this
has not always been so0, and on many EGA cards there is a
special light pen connector, and in the PC BIOS, routine Int 10h
Function 04 will return the position of the light pen.

The fight pen connector is invariably a 6 pin SIL socket on
the board, often labeled the P-2 connector. The pin connec-
tions are as follows:

Pin  Function

+light pen input

not used usually acts as socket key
+light pen switch

ground

+5 volts

12 volts

1
2
3
4
5
6

The light pen is not implemented on any VGA or PS/2
systems.
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three knife handles of
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precision work, a medium
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PROMs

VERSUS LOGIC

We tend to think of EPROMs as simply
being a form of non-volatile memory for
computers. Graham Reith shows that
they can also be used to soive a great
many circuit design problems

any practical problems are best soled nowadays

by using an electronic system of some sort. A

choice of which system then has to be made, and
in particular the precise components to be used.

One is looking for the best tool for the job, in terms of

practicality, convenience and cost, One of the choices likely to
face the problem-solver is whether to use a system of logic
gates, or whether to go for something more sophisticated like
an EPROM. This article is largely concemed with the considera-
tions which may influence that choice. Some everyday, practical
examples are offered to illustrate the factors involved.

Logic gates are easily understood and widely used in elec-
tronic circuits. Various types offer the user a variety of functions,
and for certain purposes they can be the ideal tool for the job.
But there are severe limits to what any one logic gate can do,
as can be seen from the small truth table each one has. Logic
gates usually need to be used in combination with each other in
order to help solve even fairly modest tasks. Such combinations
can become very complicated, and the circuit becomes bulkier,
more expensive and more difficult to wire. For the more chal-
lenging tasks, therefore, an altemative is required.

EPROMSs {standing for Erasable Programmable Read Only
Memory - there are similar products known EEPROM,
E2PROM, or PROM but in this article they will be called simply
EPROMS) can be made to behave like the more complicated
logic systems. For example the 2716 EPROM can replace a
logic system which has any truth not greater than 8 bits wide or
2048 lines long. EPROMSs are more expensive than logic chips,
but one EPROM can replace many gates and so an EPROM is
often the more economic choice. EPROMSs also require less
wiring than complex logic systems, afthough they have to be
programmed. EPROMs {(and EEPROMS) can be erased and re-
programmed many times, and so their behaviour can be altered
with little effort at no added cost - unlike logic systems which
are hard-wired, i.e. their behaviour cannot be changed without
changing wires.

Technically, a third option is available in the form of program-
mabig logic, such as PEELs (Programmable Electrically Erasable
Logic Arrays) or PLDs (Programmable Logic Devices). These
call for their own particular programming techniques. It is not
Clear that they offer a better solution than EPROMs do. They
and their programmers seem to be less commonly available
than EPROMs and their programmers. Programmable logic
components are not therefore considered further in this article.

In general, the theme adopted in this article Is one of finding
easily available, economical solutions to everyday practical
problems. That, after all, is the essence of the contribution
which the science of electronics has made, and continues to
make, to human invention and development. This article goes
on to take as examples three common or garden problems and
to discuss how these can be solved using logic gates or
EPROMs as appear most suitable.

The first problem chosen will be how to controt the auto-
matic heating and ccoling of a greenhouse in differing condi-
tions where it is either night and day and where ambient
temperatures rise and fall. Of course one might choose to solve
such a problem manually, using paraffin heaters or whatever,
but a fully automatic system is available to those who want it by
using electric heaters, electric window fans, and an electronic
control system. The article describes how this-might best be
done, using a simple logic gate system.

The second example tackles 2 more complex probiem
where traffic management is needed at a busy T-junction. In this
country the old method of manual direction by a traffic
policeman has long been abandoned in favour of the cheaper
and more efficiert system of traffic lights. Various methods of
phasing the sequence of traffic lights have developed over the
years. This article suggests that a good method is the use of
EPROMSs.

The last example takes a more modem, more sophisticated,
problem which is that of how to communicate information in
alphanumeric displays. The use of displays and the way in
which characters are presented on them have been evolving
and one cannot exclude further development with the exercise
of imagination. The design of characters in a display is normally
manufactured within the display driver. However, there remains
scope for individual experimentation. This article suggests a
sample range of characters, and suggests that in this area of
electronics there is no practical altemative to the use of
EPROMSs,

This article not only discusses the merits of loglc gates and
EPROMs in each case, but offers a detailed account of how
circuits might be set up, and of the truth tables involved. A start
Is made with the common or garden greenhouse.

PRACTICAL: A TEMPERATURE
CONTROLLED ENVIRONMENT

Themmostats are fairly simple devices, commonplace around the
home. Most thermostats tum a heater on when it gets too cold
and turn it off when it gets to the right temperature. However,
some people may want a more sophisticated thermostatic
system which can maintain 2 more complicated environment. A
practical example would be to equip a greenhcuse with the
means to keep the indoor temperature between specified
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boundaries by heating and cooling the alr when required during
the daytime, and similarly by heating during the night (the need
to cool during the night being uniikely). For example, there could
be a thermostat which kept the temperature between 16°C and
20°C during the daytime, and greater than 10°C during the
night.

There are various ways of building a system to meet these
requirements. The system designed here is perhaps one of the
simplest ways of doing it. 1

There has to be a system of temperature and light sensors
to determine the conditions inside the greenhouse. Using only
one of each type of sensor has the advantage that the system is
more reliable in the sense that any two temperature sensors will
not be identical and variations in their performance would cause
undesirable complications. Their sensor system, as set by the
owner using a therometer, should indicate when the tempera-
ture is >10°C, >12°C, >16°C, >18°C, and whether it is light or
dark. The idea is to have a heater switching on if it is dark and
<10°C until the temperature becomes >12°C, and switching on
if it is light and the temperature is <16°C until it becomes
>18°C. A window fan to expel hot air switches on if it is light
and >20°C until it is <18°C. The point of having it switching on
at one temperature and off at another Is to prevent the appii-
ances from switching on and off very rapidly around one
temperature threshold.

A possible sensor system is shown below. The outputs A - F

Note: Op-Amps should have saturation levels of
+4-5 voits,

ture and light is shown in the table below. The table also shows
what the reqguired output of the logic system is, i.e. when the
heater and fan are to be tumed on and off.

A suitable logic system to perform this would be:

will be inputs to a logic system. The potentiometers allow the 5 NOT gates
temperatures at which each output changes to be
adjusted. AL'B ¢ B EF
The state of the outputs in relation to tempera- I 7 T 7 T ? {
+5V  +5V
»—' 50— s
5k - nesien |
— % LATCH
QUTPUT A
HIGH WHEN 9 ; R
+ >10°C
+5V .
2k2 [ = A ls
. ~ = ) FAN .
QUTPUT B LATCH
HIGH WHEN
(5 »>12°C T
+5V
e 7 AND gates
i-abd L 3 OR gates
= >16°C
o' Wiring up Loglc:
& Logic gates tend ali to be in the same format on chips. The
= STPTD drawing below shows how gates are arranged on a chip.
HIGH WHEN For example:
»>18°C 5
r W 1+ Quad AND gate:
5 Wiring up Op- e OMAnricl
OUTPUT E
+ HIGH WHEN
A »>20°C a DI—H ) ( E—l il
GND
HERIRINEELN]
OUTPUT F
o HIGH WHEN |
el Hex NOT gate: o ]—LIDT 1?{)'] [10]
) '4069
NOTE: [[ ] GND
OF-AMPS SHOULD HAVE SATURATION NSy NEE
LEVELS OF +4-5 VOLTS
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Amps:
This depends on the Op-Amps used. A suitable cheap quad
Op-Amp chip is the LM324.

Wiring up set-reset latches, eg 4013:
CLK

SAHAAR
L |

LJ
7

GND

O

‘ LIL]
Q qQ C s

[e]

LK

This iogic system consists of 15 logic gates which, when linked
together, will consist of 4 chips: 1 hex NOT gate, 2 quad AND
gates, and 1 quad OR gate. These chips cost less than 25p
each and so the total cost of the fogic system is around £1. The
cost of an EPROM is substantially more and althcugh the
system could easily be made with an EPROM, requiring much
less wiring, on balance the money saved makes logic the best
option. The behaviours of the system can be changed without
changing the logic, simply by adjusting the potentiometers
which change the switching thresholds of the fan and heater.
There is little that would reguire the logic to be changed, so the
versatility of the system is not affected.

To run a cooling fan and a heater off system, relays need to
be used to buffer the output from the iatches. The relays used
depend upen the kind of heater and fan used and how much
current thay draw. lllustrating the behaviour of such a logic
system does net actually require a fan or heater - LEDs could
be used instead to indicate whether conditions were too hot or
too cold, i.e. when the heater or fan should be on. A 556 buffer
is probably the easiest way of buffering the cutputs of the
latches to drive the LEDs. The 556 is an inverting buffer, so it

FROM OTHER
LATCH™

would be sinking the current.

That example deals with the comparatively simple reguire-
ments of heating or cooling a greenhouse, which can economi-
cally and efficiently be met by a cheap logic system. We can
now move on to discuss a more compiex set of everyday
requirements, such as would be found at a street corner in any
town. The management of traffic light controls possess a
number of practical problems which are uniikely to be best
solved by logic systems.

PRACTICAL

Automatic T-junction traffic lights with
pedestrian crossing

The following diagram shows how the traffic lights would be
found at most actual T-junctions. The numbers beside the lights
indicate which road (marked 1, 2 or 3) the traffic light would be
directed towards. Sets of lights beside the same number operate
in unison. The letters R, A and G denote red, amber and green,
and there are appropriate symboals for the red and green man.

1A

RED GREEN
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The first thing that must be
done is to work out the sequence
of the traffic lights and how long
each light should be on for. The
seqguence is shown below,
together with possible timings. '1'
indicates a traffic light is on, and '0"
indicates it is off.

Notes: The square-bracketed
lines apply only if a pedestrian
button has been pushed.

The total time for the cycle is 78
seconds including pedestrian time.
This system could be made
using logic gates. A counter could

be made to count up to 78
(seconds), and iogic could be used
to turn the light on and off at the
appropriate times. This, however,

il 2secs
2 secs
20 secs
2 secs
2 secs
14 secs
2 secs
2 secs
2 secs
14 secs
2 secs

O0DOCOO = == w0o0 ||
000D -0000O
coocDOoOO0OOoOOoOO
000000 OOOOO

OO OO = 0000 =0

OCOO0OO0O0OOQOOO =0 0 (|

- 0= 0000000 O |

[ [ = R SV Y Y
=000 000000
OO0 = = = 200000
b b —h ok b oh (D) O ok b
CO0O0DO0O0O0 =0 =0
- e D000 -

The shaded area only applies if a pedestrian button has been pushed.
Total time for the cycle is 78 seconds, including pedestrian time.
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would be very large, complicated, and expensive. Indeed, it Wiring up the Clock and Latch:

would be very inconvenient to use logic because of the
subsysterm which is accessed whenever a psdestrian wishss to

cross, requiring more logic gates to be added to the system. If = iy
the traffic lights needed to cope with a Monday to Friday rush ; peurer

hour, under a logic system a different circuit would need to be
introduced during set times. f there were to be a change in
longer-term traffic characteristics, such as a new supermarket |
built in the area, the entire circuit of a logic system would need t0u
to be redesigned. In short, a logic system is too cumbersome I

47k

+5V

"

—>T0 8 OF
EPROMS 148 2

¢ FROM DO OF
EFROM 1 L

for a task like this requiring flexibility.
An alternative is to build the system out of EPROMs. This

would be substantially cheaper than a logic circuit, and any Connecting up the 2716 EPROM:

changes required in the system such as pedestrian use and a
rush hour could all be catered for in the same program, inside Pin out diagram:
the same chip. If there were to be a long-term change in the

traffic characteristics, the sequence and timing could be altered
by changing the program inside the EPROMSs. Such adjust-
ments would take a fraction of the time and expense that ~  veo
constructing a different logic system would involve. EPROM ] [ »e
chips are erasable and re-programmable, so the very same chip as ] [J %0
could even be used again. , ~ [ (] ver
\ aa[] [] 0e
Constructing the EPROM system: o] [ a0
The system needs at Isast 14 outputs, and needs enough s e ] 5E/pam
address lines to allow 78 different stages as well as settings for o] [Jor
pedeastrians and potentially a rush hour, which means a .o o
minimum of 8 address lines. As there are 14 outputs to the
system, and standard cheap EPROM chips have only 8 output o [ os
lines, the system needs to have 2 EPROMSs. The type of o2 [ (104
EPROM most suitable for the purpose is the 2716 EFROM vss [ [ Jos
which has 11 address lines and 8 data lines. Two 2716

EPROMSs can give a combined effect of one EPROM with 11
address lines and 16 data fines. (Remember that the same
address needs to be fed into both EPROMSs).

The block diagram for the system is shown below:

For normal
operation of a
programmed
chip;

Vce - +5V
Vpp - OV

OE - OV
CE/PGM - OV

Vss - OV

The address is fed into the address pins A0 to A10, holding
any unused pins at OV. The data stored at that address will then

CLOCK CLK 8 - BIT COUNTER
D7 D6 D5 D4 D3 D2 D1 DO

PEDESTRIAN
BUTTON
d L
LATCH inm koo
AlD AS AB A7 A8 A5 A4 A3 A2 A1 AD AlD A9 AB A7 AB A5 A4 A3 AZ A1 AD
216 EPAOM 2 2716 EPROM 1
D7 D6 D5 D4 D3 D2 D1 DO D7 D6 DS D4 D3 D2 D1 DO
RESET
BUFFER SYSTEM

TRAFFIC/PEDESTRIAN LIGHTS
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appear at the data outputs DO - D7.
The pedestrian lights:

These can be made from goloured LEDs, with protective
resistors of around 220 ohms. The fitter lights could be made
using a marker pen and a little artistry.

The buffer system:
The buffers do not have to be very complex as they are onty
driving LEDs. The 74L5125 contains four buffers, and four of

4C 44 4Y 3A 3C 3Y

VGG

D= B
HjEJEERRAEEE]

1C 1A 1Y 2C 2A 2Y

these chips will suit the purposes

The EPROM Program:
Address Pins: AQ - A7 from counter
A8 from latch
A9 - A10 further expansion.

Data Pins:

EPROM 2 EPROM 1
r 1 1

DS D4 D3 D2 DI Do D7 D6 D5 D4 03 D2 DY OO

it AR 5 | e TR [ e 1750 reset
L Tl il j
1 2 3 {ne

PEDESTRIAN UGHTS

opposite:

The program works by following through the same basic
sequence 000 - 040, at the end of which the counter is re-set
back to 000. So, if uninterrupted, the traffic lights would be
following the exact same sequence ad infinitum. However, if
there is an interruption - a pedestrian wishing to cross the road
- the system defers action until an appropriate point in the
sequence has been reached, i.e. when all lights are red.

Only then does it put on the green man. In order to achieve
this, a different program is used which incorporates the green
man as part of its sequence. When the pedestrian pushes the
button, a latch is set and the address changes 0-- to 1--, The
sequence 000- O3F is exactly the same as the sequence 100 -
13F, and so pushing the button will not cause any immediate
change of sequence. However, it would normally reset back to
000 at address 040. Instead, at 140 the pedestrian signals run
their sequence, and the counter (and latch) are reset to 000 at
address 14E.

There is room for expansion of the program. A timer could
be used to run a different program at rush hour. During rush
hour a 1 could be put to Address pin A9 on both EPROMSs and
the different sequence could be stored in Addresses 200 - 2FF.
Remember that the pedestrian sequence during rush hour
wouid be stored between 300 and 3FF.

In taking traffic lights as a practical example in the use of
EPROMSs, the EPROMSs have been used as a means of
proceeding through sequences stored in them. However,
EPROMSs have more varied uses, and another example worth
iooking at is that of holding look-up tables.

A look-up table is a table of data stored in an EPROM from
which the user, or another electronic component, can
summon up a specific piece of data for a specific function. The
next example uses a look-up table to operate an
alphanumeric display.

Traffic Lights
PROM 1

Most EPROM programmers pr— E:::rz e
require the data to be fed in hexa- oo | 22
decimal. Therefore the data needs 001 22
to be converted from binary into 88§ 223
hexadecimal to program the 004 20
EPROM. The data D7 - DO wil 0 s
appear in hexadecimal as two 007 20
characters. For example, ggg 2
10100111 in binary equals A7 in ' 00A 20
hexadecimal. Remember that ggg %
when converting, the last four 00D 20
figures are taken first, In this case gg,f gg
0111, and put as 7, and the next 010 20
four, in this case 1010, are put as g}; 3
A. Thus multiple of four digits is 013 20
required, and where fewer appear, 3}; g
zeros need to be added at the 016 20
beginning to make up the requirec 8}; .ﬁ
number eg 111001 should be 019 21
written as 00111001, e &

The EPROM programs for the 01C %

SRR LR RLERRRERERRRREEREYDE

DATA
44

EPROM 2 | EPROM 1

EPROM 2 | EPROM 1

ADDRESS ADDRESS
DATA DATA DATA DATA
01D 26 1C
o1E 2% 1€
01F 26 1C
020 26 1C
021 26 1c
022 26 ic
023 26 1C
024 26 1C
025 26 1C
026 26 16
027 L - (o
028 28 1c
029 26 1G
02A oo 24
028 o - .24
o2C 26 44
02D 26 44
02E 36 a4
02F 36 44 147 iy 42
030 0A 44 148 S 40
031 oA [ 44 14 [EEEEEE. 42
032 0A 44 144 EERERE
033 0A a4 148 [CTEORNINN .40
034 0A 44 14C I 40
035 0A a4 14D D . 42
036 0A 44 14E [ a5
037 0A 44 b
038 0A 44 14F- el
039 0A 44 1FF I e 2

traffic light sequence are shown

Next month

Graham Reith will continue his look at the creative use of EPROMSs with the development bdf ‘an alphanu-
meric display system.
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WE HAVE THE WIDEST CHOICE OF USED
OSCILLOSCOPES IN THE COCUNTRY

TEXTRONIX 7000 SERIES OSCILLOSCOPES

TEKTRDNIX 2455 4 mmxmw&m&m . E1TS0
TEKTROMIX memllv-u!mmzm»

IMSMT_MDOIMM £
TEKTROMIX 875 Dyl Trace 200 Mz Deliry Swoep 500
TEKTHWX#GSBMW‘I’NMWMS-‘ T
TEKTROM X 465 Dual Trace 100 Mz D el
TEK rnmnscsumv.nmmm%m.m €0
TRIO CRZ070 4 Channed T0MHZ Delay Sweep [
MlTSUSS&IIiClCW!OOI’WD-ﬁyS—-;‘M
TEKTROMX 2218 Dyas Tr, Swewp [

Tomece 20 Wiz
T‘EK'!HOW! 1922 MTYH |$ [ op

Dudk
GOULD CS‘WOWTIM 10“& (hota Srormge
MP. 17314 Dual Trace 1008z Delay s-num Scrage
NS 8 JUST A SAWLE MANY OTHERS AVAILABLE

MARCCON TF20028 AMEM

mbiﬁmk‘uﬂﬁﬁﬂ!)|w -

SANDERS Sxpnial Sousce 6055 850 - 79500
Amxmms—-msow 200
RACAUDANA (ITarmiane| P25 Pulse Gan THZ-500H: Dusl Oulpud £200
LYONS PGZIN Pyl Gan PAE tHT  208H7 5 nanosecy rm
WAYNE KERR BO0S Avtomats Precmon Brisge 0.09% .

nvas:-nsssnom 21GHx £as00
HP. IS804 LED SHE - 80 K3ty - £1000
ANRITSU MS620 wih Tracng Gonaatos 10KM: - 700 Mz £9500
POLARAD 541-1 10MHz 18GH1 e . £r5m0
nu 182 with 53588 100KHz 15008802  f1500

HEP. 147T wh 05540 § 83528 SO0MHZ - 1250 Wbz o0

Cvariae Timme-DAM 650 HP. &

WMARCONI TF2700 Unrversal B e mmo Detiy Swdy
BRUEL & KJOER Vibration Exciter System
(Largel P.OA. - OTHER BAK EQUIPMENT AVAILABLE

SPECTHUM ANALYSERS

EIPDANA 3510 Mcrowave Fr Counter 20 K2 - 1B GHz . £500
, 534 Emmm LED 300

£1rs
£150

AVAILABLE FROM £200 PLUG-INS SOLD SEPERATELY ::m 9913 Fi

scm Mirater wih AC

WP 3‘56!;\191 WDC Trum RS AC-Aas O
M.P, WH! MACEO’M -£100
IPS PA2S34 bbuh Function DA I U8 . § 1300 GPREEE 1A%
mlmhw"’l 3z - . €400
SOLARTRON 7045 4 wter VO 260
RACAL 33014 Trm RS Pty 1OKHZ - 300
KK

o

USUY AYWZ] AC Voo D M'me

nnn
LEADEN LIMVIB1A AC MRt Sy 184, 1000V 300V
MAR Sircolmener tOM2 - 1ORAD IV MFSDNI)
F2337 Aumomane Drtihrbon Mkt £00
DYMER mu«mw‘nvw-suquiﬂtdals s
SAYROSA 2528 Autoemnesc MOASION ey 0125
FARNELL HI¥100.0-30v0as, 5 | 00Amps [ m

TEXTROMIX nms rqn vaorage Prooe
SULLIVAN AL T

S on cow:mmh—hmm&—mmm

NARCONI 7388 Act Proce 16T "°°
NEW EQUIPMENT

NME$ OSCILLOSCOPE it 1005 Trple Traoe 100k
manase

HAMEG OSCHLOSCOPE M 604 Dua Trace sOMMG
HAMEC oscuoscovi AR 7 Dl Trace 700G

Componert Tesl £33

N“ﬁmtm HAZZ05 3 Dl Trace 200841

Oqpial Giorage 659
Al offer el vasatie - 2 CACROSCOPYS SUDTSEd wilh 2 Drotes

BLACK STAR EQUIPNENT (pag ol ursis. %)
Counter Tume« Rl Panes/Time

APOLLD 10 - 100Mbex el ok
rz
APOLLO 10 100Mbi Az J00ve Wil mone Anciene | . £335
METEOR 100 FREGUENCY COUNTER lmﬂz moe
METEQR 600 FREQUENCY COUNTER 600k, 148
METEOR 1000 FREQUENCY COUNTER el

JUPTOR 500 FUNCTION GENERATOR l‘m 50004 Sv-iq’fﬂ

HP. rary wan 55538 8 BS52ZA TIOHT - | ORRHZ w0 t1e
WP 1417 it 530U B B552A 1KHZ-110MHL . €700 d mury BAR GENERATON ParTvvioes poty
MARCOM TFZ370 30HZ 110MH2 £1000 mm{lmwsl?wm

H.P, Badd §844) Trachng Gene stoes. Avadabes irom £300

M P, 1417 Man Frames orty Gooe Tubes - 200 [OICALOSCOPE PROBES Swittatie 11 10 (PAF I3} (2]

Manuals supplied if possibie

FESTIVAL
OF INDOOR
MODEL FLYING

Hosted by the Model
Pilots Association

Model Engineer &
Modelling Exhibition

Will feature non-stop model
flying in the giant National
Hall, right alongside the main
exhibition hall in
Olympia

Used Equipment Guaranteed -
This is 8 VERY SMALL SAMPLE OF STOCK. SAE or Tedephone for ists. Please check availability
before ardering CARRIAGE all units £16 VAT to be added to Tota! of Goods and Camage

—— STEWART OF READING
{110 WYKEHAM ROAD, READING, BERKS RG6 1PL

Telepnone:(0734) 268041 Fax (0734) 351696 Callers Weicome 9am-5.30pm Mon-Fri funtH 8pm Thurs)

The all-day, every day action will include:
® Bring-and-fly sessions for visitors to operate
their models @ Team racing with KK Phantoms!
@ Electric and I.C. control line flying round the
pole @ R/C scale and pylon race competition
@ Trade demonstrations include
® R/C helicopters and fixed wing designs
@ DPR models and SAMs fun-fly events
@ Various competitions to enter
with prizes to be won!

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

The supplier to use if you're looking for —
# A WIDE RANGE OF COMPONENTS AIMED
AT THE HOBBYIST &

* COMPETITIVE VAT INCLUSIVE PRICES »
* MAIL ORDER - generally by
RETURN OF POST &

* FRIENDLY SERVICE &

Open: Monday-Thursday 915-6.00
Friday 915-5.00 Saturday 9.30-5.00

Full commentary on all the action.

The events, with the exception of the mode!
trade demos, are open to all, so if you've got an
indoor model {or even a small outdoor one!}
Bring it along and have fun with the rest of us!

EN ;-
Please note: for control line flying the maximum
line length available is 35’ and engine size is
= limited to 1.5cc. R/C models are subject to a
——
N maximum of 0.020 cu.in. for non-throttle

_L‘t LTD STEVENAGE equipped engine or 0.55 cc. for throttle equipped

Professional Sub-Contract Manufacturing & Suppliers to the
Electronics Industry

Do you have a requirement for any of the foliowing services:
PCB Assembly {Conventional Product Deslgn/Consultation
and Surface Mount) Full Procurement Service

Wave & Hand Soldering PCB Test & “Bum in" Facilities
Complete Equipment Encldsure Design & Manufacture
Manufacture PCB Artwork Manufacture
Device Programming from hand Circuits Drawn Professionally
written shis or PC 3'/2” disc Kit Procurement & Supply

Cable Harness Assembly /loom Component Sales

Manutacture Refurbishment a speciality

Card Cage and Module Wiring Top Quality Work at Reasonable Rates
Full Inspection

Phone Tracey on (0438) 360406 or Fax details of your requirements to us

on (0438) 352742
EQT LTD, Cromer House, Caxton Way, STEVENAGE, HERTS, SG1 2DF

All models will be the subject of
scrutineering before they are permitted to fly
Sport or scale, free flight, rubber, electric, CO2.
R/C., chuckie, RTP and C/L - they're all welcome
and the action promises to be non-stop

See you at Ofm/fm/
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Good reading
less in 1995!

Subscribe to vour favourite magazine for 1 year

and have every issue delivered to your door (post ::::‘&:
free in the UK) and up to 2 extra issues free! v
! : ortnightly
Offer 2
— Monthly

Subscribe to the ﬁlagazine of your choice for 2

years and we'll send you up to 6 extra issues free =
ternate

monthly

~ Quarterly

Plus, It's a gift.
with both offers 1 and
extra present — explore 4 ne
magazine, we'll send it fo

Offer 1

Your extra

lssues with 3 1
year subseription.
24 issues plus

2 free

12 issues plus
2 free

6 issues plus
1 free

4 jscues plus
1 free

Offer 2

Your extrs issues
with a 2 year
subseription.

48 issues plus

6 froe

24 issues plus
5 fres

12 issues plus
3 free

8 issues plus
2 free




|
. SUBS@C@@QI

It couldn(il be eagier...

o Just tick the relevant box for a 1 or 2
year subscription {panel 1 or 2)

. Then tick your chosen magazine in the
corresponding panel, 1 or 2

- Now tick your chosen free sample
magazine in panel 3

« Post this page to us with your payment,
sit back and enjoy a really good read!

Offer closes 6/1/95

% en

Your Subscribe & Save Order Form
Yes, | would like to take out a subscription to the
magazines indicated.
Please commence my subscription/s from

to ASP or debit my Access/Visa

................................................................................

.................................... Post.Code.......au
Photocopies of this page are acceptable. Not to be used
in conjunction with any other offer. This offer is open to

all readers until 6/1/95. Please post this page to:
Subscriptions Dept, , Argus Specialist Publications,Argus
House, Boundary Way, Hemel Hempsted, Herts, HP2 7ST.

Please tick this box if you do not wish to recsive information from any other
companies. Q

(ETOS5)

UErT e e issue. If renewing / extending, please
quote subscription number......................cceocvennen
| enclose a cheque / P.O. for £.............. made payable

La0000a000030aad |

- {Quarterly:

Panel 3

Explore a new hobby ana$:c§obse a FREE copy (3

U WOODWORKER

L MODEL ENGINEER

Q SILENT FLIGHT

L3 R/C SCALE AIRGRAFT
U PRACTICAL WARGAMER
U MODEL ENGINEERS

O ARCHIMEDES WORLD
O AEROMODELLER

Q2 CITIZEN'S BAND

O cLocks

O HAM RADIO TODAY

O MILITARY MODELLING WORKSHOP
2 MODEL BOATS QI TAMIYA INT. MODEL
Q POPULAR CRAFTS MAGAZINE

Bes b S S TR AN SN e i
i ac L - - i

[J POPULAR PATCHWORK
U POPULAR CRAFTS

3 R/ MODEL CARS _
Q remae |

PROJECTS
QI RADIO MODELLER Q ROUTING
O SCALE MODELS L woobwoRKS

INTERNATIONAL

Fartnightly:
M Model Engineer
Monthly:
M) Aeromodeller
[} Archimedes World
] Citizens Band
~ 1 Cloeks

r“_ Ham Radio Today
Militsry Modelling
Mode! Boats

) R/C Model Cars
Radic Modeller
RCMRE
Seale Modeis Int

| Woodworker

|Attarnste Moathly:

Mode! Engineor's

el Workshop
Practical Wargamer
R/C Seale Aircraft

R R/C Rotossport
Regiment
Silant Flight
Tamiye
WoodWorks

Routing

ux

£36.00

£25.20
£45.00
£21.60
£28.80
£25.80
£21.60
£22.80
£23.40
£21.00
£19.20
£21.60
£20.40
£24.00

£15.60

£12.60
£15.00
£171.70
£13.50
£16.50
£10.50
£15.00

£10.00

Europe
& Eire
£47.80

£31.10
£54.80
£25.30
£36.00
£32.70
£28.50
£31.80
£30.20
£30.00
£26.60
£31.20
£26.60
£35.10

£19.80

£15.90
£19.50
£22.10
£18.10
£20.00
£14.00
£18.40

£13.30

Sterling
0/Sess
£49.70

£32.30
£56.60
£26.40
£31.20
£33.90
£29.70
£33.30
£31.40

£31.50

£29.90
£32.80
£27.60
£37.00

£20.60

£16.50

£20.30
£22.80
£18.30

£20.60
£14.60
£19.00

£15.70

us
$Dollars
$75.00

$49.00
$96.00
$44.00
$56.00
$86.00
$49.00
$46.00
$46.00
$54.00
$40.00
$45.00
$42.00
$51.00

$34.00

$28.00
$29.00
$38.00
$31.00
$35.00
$24.00
$32.00

$24.00

Two Year Subscription [ :

|Fertaighily:
’—fHodeI Engineer
Monthly:
r-I.hrvnﬂodc"er
[V Archimedes World
r-lcmuns Band
IClocks

ETI

rjlhm Radio Today
Military Modelling

A Model Boate
R/C Model Cars

I Radio Modeller
RCMEE

[ Vseate Madels Ent
Woodworker

_ {Alternete Monthiy:

" Modsl Englucer's
Workshop
Practical Wargemer
R/C Seate Aircraft
M e Retorsport
Regiment
Silent Flight
Tamiys
WoodWorks

- |Quarterly:

Routing

ux

£72.00

£50.40
£90.00
£43.20
£57.60
£51.60

£43.20
£45.60
£46.80
£42.00
£38.40
£43.20
£40.80
£48.00

£31.20

£25,20
£30.00
£35.40
£27.00
£33.00
£21.00
£30.00

£20.00

Only the magu
for

Europe
& Eire
£95.60

£62.20
£109.60
£51.60
£72.00
£65.40
£57.00
£63.60
£60.40
£60.00
£53.20
£62.40
£53.20
£70.20

£39.60

£31.80

£39.00
£44.20
£36.20
£40.00
£28.00
£36.80

£26.60

Sterling
0/Sess
£99.40

£64.60
£113.20
£52.80
£74.40
£67.80
£59.40
£66.60
£62.80
£63.00
£59.80
£65.60
£55.20
£74.00

£41,20

£33.00
£40.60
£45.60
£36.60
£41.20
£25.20
£38.00

£31.40

Us ¢
Dollaes
$150.00

$98.00 I
$192.00 J
$88.00 I
$112.00 4
$112.00
$98.00
$92.00
$92.00 |
$102.00
$80.00
$90.00
$34.00
$102.00

e g—

$63.00

$56.00 i
$58.00

P ——

$76.00
$62.00
$70.00
$43,00
$64,00
$43.00
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MODE

and Modelling Exhibition

Grand and National Halls Olympia,
Hammersmith Road, Kensington,
London W14 8UX.

30th December 1994 — 7th January 1995

Advance Bookings
Cost per Ticket

Total Cost

Qty

Party BOOkingS (for groups of 10 or more)

Adults £5.50 '
Senior Gitizens 84 e :
L}

Children (5-16yrs inc £250 0 et :
Family Ticket £13.50 .
i

(2 Adults & up to 4 children) |
[}

2-Day Ticket-Adult B0 = :
Senior Citizen  £7 :

[}

Season Ticket-Adult £24 :
Senior Citizen €18 ... (. i

1

]

1

]

(]

1

1

L}

Adults £5.25 0 e
Senior Citizens E3TIE 0 s
Children (5-16yrs in¢.) £2H0F | e

SChOOI BOOkingS (for groups of 10 or more, 1 teacher
FREE per 10 pupils)

Teachers o = Bi=a
Pupils £2.50 -
Teachers per 10 pupils (FRED [ -

Total enclosed L -

ADVANCE BOOKING
INFORMATION

| enclose cheque/P.O. for the total amount stated
above, together with an S.A.E. for return tickets.
Cheques made payable to Argus Specialist
Exhibitions and sent to Argus Specialist
Exhibition (A.T.) Argus House, Boundary Way,
Hemel Hempstead, Herts

HP2 7ST. Tel: 0442 66551.

o e P Ot Y o i TR
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PCB Desi

For Windows 3.1
Runs on any PC running
Windows in standard or

gner.

o

Produce Sing
Print out to any Windows supported printer.
Toolbar for rapid access to commonly used
components.

Helpful prompts on screen as you work.
Pads sizes fully customisable.

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

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

S

L

Phone (0432) 355 414 (Access and Visa welcome)
Niche Software

22 Tavistock Drive, Belmont, Hereford, HR2 7XN.

Please Note: Since PCB designet is so easy to use, and to keep costs down, PCB Designer has an On-Line
mamal, in Windows Help format A FREE tutorial is also supplied

The EM31 -80C31/80¢320 Module

Small, Practical & Sensibly Priced

EPROM to 64k, 32k RAM under EPROM

24 Digital VO lines

72 pin Connector mounts module dirccily lo Target
PCB

...}
[T
]

(o

Small (18" Sq.) Multitayer PCB with full Ground
Plane.

CPU - an 80C31 running up to 16Mhz or the Dallas
R0C 320 up 1o 25Mhz.
(Equivalent to a 62Mhz 30C317)

£49.95 falling with Quantity.

Dur catalogue lists modules bused an the 64180, R0OC552. S0C| BN, R0 processors. and & wide range of peripheral
modules. A/D, DVA. Serial, Opto, Relay cic. with Power Supplies. Backpisnes & Casex.  Request your Copy today

Devaitech Ltd

INDUSTRIAL ELECTRONIC SYSTEMS

& !
o
e
-]
-
o
o
-4
Q
o
o
e .
0%
o

TEL: 0379 644285
FAX: 0379 650482

EX EQUIPMENT
2716 £125 ZBOA £075 CT2636 £1.45
2732 £1.45 8080 £0.50 CT2650 £1.45
2764 £195 6502 £1.50 TMS5100 £1.95
27128 £225 6808 £2.00 10mm WEDGE BULB
27256 £245 6809 £2.00 12W £0.06
27512 £295 AY38900 £1.50 2.2W £0.06
27010 £345 CT430 £095 HOLDER £0.09

ALL EPROMS ARE ERASED AND BLANK CHECKED

NEW
ARCADE JOYSTICK WITH FIRE BUTTON £6.50
85WATT POWER SUPPLY
SV@BA I12V@4A SV@2A12V@ IA £19.95
ELECTRO MECHANICAL COUNTER
6VDC 24VAC 48VAC £2.95EACH
ECONOMY 4 WAY JOYSTICK £3.50

PLEASE ADD £1.50 P & P THEN 17.5% VAT CHEQUE P.O. TO
COINECTION SALES, V4 AVEN INDUSTRIAL PARK, TICKHILL
ROAD, MALTBY, ROTHERHAM. S667QR  TEL: 01709 817874
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Chrestmas (j‘#& =

?“7a zﬁo‘ﬂ

With Christmas looming on the horizon
Paul Stenning makes his Christmas
tree lights flash in unusual ways

& hristmas just wouldn't be Christmas if your favourite
electronlcs magazine didn’t publish a hi-tech
¥ gadget for flashing your tree lights! This year we
" present a straight-forward fixed pattemn flasher for
three sets of lights. However this is not your usual 1
- 2 - 3 chasing pattern, this unit has six steps, 1 - 142 - 2 - 243
- 3 - 3+1, and then repeated. If the three sets of lights are
mixed on the tree, it is not that easy to see the pattern! On the
prototype, the speed was fixed to about three steps per
second, but it would be a simple matter to put a control pot on
the front panel to set the mood if required.

The triac outputs are driven from zero-crossing opto iscla-
tors, which virtually eliminate radio interference. The triacs are
hard driven, making the outputs suitabie for driving inductive
loads such as the modem low voitage transformer driven
Christmas lights. The outputs can drive loads of up to 3 Amps
{or possibly even more if the PCB tracks are reinforced), making
the unit suitable for driving higher powered outdoor lights.

Please Note: THIS PROJECT OPERATES FROM THE
MAINS. MAINS VOLTAGE 1S POTENTIALLY LETHAL. DG NOT
CONSTRUCT IT UNLESS YOU ARE CERTAIN OF YOUR
ABILITY TO DO SO SAFELY.

How it Works

The complete circuit dlagram is shown in figure *. The low
voltage section of the circuit is powered by a small mains trans-
former. Although this is slightly more expensive than a mains
derived circuit using a dropper resistor or capagitor, it is more

reliable, cocler running than a resistor and easier to build.

IC1 (NE5S55) is the main oscillator. If a variable speed is
required, R2 can be replaced with a 22K pot and a 1KQ resistor
in series. The output drives the clock input of IC2 (4017), a
decimal counter. Qutputs Q1 to Q5 if IC2 go high in turn, on a
clock pulse. When Q6 goes high, the device resets itself due to
this line being linked to the Reset pin. The outputs are decoded
into the desired pattern by the three OR gates in IC3.

The cutputs of IC3 drive transistors TR1, TR3 and TR5,
which in tum operate the LED's within the opto-isolators (IC4,
IC6 and IC6) and the front panel LED's {D1, D2 and D3).

The MOC3041 opto-isolators contain full zero cressing
circuitry, and a triac output stage. They are ideally suited to
driving triacs in this manner, since they do all the hard work for
you! The LED current for guaranteed operation is 15mA max.
Other devices in this useful family include the MOC3040 which
needs a 30mA input (it is slightly cheaper), and the MOC3020
which does not have the zerc crossing circuit.

The triacs used in the prototype were BT 137 types, however
most TO220 packaged triacs should be suitable, including
C206M, C225M, C226M, BT138, BT139, BTA08-600B etc. If you
are likely to be driving inductive loads {or you are not sure) use
600V devices, otherwise a 400V devices are suitable.

The outputs are individually fused. The F-500mA fuses are
suitable for normal indoor light sets, but a higher value may be
needed for outdoor light sets. Do not use anti-surge fuses (T type,
eg T-600mA) since these will not adequately protect the triacs.

Construction

The circuit is constructed on a single sided PCB which is avail-
able from the author - see Buylines for details. Construction is
straightforward, and requires little comment from me. SK1 to
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NOTE:
1c1 555
ic2 4017
1c3 4075
1C4,56 MOC3041
Q1,35 BC548
Q246 BT137
D123 LED
D4.5 1N4001
vCC
-
_IC_1_‘__ R1 10k
Hanp veofl
~2lre st
Alour THARJE
Hast cTL R2 10k
:;01 ch
T!Ou 1tJnc

Fig.1. Christmas lights flasher circuit

\AC TO TRANSFORMER & !
e_—

SK4, and X1 position are fitted with PCB mounting terminal
biocks. LED's D1 to D3 should be mounted about 20mm above
the board and bent forward to line up with the holes in the front
panel. Don't forget the three short links near IC3.

The prototype was constructed in a plastic case, 190mm *
165mm * B8mm, see parts list for details, A suitable overlay for
the front panel is shown in figure *. Two photocopies may be
taken (enlarge to 162mm * 64mm), one can then be used as a
driling template while the other may fixed 1o the front panel with
clear seff-adhesive vinyl. Three 6.35mm (1/4") holes are needed
for the LED clips.

For safety, the PCB should be mounted on self-adhesive
standoffs. Do not use metal screws which will be accessible on
the outside of the case. Take care to position the PCB so that
the LEDs will fit through the LED clips in the front panel.

The transformer shouid be mounted where the leads will
reach the appropriate PCB terminals. Nylon screws or some
other insulated mounting should be used, otherwise any metal
fastenings accessible on the outside of the case must be
earthed.

On the prototype, the leads from the Christmas lights were
simply bought in through holes (fitted with grommets) in the back
panel, knotted to prevent them being pulled out, and connected
directly to the terminals on the PCB. Since they only have to be
connected and disconnected once each year, | can live with the
slight inconvenience! f you prefer, you could mount suitable sockets
on the rear of the case, and fit matching plugs to your tree lights.

The mains wires from the transformer and the mains input
cable are connected to SK4. The secondary leads from the
transformer connect to the X1 terminals, the centre tap wire
(normally black) must go to the centre terminal. No earth
connection was used on the prototype, since the case is insu-

lated and the lights do not need an earth.

If you choose to add a speed control pot on the front panel
of the case, you will need to use an earth connection, and earth
the metal case of the pot. The only exception to this would be if
the pot had a plastic threaded mounting bush and a nylon shaft.

Testing

WARNING. POTENTIALLY LETHAL MAINS VOLTAGES ARE
ACCESSIBLE WHEN THE COVER OF THE CASE IS REMOVED.
DO NOT CONNECT THE UNIT TO THE MAINS UNLESS THE
COVER IS PROPERLY FIXED IN PLACE. ENSURE ANY
EXTERNAL WIRING IS CARRIED OUT SAFELY. IF IN DOUBT,
CONSULT A SUITABLY QUALIFIED PERSON. PLEASE TAKE
CARE WITH MAINS ELECTRICITY - WE DON'T WANT TO LOSE
ANY OF YOU!

Do not connect any lights to the unit initially. With the cover
in place, connect the unit to the mains, preferably via a RCD or
earth leakage circuit breaker. The front panel LEDs should flash
in the sequence described earlier. If you have added a speed
controt pot, this should vary the speed as expected.

If allis well so far, disconnect the unit from the mains and
connect a set of Christmas lights (or a table lamp with 60W
bulb) to each output. Refit the cover and test the unit again. The
lights should operate in the same seguence as the LEDs.

i this is OK, leave the unit running for about 15 minutes.
After this time, disconnect the mains, remove the cover and
check that nothing is getting too warm, The transformer may bé
warm (not hot), but the components on the PCB should be
cool.

Assuming all these tests were satisfactory, the unit may be
put into use.
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in use

Because of the somewhat delicate nature of Christmas lights, | would strongly
recommend the use of a RCD or earth leakage circuit breaker (the type

intended for power tools} - particularly if children are about.

: - & f “ F:.
To reduce the risk of fire (due to hot lamps coming into contact with deco- b o _' | m ¥
rations or wrapping paper), the lights should be switched off at night and Higaar= o NS ¥

when no-one is around. There's no point in wasting the electricity anyway! h < ; 1y
Do not be tempted to compromise on the safety of your wiring, just because RN
it will only be used for a few weeks. If you must use terminal block connectors SKé +] '™ i
to extend cables, cover them in a generous quantity of insulation tape. AN i . b %
. P . " i ¥ .
Do not use indoor lights outside, purchase a proper set of outdoor lights. 1 . ,ﬂ 1=} pafan .

The above precautions apply whether or not this flasher unit is being used. | % c2

Christmas time. Please don't be a statistic.

May | wish you all an enjoyable Christmas, and a peaceful new year.

-

Statistics show that the number of accidents in the home increase around 5 \ — i
. ‘ [
| 12N T@:g: !

Resistors (all 0.25W, 5% or better)

R1,2 10K
R3,7,11 22K
‘R4,8,12 470R
R5,9,13 100R
R6,10,14 270R
Capacitors
C1 10uF 16V radial elect
c2 10nF Ceramic disk
C3 220uF 16V radial elect
Semiconductors
IC1 NES55
IC2 4017
IC3 4075
1C4,5,6 MOC3041
'TR1,3,5 BC548
TR2,4,6 BT137 (see text)
o1 Yellow LED
D2 Green LLED
D3 Red LED
D45 1N4001
'5K1,2,3,4 2 way 0.2" PCB terminals
X1 3 way 0.2" PCB terminal
FU1,23 20mm PCB fuseholders
with F-500mA fuses
X1 6-0-6V 100mA (wire ended)

The plastic case used for the prototype is made by

Bafbox, and is available from RS/Electromail, stock no

506-788.

SR
©

Fig.2. Component overlay for Christmas lights
flasher

BUYLINES

The PCB is available from the author at the following
address:-

Paul Stenning, 1 Chisel Close, Hereford, HR4 OXF

The price Is £8.50. Postage and packing {per order) is £1.50

_in the UK, and £2 50 elsewhere. Please make cheques

payable to “Paut Stenning®. If ordering from abroad please
note that payments must be in Pounds Sterling, and cheques
must be drawn on a British bank.

The author will order the PCB's from his supplier in small
batches when a sufficient number have been ordered.
Delivery may therefore be up to a month or possibly fonger,
depending on demand. Cheques will not be cashed until one
week before dispatch.

Since this project is seasonal, the author will do his utmast to
send you your boards in time. Please help him to help you,
by ordering early. if your order is received by 15th November
1994, he will dispatch your board before 5th December
1994 Crders received after this date may not be completed
until after Christmas.

This offer is valid until 31st March 1995, After this date,
please write for details.
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GRAND HALL OLYMPIA, HAMMERSMITH ROAD, KENSINGTON, LONDON W14 8UX

30th DECEMBER 1994 - 7th January 1995

OPENING TIMES: 10am-6pm every day except Thursday 5th January 10-8pm.

~ OVER 1,000 MODELS ON DISPLAY - - .

D
% -~ hoats, aircraft, cars, locomotives, model engineering, science fiction. >

S London Transport Museum Model Display ® Radio Control Boats
= ® Remote Control Car Racing (30th, 31st Dec, 2nd &7th Jan)
@ Indoor Fun Flying (DPR 1st Jan) @ Festival of Indoor Model Flight -
the biggest indoor flying event ever - all day every day ® Scalextric -
| __test your driving skills ® 7 1/4” Gauge Railway - ride on the longest
- portable model in England @ 5" Gauge Steam Railway - rides for
everyone ® Wargames - continuous participating games ® Clayton
Driver of the year competition (selected days) ® Traction Engine
EX\Steam Up (selected days) ® Associations, societies and club stands

ogle
-

7 Show Guide giving a diary of events available from 2nd December,

> Further information, competition entry forms and details of RNLI special train from North Wales, obtainable from

Argus Specialist Exhibitions, Argus House, Boundary Way, Hemel Hempstead, Herts HP2 7ST Tel: 0442 66551.

Olympia is easily accessible by road @ rall ® underground and bus @ Mainline and underground stations adjacent.
Some trains from Brighton, Manchester, Liverpool, Birmingham and Edinburgh stop at Olympia tool

Admission: Adults £6, Senior Citizens £4.50, Children £3, Family Ticket £15
(2 adults & up to 4 children) — 2 day and season tickets available in advance.

Argus Specialist Publications with Hilton hotels are offering special rates for the duration of the Exhibition.
Hilton National London Olympia Located on Kensington High Sireet, home of the most fashionable and exciting stores in London  £31.05 “ “

London Kensington Hilton Located among the elegant Georgian houses and tree lined streets of Hoiland Park £34.50

London Regents Park Hilton OQverlooking Lords Cricket Ground, the Regents Park hotel is close to the West End £31.05

The Langham Hilton Situated in London’s West End and close to Oxford Street £80.50 H I LTON
London Hilton on Park Lane I the heart of Mayfair and its elegant shopping district £80.50 e o kL
ASSOCIATE HOTELS

Prices are for each guest each night for Twin/Double Room (£14 single

Plaza on Hyde Park Close to Victoria and Albert Museum & Kensington Palace £29.90

suppt 1} and include C tal breakfsst, {excapt The Langham Hilton ‘
. and London Hilton on Park Lane which include English breakfast), private
Sherlock Holmes Hotel Near Madame Tussaud’s & London Zoo £32.20 | path/shower, tes/coffee making facilities and VAT (single supplement £30 at
The Clive Hotel Hampstead Small & welcoming, close to Hampstead and its Healh £24.15 | bothhotels). Thereis a supplement of £5.50 for fuli Engfish breakfast.
Booking Form - International Model Engineer & Modeliing Exhibition Make it a Model Stay
Name Address
=t Postcode ._.._ Tel No .
Accommodation required; Couble D Twin D Single D No in party No of nights
Choice of hotel e Dafes required
Payment by; cheque D Agcess D Visa D Diners D AmEx D My Credit Card No Expiry

Return booking form to: Meidi Ross, HRW, Hilton International, PO Box 137, Watford, MHerts WD1 1DN. Tel: {071) 734 6000
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To accompany the EPROM Programmer significantly increase the complexity.
featured in last month’s ETI, Paul This design uses readily available components to reduce the

5 3 : likelihood of cbsclescence. The unit is powered from either an
Stenn'mg has des:gned a versatile external PSU or the circuit under development - the supply

EPROM emulator which will remove a lot requirement being 5V @ 100mA. The power supply design
of the effort from system development published last month for use with the EPROM Programmer will
also power this unit if an extemal supply is needed.
The emulator itself is dumb and is controlled by the host
his EPROM Emulator was designed to complement  computer via the RS232 serial port (COM1 or COM2). Device

the EPROM Programmer published last month. selection and operation mode Is set by front panel switches.
An EPROM Emulator can save a vast amount of The accompanying software is available on disk from the
time when developing software, compared to author. The software will operate on any PC running MS-DOS or

programming and erasing EPROMSs, This is becausé PC-DOS version 3.0 or later and having at least 512K of RAM
it is a RAM-based memory that just looks like an EPROM to the and one RS232 serial port, A hard disk and a colourmonitor are

system into which it is plugged. strongly recommended.The software Is written in Microsoft

The unit presented here will emulate the standard 27 family QuickBASIC V4.5, and the fuli source code is supplied for these
of devices, from 2764 to 27512, and can be used with an IBM wishing to enhance or modify it. This source code is also
PC compatible computer. The smaller 24 pin devices in this compatible with QBASIC, as supplied with MS-DOS 5.0 and
family {2708, 2716 and 2732} are almost obsolete and are now later, You do not need QuickBASIC or QBASIC to use this disk.
more expensive than a 2764, | did not feel it necessary to The disk also contains the software for the EPROM Programmer
accommodate these devices in this design since they would published last month. A description of the software operation is
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NOTE:
1IC1 74HCTO4
1c2 74HCT4060
IC3 6402

D1-D3 1N4148

-

RS232 IN

R2
2
| ey T
| W )
CLOCK CIRCUIT
Ic2
—
09& SK8
15
12| et 010L
ozl
o1al?
e

RS232 BUFFER®

2 g TARYE
Bdraa  TeRYE
ADDR S— 244rpe  TeRIZR
Bdrag TBR41Z
80 {rpe TBRSE-
AT ToRE[
5 > : SFD TBR?%—{
IC1 MR TBRI
VCC 2luc
= o = 33; CAL
a7k P
1+ ¢ Bses
3Bleist
D1 erse
i ol
€9
g 10u | RS232 INTERFACE
+I] I
I sw1
===
RESET
-

given later.

The unit may also be suitable for use
with other types of home computer having
an RS232 serial port, atthough this has not
been tested and no software is available. i
will definitely not work with Commodeore
Amiga computers, due to a peculiarity in
the serial port handfing.

How it Works

The circuit dlagram is spread over a
number of illustrations. Although it may
initially look complex, it is in fact relatively
straightforward. When a “-” follows a signal
name {for example STROBE-), this shows
that the line is active low. When a number
is followed by an “h” this indicates that the
number is hexadecimal.

The RS232 {serial) interface, buffering
and clock are shown in figure *. IC3 (6402)
is a UART (Universal Asynchronous
Receiver/Transmitter) which basically
converts serial data to parallel and vice-
versa. The device supports most common
serial data formats, in this application it is
configured to give eight data bits, one stop
bit and no parity checking. The data rate is
set by the crystal-controlied clock circuit
{IC2), which in most cases will be set to
9600 Baud. Since this unit is designed to

A
‘ i) ]ORN PR LX) po oot oo oo 2 =
ADDR>————qGLK e i1 T 167 a2l At AN A H prl2 DD 3, IC7 @2
] Sk 16} o o Y, NEYER] A ) 7 bz A\D2__al,. 3
e | > >
RS’ 04 6 15 B4 Ad 5 A3 A3 7 A3 o3 15 D3 [sk] 5 A4 B84
gy 14 asle s Am 6l oel18 BV, TR &
o6 4 13p, <] P AS AN AS 5l as oshiZ 05 ANDS e <] 86
} ik 2], P T, T P . T o6 06 8|,, =
11| e ot YY), U] o7 e ANz of,, A
A8 25).4 1C9
e oR P— A 24,9 Uoir cep 2
A10 21 A0 OE 22
IR <] PR csp2l —SFLL-
0 T, . L] FYPY e i
CLK sl A1 9 a2 AB AN A1 26] .44 3 el
RESET, 1 aaft Mes 167 azf? AN A Y, < l:(smoss—
RESET P I 18] 5 azjt_ato
asf 1554 D s MUK a5 “RUN-
Q6 2 14 Bs AS ] A2
6 g7l 13{pg q P L% VIR poy s [ Do
Jor LK 12t g7 arft AR M 9], o2 D1
Fik ik 7 asfl AR e, o D2 NOTE:
arof4 k) ST pohis D3 Icl F4HCTO4
orfls CE DIR - —e & s, i i D4 :84 ;"—Sc?rz
1 5 AHCTA024
o12|—
R e [ os2 * A IC8 FAHCT4040
A os[i2 i 1C7,1C8, IC11 7415245
FilLL ——— A7 3l,g p7He p7 A 1C9, 1IC10 52256
a2l I8
e 24, vee
AR 21 2 AL
folo] = A10 -OE ,2—0
SK3 I AL - PP cspa
27
2 .- oo A2 214, RS R6
1 [\A13 261,49 47 47
DC IN e
swz Ik deidi
DECOUPLING A5 12 o =i
RAM FILL CIRCUIT
Fig.2. EPROM Emulator RAM fill circuit
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the data is sent, pin 24 will pulse,
__oR cep® incrementing the address counters
haol ol €12 10[ o = 2 IC5 and ICB. The section of the UART
NALL By D B7f'2 S a1 b2 2 is used to merely apply a suitable
e i o : b i s delay before the address is incre-
AS BS A3 p3
NALL S1ay <I e[S 5l as pafiE & mented, to ensure the data is
o B wp2 e osp ; correctly stored.
I e o o 5 When the next byte of data is
2, SK2 received, it will be loaded into the next
Z;' A9 memory location, and so on. As long
2 ::? as the user presses the Reset button
fom cep? 2 1z when prompted by the software, the
sl ol 'C13 gfn 2wa data will arive in the correct places.
\:fo : i D 5 :: 1 ::; The software simply sends the data to
ka1 s :z : 14 3° RUN ~>=——8 the emulator one byte at a time; you
:::'; f At q B4 :: could altematively simply copy a
- :: : s i\,ﬁc e binary image file to the CoM port.
hatsl 2| pihe_| IC4 74532 Two 256K x 1 Bit (32K x 8 Bit)
- :81"; ;ﬁg};’ RAM devices are used, to obtain the
o— G TRl St full 64K addressing range of a 27512
= =L EPROM. The CS lines are used in
EMULATED EPROM INTERFACE conjunction with an inverter on the
ke A15 line to select which device is used
Fig.3. Emulated EPROM interface ) ig?:'::;i’;gia B Ty

receive data only, the parallel input lines (pins
26 to 33) are held low and the serial data

output line (pin 25) is not connected. + Cio —
9ses v e e
A gate in IC1 is used as the RS232 buffer, : e ST N\ *
converting the +/- 10V RS232 standard data - s § i ‘ Lo N\ \ \\
from the PC to a 5V pulse train suitable for the / &' NS Q\

UART. The diodes restrict the RS232 voltage
to within the 0-5V range, the remainder is
dropped across R7.

A byte of serial data arriving on pin 20 of
IC3 will be converted to parallel data, which

will appear on pins 5 to 12. Pin 19 will go
high, and no further data can be received until
pin 18 is taken low momentarily. One gate of
IC4 causes this to happen, R3 and C8 create
a slight delay giving a STROBE- pulse with

11111 e
Lilli - \TE
et

adequate width for clocking other devices. | [ L et .

R4, D1, C9 and one gate of IC4 produce { | 1| , W ); 2188
the power-on reset pulse for IC3, IC5 and | HHEIR N A ;
IC6. SW1 allows the circuit to be re-set again | | I l
as required. 113 | ) H'muiiiu' {

Assume SW2 is in the upper position 1 | ‘ { [} ) l :

(Upload), so Fill- is low and Run- Is high.
IC12, IC13 and IC14 are disabled, so the
‘EPROM' socket SK1 is isolated from the

. — W | -

|||!||

| 1dakst i

i1 1 '._"l'
T

+ NN
RAM. IC7, IC8 and IC11 are all enabled, = {
effectively connecting the RAM (IC9 and IC10) =y - ! - | I
to the address counters (IC& and IC8) and the : " ! ‘ {
UART. — e
When a byte of data is received, the 3 7 )
Strobe- line will pulse low as described previ- . |
ously. This is connected to the Write Enable- 1o 1) \ ] ;
(pin 27) on the RAM IC’s so the received data aai (il j
HHHE |

will be written to the current memory location.
The Strobe- signai is also connected to pin

23 of the UART. This will cause the transmis-
sion section of the device to go through its
motions (even though nothing is listeningl). As

Fig.4. EPROM Emulator PCB component overiay

ELECTRONICS TODAY INTERNATIONAL
58




lower (Run) position. IC7, IC8 and IC11 are now disabled,
isolating the RAM from the upload circuitry. IC12 and IC13 are
enabled, effectively connecting the RAM address bus to the
'EPROM’ socket, SW3 and SW4 select the EPROM type, and
set any unused RAM address lines low. When pins 22 and 24 of
the ‘EPROM’ are both low, 1C14 is enabled (via IC4) connecting
the RAM data lines to the ‘EPROM’.

The prototype has not yet been tested on a speed-critical
microprocessor system. The interface electronics should add no
more than 20ns to the access time of the RAM devices used,
Therefore with 100ns RAM chips, the unit should be able to
emulate a 120ns EPROM, and will definitely emulate a 150ns
device. If speed is critical, fit the fastest RAM chips you can get
- 35ns devices are available if you are prepared to pay for them!

Construction

The unit is assembled on a single sided PCB, which is available
from the ET1 PCB service. The copper track layout is shown in
figure * and the component overlay is shown in figure *

A number of wire links are required, which should be fitted
before any components, since some pass underneath ICs. |
would suggest that the resistors are fitted next, followed by the
ICs, then the capacitors, then the remaining parts. Fit a link wire
between COM and 96 to set the Baud rate to 9600. Fit SIL
header strip or Veropins for the off-board connections.

| would suggest that sockets are used for the RAM chips
and the UART, in view of their cost. It would also be a good
idea to use sockets for IC4, IC12, IC13 and IC14, since these
interface to the outside world and could be damaged if there is
a problem on the system being tested. The sockets allow for
ease of changing if the worst happens.

If you do not plan to emulate 27512 EPROMs, you could
save a few pounds by omitting IC10 (it can always be added
later). The unit will then emulate up to 27256 devices, so move
the stop on the Device switch to prevent the 27512 option
being selected.

Fit a 28-way IC socket in SK2 position. A 300mm {or shorter)
length of 28 way ribbon cable should be fitted with a 28 way
DIL connector on each end. These can be readily pressed
together in a vice or WorkMate, if three thicknesses of
Veroboard are used to protect the connector pins. Take care
when doing this, as it is not easy to get the connector apart
again if something goes wrong. One end of this cable plugs
onto SK2; make sure the edge of the cable with the different
colour goes to pin 1.

When you receive these connectors from your supplier,
please make sure the two parts are not pressed fully together
before removing from the polythene packing. If they are, send
them back. The two | purchased from Maplin were fully assem-
bled and | managed to break one while disassembling them.

The interwiring is shown in figure *. This should be carried
out at this stage, since it is necessary for testing. After testing,
the board can be fitted into the case.

The connections for both 9 and 25 way serial connectors,
use whatever matches the socket on your computer. On the
prototype a @ way D connector (serial) and a 6 way DIN socket
(DC input) were fitted to the case, The rotary switch connec-
tions are shown by giving the pin number or letter marked on
the switch body,

Testing

Connect the unit to a 5V supply and the serial port on your FC,
and run the program “SER-TEST.EXE” on the software disk.
When prompted, type “1" or “2” followed by Enter to say which
serial port you are using. The program does nothing more
exciting than wait for you to enter a 2-digit hex number
(followed by Enter) and then sends it to the emulator. It then
atternpts to read back a number; if it's successful it prints the
number otherwise it prints ***". Since the emulator does not
transmit any data, the software will always respond with **", To
exit just press Enter on its own. All the responses in this section
will be shown with quotes (*") around them - just type the
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number (followed by Enter); don’ttype the
quotes.

Switch the emulator to 27512 and
Upload, and press Reset. Type “00” on the
computer, and the software should respond
with “**”. Using a logic probe, test meter or
oscilloscope, check the logic levels on pins
9,10, 11,13, 14, 15, 16 and 17 of ICS.
They should all be low. If you type “017, pin
9 should be high, and the others should
remain low. Now enter “02", “04", 08",
“107, “20", “40" and “80" in turn. After each
entry, check the logic levels on the data
pins; only one should be high in each case -
10, 11, 13, 14, 15, 16 and respectively.

Press Reset on the programmer. Press
Enter on its own to quit the software then
run “ADR-TEST.EXE", which is also on the
disk. Since the address counters are incre-
mented when a byte is sent, it would take a
long time to get the count to 65535 manu-
ally! ADR-TEST does it automatically, and
pauses at four points to allow you to check
the logic levels. Follow the instructions on
screen. The table below shows the
expected logic levels on the address pins of

the 1C9 at the four pause points.

If these readings are OK, and the preceding tests were also
successful you can be fairly confident that the unit is working
correctly. It is not so easy to check emulation part of the unit,
but providing the unit was carefully constructed the chances of
problems are unlikely.

If you have a microprocessor system and a suitable hex file |,
you can try emulating a known good EPROM using the informa-
tion given shortly.

The Case
The prototype was constructed in a plastic case, 190mm *
185mm * 68mm, see parts list for details. A suitable overlay for
the front panel is shown in figure *. Two photocopies may be
taken (enlarge to 162mm * 64mm), one ¢an then be used as a
driling template while the other may fixed to the front panel with
clear self-adhesive vinyl.

A suitable notch should be cut in the right side of the case
for the ribbon cable to pass through. The power and RS232
connectors mount on the rear panel.

Software
The software for this project is supplied on one 3.5" 720K disk.
Please note that this disk also contains the software for the
EPROM Programmer, published last month,

Since the various programs extend to over 2500 lines of
BASIC source code, it would make boring reading to print it in

the magazine. A printed listing is not available
since it would be more expensive than a disk
to produce.

The software is supplied ‘as-is', and
neither Paul Stenning or Electronics Today
International can accept any liability for any
loss or damage however caused. The source
" code is supplied so that you may modify the
~ software for your own use only. The software
may not be redistributed in either its original or
in a modified form. If you cannot accept these
conditions please do not order the software
disk. That’s the legal bit done!

A batch file is supplied on the disk to simplify installation.
insert the disk in the drive, type “A:" then “INSTALL®, and the
batch file will make a \EPROM directory on your drive C:, and |
copy the software to there. If you do not have a hard disk, make |
a working copy of the disk using DISKCOPY, then put the orig- |
inal away. Do not write-protect your working copy or the soft- |
ware will not work.

i you are using Windows, suitable icon, PIF and group files
are supplied on the disk. Some parts of the software will
operate much slower under Windows, particularly the initialisa-
tion when the serial port is opened. However it will run in the
background (probably very slowly} if you are using 386
Enhanced Mode.

The main software of interest for this project fs spread over
two programs, “EMULATE.EXE" and “HEX-CONV.EXE". The |
first of these is the main control scftware for the emuiator, while
the second converts various industry standard hex file formats
to and from the EPROM emulator format.

Additional programs on the disk are *“PROGRAM.EXE” which
controls last month’s EPROM Programmer, and “SPLIT2.EXE"

& “SPUT4.EXE" which divide Intel hex files into 2 or 4 files for 16
and 32 bit systems respectively. Since the full BASIC source
code is given for all of these programs, it would be possible to
create one large program containing all the facilities - if
someone had more time than me! | would be interested to seé
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any enhanced versions.

When "EMULATE.EXE” is started, the Device Selection Menu
will appear. From here you choose the type of device you will be
using, either 2764, 27128, 27256 or 27512.

Once you have chosen the device required, the Main Menu
will appear. Option 1 allows you to upload hex data to the
emulator. The hex data is saved and loaded ASCIi-Text format
which is peculiar 1o this software. “HEX-CONV.EXE" will convert
to and from this format.

When Option 1 is selected, you will be told where to set the
switches on the emulator. You will then be asked for a filename;
simply enter

8 the alpha-numeric characters - the extension is fixed to
.HEX and does not need to be typed. Now sit back and wait;
the progress will be shown on the screen.

Option 2 allows you to change the EPROM type as previ-
ously. Option 3 lets you run the Hex File Convertor program,
"HEX-CONV.EXE" and option 4 lets you access a DOS Shell;
type "EXIT" to retum to the emulator. To quit the emulator,
press Escape.

The Hex File Convertor was described in detail last month,
so | won't bore you by repeating it here!

Emulating

The emulator may be powered by the microprocessor circuit
being tested if there is sufficient capacity in the power supply.
This will happen by detautt, via pins 14 and 28 of SK2.

if you need to power the emulator separately, you will need
to isolate pin 28 of SK2 from the circuit under test, to prevent
the two power supplies conflicting. This is easily achieved by
removing pin 28 from a spare IC socket, and then fitting this
onto the free end of the ribbon cable before plugging it into the
test clrcuit.

The 300mm length of ribbon cabie should not cause any
problems uniess the microprocessor system is very fast. In this
case, try making another cable just long enough to reach.

The ICs interfacing this unit to the outside world are 74LS
TTL devices, since these are somewhat more robust than
74HCT, and the inputs are not so static-sensitive For speed-
critical systems you may need to use a different logic family
here.

When the unit is not in use, it's a good idea to plug the end
of the ribbon cable into a piece of anti-static foam. This helps
protect the electronics from static, and prevents the pins from
being bent.

ELECTRONICS TODAY INTERNATIONAL
61




s T e

PRACTIC.

g

Terry Balbirnie pose an art or a science?

fter spending some months looking at the setting- mentioned above may be purchased in 12V versions or buy the
up of workshops, it is now time to consider more Auto-Repair kit {no stand with this one). Many soldering irons
constructional matters. This time we shall examine  can be bought with a silicone rubber lead at slightly greater

the soldering equipment which is available. Over cost. These are much less likely to suffer damage if they touch

the next few months, we shall continue with this topic then the hot tip. Replacement silicone rubber wire is also available
examine soldering technique and the tools needed to make a from mail-order suppliers.
good job Soldering is a skill which all electronics hobbyists must Established users should consider buying a thermaostatically-
master in order to make a permanent circuit. A properly-made controlled iron. These have a higher power element - usually
soldered joint will last indefinitely and provide a low electrical 50w to 60W - so they heat up much more quickly. However,
resistance combined with the mechanical strength to hold the when the correct temperature is reached, the supply is
connection together. controlled. Some models feature proportional control which

Solder itself - at least the type used in electronics - is an alloy  supplies power to the element at the correct rate to maintain
{a mixture of metals) usually consisting of 60% tin and 40% the temperature, Others have on-off thermostatic action like a
lead. This has a melting point of 1880C - less than either of its domestic iron. These soldering irons do not tend to coo! down
constituents. Solder used for electronics work contalns cores of  when making many joints in quick succession as is the case
fiux which run up the centre. Flux prepares the surfaces to with standard irons. Also, the bit stays in good condition for
receive the solder and without this, it would be difficult to make fonger. Of the mains-voltage temperature-controlled irons avail-
a satisfactory joint. able, some have a fixed operating temperature such as the

Solder Is supplied in lengths or in reels by weight - often Antex A718, The Litesold EC50 and Antex TCS240 have in-
500g and 2kg. The thickness is usually 18 SWG {1.22mm) or 22  handle temperature control. An iron like this will cost between
SWG (0.71mm) although 24 and 26 SWG are available. it is £40 and £50. No temperature-controlled irons appear to be

much cheaper to buy reels (500g will cost around £7). 500g of available In a 12V option.
22 SWG solder contains about 175m so it will last a long time!

Station pick-up
Tools of the trade Some soldering irons are used as part of a soldering station.
As well as solder, you will need a small soldering iron. These are  These have a 24V supply provided by a transformer in the base
inexpensive so it is not worth using an old hand-me-down. The unit. Basic models use low voltage simply for safety - the base

chief points to consider are the size of its bit (although this is station will cost about £50. The user will then choose a 24V iron
often interchangeable) and the power rating (wattage). After to go with it. More expensive stations have a temperature

that, choose by the feel of the handle, balance, weight and control on the base unit These use the soldering iron supplied.
price. There are some “own brand™ bargains for less than £10.  This will have a temperature sensor in the tip and a connection
Maplin supply their Begirners Soldering Iron for £3.95. to the electronic controf system in the base unit. Some have a

For building amateur circuits, a 12W to 18W type will be suit-  meter which shows the actual operating temperature. Soldering
able such as the Litesold LA12 {12W) or LC18 {18W) or Antex stations sometimes have a spring stand built-in and a small tray
12W Type M, 15W Type C or 17W Type CS. Antex kits include for the sponge used to clean the bit.
the soldering iron itself, bench stand, solder and a booklet
about soldering - useful for those wanting to get started. Note
that users of the mains-free workshop described in previous
parts of this series must buy a 12V soldering iron rather than a
mains model. Both the Litesold and Antex CS models
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POWERFUL SCHEMATIC CAPTURE,

PCB DESIGN AND AUTOROUTING
ALL FOR JUST £395...

PROPAK AR for DOS provides all the features you need to create complex PCB designs quickly
and easily, Draw the circuit diagram using the powerful facilities of ISIS DESIGNER+ and then netlist
into ARES AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule
checks guarantee that the final PCB will correspond exactly with the schematic thus saving you from
costly layout errors and time consuming debugging.

® Aftractive, easy to use graphical interface.
® Object oriented schematic editor with automatic wire routing,
| — dot placement and mouse driven place/edit/move/delete.
! . ,&1 Netlist generation for most popular CAD software.
SR KN ——— v v

1

-

= Bill of Materials and Electrical Rules Check reports.

= Two schemes for hierarchical design.

s Automatlc component annotation and packaging.

s Comprehensive device libraries and package libraries
including both through hole and SMT parts.

® User definable snap grids (imperial and metric) and Real
Time Snap to deal with tricky SMT spacings.

8 Manual route editing features include Auto Track Necking,
Topological editing and Curved tracks.

= Autorouting for single, double and mutti-layer boards.

= Non autorouting PROPAK is available for just £250 if you do
not need or want the router.

= Full connectivity and design rule checking.

s Powert plane generator with thermal relief necking.

® Graphics support to 800x600 Super VGA.

= Quiput to dot matrix and laser printers, HP and Hoyston

plotters, Postscript devices, Gerber and Excellon NC

machines plus DXF and other DTP file formats.
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i 1

CADPAK
Two Programs for the Price of One

ISIS ILLUSTRATOR
Schematic Drawing for Windows

1O

= Q2 A2

O—

ISIS SUPERSKETCH

A superb schematic drawing program
for DOS offering Wire Autorouting,
Auto Dot Placement, full component
libraries, export to DTP and much more:

Exceptionally easy and quick to use. For example, you
can place a wire with just two mouse clicks - the wire
autorouter does the rest,

Running under Windows 3.1, ISIS ELUSTRATOR lets
you create presentation quality schematic drawings like
you see In the magazines. Furthermore, when the
drawing is done, transferring it to another document is
just a matter of pasting it through the Clipboard.

PCB I
High performance yet easy to use manual PCB layout
package. Many advanced features including curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more.

Alan Chadwick writing in ETI {January 94) concluded...
"At £79 | thought this was an excellent buy.”

CiEEnER
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Now used by a number of prominent technical authors to
illustrate their latest books and magazine articles.

Call us today on 0756 753440 or fax
0756 752857 for a demo pack - state
DOS or Windows. Multi-copy and
educational discounts available.

WE HAVE MOVED - NOTE NEW ADDRESS ,, e o D s o R e ract

53-55 Main St, Grassington, North Yorks. BD23 5AA.




- PARABENDER

Barry Porter shows how to build a stereo
parametric equaliser in modular form
which may be configured to suit your
precise requirements. Fully balanced
inputs and outputs with professional
facilities and performance mean that no
audio system should be without one ...

n equaliser is a glorified tone control, and has one
purpose in life - to modify frequency response.
There are three main reasons for doing this - to
correct for inaccuracies elsewhere in the system,
to get rid of some unwanted part of the frequency

range, or to obtain a particular effect which requires an uneven
response in order to get the required sound.

Recording and broadcast studio mixing consoles invariably
have an equaliser as part of each input channel, but due to
space or cost limitations, these are often quite basic and inflex-
ible. 1t is quite common to find console equalisers with a fixed
degree of sharpness for the peaking sections, or high and low
frequency shelving zones with fixed tumover frequencies.

To be classed as Parametric, an equaliser should have
continuously variable control over its main parameters; namely
sharpness of its bandpass or bandstop sections (normaily
termed Q") operating or tumover frequency and lift or cut
amplitude. At the operating frequency extremes, the equalisa-
tion characteristic should be capable of being selected to either
a peaking or shelving response shape (these terms will become

Fig.1. Parabender block diagram
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Fig.2. Parabender input stage
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Fig.3. Input common mode adjustment

AF OSCILLATOR

¢ PARABENDER

INPUT
™I /

AF MILLIVOLTMETER
OR OSCHLLOSCCOPE

APPLY 100Hz SIGNAL AT APPROXIMATELY +10dBu {(2.5v RMS}

REPEAT STEPS 2 TO 5 UNTIL OPTIMUM ADJUSTMENT IS ACHIEVED
APPLY LOCKING COMPOUND (NAIL VARNISH ?) TO RV1 AND CV1 ADJUSTMENT SCREWS
REPEAT WHOLE PROCESS IF ANY INPUT STAGE COMPONENTS ARE CHANGED

STEP 1 ARRANGE EQUIPMENT AS ABOVE
STEP 2

STEP 3 ADJUST AV1 FOR MINIMUM CUTPUT
STEP 4 CHANGE FREQUENCY TO 10kHz
STEP 5 ADJUST CV1 FCR MINIMUM OUTPUT
STEP 6

STEP 7

STEP 8

clear later) and it is usual to have variable high and low pass
fitters in the signal path.

The amount of avallable equalisation is overtly the subject of
heated debate among audio engineers. The purist will usually
maintain that he never uses equalisers, but if such things have
to exist at all, they should have no mere 6dB of lift or cut, as
there can never be any sane reason for using more.

At the other extreme, the "pop* engineer, who normally uses
equalisation to obtain particular effects, wil complain that the
customary 15dB variation is nowhere near enough, and when
he has it explained that a wider range would seriously endanger
the operating headroorm, is likely to gaze blankly at the ceiling,
shrug his shoulders and say that he doesn't see the problem.

Not everyone needs incredibly complex, expensive
equalisers. For example, if a small amount of top lift Is required
to correct for loudspeakers with falling high frequency response,
only a single band wilt be necessary, and to have more would
not only be a waste of money, but could compromise both
noise and reliability by introducing redundant circuitry into the
singal path.

What is really needed is an equaliser that can be tailored to
meet individual requirements, ideally by the use of plug-in units -
say "Hello® to the ParaBender ... (Maybe it should be called the
PluginBender!)

Basic Princlples

input Stage:

A block diagram of the ParaBender is shown in Figure 1.

The signat input is electronically balanced and is preceded by a
10dB attenuator in order to maintain an input overload margin
of 30dB.

The following stage gives +/- 10dB of gain trim, so that the
signal path through the equaliiser section may be kept at
approximately -10Bu for input levels between -10Bu and
+10Bu. Details are given later if you feel that a wider control
range is necessary.

Equaliser Section
The signal path through the equaliser section consists of two
inverting amplifiers. The output from the first of these feeds the
modular bandpass, or shelving filters and the filter cutputs are
directed to the input of either the first or second amplifier
according to the position of the amplitude controls.

In the "Cut* position the filter adds frequency selective nega-
tive feedback around the first amplifier, thereby reducing the
gain at frequencies corresponding to the filter output. In the

“Lift" position, the same frequencies by-pass the input resistor
of the second stage, giving additionat gain at the frequencies in
question.

The advantage of this egualisation system is that in both the
Lift and Cut positions of the amplitude control, the filter output is
added to the main signal at a virtual earth summing point, so
any number of filters can be used without interaction between
separate bands. It also allows different types of filter to be used,
which is necessary In order to obtaln both peaking and shelving
response characteristics. An additional benefit is that when the
amplitude control is in its central, fiat position, the filter output is
shorted to ground by the potentiometer centre tap, and there-
fore can add no unnecessary noise to the main signal.

Equaliser Filters

The individual filtters are contained in separate plug-in modules,
so0 any number up to six can be used in a stereo ParaBender.
The limit is purely mechanical, and up to 14 can be employed
with a single input/ouput module to build a mono unit.

Each module contains two filters - one giving a bandpass
response, the other having a high or low frequency shelving
characteristic.

The band-pass filter uses a triple op-amp "State Variable"
configuration, which allows the centre frequency and ‘Q" to be
independently varied without interaction between the controls.

The shelving fiiter is a single-pole, high or low pass type with
variable tumover frequency.

In order that a single circuit board may be used 1o cover the
complete audio frequency band, provision has been made for a
range of frequency selective capacitors, and the shelving filter
may be linked to operate in the high or low pass mode.

It is suggested that two types of filter are buift - one oper-
ating betwsen 20Hz and 1kHz, the other from 1kHz to 20kHz.
The recommended Q range is 0.7 to 5, with an amplitude
control giving +/- 10dB of variation.

Signal Path Filters
Following the equaliser section are double-pole high and low
pass filters, both with variable operating frequencies and In-Out
switching.
The high pass is of the equal value type in order to keep the
adjustment potentiometer tracks of the same resistance, and
the response has a Butterworth, maximally fiat characteristic.
The suggested frequency range is 10Hz and 200Hz. The low
pass filter also has a Butterworth 12dB per octave response,
and is adjustable between 5.5kHz and 21kHz.

It would be possible to have steeper roll-off fitter slopes,
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such as 18 or even 24dB per octave, but it is generally
accepted that the two-pole variety sound better, giving
adequate attenuation without introducing the hardness and
ringing often associated with the more complex variety. The
control pots are also considerably cheaper, and it amazing how
often this can contribute towards improving the sound of
something!

Output Amplifier

The output of the ParaBender is electronically balanced, and
must provide gain of 10dB to counteract the input stage attenu-
ator. The differential phase action of the output stage automati-
cally doubles the signal voltage, so an adjustable gain buffer
gives an additional 4dB, adjustable over a further 4dB range to
-enable the overall unit gain to be accurately set.

The output will operate unbalanced, but should have the
unused leg connected to ground, when the gain of the opposite
side will increase to compensate.

The output is equipped with a phase reversal switch, which

which removes the equaliser section and filters from the signal
path to allow the effect of any settings to be judged.

An output mute switch disconnects and grounds the
ouput conngctions.

Level Meter

A 10 segment LED meter is driven by the output amplifier, and
will be found useful in avoiding overload if excessive equalisation
is used. Rather than use a standard meter |.C. such as the
LM3915, discrete circuitry has been employed, as this allows
access to the voltage reference and divider chain so that the
steps can be set to suit individual requirements.

Circult Detalls
Returning to the input stage, this time in detail, Figure 2 shows
the relevant circuit.

The input attenuator is formed by resistors R1, R2 and R3.
Taking into account the slight effect of R4 and R5, the actual
attenuation is given by:

simply swaps the output connections, and a by-pass facility 20 log { F 10.05s5dB
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{(_{(2_RCF)2 + 1) = 0.0025dB
{Rx + R1 + R2}
With a phase shift of: 90 - tan - 1 (2_RCF) = +1.88".

R3 * {R4 + RS} The incoming signal is buffered by unity gain stages IG1a
———————— and IC1b and then unbalanced by differential amplifier IC2. The
Where Rx = R3 + R4 + RS common made rejection of this stage may be adjusted at both
low and high frequencies by VR1 and VC1. The method of
Frequencies above 200kHz are rolled off by capacitor C1, doing this is shown in Figure 3.
and the low frequency tumover and phase shift are set by The gain trimming stage, IC3, follows IC2. This has a range
capaciters C2 and C3 with resistors R4 and RS, the -3dB point of +/- 10dB with the values shown. For other ranges, resistors
being: R10, 11, 12 & 13 may be changed, the desired value being
given by:
{2_C2R4) 0.48Hz
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Fig.7 Parabender output amplifier
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parallel combinations. For example, to obtain +20dB range,
each parallel pair of resistors should be:
10k

10 1 1.111k
By trial and error, it is found that 1.2 * 15

1.2 +
15 1.111

so if R10 and R12 are changed to 1k2 and R11 and R13
becomes 15k, the control will give £20dB of level adjustment.

Note that as the gain trim stage is inverting in operation, a
phase reversal has to be introduced to counteract this, which is
why the wiring between the circuitry and input connector may
appear to be wrongly shown.

The output of IG3 is A.C. coupled by capacitor G8 to enable
the by-pass switch to be operated without introducing clicks
onto the signal. For the same reason, the Input of the equaliser
is coupled by C11.

The dual invertor equaliser is formed by IC4 and IC5. (Figure
4) The value of coupling capacitors C8 and C11 may, at first
sight, appear much larger than necessary. Remember that they
are in series, and therefore must be treated as a single compo-
nent of 50uF. This, when loaded by 3k9, has a 20Hz response
of -0.0072dB, but more importantly, introduces a range of
+2.34°.

The output of IC4 feeds the fiter modules, and the amplitude
control tracks are connected to the inverting inputs of IC4 and
[C5 by capacitors C12 and C15. Again, the value of these may
appear somewhat on the large side, because the low frequency
response of the equalised signal is a function of capacitor C12
or C15 with the total filter output resistance. For 10dB of lift or
cut, each filter has a series output resistor of 1k8. With C12 and
C15 being 470uF and six fiter modules, the effective resistance
is therefore 300R.

This leads to the response at 20Hz being -0.014dB with a
phase shift of +3.23°.

Okay, so H is totally unrealistic to attempt to use the
ParaBender with every band set to maximurn lift or cut, but it is
usually best to play safe and design for ‘worst case’ situations,
regardiass of whether you think that no-one in their right mind
will do a particular thing.

if you should decide to build a single channel ParaBender,
fully stacked with 14 filter modules, the worst case situation
becomes: 20Hz response; 0.075dB

20Hz phase shift: +7.5°

This performance is just about acceptable, so the size of
C12 and C15 is justified, even though it is unfikely that anyone
could hear the effect of reducing them to 100uF or thereabouts.

The output of the equaliser section is A.C. coupled to the
high pass filter, again to prevent clicks as the fitter is switched in
and out.

Figure 5 shows the relevant circuit.

To keep the control potentiometer sections of equal value,
the op-amp must provide some gain which is decided by the
filter “Q". The amount of galn is given by:

Gan=3-(1/Q)

For a Butterworth response, the Q must ve 0,7071, requiring
a gain of 1,5858 (4.005dB).

The resistor values given will result in this characteristic, but
a bit of experimenting may lead to some worthwhile results.
(See how you like the sound of a filter with a Q of 1.5 or 2).

in order to maintain unity gain through the filter, an input
attenuator comptising resistors R24 and R25 reduces the signal
jevel by the same amount as the filter gain - providing R24 =
R30 and R25 - R29 of course. A unity gain buffer stage, 1.C.6,
ensures that the attenuator is not loaded, and provides the
required low impedance source to drive the filter which is based
around 1.C.7.

The filtter tumover frequency is given by our-oid friend:

F-3 = (2_RC) 1

The values shown give a range of 9.76Hz. (For argument's
sake, we'll call it 10 to 200)) but note that the frequency adjust-
ment potentiometer must have reverse logarithmic, or °F* law
tracks, otherwise the calibration will become extremely cramped
at one end of the control rotation. As an example, if a linear
potentiometer is used, the central position will give a turnover
frequency of 18.6Hz, which means that the lower frequencies
are very spread out, and those nearer 200Hz become impos-
sible to select, particutarly by anyone with a slightly shaky hand,
and that means about 95% of all known audio engineers,

The cutput of .C. 7 Is coupled by G26 to the high pass filter
selection switch, S1, from where the signal passes to the low
pass filter, I.C. 8.

As shown in Figure 8, the high frequency roll-off is variable
‘between:

2-RC = §.517kHz and 20.-840kHz
Where R = (R36 + VR4b) and C = C30
A bit of calculation will show that VR4 should have linear

Fig 8 Parabender Input unit PCB component overlay
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NOTE:

MATCHING BETWEEN THE 300R RESISTORS

1S MORE CRITICAL THAN THEIR ABSOLUTE VALUE.
301R PRECISION METAL FILM TYPES ARE SUGGESTED

PARABENDER
J 300R 0.1%
1 arFosciator HO {} 62 ~ /
b= 5 300R 0.1%
48 e
| 2 3 AF MILLIVOLTMETER
600R 1% OR OSCILLOSCOPE
——6 1

STEP 1 WITH UNIT LINKED AS SHOWN, SET CSCILLATOR OUTPUT
TO 100Hz AT +20dBu {7.75v RMS)
STEP 2 ADJUST RV2 FOR MINIMUM QUTPUT
STEP 3 CHANGE OSCILLATOR FREQUENCY TO 10kHz
STEP 4 ADJUST CV1 FOR MINIMUM OUTPUT
STEP § REPEAT STEPS 1 TO 4 UNTIL OPTIMUM ADJUSTMENT IS ACHIEVED
STEP 6 APPLY LOCKING COMPOUND (NAIL VARNISH 7) TO RV2 AND CV1 ADJUSTMENT SCREWS
STEP 7 REPEAT WHOLE PROCESS IF ANY OUTPUT STAGE COMPONENTS ARE CHANGED
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tracks, as a reverse log law weuld result in a centre frequency of
16.3kHz, (with a log control it would be 5.9kHz) whereas with a
resistance of 5k it becomes 8.72kHz and, as the calibrations
shows, there is no excessive cramping at any point of the
centrol rotation.

From the output of I.C. 8 the signal passes to switch 52, the
low pass fiter selection switch, and then on to the output amplhi-
fier which is shown in Figure 7.

Balanced Ouput Amplifier

The input to the final stage normally comes from the cutput of
the fow pass filter, but operation of the Bypass switch, $1,
selects the output of the gain trim stage instead. (By the way,
the apparent duplication of component numbers is not a delib-
erate attempt to confuse everyone - it just means that two simi-
larly numbered components are on different circuit boards.)

Input buffer amplifier 1.C.1 has gain, adjustable with VR1, of
1.8dB to 6.02dB, allowing the overall ParaBender galn to be
accurately set.

Inverting amplifier 1.C.2 and nen-inverting stage 1.C.4 drive
the balanced output in anti-phase. Providing both output legs
carry identical level but phase reversed signals, 1.C.3 will receive
no input, and play no part in the proceedings. However, if the
output is unbalanced by one side being shorted to ground. |.C.3
will provide positive feedback to the opposite amplifier,
increasing its gain by just under 6dB to counteract for the lost
output voltage.

Ideally, the gain of the working amplifier should be increased
by 6.02dB, but an analysis of the gain structure will show that
this tums the output stage into an oscillator. However, with a

0.07dB is hardly enough to cause problems, even though there
are, no doubt, many audiophiles who have had their lives ruined
by considerably less!

The accuracy of the output balance is initially adjustable at
low frequencies by VR2, which sets the inverting input of 1.C.3
at the exact null point between the two output legs. At high
frequencies, where the balances becomes affected by small
phase differences and the cutputs are not in precise anti-phase,
VC1 is used to trim the balance to an optimum point. The
method of doing this shown in Figure 8.

The two outputs are A.C. coupled via capacitors C10 and
C11, which at 100uF each will drive loads of 1k and above with
less that 10° of phase shift at 20Hz. Luckily, the days of 600R
input Impedances are just about over, bridging loads normally
being 10k cr more, so the output stage is quite capable of
driving all modem equipment up tc its maximum level of
+28dBu (19.5V RMS) with less than 1° of phase shift at 20Hz.

A phase reversal switch, S2, changes over the cutput lines,
and can be used to correct for wrongly wired XLR interconnec-
tion leads, 1o check the phase of a channel by making a
listening comparison, or, when both channels are reversed,
changing the absolute phase of a signal to counteract other
equipment which incorperates a reversal.

An output Mute switch, S3, is provided. This disconnects the
output connector from the ParaBender circuitry, grounding the
input of the following equipment in the process.

Next month
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|
|
|

EEA G E e BT

peoter Rouse
3 New Romney, Kent. TN28 BXU.

————————-——————————4———J
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PROJECTS FOR IBM-FC & LAPTOR PCS
16 PAGE FULL COLOUR
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58 Lampori Court, Manchester M1 TEG FAX: 051-523 8121

BE ABLE TO GET IT FOR YOU U.K. Phone/Answer Fax: 061-272-0279

PLEASE WRITE OR PHONE FOR LISTS e .
OR REQUIREMENTS Lcéallegctr;c)mic clomf;:voneﬂrtte;,d i il
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FOR SALE

MINI C.C.D. CAMERA i

Mini C.C D, camera
only 32x32mm
complete with 3.8mm I

power 5upp|y Plugs
duacﬂy intp most
types of Video
recorders using the
video Input. Min.
Mumination 0.3 Lux.
Slandard minv board

I
|
I
camara {uncased) l
I
I
|

onfyﬂss including

ALSCO

Astley House,

Johnson St
Idesley,
nchesier

A8,
L TeL 09&2 893573 J
- . . s N S

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO
CASH immediate settlement.
We also welcome the opportunity to
quote for complete factory
clearance.

Contact:

COLES-HARDING & CO.
Unit 58, Queens Road, Wisbech,
Cambs PE13 2PQ
BUYERS OF SURPLUS
INVENTORY
ESTABLISHED OVER 15 YEARS
Tel: 01945 584188
Fax: 01945 475216

MRT1 MICRO TRANSMITTER,
26mm x 20mm including sensitive

electret microphone, tuneable 80-
115MHz, 500M range.

Kit £4.95, Assembled £8.95.
MTT1 TELEPHONE
TRANSMITYER,
35mm x 10mm, powered fram line,
transmits all conversations, SOCM
range 80-120MHz.

Kit £5.95, Assembied £10.85.

All prices include p&p. Send 2x2nd
class stamps for Catalogue.
Cheques/P.0.s payable to:

EXCEL PRODUCTS
(Dept. ETI)
Unit 14, Sunningdale,

Bishop's Stortiord,
Herts CM23 2PA

L.F. HANNEY

Y our Electric Component
Specialist for Avon, Wilts
& Somerset.

77 Lower Bristol
Road, Bath, Avon.
Tel: 0225 424811

COURSES

Start training now with the specialists for
the following courses. Send for our
brochure — without obligation or
Telephone us on 0626 779398 eri 12194

Name._

0 Telecomms
Tech C&G 2710
Radio Amateur
Licence C&G
Micro-
processor
O fntroduction to
Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

KITS SOFTWARE

NEW VHF MICROTRANSMITTER
KIT tuneable 70-115 Mhz, 500
metre range, sensitive electret mi-
crophone, hl%h quatity PCB, SPE-
CIAL OFFER compiete kit only
£5.95 assembled and ready to use
£9.95 Inclusive P&P. 3 Watt/trans-
mitter kit £45.95. Cheques/PO's 1o
C.E.C. 515A BRISTOL RD, BIR-
MINGHAM, B29 B6AU. TEL: 021
486 3092. Send 2 x 1st Class
stamps for details of these and
other kits.

POWERAMPS 60W Glass/PCB
ex-equip £41! Teak Stereo’s 30W
controls/SKTS.... 240 volt/£16]
Free powersupply 9-25volt D.C. +
12 project cat £1 p&p Kia Audio, 1
Regent Road, Ikley LS29.

WANTED

ENCYCLOPAEDIA of SHAREWARE

Find out whar reasty it available m PD & Shacesare - ham radioy
graphece, husimess scientific. elevtronics. maths, educalion, ¢
YouT find them all here, everything yo need ia one bock.
of the hest PD & Shorwar
for DOS & Windows,
described m detail wich the hastware
equinements (o each.

£250 b cheque. PDruhu'mby 250,000 words.

Access/Visk
PDSL, Winscombe Hse Beacon Rd, Crowborough,
Sussex, TN 1UL, Tel 6892 663298 Fax 0892 667473

¢ N ASTRA Desk Top Accouniing™
N
Sl Overture -inovrg, fak Furchs, Nomnd, VAT, e
Premiler- pls Swodk lobs. EROS, Sarrodes. Senal fn e
Professional - ph MAS Curay. Drgnw Locmon. éic
S&S Systerms Lad, Heerion Coun, Manor Road, Wales
Sheffield, $31 8P1), UK. Salware dwmbwnon ) Appke desiers)
Tek (01509 YHI * Fax fOIN9 TS + brw Code (+H 190

RACKS
EQUIPMENT

19" RACK-MOUNT
EQUIPMENT?

We are ty far the best buyers of PCB's |
CASH OR CHEQUE AVALABLE

computer Salvage OPERATORS
Speclalists ex 1533 OF THE UK's
| TEL: 0635 552666 NATIONAL

IFAX: 0635 582990 PCB BANK
w NN I I ((ATAIf(g

ELECTRONIC PLANS, laser
designs, solarand wind generators
high voltage teslas, surveillance
devices, pyrotechnics and com-
Euter graphicstablet. 150 projects.
or catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

I! ! ! ! ! ! ! ! Il—“! ! ! ! | ! ! !L Frames, cabinets and flight cases for
. ragk - and no'n-rack - elquipm?m!SI
wide range of accessories avalilable.
w A " T E D For!unngrglnformltion and brochure
SCRAP contact:
| P"nted c"cult Boa mS ‘ GROVESTREAM ENGINEERING

SERVICES, 29 Silverdaie Road,
Tadley, Hants RG26 6JL.
Tet/Fax: 0734 713309

COMPONENTS

EPROM, PLDs + Microcontrollers
copied or programmed. we supply
devices/convert discrete logic to
PLDs. PO Box 1561 Bath 0225
444467

TO ADVERTISE
IN ETI
CLASSIFIED
CALL 0442 66551

_l—-

rCOMPLETE SERVICE OFFERED Fkn g
DRAWING TO FINISHED PRODUCT, SMALLOR™ - EV
LARGE QUANTITIES AT caMpErnwmaﬂs'“ EG.

' FULL TECHNICAL Wd‘kr AVAILABLE
TEL: 0384 444me 0384 444571

" SEEWNEEMNG

"-o.ﬂ'-\-L
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Open Forum 8/ 3 |

few days ago news finally
broke that the NEC
Corporation of Japan had
picked the UK - as opposed
to Calformia - for the site of its
new £520million advanced tech-
nology semiconductor plant. This is a great
boost for the seff-confidence of the British
electronics industry, for it proves once again
that this country is held in very high esteem
as a producer of high technology goods.

The plant, to be sited next to NEC's
existing semiconductor factory in
Livingstone, Scotland, Is being buitt to
produce the new generation of 84Mbit
DRAM chips, and very advanced applica-
tions specific integrated circuits (ASICs). it
will be able to handle eight-inch diameter
silicon wafers and is destined to be one of
the most advanced plants in the world.
Indeed, it will be comparable with NECs new
No 8 Line facility in Kyushu, southem Japan,
probably the most advanced plant built by
any Japanese company.

The reason why this plant is so important
to the self esteem of the British electronics
industry lies in the rationale behind NECs
choice of the UK as the preferred site for the
plant. Britain was chosen because NEC
Semiconductors (UK} have the highest
productivity rate, flexibility, and degree of skill
of any of the company's plants worldwide.

This is just the sort of affirmation of faith
in British industry and, in particular, high
technology industry, that is needed. Where a
company with global interests like NEC
leads, others will surely follow. in addition,
when the plant is in full production it will
provide a welcome reduction to the UK's
balance of payments deficit.

It should be emphasised that this is not
an off-shore assembly plant, this is a full

Next.Month...

fabrication facility requiring highly skilled
operatives. Companies like NEC do not see
the UK as a source of cheap production
labour, instead they see the UK as a source
of a highty-skilled, enthusiastic and well
trained peopte. You only have to look at the
number of international companies setting
up full-blown research centres in the UK to
redlise that.

All too many politicians and joumalists
laud the supposed business superiority of
Germany or France over the UK. Granted,
Germany does employ more people in
manufacturing, but manufacturing what?
Certainly not an awful lot of high technology.
The UK comes third behind the US and
Japan in the percentage of our exports
which can be classified as high technology,
just over 31% of exports, whereas Germany
can only manage 21%.

Indeed, according to The Economnist
(October 1st 1994 issus) the UK is ranked
equal with Japan, and just below the USA,
but way above all our European partners, as
being best placed 1o profit from the forth-
coming boom in high technology industries.

In this country we have got 1o stop hiding
our light under the proverbial bushel. We
should be proud of how the country is being
rebom as a centre of technology excellence.
One only has to look at a company like
Surrey Satellite Technology 1o realise the
potential that there is in this country, poten-
tial of which we should be proud, even
boastful.

Gther countries would boast if they had
but half of what we have! Let's stop being a
country of pessimists, whingers and
yeamers after some supposed glorious past.
Let's seize the future, let’s create the future,
for the future Is where we will spend the rest
of aur lives.
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1 THIS WORLD
ONLY

Over 800 colour packed pages-
with hundreds of Brand New
Products at Super Low Prices.

Available from all branches of WHSMITH, John Menzies in Scotland
ONLY, Eason & Son in N. Ireland ONLY, and Maplin stores nationwide.
The Maplin Electronics 1995 Catalogue — QUT OF THIS WORLD!
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