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HYDROPONICS DO YOU GROWYOUR OWN?
We haveafull colour hydroponics catalogue available containing
nutrients, pumps, fittings, enviromental control, light fittings,
WINDOWS 95CD as supplied with Hewlet Packard PC’s these
CD's have ali the window files on them and were intended to be used to
restore windows on a PC after a crash etc.£15 REF SX06

SATELLITE MODULATOR MODULES pricestrom

just 9p Surface mount modulators full of components. Fitted withan F
type connector and a uhf type connector. Pack of 100 £9.95 ref $820

PROJECTBOXES

Another bargain for you are these smart ABS project boxes, smart two
plece screw together case measuring approx 6'x5"x2" complete with
panel mounted LED. Inside you wili find loads of free bits, tape heads,
motors, chips resistors, transistors etc. Pack of 20 £19.95 ref MD2

REMOTE HEATING CONTROLLERS WiTH 30A

MAINS RELAY from just 99p These units were designed to be
plugged into a telephone socket. You then called the phone and some
how it turned the heating on. Each box contains lots of bits inciuding a
mains 30A refay pack of 20 £20 ref SS34

.TALKING COINBOXES rrices from just 95p These units
were made to convert standard telephones into pay phones, complete
with coinslot assemblies and switches etc. OFFERED TO YOU AT A
BARGAIN PRICE BECAUSE WE NEED THE SPACE! Packof 10£19
ref 8829

AC MOTOR BONANZA! prices from just 59pAgain we

have piles and pites of these brand new mixed motors which we need
to clear in bulk at ridiculous prices! Pack of 50 for £30 ref 513
PIR CAMERAB.itt in CCTV camera (composite output) IR
strobe light,PIR detector and battery backup. Designed to 'squirt’
pictures down the ‘phone line but works weil as a standalone unit.
Bargain price £49.95 ref SS81, 3 or more £44.95 ref $S80.These units
are brand new modutes designed totake 'pictures’ of intruders and then
transmit the pictures down the telephone tine The PIR detects the
mtruder, fires the strobe light this ensures a perfect picture evenin total
darkness. The picture is stored in memory inside the modute and then
sent by modem (not included) down the telephone line. The units also
have anicad battery packincluded presumably to maintain operationin
the event of mains power failure. Output from the camera Is standard
b/w composite 320x240 pixels with a 90x65 degree field of view, the
picture quality is excellent. Each PiR also contains a video capture and
compression unit. The infra red strobe has a range of 15m.The pir has
arange of 12m.Power requirementsare 12vdc 400mA. Power supplies
available at £5 ref SS80The units are supplied with connection details
etc but we do not have any information on using the compression and
capture unit orinterfacing to modems etc. The units do have operational
PIR's, strobes and camera’s (camera is 12vdc and gives out standard
composite 1v p-pvideo) how you adapt these towork together is entirely
up to youlRetail price for the units was In excess of £200 each sale
price £39.95ref SS81JPower supplies £5 ref SS80

TELEP HON ES Justinthis weekis a huge delivery of telephones,
all brand new and boxed Two piece construction with the following
features- lliuminated keypad, tone or puise (switchabie), reacall, redial
and pause, highflow and off ringer switch and quality construction
finished in a smart off white colour and is suppiied with a standard
international lead (same as US or modems) if you wish to have a BT
lead supplied to convert the phones these are also avaitable at £1.55
each ref BTLX Phones £4.99 each ref PH2 10 off £30 ref $52
3HP MAINS MOTORS Single phase 240v, brand new, 2
pole, 340x180mm, 2850 rpm, builtin automatice reset overioad pro-
tector, keyed shaft (40x16mm)Made by Leeson. £99 each ref LEE1

BUILD YOU OWN WINDFARM FROM SCRAP

New publication gives step by step guide to building wind generators and
propellors.  Armed with this publication and a good local scrap yard
coutd make you self sufficient in etectricity! £12 ref LOT81

CHIEFTANTANK DOUBLE LASERS9WATT+3
WATT+LASER OPTICS couidbe adapted for laserlistener,

long range communications etc Double beam units designed tofitinthe
gun barrel of a tank, each unit has two seni conductor lasers and motos
drive units for alignement. 7 mile range, no circuit diagrams due tc
MOCD, new price £50,0007 us? £199. Each unit has two gallium
Arsenide injectton lasers, 1 x 9 watt, 1 x 3 watt, 900nm wavelength,
28vdc, 600hz pulse frequency. The units also contain an electronic
receiver to detect reflected signals from targets. £199 Ref LOT4.

MAGNETIC CREDIT CARD READERS AND
ENCODING MANUAL £9.95 Cased with flyleads, designed tc
read standard credit cards! complete with control eictronics PCB and
manualcovering everything you could want to know about whats hidden
In that magnetic strip on your card} just £9.95 ref BAR31
HIPOWERZENONVARIABLE STROBES usefu
12v PCB fitted with hi power strobe tube and control electronics anc
speed contrgl potentiometer. Perfect for interesting projects etc
70x55mm 12vdc operation £6 ea ref FLS1, pack of 10 £49 ref FLS2
CENTRAL POINT PC TOOLS Award winning software,
1,300 viruschecker, memary optimiser, disc optimiser, file compression,
low level formatting, backup scheduler, disk defragmenter, undelete, 4
caicuiators, D base, disc editor, over 40 viewers, remote computing,
password protection, encryption, comprehensive manual supplied etc
£8 ref lot 97 3.5" disks. £10 ref LOT97
VIDEO PROCESSOR UNITS?/6v 10AH BATTS/
24V 8A TX Not too sure what the function of these units is but they
certainly make good stripperst Measures 330X320X120mm, on the
front are controls for scan speed, scan delay, scan mode, loads of
connections on the rear. Inside 2 x 6v 10AH sealed lead acid batts,
pcb’'sand a 8A? 24vtorroidialtransformer (mains in}. sold as seen, may
have one or two broken knobs etc due to poor storage. £15.99 ref VP2
DIFFERENTIAL THERMOSTAT KIT rerfect for
heatrecovery, solar systems, boiler eficiency etc. Two sensors will
operate a relay when a temp difference (adjustable) is detected. All
components and pcb. £29 ref LOT93
SOLAR WATER HEATING PLANS £6 REF SOLP
PCPOWER SUPPLIES PACK OF 8 £9.95
Thats right! 8 power supplies for £9.95! These are all fan
cooled (usuaily 12v) our choice of specs etc, and are sold
as seen. But worth it for the fans alone! ref XX17

COLOUR CCTV VIDEO
CAMERAS From £99

Works withmostmodemvideo's, TV's, Composite monitors,
video grabber cards. Pal, 1v P-P, composite, 75ohm, 1/3"
CCD, 4mm F2.8, 500x582, 12vdc, mounting bracket, auto
shutter, 100x60x180mm, 3 months warranty,1 off price
£119 ref XEF150, 10 or more £88 ea 100+ £89

We get over 5,000
hits a day.....

check us out!
http://www.bullnet.co.uk

SMOKE ALARMS Mains powered, made by the famous
Gentcompany, easy fit next tolight fittings ,power point. Packof5£15
ref $523, pack of 12 £24 ref SS24

4AH D SIZE NICADS pack of 4£10 ref4AHPK
ELECTRIC FENCE KIT Everything you need to buid 2
12vdc electric fence, complete with 200m of fence wire. £49 ref AR2
SENDER KIT contains altcomponents to build aAN transmitter
complete with case £35 ref VSXX2

33 KILOLIFT MAGNE TNeodynium, 32mm£15 ref MAG33
10WATT SOLAR PAN ELAmorphous silicon panetfitted

in a anodized aluminium frame. Panet measures 3' by 1' with screw
terminals for easy connection. . 3'x 1" solar panel £55 ref MAG45
Unframed 4 pack (3'x1') £68.99 ref SOLX

12V SOLAR POWERED WATER PUMP Perfect

for many 12v DC uses, ranging from solar fountains to hydroponics!
Smali and compact yet powerful. works direct from our 10 watt solar
panef in bright sun. Max hd:l7 ft Max flow = 8 Lpm,1 .5A Ref AC8
£18.99

SOLAR ENERGY BANK KIT 50x 6"x12" 6v solar
panels(amorphous)+50 diodes £39 ref EF112
PINHOLE CAMERA MODULE WITH AUDIO!

Superb board camera with on board sound| extra smali just 28mm
square (including microphone) ideal for covert surveillance. Can be
hidden inside anything , even a matchbox! Complete with 15 metre
cable, psu and tv/ver connnectors. £49 95 ref CC6J

SOLAR MOTORS Tiny motors which run quiie happily on
voltages from3-12vdc Works on our 6v amorphous 6" panels and
you can rua them from the suni 32mm dia 20mim thick. £1.50 each
WALKIE TALKIES 1 MILE RANGE £37/PAIR REF MAG30
LIQUID CRYSTAL DISPLAYS Bargain prices,
20 character 2 line, 83x19mm £3.99 ref SMC2024A

16 character 4 line, 62x25mm £5,99 ref SMC1640A

40 character 1 line 154x16mm £6.00 ref SMC4011A
LM265X HITACH! LAPTOP SCREENS 240x100mm,
640x200 dots. New with data £15 ref LM2

SEALED LEAD ACID BATTERIES
12V 7AH, S/HAND
PACK OF 4 £10 REF XX1

YOUR HOME COULD BE SELF SUFFICENT
IN ELECTRICITY Comprehensive pians with loads of info

on designing systems, panels, control electronics etc £7 ref PV1
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ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM
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200 WATT INVERTERS plugs straight into your car
cigarette lighter socket and is fitted with a 13A socket so you: can run
your mains operated devices from your car battery. £49.95 ref SS66
THE TRUTH MACHINE reiis if someone is tying by micro
tremors intheir voice, battery operated, works in general conversation
and on the 'phone and TV as welli £42.49 ref TD3

INFRA RED FiLMs- square piece of flexible infra red film that
willonty allow IR ight through. Perfect for convertingordinary torches,
lights, headhgnts etc tonfra red output only using standard light buibs
Easily cut to shape. 6" square £15 ref iIRF2

HYDROGEN FUEL CELL PLANS | oadsofinformation
onhydrogenstorage and production. Practicai plansto build a Hydrogen
fuel cell (good workshop facilities required) £8 set ref FCP1
STIRLING ENGINE PLANS Interesting information pack
covering all aspects of Strling engines, pictures of home made
engines made from an aerosol can runningon a candie! £12 ref STIR2
ENERGY SAVEKPLUGS Saves up to 15% electricity
when used with fridges, motors up to 2A, light bulbs, soldering irons etc
£9 ea ref LOT71, 10 pack £69 ref LOT72.

12V OPERATED SMOKE BOMBS Type 3isa 12v
trigger and 3 smoke cannisters, each cannister will fil a room in a very
short space of timel £14.99 ref SB3. Type 2 is 20 smaiier cannisters
(suitable for simutated equipment fires etc) and 1 trigger modute for

£29 ref SB2 Type 1 1s a 12v trigger and 20 large cannisters £49 ref
SB1

HIPOWER ZENON VARIABLE STROBES usciul
12v PCB fitted with hi power strobe tube and control electronics and
speed control potentiometer. Perfect for interesting projects etc
70x55mm 12vdc operation. £6 ea ref FLS1, pack of 10 £49 ref F1L.S2

NEW LASER POINTERS 4 Smw, 75 metre range, hand
held unit runs on two AA batteries (supplied) 670nm. £29 ref DEC49J
HOWTOPRODUCE 35BOTTLES OF WHISKY

FROM A SACK OF POTATOES comprehensive 270
page book covers all aspects of sprit production from everyday
materiats. Includes construction details of simple stills. £12 ref MS3
NEW HIGH POWER MINI BUG with arange of upto
800 metres and a 3 days use from a PP3 this is our top selling bug!
less than 1" square and a 10m voice pickup range. £28 RefLOT102.
IR LAMP KIT suitabte for cctv cameras, enables the camera
to be used in total darkness! £6 ref EF138

INFRA RED POWERBEAM Handheld battery powered
famp, 4inch reflector, gives out powerful pure infrared light! perfect for
CCTV use, nightsights etc. £29 ref PB1
SUPERWIDEBAND RADAR DETECTORDDetects
bothradarand laser, X Kand KA bands, speed cameras, and all known
speed detection systems. 360 degree coverage, front&r
earwaveguides, 1.1"x2.7"x4.6" fits on visor or dash £149
LOPTX ade by Samsung for colour TV £3 each ref 552
LAPTOP LCD SCREENS 240x175mm, £12 ref Ss51
WANT TO MAKE SOME MONEY? STUCK

FOR AN IDEA? We have collated 140 business manuals that
give you information on setting up different businesses, you peruse
these at your leisure using the text editor on your PC. Also included is
the certificate enabling you to reproduce (and self) the manuals as
much as you liket £14 ref EP74

HIGH POWER DC MOTORS, PERMANENT

MAGNET 12 - 24v operation, probably about 1/4 horse power,
bady measures 100m x 75mm with a 60mm x Smm output shaft with a
machined flat on it Fixing ts simple using the two threaded bolts pro-
truding from the front. £22 ref MOT4

INFRA RED REMOTE CONTROLS made for Tv's

but may have cther uses pagk of 100 £39 ref IREM
AL .
2 : Online

web catalogue
' bull-electrical.com

ELECTRONIC SPEED CONTROLLER KIT For
the above motor Is £19 ref MAG17. Save £5 If you buy them both
together, 1 motor plus speed controller rrp is £41, offer price £36 ref
MOTSA

SONYSTEREO TV CHASSIS assemblies comprising
complete TVPCB excluding tube and scan colis Nicam stereo, mains
input. Appear to be unused but sold ‘as seen' Would probably be good
for spares or as a nicam stereo TV sound receiver and amplifier,
For KV29F1U and Kv25-1U(BE3D) PCB no's 1-659-827-12
1-659-826-14 1-711-800-11 £20 ref STV1

RCB UNITS inline IEC lead with fitted RC
breaker. Installed in seconds.

Pack of 3 £9.98 ref LOT5A

RADIO CONTROLLED CARS etc no remotes but
good stnippers for servo's motors and receivers. Soldasis, noreturns,
mixed types. £3 each ref RCC2

VOICE CHANGERS Hoid one of these units over your
phone mouth piece an you can adjust your voice using the controls on
the unit! Battery oper; ted615 ref CC3 :
LOWCOST CORDLESS MIC 500 range, 90- 105mhz,
115g, 193 x 26 x 39mm, 9v PP3 battery required. £17 ref MAG15P1
AUTO SUNCHARGER 155x300mm sotar panelwith diode
and 3 metre iead fitted with a cigar plug. 12v 2watt £12.99 REF
AUG10P3.

SOLAR POWER LAB SPECIAL 2x6'x" 6v 130maA
cells, 4LED's, wire, buzzer, switch + 1relay or motor. £7.99REF SA27
SOLAR NICAD CHARGERS 4 x AA size £9.99 ref
6P476, 2 x C size £9 99 ref 6P477

5.25" FLOPPY DISKS, pack of 500 disks £25 ref FD]
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Surplus always
wanted for cash!
THE AMAZING TELEBOX

Converts your colour monitor Into a QUALITY COLOUR TV!!

TV SOUND &
VIDEO TUNER

CABLE CORPATIBLE *

The TELEBOX is an attractive fully cased mains powered unit, con-
taining .all electronics ready to plug into a host of video monitors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The composite
video output will also plug directly into most video recorders, allowing
raception of TV channels not normaily receivable on most televi-
slon recelvers* (TELEBOX MB). Push button controls on the front
panel allow reception of 8 fully tuneable 'off air' UHF colour television
channeis. TELEBOX MB covers virtually all television frequencies
VHF and UHF including the HYPERBAND as used by most cable
TV operators. A composite video output is located on the rear panel
for direct connection to most makes of monitor or desktop computer
video systems. For complete compatibility - even for monitors with-
out sound - an integral 4 watt audio amplifier and low level Hi Fi
audio output are provided as standard.

TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but fitted with mte?ral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
“For cable / hyperband signal reception Telebox MB should be con-
nected 1g a cable typs service. Shipping on all Teleboxe's, code (B)

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

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

6,000,000 items EX STOCK

For MAJOR SAVINGS - CALL OR SEE OUR WEBSITE

VIDEO VMIONITOR SPECIALS

- One of the highest specification
monitors you will ever see - *
At this price - Don’t miss it!!
Mitsubishl FA3415ETKL 14" SVGA Multisync colour monitor with fine

0.28 dot pitch tube and resolution of 1024 x 768. A
C L aliows connection to a host of

ification. Fully guaranteed, supplied in EXCEL-

LENT little used condltion, Order as
Tit & Swivel Base £4.75 Only £119 5
gty 2y | y € MITS-SVGA

External cables for other types of computers CALL
As New - Ex Demo
177 0.28 SVGA Mitsubishi Diamond Pro monitors
Full multisync ete. Full 90 day quarantee. £325.00 (E)

State of the art PAL (UK spec) UHF TV tuner moduli
with composite 1V pp video & NICAM hi fi stereo sound
B outputs. Micro electronics all on one small PCB only 73 x
“"160 x 52 mm enable full software control via a 8imple 2 wire link
to any IBM type computer. Supplied complete with s g\glo working
program and documentation. Requires +12V & + 5V to operate.
RAND NEW - Order as MY00.  Only £49.95 code (B)

FLOPPY DISK DRIVES 2%" - 14"

Massive purchases of standard 5%" and 3%" drives enables us to
present prime product at industry beating low pricesl All units (unless
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a full 90
day guarantee. Call for over 2000 unlisted drives for spares or repair.

3%" Panasonic JU363/4 720K or equivalent RFE

£24.95(B
£25.95(B
£18.95(B
£18.95(B

3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only
3%" Mitsubishi MF355C-D. 1.4 Meg. Non laptop
5%" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE

5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £29.95(B
5%" BRAND NEW Mitsubishi MF501B 360K £22.95
Table top case with integral PSU for HH 5%° Flopp or HD £29.95|
8" Shugart 800/801 8" SS refurbished & tested £210.00
8" Shugart 810 8" SS HH Brand New £195.00
8" Shugart 851 8" double sided refurbished & tested £260.00i
8" Mitsublshl M2894-63 double sided NEW

8" Mitsublshl M2896-63-02U DS slimline NEW
Dual 8" cased drives with integral power supply 2 Mb

HARD DISK DRIVES

2%" TOSHIBA.(19 mm H ) MK2101MAN 2.16 Gb. New £199.00
2%" TOSH.(12.5 mm H) MK1002MAV 1.1 Gb laptop. New £115.00
2%" to 31" conversion kit for Pc's, complete with connectors £12.95
3%" FUJI FK-3089-26 20mb MFM I/F RFE £59.95
3%" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95
3%" CONNER CP3044 4Cmb IDE I/F (or equiv.) RFE £69.00
3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acom £69.00
3%" QUANTUM 40S Prodrive 42mb SCSi I/F, New RFE £49.00
%" WESTERN DIGITAL 850mb IDE I/F New £185.00
5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95
5%° SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95
5%" HP 97548 850 Mb SCSI RFE tested £99.00
5%" HP €3010 2 Gbyte SCSI differential RFE tested £195.00
8" NEC D2246 85 Mb SMD interface. New £199.00
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00
Many other drives in stock - Shlipping on ail drives is code (D)

£295.00|
2295.08

B
B
E
E
E
E
E
£499.00(E

Just In - Microvitec 20" VGA (800 x 600 res.) coiour monitors.
Good SH condition - from £299 - CALL for Info

PHILIPS HCS35 ﬁame stxle as CMB8833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video inputs via SCART socket and separate phono jacks.
Integral audio power amp and speaker for afl audio visuai uses.
Will connect direct to Amiga and Atari BBC computers. Ideal for all
video monitoring / security applications with direct connection
to most colour cameras. High quality with many features such as
froné concealedfflliap controls, VCR correction button etc. Good
used condition - fully tested - guaranteed

Dimensions: W14" X H12%" x 15%" D. Only £99

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

240 V AC mains powered. on|y £79_00 )

KME 10" 15M 10008 high definition colour monitors with 0.28" dot
pitch. Su'perb clarity and modern styling.
Operates from any 15.625 khz sync RGB video
source, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 13%" x 12° x

11", Good used condition. Only £125 )
20" 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & optfonal sound input. Attractive
teak st{e case. Perfect for Schools, Shops, Disco, Clubs, etc.In
EXCELLENT little used condition with full 90 day guarantes.

20"...£135 22"...£155 26"...£185(

DC POWER SUPPLIES

Virtually every type of power

supply you can Imagine.Over
10,000 Power Suppliles Ex Stock
Call or see our web site.

LOW COST PC's

Always over 1000 PC's from stock.
1000's of spares and accessorles.
Call or see our web site for Info.

TEST EQUIPMENT & SPECIAL INTEREST ITEMS

MITS. 2 FA3445ETKL 14" Industrial spec SVGA monitors 25;245

1kW to 400 kW - 400 Hz 3 phase power sources - ex stock OA
IBM 8230 Type 1, Token ring base unit driver £760
Wﬂno Kerr RA200 Audio frequency response analyser £2500
1BM 53F5501 Token Ring {CS 20 port lobe modules 750
IBM MAU Token ring distribution panel 8228-23-5050N £95
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550
ALLGON 8360.11805-1880 MHz hybrid power combiners ~ £250
Trend DSA 274 Data Analyser with G703(2M) 64 /o £POA

Marconl 6310 Programmable 2 to 22 GHz sweep generator £6500
Marconl 2022C 10KHz-1GHz RF signal generator £1550
Marconl 2030 opt 03 10KHz-1.3 GHz signal generator,New £5150
HP1650B Logic Analyser £3750
HP3781A Pattern generator & HP3782A Error Detector  £POA
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675

HP54121A DC to 22 GHz four channel test set £POA
HP8130A opt 020 300 MHz pulse generator, GPIB etc. ‘£8500
HP A1, AO 8 pen HPGL high speed drum plotters - from £950
EG+G Brookdeal 95035C Precision lock in amp £650
View Eng. Mod 1200 computerised inspection system £POA
Sony DXC-3000A High quality CCD colour TV camera £1100
.Kelthley 5§90 CV capacitor / voltage analyser £POA
Racal ICR40 dual 40 channel voice recorder system £3750
Fiskers 45KVA 3 ph On Line UPS - New batteries £9500
ICI R5030UV 34 Cleanline ultrasonic cleaning system £POA
Mann Tally MT645 High speed line printer £2200
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £945
Siemans K4400 64Kb to 140Mb demux analyser £2950

DISTEL on the web |l -

. 3 3 [ALLMAIL & OFFICESK [LONDON SHOP
Seses “see’ | Open Mon - Fri 9.00 - 5:30 Open Mon - Sat 9:00 - 5:30
vess 8 5 & | DeptPE,32Biggin Way S aree Lane
= ¥ Upper Norwood On 68A Bus Route
NI LONDON SE19 3XF Setharet Pork SR Aall yiations
1o

Intel SBC 486/125C08 Enhanced Multibus (MSA) NEW £1450
Zeta 3220-05 AQ 4 pen HPGL fast drum plotters £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
Motorola VME Bus Boards & Components List. SAE / CALL £POA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fulltsu M3041R 600 LPM band printer £1950
Fulitsu M3041D 600 LPM printer with network interface £1250
Perkin Eimer 2998 Infrared spectrophotometer A £500
Perkin Eimer 597 infrared spactrophotometer £3500
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3750

LI%(htBand 80 output high spec 2u rack mount Video VDA's £495
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995

Taylor Hobson Tallysurf amplifier / recorder £750
ADC $B200 Carbon dioxide gas detector / monitor £1450
System Video 1152 PAL waveform monitor £485
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5,650

ANRITSU MSS001B1 0.6-1.7 uM optical spectrum analyser £POA
ANRITSU ML93A optical power meter £990
ANRITSU Fibre optic chracateristic test set £POA
VISION ENGINEERING T$3 Dynascopic microscope; £1850
R&S FTDZ Dual sound unit

R&S SBUF-E1 Vision modulator

WILTRON 6630B 12.4 / 20GHz RF sweep generator £5750
TEK 2445 150 MHz 4 trace oscilloscope £1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1855
TEK 1502 Portable TDR Kime domain reflectometer) £600
PHILIPS PW1730/10 XRAY generator with accessories £POA
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325

CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs. £2900

Surplus always
wanted for cash!

19" RACK CABINETS
uperb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!
Top quality 19" rack cabinets made. in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered remgvable side panels. Fully
adjustable internal fixing struts, ready punched
for any configuration of equipment mounting
plus ready mounted integral 12 way 13 amp
socket switched mains distribution strip make
these racks some of the most versatlie we
have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in multiple bays.

Overall dimensions are: 77%° H x 32%" D'x 22" W. Order as:

OPT Rack 1 Complete with removable side panels. £345.00 (G)
OPT Rack 2 Rack, Less side panels £245.00 (G)

Over 1000 racks, shelves, accessories
19" 22" & 24" wide 3 to 46 U high.
Available from stock !!.

32U - High Quality - All steel RakCab

Made by Eurocraft Enclosures Lid to the highest possible spec,
rack features ali steel construction with removable

side, front and back doors. Front and back doors are
hinged for easy access and all are lockable with
five sacure 5 lever barrel locks. The front door
is constructed of double walled steel with a
‘deslgner style’ smoked acrylic front panel to
enable status indicators to be seen through the
?anel, yet remain unobtrusive. Internally the rack §
eatures fully siotted reinforced vertical fixing
members to take the heaviest ot 19" rac
equipment. The two movable vertical fixing struts
(extras available) are pre punched for standard
‘cage nuts'. A malins distribution panel internal-
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched &
utliity socket. Overall ventilation is provided by v
fully louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for fitting
of integral fans to the sub plate etc. Other features includg: fitted
castors and floor levelers, prepunched utility panel at lower rear for
cable / connsctor access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal biue. External dimensions
mm=1625H x 635D x 603 W. ( 64" H x 25" D x 233" W)

oo,

;’?3& .

2

Sold at LESS than a third of makers price'il

A superb buy at only £245.00 «©)
42U version of the above only £345 - CALL

BATTERY SCOOP - 50% off I!
special bulk purchase from a cancelled export o brings you

S
the most amazing sa: N?s on these ultra high spec 12v DC 14 Ah
rechargeable batteries. Made by Hawker Energy Ltd, type SBS15
featuring pure lead plates which offer a far superior shelf & guaran-
teed 15 year service life. Fully BT & BS6290 approved. Supplied
BRAND NEW and boxed. Dimansions 200 wide, 137 high, 77 deep.
M6 bolt terminals. Fully guaranteed. Current makers price over £70

%2¢h\Qur Price £35 each () or 4 for £99 o

RELAYS - 200,000 FROM STOCK
Save ££££'s b" choosing your next relay from our Mass¥s

stocks covering types such as - Military, Octal, Cradle,
Harmetlcally Sealed, Contactors, Time Delay, Reed, Mercury
Wetted, Solid State, Printad Circult Mounting, CALL US WITH

YOUR NEEDS. Many obsoiete types from stock. Save £££E's

LOW COST RAM & CPU’S

INTEL 'ABOVE' Memory Expansion Board. Full length P!

and PC-AT compatible card with 2 Mbytes of memory on board.

Card is fully selectable for Expanded or Extended (286 processor

and above) memory. Fuil data and driver disks supplled. RFE.

Fully tested and guaranteed. Windows compatible. 9.95

Hatf length 8 bit memory upgrade cards for PC AT XT expands

memory either 256k or 512k in 64k steps. May also be used to fill

in RAM above 640k DOS limit. Complete with data.

Order as: XT RAM UG. 256k. £34.95 or 512k £39.95

SIMM

1MBx9 SIMM g chip 120ns Only £8.50

1MBx9 SIMM 3 chip80ns £10.50 or 70ns £11.95

1MBx9 SIMM 9 chip80ns £10.50 or 70ns £11.75

4 MB 70 ns 72 pin SIMM -with parity- Only £35.00

INTEL X33 CPU £19.95 INTEL 486-DX66 CPU £59.00
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR g€

MOTOROLA 25 Mhz 68040 (XC68040RC25M) CPU'S £59.00
shipping charges for RAM / CPU upgrades is code B

SOFTWARE SPECIALS
NT4 WorkStation, complete with service pack 3

and licence - OEM Pac_kaged.

Special Price ONLY £99.00
Microsoft - Windows for Workgroups 3.11 & DOS 6.22. Slépplied
on 3¥%" disks with licence & concise documentation, 36.95
DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.85
Wordperfect 6 for DOS supplied on 3%" disks with manual £24.95

shipping charges for software is code B

er 16,000,000 items from stock - www.distel.co.uk

Al prices for UK Mainiand. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from
it over £100 are subject to 10

Universities and Local Authorities account order £50. Cheques
? o |(B)FE5.50, (C)=£850, (D}=£12.00, (E)=£15.00, (F=£18.00, (G}=CALL Alow approx 6 days
[ 25 |and unless stated guaranteed ys. All guarantees Al rights

- minimum

for 90 da on a retum to base basis.

DISTEL®
Visit our web site
www.distel.co.uk
email admin@distel.co.uk

for shipping - faster
resarved to change
stock. Dmmmum.TmCASHmmsmﬂhwmslendanm,mdmamesacach

ALL > ENQUIRIES

181679 4414

FAX 0181 679 1927

ing days clearance. Carriage (A)=£3.00, (A1)=P4.00,
Mﬁumémmmmc&%\sd&b

prices / specifications without prior notice. Orders subject 1o
© Display Electronics 1998. E & O E. 06/98



EXT MON

PIC TOOLKIT MK2

Microchip’s new PIC16F87x series of EEPROM microcontrollers offer greater program capacity
and more facilities than the familiar PIC16x84 series. The latter, though, will still find a plethora
of uses in less-demanding circuits where the greater sophistication of the '87s is not required.

There are roles for both families.

Consequently, the PIC16x84 Toolkit of July '98 has been upgraded to make it compatible with both
the ‘84 and the '87. The printed circuit board has been redesigned to accept the 18-pin '84s and the
28/40-pin '87s. The power supply control has been redesigned to remove the need for a requlated
12V/14V PSU — the Mk2 will run from any d.c. supply of between 5V and 20V (at around 10mA).

Additionally, the controlling software has been considerably enhanced in a number of ways,

offering more functions than the Mk1 version.
The Mk2 has the same basic options as the Mk1:
e Configure PIC
® Program PIC with TASM .OBJ
e Program PIC with MPASM .HEX
e Translate MPASM .HEX to TASM .OBJ
e Translate TASM .OBJ to MPASM .HEX
It also has the following additional options:

e Disassemble PIC to TASM .OBJ

e Disassemble PIC to MPASM .HEX

@ Translate TASM .ASM to MPASM .ASM
® Translate MPASM .ASM to TASM .ASM

e Assemble TASM .ASM to .OBJ (totally replacing the need for a TASM shareware assembler)
e Directory paths display/change — eliminating any need to make changes to the Basic program (as required by Mk1)
e Directory display/select — displays file directories of choice, and allows automatic loading of selected file for use in any main

program option.

® Setup function allows PC ports to be tested and selected, and the PC'’s ability/inability to read (for PIC verify/disassemble) from its

selected port established.

® Load/read data to/from the PIC’s internal EEPROM data memory

This software is considerably more sophisticated than the Mk1 version and is supplied as a suite of four chained programs which
call each other as required without the user's intervention. It can be run in QBasic, QuickBASIC, or as a stand-alone (.EXE) program

without any need for a Basic controller.

The software can also control Toolkit Mk1 without modification to either. Information on using it with the PIC Tutorial (March to

May 98) and the PIC Tutor (CD-ROM) is provided in the text.

VERSATILE AM/FM REMOTE
CONTROL SYSTEM

Remote control systems are increasingly popular, and the
introduction of pre-tuned radio modules and their steadily falling
prices has made radio a viable alternative to infra-red. The
advantage of radio is the ability of the signal to pass through
objects and walls. Its range is also impressive, 100 metres or
more (in free space) being typical.

No licence is required in the UK, providing the radio modules
operate on the 418MHz waveband, and there are a number of
conditions, one of which is that setting up and tuning is carried out
by a DT approved company. Hence if the module is purchased
from such a company the home constructor can enjoy the benefits
of radio remote control.

The article will describe how to use the radio modules in a
similar way to the infra-red system which appeared in the October
and November ‘98 issues. We will examine both a.m. and f.m.
systems, and begin with a brief outline of the difference between
these,

MIDI “HAND BELLS”

This project was primarily designed with children in mind,
and was actually produced in response (o a request from a
reader who required the gadget for a group of handicapped
children. However, it is capable of providing hours of fun for
“children™ of all ages! It could be regarded as a modern
equivalent to a set of hand bells. It is really a form of MID!
interface, and is incapable of making any sound without the
aid of a MID! equipped synthesiser, sound sampler, or
other instrument.

The oulput of the interface connects to the MIDI input of
the instrument, which is set to produce a bell sound or any
other sound you like. Up to 11 pushbutton switches can be
connected to the input of the interface. The general idea is
for each player to control one or two pushbutton switches.
By operating the switches in the correct sequence and
with the correct timing the desired tune can be produced.

In other words, the melody is played in much the same
way that it would be produced by traditional hand bell
players.

PLUS e ALL THE REGULARS
NO ONE DOES IT BETTER
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 Crownhill Associates Limited

PIC12C508/509 DEVELOPMENT SYSTEM

This integrated development environment offers a
unique software development tool for the PIC
12C508 / 509. The package consists of 508/509
In-Circuit Emulator, Programmer, EdICE a fully
integrated Assembler with trace functions & ICE508
=tracer/disassembler.
The development system is supplied with MPASM i
assembler/disassembler and 10 projects, including s
circuit diagrams and unprotected source code. Projects i
cover subjects from simple sound effect generator .
through to an accurate Digital Vot Meter, Smoke Alarm,
Stop Watch, LCD display driver, Keypad encoder and more
Price £69.95 + £7.50 P&P + VAT

The Old Bakery, New Barns Road, Ely, Cambs
Tel: 01353 666709 Fax: 01353 666710

NEW! PIC PROGRAMMER KIT

Programs the Popular PIC 16C84, 16F84 and 24xx series serial memory devices.
Connects to the serial port of a PC and requires No EXTERNAL power supply. The kit
includes instructions for assembly, circuit diagram and component layout.

This handy little programmer is easy to build, taking no more than 30 =]
mins. to assemble and test. The Professional quality PCB is
double-sided, through-plated with solder resist and screen printing to
aid efficient assembly. It s supplied with driver softwvare to run in
DOS on a 286 PC upwards and under Windows 95 on 486 or
Pentium and a Disk full of interesting projects, tips and data sheets
for PIC devices, including FREE Assembler and Simulator (requires
9-pin D-type to 9-pin D-type cable tc connect to serial port of PC).
CABLE £5 INC. VAT AND DELIVERY. COMPLETE KIT just £15.00 including Delivery and
VAT (UK Only). Or READY BUILT £20.00 INCLUDING Delivery and VAT (UK ONLY)

g PIC16F84/04P £0.65 each

PIC Micro 24LC16 £0.75 each

CD ROM 24L.C65 £1.50 each
PIC16C620 £1.95 each

® Packed with 600Mb information PIC16C621 £2.25 each
o All current data sheets PIC16C622 £2.50 each

@ Programs and Diagrams

e Application notes

@ FPDF Viewer
® Includes PING-PONG and

| TETRIS with video & sound out of
aPIiC84

® BASIC language ASSEMBLY
routines!

£10inc. P&P & VAT

LCD DISPLAYS
& Various types
availabte tfrom £7.50
{2x16 line). ideal for
¥ use with PIC Basic.
Example code
supplied with every
unit,

Serial LCD Display Drivers (PIC16F84) £2.00

Low power
sepial irterface

PIC BASIC COMPILER
Write PIC Programs in BASIC

® Expanded BASIC Stamp | compatible instruction set

® Trie compiler provides faster program execution

and longer programs than BASIC interpreters

1 @ 12CIN and 12COUT mstructions to access external

serial EEPROMSs and other 12C devices

® More user variables

1 ® Peek and Poke Instructions to access any PIC

register from BASIC
® Serial speeds to 9600 baud
® In-fine assembler and Call support

& Supports all most poputar PICs
PIC16C55x. 6x, 7x, 8x, 92x and PIC14000 micros

e Use with any PIC programmer

Write your PIC programs in BASIC! The PicBasic
Compiler converts BASIC programs inio hex or binary
files that can be programmed direclly into a PIC
microcontroller. The easy-to-use BASIC language
makes PIC programming available to everyone with
its English-like instruction set.

Supplied with Universal PIC CHIP Programmer,
connects to Paraftel port of PC and programs afl
popular PIC micros. Complete with programming
toolkit — Editor, Assembler & Programming software.

PIC BASIC PRO

The PicBasic Pro Compiler aliows BASIC Stamp I!
commands, using pins on PORTA, C, D, E, as well as

Unwersal PIC CHIP
programmer supports the
following Microchip
devices

PIC16C52, PIC16C54.
PIC16C55, PIC16C55.
PIC16C57, PIC16C58A,
PIC16C61, PIC16CE2,
PIC16CE3. PIC16C84,
PIC16CE5, PIC16C620.
PIC16C621, PIC16C622.
PIC16C71, PIC16C73,
PIC16C74, PIC16C34,
PIC16C622, PIC16F84,
PIC16F83, PIC16C554,
PIC14000, PIC16CS508.
PIC12C509. & MEMORY
CHIP24C01 TO 24LC65

PORTB, and the capabifity of using more RAM and Ffriceé:ég.QSVAT
program space. HESIRELL:

A list of the new features and commands appear below.

e Reallf.. Then...Eise.. Endif -

& Hierarchical expression handiing FREE

e Interrupts in Basic and assembler Membership of PIC BASIC

® Bult-in LCD support
# Oscilllator support from 3-56Mhz to 20Mhz

Knowledge Base & Mail List

GREENWELID PHONE FAX OR

ELECTRONIC COIVIPONENTS

27D Park Road - Southampton - SO15 3UQ
TELEPHONE: 01703 236363 FAX: 01703 236307

INTERNET: http://www.greenweld.co.uk

E-Mail: greenweld@aol.com

WRITE TODAY FOR

YOUR FREE COPY!

228 Everyday Practical Electronics/ETI, April 1999



T E L

N E T

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

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

OSCILLOSCOPES

Beckman 9020 — 20MHz — Dual Channel....... £150
Cossor 3102 — 60MHz Dual Channel £250
Gould OS 245A/250/255/300/3000/3351/4000 .from €125
Hewlett Packard 180A/180C/181A/182C from £200
Hewlett Packard 1740A, 1741A, 1744A, 100MHz dual ch ... from £350
Hewlett Packard 54100D — 1GHz Digitizing - £1500
Hewlett Packard 54200A - 50MHz Digitiz| £500
Hewlett Packard 54201A — 300MHz Digitizing. ... o TN R T TS £1250
Hitachi V152F/V302B/V302F/V353F/V550B/V650F from £125
Hitachi V650F — 60MHz Dual Channel £295
Hitachi V1100A — 100MHz 4 Channel £950
Intron 2020 — 20MHz Digital Storage (NEW) £450
jwatsu SS 5710/SS 5702 — 20MHz from £125

Meguro — MSO 1270A — 20MHz Digital Storage (NEW)........ £450

Nicolet 310 — L.F. D.5.Q. with twin Disc Dnve £400
Nicolet 3091 — L.F. D.S.0. ..o £750
Lecroy 9450A — 300MHz/400 Ms/s D.S.0. 2 ch £2250
Panosonic VP5741A — 100MHz - Dual Channel D.S.0. £1750

Philips PM 3055 — 50 MHz DUAL Timebase £450
Philips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 3243/PM 3244/PM 3261/

PM 3262/PM 3263/PM 3540...... from £125
Philips PM 3295A — 400MHz Dual Channel £1750
Philips PM 3335 — 50 MH2/20Ms/s D.5.0. 2 ch £1500
Tektronix 434 — 25MHz — 2 Channel Analogue Storage . £250
Tektronix 454 — 150MHz - 2 Channel £400
Tektronix 455 — 50MHz Dual Channel £0000
Tektronix 464/466 — 100MHz An storage ... from £0000

Tektronix 465/4658 — 100MHz dual ch....
Tektronix 468 - 100MHz D.S.0.
Tektronix TAS 475 — 100 MHz — 4 Channel .......... ... ...
Tektronix 475/475A — 200MHz/250MHz Dual Channel......
Tektronix 485 — 350MHz — 2 channet
Tektronix 2213 — 60MHz Dual Channel
Tektronix 2215 — 60MHz Dual trace.....
Tektronix 2220 — 60MHz Dual Channel D.S.0.
Tektronix 2221 — 60MHz Digital Storage 2 Channel

from £0000
£650

Hewlett Packard 3478A — Mulimeter (5 Digit) + HP = 1B .....c.c.uuvveseressicsssennsssess e sesssnns e £

Hewlett Packard 35600A Dual Ch. Dynamic Signat Analyser

Hewlett Packard 3586A — Selective Level Meter £1000
Hewlett Packard 3711A/3712A/3791B/3793B Microwave Link Analyser £2250
Hewlett Packard 3746A — Selective M i et £750
Hewlett Packard 3776A — PCM Terminal Test Set £1500
Hewlett Packard 3779A/3779C —~ Primary Mux Analyser.... ...... from £600
Hewlett Packard 3784A — Digital T ion Anafyser £5000
Hewlett Packard 3785A — Jitter Generator + Receiver £1250
Hewlett Packard 37900D - Signalling Test Set (No 7 and ISDN}...... £4250
Hewlett Packard P382A Variable Attenuator £250
Hewlett Packard 4192A — LF impadance Analyser £7000
Hewlett Packard 4262A — Digital LCR MBIEF ...........ccooeiriceiiecics e e st carmssstst e sene oo een £1250
Hewlett Packard 4279A - 1MHz C-V Meter. £4500
Hewlett Packard 4342A 'Q’ Meter £800
Hewlett Packard 435A or B Power Meter (with 8481A/8484A) from £750

Hewlett Packard 49;28,A — (TIMS) Transmission mpairment M/Set...... ... ... £1500

Hewlett Packard 4972A — Lan Protocol Analyser £1750
Hewlett Packard 5183 — Wavetorm RecOrdr................occ.coromrrummmrversinnsivc e eeoie s sersssssmensiossses e E1 750
Hewlett Packard 5238A Frequency Counter 100MHz £350
Hewlett Packard 5314A — (NEW) 100MHz Universal Counter ............ £250
Hewlett Packard 5316A — Univarsal Counter (IEEE) £500
Hewlett Packard 5335A — 200MHz High Parformance Syst Counter £600
Hewlett Packard 53708 — Universal Timer/Counter £2000

Hewlett Packard 5384A — 225 MHz Frequency Counter
Hewlett Packard 5385A Frequency Counter — 1GHz — (HP1B) with OPTS 001/003/004/005 ..................... § £995
Hewlett Packard 5420A Digital Signal Analyser
Hewlett Packard 6033A Power Supply Autoranging {20V — 30A)
Hewlett Packard 6253A Power Supply 20V — 3A Twin
Hewlett Packard 6255A Power supply 40V — 1.5A Twin

L HEWLETT PACKARD 62618

Power Supply 20V-50A £450 Discount for Quantities

ackard 6264B — Power Supply (0 — 20V, 0 — 25A)
ackard 6266B Power Supply 40V — 5A

Hewlett 6271B Power sugply 60V —3A RAFRE——— :
Hewlett Packard 6632A — Power SUPPIY {20V = 5A) .. ...ouecov e s sens s seeeeoe e
Hewlett Packard 7475A -6 Pen Plotter
Hewlett Packard 7550A — 8 Pen Piotter A3/A4
Hewlett Packard 8015A — 50MHz Puise Generator
Hewlett Packard 8152A — Opticai Average Power Meter
Hewlett Packard 8158B - Optical Attenuator (OPTS 002 + 011)
Hewlett Packard 8165A — 50MHz Programmable Signal Source
Hewlett Packard 8180A — Data G
Hewlett Packard 8182A — Data Analyser
Hewlett Packard 8350B - Sweep Oscillator Mainframe (various plug-in options availabla} ........
Mewlett Packard 83554A — Wave Source Module 26.5 to 40GHz.........

Hewlett Packard 835554 ~ Millimeter — Wave source Module 33-50GHz
Hewlett Packard 8405A — Vector Voltmetar

Hewlett
Hewlett

U0 VU0

0

Hewlett Packard 8620C Sweep oscillator mainframe from £250
Hewlett Packard 8640B — Signal Generator (512MHz + 1024MHz) from £850
Hewlett Packard 8656A -~ Synthesised Signal Generator (990MHz) £1250

Hewlett Packard 8656B — Synthesised Signal Ganerator............
Hewlett Packard 8657A — Signal Generator {100KHz-1040MHz
Hewlett Packard 8660D — Synthesised Signal Generator (10KHz-2600MHz)
Hewlett Packard 8750A S oraﬁ;e normaliser
Hewlett Packard 8756A — Scalar Network Analyser
Hewlett Packard 8757A — Scalar Network Analyser
Hewlett Packard 8901A — Modulalion Analyser’

Hewlett Packard 89018 — Moduiation Analyser.......

Tektronix 2225 — 50MHz dual ch £395  Howlett Packard 8903A — Audio Analyser (20Hz — 100KHz)
Tektronix 2235 — 100MHz Dual trace £600  Hewlett Packard 89038 — Distortion Analyser
Tektronix 2335 — Dual trace 100MHz (portable) £600  Hewlett Packard 8903E - Distartion Analyser (Mint)
Tektronix 2440 — 300 MHz/500 Ms/s D.5.0. 2 Ch £2950 Hewlett Packard 8920A — R/F Comms Test Set ..
Tektronix 2445 — 150 MHz - 4 Channel + DMM £1200  Hewlett Packard 8922b - GSM Radio Comms Tes! Set
Tektronix 2445A — 100 MHz — 4 Channel £900 Hewlett Packard 8958A — Caflular Radio Intertace
Tektronix 2445A — 150 MHz - 4 Channal £1250  Keytek MZ-15/EC Minizap 15Kv Hand Held ESD Simulator
Tektronix 5403 — 60MHz — 2 or 4 Channel from £200  Krohn-Hite 2200 Lin/Log Sweep Generator
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch from £225 KrOhn-Hite 40244 OSCTAION..........o..eeiie e oere covvrveissessenss s ene sssssssssiesss s s se soess oo enssores ereseesoeoocd
H = f Krohn-Hite 5200 Sweep, Function Generator
Tektronix 7704 — 250MHz 4 ch rom £450 Krohn-Hite 8600 Phass Met
Tektronix 7904 — 500MHz B from £600 Lol p3eiouer
(Teie]GS:1022)-20Miy:=Duallehanne} B125 et SOT8 | Sanel Ganeraer (100KkHz < T4OKF ) AN wi B Fi 5 5
5 e ader - enerato - wi -
Other scopes available too rﬁuduhgozro({ngmr\;r;m rjlowl\:ll(-i T I: R Z)G e ggg
Marconi = 2 - z Synthesised Sig. Gen .......coovecciee v e
SPECIAL OFFER Marconi 2019A - 80KHz ~ 1040MHz - Synthesised Signal Ganeraior £1250
g
HITACHI V212 — 20MHZ DUAL TRACE £160 A 12305 — Modulation Meter ... £1995
HITACHI V222 — 20 MHZ DUAL TRACE + ALTERNATE MAGNIFY ...c.cocoveiicceeeree e £180 Marconi 2337A — Automatic Distortion Meter

SPECTRUM ANALYSERS

Ando AC8211 - Spectrum Analyser 1.7GHz .. £2250
Anritsu MS62B — 10KHz — 1700MHz e SR 200
Anritsu MS341A + MS3401B - (10Hz — 30MHz) £3995 + £4500
Anritsu MS610B — 10KHz - 2GHz — (Mint) .£4750
Anritsu MS710F — 100KHz — 23GHz Spectrum Analyser £5950
Avcom PSA65 S — 1000MHz — portable. £850

Hameg 8028/8038 — Spectrum Analyser/Tracking Gen +100MHz Oscilloscope..................... ...£1250

Hewlett Packard 182T with 8559A (10MHz — 21GHzZ) ............ £3750
Hewlett Packard 182T + 8558B - 0.1 to 1500MHz £1750
Hewlett Packard 853A + 85588 — 0.1 to 1500MHz £2500

Marconi 2610 — True RMS Voltmeter
Aarconi 2871 Data Comms Analyser
Aarconi 2955 - Radio Comms Test Set......
1i 6960 — Power Meter & Sensor....
Philips PM 5§167MHz function gen

Philips 5190 L.F. Synthesiser (G.P.L.B}...........
Philips 5193 Synthesised Function Generator
Philips 5518 Synthesised Function Generator
Philips PM5518 — TV Pattern Generator
Philips PM5716 — 50MHz Pulse Generator
Prema 4000 - 6 % Digit Multimeter (NEW,
Quartzlock 2A - Off Air Frequency Standard
Racal 1992 — 1.3GHz FrequenCé ounter ..
Racal 6111/6151 — GSM Radio Comms Te
Racal Dana 9081/9082 Synth. sig. gen. 520MHz

=

Fluke 5100A - Cajibrator

Hewlett Packard 8591A - 9KHz — 1.8GHz with Option 10 Tracking Generator......................... £6500 Racal Dana 9084 Synth. Sl’gj'_gen. 104MHz £450
Hewlett Packard 8594E - 9KHz — 2.9GHz . £7000  Racal 9301A - True RMS R/F Multivoltmeter..... ...£300
Hewlett Packard 35601A — Spectrum Analyser Interface £1000  Racal Dana 9302A R/F m (n?jw versien) 375
Hewlett Packard 3561A — Dynamic Signal Analyser £4750  RacalDana oSt ovelMetaria HHHSGOMH ---------- 650
Hewlett Packard 3562A Dual Channel Dynamic Sig. Analyser £6500 Rg?\%e B?rlsat:h\va7rz LFM?S%%?\%;“&%L;J Delay75weep e ;‘1%33
newllett Pactard 355°ﬁ -] 5Hzé5°KHZ e <995 Bohde & Schwarz Scud Radia Code Test Set £300
i eg g“ka’g 35§§ A *20-0 Hz — ffHSK z (duat ch.) 5 Rohde & Schwarz CMTA 94 GSM Radic COMMS ANRIEET . .o...rorooererersssoems ooeeeeoroseeeoeere oo £7500

ewlett Packard 3585A — 20Hz - 40MHz 4500 Schatiner NSG 203A Line Voltags Variation Simulator £950
Hewlett Packard 8753A — NEtwork ANGlYSEr ..........cc. ccoouruimmeeniesianmssenene s sssssssses e e £4995 chaffner NSG 222A Interference Simulator £850
Hewlett Packard 8753B — Network Analyser ..... £6500 NSG 223 Interference Generalor €850
IFR 7750 10KHz - 1GHz £2500 ChiL ger 2720 1250MHz Frequency Counter £500
Marconi 2370 — 110MHz £500 er 4031 — 1GHz Radio Comms Test Set £4995
Marconi 2371 - 30KHz — 2000MHz £750 lumberger Stabilock 4040 Radio Comms Test Set........ .. ol £2995
Meguro MSA 4901 — 1-300GHz (AS NEW) £850 chlumberger 7060/7065/7075 Mut from £350
Meguro MSA 4812 — 1-TGHZ (AS NEW) ..ottt teen s e £1250 Solartron 1250 ~ Freq. Response Analyser ..... . ot i £2500
_Fljohde & Schwarz — SW%B 5 ;‘olyskop 0.1 — 1300MHz £1500 ?aavneffgggzzggg DS 340 - 15MHz Synthesised Function (NEW) and arbitrary £1200

akeda Riken 4132 — 1.0GHz Specirum Analyser .......c....c.coomevervoreeen. £2500 X 3
Tektronix 7L18 with mainframe (1.5-60GHz with external mixers) ystron D°""%’Ts7°13gireg‘2[[gggve Frequency Counter (26.5GH2) .......c.ccccceccvcc e Qgggg
L ST L 8GHe programmable. . ektronix AM503 + TM501 + P6305 - Currant Probe Ampilfier £595

ektronix - 1KHz — 1.8GHz Spectrum Analyse s ektronix PG506 + TG501 + SG503 + TM503 - Oscilloscope Caibraiar 1995

ektronix 577 — Curve Tracer
141A PAL Test Signal G g

Adret 740A ~ 100KHz - 1120MHz Synthesised Signal Generator o o & TS0 M i orogramniable Distortian Analyser.
Anritsu MG 360A Signal Generator 0.1-1040MH: RO Tektronix DASI100 ~ Series Logic ANGIYSET ... o
Anritsu ME 462B DF/3 Transmission Analyser ... Tektronix — Plug-ins — many avalable stich as SC504, SW503, SG502,
Anritsu MG 645B Signal Generator 0.05-1040M PG508, FGS{)4,%=6503, TG501, TR503 + many more £POA
Boonton 92 R/F MIlivotMEter. ...oveereseoee e Time 9811 Programmable Resistance £400
Boonton 93A True RMS Voltmeter Time 8814 Vollage Calibrator e : £560
Dranetz 626 ~ AC/DC — Multifunction Analyser Valhalla Scientific ~ 2724 Programmabie Resi Standard £P.0.A,
EIP 331 — Frequency counter 18GHz Wandel & Goltermann PF.J-8 — ErrorlJitter Test Saf £12500
EIP 845 - Frequency caunter 18GHz Wandel & Goltermann PCM4 {+ OPHONS) .....veoeccccor oo woorr £9950
EIP 575 — Frequency counter 18GHz Wande! & Goltermann MU30 Test Point Scanner £2000
Eitek SMPS — Power Supply 60v-30v Wayne Kerr 4225 — |CR Bridge £600
ENI 550L — Power Amplifier (1.5-400MHz) 50W Wavetek 171 - Synthetised Function Generator ..., " £250
Farnell TSV-70 MKl Power .UpplyémV —5A or 35V — 104} Wavetek 172B Programmable Sig Source (0.0001Hz —4aMHz) . £P.OA.
Famell DSG-1 Synthesised i’gna, enerator Wavetek 184 — Sweep Generator ~ SMHz £250
Famell ESG-1000 Synthesised Signai Generator 1GHz (as new) Wavetek 3010 — 1-1GHz Signal Generalor £1250
Farnell AP 30250A Power Supply 3v - 250A Wiltron 6409 — RF Analysefs ﬁ‘IMHz ~2GHz) £POA
Feedback PFG 605 Power Function Generator Wiltron 6620S ~ Programmable Sweep Generator (3.6 — 6.5GMz; £650

GN ELMI EPR31 PCM Signalling Recorder

Wiltron 6747-20 - Swapt Frequency Synthesiser (10MHz-20GHz,
3655 — Analysing

Guildline 9152 ~ 712 Battery Standard Cell,
Hewilett Packard 1630D - Logic Analyser (43 Channe}l‘s) .
Hewlett Packard 16500A - Fitted with 16510A/16515A/16!

Hewlett Packard 331A — Distortion Analyser
Hewlett Packard 333A — Distortion Analyser
Hewlett Packard 334A — Distortion Analyser .
Hewlett Packard 3325A - 21MHz Synthesiser/Function Gen

Hewlett Packard 3336C - Synthesised Signal Generator (10Hz — 21MHZ
Hewlett Packard 3437A System voltmeter
Hewlett Packard 3438A Digital multimeter
Hewlett Packard 3455A 62 Digit M/Meter {Autocal)
Hewlett Packard 3456A Digital voltmeter . 4
Hewlett Packard 3488A — HP — 1B Switch control unit (various Plug-ins availabie). ............o..cwemecannes

ic Analyser...

scorder.

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




BARGAIN PACKS
= List No. 2
1 item per pack unless otherwise stated.

30A PORCELAIN FUSE HOLDERS. Make your own fuse
board. Pack of 4. Order Ref: 82.

4.5V 150mA D.C. POWER SUPPLY. Mains operated, fully
enclosed so quite safe. Order Ref: 104.

CROCODILE CLIPS. Small size, 10 each red and biack Order
Ref: 116.

PLASTIC HEADED CABLE CLIPS. Nail in type. several sizes
Pack of 50. Order Ref: 123

MES BATTEN HOLDERS. Pack of 4. Order Ref: 126

2 CIRCUIT MICRO SWITCHES (Licon). pack of 4. Order Ref:
157.

113A SWITCH SOCKET. Quite standard but coloured. Order
Ref. 164

30A PANEL MOUNTING TOGGLE SWITCH. Double pole.
Order Ref: 166.

3/8 RUBBER GROMMETS. Pack of 10. Order Ref: 131.

B8C LAMP HOLDER ADAPTORS. Pack of 4. Order Ref 191.
SUPERIOR TYPE PUSH SWITCHES. Make your own key-
board. Pack of 8. Order Ret: 201.

MAINS TRANSFORMER 8V-0V-8V 12A. Order Ref. 212

SUB MIN TOGGLE SWITCHES. Pack of 3. Order Ref: 214.
HIGH POWER 3in. SPEAKER (11W 8ohm). Order Ref. 246
MEDIUM WAVE PERMEABILITY TUNER. It's almost a com-
plete radio with circuit. Order Ref: 2247.

SCREW DOWN TERMINALS with through panel insulators.
Pack of 4. Order Ret: 264.

L.C.D. CLOCK DISPLAY. ‘2in. figures Order Ref: 329
PUSH-ON LONG SHAFTER KNOBS for Y4in spindie. Pack of
10 Order Ref: 339

EX-GPO SPEAKER INSERTS. Ref 4T. Pack of 2. Order Ref.
352.

SUB MIN LF. TRANSFORMERS. Jut right if you want coil
formers. Pack of 50. Order Ref: 360.

24V 200mA P.S.U. Order Ref: 393.

HEATING ELEMENT. Mains voltage 100W. brass encased.
Order Ref: 8.

MAINS INTERFERENCE SUPPRESSOR. Order Ref: 21.
ROCKER SWITCHES. 10A mains voltage. Pack of 3 Order
Retf; 41.

MINI UN! SELECTOR with diagram for electronic jig-saw.
Order Ref 56

APPLIANCE THERMOSTATS. Adjustable up to 15A. Pack of
2. Order Ref. 65

MAINS MOTOR with gearbox giving 1 rev per 24 hours. Order
Ref- 89

ROUND POINTER KNOBS for flatted '4in. spindles. Pack of
10. Order Retf: 295

CERAMIC WAVE CHANGE SWITCH. 122-pole. 3-way with
*4in, spindie. Order Ref. 303.

PLASTIC STETHOSETS. Take crystal or magnetic inserts.
Pack ot 2. Order Ref: 331.

PRE-SET RESISTORS. Various types and values. Pack of 20.
Order Ref: 332.

CAR TYPE ROCKER SWITCHES. Assorted. pack of 6. Order
Rel: 333.

REVERSING SWITCH. 20A double pole or 40A single pole
Orider Ref: 343

SKIRTED CONTROL KNOBS. Engraved 0-10, pack of 4.
Order Ref: 355

LUMINOUS PUSH-CN PUSH-OFF SWITCHES. Pack of 3.
Order Ref: 373.

MAINS TRANSFORMER OPERATED NICAD CHARGER.
Cased with leads. Order Ref. 385

CLOCKWORK MOTORS. Run for one hour. Order Ref: 389
SLIDE SWITCHES. Single pole changeover. Pack of 10
Ouder Ref: 1053.

2-CORE MAINS LEAD. Black. 2m long Pack of 4. Order Ref:
1020.

DITTO 3 core. black Pack of 3. Order Ref: 1021

HEAD CLEANER. For your video or tape, complete with
brush. Order Ref: 1026

PAXOLIN PANEL. Approximately 12in x 12 Order Ref:
1033,

CLOCKWORK MOTOR. Suitable up to 6 hours. Order Ref:
1038.

TRANSISTOR DRIVER TRANSFORMER. Maker's ref. no.
LT44, impedance ratio 20k ohm to 1k ohm, centre tapped,
50p. Order Ref: 1:23R4

TUBULAR ELECTROLYTIC CAP. Twin 200:F at 275V, just
ne. Order Ref: 1046.

HIGH CURRENT RELAY. 12V DC. or 24V A.C., operates
changeover contacts. Order Ref; 1026

FIGURE 8 FLEX. Ideal speaker lead, 12m. Order Ret: 1024
6V SOLENOID with good strong pull. Pack of 2. Order Ref.
1012

TUBULAR ELECTROLYTICS. 150pF at 200V. Pack of 3.
Order Ref; 993.

MINI RELAY. 5V, coll size 50mm x 15mm x 15mm with ciosing
SA contacts. Pack of 2 Order Ref: D41.

MINI RELAY with 5V ccil, size 26mm x 19mm x 17mm, 2 sets
changeover contacls. Just one. Order Ref: D42

FERRITE RODS. 3/8in. diameter. 8in. long. Pack of 3. Order
Ret: D53.

ROTARY SWITCH. 9-pole. 8-way. Pack of 2 Order Ret: D54,
2-CORE CURLY LEAD. 5A, 2m. Order Ref: 846.

3-CORE CURLY LEAD. 13A, 1m. Order Ret: 847

DELAY SWITCH. on B7G base. Order Ref: 854.

3 CHANGEOVER RELAY. 6V A.C , 3V D.C. Order Ref. 859,

3 CONTACT MICRO SWITCHES, operated with slightest
toich. Pack of 2. Order Ret: 861

HIGHVAC NUMICATOR TUBE. Highvac ref XN3. Order Ref
865.

DiTTO but reference XN11. Order Ref. 866.

QUARTZ LINEAR HEATING TUBES. 306W but 110V so
would have to be joinad in series. Pack of 2. Order Ref: 907.
2IN. ROUND LL.OUDSPEAKERS. 50A coil. Pack of 2. Order
Ref. 808.

25M 4-CORE CABLE. Suitable for telephone extension. Order
Ref: 918

&

LIGHT ALARM. A circuit for this appears in the
February issue. however, we have a rather less
complicated model already made up and in a nice
case. price only £3. Order Ref: 3P155.

ULTRA VIOLET VIEWING UNIT. This is a very neat
metal enclosure about the size of a 6in. cube. The
lamp and control gear are in the top compartment
and an open space with a platform below allows you
to inspect paper or other objects under the UV light.
Intended for 230V mains operation. Price £12. Order
Ref: 12P35.

TWIN 13A SWITCHED SOCKET. Standard in all
respects and complete with fixing screws. White,
standard size and suitable for flush mounting or in a
surface box. Price £1.50. Order Ref: 1.5P61.

: A
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VERY POWERFUL BATTERY MOTORS. Were
intended to operate portable screwdrivres. Approxi-
mately 2V4in. long, 1'4in. diameter, with a good tength
of spindle. Will operate with considerable power off
any voltage between 6 and 12 D.C. Price £2. Order
Ref: 2P456. Quantity discount 25% for 100.
RECHARGEABLE BATTERIES. AAA size, pack. of
4.£2.50. Order Ref: 2.5P32.

BIG 12V TRANSFORMER. it 1s 55VA so that is over
4A which is normal working, intermittently it would
be a much higher amperage. Beautiful transformer,
well made and very well insulated, terminals are in a
plastic frame so can't be accidentally touched. Price
£3.50. Order Ref: 3.5P20.

SPECIAL YUASA BATTERY OFFER. You can have
5 x 12V Yuasa batteries, the one we normally sell for
£3.50, for £15. These batteries have a capacity of
2:3AH. This may be a bit low for some jobs, but
remember you can join them in parallel to give you a
higher amperage. Order Ref: 15P77

: THIS MONTH’S SPECIALS —

CASED POWER SUPPLIES which, with a few small
extra components and a bit of modifying, would give
12V at 10A. Originally £9.50 each. now 2 for £9.50
Order Ref: 9.5P4.

3 OCTAVE KEYBOARD with pianc size keys, brand
new, previous priced £9.50, now 2 for the price of one.
Use the same Order Ref: 9.5P5

STILL AVAILABLE but selling quite rapidly I1s the
EX-BRITISH TELECOM INSULATION TESTER WITH
MULTIMETER. These are not new but in perfect
condition and tested. The price is only £7.50, though
these must have cost BT well over £50 each. If you
want a carrying case this is £2 extra. Order Ref: 7.5P4.

SOUND SWITCH. Can be operated by clapping
hands, shouting or almost any other noise. Comes
complete with instructions, assembled and ready to
work but needs casing Price only £3. Order Ref:
3P2486.

1MA PANEL METER. Approximately 80mmm x
55mm, front engraved 0-100. Price £1.50 each. Order
Ref: 1/16R2.

VERY THIN DRILLS. 12 assorted sizes vary betwen
0-6mm and 1-6mm. Price £1. Order Ref: 128.

EVEN THINNER DRILLS. 12 that vary beiwen
0-1mm and 0-5mm. Price £1. Order Ref: 129.

TWIN TELEPHONE JACK PLUG. Enabies you to
plug 2 telephones into the one socket for all normal
BT plugs. Price £1.50. Order Ref: 277

D.C. MOTOR WITH GEARBOX. Size 60mm long,
30mm diameter. Very powerful, operates off any
voltage btween 6 and 24 D.C. Speed at 6V 1s 200
rom, speed controller available. Special price £3
each. Order Ref: 3P108.

FLASHING BEACON. Ideal for putting on a van, a

tractor or any vehicle that should always be seen.”

Uses an Xenon tube and has an amber coloured
dome. Separate fixing base is included so unit can be
put away if desirable. Price £5. Order Ref: 5P267.
MOTOR SPEED CONTROLLER. These are suitable
for D.C. motors for voltage up to 12 and any power
up to 1/6 h.p. They reduce the speed by intermittent
full voltage pulses so there should be no loss of
power. In kit form these are £12. Order Ref: 12P34.
Or made up and tested, £20. Order Ref: 20P38.
MOST USEFUL POWER SUPPLY. Rated at 9V 1A,
this plugs into a 13A socket. Is really nicely boxed.
£2. Order Ref: 2P733.

VARTA BATTERIES. A big purchase enables us to
offer you 8 Varta AA batteries for only £1. These are
really good batteries, give you long life. Order Ref:
D511.

BT TELEPHONE EXTENSION WIRE. This is proper
heavy duty cable for running around the skirting
board when you want to make a permanent exten-
sion. 4 cores properly colour coded, 25m length. Only
£1. Order Ref: 1067.

SMART HIGH QUALITY
ELECTRONIC KITS

CAT. DESCRIPTION PRICE
NO. £
1005 Touch switch 287
1008 SF function generator .90
1010 5-input sterec mixer with monitor output 18.31
1016 Loudspeaker protection unit 3.22
1023 Dynamic head preamp 2.50
1024 Microphone preamplifier 207
1025 7 watt hi-ti power amplifier 2.53
1026 Running lights 4.60
1027 Nicad battery charger 3.91
1030 Light dimmer 2.53
1039 Stereo VU meter 4.60
1042 AF generator 250Hz-16KHz 170
1043 Loudness stereo unit 3.22
1047 Sound switch 529
1048 Electronic thermostat 3.68
1050 3 input hi-ti stereo preamiplifier 12.42
1052 3 input mono mixer 6.21
1053 Electronic metronome 3.22
1054 4 input instrument mixer 2.76
1056 8-20V BA stabilised power supply 12.42
1057 Cassette head preamplifier 3.22
1059 Telephone amplifier 4.60
1062 5V 0-5A stabilised supply for TT¢ 2.30
1083 12V 2A power supply 2.30
1064 +12V 0-5A stabilised supply 3.22
1067 Stereo VU meter with leads 9.20
1068 18V 0-5A stabilised power supply 2.53
1070 Hi-fi preamplifier 7.47
1071 4 input selector 6.90
1080 Liguid level sensor, rain alarm 2.30
1082 Car voltmeter with l.e.d.s 7.36
1083 Video signal amplifier 2.76
1085 D.C. converter, 12V to 6V or 7-5V or V* 2.53
1086 Music to light for your car 4.60
1083 Windscreen wiper controller 3.68
1094 Home alarm system 12.42
1088 Digital thermometer with l.c.d. display 11.50
1101 Dollar tester 4.60
1102 Stereo V.U. meter with 14 l.e.d s 6.67
1106 Thermometer with l.e.d.s 6.90
1107 Electronics to help win the pools 3.68
1112 Loudspeaker protection with delay 4.60
1115 Courtesy light delay ) 2.07
1118 Time switch with tniac 0-10 ming. 4.14
1122 Telephone call relay 3.68
1123 Morse code generator 1.84
1126 Microphone preamplifier 4.60
1127 Microphone tone control 460
1128a Power flasher 12V d.c 2.53
1133 Stereo sound to ght 5.26

TOROIDAL MAINS TRANSFORMERS
All with 220/240V primary winding

24V +24V at 25VA would
give 25V at 1A or 50V at
YzA, price, £3. Order Ref:
3P245.

30V +30V at 120VA would
give 30V at 4A or 60V at 2A,
price £8. Order Ref: 8PG2.
110V+110V  at  120VA
would give 110V at just over
8A or 220V at V2A, price £8. Order Ref: 8PG3.
35V + 35V at 150VA would give 35V at 614A ar 70V
at 2A, price £8. Order Ref: 8PGS.

35V +35V at 220VA would give 35V at 61%2A or 70V
at 3¥4A, price £9. Order Ref: 9PG4.

110V +110V at 220VA would give 110V at 2A or
220V at 1A, price £10. Order Ref: 10PG5.

45V + 45V at 500VA would give 45V at 11A or 90V at
5V.A, price £20. Order Retf: 20PG7.

110V + 110V at 500VA wouid give 110V at 5A or
220V at nearly 3A, price £25. Order Ref: 25PG8,

SUPER WOOFERS.
A 10n. 4ohm with power
rating of 250W music and
normai 150W. Normal seil-
ing price for this s
£55+ VAT, you can buy at
£29 including VAT and
carriage. Order Ref: 29P7.
The second one is an 8in.
4ohm, 200W music, 200W normal,
Challenger, price £18. Order Ref: 18PS.
Deduct 10% from these prices if you order in pairs
or can coliect. These are all brand new in maker’s
packing.

again by

TERMS

Send cash, PO, cheque or quote credit card number
— orders under £25 add £3.50 service charge.

J & N FACTORS

. Pilgrim Works (Dept. E.E.)

Stairbridge Lane, Bolney,
 Sussex RH17 5PA

Telephone: 01444 881965
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Free Additional Transmitter
with every order !

Telephone +44(0)1992 576107

Fax +44(0)1992 561994
http://www.radio-tech.co.uk

\adio - Tech Radio-Tech Limited

Your official Radiometrix Distribulor

1999

SAME DAY
FREE POST

EUROCARD

&2

SQUIRES

MODEL AND CRAFT TOOLS

A comprehensive range of Miniature Hand and Power Tools
and now an extensive range of
Electronic Components
featured in a fully illustrated

336-page Mail Order Catalogue

Catalogue free of charge to addresses in United Kingdom.
For overseas send 6 International Reply Coupons to:

Squires, 100 London Road,
Bognor Regis, West Sussex
PO21 1DD
Tel: 01243 842424
Fax: 01243 842525

SHOP NOW OPEN =

Issue

DESPATCH
& PACKING

HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE'S ALWAYS ‘SCOPE’ FOR IMPROVEMENT!

PHILIPS PM3217 -~
Dual Trace 50MHz Defay

This is really a
very gaod
ostilloscope
including 2 probes,
Pouch & Front
caver

ONLY @)

GOULD 05300 Dual
Trace 20MHz
Light weight. Vary good

ONLY

manual and two probes.

GOULD 081100 - Duat Trace. 30MHz
Delay. Very bright. supplied with

THIS IS THE
BEST CHEAP
SCOPE
YOU WILL
EVER BUY!!!

€200/

TEKTRONIX 2215 - Dual Trace 60MHz

ST

\%4 Sweep Delay
&. “iuﬁF‘ Includes 2 probes
i ONLY

468 Digital Stuvage Dual Trace WDOMH De\a'

466 Analogue Storage Dual Trace 100MHz L‘eiay
485 Dual Trace 350MHz Delay Sweep
475 Dual Trace 200MHz Delay Sweep
465 Dual Trace 100MHz Delay Sweep.

H03502 Dua! Trace ZOMHz

Smy-20V Div: 0-2u
secs-05 Sec Div
X-Y: X5 Magnifrer:
TV Sync ete.

UNUSED @

THESE IWO HAVE NEVER BEEN SO CHEAP

TEKTRONIX 2445. 4-ch, delay
sweep, cursors, readout.  ONLY

FM signal

synth
gen 80kHz-1040MHz, L.c.d.
display, keyboard entry

ALL FULLY TESTED -

ONLY
IN GOOD CONDITION

MARCONI 2022A/C Syn AM:Am sig gen. 10KHz-1Ghz.... from £1500
MARCONI 6311 prag sweep gen. tUMHz-20GHz ... ....£4000
HP 8672A synthesised sig gen 2-18GHz ... Y
HP 8657A syn sig gen. 100KHz-1040MHz ...
HP 865¢B syn sig gen. 100KHz-990MHz . ...
HP 8656A syn sig gen. 100KHz-990MHz .
HP 332¢A syn ffunction gen. 21MHz...
HP42758 LCR meter. 10KHz-10MHz ..
HP41924 LF impedance analyser. SHz-
HP 8902E distortion analyser
MARCONI 2305 mag meter, 500KHz-GHz .

3MH2 .

H.P. 8640A AM/FM S\gnal Gen
500<Hz-1024 MHz
£250

SPECTRUM ANALYSERS

H.P. 8595E 9KHz6:5KHz with Opts 004/041/101/105/110,
857171A card and B5024A high freq. probe . _.POA
H.P. 8590A 10KHz-1-8GHz (75 ohms}.
H.P. 85588 with main frame 100KHz- 15()0
ADVANTEST TR4131 10KHz-3-5GHz ...
ADVANTEST TR4132 100KHz-1Ghz.

MARCONI 2370 30Hz-110MHz ... . From £500
H.P.141 Systems:
8553 1KHz-110MHz o From £500
8554 500KHz-1250MHz.. .. FrOM £750
8555 10MHz-18GHz..... .. From £1000
g i MARCONI TF2015
® AM/FM Sig Gen
10520NHz  QED)
RACAL 9008
Autoomatic mod meter
1-5MHz-2GHz

FARNELL LF? Sine/Sq Oscillator

LEVELL TG2000MP RC Osciflator

10Hz-1MHz
€D
1Hz-1MHz Sine Square. meter. @
battery operaled {Balteres not supplied)

ﬂ Classic AVO Meter

m A Digital AVO DA116 36 digit

Bench Multimeter @

BRAND NEW OSCILLOSCOPES - NEVER USED - LIMITED STOCK

DMS 3850A Digital

Storage/DMM
Handreld LCD display. 2 chan-
nel 50msis, auto range  4-dligit

OMM/capacitance:requency  counter.
batlery operation or external 7-5V-8-5V d.e. ie. ac. adaptor (not
pouch complete with 2

supptied), RS232, comes in black carryi
SCOP8 probes. DMM leads, Manual FOR ONLY £400

DTS 40 Digital
Storage

Dual Trace 40MHz. 20ms's storage. cursors and on-screen
readout. sweep delay, interface etc. etc. Supplied unused in
onginal box complete with 2 probes and manual

AMAZING VALUE AT £400

DTA 20
Dual Trace
20MHz

£225

100KHz-100MHz. FM 0-100KHz: Oulput - 19dB-99dB AMO-80%:
32 preset memory: digital display frequency and output
Used £450 Unused £750

KENWOOD
w71 FLiGOA WOWFLUTTER METER.

with leads
‘!

DB

Complete with Baiteries
Solatron 7150

& Leads ONLY @
DDMM 65 digit

Solatron 7045 - 45 Dig.
True RMS IEEE

500<Hz-512 MHz version

IEEE
TEKTRONIC 2465A 4-ch dual iace 350MHz delay sweep £Ursors
. £2500

TEKTRON]X "2445AB 4

p cursors etc
.From £900

TEKTRONIX TAS465 dual tracs 100MH- delay cursors..... . £900
TEKTRONIX 2235 dual trace 10DMHz delay cursors... £700
IWATSU S85711 4-ch. 100MHz delay sweep. £550
PHILIPS 3055 2 + 1-ch 50MHz duat TB 2475

STEWART of READING
110 WYKEHAM ROAD, READING, BERKS. RG6 1PL
Telephone: (0118) 9268041. Fax: (0118) 9351696
Callers welcome 9am-5 30pm Monday to Friday (other times by arrangement}

:-cm

PHILIPS PM3296A dual trace 400MHz dual TB delay cursors |
.£2250

ro— ——
RN & | WAYNE KERR AMM255
WM G - Automalic Modulalion Meter
E = s AM FM 1-5MHz-2GHz 3-5 digit

e Unused @)

GOODWILL GFC 8010G

FREQUENCY COUNTER. Range

1HZ-120MHz. 8-Digit Display. 15mV |
RMS Sensitivity ~ Unused £75

0003%-10% freq  3kHz:3-15kHz
RMS/AVERAGE PEAK,
Weighted Filters, Qigital Display of
rom. 4-digit Freq Counter 0-01KHz-
9-999kHz 0-01%kHz-55kHz

%‘—il’l :
Used £400, Unused £500

POWER SUPPLY Mode! HSP3010. 0-30V
0-10 Amps current imiting.
2 melers

Used £160

Unused £200

GOODWI

GVTa27 DUAL CHANNEL AC
MILLIVOLTMETER

10uV 300V in 12 ranges
Frequency 10Hz-1MHz

Used £100 Unused £125

before

Used Equipment - GUARANTEED. Manuals supplied
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availabiiity

ordering.

CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage
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See notes on Readers’ Enquiries below - we regret lengthy
technical enquiries cannot be answered over the telephone.
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MILL LODGE, MILL LANE
THORPE-LE-SOKEN, ESSEX CO16 OED
Phone/Fax: (01255) 861161

READ PLEASE

If all else fails, read the article! I know I have mentioned this before, but it is
becoming an increasing problem — people asking questions about projects that are
clearly covered in the article. It seems that the ease with which people can e-mail us is
part of the cause — just bang off a quick e-mail, it’s so easy and costs so little, and you
will get a quick reply back. Problem solved with minimum effort! However, increas-
ingly, that reply may say ‘‘Please read the article’” or **Please read Shoptalk™.

It’s a bit like buying some new gadget; how many people read the instructions
before turning it on and playing with all the functions? Most of us (yes, I'm guilty
t0o0) try it out and only read the instructions when we can’t get something to work.
Our PIC projects and, in particular, the PIC Toolkit seem to give rise to many requests
for help — usually from readers who have not followed the correct procedures because
they have not read all of the material. There’s more on Toolkit in this month’s
Readout.

iN A PICKLE

I you are building a PIC project and simply buy a ready programmed chip for it
then there is rarely a problem — most of the PIC projects are, after all, fairly simple in
terms of construction. If, however, you are programming your own chip and get into a
PICKle (sorry, couldn’t resist it) then make sure you know how to use the programmer

you have, and that you follow the instructions supplied with it, or with the article .

from which you built it. For instance, you must initialise the chip with the correct
configuration before doing anything else.

Whilst we try to be as helpful as we can, we are increasingly finding our time taken
up with this type of query; unfortunately it’s time we don’t have and it’s time that is
being wasted because we have already supplied the information. We know it is not
always easy when you are learning something new like PIC programming or, when
your project refuses to work, and we do not want to put off the genuine queries from
readers. Just check that you have read everything and tried to sort it out yourself
before you grab the "phone or the keyboard, please.

Not only will you have the satisfaction of knowing that you have solved the
problem, you will also have gained some knowledge and experience along the way
and that, surely, is part of what our hobby is all about.

Wi

AVAILABILITY
Copies of EPE/ET! are available on subscription any-

SUBSCRIPTIONS
Annual subscriptions for defivery direct to any ad-

where in the world (see right), from all UK new-
sagents (distributed by Seymour) and from the follow-
ing UK electronic component retailers: Maplin - all
stores throughout the UK (and in S. Africa); Green-
weld Electronics; Omni Electronics. EPE can also be
purchased from retait magazine outlets around the
world. An on-line version can be purchased from
wWww.epemag.com
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dress in the UK: £26.50. Overseas: £32.50 standard
air service, £50 express airmail. Cheques or bank
drafts {in £ sterling only) payable to Everyday Practi-
cal Flectronies and sent to EPE Subscriptions Dept.,
Allen House, East Borough, Wimborne, Dorset BH21
1PF. Tel: 01202 881749. Fax: 01202 841692. E-mail:
subs@epemag.wimborne.co.uk. Subscriptions start
with the next available issue. We accept MasterCard
or Visa. (For past issues see the Back Issues page.)

BINDERS

Binders to hold one volume (12 issues) are avail-
able from the above address. These are finished in
blue p.v.c., printed with the magazine logo in gold
on the spine. Price £5.95 plus £3.50 post and pack-
ing {for overseas readers the postage is £6.00 to
everywhere except Australia and Papua New Guinea
which cost £10.50). Normally sent within seven days
but please allow 28 days for delivery - more for
overseas orders.

Payment in £ sterling only please. Visa and Master-
Card accepted, minimum credit card order £5. Send,
fax or phone your card number and card expiry date
with your name, address etc. Or order on our secure
server via our web site. Overseas customers - your
credit card will be charged by the card provider in
your local currency at the existing exchange rate.
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Advertisement Manager:
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READERS’ ENQUIRIES

E-mail: techdept@epemag.wimborne.co.uk
We are unable to offer any advice on the use,
purchase, repair or modification of com-
mercial equipment or the incorporation or
modification of designs published in the
magazine. We regret that we cannot provide
data or answer queries on articles or projects
that are more than five years old. Letters
requiring a personal reply must be accom-
panied by a stamped self-addressed en-
velope or a self-addressed envelope and

- international reply coupons. Due to the cost

we cannot reply to overseas queries by Fax.

All reasonable precautions are taken to
ensure that the advice and data given to
readers is reliable. We cannot, however,
guarantee it and we cannot accept legal
responsibility for it.

COMPONENT SUPPLIES

We do not supply electronic components or

kits for building the projects featured, these

can be supplied by advertisers (see Shoptalk).
We advise readers to check that all parts are

still available before commencing any project

in a back-dated issue.

ADVERTISEMENTS

E-mail: adverts@epemag.wimborne.co.uk
Although the proprietors and staff of
EVERYDAY PRACTICAL ELECTRONICS/ETI
take reasonabile precautions to protect the
interests of readers by ensuring. as far as
practicable that advertisements are bona fide,
the magazine and its Publishers cannot give
any undertakings in respect of statements or
claims made by advertisers, whether these
advertisements are printed as part of the
magazine, or in inserts.

The Publishers regret that under no cir-
cumstances will the magazine accept liability
for non-receipt of goods ordered, or for late
delivery, or for faults in manufacture. Legal
remedies are available in respect of some of
these circumstances, and readers who have
complaints should first address them to the
advertiser.

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

We advise readers that certain items of radio
transmitting and telephone equipment which
may be advertised in our pages cannot be
legally used in the UK. Readers should check
the law before buying any transmitting or
telephone equipment as a fine, confiscation of
equipment and/or imprisonment can result
from illegal use or ownership. The laws vary
from country to country; overseas readers
should check local laws.
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GENT.

ELECTRONICS

Tel 01283 565435 Fax 546932
http://www.magenta2000.co.uk
E-mail: sales@magenta2000.co.uk

LT D

EE200 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST

All Prices include V.A.T. Add £3.00 per order p&p. £6.99 next day

EURQCARD

MAIL ORDER ONLY e CALLERS BY APPOINTMENT

EPE MICROCONTROLLER1

Pl. TREASURE HUNTER!
I The latest MAGENTA DESIGN — highly |
I stable & sensitive - with 1.C. control !
I of all timing functions and advanced I

r--

I pulse separation technigues. 1
I ® New circuit design 1994 1
1 @ High stability : [
I drift cancelling 1
1 ® Easy to build 1
1 &use 1
1 ® Noground 1
1 effect, works 1
1 in seawater 1
1 “ @ Detectsgold, 1
] silver, ferrous & |
i non-ferrous 1
i metals 1
) @ Efficient quartz controlled 1
i microcontroller pulse generation. 1
1° Fuli kit with headphones & all 1

hardware I
LKlT 8&7; TPTITITIPY ;.£_6§.9_51

PORTABLE ULTRASONIC
PEsT SCARER

A powerful 23kHz ultrasound generator in
a compact hand-held case. MOSFET output
drives a special sealed transducer with in-
tense pulses via a special tuned transformer.
Sweeping frequency output is designed to
give maximum output without any special
setting up.

G e I & £22.56

SUPER ACOUSTIC PROBE

Our very popular project — with probe
components and diecast box. Picks up
vibrations amplifies, and drives headphones.
Sounds from engines, watches, and speech
through walls can be heard clearly. Useful for
mechanics, instrument engineers and nosey
parkers! A very useful piece of kit.

KUTHS G5EN. oAl 5t pmsn £29.95

DC Motor/Gearboxes

Qur Popular and Versatile DC
motor/Gearbox sets.
Ideal for Models, Robots,
Buggies etc. 1:5 to 4-5V
Multi ratio gearbox
gives wide range of speeds.

LARGE TYPE - MGL £6.95
SMALL - MGS - £4.77

Stepping Motors

MD38...Mini 48 step...£8.65
MD35...Std 48 step...£9.99
MD200...200 step...£12.99
MD24...Large 200 step...£22.95

MOSFET MkIl VARIABLE BENCH
POWER SUPPLY 0-25V 2-5A.

Based on our Mk1 design
and preserving all the
features, but now with .
switching pre-regulator for W
much higher efficiency. Panel &
meters indicate Volts and °
Amps. Fully variable down to
zero. Toroidal mains trans-
former. Kit includes punched
and printed case and all
parts. As featured in April
1994 EPE. An essential piece
of equipment.
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Kit No. 845.....

PIC PIPE DESCALER

e SIMPLE TO BUILD WEPT
® HIGH POWER OUTPUT FREQUENCY
® AUDIO & VISUAL MONITORING

An affordable circuit which sweeps
the incoming water supply with
variable frequency electromagnetic
signals. May reduce scale formation,
dissolve existing scale and improve
lathering ability by altering the way
salts in the water behave.

Kit includes case, PC.B, coupling
coil and all components.

High coil current ensures maximum ¢
effect. L.E.D. monitor

KIT 868 ......... £22.95 POWERUNIT......... £3.99

'SPACEWRITER % i
An innovative and exciting %%
project. Wave the wand through 1

the air and your message appears.
Programmable to hold any message

[ up to 186 digits long. Comes pre-loaded
with “MERRY XMAS". Kit includes

| PCB, all components & tube plus

1 instructions for message loading.

KIT 849. . g i . B £16.99

12V EPROM ERASER

A safe low cost eraser for up to 4 EPROMS at a time
in less than 20 minutes. Operates from a 12V supply
{400mA). Used extensively for mobile work — up-
dating equipment in the field etc. Also in educa-
tional situations where mains supplies are not al-
lowed. Safety interlock prevents contact with UV,

KO0 s i £28.51

MICRO PEsT
SCARER

Our latest design — The ultimate
scarer for the garden. Uses

special microchip to give random
delay and pulse time. Easy to

build reliable circuit. Keeps pets/
pests away from newly sown areas,
play areas, etc. Uses power source
from 9 to 24 volts.

¢ RANDOM PULSES
¢ HIGH POWER
e DUAL OPTION

Plug-in power supply £4.99
£19.99

WINDICATOR

A novel wind speed indicator with LED readout. Kit comes
complete with sensor cups, and weatherproof sensing
head. Mains power unit £5.99 extra.

KU BB sttt et ey Tt S L B £28.00

DUAL OUTPUT TENS UNIT
As featured in March '97 issue.

Magenta have prepared a FULL KIT for this
excellent new project. All components, PCB,
hardware and electrodes are included.
Designed for simple assembly and testing and
providing high level dual output drive.

KIT 866.... Full kit including four electrodes £32.90

1000V & 500V INSULATION
TESTER

Superb new design. Regulated
output, efficient circuit. Dual-
scale .meter, compact case.
Reads up to 200 Megohms.

Kit includes wound coil, cut-out
case, meter scale, PCB & ALL
components.

KIT 848......... B rmnt £32.95

EPE
PROJECT

PICs
NOW £5.90

Programmed PICs for
all* EPE Projects
Now one price

4 spare
electrodes
£6.50

newly sown

etc. ~This
intense pulses

vegetable and flower beds,
children’s play areas,
project

which deter visiting animals.

e KIT INCLUDES ALL
COMPONENTS, PCB & CASE

e EFFICIENT 100V
TRANSDUCER OUTPUT e UP TO 4 METRES

e COMPLETELY INAUDIBLE RANGE

£5.90 each
(*some projects are TO HUMANS
-£64.95 copyright) KIT 812........

SUPER BAT
DETECTOR

1 WATT O/P, BUILT IN
SPEAKER, COMPACT CASE
20kHz-140kHz
NEW DESIGN WITH 40kHz MIC.

A new circuit using a ‘full bridge’ audio
amplifier i.c., internal g ”~
speaker, and head- N
phone/tape socket. The ¥
latest sensitive transducer,
and ‘double balanced mixer’ sy
give a stable, high peformance
superheterodyne design.

KIT 861

ALSO AVAILABLE Built & Tested ....£39.99

E.E. TREASURE HUNTER
Pl. METAL DETECTOR
MKI

Magenta’s highly
developed &
acclaimed design.
Quartz crystal
controlled circuit
MOSFET coil drive.

D.C. coupled
amplification.
Etélllskg incélludes
e e KITINC.
S ol HEADPHONES
® EFFICIENT
CMOS DESIGN
e POWERFUL COIL
DRIVE

e DETECTS FERROUS AND
NON-FERROUS METAL - GOLD,
SILVER, COPPER ETC.

¢ 190mm SEARCH COIL
® NO 'GROUND EFFECT’
KRB e o0 £45.95

- ULTRASONIC PEsT SCARER

Keep pets/pests away from

areas, fruit,
patios
produces
of ultrasound

P
O
W
E
R

‘\"4
e
~ 20U > Bt

SCABER C

e LOW CURRENT DRAIN

T s e R s i T £14.81
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PRICE!

SIMPLE PIC PROGRAMMER
INCREDIBLE LOW Kit 857 £1299

INCLUDES 1-PIC16F84 CHIP Power Supply £3.99
SOFTWARE DISK, LEAD

CONNECTOR, PROFESSIONAL
PC BOARD & INSTRUCTIONS PIC 16F84 £4.84

EXTRA CHIPS:

B port pins.

~ LCD DISPLAY

Based on the design in February ‘96 EPE article, Magenta
have made a proper PCB and kit for this project. PCB has
‘reset’ switch, Program switch, 5V regulator and test L.E.D.s.
There are also extra connection points for access to all A and

PIC16C84 LCD DISPLAY DRIVER

INCLUDES 1-PIC16F84 |
WITH DEMO PROGRAM |
SOFTWARE DISK, PCB, |
INSTRUCTIONS AND

24-CHARACTER 2-LINE

Kit 860 £19.99

Power Supply £3.99

. FULL PROGRAM SOURCE
CODE SUPPLIED - DEVELOP
YOUR OWN APPLICATION!

Another super PIC project from Magenta. Supplied with PCB,
industry standard 2-LINE x 16-character display, data, all
components, and software to include in your own programs.
Ideal develpment base for meters, terminals, calculators,
counters, timers — Just waiting for your application!

% Chip is pre-programmed with demo display %

PIC16C84 MAINS POWER 4-CHANNEL

CONTROLLER & LIGHT CHASER

SOURCE CODE IN MPASM R s 2"
® ZERO VOLT SWITCHING - ow features full 4-channe
h ftw DISK
10 CHASE PATTERNS T A
e OPTO ISOLATED PIC16F84 chip. Easily
e 4 X 3 KEYPAD CONTROL re-programmed for your
® SPEED CONTROL POT. own appligati_or;s.[Software
e HARD FIRED TRIACS speence ST
e 4 CHANNELS @5 AMPS A

Klt 855 £39 L] 95 LOTS OF OTHER APPLICATIONS

PhizzyB

MAIN BOARD - FULLKIT ... £131.95 BUILT... £149.95

ALL PARTS FOR SERIES INCLUDING
PCBs, PROGRAMMED CHIP, CD-ROM
AND DISPLAYS

I/O PORT ..oeevvee, KITE16.99 BUILT ....c.co.oer.. £24.99
G £12.49 POWER SUPPLY .............. £3.99
8-BIT SWITCH/LATCH ....£7.95 INT MODULE .....£10.45
DEVELOPMENT AND K|T 621
68000 TRAINING KIT -, £99.95

2 SERIAL PORTS, PIT,
AND I/O PORTS

8 MHz 68000 16-BIT BUS
MANUAL AND SOFTWARE

PSU £6.99
SERIAL LEAD £3.99

parts

EPE

Power supply extra

Mini-Lab & Micro Lab
Electronics Teach-In 7

As featured in EPE and now
published as Teach-In 7. All

are supplied by Magenta.
Teach-In 7 is £3.95 from us or

Full Mini Lab Kit - £119.95 -
—£22.55 4
Full Micro Lab Kit — £155.95
Built Micro Lab - £189.95

EPE PIC Tutorial ]

At Last! A Real, Practical, Hands-On Series
3-Part Series — Starting March '98

® Learn Programming from scratch
® Uses Re-Programmable PIC16F84 Chip

® Start by lighting an l.e.d. and work up through
over 30 tutorials to Sound Generation, Data
Display, and a Security System

@ PIC TUTOR Board has Input Switches, OQutput
l.e.d.s, and on board programmer

PIC TUTOR BOARD KIT

Includes: PIC16F84 Chip, TOP Quality PCB printed with
Component Layout and all components* (*not ZIF
Socket or Displays). Included with the Magenta Kit is a
disk with Test and Demonstration routines.

KIT 870 ...... £27.95, Built & Tested ...... £42.95
Optional: Power Supply — £3.99, ZIF Socket — £9.99

LCD Display - With Software and Connection details .....£7.99
LED Display - Including Software...........cccccccvverennnccenns £6.99

PIC TOOLKIT

e PROGRAMS PIC16C84 and 16F84

e ACCEPTS TASM AND MPASM CODE

Full kit includes PIC16F84 chip, top quality p.c.b. printed with com-
ponent layout, turned pin PIC socket, all components and software*
*Needs QBASIC or QUICKBASIC

KIT 871. .. £13.99. Built and tested £21.99

SUPER PIC PROGRAMMER

READS, PROGRAMS, AND VERIFIES
WINDOWS® SOFTWARE

PIC16C6X, 7X, AND 8X

USES ANY PC PARALLEL PORT

USES STANDARD MICROCHIP e HEX FILES
OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
PCB, LEAD, ALL COMPONENTS, TURNED PIN
SOCKETS FOR 18, 28, AND 40 PIN ICs.

e SEND FOR DETAILED
INFORMATION - A I
SUPERB PRODUCT AT AN e SRS
UNBEATABLE LOW PRICE. | DISASSEMBLER

Kit 862 £29.99

SOFTWARE £11.75

PIC STEPPING MOTOR DRIVER |

INCLUDES: PCB, -
PIC16F84 WITH Kit 863 £18.99
DEMO PROGRAM, [ Fyi| SOURCE CODE SUPPLIED.

SOFTWARE DISK
- | ALSO USE FOR DRIVING OTHER
D TS POWER DEVICES e.g. SOLENOIDS.

Another NEW Magenta PIC project. Drives any 4-phase unipolar motor — up
to 24V and 1A. Kit includes all components and 48 step motor. Chip is
pre-programmed with demo software, then write your own, and re-program
the same chip! Circuit accepts inputs from switches etc and drives motor in
response. Also runs standard demo sequence from memory.

GENT.

All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99

Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk
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Constructional Project

MECHANICAL

RADIO

BART TREPAK

Build a battery-less portable
radio - it’'s revolutionary!

VERY now and then, an invention is

made which is so simple and ob-

vious that many people’s reaction
on hearing about it for the first time is
““‘why didn’t I think of it myself?’’.

This was certainly the author’s reaction
when he first heard about the Clockwork
Radio which has since gone on to make its
inventor, Trevor Bayliss, a great deal of
money, as well as improving the life of
many people in the Third World.

The brilliance of any invention is in the
initial leap of imagination which results in
a new product rather than the initial
method of its implementation or the evolu-
tion of a concept. Having watched a
documentary on the Clockwork Radio on
TV a year or so ago, which traced the
development of the radio from its initial
idea to its eventual production, the author
thought it was a great idea and determined
to buy one as soon as they became
available.

Recently, thumbing through one of
those “*‘New Inventions’’ bookiets which
seem to arrive every now and again, the
author was delighted to see a Clockwork
Radio listed. On checking the price,
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however, he soon changed his mind — £60
seemed to be an excessive price to pay to
save a few pounds on batteries. It was time
to have another look at the design to see if
it could be made simpler and cheaper...

CART BEFORE HORSE

The basic concept behind the Clock-
work Radio is shown in the block dia-
gram in Fig.la. In essence, the mechanical
energy produced by turning a handle is
stored in a spring. This is fed to a gener-
ator which converts the stored mechani-
cal energy into the electrical energy re-

g
e et
AN\

eyl LA
T

Interestingly, by changing the order of
the blocks in Fig.la to that shown in
Fig.1b, the energy can be stored electri-
cally which requires no ‘development of
costly mechanical components as the com-
ponents are available off the shelf and the
design therefore lends itself more readily
to home construction.

An electrical storage means, of course,
some kind of rechargeable cell, but here
we come up against a problem. Anyone
who has ever charged a NiCad battery will
know that even with a relatively large cur-
rent, a battery will need to be on charge for
a good few hours to be of use. Conse-
quently, many hours of turning the handle
of a small hand-powered generator would
be required to charge the battery, which is
clearly unacceptable.

quired to power the
radio.

The amount of

. | MECHANICAL
energy which needs =5

INPUT

to be stored depends,
of course, on the
amount of power

required by the radio
and the length of
time for which it is

MECHANICAL
INPUT

ENERGY
STORE —>f GENERATOR > RADIO
(COILED SPRING)
(A} BLOCK DIAGRAM OF CLOGKWORK RADIO
GENERATOR EHEEEY RADIO
> STORE — I
(ELECTRICAL)

required to play and
this will determine
the size and sophis-

(B) BLOCK DIAGRAM OF MECHANICAL RADIO

tication of the spring.

Fig.1. Comparison of the two energy generation methods.

Batteries are efficient in storing a lot of
electrical energy in a small physical size
but because the energy storage depends on
a chemical reaction which takes time to
occur, a battery can only accept a charge
relatively slowly. A capacitor, however,
does not suffer from this limitation and if a
large enough charging current is available,
it can be charged almost instantly.

The energy storage capacity is, how-
ever, much smaller compared to a battery
of the same physical size. But, how much
energy do we need to store? To answer
this question we need to know the power
consumption of the radio and the length of
time for which we want it to play.

The power consumption of a radio tuner
can be made quite small so that the main
factors governing this will be the audio
amplifier and its loudspeaker. We there-
fore need to know how loud we want the
radio to play and, inevitably, the answer
will be as loud as possible for as long as
possible.
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Fig.2. Complete circuit diagram for the Mechanical Radio.

HOW LONG IS A
PIECE OF STRING?

It is perhaps better to start by determin-
ing how much energy can be stored and
then seeing what can be done with it
The energy stored in a capacitor is given
by E = CV2/2 Joules, where C is the
capacitance in Farads and V is the voltage
to which it is charged.

The capacitance values normally
encountered in electronic circuits are
measured in microfarads but large values
of capacitance are now available in
relatively small volumes and are used in
memory back-up applications in com-
puters. A one Farad (1F) capacitor (5V
working voltage), for example, is only
45mm diameter X 20mm high, which is a
slightly larger volume than that of a C-size
battery and costs about the same.

From the above formula, the energy
stored by such a capacitor charged to 3V,
say, would be 4-5 Joules. Unfortunately,
not all of this energy would be avail-
able for powering the circuit because all
electronic circuits need a certain minimum
voltage supply to operate.

As current is taken from the capacitor to
power the radio, the voltage will fall and
once it has fallen below a certain level,
operation will cease, despite there still
being a certain amount of energy left in the
capacitor.

To keep the arithmetic simple, let us
assume that the circuit will work down to
1-5V, at which point the (unrecoverable)
energy still left in the capacitor would be
1125 Joules. A 1F capacitor would thus
store around 3-4 Joules of recoverable
energy. An energy expenditure of one
Joule is equivalent to a power of one watt
flowing for one second, so that if we want
our radio to operate for, say, 15 minutes
(900 seconds) the average power taken by
the radio should not exceed 3.78mW
(3-4 X 1000/900).

This power is, of course, very fow for a
radio fitted with a loudspeaker but more
than sufficient for a personal radio driving
an earpiece. The circuit to be described
presently draws a current of only 0-2mA at
1.75V and will work down to 1-5V so that
a very respectable playing time of about
one hour can be achieved if the capacitor
is initially charged to 3V.

Loudspeaker operation would be pos-
sible for shorter times, especially if an
efficient audio power amplifier were used
and the capacitor (or capacitors) charged
to a higher initial voltage, although this
has not been investigated by the author.

RADIO CIRCUIT

With the demise of the ZN414 radio
receiver integrated circuit, which would
have been ideal for this application, we
have to ‘‘re-invent the wheel”’ to make a
simple a.m. radio and the circuit shown in
Fig.2 is one which would not have been
out of place in the pages of this magazine
in the 1960s!

This circuit has the advantage of not
only being simple to make and uses readily
available components, but also gives quite
good results, although the audio quality is
not hi-fi.

The signal picked up by the aerial L1 is
tuned by capacitor C1 and applied to the
base of transistor TR1 which functions as
an r.f. (radio frequency) amplifier and a
detector. The input impedance of this stage
is high so that the tuned circuit is only
lightly loaded, resulting in good selectivity.

High gain is achieved by the use of
regenerative (positive) feedback by feeding
some of the amplified signal back to the
input via the small winding on L1, the
amount of feedback being set by preset
potentiometer VR1 to a level just below
that which would cause the transistor to
oscillate.

The transistor then exhibits a very high
gain resulting in maximum sensitivity of
the receiver. A short explanation of the
regenerative receiver is given later,

The amplified signal is detected in the
collector of TR1 with the residual r.f. signal
being removed by capacitor C2. The result-
ing audio signal is further amplified by TR2
and used to drive the high impedance crys-
tal earpiece, LS1. The volume is not ear-
splitting, of course, and reduces with time
as the supply voltage falls but is more than
adequate for personal listening, even at a
low supply voltage.

Transistor TR1 is biased almost to cut-off
and TR2 has a relatively high impedance
load resistor so that the total current con-
sumption of the circuit is well below ImA.

The power supply for the circuit con-
sists of the hand-cranked generator (M1)
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together with the one Farad capacitor (C4)
and a bridge rectifier (D! to D4).

CAPACITOR
CHARGING

So far, we have discussed the radio cir-
cuit and how it can be powered by the
charge stored in the capacitor but we must
now turn our attention on how this capacitor
may be charged.

As most readers will know, when the
spindle of a motor is turned, a voltage will
appear at its terminals, so a standard per-
manent magnet motor has been used as the
power generator in this design.

When used in the generator mode, the
output of a motor is proportional to its
speed. The actual voltage developed at the
terminals at a given rotational speed will
depend on the strength of the internal mag-
netic field and the number of turns in the
armature coils and not all motors will be
the same in this respect. (Note that speci-
fications for motors being used as gener-
ators are not quoted by manufacturers and
their output voltage and power varies from
device to device.)

Motors intended for higher voltage opera-
tion (i.e. 6V as opposed to say 1-5V) will
probably have more turns. Those with &
higher torque will have a stronger internal
magnetic field so that to generate a reasonable
output without having to turn the spindle at
impossible speeds, a high torque, high volt-
age motor is required. A 9V motor was
chosen as this was not too big physically.

COMPONENTS

Resistors
R1 1M

R2 47k
ra,Rse  22eoff TALK

See
SHOP

All resistors 0-25W 5%
carbon film or better.

Page
Potentiometer
VR1 1k min. horizontal preset

Capacitors
C1 100n ceramic disc

Cc2 470p ceramic disc

C3 4.7 radial elect, 16V

c4 1 Farad tagged-can elect,
5V

VCH 10-260p tuning capacitor

Semiconductors

D1toD4  1N4148 signal diode
(4 off)

TR1, TR2 2N3904 npn transistor
(2 off)

Miscellaneous.

LS1 crystal earpiece

MO1 high torque 9V motor
(see text)

L1 ferrite rod aerial (see
text)

Prinfed circuit board, available from
the EPE PCB Service, code 226A
and B; gear wheel, 16 teeth; gear
wheel, 60 teeth; gear wheel 42/10 teeth;
2mm diameter spindle; crystal earpiece;
3-5mm jack socket; knob for VC1;
plastic case, 100mmx77mm x 41mm;
connecting wire; solder, etc.

Approx Cost

£15

287
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Although the output of such a motor is
d.c., the polarity of the output will depend
on the direction in which the spindle is
rotated. To avoid having to specify the
direction of rotation or to make some
mechanical device to prevent the spindle
being rotated the wrong way, a bridge
rectifier has been included to ensure that
the output always has the correct polarity.

It does mean, however, that the output
will be reduced by two diode forward
voltage drops instead of one (one diode
would be required anyway to prevent the
capacitor from discharging through the
coil) but it makes the mechanical arrange-
ment much simpler.

GETTING INTO GEAR

No matter what kind of handle was
attached to the motor spindle, it was found
impossible to turn it fast enough to obtain
an output great enough to overcome the
diode voltage drops let alone charge a
capacitor, so the use of gears was un-
avoidable. Ready-made gear trains are
available but these tend to be very expen-
sive unless scrap or surplus ones can be
found and these will then probably not be
easy to connect to the motor, so it was
decided to make one using available gear
wheels.

Experiment showed that to obtain a
suitable final speed, a ratio of about 1:15
was required. However, although gear
wheels with 16 teeth and a diameter of
9mm are available, the driving wheel
would need to have 240 (15X 16) teeth,
resulting in a wheel of around 135mm in
diameter. This would be bigger than
the rest of the radio and obviously
unacceptable.

It is, though, also possible to get this
ratio by using more stages as shown in
Fig.3 so that if the 16-toothed wheel was
driven by a one having 48 teeth, this larger
wheel would rotate three times slower
and have a diameter of 27mm. If this
also contained a concentric 10-toothed
wheel, for example, and this was in turn
driven by a 50-toothed wheel (28mm
diameter), this would give a further speed

N RPM

240 TEETH
(135mm)

15N RPM

A

16 TEETH
{9mm)

50 TEETH
{28mm}

|
1

|

I a8 TEETH
(27mm)

{ €—— 56mm APPROX. ===

Fig.3. Gear trains with 1:15 ratio.
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TO L1 BOTTOM
/—P TO VC1

P TOL1 CENTRE TAP
= TO VC1
» TOL1 TOP

2N3904
TRANSISTOR
PINOUTS

-]

(-]

Fig.4. Component and full size track layouts for the printed circuit boards.

reduction of a fac-
tor of five giving an
overall speed ratio of |
1:15 in a much more
manageable size.

The final gear

DRILL TWO 3mm PILOT
HOLES THROUGH BOTH
BOARDS USING THE
SMALLER P.C.B. AS A
TEMPLATE

MAIN P.C.B.

design uses 16,

42/10 and 60
toothed gear wheels

to achieve this as L

these were readily
available.

MAIN P.C B

S /

Note that since
we are getting a
speed increase, the

torque is proportion-

ally lower at each | e 74
. e CLAMP BOTH BOARDS
stage or, to put it TOGETHER USING TWO
. NUTS AND BOLTS BEFORE
an()ther VWdy’ the - DRILLING THE OTHER HOLES
force required to turn OB 8O
the first wheel will co
be 15 times larger
than that required ' Ok ox OB i EMIDIEMETER
B AND D = 3mm DIAMETER
to turn the motor co I Pmem et
spindle directly. This o BO '
is unlikely to tax
even the weakest

reader in this case.

It should be noted,
though, that the simple plastic gear wheels
used in this design are merely pushed
onto the spindle and rely on a tight fit
rather than a more robust method of fixing.
Any misalignment of the wheels, which is
likely to increase the torque required to
turn them, could result in the wheel slip-
ping on the spindle rather than turning.
This is especially true of the largest wheel
so that the gear train should be constructed
carefully.

Fig.5. P.C.B. drilling details for the mechanical mountings.

MECHANICAL
CONSTRUCTION

The biggest problem in constructing
this project is likely to be with the
mechanical part rather than the elec-
tronics and the following instructions
should therefore be followed closely.

The whole project, including the gear
train, has been built on two printed cir-
cuit boards which have been designed
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to perform not only an electrical func-
tion but a mechanical one as well. This
simplifies construction considerably and
because of this their use is mandatory
unless other arrangements for mounting
the gear wheels are made.

These boards are available from the
EPE PCB Service, code 226A/B.

The first thing to do is to drill out the
four holes in the corners of p.c.b. 226B to
3mm.

Next place this board over p.c.b. 226A,
one centimetre (10mm) from the edge as
shown in Fig.5 and drill corresponding
holes in 226A using 226B as a template.
Once this has been done, the two boards
may be secured together with nuts and
bolts. The holes for the gear spindles
are drilled through both boards simul-
taneously. This method will ensure that
the holes are drilled in the correct posi-
tion and that they will also be correctly
aligned.

The spindles are 2mm diameter so that
a 2mm drill should be used for these
holes (A). The motor spindle (hole D) has
a larger diameter but since this shaft will
be supported by the motor bearings rather
than the holes in the p.c.b., the diameter
of the hole for this is not too important
and a 3mm drill may be used here to give
sufficient clearance.

The position and size of the two holes
(C) for fixing the motor is critical and
these should be drilled using a 2-5mm
drill.

ELECTRONIC
CONSTRUCTION

Once the mechanical assembly has
been completed, the two boards should be
separated and the circuit assembled on
226A following the layout given in Fig.4.

All of the components, excluding the
storage and tuning capacitors and the
aerial, are mounted on this board and care
should be taken to ensure that polarised
components are inserted correctly. Pay
particular attention to the transistors as
the pinouts for the 2N3904 differ from
the more usual format in that the emitter
and collector connections are reversed
(see Fig.4).

The one Farad capacitor (C4), which is
not mounted on the board but connected
to it by short leads, is also polarised and

the negative terminal is marked by two
stripes. This terminal is also connected
to the metal plate at the base of the
component.

Construction should begin with the
lowest profile components such as diodes
and resistors, progressing to the larger
ones with the motor being mounted last.
This should be secured to the p.c.b. by
means of the two fixing screws and
connected to the appropriate points on the
board by short lengths of wire.

The small capacitor wired across the
motor terminals may be left in place or
removed as preferred as it performs no
function in the circuit operation.

TUNING
COMPONENTS

The prototype used a small ferrite rod
aerial (50mm X 10mm diameter) with 70
turns of 28 s.w.g. wire and a tap at 10
turns, together with a 10-260pF tuning
capacitor as these were to hand. These
items may not be available from
your usual component supplier but it
is, however, perfectly acceptable to
use other values/sizes and many sup-
pliers list ready-wound ferrite aerials and
matching tuning capacitors for small
radio circuits.

Some windings may not have a tap for
connecting the aerial but consist of two
separate windings, one larger than the
other. If this is the case, both windings
should be connected in series to form one
continuous tapped winding and it is im-
portant to ensure that the phase of both
windings is correct (i.e. the end of the
smaller winding is connected to the start
of the other).

If this cannot be determined, simply
connect the two windings together and
adjust VR1 until the circuit oscillates (see
later) and if this does not happen with
any setting of the preset, reverse the
connections of one of the coils.

The size of ferrite rods may vary from
supplier to supplier but any size can
be used provided it will fit the box.
The mounting is left to the ingenuity of
the constructor and as long as the com-
ponents are connected to the appropriate
points on the circuit board there should
not be any problem. Leads should be kept
as short as possible.
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If the coil needs to be hand wound, it is
probably best to start with more turns
than are required so that thesc can be
removed to obtain the required induc-
tance to enable the requirced stations 10 be
received with the tuning capacitor used.,

Many tuning capacitors have one plate
connected to the spindle and, to prevent
hand capacitance effects, this terminal
should be connected to the VRI1 end of
the coil (negative rail).

EARPIECE

The earpiece, which must be a high
impedance crystal type, is normally avail-
able fitted with a 3-5mm jack plug so that
the output of the radio should be fitted
with a suitable socket, a panel mounted
type being preferred. Alternatively. as
there is no real advantage in having an
earpiece which can be disconnected, the
plug could be cut off and the wires sol-
dered across resistor R3.

Note that only a crystal earpiece
should be used as magnetic earpieces and
headphones have too low an impedance
to work in this circuit.

FINAL MECHANICS

When the electronic assembly work
has been completed, the final mechani-
cal assembly can begin. With the motor
mounted on the p.c.b., the small 16-tooth
wheel should be mounted onto the motor
spindle. This is really designed to it a
2mm diameter spindle and although the
motor spindle is somewhat larger than
this it can still be forced onto it providing
a tight fit.

The best method of mounting the gear
wheels onto spindles is to position them
carefully in a vice and then tighten it
slowly until the wheel is correctly posi-
tioned, as shown in Fig.6.

GEAR PIECE OF WOOD
WITH 4dmm HOLE

VICE

Fig.6. Mounting gear wheel onto
spindle.

If the spindle protrudes {rom the other
side of the wheel, a piece of wood with a
3mm or 4mm hole drilled in it should be
placed beneath the wheel to support it
while the vice is closed.

Next, cut a lcm piece off a 2mm
diameter spindle with a hacksaw and
mount the 42/10 wheel onto this as
described above. The rest of the 2mm
diameter shaft, which should measure a
little over 6cm, should be bent into the
shape of a handle according to the
dimensions shown in Fig.7. This can
easily be done by hand if the spindle is
firmly clamped at the appropriate point in
a vice.

The handle should be passed through
the appropriate hole in the small piece
of p.c.b. material before the large 60)-
tooth wheel is mounted on it as it will
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not be possible to pass the bent spindle
through the hole once the wheel has been
mounted.

Once this has been done, the gears may
be assembled as shown in Fig.7 and
the gap between the boards adjusted to
about Smm by means of the nuts and
bolts, which should then be tightened
securely. Check that the handle can be
turned easily and, if necessary, a drop of
oil should be applied to the spindles to
ensure this.

If the handle does not turn easily or
the spindle slips on the gear wheel, it
is probably due to the two boards not
being parallel in which case the spacing
nuts on the four bolts should be adjusted
accordingly.

the radio is

begins to oscillate. This will be heard as
an increase in the distortion accompanied
by a buzzing sound reminiscent of a
motor boat.

Back off this setting slightly and use
VCI to tune to other stations and check
that this does not occur at any other set-
tings, re-adjusting VR1 if it does.

The setting up is now complete and
ready to mount in &
box. The prototype was built into a
100mm X 77mm X 41lmm ABS box which
contains slots to support a printed circuit
board.

A suitable slot must be made in the box
to enable the handle to be mounted on the
large wheel first and the completed as-
sembly fitted into the box.

25mm  HANDLE
DIMENSIONS

2mm DIAMETER

MAINIE/GEY SPINDLES

{COMPONENT SIDE)

The gear/motor as-
sembly should be
mounted securely, as
should the tuning
N capacitor and ferrite
MoTorLeaps | aerial to prevent them
SOLSEREDTO | from rattling about

inside, especially as
these components are
mounted  off the

HANDLE

MO
GEAR WHEELS SPINDLE

board. The exact
\EPRETG method. of . m.ounting
NUTS the units inside the

v =i 1 box is not critical.

\ T In use, the radio
MOTOR BOLT g 3 3 3
RS (£ OFF) will require winding
8OLTS for around 30 seconds

to give an initial sup-
ply of about 3V and a

Fig.7. Mechanical assembly.

WIND-UP

When construction is complete, con-
nect a voltmeter to the terminals of
capacitor C4 and, turning the handle, the
voltage should rise slowly. Continue to
do this until the voltage reading is 3V,
which should take about 30 seconds
depending how fast the spindle is turned.

With VRI1 turned fully clockwise, con-
nect the earpiece and tune in a station.
Adjust VR1 (turning it anti-clockwise)
to increase the volume until the circuit
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playing time of about
one hour. The initial
voltage can be increased by turning the
handle for longer periods, one minute giving
about 4V. Although this will give longer
operation, it could also cause the circuit to
oscitlate, requiring a re-adjustment of VRI,
unless the circuit was originally set up at 4V.

Do not allow the capacitor to become
charged above its rated working voltage
(5V).

OTHER USES

For those who do not want to construct
a radio but may have other uses for this

device, the p.c.b. has been designed so
that the storage capacitor can also be
mounted on the board next to the motor.
By cutting off the radio section, a kind of
“‘mechanical battery’’ can be constructed
enabling all sorts of other gadgets to be
powered, so long as a supply of 3V or 4V
is sufficient, and not too much current is
required.

The circuit can easily supply a current
of a few hundred milliamps, although not
for very long, of course. It will, for
example, power a small d.c. motor for
about 10 seconds and would be ideal for
circuits which require very low power or
are used for only very short periods.
After all, this ‘‘battery’” can always be
recharged in 30 seconds or so, which is a
good deal faster than any NiCad!

REGENERATIVE
RECEIVERS

All radio receivers, from the humble
crystal set to the most sophisticated types,
make use of a tuned circuit to select the
frequency or station required by the lis-
tener from all of those which are being
transmitted at any given time.

The tuned circuit consists of an induc-
tor L1 and capacitor Cl connected in
parallel, as shown in Fig.8. The signal is
picked up by the aerial connected to the
tuned circuit. The circuit presents a low
impedance to the signal at all frequencies
except the one to which it is tuned. Thus
all frequencies are effectively shorted to
earth except the one which is required.

In the simple crystal set shown, the r.f.
(radio frequency) signal which is tuned
in is detected using the diode and this,
together with capacitor C2, recovers the
audio signal, which is then heard in the
headphones.

,;,
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+
i !
)
1
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Fig.8. A simple crystal radio.
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RECEIVED R F. SIGNAL WITH AUDIO MODULATION
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(B)  SIGNAL FOLLOWING DETECTION (C2 REMOVED)

T

(C) RECOVERED AUDIO AT HEADPHONES (C2 IN PLACE)

Fig.9. Example waveforms produced
with Fig.8.
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Fig.11. Simplified superhet receiver.

The waveforms for an amplitude mod-
ulated (a.m.) signal which would be seen
at various points in the circuit on an
oscilloscope are illustrated in Fig.9. Fre-
quency modulated (f.m.) signals require
different techniques and would not be
detected by this circuit.

This- circuit is just about usable if a
long aerial and a good earth are provided.
With a good set of high sensitivity head-
phones a strong local station will prob-
ably be picked up. This arrangement was
fine in the early days of radio when only
one or two stations were transmitting and
the listener was prepared to put up an
aerial several tens of metres long, but it is
hardly suitable for use as a portable set.

PORTABILITY

For a portable set, a much smaller
aerial (and no earth) is required and the
resulting weaker signal means that con-
siderable amplification of the signal is
required before it is strong enough to be
applied to a detector, let alone drive
even the most sensitive of headphones or
loudspeakers.

One stage of amplification would not
normally be sufficient to produce a signal
large enough to be detected by a diode
so that many stages would need to be
cascaded to obtain the required gain. A
stable high gain wide band amplifier is
very difficult to make as there will always
be a frequency where stray coupling be-
tween the input and output will be great
enough and in the correct phase to cause
the circuit to oscillate.

This could be overcome by cascading
narrow band amplifiers, each with its own
tuned circuit adjusted for the frequency of
interest to the listener as shown in Fig.10.
This arrangement, however, is not used
for a variety of reasons, not least of
which being the difficulty of keeping

all the tuned circuits in step while the
tuning capacitor is varied to select dif-
ferent stations.

Such a circuit would require the use
of high quality 3- or 4-gang tuning
capacitors and most commercial receivers
therefore use a neat trick to get around
this.

SUPERHET

- The wick is to mix the incom-
ing signal with one generated inside
the receiver (called

all amplification is then carried out at this
fixed frequency with special transformers
(i.f. transformers) forming the tuned
circuit for each stage.

This arrangement is known as a su-
per heterodyne (or superhet) receiver and
gives excellent performance. A circuit ex-
ample is shown in Fig.11.

A basic problem with the circuit of
Fig.8 is not only the lack of sensitivity
which prevents weaker stations from
being received but also the low selectivity
which often results in two or more strong
stations being received at once.

The graph in Fig.12 shows the
response of a single tuned circuit to
signals of various frequencies and it will
be seen that two adjacent stations
(frequencies fI and f2) are so close
together that both will appear at almost
the same level at the detector.

What is required is a response simi-
lar to the dotted curve, which would
mean that frequency f2 would be at a
much lower level compared to fI (the
required station) and would therefore not
be heard.

FEEDBACK

The ‘‘flatness’” of the response curve
of a tuned circuit is caused by the losses
in the inductor and capacitor. These
losses can be “‘made up’’ in an oscillator
circuit by amplifying and feeding back a
portion of the signal to keep a tuned
circuit oscillating instead of the signal
simply decaying away. They can also be
replaced in a receiver tuned circuit by the
same technique, which will have the
effect of sharpening the response curve
(i.e. improving the selectivity).

To be successful, the fed back signal
must be in phase with the original so that
it will add to, rather than subtract from,
the resulting output {in other words
positive feedback — sometimes called
regenerative feedback). However, since

the local oscillator)

which produces a : w
sum and difference g
frequency. ”

By making the CONIRCL
local oscillator

“‘track’’ the incom-

ing frequency, a e
constant  difference gﬂf
frequency will be i
generated  irrespec- 1y
tive of the frequency il

being tuned in. This

AUDIO AMP

frequency is known

as the intermediate
frequency or 1.f. and

OUTPUT
VOLTAGE
A
L C. CIRCUIT WITHOUT
REGENERATION. 7
LOW GAIN AND POOR
SELECTIVITY

L C. CIRCUIT WITH
\ REGENERATION
\ FOR HIGHER GAIN
AND BETTER
SELECTIVITY.

Ft  F2

FREQUENCY

Fig.12. Response of single tuned cir-
cuit with and without regeneration.
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Fig.13. Simplified regenerative receiver.

we are trying to make an amplifier and
not an oscillator, its level must be care-
fully controlled so that the amount of sig-
nal fed back is just below that required to
initiate/sustain oscillation.

At this point, the gain of the stage will
also be at a maximum, giving a high
sensitivity even from a single stage. By
suitably biasing the transistor almost to
cut-off, the circuit can even be made to
amplify one half-cycle of the r.f. signal
more than the other so that the stage
will also effectively rectify the signal,
making a separate detector stage unneces-
sary. This approach is shown in Fig.13.
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MINI OPTICAL CD

Barry Fox highlights the next generation of read-write CDs —
small enough for the pocket.

THE race is on to market an erasable
optical disc which is small enough
to use in a pocket recorder that also
plays low cost pre-recorded discs. Hard
discs cannot be pre-recorded by press-
ing. Existing optical discs are either too
large or have such limited capacity that
heavy compression is needed for useful
playing times.

New standards recently set for the
Digital Versatile Disc, and new
developments in Sony’s Mini Disc,
clear the way for tiny discs with at least
twice the capacity of today’s 12cm
CDs. But consumers cannot expect a
single standard.

Conventional 12cm CDs can store
around 75 minutes of uncompressed
stereo sound. An 8cm CD can hold
only 20 minutes. Sony’s Mini Disc is a
64mm disc in a protective caddy which
records 74 minutes, but only by using
heavy compression that throws away
80 per cent of the data.

A 12cm DVD can hold at least
4.7GB, which is enough for a full
length movie. There are now three
different varieties of DVD which
can make erasable recordings. DVD-
RAM is backed by Hitachi, Toshiba
and Panasonic, while Philips and
Sony prefer DVD+RW, and Pioneer
proposes DVD —RW. All three rely on
phase change technology; the disc is
coated with material which switches
between amorphous and crystalline
state, and thus different reflectivity,
when heated by a laser beam. All three
disc types are embossed with a groove
which guides the laser over the blank
during recording. They vary in the way
they record data in and alongside this
groove, and are largely incompatible.

STANDARD SETTING

At a recent meeting (Oct/Nov *98) in
Barcelona, the DVD Forum set the
standard for 8cm versions of DVD.
The small discs will record at least
1-4GB, and as much as 5-:3GB if it is
double-sided and each side has two
recording layers. So a portable re-
corder will be able to record several
hours of video or many hours of hi-fi
surround sound.

Sony sees 8cm DVD as a serious
threat to its existing Mini Disc audio
recording system, which has a capacity
of only 200MB so must compress audio
by a factor of five to squeeze 74 minutes
of stereo on the 64mm disc. Sony has
now joined with Fujitsu to develop
GigaMO, a high density version of MD
based on laboratory work done by
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Sony in 1991 called Thermal Eclipse
Recording.

Unlike phase change DVD, Mini Disc
is a magneto-optical system. The disc is
coated with a terbium ferrite cobalt
mix. Heat from a laser makes the
coating temporarily lose all magnetism.
As the coating cools it picks up mag-
netism from a surrounding field which
is switched to create a magnetic pattern
of spots which change the polarisation
of readout light.

CORE CAPACITY

Thermal eclipse can increase the
capacity of a magneto-optical disc by a
factor of six. The disc coating is made
sensitive only to the hot central core of
the laser beam. So a relatively thick
beam records small spots.

To allow equally precise readout, the
disc has a passive top coat which covers
a lower layer that stores the mag-
netism. The central core of the readout

beam heats fine spots in the top layer
which then “sucks” magnetic informa-
tion from the lower layer. So the
beam ‘‘sees” only very fine spots of
magnetism, effectively focussing more
tightly than the long wavelength of the
infra-red laser normally allows.

Japanese company TDK makes blank
media for whatever recording systems
people want to use. The company cur-
rently sells blank CDs, Mini Discs and
DVDs and is ready to mass produce
the new miniature formats as soon as
hardware to use them is available. Jean-
Paul Eekhout, TDK Europe’s Product
Manager, sees no prospect of the in-
dustry settling on one standard for port-
ables because the gap between phase
change and magneto-optical technology
is too wide. “We already see a trend
from CD to DVD, and we are develop-
ing improved MDs. By 2001 there will
no longer be single systems for audio
and video.”

SLAUGHTERED LAPTOPS

It’s become lap-top murder most horrid — but

Barry Fox detects a solution.

TWO US companies have developed gadgets which protect travellers from a
problem they only recognise when they find their laptop PC modems have been
destroyed by hotel phones.

Modern hotels often use digital switchboards to route and bill calls. Some
convert the digital pulses into analogue signals before they go to bedroom
phones, but others send digital code to room phones which have built-in con-
verters. The plugs and sockets are the same but, if a conventional analogue
modem is plugged into a digital line, it will not work and the higher current, up to
0-5A, quickly burns out or “fries” the modem.

Analogue phones should be marked “Complies with Part 68, FCC Rules”,
but some are wrongly labelled. Passive fuses and trips may not work fast |
enough to protect a modem.

American Power Conversion (of West Kinston, Ri) has developed the Sur-
geArrest, a $40 connector which plugs between a laptop and its mains adaptor,
and between the phone line and modem. The mains adaptor provides power for
sensor circuitry inside the connector. As soon as this detects current of more
than 140mA on the phone line it lights a warning lamp and at 200mA breaks the
connection to the modem. APC will start selling the device in Europe during this
year.

Konexx (of San Diego, Ca) goes one stage further with its new $200 Auto Set
adaptor. This exploits the fact that all phones, whether digital or analogue, send
an analogue signal to the handset. The Autoset plugs between the main body of
the phone and the handset, and relies on the digital-to-analogue converter
inside the digital phone to provide a safe working connection for a conventional
analogue modem.

Because the level of the analogue signal flowing between the phone and
handset can vary considerably between different phone types, the battery-
powered AutoSet self-adjusts to a level which lets the modem operate normally.

Everyday Practical Electronics/ETL April 1999




WORLD’S FIRST DIGITAL
AMPLIFIER

L L,.g_:;_?ﬁ = i

TACT Audio recently launched the first ever direct-drive digital amplifier aimed at the high
end of the hi-fi market. The TACT Millennium achieves its high quality sound performance
using two Actel MX FPGAs (field programmable gate arrays) whose antifuse technology
has a proven track record as a piracy deterrent.

We highlight the product not only for its own sake (which costs around US $1 0k), but to
give you an insight into the extent that some manufacturers are now going to in order to
protect their products. :

The heart of the amplifier is the patented Equibit PCM-to-PWM processing and output
stage, developed by Toccata Technology, an independent research team. Just two Actel
FPGAs were used to replace two 24-bit DSPs (digital signal processors) and two PLDs
{programmable logic devices) running at greater than 90MHz. The FPGAs have on-chip
program storage that is not easily compromised and use far less power than the original
components.

Actel was approached after Toccata decided that the possible piracy of such a high
value product and risk of a competitor using their proprietary algorithms simply could not
be tolerated.

“Our antifuse FPGA technology has proven to be a secure way for companies like
Toccata to protect their valuable intellectual property”, commented Andy Biddle, Nordic
District Manager for Actel Europe.

Actel devices are highly resistant to copying because of the difficulty in differentiat-
ing between a programmed and an unprogrammed antifuse. No non-destructive optical
methods have been identified and the only way developed so far involves destructively
sectioning a programmed device. This is a laborious high-precision process considering
that the antifuse feature size is typically 0-5um or less. This, coupled with the fact that a
typical device can contain more than a million antifuses, make these parts extremely
difficult to replicate and are likened to security offered by custom components.

The TACT Millennium is said to have made a major impact on the hi-fi market thanks to
the Actel Devices it contains. The amplifier itself benefits from this technology with an
efficiency of 96 per cent, a crisp and clear output with 150W r.m.s. per channel and a
total harmonic distortion of less than 0-05 percent.

For more information contact Actel Europe Ltd., Daneshill House, Lutyens Close,
Basingstoke, Hants RG24 8AG. Tel: 01256 305600. Fax: 01256 355420. Web-
www.actel.com. Tact Audio have a web site at: www.tactaudio.com.

MARCONI CENTENARY

RADIO amateurs recently created a (GW4BV]) single-handedly made a total

new world record when they re-
enacted the first ever ship-to-shore
radio message. The transmissions were
from the same locations used by
Guglielmo Marconi himself, namely
the South Goodwin lightship and the
South Foreland lighthouse.
- Previous achievement records were
smashed during the event, organised by
The National Trust and sponsored by
Marconi Communications, when more
than 5000 messages were sent and
received from enthusiasts all over the
world over the four-day period from
19 to 22 December.

One of the operators, Richard Mortimer

of 2043 contacts in Morse code. To en-
sure that he broke the previous record, he
remained at his Morse key for 24 hours
non-stop on the last day.

Norfolk Island, some 17,000km in the
south-west Pacific Ocean, was the des-
tination of his furthest link-up — with
Kirsty Smith (VKINL) and her husband
Jim (VK9NS).

Mike Parton, managing director of
Marconi Communications, said “We
congratulate the radio operators on
their achievement and for their su-
petb re-enactment of Marconi’s first
demonstration that radio could assist
ships at sea”.
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V-MAILED
E-MAIL

Pictures speak a thousand
words - could V-mail
replace E-mail? Barry Fox
investigates the prediction.

ELECTRONIC mail is getting a new
look. Philips will soon launch the $99
Videogram or V-Mail kit. A simple
colour video camera with built-in
microphone plugs into the USB (univer-
sal serial bus) socket of a Windows 98
PC. Videogram Creator software then
lets the user click on an icon, talk to the
camera and hit Escape to stop
recording.

Clicking on Send then compresses
the conventional AVI (Video for Win-
dows format file) recording by a factor
of 100, so that a one minute sound
and video message can be stored on a
standard 1-4MB floppy disk. The com-
pressed file is then sent as an ordinary
E-mail message.

Whereas previous video E-mail sys-
tems have only worked if the recipient
has matching software to decode the
sound and picture file, V-Mail bundles
matching Player software with the mes-
sage and packages it as an executable
(EXE) file. The recipient then just clicks
on the message, which unpacks itself
and plays sound and pictures.

The player software works with any
version of Windows (3.x, 95, 98, NT)
or IBM’s OS/2, and even runs on old
486 processors. The pictures display in
a small window of the screen, while the
sound comes out of the PC’s speakers.

“V-Mail will replace E-mail in four
or five years” predicts Hugh Brogan,
Chief Executive Officer of Philips PC
Peripherals Division.

RE-HOMING
5M PCs

“AROUND five million items of old IT
equipment are thrown away in the UK
each year”, so said Dr Kim Howells, the
UK’s Competition and Consumer Af-
fairs Minister, when recently launch-
ing Unwanted Computer Equipment: a
Guide to Re-use at a workshop on en-
vironmental research and development
at the DTT in London.

The handbook provides advice and
help to businesses who want to find a
good home for their old com-
puter equipment. Markets for refur-
bished computers include schools,
libraries, community centres, charities
and households. The handbook contains
a directory of UK refurbishers, so that
businesses who want to donate their IT
equipment, as well as the people who
want to get hold of it, will know who to
contact.

Copies of the handbook are available
through the DTI publication orderline
(quoting reference URN 98/979) tel:
0870 1502 500, fax: 0870 1502 333.
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AMBIDEXTROUS PCS

Multitasking takes on a broader meaning for PC use —
Barry Fox reports.

PHILIPS has now secured approval from the US Federal Communications Commis-
sion to sell Ambi, a wireless home network system which lets a single PC run two
different applications at the same time, with their different images simultancously
displayed on the PC monitor screen and a conventional TV set in another room.

Ambi, which will go on sale in the US
during this year for around $600, relies
on spread spectrum technology, similar
to that developed for secure military
communications and now used by digital
cellphones in the US. The data is spread
over a 1IMHz band at 2-4GHz.

A transceiver plugs into the PC and
sends a 4Mbps data stream to a match-
ing unit which is connected to the TV.
The TV’s unit can also send back data
entered into an infra-red keyboard. The
two-way radio line reaches 50m, so one
member of the family can wordprocess
or work on a spreadsheet while using the
PC screen, while others play computer
games or surf the Internet using the TV
screen in another room. The video sent
to the TV is converted from the VGA
computer standard to NTSC TV format.

The PC can multitask on line, so that
two people can surf the Internet at the
same time, using the same phone connec-
tion to the same Service Provider. Ambi
encrypts and labels the data sent on the
radio link so that neighbours with similar
hardware cannot tap in.

The same 2-4GHz frequency band is
available in Europe for wireless network-
ing, but Ambi cannot be sold until
each country has approved the spread
spectrum signal for local use.

DNA COMPUTER

By Barry Fox

NEC’s Research Institute in Princeton,
New Jersey, has patented (USP 5 804
373) a universal computer, as originally
proposed by British scientist Alan Turing,
that uses DNA strands instead of tape
to store the program. NEC’s research-
ers, Allan Schweitzer and Warren Smith,
used circular loops of DNA, with groups
of 20 molecules sequenced to represent
letters of the alphabet. The loops are
then cut with enzymes to create “sticky”
ends which are then re-joined to ex-
plore every possible combination. Dyes
are then used to expose the patterns
formed.

Check sequences are added to expose
errors, in a manner analogous to error
correction in a digital bit stream. NEC
is proving the system with traditional
problems, like the best routes a travelling
salesman should take to cover a number
of cities, without ever visiting the same
city twice.

NEC acknowledges that the invention
builds on proposals made by Leonard
Adelman of the University of Southern
California in 1994, but makes the
technique commercially viable. Although
DNA coimputing is slow, taking hours per
step instead on microseconds, a very
large number of strands can be treated at
the same time to create a massive parallel
processor.
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CLIVAN BBS

CLIVE BONNER (G3TGF) has asked us
to publicise his Amateur Radio Tele-
phone BBS. The BBS was set up
originally to provide a user-friendly
means of exchanging data, programs and
weather pictures. It follows the success
for many years of the Amateur Radio
Weather Net which takes place on
3786MHz each morning throughout the
year, usually between 0730-0930 GMT.

All software included on the BBS is
either Shareware or Freeware and is for
Amateur Radio purposes only, including
SSTV and Weather satellite related pro-
grams. The system has been set up to be
as simple and quick as possible, operating
without “bells and whistles™.

The 24-hour phone number for access
to the CLIVAN BBS is 01435 830484,
3333. Clive emphasises the importance of
including the last four digits in the modem
dial-out string to ensure correct routing.
Preferred FTP protocol is ZMODEM but
other protocols are available.

PIC BASIC

A FREE PIC Basic compiler has been
released by Leading Edge Technology
Led. LET has released this program to
encourage the use of PIC16Cxx series
microcontrollers along with their range
of low-cost ICE (In-Circuit Emulators),
PIC Programmers and other related

products.

The Basic compiler supports
PIC54/55/56/57/71/84, the code
produced is “stand-alone” and no

run-time modules are required. It can be
downloaded from LET’s web site:
http://let.cambs.net. LET are based in
Malta.

Nepcon Webbed

OF LIKELY interest to those who would
like to get to the Nepcon UK electronics
exhibition but cannot, is the new web
site at www.nepcon.co.uk.

Nepcon UK is the UK’s leading an-
nual event for the electronics manufac-
turing industry. The new web site aims to
be the number-one source for industry
information for the electronics manufac-
turing community in general. This year’s
event takes place at NEC in Birmingham
from 13-15 April. i

By filling in a short form over the
Web, users can access the Product Index
all year round. This is a free reference
service that informs users by E-mail
of any updated products as they ap-
pear on the site. It also offers a search
facility whereby the index may be used
to locate potential suppliers by product
category.

Nepcon UK is organised by Reed
Flectronics Events, who can be con-
tacted on 0181 910 7849.

Maplin Tailors PCs

MAPLIN ELECTRONICS have come
up with a leading solution to what they
say is the most asked question in the PC
retailing world: “What system should
1 get?”. Maplin believe that in this
increasingly computer-orientated world,
the need to have systems that meet the
consumer’s individual needs is crucial.
Accordingly, they have awarded Com-
pusys Ltd the “Build to Order” con-
tract for supply of “customer-designed”
PCs to all Maplin stores. Prices start at
£699.99.

Staff are on-hand to offer expert
advice to PC buyers when selecting
from the wide range of options avail-
able. “Maplin have long had an excep-
tional reputation for high level technical
expertise at the point of sale”, said
Gordon Davies, General Manager of
Compusys.

For further information, contact any
of Maplin’s stores nationwide (and in-
ternational), or their head office at PO
Box 777, Rayleigh, Essex §S6 8LU. Tel:
01702 554000. Fax: 01702 554001,
Web: http://www.maplin.co.uk.

wiring, and has no running costs.

ready for use whenever you need it.”

Tel/fax: 01544 230303.

SOLAR NIGHT-LIGHT

A REMARKABLY low cost solution to independent outdoor lighting at night is
being offered by Solar Solutions Fountains. Their new Sentinel Solar Powered
Light will, they say, be appreciated by anyone who “finds themselves holed up
in the shed to twilight and beyond”. The Sentinel provides reliable, power-
{ ful outdoor fluorescent lighting, with no need for costly or complicated mains

“The beauty of the Sentinel,” explains Alex Smith of Solar Solutions Foun-
tains, “is that it is so easy to use and lends itself to such a wide variety of use.
All you have to do is affix the solar panel outside your shed, garage or out-
house, position the fluorescent tube inside, and connect them with the cable
supplied. The Sentinel will charge up even in watery winter light, and is then

The Sentine! Solar Powered Light kit comes complete with an 18W fluores-
cent light with built-in battery, 5W top-quality solar panel, 5m cabling, fixings for
panel and light, plus easy-to-follow instructions. It costs £98 including postage
and packing. It is available by mail order from:

Solar Solutions Fountains, 6 High Street, Kington, Herefordshire HR5 3AX.
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QUICKROUTE

Simulation Circuit Capture
PCB Autorouting CADCAM

Imagine an electronics design system that lets you draw
schematics onto the screen and then simulate them at the
touch of a button. Now imagine pressing another button
and seeing the schematic replaced with a PCB rats-nest.
Pressing another button starts the autorouter, and finally
you can click on File then Save As to create a complete
set of CADCAM files.

Too easy? We hope so. Quickroute has always been
designed first and foremost to be easy to use. That's why
simulation, circuit capture, PCB autorouting and
CADCAM support are all integrated into one package,
So that you only have to learn one package.

But it doesn’t end there. We have included a wide range
of features in Quickroute to help you work effectively.
For example our Gerber import facility lets you check
your CADCAM files before sending them to your
manufacturer.

We have also introduced a major new PLUGIN module
called the SymbolWizard that actually creates custom
symbol designs for you. Simply select a template, specify
pad and spacing properties and SymbolWizard creates
the schematic and PCB symbols for you!

If you would like to find out more about Quickroute,
why not call us on FREEphone 0800 731 28 24, or visit
our web site on www.quickroute.co.uk. Prices start at
under £100 including UK P&P and VAT for a complete
system. :

"modern, powerful

T}
and easy fo use
Eekior Hectronics 97

FREEphone ICAD3

0800 7312824

Int +44 161 476 0202 Fax 0161 476 0505
Web www.quickroute.co.uk TEP
: s

30 DAY MONEY BACK GUARANTEE

Copyright (c) 1998 Quickroute Systems Ltd Regent House Heaton Lane Stockport SK4 1BS UK
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"Electronics Principles is a well thought out and compréhensive By Clive W. Humphris.
program that is also easy to install and stable in operation. It can ,
be wholeheartedly recommended.” ' Currently used in hundreds of UK and

Robert Penfold. Everyday Practical Electronics magazine. October 1998, overseas schools Ond. Colleges‘ to
support GCSE, A Level, City and Guilds,

And now upgraded to V6 a 32-bit package for BTEC, GNVQs and Universify courses.

WindOWS '95, ‘98 & NT. It's bigger, faster and better. A COMPLETE PC BASED ELECTRONICS
: AND MATHEMATICS COURSE, where

Additions include:- Circuit theorems, Norton, Thevenin's & the colourful inferactive graphics

Superposition...Magnetism & Electromagnetism...Motors, Generators make it idedlly suited for both

& Transformers.. Three phase systems....More on complex : personal study and a more

numbers......A beginners introduction to PIC's..... Statistics... enjoyable way of revising.

PLUS: all the Electronics Toolbox routines, along with an lllustrated

Components, Tools & Equipment Dictionary. A total of over 900 main

menu selections.

Windows 3.1, 311 users please enquire.  Multi-user site licence

- Complete Package still only £99.95*

EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
Tel/Fax: 01376 514008. sales@eptsoft.demon.co.uk http://www.eptsoft.demon.co.uk
*UK and EC countries add £2 per order for post & packing. VAT should be added to the total.
Outside Europe £3.50 for air mail postage by return.
Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry date.
Cheques & Postal Orders should be made payable to EPT Educational software.




HE DEVELOPMENT of micro-electro-

mechanical  systems (MEMS) is
progressing rapidly now. Over the past few
years it has been seen that they have come
from being a laboratory curiosily 1o a
reality where many ideas are being
developed for real applications.

These machines are subminiature
mechanical devices made from silicon.
They are manufactured using techniques
used for semiconductor manufacture. As a
result they can be made exceedingly small,
allowing them to be used for applications
that could not be conceived for small
devices made by more traditional means.
They can easily be made in large quantities.
Although the initial development costs may
be high, once these have been accounted for
the actual incremental cost of the individual
machines is relatively low.

MEMS LOCK

A novel application has been developed
at the Sandia National Laboratories in
Albuquerque, New Mexico, USA. It uses a
MEMS as a combination lock. Not only is
it of interest because of the MEMS
technology, but it is also the first known
mechanical device to be used as a com-
puter firewall to prevent unwanted hackers
from entering a computer system. Nor-
mally software firewalls are used, but
hackers who are using ever more sophisti-
cated methods can often manipulate them.
This mechanical device cannot be manipu-
lated in the same way.

There is only one chance in a million of
choosing the right code to enter. If the
wrong code is chosen then the lock has to be
mechanically reset before the system can be
accessed again. In the case of many software
firewalls, repeated attcmpts can be made t0
access the system and it is only a matter of
persistence before access is gained. There is
normally not a complete reset as in the case
of the mechanical device.

There are plenty of stories of people
breaking into computer systems like those
of the FBI, CIA and so forth. Whilst
these stories hit the headlines, and these
sites probably attract a lot of interest from
amateur hackers, the danger is no less for
other sites, where more professional or-
ganisations may have an interest. This
means that it is exceedingly important for
any computer that has links to the outside
world to be well protected from invasion
from external hackers.

In addressing this problem Sandia
looked at ways of improving the current
levels of security. It is a fact that
mechanical systems are far harder to break
than software ones. Accordingly a decision
was made to adopt a mechanicul solution
to devise a system that would prevent
unauthorised entry into computer systems.

lan Poole investigates the use of
micro-electromechanical systems in

computer applications.

The system took only three months from
initial concept to the final design. Using
ideas based around those used in weapon
safety locks, the development team was
able to design a system that was very
simple. In fact its very simplicity makes it
casy to analyse and ensure that there are
no weaknesses that could be exploited by
hackers.

CONSTRUGTION

The prototype consists of a total of
six code wheels, each less than 300pm
(micro-metres) across — see photo. These
are driven by a series of combs that
are electrostatically operated, turning the
electrical impulses into mechanical move-
ment. The design exploits all the available
levels of polysilicon in Sandia’s SUM-
MIT process. Three functional layers of
polysilicon alone are needed to create the
fail-safe discrimination capability of the
design.

The whole lock can be fabricated onto a
small chip and would typically measure
about 5 X 10mm. It could then be mounted
into the computer requiring the security
function- and driven electrically by pulses
derived from the interface.

The device can be unlocked only when
the correct code is entered. The lock trans-
lates the digital information that enters the
lock into an angular rotation of the gears.
To achieve its performance the design re-
quires three individual levels of gear teeth
where the teeth approach the mesh point
from opposite directions, unlike conven-
tional gears that approach from the same
direction. This means that the device is
specifically designed so that the gear teeth
will interfere and the device will lock up if
the wrong codc entcred.

Control of the lock can only be gained
from the secure side. It is possible for the
system controller to enter a new code as
well as resetting the lock when it has been
incorrectly accessed and locked up.

SUMMIT

One of the keys to the success of the
MEMS lock is the fabrication process
that was devised at Sandia. The MEMS
are made from polycrystalline silicon or
polysilicon for short. This material is
widely used in i.c. fabrication processes,
and it is actually stronger than steel,
making it ideal for mechanical structures.

The number of layers that are used
governs the complexity of the machines
that can be achieved. A process that con-
tains a ground plane (i.e. the base plane for
the structure) and one mechanical level is
called a two level process and can be used
to fabricate a structure such as a comb
drive. A three level process is required for
a gear on a hub. The addition of a further
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layer enables linkages to be fabricated so
that they can be used to connect various
actuators to other mechanisms. In this way
it can be seen that the addition of further
layers enables much greater flexibility to
be obtained.

The Sandia SUMMIT process creates
devices by successively setting down a
film, then placing a pattern onto the film
using photolithography, and then etching
the material in line with the pattern to give
the required shape. By repeating the
process with alternate layers of silicon
oxide and polysilicon it is possible to
create the complicated shapes such as
those required for the lock.

At the end of the process the silicon
oxide is chemically removed. Once this
has been done only the much stronger
polysilicon remains, giving the required
shapes for the machine. By designing the
correct boundaries between the polysilicon
and silicon oxide it is possible to end up
with wheels on hubs that can move.

A mask is required for each stage in the
process. The SUMMIT process requires
a total of eleven different masks. This
means that the complexity of the fabrica-
tion process is about the same as that
required for a fairly simple CMOS i.c.
However the SUMMIT process overcomes
the problems ot residual film stress that
appear in many micromachine processes
and this is one reason why its introduction
is a significant step forward.

Part of the code lock. Photo courtesy
of Sandia National Laboratories intel-
ligent micromachine initiative.

Although the realisation of the process
required much development effort it has
now been satisfactorily introduced. It is
relatively straightforward and uses the
same basic concepts as integrated circuits.
This means that once a process has been
set up the incremental costs for these
micromachines is very small.

In view of this many more ideas for
these machines will undoubtedly be found
in the next few years and they will start to
appear in many everyday applications. It
means that what was only a laboratory
curiosity a few years ago will become an
everyday fact in a few years time.
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Consiructional Project

MODULE

ROBERT PENFOLD

Your very own personal
“voice box’'. Will digitally record
up to 16 secornds of sound.

TE DAYS when gadgets capable of
understanding what we say or able
talk back to us were in the realms of
science fiction are now well and truly
behind us. This article is being dictated
into a PC using (more or less) normal
speech, and when checking the final piece
for errors the computer will be instructed
to read the text back.

It is not only in the computer world that
this sort of voice interface is starting to
emerge. All manner of electronic gadgets
that can understand simple commands and
(or) talk back to us are becoming available.

The device featured here is a general-pur-
pose voice recording and playback module
that can handle up to 16 seconds of speech.
It can be used as a complete project in its
own right, and it then operates as a simple
messaging system.

In order to record a message you simply
press a button, say a short message such as
“‘taken the cat to the vet, back at about
4-30"" and then. release the button. Your
message can then be played back as many
times as required simply by pressing a
second pushbutton switch. New messages
can be recorded over existing ones as and
when required.

RED ALERT

" Another way of using the unit is as an
alternative to an le.d. indicator or a low
power audio alarm generator circuit. When
used in this way you must first record
a suitable message into the unit, such as
a ‘‘warning — maximum temperature ex-
ceeded’’ or *‘red alert — this is not a drill”” if
your sense of humour gets the better of you!

A big advantage of this system is that
you can use any words you like, and you
are not restricted to very brief messages.
When the module is activated the message
can either be played back just once, or it can
be repeated for as long as power is applied
to the module, as preferred.

The basic recording and playback circuit
is designed to operate from a supply poten-
tial of about 5V, but an optional voltage
regulator enables the circuit to operate over
a supply voltage range of about 7V to
15V. The module has a built-in electret
microphone insert and will directly drive
a small Toudspeaker having an impedance
rating of 16 ohms or more.

Current consumption of the module is
insignificant when it is in the standby mode,

but the non-volatile memory retains its

contents even when the module is switched
off. This avoids the need for any form of
battery back-up circuit.

A unit of this type could easily be very
complex and large, but by using a dedicated
integrated circuit the component count of
this circuit is kept to a minimum. The
speech quality of many ‘‘talking’” circuits
leaves a lot to be desired, but in this case the
quality is very good due to the use of a
recorded voice rather than speech synthesis
techniques. In fact the quality is surpris-
ingly good, and is limited mainly by the
quality of the microphone and loudspeaker
used rather than the recording and playback
circuit,

Although this module is quite simple, in
most cases it will require a certain amount
of technical knowledge in order to use it
properly. Consequently, it cannot really be
regarded as a beginner’s project.

SYSTEM OPERATION

This project is based on the ISD1416
“*ChipCorder” integrated circuit from ISD.
It is an extremely complex chip that
provides all the active circuitry needed for
this application. The internal arrangement
of this chip is shown in the simplified block
diagram form of Fig 1.

The output level from an electret
microphone is extremely small, and a large
amount of amplification is needed in order
to bring the signal to a level that will drive
the analogue-to-digital converter properly.

b AUTOMATIC

INTERNAL TIMING

GAIN CONTROL CLOCK CIRCUIT
/
MIC ;
3 wicropHone § HIGK GAIN 5-POLE
{ | PREAMPLIRER AMPLIFIER LOW PASS FILTER

L31

LOW PASS FILTER

5.POLE w1 srDGE

AMPLIFIER

ADDRESS INPUTS

Fig.1. Simplified block schematic diagram for the ISD1416 voice chip.
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A low noise preamplifier followed by a high
gain amplifier provides this amplification.

It is likely that the input level will vary
enormously depending on factors such as
the particular microphone used, the distance
from the user to the microphone, and the
loudness of the user’s voice. The input
stages of the device therefore incorporate a
simple but effective a.g.c. (automatic gain
control) action that prevents overloading
and the extreme distortion this would
produce.

signal jumps from one sample level to the
next.

This effectively provides an output sig-
nal that is modulated with the sampling
frequency. In this case the sampling fre-
quency is well within the audio range, and
could produce a clearly audible tone on the
output. The lowpass filter at the output
smoothes the signal to remove the stepping,
and in doing so it also removes any audible
breakthrough of the clock signal.

encapsulation, is shown in Fig.2. There are
separate supply pins for the analogue and
digital circuits, but in normal use these are
fed from a common supply.

Pins designated AO to A7 are the address
inputs, but in many applications these can
simply be connected to the OV supply rail
and otherwise ignored. If the two most sig-
nificant bits (A6 and A7) are high, the ad-
dress inputs control the operating mode of
the device.

Address input A3 is one of the

ACTIVE FILTER

The next stage in the main sig-
nal path is a 5-pole lowpass fil-
ter. In common with other digital
recordings systems, this one uses a
system of sampling the input sig-
nal at regular intervals.

The sampled values are stored
in memory, and then played back
through a digital-to-analogue con-
verter during playback. This con-
verts the stored values back to
the original sample voltages, and
recreates the original signal.

One slight problem with any
sampling system is that any in-
put signals close to the sam-

e most useful, and controls whether
wold e —" D-2§-DK;.TTA"L:VCC o the chip operates jn single-shqt
a1 —20] 2 o st mode or loops gontmuously. This
hoadi 2 EQTEHNAL'C:;,-::@E' input is taken high in grder to set
prete] L5 oecoro. ) the éiewce into the continuous loop

% ot mode.
A D_P"‘W [EOGE SEsiSTIvE There is provision for an exter-
[iion-k D2 AT mﬂgmj nal clock cireuit, arid the clock sig-
NO CONNESTIRN =(] :’_NO SORNECTION nal can be applied to pin 26. This
NOCONNECTlON—gC 1SD1418P 2L ANALOGUE OUTPUT facility is not normally required,
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Lt UTAGC = ,,&F OV supply rail.
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ANALOGUE Vgg —EC D—ANALOGUE Viss S PLA YBACK
SPEAKER + mit | 2 SPEAKER - Recording and playback are
L e controlled via three inputs, one of
i which is used to produce record

pling frequency produce a very
severe form of distortion known as
‘‘aliasing’” distortion. In this case the
sampling frequency is just eight kilohertz
(8kHz), which is well within the audio
range. This makes it important to have
a very effective filter to attenuate input
signals at more than about one-third to
one-half of the sampling frequency.

This is the purpose of the 5-pole ac-
tive lowpass filter at the input of the
analogue-to-digital converter. With a sam-
pling frequency of 8kHz, the maximum
signal frequency that can be handled by the
system is only about 3kHz or 4kHz, but this
is perfectly adequate for good results with
speech signals.

The ISD1416 data sheet is very vague
about the analogue-to-digital and digital-
to-analogue converters, which are simply
referred to as ‘‘analogue transceivers’’, but
the audio quality of the device would sug-
gest that these have a resolution of at least
8-bits. The EEPROM has a capacity of 128
kilobytes, which together with the sampling
rate of 8kHz gives a maximum message
duration of 16 seconds.

Typically, the memory retains its con-
tents for 100 years, and has a lifetime of one
hundred thousand record cycles. Some of
the address inputs are accessible, but in
normal operation it is not necessary to take
direct control of the memory. The internal
control circuits automatically start playback
at the beginning of the sample and halt it at
the end.

It is not necessary to use the full 16
seconds of message time, and messages
can have any duration up to the 16-second
maximum available. The device has in-
ternal clock oscillator and timing circuits
that provide suitable control signals to the
converters, memory, etc.

ouTPUT

On the output side of the converter
stage there is another 5-pole lowpass filter
and a small audio power amplifier. Any
sampling method of recording inevitably
results in a stepped output waveform as the

Fig.2.

The power amplifier at the output of the
device is a bridge circuit that can directly
drive a loudspeaker that has an impedance
of 16 ohms or more. Using a bridge circuit
enables a reasonable output power to be ob-
tained despite the fact that the supply poten-
tial is only 5V and the loudspeaker is a high
impedance type.

The ISD1416 also includes a substantial
amount of control logic that enables the
recording and playback functions to be
controlled by just two pushbutton switches.
These control circuits also govern such
things as whether the device operates in the
one-shot mode or plays back samples
continuously.

PINOUTS
Pinout details for the ISD1416, which
is contained in a standard 28-pin d.i.l

Pinout details for the ISD1416 speech recorder chip.

cycles (pin 27). Like the other
control inputs, this pin is nor-
mally held high. However, it must be
taken low and kept low while the message
is recorded.

An open collector output at pin 25 is
switched on during this period, and can
be used to operate an l.e.d. indicator
which confirms that the recording cycle is
proceeding normally. If the recording has
not been completed by the end of the
16-second maximum recording period the
le.d. will switch off to indicate that the
recording has finished.

Pin 23 and pin 24 control playback, and
in most applications it is the edge sensitive
input at pin 24 that is utilized. Taking this
input low, even momentarily, results in
the complete message being played back.
When using the level sensitive input at pin
23 the message is only played back while
the input is held low, and the message will
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Fig.3. Complete circuit diagram for the Voice Record/Playback Moduie.
be truncated if this input is returned to the o T
V4

high state prematurely.

On the audio side of things there are dit-
ferential inputs at pin 17 and pin 18. Dif-
ferential inputs can help to ease problems
with stray pick up of noise, but in most ap-
plications there will be no long microphone
cables and this will be purely academic.

A resistor and capacitor network con-
nected to pin 19 controls the decay time
of the a.g.c. circuit. The output of the
preamplifier and the input of the amplifier
stage are available at pins 20 and 21
respectively, and an external capacitive
coupling is required here. Four pins of the
device have no internal connections.

CIRCUIT OPERATION

The full circuit diagram for the Voice
Record/Playback Module appears in Fig.3.
In practical applications not all of the com-
ponents and links shown in the circuit dia-
gram will be required. We will deal first
with the components that MUST always be
included.

The microphone MICI is capacitively
coupled to the inputs of the voice chip
IC1 by way of capacitors C6 and C7. Un-
like most types of microphone, the electret
variety has a built in preamplifier that re-
quires a power source.

Modern electret microphones usually
have just two terminals, and require an
external load resistor for the preamplifier
stage, as shown in of Figda. The
preamplifier is usually a simple j.fe.t.
circuit that will operate from a low supply
potential and draws little supply current. In
most cases the circuit will operate at supply
potentials as low as one volt or so, and with
a supply current of less than 100
microamps.

INPUT CIRCUIT

The input circuit used here may lock a
little unusual, but it uses the method
recommended in the data sheet for the
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Fig.4. (/efz‘) Normal method of using an electret microphone insert, and (right)

producing differential output signals.

ISD1416. This produces differential output
signals using the method of connection
shown in Fig.4b.

Resistor R9 and capacitor C8 form a
decoupling network in the supply to the
microphone circuit, see Fig.3. This avoids
problems with feedback through the supply
lines, and digital noise being coupled into
the audio path via the supply.

The OV supply for the microphone circuit
is obtained from pin 25 of ICI, which
results in the microphone circuit being
switched off except when a recording is
being made. This maintains the very low
standby supply current of less than a
microamp.

Diode D1 is the Recording indicator Le.d.
and R6 is its current limiter resistor. In-
cidentally, this lLe.d. also flashes briefly at
the end of each playback cycle.

Capacitor C5 and resistor R7 couple
the output of the microphone preamplifier
to the input of the amplifier stage. The C-R

timing network for the a.gc. circuit is
comprised of C4 and R5. It is necessary to
use a fairly long e constant here in order
to avoid rapid changes in gain and conse-
quent distortion.

Because the output amplifier is a bridge
circuit it is not necessary to use a coupling
capacitor in serics with loudspeaker LS1.
Under stundby conditions both outputs are
about halt the supply potential, giving OV
across the loudspeaker.

In operation the outputs provide anti-
phase signals (i.c. as one output goes more
positive the other goes negative by an iden-
tical amount). This gives 2 muximum output
voltage that is twice as high as using a
single-ended output stage. and in theory the
peak-io-peak output veltage can be double
the supply potential.

In terms of output power a bridge circuit
gives up to four times the output of an
equivalent single-ended circuit. Although
the circuit only operates from a 5V supply,
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using a high impedance (about 64 ohms)
loudspeaker provides adequate volume for
most purposes.

If the unit will be used in a noisy
environment it would be better to use a 160
ohm impedance loudspeaker, but a com-
ponent of this impedance is unlikely to be
available. Using two 8 ohm impedance
loudspeakers connected in series is prob-
ably the best option. Nofe that using a
loudspeaker having an impedance of less
than 16 ohms could damage ICI.

SUPPLY NEEDS

The ISDI416 is designed to operate
from a 5V supply, and voltage regulator
IC2 plus capacitor C9 are unnecessary if a
supply of about 4-5 to 5-5V is available. If
the unit is to be battery powered, three AA
cells in a holder provide a nominal 4-5V
supply and seem to give good resuits. Due
to the very low quiescent current con-
sumption of no more than 10pA (and
typically just O-5uA) it is unnecessary to
use an on/off switch if the unit is used in a
stand-alone application.

If the module is used instead of an le.d.
indicator and has to operate from a supply
of about 7V to 15V, it must be powered
via IC2, and both IC2 and C9 must be
included. Note that the standby current
consumption of the circuit will be up to a
few milliamps if IC2 is included, due to
the current consumption of IC2 itself. This
factor should not be important when the
module is used in place of an le.d. in-
dicator, because it should be switched off
for the majority of the time.

Link LKI is included if the unit must
operate in the mode where it loops con-
tinuously, repeating the message for as
long as power is applied to the circuit. For
single-shot operation include link LK?2 in-
stead. One or other of these link-wires
must be included, but obviously net beth.

If the module is used as a stand-alone
device for handling messages, both switch
St and S2 should be included. S1 is
operated while a message is recorded, and
S2 is pressed briefly in order to play back
messages.

These switches could be included if
the unit is used in place of an l.e.d. in-
dicator, but they are not really needed. A

crocodile clip lead or virtually any short
piece of wire can be used to connect the
appropriate two pins on the circuit board
while your message is recorded. The same
method can be used to trigger the unit to
check that your message has been recorded
properly.

L.E.D. INDICATOR

Where the unit is used in place of an
lle.d. indicator it is clearly necessary to
have the circuit trigger automatically when
it is powered-up. One way of achieving
this is to include capacitor C3 and resistor
RI.

Capacitor C3 keeps pin 24 of IC1 low
for several milliseconds after power-up,
and this triggers it into a playback cycle.
The message will, of course, be played
back repeatedly if link LK1 is included.
Resistor R1 discharges C3 when the power
is removed so that the unit is soon ready to
trigger again when power is restored.

Access to the level sensitive ‘“‘play”
input at pin 23 is provided, or link LK3
can be included so that this input is per-
manently held low. On the tace of it this
provides another means of automatically
triggering the unit when it is powered-up,
but this does not always seem to have
the desired effect, and the author would
recommend using R1 and C3 where auto-
matic triggering is required.

CONSTRUCTION

The component layout and actual size
copper pattern for the printed circuit board
(p.c.b.) are shown in Fig.5. This p.c.b. is
available from the EPE PCB Service, code
225

The board is fairly straightforward to
construct, working from the smallest to
largest component, but the ISD1416P is a
CMOS device and is not particularly
cheap. It is therefore essential to ad-
here to the standard anti-static handling
precautions.

You must use a holder for the “‘voice™
chip IC1, but do not plug it into its socket
until the circuit board is otherwise com-
plete. Try to touch the pins as little as pos-
sible, and keep the device away from any
obvious sources of static charges such as
computer monitors and television sets.

‘

" COMPONENTS

Resistors

R1 10M

R2, R3, R4 100k (3 off) ee

Eg R9 4Z(()k n  SROP

36, 1k (2 off’ SO LW ™
R7 4k7 TALK
All 0-25W 5% carbon film
Capacitors

C1,C9 100n disc ceramic (2 off)
C2 1n polyester

C3 470n polyester

C4 4.7 radial elect. 50V

Cs5 100n polyester

Cs6, C7 330n polyester (2 off)

c8 220y radial elect. 10V
Semiconductors

D1 red panel l.e.d.

IC1 ISD1416P voice

record/playback

IC2 78L05 +5V 100mA
voltage regulator)

Miscellaneous

S1, 82 pushbutton switch,
push-to-make,
release-to-break (2 off)

MIC1 electret microphone insert

LS moving coil loudspeaker,

16 ohms or more
impedance (see text)

Printed circuit board available from
the EPE PCB Service, code 225; 28-pin
d.i.l. holder; multistrand connecting wire;
solder pins; solder etc.

Some components are not required,
depending on the mode of operation.
Refer to main text for detailed informa-
tion on the components required for

“Approx Cost

each method of use.

The electret microphone must be con-
nected with the right polarity if it is to
function well. The lead that connects to
the metal case of the insert is usually the
negative supply terminal, but where pos-
sible this point should be checked using
the manufacturers or retailers literature.

Guidance Only

oV 45V +7VTO+15V

LSt

N ouT

(o (e]C2
LR2_ LK1 > -
SR
s
6@ @

usok ¥

CRORC RN RORORCNORORCIROES)

(o _cr.®
CmoE
: L {5} le

RN CIIZI)
S PR 0
R N
¢

Fig.5. Voice Record/Playback Module printed cir-
cuit board component layout, wiring and full-size
copper foil master pattern.
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simple alternative is

[y to drill a matrix of
holes about four or
five millimetres in

= diameter, but this

VOICE needs to be done
MOBULE 1
very carefully if a

neat appearance is to
be obtuined.
Miniature
loudspeakers
invariably lack any
provision for screw
fixing, leaving little
alternative to gluing
them in place. Only
apply the adhesive to
the front rim of the
loudspeaker, taking

care not to smear any
over the diaphragm.
+ Any good quality

general-purpose

o

¢) d)

VOICE
MODULE adhesive should do
S e the job quite well.
Building the unit
O ov into a larger project

will require some

F/’g. 6. Two examples of using the module in place of an l.e.d.

OPERATING CHOICE

As pointed out previously, some of the
components and link-wires will not be re-
quired, and which ones that have to be
left out depends on your precise applica-
tion. The following examples should help
to clarify matters.

Stand-alone Messaging System

Omit 1C2, C4, €9, link LK1, link LK3,
and R1. Power the unit from a 4-5V bat-
tery and use the OV and +5V supply
inputs.

Indicator L.E.D. Replacement for

5V Supply
Omit 1C2, €9, and link LK3. Include
pushbutton switches S1 and S2 tem-

porarily while the module is programmed
and checked, or improvise with pieces of
wire. For one-shot operation include link
LK2 and omit link LK1. For continuous
looping omit link LK2 and include link
LK1. Use the OV and + 5V supply inputs.

Indicator L.E.D. Replacement for
7V to 15V Supply

Omit link LK3. Include switches S1 and
S2 temporarily while the module is pro-
grammed and checked, or improvise with
pieces of wirc. For one-shot operation in-
clude link LK2 and omit link LKI. For
continuous looping omit link LK2 and in-
clude link LK1. Use the OV and +7V to
15V supply inputs.

CASING-UP

If the unit is constructed as a stand-
alone messaging system it will obviously
have to be fitted in its own case, and
virtually any small to medium size case
should accommodate everything. A grille
is required for the loudspeaker, and there
are various ways of producing this.

The standard approach is to make a
large round cutout that is slightly smaller
than the diameter of the loudspeaker. A
piece of speaker cloth or fret is then
glued in place behind the cutout. A
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space has to be found
for both the circuit
board and the loudspeaker. This will
normally necessitate using a somewhat
larger case than would otherwise be
required. The notes on mounting the
loudspeaker provided previously also
apply here.

It might be possible to add the module
into an existing project, but this is de-
pendent on there being sufficient space
available in the case. There must also
be sufficient front panel space for the
loudspeaker. It will be necessary to par-
tially dismantle the project so that the
cutout for the loudspeaker and mounting
holes for the circuit board can be added
without damaging any of the original
components.

If there is not enough space available to
add the module into an existing project, it
might be better to construct it as an ex-
ternal add-on rather than rehousing the
project in a larger case. A twin cable plus

suitable connectors will then be needed to

connect the two units together.

LINKING-UP

In order to use the module as part of a
larger project it is essential to have a cer-
tain amount of technical knowledge. It is
not possible to provide detailed connection
information for a wide range of projects

here, and this project is aimed at those_,'

who have some experience of electronic

design and know what they are doing. In =

most cases a certain amount of experimen-
tation will be needed in order to get things
working well.

If the main project operates from a 5V
supply it might be possible to use an out-
put of the project to control the module via
pin 23 or pin 24 of IC1. In most cases it
will be easier to simply connect it in place
of an l.e.d. indicator, making sure that it is
connected with the correct supply polarity.
The ISD1416P will probably be destroyed
if the supply is connected with the wrong
polarity.

The current consumption of the module
is likely to be somewhat higher than that

careful planning, as

of an l.e.d., and can be as high as 30mA.
There is no point in trying to use this mod-
ule with outputs that can only supply a few
milliamps.

Sometimes, l.e.d.s are driven from a
switching transistor, as shown in Fig.6a.
This type of stage can usually provide
quite high output currents, and it should
control the module without any problems.
If necessary the base resistor (R,) can be
reduced in value slightly, but this will not
normally be necessary.

Of course, the module should be driven
direct from the collector of the transistor,
as in Fig.6b, and current limiter resistor Ry,
should be omitted. If the l.e.d. is driven
from the output of an integrated circuit via
a current limiter resistor (Fig.6¢), it will
usually be possible to drive the voice mod-
ule direct from the output of the integrated
circuit, as in Fig.6d.

There are likely to be problems if the
output is specifically designed to drive an
l.e.d., and there is a built-in series resistor
or current regulator circuit. Direct control
of the voice module is then unlikely to
work, and a switching stage will have to
be added.

TESTING, TESTING,
1-2-3

Once the project has been completed
and all the wiring has been thoroughly
checked it is time to power-up the circuit
board and record your message. Pressing
switch S1 or wiring pin 27 of IC1 to the
0V supply rail will force the module into a
record cycle, and l.e.d. D1 should light up
to indicate that recording has commenced.
If D1 fails to light, disconnect the power at
once and recheck the circuit board.

Assuming all is well, speak your mes-
sage clearly and in a reasonably loud
voice. Electret microphone inserts are not
usually very sensitive, so you will prob-
ably have to be within about 300mm of
the microphone in order to obtain good
results.

Release S1 or remove the wire link as
soon as you have completed your message,
which must be no longer than 16 seconds
in duration. D1 should then switch off.

To play back your recording either press
switch S2 briefly, or remove and reconnect
the supply, as appropriate. If the volume is
very low and the signal is distorted it is
likely that the microphone insert has the
wrong polarity. Reconnecting it with the
correct polarity and recording your mes-
sage again should rectify the problem.
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Special Review

DES

ROBERT PENFOLD

Robert ‘“‘test adrives’ a new
software C[O-FRFOM package.

HIS educational software is firmly

based on the series of articles that

appeared in EPE between November
’95 and August 96 under the title Teach-
In '96 — A Guide to Modular Circuit
Design. It is not actually a program, but a
set of HTML files. In effect it is an In-
ternet site on a CD-ROM.

It should work with any PC that is
equipped with an Internet browser, but note
that no browser is included on the CD-
ROM. This should not be a major problem
since browser software is widely availuble
free of charge, either via the Internet or on
the cover disks of computer magazines. If
you are using a modern operating system
you may well find that a browser is
included.

STARTING POINT

In order to use the software you locate
the “‘Start™ file and then use the browser to
run it. It is then a matter of navigating
your way around the “‘site”” by clicking
on the highlighted link words. The initial
page (Fig.1) has links to sections that give
general advice on using the system, and a
more detailed introduction to the system.

2.
7%»_-. g Fual

As its name suggests, this software
teaches the user about circuit design using a
modular approach. Three types of module
are available, and these are input, output,
and signal processing modules.

As the accompanying text points out, in
the real world it is not always possible to
compartmentalise things quite a simply as
this. and (say) an input module could be
used as a signal processing stage. In general
though. designs produced using this sys-
tem consist of an input module, an output
module, and (possibly) one or two signal
processing stages in between.

A reasonable range of modules is
provided, including simple sensors,
amplifiers, triggers, timers, an audio mixer,
relay drivers, and so on. Most of the
modules are what would be broadly termed
analogue circuits, but there are also a fair
number of digital modules. These include
such things as simple bistable latches, J-K

[ 2§ Contents ~ Micfosoftt

e B e anmm‘vas;ﬂmm“
ey

flip/flops, and CMOS monostables. Using
the modules it should be possible to
produce circuits that cover a wide range of
applications.

When you are familiar with the general
concepts of the software the next step is to
progress to the example designs. There are
about a dozen of these covering such things
as a Reaction Tester, a Flood Alert circuit,
and a Temperature Warning system.

Clicking on the highlighted text for the
design you require brings up a page that
provides a brief description of the system as
a whole, and each of the modules. There are
then links to the circuit for each module
together with a more detailed description of
each one, plus a link to the complete circuit.

Unfortunately, most links are to general
sections dealing with a range of sensors,
signal processors, or whatever, which can
be a bit confusing at first. The descrip-
tions are also rather brief, but do cover the
most important aspects of each module.
Users arc encouraged to experiment with
the designs, and wlere appropriate there is

‘advice on how to alter the characteristics of

the modules.
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Fig.2. Contem‘s screen listing page.

ROLLING YOUR OWN

Once you have looked through some of
the design examples, it is time to try your
hand at designing a circuit from the
supplied modules. The section called
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“Realising your Design™® gives some
general advice on how to proceed, but from
here onwards you are largely left to your
own devices.

Suppose you wanted to produce a circuit
that switched on an l.e.d. each time sound
was detected. There is more than one way
of seeking the appropriate modules for the
job, but probably the best one is to go
to the *‘Contents’” page (Fig.2) and look
through the various input and output mod-
ules. From here there are links to the sec-
tions dealing with the sound input module
(Fig.3) and l.e.d.s (Fig.4).

You then have to consider whether or

not a signal processing stage is
required, which in this case it
probably would be. Looking at the
processing modules for a suitable

L5 Butput Modules: Part 4 iCre—ed Eisran( Explui:

[t i

Fig. 12 15 much lower than calculation svould sug

WHY DO WE NEED A RESISTOR?

current that the battery will quickty run dovwn,

Modutar Circuit Design * data | contents | index | home

OUTPUT MODULES: Part 4

CALCULATING LED SERIES RESISTORS

So far in this sertex. we have suggested values for various LED series resistors. These values were first caleulated. and
then the result was sometimes modified according to experience with a particular circuit. For example the 220R resisior in
st, due to the output resistance within the IC'. Even so, the method by
which values are calculated is fairly slraighrfolwm'd and provides a good starting point in selecting a resistor value.

Figure 1 shows how a bulb 15 comnected to a power supply (in this case a battery). and the "beginner's way’ of connecting
an LED. Unfortunately the LED often works and the user is unaware that the LED is being destroyed. and passing so much

g

7 lopul Moduies PartB Mmmsuiwe fiﬁm SZ\\ i battery
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The sound input module shown in Fig 4 is based on the non-inverting amplifier in Fig. 1.

The circuit shown is designed to swiich 1ts output from o (about OV) to hi (several volts) whenever it recerves a soand
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INPUT STAGE

arrangement shown in Fig. 1.

The module 1s based wound an op-amp. and the common 741 (sometimes coded LM 741) works well in thus applicatron
The circuit may not be easy to recognise due to the components required to make the IC work on a single rail supply i.c. a
normal power supply. If you mentally remove R2. R3. and the capacitors, the circuit around the IC fooks more like the

F/g 3. One of the Sound Input modu/e pages

amplifier shows nothing really suitable,
but a second look at the output mod-
ules shows that various driver modules are
available, including an le.d. driver type.
This looks well suited to our example
application.

After drawing up the complete circuit by
joining together the appropriate two mod-
ules, it is time to either simulate or build
the circuit to see how it performs. If you
decide to build the circuit, which is almost
certainly the best approach, there is a data
section (Fig.5) which gives semiconductor
pinout details and other useful data.

One drawback of this software is that it
is not interactive, and does not have any
form of built-in circuit simulator. If you
wish to take the simulation route it will
be necessary to obtain a separate circuit
simulator, which is likely to be quite ex-
pensive. It should not be too difficult to
test designs using either approach, since
designs produced using this software will
be reasonably simple.

It should, however, provide just the
right level of information for those wish-
ing to build GCSE projects, for example,
encouraging some research in order to
come up with the final design, rather than
giving away too much instant assistance
with a ready-made circuit diagram. In this
respect, it will be a welcome addition to
many school resources and to hobbyists
who want to move on from just copying
published designs.
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STABILITY

During the review period there were no
signs of instability with this software, and
no missing links were discovered. It does
not require a powerful PC, and it should
run reasonably well on any PC that can
handle HTML files.

Obviously, a CD-ROM drive is
required, and there is a potential problem
here for some users. The review software
was supplied on CDR rather than a pressed
CD, and some of g
the older CD-ROM %

drives can have B ol
; i

to include a large printed manual with
software of this type, but there is a useful
two-page leaflet to help new users get
things underway.

BOTTOM LINE

This software is very simple when
compared to most of the competition. It
does not cover such a wide range of
topics as the popular Electronic Prin-
ciples program for example, and it does
not have the built-in circuit simulator of
Crocodile Clips. On the other hand,
costs much less than either of these.

Modular ~ Circuit Design certainly
provides a good introduction to circuit
design. It is well suited to complete
beginners provided they are guided by a
tutor, and should also be usable by those
who have gained some experience at
project building and wish to progress to
something more than cloning published
designs.

Prices (including VAT) for the Modular
Circuit Design CD-ROM are as follows:;
Full version £19.95
Full version site license £39.95
Sample version £6.95

It is available by mail order from the
EPE/ETI Direct Book Service (see page
290 in this issue).
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Advertisement

30% discount for EPE readers

Features on a digital multimeter
3-5 digit 44 ranges

AC & DC voltage & current

Resistance & capacitance

Diode, continuity & Hfe

Frequency to 20MHz

Logic test

Auto pwr off, data & pk hold 0
Oterloa protaction Vann Draper Electronics Ltd
Input warning beeper The test & measurement specialists
Gold plated switch contacts www.vanndraper.co.uk

Protective rubber holster e ——
| Use this coupon for your order
Vann Draper is offering the professional quality LP310 digital multimeter to readers ;. s 8

of Everyday Practical Electronics at a special discount price. .
| = e LP310 multimeter(s) at £49.00 inc. vat & del.

The LP310 normally selis at an already low price of £69.33 but is available to | Name:
readers of EPE for only £49 fully inclusive of vat & delivery. | pearess:
The meter is supplied ready to use complete with test leads, rubber holster, battery,
operating instructions and a 12 month guarantee.

To order simply post the coupon to Vann Draper Electronics Ltd at

Unit 5, Premier Works, Canal Street, South Wigston, Leicester LE18 2PL. Tel No:
Alternatively tel 0116 2771400, fax 0116 2773945, email sales@vanndraper.co.uk Total £

Cheques payable to Vann Draper Electronics Ltd

o o o P e e e o e i e e e o e e o o e e o e e

Key Speciiications
DC volts 200m, 2V, 20V, 200V, 1000V basic accuracy 0-25% ogaebitpypVica; MastercardlogSwichileard
AC volts 200m, 2V, 20V, 200V, 750V basic accuracy 1-2% Card type:
DC current 200uA, 2mA, 20mA, 200mA, 2A, 10A Card No:
AC current 200uA, 2mA, 20mA, 200mA, 2A, 10A B o
Resistance 200, 2k, 20, 2000, 2M, 20M, 2000M )
Capacitance 2nF, 20nF, 200nF, 2uF, 20uF Signature
Frequency 2kHz, 20kHz, 200kHz, 2MHz, 20MHz auto ranging Overseas readers can still obtain this discount but carriage charges vary
Size and weight ~ 200x95x55mm, 500g (with hoister) e e i et bl o
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Mhether you are an Amateur or an Engineer, this encyclopaedia is an incredible mine of information
and will help you to save hundreds of hours of search. =i

The 10 CD-ROM set contains complete datasheets on over 180.000 circuits from 61 manufacturers
which represents more than 300.000 pages of technical information in PDF format.

The search engine helps you to find the datasheet of a specific circuit in seconds, compare several
circuits at the same time and print or export the data.

Dannell Electronics Ltd
Unit 15, Enterprise Court

R e ‘ Lakes Road ¢ Braintree * Essex CM7 3QS
T — | Phone : 01376 550262 * Fax : 01376 550019 \ 2
o - R ! ¥ RN email : datanet@dannell.co.uk :

. B Data-Net runs with Windows® 3.1/95/NT3.51 and NT 4.0

. 10 CDs, 180. 000 circuits, 300.000 pages of mfo.
' fot“’ £39 Ol'“y (inc. VAT and UK postage)
s

Cheques & Postal Orders should be made payable to Dannell
Electronics Ltd. Visa, Master/Eurocard orders are accepted. Please
give card number and expiry date. For orders from within EU, please

add £5.50 for airmail postage. For foreign orders, we use the VAT
portion of the price for airmail postage and packing.
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Special Review

PIC16FE7x
MICROCONTROLLERS

JOHN BECKER =

Mlicrochip’s new EEPRCON
microcontrollers have greater

capacity and much more to offer

than the familiar PIC 16xE84ds.

HOUSANDS of you have become

familiar with the PIC family of
microcontrollers. Over the last three years
we have published many designs that use
them. The principal members of the family
that have been used in the designs are the
PIC16C84 and PICIGF84. Our PIC
Tutorial series of March to May '98 was
based upon them. (This series is now
available on CD-ROM — see this month's
CD-ROM page).

FAMILY ADDITION

Arizona Microchip, the manufacturers
of the PIC devices, have now introduced a
new range to the family, the PIC16F87x
series. In many respects, these new devices

Table 1. Core features

can be regarded as greatly enhanced ver-
sions of the '84s (more specifically, they
are CMOS Flash versions of the existing
PIC16C73/74/76/77 devices).

Importantly, not only do they have
greater capacity than the ’84s, they offer
more facilities that make them ideal can-
didates for use in many sophisticated
designs for which the ’84s could not
readily provide complete control solutions.

Of particular importance are their
several on-chip analogue-to-digital con-
verters (ADCs), and their communications
options based upon internal USART
(Universal Synchronous Asynchronous
Receiver Transmitter) protocols.

It is worth noting, however, that the

: 'F87s cannot be used
with the PIC Tutorial

® High-performance RISC CPU

printed circuit board,

® 35 single word (14-bit) instructions (identical to PIC16x84) or with the PIC

e All single cycle instructions except for program branches which

are two cycle
e Operating speed: d.c. to 20MHz

d.c. to 200ns instruction cycle
(PIC16x84 max speed = 10MHz, 400ns)
® Up to 8K x 14 words Flash Program memory
Up to 368 x 8 bytes Data Memory (RAM)

Up to 256 bytes EEPROM Data Memory
(PIC16x84 = 1K, 36, 64, respectively)

e Pinouts compatible to the PIC16C73/74/76/77
e Up to 14 internal/external interrupt sources

(4 for 'x84)
e Eight level deep hardware stack
® Direct, indirect and relative addressing
® Power-on-Reset (POR)

16x84 Toolkit  pro-
grammer (July ’98).
Methods by which
they can be pro-
grammed are  dis-
cussed later.

CORE
FEATURES

There are currently
four devices in the

"F87x series: PIC16F873, PIC16F874,
PIC16F876 and PIC16F877. Their core
features are shown in Table 1. The features
that are improvements on the ’84s are
highlighted in bold.

Their peripheral features (of which none
except for TimerQ0 are included in the
*84s) are shown in Table 2, whilst specific
key features for the individual devices are
shown in Table 3.

Pinouts on the standard plastic dual-
in-line (DPIP) packages are given in
Fig.l (surface mount variations are also
manufactured).

PORT FUNCTIONS

The following is a summary of the ports
available on the "F87x devices.

PORTA. This is a 6-bit wide (on the
*84 this port is 5-bit) bi-directional port for
which any of the pins may be individually
set as inputs or outputs (as with the '84).
Unlike the ’'84, however, this port has
the extremely useful additional feature of
having five pins that may be configured as
analogue-to-digital inputs. Two of the pins
may also be used as reference voltage
inputs, although not at the same time that
they are used as ADC pins.

PORTB. As with the 84, this is an 8-
bit wide bi-directional port for which any
of the pins may be individually set as in-
puts or outputs, and with the option of bias-
ing the inputs high via internal pull-ups. In
common with the '84, two of themh (RB6
and RB7) can also be used as the Data and
Clock pins when downloading program data
to the device. However, an additional fea-
ture has been given to pin RB3, allowing it
to be used to set the '87x devices for on-
board low voltage programming (see later).

e Power-up timer (PWRT)
® Oscillator start-up timer (OST)
® Watchdog timer (WDT) with on-chip RC oscillator
® Programmable code protection
® Power saving Sleep mode
® Selectable oscillator options (as for 'x84)
e Low-power, high-speed, CMOS Flash/EEPROM technology
® |n-circuit 2-pin 5V serial programming
® 3-pin 12V/14V serial programming
® In-circuit Debugging via two pins
® Processor read/write access to program memory
® Operating voltage range 2.0V to 5.5V
(x84 = 2V to 6V)
o Sink/source current 25mA
e Power consumption, <2mA typical @ 5V 4MHz, 20..A typical
@ 3V 32kHz, <1uA typical standby
(‘x84 =<2mA, 60uA, 26pA, respectively)

Evervday Practical Electronics/ETI, April 1999

<«—> RB7/PGD
<«—>» RB6/PGC
«—» RB5
«—» RB4
«—» RB3/PGM
RB2
«—>» RB1
«—» RBO/NT
«+—— +4VE
<«—— GND
<«—>» RC7/RX/DT
«—>» RCB/TX/CK
<«+— RC5/SDO
RC4/SDV/SDA

MCLRNVppITHY —> [ \/
RAD/ANG  €—>
RAT/ANT <—

RAZ2/AN2/VREF - *—>

RA3/ANSVREF + <+—>
RAMTOCKI <-——

RAS/AN4/SS  €——p
GND —>
OSCUCLKIN ——
OSC2/CLKOUT  «——

RCO/T10SOTICKI  <—»

RC1/T10SI/CCP2  #—>
RC2/CCP1 <—>»

RC3/SCK/SCL  «—

EEEIEEIEEEEEEEIE!

|

FEEREEEENEREEME

Fig.1. Pinout details for the PIC16F873/876 microcontrollers.
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PORTC. This port is not available on
the °84. It is an 8-bit wide bi-direc-
tional port for which any of the pins may
be individually set as inputs or outputs.
Several peripheral functions are multi-
plexed with this port, as outlined in Table
4. They will be described separately.

PORTD. Only the 40-pin ’'F87x
devices have this port available ("F874
and 'F877). It is an 8-bit bi-directional
port and all its pins have Schmitt trigger
inputs. it can be configured as an 8-bit
wide Parallel Slave Port when interfacing
to a microprocessor bus.

Table 2. Peripheral features

output/2, so allowing a maximum bit
clock frequency (at 20MHz) of 5.0MHz.

In Slave Mode, the data is transmitted
and received as the external clock pulses
appear on SCK. When in Sleep mode, the
Slave can transmit and receive data, al-
though when a byte is received the device
will wake up from Sleep.

To emulate 2-wire communication, the
SDO pin can connected to the SDI pin.
When the SDO pin needs to operate as a
receiver, the SDO pin can be configured
as an input, which disables transmissions

There is a dedicated 8-bit baud
rate generator that supports both the
asynchronous and synchronous modes of
the USART. The baud rate is software
controllable, between 19.53 kbaud and
5000 kbaud at a crystal oscillator rate of
20MHz when in synchronous mode.

In asynchronous mode, the USART
uses standard non-return-to-zero (NRZ)
format (one start bit, eight or nine
data bits and one stop bit). The most
common data format is eight bits. The
USART transmits and receives the LSB

e Timer0: 8-bit timer/counter with 8-bit prescaler

e Timer1: 16-bit timer/counter with prescaler, can be incremented
during Sleep via external crystal/clock

e Timer2: 8-bit timer/counter with 8-bit period register, prescaler

and postscaler

e Two Capture, Compare, PWM (pulse width modulation) modules

Capture is 16-bit, max resolution 12.5ns
Compare is 16-bit, max resolution 200ns.
PWM resolution is 10-bit

e 10-bit multichannel ADC (analogue-to-digital) converter
® Synchronous Serial Port (SSP) with SPI (Master mode) and 12C

{Master/Slave)

® Universal Synchronous Asynchronous Receiver Transmitter

(USART/SCI) with 9-bit address detection

® Paralle! Slave Port (PSP) 8-bits wide, with external RD, WR and

TS controls (40/44-pin only)

® Brown-out detection circuitry for Brown-out Reset (BOR)
(PIC16x84 only has Timer0 — ali other features specific to 'F87x)

from the SDO. first.

WCRVppTHY —> [1]® “__/ [&] <> RB7PGD
RAO/AND <—» [Z] [39] «—> RB6/PGC
RA1/ANT <«— [3] [35] «—> RBS

RAZAN2VREF — <> [4] [87] <—» RB4

RAZANSVREE + <+« [5] [36] «—> RB3IPGM
RA4TOCK! <+—> [6] [35] «—>» RB2

RA5/AN4/SS <« [7] [3] «—> RB1
REQ/ADIANS <> [E] 133] «—> RBOINT
RE1WR/ANG <—> [§] [37] «—— +VE
RE2/CS/AN? «—> [3D)] 31] «—— GND
+ve — [0} [30] «—> RD7/PSP7
GND — [12] [25] «—> RDB/PSPS
OSCY/CLKIN ——» [13] 28] <—» RD5/PSP5
0SC2/CLKOUT «—— [i4] [27] «—> RD4/PSP4
RCOT10SOTiCK] € [T 1%6] «—» RC7RX/DT

RC1/T108SICCP2 <——» [T5] [25] «—» RCETX/CK
RC2iccPt «— [17] [24] <«—» RC5/SDO

RC3/SCK/SCL  «—» [T8] 23] —» RC4/SDISDA
RDO/PSPO <« [19] 122] <«—» RD3PSP3
RD1/PSP1 <+—» [20] 57] «——p RD2PSP2

PORTE. Only the 40-pin °F87x
devices have this port available ('F874
and °F877). It only has three pins but
each is bi-directional and has a Schmitt
trigger input. All pins can be used as
analogue-to-digital inputs. They can also
be configured as control inputs when
Parallel Slave Port mode has been
configured for PORTD.

SERIAL PERIPHERAL
INTERFACE (SPI)

The SPI mode allows eight bits of data
to be synchronously transmitted and
received simultaneously. Typically, three
pins are used during communication,
Serial Data QOut (SDO), Serial Data In
(SDI), Serial Clock (SCK). A fourth pin,
Slave Select (SS), may be used when in
Slave Mode operation.

Various control bits can be configured
to allow the following to be specified:

® Master Mode (SCK as clock output)
@ Slave Mode (SCK as clock input)

USART

The Universal Synchronous
Asynchronous Receiver Transmitter is one
of the two serial I/O modules. The USART
(which is also known as a Serial
Communications Interface, or SCI) can be
configured as a full duplex asynchronous
system that can communicate with
peripheral devices such as CRT terminals
and PCs. It may also be configured as a half
duplex synchronous system that can
communicate with peripheral devices such
as A/D or D/A interface circuits, serial
EEPROMs, etc.

The USART can be configured in the fol-
lowing modes:

@ Asynchronous (full duplex)
® Synchronous — Master (half duplex)
@ Synchronous — Slave (half duplex)

It also has a multi-processor communica-
tion capability using 9-bit address detection.

Fig.2. Pinout details for the PIC16F874/877 microcontrollers.

Whilst the USART’s transmitter and
receiver are functionally independent, they
use the same format and baud rate. Parity
is not supported in hardware but can be
implemented in software.

The asynchronous module consists of
the following elements:

® Baud Rate Generator

e Sampling Circuit

@ Asynchronous Transmitter
@ Asynchronous Receiver

ADC MODULE

The analogue-to-digital converter mod-
ule has five inputs for the 28-pin devices
('F873, ’F876) and eight inputs for the
others ("F874, "F877).

The selected analogue input charges an
internal sample and hold capacitor, the out-
put of which is the input to the converter.

~ Table 3. Device specific key features

@ Clock polarity (idle st K X PIC16F873 PIC16F874 PIC16F876 PIC16F877
. .po Aty (B iR SC. ) Operating Frequency d.c.-20MHz ~ d.c.-20MHz  d.c.-20MHz  d.c.-20MHz
® Data input sample phase (middle or Resets (and Delays) POR,BOR  POR,BOR POR,BOR  POR,BOR.
end of data output time) (PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
® Clock edge (output data on F'%SZ E_l’togra? )Memory 4K 4K 8K 4K
i -bit words
rising/falling edge of SCK) Data Memory (bytes) 192 192 368 368
#® Clock rate (Master Mode only) EEPROM Data Memory 128 128 256 256
® Slave Select Mode (Slave Mode only) Interrupts 13 14 13 14
. . I/O Ports AB,C AB,C,D.E AB,C AB.C.D,E
When used in Master Mode, the device Timers 3 3 3 3
can initiate data transfer at any time since Capture/Compare/PWM 2 2 2 2
it controls the SCK. The Master also modules
determines when the Slave (a second Serial Comms MSSP, USART MSSP, USART MSSP, USART MSSP, USART
processor) is to broadcast data. Parallel Comms = . PSP — PSP
The SPI clock rate is user-pro- 10-bit ADC 5 inputs 8 inputs 5 inputs 8 inputs
grammable for the Master and can be set Instructions 35 35 35 35
Pins 40 28 40

for Fosc/4, Fosc/16, Fosc/64 or Timer2

28
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The converter then generates a 10-bit digital
equivalent of this analogue level via succes-
sive approximation. The conversion result is
stored in a 16-bit register which may be
instructed to justify it left or right, with the
extra bits set as zeros.

Accuracy of the conversion is dependent
on the capacitor being allowed to fully
charge to the input channel voltage level.
The impedance of the external source and
that of the internal sampling switch di-
rectly affect the charge acquisition time
and must be taken into account when
designing the analogue source circuit. The
maximum recommended input source im-
pedance is 10kQ. Sampling rates can be
selected under software control. At a
crystal oscillator rate of 20MHz the min-
imum recommended sampling time is
1.6ps.

A unique feature of the ADC is that it is
able to operate while the device is in Sleep
Mode.

Voltage reference can be internally set
at Vpp and Vgg levels, or at user-selected
external levels set via pins RA2 and RA3.
The reference source for each input can
be individually selected for internal or
external. Users are cautioned that the
conversion accuracy degrades as the exter-
nally applied V., diverges from Vpp.
Minimum differential between V ;4 and
Vier— is 2V. Quantisation error is typically
+1LSB.

CAPTURE, COMPARE

AND PWM

Each Capture/Compare/PWM module
contains a 16-bit register which can
operate as a 16-bit Capture register, as a
16-bit Compare register or as a PWM
(pulse width modulation) master/slave
Duty Cycle register.

In Capture mode, the 16-bit value of the
TMRI1 register is captured when an event
occurs on pin RC2/CCPI1, which sets an
interrupt flag. An event can be defined as
occurring on:
® cvery falling edge
® cvery rising edge
@ every 4th rising edge
® cvery 16th rising edge

In Compare mode, the 16-bit register
Capture is constantly compared against the
TMRI1 value. When a match occurs an
interrupt flag it set and (depending on a
pre-selected control code) the RC2/CCP1
pin is:

@ driven high
® driven low
@ remains unchanged

In PWM mode, the RC2/CCP1 pin
produces a PWM output of up to 10-bit
resolution. The PWM period and duty
cycle can be set through software.

PRIMARY
CONFIGURATION

The four "F87x devices have a different
primary configuration word (initialisation
pattern) to the PIC16x84 devices. This
means that, even with hardware permit-
ting, the configuration associated with the
TASM SEND and PIC Toolkit programs
(their Mode 1) cannot be used to fully
configure the "F87x devices.

These two EPE-published programs
have been written to provide the same
common configuration data (oscillator
type. WDT, Power-Up Timer) to bits 0-3
of the configuration register, but the
remaining bits (4-13) are not accessible to
the user.

In the 'F87x devices, however, bits
4-13 are variously used for -configur-
ing Code Protect, Brown-out Reset, Low
Voltage Programming enable, EEPROM
data memory code protect, Flash Program
Memory Write enable, In-circuit Debugger
mode.

LOW VOLTAGE
PROGRAMMING

PIC16F87x devices can be serially pro-
grammed while in the end application
circuit (as can the '84s), by means of three
connections (plus ground). Interestingly,
the 'F87x devices can also be programmed
using two connections (plus ground) while
in a low voltage programming (LVP)
mode.

At first sight, this seems to be an excit-
ing option — no more requirement for &
12V to 14V programming supply (Vign)
on the MCLR pin. Regrettably, this is not
the case. An 'F87x device has to be con-
figured to accept the LVP mode and this
configuration can only be done when the
chip’s programming voltage is at the usual
VIHH level.

Once the LVP option has been con-
figured, though, future on-board re-pro-
gramming can be done at the Vpp level.
In this mode, the RB3/PGM pin is dedi-
cated to the programming function and
ceases to be a general purpose I/O pin.
A Vpp of +5V (£10%) is applied to
the MCLR pin (as it is for normal run-
ning mode with a supply of 5V) during
low voltage programming, which is set
by software outputting logic | to the
RB3/PGM pin.

The LVP bit can only be programmed
when programming is entered with Viy
on MCLR; it cannot be programmed
when programming is entered with
RB3/PGM. If the LVP option has not
been enabled, only the high voliage
programming mode can be used to
program the device.

PROGRAMMING
HARDWARE
PIC16F87x devices can be pro-

grammed via Microchip’s suite of
programming hardware and software
(contact Microchip for more details).

Additionally, a Mk2 version of the
EPE PIC Toolkit is in preparation. It
will allow all current PICI16F87x and
PIC16x84 devices to be programmed.
The Mk2 version will also include
software that assembles (compiles) the
source codes (written in TASM or
MPASM formats) to become object codes
for sending to these devices via the same
program. This program will remove the
need for using TASM itself as the
assembler for the ’84 devices (we have
no intention of upgrading TASM or its
SEND program for the "F87x devices).

Watch our pages for the publication
date of Toolkit Mk2.

An example of one of the PIC16F87x
devices in use is also in preparation.
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It is a Data Logger that makes use of
the device’s ADC and serial communica-
tions facilities, and introduces the use
of a Microchip serial EEPROM memory
device. Again, watch these pages!

PIC16F87x
AVAILABILITY

All  good suppliers of PIC
microcontrollers should be stocking the
PIC16F87x devices, including RS,
Farnell, Magenta and Maplin (other
suppliers are invited to advise us that they
are doing so as well — we will publicise
the fact through our news pages).

You will be interested to know that
three data sheets are available from
Microchip, their web site, and their
latest CD-ROM. The data sheet for the
PIC16F87x microcontrollers (200 pages
of it (1.34Mb), but excluding serial
programming data) is available as data
sheet DS30292A. General details of serial
programming for all PIC microcontrollers
are given in the In-Circuit Serial Pro-
gramming Guide (data sheet DS30277B).
LVP programming for the 'F87x devices
is detailed in the PICI6F87x Program-
ming Specification (data sheet DS39025 —
but not yet on the web site at the time of
writing, mid-Jan).

Arizona Microchip Technology can
be contacted at Microchip House,
505 Eskdale Road, Winnersh Triangle,
Woking, Berks RG41 5TU. Tel: 0118 921
5858. Fax: 0118 921 5835, Web:
http://www.microchip.com. Mail ad-
dresses for Microchip agents world-wide
are also accessible via this web site.
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Technologies Ltd f{a sub-division of
Arizona Microchip) for their helpful
co-operation in connection with our
introduction to and use of the PIC16F87x
microcontrollers and associated serial
EEPROM devices.

MICROCHIP C-ROM

We heartily recommend that anyone
interested in PIC microcontrollers should
obtain Microchip’s CD-ROM. It contains
a ‘‘snap-shot’” of Microchip’s web site
and takes you to the complete selec-
tion of PIC microcontrollers (including
the °F87x), plus non-volatile memory
devices, serial EEPROMs, Keeloq code
hopping devices and a full-line of
development tools.
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constructional Project =

JOHN BECKER

Time flies - and you can count it

COUNTER

(or them) and much else that
takes your fancy.

author at EPE:

I would like to be able to establish the
beat rate of various musical tracks on
CDs. I have made many enquiries but
without success, apart from one company
who suggested it could cost about £5000 to
develop a suitable circuit. Can you help?

SOME weeks ago a reader rang the

The above is the gist of a much
lengthier conversion in which the caller (a
note of his name has been lost — sorry dear
Caller!) put forward other situations that
could benefit from beat counting — key-
board typing rates, for example; rowing
rates for another; object counting passed a
point, and so on.

An immediate reaction by the author
was that something could be written in
BASIC in about a dozen lines that would
display the rate at which keyboard keys
were pressed. Such a program would
satisfy the caller’s desire to count beat
rates — just hit a key at each beat while
listening to the music.

This constructional article shows how
BASIC can indeed do the job, but also
takes the idea a lot further, presenting
a PIC-microcontrolled design that will
monitor the timing of all sorts of
cvents. The results are displayed on
an alphanumeric liquid crystal display
(le.d).

There are three ways of inputting the
events — via built-in microphone, via
a jack-plugged connection to other
electronic circuits, and via a panel
mounted switch.

Four modes are included:

® Mode 1 displays the time elapsed since
monitoring began; the elapsed time at
which the last event was detected; the total
events counted; the average rate at which
the events have been occurring, selectable
for counts per second, counts per minute
and counts per hour (CPS, CPM and CPH,
respectively).

® Mode 2 is a frequency counter,
principally for monitoring an external

Listing 1

m:s*60:h=lm*60
LOCATE 14, 24:
PRINT RIGHTS$("
PRINT LEFT$(STR$(s) + "
PRINT LEFT$(STR$(m) + ™
PRINT LEFT$(STR$(h) + "

c = c + 1: GOTO waitit

"EVENT.BAS O04DEC98 EVENT AND RATE COUNTER

SCREEN 9: COLOR 11, 1: CLS

LOCATE 6, 31: PRINT "EPE KEY RATE COUNTER"
LOCATE 9, 22: COLOR 14

PRINT "R RESET ANY OTHER KEY FOR COUNT TRIG"
LOCATE 12, 14: COLOR 11

PRINT "START LAST COUNT"; TAB(44);
PRINT "C/sec C/min C/hour"

COLOR 15: LOCATE 14, 14: PRINT TIMES$

b = INT(TIMER): GOTO wait2

waitit: z$ = INKEY$: IF z$ = "" THEN GOTO waitit
wait2: n = INT(TIMER): t$ = TIME$: LOCATE 14, 14
IF z$ = "r" THEN PRINT t$: ¢ = 0: b = n: s = 0

t =n->b: IFt>0THEN s =¢ / t

PRINT t$; TAB(33);
" + STR$(c),

", 8); TAB(63);
" 8)

6); TAB(43);
y 8); TAB(53);
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electronically  generated

frequency of
0V/+5V amplitude, up to about 20kHz.

@ Mode 3 counts the elapsed time between
pairs of events and is probably of best use
with events that are longer than about a
second apart.

® Mode 4 offers selection of microphone
or external signal sourcing for use by
Modes 1 to 3.

BASIC EVENTS

First though, let’s briefly present and
discuss the BASIC program that offers the
simplest answer to the caller’s query.

In fact, by the time the author had put
in a bit of screen cosmetics, the program
ended up a bit longer than a dozen lines,
but not a lot. It is shown in Listing 1 and
can be used with QBasic or QuickBASIC.

In the program, the keypress rate is
displayed as three averages, counts per
second, counts per minute and counts per
hour. Type in the listing, save it as any
name you like (EVENT.BAS, perhaps)
and run it. (I’s also available on disk with
the PIC software — see later.)

Using BASIC’s seconds timer, the time
in seconds (b) at which the program is
started (or reset) is noted. Each time a
keypress is received, time (n) of its receipt
is noted and a counter (c¢) incremented.
Subtracting b from n gives the time ¢
clapsed so far. The count is now divided
by 7 to give the average rate of keypresses
per second (s).

This value is then multiplied by 60 to
give the count rate per minute, and this in
turn is multiplied by 60 to give the count
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rate per hour. Following calculation, the
answers are displayed in tabulated posi-
tions on screen.

Pressing key r (not capital R) resets the
counter and starting time. Any other key
could be nominated as the Reset key in-
stead of r. When monitoring a succession
of events (such as musical beats), the pro-
gram should be reset by pressing r in time
with the beat.

The program continues indefinitely until
the CTRL and BREAK keys are jointly
pressed. Exit from BASIC in the normal
way (ALT, F, X).

There you are, kind Caller — an answer
for free. But even the enhanced electronic
version is not going to set your wallet back
very much, about 25 quid (for the benefit
of overseas devotees, a quid is English
slang for one pound Sterling — what diver-
sities you learn through EPE!).

(Which reminds the author of a time
when he was in Egypt: the ‘“driver’” of a
horse-drawn cab he had hired believed that
the term [ubbly-jubbly was English for
money — what cruel Dell-boy tourist had
taught him that?)

(Perhaps we should explain that Dell-
boy was a lovable rogue who frequently
used the term in a long-running British TV
comedy series. Ed.)

However, we digress — on with the story
... the design for a more sophisticated bit
of electronics counting gadgetry.

COUNTER CIRCUIT

In Fig.l is shown the complete circuit
diagram for the PIC Event Counter. Some
of you regular readers may now be puzzled
— haven’t we seen that same circuit before
somewhere?

Quite right — you have (almost), as part
of the PIC Tape Measure in EPE Novem-
ber '98. Unashamedly, it is almost identi-
cal. And why not? The functions of both
designs are very similar — amplify sound
pulses, calculate delays between them and
display the results on an l.c.d. screen.

The previously required ulirasonic
transmitter has been dropped, of course,
the software has been modified and a few
components have been changed, but
otherwise the circuits are twins. So much
so, in fact, that the same printed circuit
board is used for both circuits. Here’s a
classic example of how designers can
benefit from PIC microcontrollers.

An electret microphone (MIC1) is used
to detect audio signals, such as the ticks of
a clock, or the snap of fingers, or other
intermittent sound events. It is biased to
the +5V power line via resistor R7 and
panel-mounted potentiometer VR3. The
latter is used (somewhat unconventionally)
as a simple input signal amplitude control
(its configuration here saved making sig-
nificant changes to the existing p.c.b. for a
more conventional level control to be
placed somewhere within the following
amplifier chain).

Between them, op.amps ICla and IC1b
amplify the input signal that enters
capacitor C3. Capacitor C6 across ICla
restricts upper frequencies to minimise
general background noise picked up by the
microphone. (It is a component not used in
the Tape Measure.)

INDIVIDUAL EVENTS

The aim has been to allow lower
amplitude and lower frequency transient
audio signals to be picked up and detected

as individual events. Constant lower fre-
quencies (e.g. 50Hz) are attenuated by
using a low-ish value for capacitor C5.

From IClb, the amplified signal is
rectified by diode DI and fed into
capacitor C9. These two components
replace capacitor C6 and resistor R7 that
were in the same positions in the Tape
Measure.

Because C9 replaces R7, it is connected
to the positive rail, rather than more con-
ventionally to the OV rail; the effect is
the same — allowing the rectified multiple
pulses from IC1b to be ‘‘combined’’ into a
longer pulsc. This allows, for example, a
brief audio “‘pip”’ (a short burst of an
audio frequency) to be converted to a
single voltage change on C9.

Preset potentiometer VR1 feeds the
voltage across C9 to transistor TRI.
Nominally, the quiescent (stand-by/no-
signal) output from IC1b is about 2-5V
(half the supply line voltage). VR1 scts the
initial bias provided by this voltage to the
base (b) of TR1 to about 0-55V. Signal
voltages across C9 that cause the bias to
rise to about 0-6V turn on TR1 and cause
its collector (¢) to fall from the normal
condition of +5V to OV.

Pin RB7 of the PIC microcontroller,
IC2, is connected to the collector of TR1
and the software has been written to
respond to and count the 5V/0V changes in
voltage, using the count values for sub-
sequent calculations.

The results of calculations are output to
the alphanumeric l.c.d. module, X2. This
is used in 4-bit mode (see several pre-
vious EPE articles, including the EPE PIC
Tutorial Part 3 of May 98). Preset VR2 is
used to set to the l.c.d. contrast.
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Fig.1. Complete circuit diagram for the Versatile Event Counter.
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Power is supplied by a 9V PP3 battery,
Bl, and is switched on by Sl. Regulator
IC3 reduces and stabilises the voltage to
+ 5V (the maximum that the l.c.d. can ac-
cept). Current consumption is about 7mA.

The PIC is*operated at 3.2768MHz, as
set by crystal X1 in conjunction with
capacitors C7 and C8.

Switches S2 to S4 have several func-
tions which are activated by the software
when they are pressed. In Mode 1 (see
earlier), switch S2 (Period) steps the dis-
play through the three counting periods
(CPS, CPM and CPH), on a 3-step repeat-
ing cycle. In this mode, S4 (Reset) resets
the count and timing start values to zero.

97). Many of those routines, which
include such functions as timing, mul-
tiplication, division, binary-to-decimal
conversion and lLc.d. display, required
little modification to make them usable
for this Event Counter.

CONSTRUCTION

Details of the printed circuit board com-
ponent and track layouts are shown in
Fig.2. This board is available from the
EPE PCB Service, code 207. As stated
earlier, this p.c.b. is identical to that for the
PIC Tape Measure

Note, though, that a track cut is needed
on the p.c.b.. as shown in Fig.2. Because

Front panel display window and function buttons; Mode 1 shown.

Switch S3 (Mode), on a 4-step
repeating cycle, steps the program
through Modes | to 4. The latter offers
microphone use (MIC) or external signal
input (EXT/S5). “‘External’’ means that
signal pulses can be input from an
external signal generator via socket SK1
and resistor R12, or they can be triggered
manually by switch S5.

The MIC and External signals are
routed to different pins of the PIC and it is
the software that selects which pin is to be
taken as the signal source — this avoids
having to use a changeover switch to select
the source.

When the MIC/External option is of-
fered (Mode 4), pressing the Reset switch
(S4) alternates between the two options.

SOFTWARE

The program for the PIC
microcontroiler has been written in
TASM. The software (including that for
the BASIC program in Listing 1) is
available via the EPE web site and on
3.5in disk from the Editorial office.
Pre-programmed PICs are available. For
further details see this month’s Shop Talk
page.

The software is too long (around 960
commands) and complex to discuss in this
article, but a lot of comments are in-
cluded in the source code listing that will
help PIC-programming readers understand
some of what it does.

Essentially, the Mode 1 routine of the
PIC software performs the same operation
as the BASIC program in Listing 1, but far
more commands are required.

Of passing interest may be the fact that
this program was not written from
scratch. It is heavily based on (lifted
from!) the author’s software for PIC-
Agoras (Bike Computer, EPE April/May
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the resistor feeding to MIC1 (R7) is a
component which was not required with
the Tape Measure, a place on the p.c.b.
had to be found for it (without redesigning
the p.c.b.). The logical position is that
shown, making use of two existing pads.
However, one of the pads was previously
used for connection of one side of the
ultrasonic transmitter to the PIC. It is this
connection that needs to be cut as shown.

Even though the PIC pin involved can
be set in software to high impedance, it
was felt that there might be a small amount
noise emanating from the pin which would
be adversely amplified via the microphone
routing. Hence the pin’s isolation by a
track cut.

It is suggested that assembly of the
components is pursued in order of size
upwards. Sockets should be used for both
IC1 and IC2 (note that a wire link sits
under the socket for IC2 — make it first!).

'ﬁ}bi‘wotye p.c.b. mounted

Capacitor C6 (another component not
required for the Tape Measure) has to be
soldercd on the trackside of the p.c.b.
across the pads for resistor R4.

Connections to the l.c.d. can be either
via short stranded wires (insulated) or by
rigid (uninsulated) solid wires. In either
case, note that the l.c.d. and the p.c.b. are
mounted back-to-back *‘double-decker”
fashion, with the l.c.d. screen and the
p.c.b. component side facing outwards in
opposite directions.

If using rigid connections, use wire of
about 1mm diameter (resistor cut-offs might
be OK if they are long enough). Solder one
end of each wire into the lc.d. terminal
pads, with the long end protruding below
the l.c.d. Trim all the long ends to the same
length and then patiently and with the aid of
a small screwdriver or thin-nosed pliers,
push each wire into the respective p.c.b.
holes — from the track side.

It will help if one outer wire is soldered
first, then the outer wire at the other end,
ensuring that the spacing between the l.c.d.
and the p.c.b. is even, at about 12mm or
so. Then solder the intermediate wires.

It is advisable to insert a length of card
between the lc.d. and the p.c.b. (taping
it in position) to prevent contact between
both items. Also cover the switch tags with
insulating tape to prevent them connecting
with the p.c.b. tracks.

Do double-check your complete as-
sembly for correctness before connecting
power.

ENCLOSURE

Fitting all the components into the sug-
gested plastic case is a bit of an exercise in
compactness. But as you can see from the
photos, it can be done and with a bit to
spare.

You will see that it is into the base of
the case that the Lc.d. is mounted and that
the switches are mounted alongside it.
The precise positioning will depend of the
size of the l.c.d. module, a factor that
seems to vary between manufacturers and
availability from the suppliers.

You must also ensure that you leave
room for the PP3-size battery at one end
and the potentiometer in the side of the
box. There is plenty of space, however, for
mounting the jack socket in’the other end
of the box, but you must allow space for
the microphone to poke through a hole in
the same end.

‘below” th is,oy module.
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Study the photographs, measure your
components, plan and mark out their posi-
tions, und then dril} the necessary holes.
The slot for the Leud. is also achieved by
drilling — making a perimeter of holes
within the proposed slot area and then
filing down the rough edges untii smooth
and to the correct dimensions,

Bolt the e into s slot (the author
just used two bolts rather than the four
allowed by the Le.d. module). Then wire
up the remaining components as shown in
Fig.2. Note that resistor R12 is mounted
on the tags of sccket SKI - this done
purely for phvsical convenience as therc is
ne proviston for the resistor to be mounied
on the p.c.b.

With [C1 and IC2 omitted, switch on
the power and check that there is —5V
(within a few per cent) on the output of
IC3. 1T there is noti then there is either a
short circuit on the board (OV ocutput) or
IC3 is incorrectly inserted {much greater
than 5V oufput) — provided that the con-
nections back to the baltery are correct, of
course!

Assuming all’s well, switch off and in-
sert ICH and 1C2. Switch on again and ob-
serve the Le.d.

At first you muy not see anything on the
Led. — adjust the contrast control VR2

until a display simitar to that in the
second photo is seen. This is the default
screcnt that will always appear when first
powering up.

[

Printed circuit board folded back to reveal the I.c.d.

eyl

odu/e bolted behind the

display window. (Wires disconnected for photography.)

Turn the exterior potentiometer (VR3)
fully = anti-clockwise (minimum signal
gain). Now, with a meter (preferably
digital) set to read about 5V d.c., monitor
the voltage at the base of TR and adjust
preset VR1 until the reading is about
0-55V, which is typically just below the
turn-on point for a small-signal silicon
transistor such as the BC549 used here.

This bias voltage sets the sensitivity of
TRI to signals arriving from IClb and
may be adjusted slightly later in the light
of experience (individual transistors may
exhibit slightly different characteristics).

X2 LC.D MODULE

C6 1S MOUNTED ON
COPPER SIDE OF PCB,
SOLDERED ACROSS R4
CONNECTIONS

P ——
TO
#N | BATTERY Bl
\Ld

CcuT

A TRACK
HERE

Fig.2. Printed circuit board component layout, interwiring and full size copper foil

master for the Versatile Event Counter.
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R6 470k
R7 4k7 Page
R12 1k
All 0.25W 5% carbon film or better.
Potentiometers
VR1 20k min. cermet preset,
round
VR2 10k min. cermet preset,
round
VR3 100K rotary, lin.
| Capacitors
C1,C9 22y, radial elect. 16V

Guidance Only

COMPONENTS

Resistors
R1, R5,

See

R8to R11 10k (6 off)  Zarin A\,
R2, R3 1ooé (2001Zf) Sﬁ@\@
R4 1M TALK

(2 off)

C2to C4  100n ceramic disc, 0-2in
spacing (3 off)
C5 4n7 polystyrene
Cé6 100p polystyrene
C7,C8 10p polystyrene (2 off)
Semiconductors
D1 1N4148 signal diode
TR1 BC549 npn transistor
IC1 LM358 dual op.amp
IC2 PIC16C84 (or PIC16F84)
pre-programmed
microcontroller - see
text
IC3 78L05 +5V 100mA
voltage regulator
Miscellaneous
St min. s.p.s.t. toggle switch
S2t0 S5  min. push-to-make switch
(4 off)
SKi1 plastic 3.5mm jack socket,
mono
MIC1 min. electret microphone
X1 3.2768MHz crystal
X2 16-character 2-line
alphanumeric l.c.d.
B1 9V PP3 battery and clip

Printed circuit board, available from
the EPE PCB Service, code 207; plastic
case, 120mm x 64mm x 40mm; 8-pin
d.i.l. socket; 18-pin d.il. socket; nuts
and bolts, M3 x 12mm (to suit l.c.d.
mounting) (2 off); knob; connecting wire;

solder, etc.
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Let’s now step you through

what’s what of the unit’s full
workings.

OPERATION

There are five groups of in-
formation shown on the screen
you should be looking at im-
mediately after switching on (as
already shown in the second photo). At
this time the unit is in Mode 1 and by
default it is the microphone signal routing
that is being monitored.

At the top left is shown the time elapsed
following the unit’s response to the first
signal pulse received. It is formatted as
HH:MM.SS (hours, minutes, seconds).
Make some noise near the microphone
(click your fingers or something!) and you
should see this display start counting
(use VR3 to increase the signal level if
necessary).

The bottom left display shows the time
(also as HH:MM.SS) at which the last
detected pulse was received — intermit-
tently click again a few times and it should
change its reading accordingly.

The top right display shows the number
of pulses that have been received so far (to
five digits).

At the bottom right, the display shows
the average number of pulses that have
been occurring in each second since you
started the unit counting, to the nearest two
places of decimals.

Sandwiched between the top left and top
right values will be seen the single letter S.
This indicates that the unit is set for the
counts per second range.

Briefly press switch S2 (Period) and
observe that the S changes to M, indicating
counts per minute, again to two decimal
places. A further press of S2 will show H
for counts per hour, this time as an in-
teger value (no decimal places). Press-
ing S2 again will return the display to S
for seconds. Note that S2 will only be
responded to after the first count pulse
following reset has been received.

Periodically click your fingers while ob-
serving the count period displays.

Having returned to S, briefly press
switch S4 (Reset) and remain silent — all
values should be seen to read as zero.
Click again to start it all off again.

MODE 2

To enter Mode 2 from Mode 1
(and it can only be entered
from Mode 1), press switch
S3 (Mode). The screen should
change to show ‘‘00000 Hz”
on the top line and ‘‘FRE-
QUENCY”’ on the bottom line.
This is the frequency counting
mode and is intended principally
for use when an external square
wave signal is being fed in via
SKI1 (see later). You may get it
to respond to finger clicks and
other noises but the values dis-
played will not be meaningful.

In Mode 2, the status of the
PIC’s chosen input pin (RB6 or
RB?7) is repeatedly monitored for
periods of one second. At the
end of each period, the num-

Typical screen display in Mode 2.

the maximum rate of meaningful input is
about 20kHz. Frequencies much greater
than 20kHz can be input but, because of
the limits imposed by the rate at which
signal level changes can be responded to
by the software, the displayed answers will
be incorrect. They could well be sub-
harmonic rates since one or more pulses
arriving may be overlooked during sam-
pling. There is no way for the software to
detect what it has missed!

MODE 3 '

When in Mode 2,
pressing S3  (Mode)
sets the program and
display into Mode 3.

All that is seen on
screen  when  first
entered is “*0000.00
SECS” on the first

line, and “‘PULSE’’ on the second. Click
fingers in front of the microphone — the
display will now show the number of
seconds, to two decimal places
(hundredths of a second), between entering

Typical screen display in Mode 3.

Mode 3 and your finger click. Click again .

and the period between your first and
second clicks will be shown.

The rate at which you can observe changes
of count is the determining factor in this
mode — you will probably find that around
five events a second is about the maximum
your eyes/brain will register clearly.

The slowest rate at which two events
can be timed and correctly shown is
9999.99 seconds.

MODE 4

From Mode 3, Mode 4 is entered by
again pressing S3 (Mode). It is from this
mode that the signal route is selected —
either microphone or external.

At this moment you should see
the words ‘‘SOURCE MIC” displayed.
Press S4 (Reset) to display ‘‘SOURCE
EXT/S5°. Repeated pressing of S4 cycles

ber of pulses counted during that
time is displayed on the top line.
When set for External input,
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EPE Virtual S

copé d/s,b/éy showing 3Hz clock z‘/cks and
TR1 response.

the routing message between the
two options. End up now with
the EXT/S5 message shown.

Having set the signal routing
from this mode, the routing will
be applied for each of Modes 1
to 3. Mode 4 is exited by press-
ing 83 (Mode) again. Press it
now.

This action will return you to Mode 1.
You now have two options for trigger-
ing the unit, either by an external sig-

nal via SK1, or by pressing switch S2. .

The microphone routing is now inactive,
and you can be as noisy as you like
(family/neighbours permitting!).
Repeatedly pressing switch S5 (Manual)
causes the unit’s counting and
display to respond as they did when
you finger-clicked in MIC mode. This

is useful for counting such events as
the beat rate of music, the idea which
prompted the design of this Event Counter.

The rate of switch response is limited by
the rate at which you can push it (al-
though a software limit of 100Hz applies
in Mode 1 — helping to prevent switch
bounce problems).

As with the MIC routing, Mode 1 offers
selection of the same three periods by use
of S2 (CPS, CPM and CPH).

To check the response to signals fed in
via SKI1, plug in a signal generator. It
should be set for O0V/5V square wave out-
put at about 2Hz or so (though it’s not
critical — just lets you observe a bit better
than a fast rate would).

Note that resistor R12, which is in series
with the external signal and the PIC, al-
lows signals a bit greater than +5V to be
input. It’s probably best though to keep
them below about + 15V to avoid possible
distress to the PIC. (In this application,
the voltage actually reaching pin RB6 of
the PIC must not exceed +5V.) Nega-
tive voltage signals must NOT be input.
You are likely to find that the
PIC will respond to signal pulse
levels down to a minimum of
about 3-5V.

While the signal generator is

unit’s response to it from Mode
2 and Mode 3.

Should you press S5 (Manual)
while an external signal is con-
nected, no damage can occur
because of the presence of R12
(but the PIC’s response to the
conflicting signal sources will
suffer, of course). Note that the
act of changing modes (S3)
resets all timing/event counters
to zero.

IN USE

The prototype Event Counter
has been found to be extremely
responsive to some astonishingly
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low level audio (via MIC) signal
sources. Such sources have in-
cluded the once-per-second (1Hz)
ticks of a small ‘‘carriage”
clock, and the three-per-second
(3Hz) tick-tocks of Editor Mike
Kenward’s period mantel clock
(nicely wooden and 1930’s — ish).
The 10 metres distant sound of
Wife’s “‘Dinner — NOW!”* war-
cry has also been ‘‘observed”
(undesirably during timing tests,
as it happens!).

ED’S CLOCK

The 3Hz clock proved an
interesting subject. Originally,
Mode 1 and Mode 2 were
programmed for sampling at a
rate of 25Hz (the rate the
author normally uses for PICs performing
HH:MM.SS counting), while Mode 3 was
set for 100Hz (to readily obtain the
1/100ths of a second accuracy required).

It was a pre-requisite of this design
that it should respond to Mike’s 3Hz
clock. ‘“How useful”’, he’d said, “‘if it
could have helped in setting the clock’s
timing accuracy when newly acquired”’.
(By newly is meant Christmas present
time a couple of years ago — we staff
shall deny it had any connection with
Wimborne Market!)

Anyway, first tests of Event Counter
and 3Hz Clock showed that a correct
response was observed in Mode 3 but not
in Mode 1. Quick thinking on author’s
part and a few minutes of reprogramming

Typical screen display in Mode 4. Sofiware has been
amended to show “"EXT/S5”.

for everything to be sampled at 100Hz
cured the problem — up to a point. The
point was raised by the rick-fock: the
tocks were louder than the ficks (see
photo of computer screen display).

The answer now was in the set-
ting of level control VR3, carefully
adjusting the level to be enough for
the ticksto be responded to correctly

without the amplification being
saturated by the focks. Success was
achieved (and the author’s honour

remained untarnished!).

Be aware that in the early minutes of
obtaining repetitive pulse averages with
something such as a clock, the averages
may appear to change a bit erratically.
This is due to the limitations of the

multiplying and dividing routines
in the software which have only
one byte in which to store frac-
tions. The averages will “‘settle
down’’ as the minutes and count
values progress.

EVENT HORIZON

There must be innumerable
situations in which you could find
use for this design (*‘subject only
to your imagination’’ is the usual
~ if overworked — expression
when a really versatile design is
published).

One option that comes to
mind is using two or
more  extlernal sensors (e.g.
pressure pads or opto-
transmitter/receivers) interfaced
to the unit via an OR gate — race timing, for
example.

So, it’s over to you now, to beat the clock
and get your components purchase order in
the post before this evening’s collection! Or
are you doing things the ‘‘modern” way,
via the Net? It offers 24-hour shopping and
has very high security — for a start, you can
order the p.c.b. right now via the EPE web
site: http://www.epemag.wimborne.co.uk.
Through the same address you can also get
to our FTP site and download (free) the
software.

Do make sure you read this month’s
Shop Talk page where we tell you
more about component sourcing (including
where to get the pre-programmed PIC
microcontroller).
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VIDEOS ON
ELECTRONICS

A range of videos selected by EPE and designed to provide
instruction on electronics theory. Each video gives a sound
introduction and grounding in a specialised area of the
subject. The tapes make learning both easier and more i
enjovable than pure textbook or magazine study. They have
proved particularly useful in schools, colleges, training
departments and electronics clubs as well as to general
hobbyists and those following distance learning courses etc.

BASICS
VT201 to VT206 is a basic electronics
course and is designed to be used as a
complete series, if required.

VT201 54 minutes. Part One; D.C. Circuits. This
video is an absolute must for the beginner.
Series circuits, parallel circuits, Ohms law,
how to use the digital multimeter and much
more. Order Code VT201
VT202 62 minutes. Part Two; A.C. Circuits. This
is your next step in understanding the basics of
electronics. You will learn about how coils,
transformers, capacitors, etc are used in com-
mon circuits. Order Code VI202
VT203 57 minutes. Part Three; Semiconductors.
Gives you an exciting look into the world
of semiconductors. With basic semiconduc-
tor theory. Plus 15 different semiconductor
devices explained. Order Code VT203

e

VT204 56 minutes. Part Four; Power Supplies.
Guides you step-by-step through different sec-
tions of a power supply. Order Code VIT204
VT205 57 minutes. Part Five; Amplifiers. Shows
you how amplifiers work as you have never
seen them before. Class A, class B, class C,
op.amps. etc. Order Code VT205
VT206 54 minutes. Part Six; Oscillators. Oscil-
lators are found in both linear and digital cir-
cuits. Gives a good basic background in oscil-
lator circuits. Order Code VT206

£34-95..

inc. VAT & postage

Order 8 or more get one extra FREE
Order 16 get two extra FREE

VCR MAINTENANCE
VT102 84 minutes: Introduction to VCR
Repair. Warning, not for the beginner.
Through the use of block diagrams this
video will take you through the various
circuits found in the NTSC VHS system.
You will follow the signal from the input
to the audio/video heads then from the
heads back to the output.

Order Code VI102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally clean-
ing the tape path and replacing many of
the belts in most VHS VCR'’s. The viewer
will also become familiar with the various
parts found in the tape path.

Order Code VI103

DIGITAL

Now for the digital series of six videos.
This series is designed to provide a
good grounding in digital and computer
technology.

VT301 54 minutes. Digital One; Gates begins
with the basics as you learn about seven
of the most common gates which are used
in almost every digital circuit, plus Binary
notation. Order Code VT301
VT302 55 minutes. Digitai Two; Flip Flops will
further enhance vyour knowledge of digi-

tal basics. You will learn about Octal
and Hexadecimal notation groups, flip-flops,
counters, etc. Order Code VT302

VT303 54 minutes. Digital Three; Registers and
Displays is your next step in obtaining a solid
understanding of the basic circuits found in
today’s digital designs. Gets into multiplexers,
registers, display devices, etc.

Order Code VI303
VT304 59 minutes. Digital Four; DAC and ADC
shows you how the computer is able to com-
municate with the real world. You will learn
about digital-to-analogue and analogue-to-digi-
tal converter circuits. Order Code VT304
VT305 56 minutes. Digital Five; Memory Devices
introduces you to the technology used in many
of today’s memory devices. You will learn all
about ROM devices and then proceed into
PROM, EPROM, EEPROM, SRAM, DRAM, and
MBM devices. Order Code VT305
VT306 56 minutes. Digital Six; The CPU gives
you a thorough understanding in the basics of
the central processing unit and the input/output
circuits used to make the system work.

Order Code VT306

ORDERING: Price includes posiage to anywhere in the world.
OVERSEAS ORDERS: We use the VAT portion of the price to pay for
airmail postage and packing, wherever you live in the world. Just send

£34.95 per tape. All payments in £ sterling only (send cheque or money
order drawn on a UK bank).
Visa and Mastercard orders accepted - please give card number, card expiry date and
cardholder’s address if different from the delivery address.
Orders are normally sent within seven days but please allow a maximum of 28 days -
longer for overseas orders.
Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne,
Dorset BH21 1RW (Mail Order Only)
Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE
Tel: 01202 881749. Fax: 01202 841692

Due to the cost we cannot reply to overseas orders or queries by Fax.
E-mail: editorial@epemag.wimborne.co.uk
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RADIO
VT401 61 minutes. A M. Radio Theory. The most
complete video ever produced on a.m. radio.
Begins with the basics of a.m. transmission.and
proceeds to the five major stages of a.m. recep-
tion. Learn how the signal is detected, converted
and reproduced. Also covers the Motorola C-
QUAM a.m. stereo system. Order Code VT401
VT402 58 minutes. EM. Radio Part 1. EM. basics
including the functional blocks of a receiver.
Plus r.f. amplifier, mixer oscillator, i.f. amplifier,
limiter and f.m. decoder stages of a typical f.m.
receiver. Order Code VT402

Depletion Region

T3 0 =

VT403 58 minutes. EM. Radio Part 2. A con-
tinuation of f.m. technology from Part 1.
Begins with the detector stage output, proceeds
to the 19kHz amplifier, frequency doubler,
stereo demultiplexer and audio amplifier stages.
Also covers RDS digital data encoding and

Order Code VT403

MISCELLANEOUS
VT501 58 minutes. Fibre Optics. From the fun-
damentals of fibre optic technology through
cable manufacture to connectors, transmitters
and receivers. Order Code VT501

decoding.

VT502 57 minutes. Laser Technology A basic in-
troduction covering some of the common uses of
laser devices, plus the operation of the Ruby
Rod laser, HeNe laser, CO, gas laser and semi-
conductor laser devices. Also covers the basics
of CD and bar code scanning.

Order Code VT502

Ll

Each video uses a mixture of animated
current flow in circuits plus text, plus
cartoon instruction eic., and a very full
commentary to get the points across. The
tapes are imported by us and originate
from VCR Educational Products Ce, an
American supplier. (All videos are to the
UK PAL standard on VHS tapes)
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including  nEw SIMULATOR

OPICE 3F3
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Simulation
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® Berkeley SPICE3F5 analogue simulation kernel.

® True mixed mode simulation.

® New analysis types include multi-plot sweeps, transfer
curves, distortion and impedance plots.

® Active Components: Switches, Pots etc.

® Over 1000 new library parts with SPICE models.

® Greater ease of use.

“a constant

__high level
of capability ;. .. .chout

EWW CAD Review Round Up September 1998

Schematic Capture

® Produces attractive schematics like in the magazines.
® Netlist, Parts List & ERC reports.

® Hierarchical Design.

® Full support for buses including bus pins.

® Extensive component/model libraries.

® Advanced Property Management.

® Seamless integration with simulation and PCB design.

PCB Design

“the
BEST all-round
PROGRAM”

EWW CAD Review Round Up September 1998

® Automatic Component Placement.

® Rip-Up & Retry Autorouter with tidy pass.

® Pinswap/Gateswap Optimizer & Back-Annotation.
® 32 bit high resolution database.

® Full DRC and Connectivity Checking.

® Shape based gridless power planes.

® Gerber and DXF Import capability.

Available in 5 levels - prices from £295 to £1625 + VAT.
Call now for further information & upgrade prices.

E I e ct r o nic s

Write, phone or fax for your free demo disk, or ask about our full evaluation kit.
Tel: 01756 753440. Fax: 01756 752857.  EMAIL: info@labcenter.co.uk

G b ‘ e I I ‘ ; e ‘ \ 53-55 Main St, Grassington. BD23 SAA. wwi: http:/www.labcenter.co.uk

Fully interactive demo versions available for download from our WWW site.
Call for educational, multi-user and dealer pricing - new dealers always wanted.
Prices exclude VAT and delivery. All manufacturer's trademarks acknowledged.




Technical products

....yours for under £4

The Electromail CD-ROM Catalogue provides
a virtual technical superstore, product
encyclopaedia, and o help line with
round-the-clock service - the moment you slip
it info yaur computert

I¥'s quite amazing just how much you can get out of it. Products from
batteries to bearings, fuses ta fans, semi-conductors to computers, hand to
power tools. On-line advice, and access to a full library of data sheets,
providing detailed information on almost every product in our range.

But the best thing about Electromail, is that it's open just when you want
to go shopping. 24 hours a day. 365 days a year.

And in most cases your order will be despatched on the very

a more professional choice

same day you order (failing that, the next
working day).

The Electromail CD-ROM Catalogue offers
you more products and services than any of the
alternatives. Send for your copy and get a head
start in your business, your home or hobby ... and at just £3.99 with.free
delivery, it's not worth struggling on without it!

HOW TO ORDER @ ‘ Q
Tel 01536 204555 or Fax 01536 405555

When ordering by fux or phone quote stock no. 313-6988-and have your credit card details
handy.  Alternatively, you can open your own Electromail account - please ask for details.

Electromail,ﬂ P.O. Box 33, Corby, Northants, NNi7 9EL. Tel: 01536 204555 Fax: 01536 405555

- e Wy
Where @ . s : | o4
: Pre-designed PCB’s with post design flexibility
IS yo u r SimmStick development platform, and cheap PIC programmer. Lots of
| DT001 options. Designed for PIC chips, can be used for t?the% Micros. £ 1 296
I n eXt DT003 Simmstick mini-bus, power supply, and comms port with D-9 and Max-232. £ 5.55
I A PicStic equivalent circuit on a SimmStick platform. PicStic versions 1, 2,
d eSIg n DT1 01 and 3, all rolled up into one, plus a Max-232 and 24LCxx type EEprom. 1" £ 296
CO m i n g DT1 03 Designed for the Atmel AVR 40 pin Micros. Can be used for non-AVR Micros £ 4 07
Designed for the Atmel AVR 20 pin Micros. Can be used for the earlier
fro m ? DT1 04 versi%ns such as the ATBQCZOS?, as reset inversion is provideed(.e1" module £ 2 96
48 - DT201 ©One inch Prototype board. £ 2.96
Also available: T .
d Two Inch Prototype boar
- LCD text modules from DT202 £ 4.07
. | 24 LED's, 4/8.switthes on a SimmsStick platform. 2" module. Uses 1 to 3
| : £6.20 DT203‘ ULN2803's, 4'rrf¢}mentary switches, 8 Iinﬁ( selected switches. £ 407
I LCD Qraphlcs modules - DT204 Expansion‘board for} SimmStick Bus. 2" Module. £ 4 07
| from £39.99 . p
: - Refay board for 4 relays. Carries a partial bus on to the next module so that
| 12V plug tOﬁ CE DT205 a total of 16 relays coxld be used b’;/ cascading four boards £ 5.55
approved PSU £ 3.40 Programs all of the 8, 18, 28 and 40 pin PIC’s. Uses shareware software
PIC16F84 04/P P1 GPRO from Bojan Dobaj. New device support can be added. Parallel port £ 1 250
£ new connection. Will not program the 5x or 17Cxx parts. Supplied in Kit Form.
unused pal’tS £ 3.00 F84 Starter Everything you need to start developing with the PIC16F84 microcontroller. £ 49 99
MiCFOFChi 1998 . Assembler, simulator, source examples, development board, programmer, "
p 13 K|t registered software, PSU and programmer cable. Assembled and tested.
CDROM only £ 4.99;

For additional information, please call or visit the
web site - www.asamicros.com
Tel: 01706 371695
Fax: 01706 375896
Email: sales@asamicros.com

All prices exclude VAT at
17.5% Subject to £3 P&P

oA Ro1s

ASA Micros Ltd.

21 Edmunds Fold

Littleborough
_Lancs. OL159LS

nticros Itd'’
| . VISA




e

Special Feature

MAX7610.C. 7O O.C.
CONVERTER

ANDY FLIND-

Squeezing the most out of your batteries
could not be easier if you use the MAX76 7
step-up voltage converter:

ONSIDER the following design

problem. A circuit is to be battery

powered, preferably from a 9V
source. It will drive six ultra-bright l.e.d.s,
connected in series on the end of a
two-core connecting lead.

To be sure of overcoming their collec-
tive forward volitage drop a supply of at
least six volts is required, plus an addi-
tional three volts as "overhead" for their
operating circuit since brilliance is to
be accurately controlled. This rules out
direct supply from a 9V battery as these
normally deteriorate to about 6V before
replacement.

As the l.e.d.s are to be operated with
a maximum current of 40mA a charge-
pump step-up converter is not practical,
which leaves just two possibilities. Either
a switch-mode converter is employed, or
the battery supply must be increased to
12V.

SWITCHED-ON I.C.

Not so long ago the design of switch-
mode converter circuits was considered
to be something of a black art, usually
avoided by hobbyists. The introduction
of simple, integrated circuit, switch-mode
regulators is rapidly changing this how-
ever, and the Maxim MAX761 is a fine
example of these i.c.s.

it can provide an output -voltage be-
tween 5V and 16-5V from an input extend-
ing to below 3V, and output currents in
excess of 150mA are possible. High speed
switching allows the use of small inductors
and decoupling capacitors. It can operate
from as little as 100pA of quiescent cur-
rent and also contains a low supply voltage
detecting circuit which makes it ideal for
battery-powered applications.

Although advertised as a 12V device,
the output voltage can in fact be adjusted
to any value between 5V and 16-5V with
just two external resistors. The design of
step-up converters using this i.c. is very
simple and anyone designing their own
circuits, especially where battery power is
intended, would benefit from an under-
standing of its capabilities.

IN BRIEF

The operation of
the  switch-mode +2V TO +6V
step-up  converter o—
has been covered
previously in the
pages of EPE so

INPUT

18uH Dt
(SEE TEXT)

OUTPUT

+12V/100mA
FROM 5V, 80% EFF.

50mA DOWN TO 2 5V
20mA TO BELOW 2V

only a brief co ===
100n

description will be ]
given here.

In simple terms, | T3, T 1z
an electronic switch ) | &1
is used to connect =y

the supply voltage

33u

across an inductor
so that a rapidly
rising current flows ov

s IC1 w7 0t m a
MAX761 100n i I
FB GND {6 [ -r
51

c3
100n
ov
- & - O

through it. When o

this current reaches
a suitable value the
switch is opened.
Current in an inductor has a tendency to
keep flowing and will generate a high
voltage in order to do so, as demonstrated
by the sparks produced when mechanical
contacts are used to break current flowing
in an inductive circuit.

In the case of a switch-mode converter
this current is diverted through a diode
into a reservoir capacitor, and repeated
operation of the electronic switch can
produce an output voltage which is higher
than that of the input. A control circuit is
normally provided to ensure that current
flow in the inductor does not rise to a
value high enough to damage the switch,
and to adjust switch frequency and ‘‘on”’
times to achieve the desired output volt-
age over a range of input voltages and
output load currents.

INSIDE DATA

Although switch-mode circuits are
complex, most of the design work is
covered by the internal circuit of the
MAX761. The best way to understand the
operation of this device is probably
through some practical examples.

The data sheet refers frequently to two
‘*modes’’ of operation, ‘‘bootstrapped’’
and “‘non-booistrapped’’. In practice, all
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Fig.1. Pin connection details and basic bootstrapped opera-
tion for the Maxim MAX761 step-up voltage converter.

this means is that in bootstrapped mode

the i.c. takes its internal power from the

circuit output, whilst in non-bootstrapped

operation power is taken in the conven-

tional manner from the positive supply
" input.

There are. two advantages to
bootstrapped use. One is that the internal
power switch, a MOSFET device,
receives a higher gate drive voltage and
can therefore switch more rapidly,
improving efficiency with low supply
voltages and high output currents.

The other is that in this mode the
voltage-setting feedback input can be
simply connected to —V supply for a
fixed 12V output, eliminating the two
voltage-setting resistors. This option is
not possible in the non-bootstrapped
mode. An alternative version of the
device, the MAX762, produces a 15V
output in this configuration.

The data sheet recommends the use of
bootstrapped operation for supply volt-
ages below 4V and up to 6V for higher
output currents. At higher supply volt-
ages non-bootstrapped operation can mar-
ginally improve efficiency, although the
simple fixed 12V output option may
make bootstrapping preferable.
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OPERATION
BOOTSTRAPS

The basic bootstrapped circuit is shown
in Fig.1, which also shows the pin ar-
rangement for the MAX761 d.c./d.c. con-
verter i.c. Positive supply for pin 8 is
taken from the output. The *‘low battery’’
(LLB) and *“‘shutdown’ (SHDN) inputs,
pin 2 and pin 4, are not used and are
disabled by connection to ground (—V),
The voltage sensing feedback (FB) con-
nection at pin 3 is also grounded, causing
the internal sensing circuit to take its
reference from pin 8§ and generate a fixed
12V output.

Decoupling capacitors are provided at
input and output. The data sheet suggests
33uF at both input and output, but in
practice some improvement was obtained
from the use of 100pF for Cl at the
input. Some designs might also benefit
from the use of a larger value of C5 at the
output. For simplicity these capacitors are
only shown in this example, though they
should be included in all circuits using
this device.

The internal reference voltage is
nominally 1-5V and appears at pin 5
(REF), though it is usually not necessary
to do anything with this pin excepting
the provision of a 100nF decou-
pling capacitor as shown. The internal
electronic switch operates through pin 7
(LX) to connect one end of the inductor
L1 to ground, following each switch
turn-off current flows through diode D1
into C5 to produce the output.

On test this circuit managed to produce
up to 100mA of 12V output from a 5V
supply with an efficiency of 80 per cent.
It maintained 50mA down to an input of
2-5V and 20mA to below 2V, though it
would not always start up reliably with
these supplies and loads.

The data sheet states that the value
of inductor L1 can be selected from
L(pH)=5XV, where V is the maximum
expected supply voltage. This is about as
simple as inductor selection for a switch-
mode circuit can get, and since the i.c.
also shows an amazing tolerance for
incorrect values, design is very easy even
when a wide range of supply voltage and
output current is expected.

Diode D1 MUST be a high speed type
due to the switching frequency of the
circuit. “*1N400X"’ series types will NOT
work with the 761. The data sheet

suggests a Schottky device, the 1N5817.
Testing for this article was carried out
using a UF4002, which is a high-speed
version of the 1N4002.

A bootstrapped circuit using external
feedback resistors R1 and R2 to set the
output to 9V is given in Fig.2. Apart from
the use of these resistors the circuit is the
same as that of Fig.1. (Input and output
decoupling capacitors not shown.)

The resistors are  calculated
from the simple formula
R2=RI X ((Vou/Vier)—1) remembering
that V¢ has a nominal value of 1-5V.
The value of resistor R2 can be anywhere
between 10k (kilohms) and 250k, bearing
in mind that the higher the values of these
two resistors, the lower the current loss
through them.

With a supply of 6V, this circuit
produced up to 150mA with an efficiency
of 87 per cent, whilst 100mA was
available with a 4-5V input. This would
allow three or four AA cells to become a
cost-effective alternative to the ubiqui-
tous PP3. A current of 30mA was
maintained to below 2V, suggesting the
possibility of low-power 9V circuitry
operating from just two cells or a single
lithium cell.

An example of a non-bootstrapped
12V circuit is shown in Fig.3. With an
input of 9V, this generated 12V out at up
to 200mA with an efficiency around 90
per cent. Although designed for higher
supply voltages it still managed 50mA of
output from a 4V supply, so it could find
plenty of uses.

LIFE EXTENDER

A Battery-life Extender which takes
the output of a 9V battery, such as a PP3,
and maintains a constant 9V as the actual
battery supply voltage gradually drops off
is shown in Fig.4. There are two reasons
for doing this, one being that the battery
can deteriorate further than usual before
replacement is necessary, whilst the other
is that the circuit receives full supply for
the entire life of the battery.

Low battery indication is provided in
this example by feeding part of the sup-
ply voltage to LB1 (pin 2) through the
potential dividing resistors R1 and R2,
for comparison with the 1-5V internal
reference. Resistor R2 can be anywhere
from 10k up to 500k, whilst R1 can be
calculated from the formula shown in the

1
{SEE TEXT)
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+2V TO +6%
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LBO
IC1
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Fig.2. Bootstrapped operation with a
9V output.

Dj
(SEE TEXT) OUTPUT
a ko +i2v

(S —
INPUT
| 4V TO 412V At
s 330k

FB'

Fig.3. Non-bootstrapped operation,
12V output from 9V input

diagram, again remembering that Vref is
I.5V.

The values shown cause l.e.d. DI fo
light at about 6V. The input LBI1 has
a built-in hysteresis of 20mV to help
prevent jitter.

The output of the low battery detector,
LBO (pin 1), is an open-drain capable of
sinking S5SmA so it can be used for directly
driving a low-power l.e.d. as shown in
Fig.4. If it is to be used to control a logic
input a pull-up resistor from LBO to posi-
tive supply may be required.

SHUTDOWN

No mention of the shutdown (SHDN)
input, pin 4, has been made so far. Quite
simply, if this input is low (—Ve) the
761 operates normally, whilst if it is high

(5] MAIN +5V
47uH Bi ) i OUTPUT
S====c=¢  (SEETEXT) OUTPUT o—rorp IC1 &)
a k +9V +V 7805
INPUT o > —0 INPUT
+6V TO +9V D1 TOM. B1
grgg LED s - (SEE TEXT) 55U\{|{1P2UYI'
. ; K - k
L i g| s -} <
‘ng"é & Vr ]
2
o JC1  effg =
| MAX761 CONTROL 4
- I & sHDN' |C2
2 MAX761 3
(v VREF | ¥ show el Fa
i g s REF 4 : 2
¥=R2 GND REF , GND REF
VREF 1 Ll 4
WHERE v 1.5v ° i T ® l
: Y . !
§ RER R2 < c3 R5 c3
330k < 100n 68k 100n
ov ov | ov OV
o : e > < < 5 L o]

Fig.4'. Circuit diagram for a 9V battery life extendeh with low

battery warning.
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5V input.

Fig.5. Circuit diagram for a 5V/12V switchable supply from a
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(+Ve) operation ceases. In the shutdown
state the MAX761 i.c. is stated to draw
about SpA of quiescent current, and the
supply voltage will, of course, continue to
appear at the output, less the forward drop
of diode D1.

A possible use for this feature is shown
in outline by Fig.5, a 5V/12V switchable
supply circuit. Here a regulated supply of
5:6V is produced by placing a diode in
the ““ground”’ (common) path of the 5V
regulator IC1. The forward voltage drop of
diode D2 compensates to provide a main
logic supply rail of +5V.

Meanwhile, resistor Ri holds the
SHDN input of IC2 high so IC2 does not
operate, and the forward voltage drop of
D3 results in an auxiliary supply of +5V.
If the ‘‘control’’ input is now grounded
however, IC2 will begin to operate and
the auxiliary supply will rise to almost
12V.

Some decoupling capacitors are, of
course, required in a practical circuit, but

this easily controlied dual-voltage supply
can be created with very few components
and a single low-voltage supply. and
could prove useful in the design of
logic circuits which require a switch-
able 5V/12V supply for programming
purposes.

IN CONCLUSION

The circuits shown here were all
bench-tested by the author to obtain
practical data on the MAX761’s
performance. The i.c. appears to be
commendably robust, as the usual untidy
breadboard construction, poor handling
procedures and occasional incorrect
connection caused no damage.

Internal switching appears very ef-
ficient as, despite input currents up
to 500mA, it never became noticeably
warm. Under heavily loaded conditions it
sometimes failed to start, and when
overloading causes it to drop out of
regulation drastic reduction of the load is

sometimes necessary to bring it back in.
When forced out of regulation in this
manner it can generate a lot of r.f. noise,
right into the v.h.f. spectrum.

It should be remembered that switch
mode circuits are fairly noisy in this
respect anyway, so their main use is in
logic circuits, anything to do with radio
reception is probably not a good idea. To
minimise radiation a toroidal or pot-core
inductor could be used, though testing for
this article was carried out with miniature
ferrite bobbin-type inductors.

With these notes in mind, the MAX761
d.c./d.c. voltage converter will hopefully
become a useful device in the workshop
of many amateur designers.

SOURCE

The MAX761 5V to 12V d.c./d.c. con-
verter chip should now be widely stocked
by advertisers and will be priced around £4
each. The author obtained his from Maplin
(Tel: 01702 554000), code NR61R.

John Becker addresses some
of the general points readers
have raised. Have you anything

interesting to say?
Drop us a line!

WIN A DIGITAL
MULTIMETER

The DMT-1010 is a 3% digit pocket-
sized l.c.d. multimeter which measures
a.c. and d.c. voltage, d.c. current and
resistance. It can also test diodes and
bipolar transistors.

Every month we will give a DMT-1010
Digital Multimeter to the author of the
best Readout letter.

APPLE PRESS
Dear EPE,

[ must take exception to some of the remarks
in the Jan 99 Ner Work column concerning the
Apple iMac. There are things [ think need to be
said, and the press should be saying them.

[ am an electronics technician in California,
and an avid computer hobbyist, building my
own PCs from parts. | too would advocate
avoiding the iMac for those who like to tinker
with their systems. However, my reasoning is
very different. I would also tell these same
people to avoid Compags, Packard Bells, and
any number of other PC brands.

Why? Because they, like the iMac,
designed to be taken home, plugged in,
left alone. Despite the fact that these are
PC compatible. that compatibility is primarily
operational. These machines frequently contain
proprietary components that make upgrading or
adding on peripherals a nightmare. For those
who want a simple “‘plug-n-play’” solution, the
iMac is nearly ideal.

As for the compatibility problems, I feel you
have grossly overstated them. While transferring
files from Mac to PC can be problematic, anyone
who has worked in a (supposedly) homogeneous
PC environment will have experienced the
problems that come with the numerous incom-
patible versions of Microsoft software.

The standard practice is to forgive any
problems caused by Microsoft’s software, and
suggesl buying a new version to fix problems
that shouldn’t have been in the old version. Also
ignored is the fact that the new versions always
have at least as many problems as the old ones;
they’re just different problems.

It's been my experience that 90 per cent
of *hardware’® problems go away when you
switch to a non-Microsoft operating system.
Apple’s current hardware is better than anything
available in the PC world.

are

and’

A technically oriented magazine such as
yours should not be advocating staying with the
status quo for convenience reasons. The situa-
tion would be much better if those in the press
were more willing to explore those alternatives
and less prone to dismiss them out of hand for
problems that often amount to *‘urban myths’’.

Alan Ratcliff,
Livermore, California, USA,
via the Net

The above and the following reply have been
heavily edited from their original lengths for
space reasons. Net Work being Alan Winstan-
ley's pet addiction, it's he who replies:

If I had the time, I could write many pages
of views comparing the practicalities of Wintel
and Macintosh ownership and I also know how
defensive and loyal Macintosh owners are con-
cerning their choice of computer equipiment.

Like many users stuck on a perpetual
upgrade treadmill, I hardly have a wonderful
time relying for a living on hardware and
applications from Apple’s competitors, though
if nothing else I am totally spoilt for choice of
plentiful and cheap upgrades and accessories
for my PC system. (I run a Macintosh
Powerbook too, by the way.)

[ have just spent several hours talking to
Apple’s representative about the iMac and also
playing around with an iMac 233, and I can tell
you that if I had the office space 1 would
probably buy one today. I think it is a brilliantly
executed piece of (consumer) electronics which
oozes design flair and it deserves to be an
cnormous success. Apart from my biggest gripes
(the lack of removable diskette, the mouse er-
gonomics and the lack of tilt/swivel monitor), I
think that the reliance on the Internet for file
transmission is a brave move but is one which is
slightly ahead of its time.
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My Ner Work article (which was not aimed at
gurus) related to the launch of an Internet-depend-
ent machine which was targeted specifically for
home use, with the added attraction that it was
said to be easy to use (and implying it would
appeal to beginners or inexperienced users). 1 felt
it was important that people should be aware of
some of the practical differences between the two
platforms before they buy into either path.

Without wishing to spoil Apple’s fun, ul-
timately I outlined some of the drawbacks but I
did leave it to the reader to decide. The problems
are hardly insurmountable to an experienced
user/buyer but are pretty fundamental to the
beginner looking for an easy to use home
machine.

Rather than the situation being caused by the
technical press forever “*pushing’> PCs, I think
Apple has only itself to blame for the disparity
in the market penetration of its products, though
[ am the first to acknowledge that the Mac easily
reigns supreme in professional markets includ-
ing page make-up and pre-press, graphics and
web creation, as reflected by the highly specialist
software available for the Mac OS.

Alan Winstanley

LADDERS
Dear EPE,

With reference to Carle Wilde’s request in
Readout Feb *98 for a Ladder Logic article, |
would like to refer him to E77 Dec "98. This is
great article which gives the reader a chance to
experiment.

Tom Mullan,
Woking Surrey

Thanks Tom, as we now own ETI we can
quite happily pass on your recommendation! We
have copies of this issue for resale — see Back
Issues page. .

Continued over . . .
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PIC TOOLKIT AND
WINDOWS I/0

The first part of this letter is specific to Win-
dows 98, but the remainder will be of interest
1o Windows 95 and 3.1 users as well.

Having just changed my operating system to
Window 98, 1 found that I could not send sig-
nals to the PIC Toolkit board (EPE July 98 in
a DOS box under Windows. T have now been
doing some work on the Windows 98 1/0 port
accessibility problem.

I have found that if I disable LPTI, then
Windows 98 keeps trying to reinstall it and
there seems to be some disagreement between
the BIOS and Windows. T've given up trying
to sort out what is happening and instead have
come up with a solution that works ali the
| time.

I have two parallel ports, the first of which
came with the PC and is known as LPT1. The
second is one that [ later added myself at a cost
of a few pounds and is LPT2. I installed this as
normal and tested it on my printer.

The trick now is to navigate from My
Computer to the Properties — General tag for
LPT2, then tick the box to ‘"Remove from this
hardware profile’”. This frees the port from
Windows, which then ignores it no matter how
many times 1 reboot. I've not looked into
hardware profiles!

Using the now free LPT2 port connected to
either the PIC Toolkit board or the EPE PIC
Tutorial board, I find that [ can access and run
the software from the desktop in a DOS box.

This has brought to light another problem.
My LPT2 port has some sort of internal pull-up
on its pin 10 which is so strong that the drive
from the PIC in Verify Mode can’t drive logic 0
below about 2V, which gives verify errors of
course.

To get over this | have added a 7404 chip on
a small piece of Veroboard and wired two of its
inverters in series to give a non-inverting drive
between the PIC pin 13/4053 pin 15 junc-
tion and pin 10 of the Centronics connector. [
didn’t need to cut the track but just removed
two jumper links from the board and wired
accordingly.

As seen by my oscilloscope, the voltage at
connector pin 10 goes from 0:1V to 5V and so
far [ have not had a single Verify error.

I really can’t thank you enough for the
knowledge and experience gained from your
two projects and I can only guess at the number
of man-weeks of effort invested on your part.

Colin Birtwistle,
Swantey, Kent

% LETTER OF THE MONTH

- many readers have not fullv read my comments
Dear EPE, -

Colin. I am most grateful to vou for this
information, as will be a number readers —
there have been quite a few who have contacted
me about their computer’s inability to correctly
read the data on connector pin 10.

- In this context, it has surprised e how

about setting the program variable VERIFY%
= 0 if the computer cannot read the pin (it's
near the head of the program and normally set
to VERIFYY = 1, which tells the computer that
it should try to verifyldisassemble).

As resull, a common resulting problem is
‘that some of these readers have thought their
PIC was not being programmed at all because
the computer was reporting vasi quaniities of
errors found, probably as many as the number
of bytes sent! In all cases. it is highly likely
(provided everything else is beinglhas been

done correctly), that the PIC will have accepted |

the data, and it's just the computer that er-
roneously reports otherwise, simply because it
cannot read pin 10

To suminarise the possible reasons why the
PIC might appear to be inaccurately pro-
grammed by Toolkit, they are:

& PIC omitted/incorrectly inserted (should be
notch down)/wrong type (16C84 and 16F84
only)

® Power to the board not present or not to the
voltage required

® Printer cable not plugged in

® Incorrect Port address selected on computer
(re-read my text — there are three possible ad-
dresses, hex 378, 278, 3BC)

® Computer cannot read printer port as an in-
put — (see Colin’s letter above for possible solu-
tion and my above comment about disabling
the verifying routine, setting VERIFY % = 0)

® P.C.B. and/or components faulty in some
way

® A few genuine errors exist - try again (I've
never expericneed it}

@ PIC has not first been configured as required
for application (Menu Option 1 not run)

® Failure to disassemble may be because PIC
has previously been Code Protected

[ have long suspected that some computers
might need a buffering chip between their
printer port and the PIC, and have been
suggesting such to some readers who have
phoned me. 1t is an option which is well worth
exploring if your computer seems unable to
verifyldisassemble. With Toolkit Mk2 which ]
am currently preparing (and which is intended
Jor the PICx84 and the new *87x family), I have
included a buffer as part of the circuit.

WINDOWS 98 PORTS

Dear EPE.

In Readour Feb *98 (High Language), you
ask about accessing Windows 98 ports. in
the context of Ken Brown’s enquiry about
using Windows programming languages for
EPE parallel port projects.

Windows 95 and 98 are not nearly so dif-
ferent as Windows 3.1 and 95 are. Informa-
tion about using MS-DOS/Windows computer’s
parallel port for EPE type projccts is on my web
site at: www.arunet.co.uk/tkboyd/elelpp.htm.

Ken Brown's points address what you are
“*supposed’’ to do in Windows programming.
For the purpose of EPE type projects, 1 do not
believe that there would be significant problems
with the ‘‘cheats’ inherent in my "‘quick and
dirty”” method.

Please consider publishing an E-mail address
for Readout as part of its main page heading.

Lastly, congratulations on absorbing ET/.

Tom Boyd, via the Net
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You have an interesting web site, Tom, with
some very useful links. | spent a couple of
hours browsing through the links. There's a lot
of port-related material. Readers are recom-
mended to take their own look.

Curiously, though, I didn't spot anvthing
relating to why lap-top computers seem less
willing than desk-tops to allow their printer
ports to be used for purposes other than driving
printers.

We periodically get calls from readers who
cannot get their lap-tops to work with some
projects that are known to work correctly with
desk-tops. Could the lap-top output voltages
be lower than those expected from desk-tops?
Could pull-upldown resistors provide a solu-
tion? Can anyone provide some answers from
their own experience with lap-tops? )

Readout does not have its own E-
mail address. the general Editorial address
should  be used (as given at the top
right of each month's Editorial page), i.e.
editorial@epemag.wimborne.co.uk.

FUEL FOR THOUGHT
Dcar EPE.

I have just changed my motorbike (from an
RIIORS to a Cruiser). All my previous bikes
had fuel gauges yet this new model from BMW
surprisingly lacks one (except for a low-warning
light which is useless as you may not be able to
find a garage with the range left).

Not to be put off. I removed the tank and
plate expecting to find a float and rheostat inside
(as is the case with their other models, even
though a gauge might not be actually fitted to
the display panel. There is only a small float
switch used by the wamning lamp. There appears
to be no float/rhcostat assembly available which
can be fitted inside this particular model’s tank.

Do you, or any reader, know of a way of
measuring fuel quantity in a metal tank using
a transducer from outside (so as not to have
to drill a hole through the tank which would
present sealing problems), e.g. by pinging the
tank with a sound wave. The measurement does
not have to be linear as this could be ac-
complished using a PIC.

Any suggestions would be welcomed as [ do
not want to run out of fuel miles from anywhere
again!

Stephen H. Alsop JP,
via the Net

Again? — lherein lies a tale (and a trail) 1
guess! Stephen’s E-mail was addressed to Alan
Winstanlev, who offers the following.:

From my industrial experience it can be ex-
tremely hard to obtain reliable results. depend-
ing on the nature of the fluid being measured.
Methods include ultrasonic or laser detection,
checking the image reflected from the top of the
fluid. But with a motorcycle there will obviously
too much turbulence for such a system to work
properly.

The old ways are best and I think that a float
would be the only feasible way of damping
down the movement inside the tank. There are
several float sensors available from RS or Far+
nell. but 1 really wouldn't like to offer a circuit
duc to the hazards involved. As for trying to
detect the fluid content from outside, I really
cannot think of any reliable method.

[ find it incredible that no gauge is fitted to
your machine. (I'll stick to a mountain bike!)

Alan Winstanley

As a thought from me, could you perhaps
put a flow moniror into the fuel line? Knowing
the rate of flow and the pipe diameter, the PIC
should be able 1o calculate the quantity used.
Providing you know how much fuel you put into
your lank each time (perhaps entering the value
into the PIC) you should be able to keep track of
the minimun quantity remaining.

RS do a range of flow sensors. at least one of
which is for use in automotive fuel line applica-
tions (part no 256-225, about £70). Let us know
‘how you eventually solve the problem.

PIC84 EEPROM DATA
Dear EPE,

How can I program the PIC16x84’s internal
EEPROM data memory with a message before
the program itself is loaded? 1 understand some
PIC programmers can do it, but your TASM
Send does not seem able to.

Daniel Hicks, via the Net

Yes, TASM Send cannot do this. However —
my new Toolkit MK2 that is in preparation
can! It will both program any message {(or
other codes) of one’s choosing into the PIC's
EEPROM data memory and (with computers
that can read their printer ports) can also read
them back to disk. Toolkit ME2, is Jor pro-
gramming PIC16x84 and the new PICI6F87x
microcontrollers and is scheduled for the May
issue. And, incidentallv, the inclusion of ithis

Jacility was prompted by vour query (and half a

weekend lo spare)!
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ONLINE DILEMMA
Dear EPE,

Now that EPE is available OnLine via the Net
and I can readily access it, should T now cancel
my printed cdition of the mag and adopt the
Internet version?

Also, I have noticed that EPE has been
criticised through Readout for becoming com-
puter orientated. Electronics is purcly a hobby
for me, but as part of my science course in the
early *60s [ had to learn the characteristics of
thermionic valves and transistors and how to
build a better amplifier. 1 did not find this
particularly interesting or challenging.

However, in my opinion, I believe that with
the advent of the computer and microelectronics
all this has changed. I belicve that EPE should
have a bit of everything whilst remaining at the
cutting edge of technology and innovation.

Colin Watkin,
via the Net

EPE Online provides an excellent way for
readers all around the world to yain fast access
to the magazine and to the articles in past issues
(EPE Online started with the November 98
issue). The Online web site also houses a shop-
ping mall which carries books, CD-ROMs etc.,
in addition to this various other information in

the form of back up material is available free of

charge. Online represents an exciting leap for-
ward for EPE and an extra facility for all
readers. However, readers should be aware
that the on-line edition appears about ten days
after publication of the printed version and, at
present, carries no advertising.

If vou just want access to the articles and are
not worried about the adverts then Online is
cheaper than the printed version. We suggest
you “suck it and see’’, a free issue (Nov '98) is
available so you can get the feel of it and see if it
suits vou.

The Net version is prepared and put on-
line in America by our friends Max and Alvin
(of PhizzyB infamy!). They are sent our files
onlv when the printed edition lavouls have been
Jinalised and sent to our UK printers. M&A
then edit the files so that the Net edition is
tailored to Web presenfution and an interna-
tional market. In this process some conlents may
be slightly changed, and even some articles may
be switched hetween editions.

Whilst we are aware that some readers would
prefer us not to be involved with computers, the
majority do seem to welcome the fact that in
their various forms computers and allied devices
such as microcontrollers have become an in-
tegral part of elecironics design and consiruc-
tion. I for one would be totally lost now without
a computer — I use one in my workshop much
more than [ ever use a multimeter,

ENTITLING
Dear EPE,

In your Feb "99 Editorial you asked for title
suggestions to suit the integration with ET/. |
beg you not use an amorphous initial-lettered
title. Such a pseudo name may identify the
magazine to thosec who are familiar with it—or it,
may confuse cven them — but it would mean
nothing to the unacquainted whom you would
wish to attract.

The fatuous use of corporation names com-
prised of initials has become fashionable: but
apart from a very few such designations, as of
the BBC, they convey nothing to the majority of
the people.

Besides, historically your amalgamated publi-
cation will be derived from more than only PFE,
EE and ETI (Hobby Electronics. for example?).

I suggest that you need a title which would
associate the magazine with its aspirations and
achievements. Try Functional Electronics.

J. H. Eastaugh,
Chesham, Bucks

1 have 1o agree that initials-only iitles can be
confusing to those who are not already in the

know. Although we refer (o ourselves as EPE
within the body of the magazine, it would he
imprudent of us to substitute those letters for the
Jull title on the front cover. Even as an inde-
pendent magazine. ETY still spelt out their full
title underneath the logo.

Personally. | think it's dangerous for any
magazine 1o change its name in any significant
way without a reallv good reason — readers
become used to looking for their favourite
magazine by its cover style If changes are to be
made they should be done yradually. Our
incorporation of the ETI logo has, we hope,
made EPE and ETI readers still feel they have a
Sfamiliar image fo draw their atiention to the
cover.

You are almost right on the historical aspect
— Hobby Electronics was siarted by Argus Press
as a “little sister” (o ETL, in the same way that
IPC Magazines had previously started EE as a
“little sister” to PE. This was in the great
hev-day of electronics hobbyist activity (1970s-
80s) with several publishers offering com-
parable magazines to mect market demand.

However, as I understood it when it was
happening. Hobby Electronics (HE) began o
decline in populariry and its name was changed
to Electronics Monthly (EM) in an attempt to
gain more readers. It failed in this and the title
was bought by Everyday Electronics and incor-

porated on the EE cover. In fact, the title of

Hobby Electronics was also bought by EE. Con-
sequenily. our parent company, Wimborne Pub-
lishing. owns six electronics magazine titles,
abbreviated to: EE, PE, EPE, HE, EM and ETI
(not to mention the nwo massive electronics
manuals and their on-going quarterly supple-
ments: Electronics Service Manual (ESM) and
The Modern Electronics Manual (MEM}.

HAPPY FAMILIES
Dear EPE,

A wee suggestion for your title — I know you
are trying to keep loyal to all the readers of
EE, PE and ETI, but why not take a simple
and practical approach? Your magazine is about
electronics so why not have a clear and ob-
vious title that anyone looking for an electronics
magazine can spot on the crowded newsagent
shelves — why not call it Electronics? 1t may be
a bit simple but it tells the onlooker what is
inside! Maybe have a picture of the world un-
der the title to show that it is an international
magazine, but what ever you do, keep it simple.

I would also like to thank Alan Winstanley
for his Home Page on the Internet. If you have
not seen it yet, look it up. Being a father of
seven children | know where he is coming from.

Lee Elvin, via the Net

Thanks for the observations Elvin — simplicity
has a lot to be said for it. But I'll bet that
simplicity is not always a keyword with a septet
in tow! And. yes, Alan’s probably a father-figure
to many treading the path towards electronics
knowledge.

ROM Vs CAT
Dear EPE,

I fancied a CD-ROM catalogue from Maplin.
I had just added a CD-ROM drive to my com-
puter set-up and was anxious to try it out.
Cheque sent. Eventually (!) a disk arrived, but
the set-up stalled trying to open a non-existent
file. Sent disk back with note of the problem.

They send another CD-ROM. Same problem,
so wrote to HQ who had no knowledge of
my previous correspondence. Sent copies. Even-
tually got a strange letter, very difficult to un-
derstand but setting out instructions using the
enclosed disk — only they never sent the disk!
Where’s the disk?, 1 asked. This came some
days later with a scribbled compliments slip.

It took a long time running following their
instructions using the floppy disk containing a
file omitted(?) from the CD-ROM. However, |
got a little window which said it had all been
successfully installed. Play “‘Freecell”” and all
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would be well. Which 1 did, but there is no sign
of the catalogue anywhere. I wonder where it
went?

I then had to re-install Windows because |
couldn’t access it at all. The re-installed Win-
dows didn’t work either. So I had to format the
hard drive, so everything went.

Re-installed DOS and Windows and all is
well, except I lost my letter files so I don’t have
a copy of my EPE Prize Winning Letter (Dec
'98), and there wasn’t a copy of EPE to be had
in Newcastle.

I don't know why I bother, but I suppose my
generation always did. I will just have to use the
paper catalogue.

Peter McBeath,
Morpeth, Northumberland

A somewhat longer Comedy of Errors
detailed in Peter's letter has been edited!

We knew Maplin's first CD-ROM had been
causing problems for a lot of our readers,
indeed our own copy gave us problems [00.
However. I have loaded their latest CD onto two
machines without problems and am using it
(them) regulariy.

We feel sure that a company of Maplin's size,
and usuallv good reputation for the variety,
quantity and quality of its products, will take
heed of any feedback they receive aboul their
CD-ROM and rectify any problems before the
next edition. It must be said, though. that it is
concerning that someone should have lost data
through loading it.

Peter also usks:

“‘How can I do a drawing on the drawing
board which will put it straight on the computer
screen — a fine pointer instead of a mouse? And
how can [ program a timer and clock to produce
*ship’s’ bells?"

Well, readers, have you any suggestions?

BASIC
Dear EPE,

Referring to the letter from Joseph Zammit
(Dec '98), I would like to suggest EPE con-
tinues to use BASIC as the main program-
ming language for two reasons: almost everyone
knows BASIC and if someone wants to use
other programming languages they can casily
translate the program. Secondly, QBASIC.EXE
is free.
~ On the other hand, you mentioned Visual
Basic in your reply letter — I think it is a good
idea since many people are using Windows and
wriling Windows-based programs will become
more popular.

Charles Law,
Hong Kong, via the Net

Thanks Charles.

YETI BOUND?
Dear EPE,

There was a letter published in Readout Oct
’08 which suggested that a serial link between
two PICs increased the number of available 1/0
lines. I would like to know how this was done as
I have a requirement where two PICs are being
used and linked serially.

Also, re the letter in Readout March '99
regarding the ‘‘mistake’” of changing Elec-
tronics Today International to ETI and that EPE
is not easily pronounced: how difficult is it to
reel off eepy? Akin to ETI being pronounced
like veti or yehti without the y.

Chris Neale, via the Net

Hi again Chris. I've not done double-PICing
vet and can't answer you, but suggesi vou ask
via our Internet Chat Zone — lots of knowledge-
able readers out there!

Ah yes. the Yeti — the abominable snowman,
and still being looked for I believe. But vou
don't have fo look far for us — on any good
newsugent’s shelves, or on your door mat if
you're on subscription, or on the Nel if you're
Webbed.
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Understanding Computers

PhizzyB COMPUTERS

Part 6: PhizzyBot - Collision Detection

HITHERE. As you will recall, last month in a crescendo of excite-
ment we created a simple d.c. motor controller output device.
Next we mounted the PhizzyB on a base with two d.c. motors,
thereby taking a first step towards a simple robot, the PhizzyBot.

Clive "Max”” Maxfield and Alvin Brown

Then we performed some simple experiments to test our ability to
control the PhizzyBot’s motors. This included the creation of a tim-
ing subroutine that allowed us to execute actions for fixed durations
specified in tenths of a second. Cool! And there’s more . . .

N THIS month’s constructional article,
lAlan Winstanley describes how to add a
number of microswitches around the
periphery of the PhizzyBot. For our part in
this tutorial, we are going to discuss how to
program the PhizzyBot to use these
microswitches to detect collisions (say with
a wall or a household pet) and perform
whatever actions we deem to be appropri-
ate. (Note that vaporizing hamster-type
obstructions with industrial-strength lasers
is NOT an appropriate response!).

As part of this, we’ll be employing some
rather cunning programming tricks that will
make you squeal with delight (so don’t read
this article in a public place, because we
cannot be held responsible for the out-
come)!

ADDING SWITCHES

Note that we are going to be using the
interrupt-driven input switch device we cre-
ated in Part 4 of this series (Feb ‘99), and
that this device will be connected to the
PhizzyB’s input port at address $F012.
Now, as discussed in Alan’s constructional
article, we are going to physically mount
six microswitches to the PhizzyBot as
shown in Fig.1.

Top-down

view

Fig.1. Locations of the microswitches.

For reasons that are a bit involved to go
into here, computer guys and gals often
start numbering things from zero, and our
microswitches are no exception. (The rea-
sons for numbering things in this manner
are discussed in excruciating detail in our
book Bebop BYTES Back.)

These switches are going to be connected
to the 16-pin header on the interrupt-driven
switch device, such that Switch 0 ultimate-
ly drives bit IPO of the input port, Switch 1
drives bit IP1, and so forth.

One point you might be pondering is why
did we use only six microswitches? After all,
the input port could support eight switches if
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we so desired. If you’ve been conditioned to
assume that everything to do with computers
is complex, the answer to our poser should
prove to be refreshingly simple, because
there is no reason whatsoever.

We could indeed have used eight
microswitches, but we decided that six
would do the job (plus we only had six
microswitches in our treasure chest of parts
and it was raining and neither of us wished
to trek out to the local electronics store).

SKELETON PROGRAM

OK, as for last month, the first thing
we’re going to do is to create a skeleton
(framework) program, which we’ll develop
as we go along. Invoke your PhizzyB Sim-
ulator, activate the assembler, and enter the
program shown in Listing 1.

Before you do anything else, save this
skeleton program as eeexpl.asm. Now con-
sider the Constant Declarations section at
the beginning of the program. The
SWITCHES label will be used to associate
our interrupt-driven switch device (which is
now wired to the microswitches) with the
input port at address $F012.

As per last month, we’re going to use the
PhizzyB’s on-board 8-bit l.e.d. bargraph
display to indicate the value we’re driving
to the motors. Thus, we equate the
MGRAPH label to the address of this out-
put port, which is $F030.

Similarly, we're going to connect the 8-
bit L.e.d. bargraph display we created in Part
2 (Dec ’98) to the output port at address
$F031, and then use this to display the cur-
rent value in the timer. Thus, we equate the
TGRAPH label to the address of this out-
put port.

Next we’re going to connect our motor
controller board from Part 5 (Mar '99) to
the output port at address SF032. Hence the
MCONTROL declaration.

Moving on, the DELCONST label is
assigned a value of $0C (12 in decimal),
which is used to persuade our timing sub-
routine to loop around for 1/10 of a second
(we determined the value of DELCONST
by trial and error as we discussed in last
month’s tutorial).

Finally, the way in which we use the
FOREVER, NOMORE, GOGOGO, and
EEEKSTOP labels will become apparent

Listing 1
### Start of Constant Declarations

SWITCHES: .EQU $F012 #
MGRAPH: .EQU $F030 #
TGRAPH: .EQU S$F031 #
MCONTROL: .EQU S$F032 #

#
DELCONST: .EQU $0C #
FOREVER: .EQU $00 #
NOMORE : .EQU S$FF #
GOGOGO: .EQU $01 #
EEEKSTOP: .EQU $00 #

Switch input device

Motor bargraph display
Timer bargraph display
Motor controller board

Delay constant value
Do it forever code
End-of-sequence code
"Let's go" code
"Let's stop" code

### End of Constant Declarations

### Start of Main Program Body
# Start of program

.ORG $4000
### End of Main Program Body

#H#

Start of Interrupt Service Routines

### End of Interrupt Service Routines

##4 Start of Subroutines
### End of Subroutines

### Start of Temp Locations and Data Values

GOFLAG: .BYTE
TVALUE: .BYTE
TEMPSW: .BYTE
TEMPX : .2BYTE $0000

# Flag
# Main timer temp value
# Copy of switches

# Temp index register

(0=stop, 1l=go)

### End of Temp Locations and End of Program

.END
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as we proceed (although their names should
be somewhat suggestive of their function).
At the end of the program we reserve
three 1-byte memory locations called
GOFLAG, TVALUE, and TEMPSW, plus
a 2-byte value called TEMPX. This 2-byte
value is of particular interest in that we
assign it an initial value of $0000. The way

in which this initialization works is dis-

cussed in more detail in Chapter 12 of
Bebop BYTES Back and also in Appendix D
of The Official Beboputer Microprocessor
Databook.

INDIVIDUAL MOTOR
CONTROL CONSTANTS

What! More constants? Well yes, we're
afraid so, but these little rascals are going to
make our lives one heck of a lot easier, let
me tell you. For example, a binary value of
00001010 doesn’t immediately convey a lot
of information to the casual reader, whilst a
constant label called FORWARD (which
we can associate with the 00001010 value)
gives us a pretty good clue as to what’s
going on.

From last month’s article we know that
output port bits OP1 and OPO are used to
control the PhizzyBot’s left-hand motor,
whilst bits OP3 and OP2 are used to control
the right-hand motor (Table 1). (Remember
that, in this context, the terms “left”” and
“right” refer to your perspective if you
were to shrink yourself down and position
yourself atop of the PhizzyBot looking
towards its front end.)

Note that if the control bits associated
with a motor are at both at 1, this will also
cause that motor to stop, but we aren’t par-
ticularly concerned with this. We only
need one stop condition per motor, and
we’ve chosen to use the case where both
control bits are (. Based on this, we need
to add six more constant declarations to
our program as shown in Listing 2a
(append these to the bottom of the existing
declarations).

COMBINED MOTOR
CONTROL CONSTANTS

If we only account for one stop condition
for each motor as discussed above, then
each motor has three possible states it can
be in. As we have two motors, this gives us
a total of 3 x 3 = 9 different possibilities.
Four of these cover the cases where both
motors are active simultaneously (Fig.2).

The next four cases to consider are those
in which only a single motor is active
(Fig.3). In this case the PhizzyBot can turn
left or right, and also reverse to the left or
right.

The final case, of course, is where both
motors are inactive (we won'’t bother illus-
trating). We can add these nine cases to our
constant declarations as shown in Listing
2b.

The vertical bar character (“1”’) in the
centre of the listing is used to indicate a log-
ical OR operation. We haven’t seen this sort
of thing before, but in fact constant declara-
tions can employ simple logical and arith-
metic operations between numerical values
and/or previously declared constant decla-
rations.

For example, we previously assigned the
labels RREVERSE and LFORWARD
with values of 00000100 and 00000010,

Table 1: The bits used to control the motors

Left Motor Right Motor

OoP1 OPO Label 0oP3 oP2 Label

0 0 LSTOP 0 0 RSTOP
0 1 LLREVERSE 0 'L RREVERSE
1 0 LFORWARD 1 0 RFORWARD
1 1 - 1 1 -

Listing 2a
LSTOP: .EQU %00000000 # Left motor stop code
LREVERSE: .EQU %00000001 # Left motor reverse code
LFORWARD: .EQU %00000010 # Left motor forward code
RSTOP: .EQU $%00000000 # Right motor stop code
RREVERSE: .EQU %00000100 # Right motor reverse code
RFORWARD: .EQU %00001000 # Right motor forward code
Listing 2b

STOP: .EQU LSTOP | RSTOP # All stop

FORWARD: .EQU LFORWARD | RFORWARD # Go forward
REVERSE: .EQU LREVERSE | RREVERSE # Reverse

SPIN CW: .EQU LFORWARD | RREVERSE # Spin clockwise
SPIN_ACW: .EQU LREVERSE | RFORWARD # Spin anticlockwise
TURN_L: .EQU LSTOP | RFORWARD # Turn left

TURN_R: .EQU LFORWARD | RSTOP # Turn right

BACK L: .EQU LSTOP | RREVERSE # Reverse left
BACK_R: .EQU LREVERSE | RSTOP # Reverse right

respectively. The logical operator in the
constant declarations behaves in a similar
manner to the PhizzyB’s OR instruction
(which was introduced in Part 2). Thus, our
new SPIN_CW (spin clockwise) label will
end up being assigned a value of 00000100
ORed with 00000010, which will be
resolved as 00000110.

There are several points to note here.
First, constant declarations are only used by
the assembler to perform its machinations.
These declarations don’t affect the size of
the final machine-code program, so there’s
no overhead involved in using them.

Obviously we could have simply used a
SPIN_CW .EQU %00000110 statement to
assign a value to our SPIN_CW label
directly (and similarly for our other labels).
However, this would have obliged us to per-
forin the OR operations manually, which
would be a pain and prone to error. Given a
choice, we always prefer to make the
assembler do the bulk of the “grunt work™,

thereby leaving us free to do the conceptual
thinking.

One very important point is that these
new labels MUST appear AFTER our other
labels, because an expression forming part
of a constant déclaration can only make use
of constant labels that have already been
declared. Otherwise, it would be possible to
generate expressions in which label “A”
was used to define label “B”’, which was in
turn used to define label “A”, which would
result in no end of confusion. (This is dis-
cussed in more detail in Chapter 12 of
Bebop BYTES Back and in Appendix D of
The Official Beboputer Databook.)

ACTION SEQUENCES

Now let’s pause for a moment to ponder
exactly what we want to be able to do. If the
PhizzyBot wanders into something causing
one of its microswitches to be activated,
then we want to be able to cause the Phizzy-
Bot to execute a specific sequence of

(a) Go (b) Go
Forwards Backwards

1 d

{c) Spin (d) Spin
Clockwise Anticlockwise
-,

C
o

)

(b) Turn
. Left

Right

Left = Forward Left = Stop

Right = Stop Right = Forward

Left = Forward Left = Reverse Left = Forward Left = Reverse
Right = Forward Right = Reverse Right = Reverse Right = Forward
Fig.2: Cases where both motors are active
Left = Stop Left = Reverse
(8 Turn Right = Reverse Right = Stop

Left Right

Fig.3: Cases where only one motor is active
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Listing 3

ACTSWO: .BYTE STOP, 5 4 Stop for 5/10 sec
.BYTE REVERSE, 10 # Reverse for 1 sec
.BYTE SPIN_ACW, 7 # Spin ACW for 7/10
.BYTE FORWARD, FOREVER

ACTSW1l: .BYTE NOMORE # No ractions

ACTSW2: .BYTE NOMORE # No actions

ACTSW3: .BYTE NOMORE # No actions

ACTSW4: .BYTE NOMORE # No actions

ACTSWS5: .BYTE STOP, 5 # Stop for 5/10 sec
.BYTE REVERSE, 10 # Reverse for 1 sec
.BYTE SPIN_CW, 7 # Spin CW for 7/10
.BYTE FORWARD, FOREVER

ASTART: .BYTE FORWARD, FOREVER

actions (for example, “‘Stop, reverse, tum
right, go forward again . . .”).

In order to do this we require a method
by which we can specify such a sequence of
actions in our PhizzyBot control program.
Furthermore, remembering that there could
well be a different sequence associated with
each microswitch, we want this method to
be easy to read and modify, thereby facili-
tating our ability to experiment with differ-
ent sequences.

The absolute worst case would be for us
to have to specify such a sequence as a col-
lection of binary values. For example:
00000000 (stop), 00000101 (wait for 0-5
seconds), 00000101 (reverse), 00001010
(for 1.0 second), 00001001 (spin anticlock-
wise), 00000111 (for O0-7 seconds),
00001010 (go forward), and so forth.

Note that, as per our discussions from
last month, we’re assuming that the delays
are specified in tenths of a second. For
example, 00000101 = 5, which means 5
times 0-1 seconds = 0-5 seconds.)

At the other end of the spectrum, it would
be great to be able to actually specify a
command sequence as a string of characters
in natural language format, such as “‘Stop
and pause for 0-5 seconds, then reverse for
one second, then spin anticlockwise for 07
seconds, then start to go forward again”.

Unfortunately, natural languages contain
ambiguities and logical inadequacies, so
we’ll need to use something a little more
formalized. However, we might be able to

" get quite close to our ideal case with rela-
tively little effort.

Consider the statements shown in Listing
3 (and while you’re considering them, insert
them into your program just after the tem-
porary locations at the bottom of the
program).

The syntax we’'ve decided to use is to
commence each sequence of actions with a
label. For example, the label ACTSWO
stands for “The actions associated with
Switch 0. This label is then followed by a
series of bytes, which are organized as pairs
consisting of an action followed by a delay
(specified in tenths of a second). The
assembler will of course replace the action
code labels like STOP, REVERSE, and
SPIN_ACW with their binary equivalents
00000000, 00000101, 00001001,
respectively.

As we will soon discover, we're going to
organize the main body of the program such
that an action code of 11111111 causes the
PhizzyBot to stop and wait for another
interrupt to occur (for example, a pet to
bump into one of the switches).

Furthermore, we’re going to write the
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program such that specifying a delay of 0
actually means “do this action forever” {or
at least until the PhizzyBot bumps into
something causing a new interrupt to
occur). This explains the two constant
labels NOMORE and FOREVER, which
we declared in our skeleton program, and
which we see appearing in Listing 3.

Note the ASTART label at the end of the
action sequences. We’re going to use this to
define what the PhizzyBot will do when the
program first starts running. As you can see,

our example program simply instructs the

PhizzyBot to start rolling forward, and to
keep on doing so until it bumps into some-
thing.

However, once you’ve got this first ver-
sion of the program working, you could
easily modify this sequence to do some-
thing more interesting, such as spinning
round three times before heading off into
the great unknown.

Also note that we’ve only assigned
actions to the two switches on the front of
the PhizzyBot (Switch O and Switch 5).
This assumes that the PhizzyBot will roll
forward until it bumps into something, at

which point it will reverse, spin one way or
the other, and start going forward again. If
any of the other switches are triggered, the
PhizzyBot will stop dead in its tracks ...
unless you assign your own action
sequences to these switches of course ...

A CUNNING PLOY

One thing we’re going to need to know is
the start address of each of the action
sequences we just created above. But these
start addresses are fairly fluid. For example,
if we insert additional actions into the
ACTSWO sequence (or delete some
actions), then this will change the start
addresses of all of the other action
sequences.

What'’s needed is a cunning ploy, and we
are nothing if not masters of the cunning
ploy! To illustrate what we mean, peruse the
statements in Listing 4 (while you’re adding
them to the program just after the action
sequences).

DON’T PANIC if this doesn’t appear
immediately obvious on a first viewing.
Consider label ADRSWO, which is used
to reserve a 2-byte value in the PhizzyB’s
memory. As we discussed earlier (in the
context of the TEMPX label), it is possi-
ble to instruct the assembler to initialize
the contents of memory locations
reserved in this way. In this case, we’re
assigning the label ACTSWO to our 2-
byte value. Our cunning ploy is that the
assembler will automatically replace this
assignment with the actual address of

‘ACTSWO.

The end result is that we know that the
2-byte value we've called ADRSWO will
contain the start address of action sequence
ACTSWO. Similarly, the 2-byte value
we've called ADRSW1 will contain the
start address of action sequence ACTSWI1,
and so forth.

Listing 4
ADRSWO: .2BYTE ACTSWO # Address of SWO actions
ADRSW1: .2BYTE ACTSW1 # Address of SWl1 actions
ADRSW2: .2BYTE ACTSW2 # Address of SWZ actions
ADRSW3: .2BYTE ACTSW3 # Address of SW3 actions
ADRSW4: .2BYTE ACTSW4 # Address of SW4 actions
ADRSWS: .2BYTE ACTSWS # Address of SW5 actions
ADRSTR: .2BYTE ASTART # Address of initial acts
Listing 5

#== Start of "Main Timer" Routine
TIMER: STA [TVALUE] # Store original count
TLOOPA: JSR [ONETENTH] # Call 1/10 Sec loop

LDA [GOFLAG] # Load flag

JZ [TRETURN] # Jump if flag=0

LDA [TVALUE] # Load count wvalue

DECA # Decrement it

STA [TVALUE] # Store it

STA [TGRAPH] # Store it to LEDs

JNZ [TLOOPA] # Loop again if 1=0
TRETURN: RTS # Exit subroutine
#== End of "Main Timer" Routine
#== Start of "1/10 Second" Routine
ONETENTH: LDA DELCONST # Load count value
OTLOOPA: DECA # Decrement it

JNZ [OTLOOPA] # Loop again if !=0
OTRETURN: RTS # Exit subroutine
#== End of "1/10 Second" Routine
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The clever bit is that whenever we
modify anything, the values associated with
all of the labels will automatically be
updated when we re-assemble the program.

DELAY SUBROUTINES

OK, we’re almost ready to create the
main body of our program, but before we do
we need to create a couple of utility rou-
tines. First we need to add the timer rou-
tines shown in Listing 5 (add these just after
the “start of subroutines™ comment in the
skeleton program).

These two routines are almost identical to
the ones we developed last month, so we
won’t spend too much time on them here.
Suffice it to say that we can load the accu-
mulator with the required delay (specified
in tenths of a second) and then call the
TIMER routine. In turn, this routine will
repeatedly call the ONETENTH routine,
which is designed to take one tenth of a sec-
ond to execute,

Every time it goes around the loop, the
TIMER routine will display the current
count on the 8-bit l.e.d. display connected to
the output port at address $F031. This rou-
tine will terminate when it has “‘timed-out”
or if it discovers that the contents of the
GOFLAG location have been set to zero. As
we discussed last month, the contents of
GOFLAG are modified by an interrupt ser-
vice routine as shown in the next section.

INTERRUPT ROUTINE

Now we need to add the GETSW inter-
rupt service routine shown in Listing 6 (add
this just after the “‘start of interrupt service
roufines” comment in the skeleton
program).

As we will see in the main body of the
program, this routine is called when one of
the PhizzyB’s microswitches is triggered.
The first thing this routine does is to use a
PUSHA (push accumulator) instruction to
copy whatever is currently in the accumula-
tor onto the stack. :

Next we load the value from the input
port connected to the microswitches. As we
know from Parts 4 and 5, the way this input
device is constructed means that a closed
(activated) switch returns a logic 0, while
all of the other switches return logic 1s.
However, we’d prefer this to be the other
way around, so we use an XOR $FF state-

ment to invert all of the bits in the accumu- -

lator (swap the Os for 1s and vice versa),
then we store this value into our TEMPSW
location (which stands for ‘“temporary
switch™).

As soon as we’ve safely squirreled the
value from the switches away, we load the
accumulator with the EEEKSTOP code
(which we previously assigned a value of
zero) and store this into our GOFLAG
location (this will be used to terminate the
TIMER subroutine).

Last but not least, we use a POPA (pop
accumulator) instruction to retrieve our
original accumulator value from the stack,
then we return to wherever we were in the
program when this interrupt service routine
was called.

THIS ISN’T
COMPLICATED!

Take a deep breath. count to ten slowly,
and breath out. This really isn’t as

Listing 6

# Copy ACC to stack

# Read value on switches
# Invert Os to 1s etc.

# Store to temp location
# Load ACC with stopcode
# Set flag to stop

# Copy ACC from stack

# Exit routine

#== Start of "Get Switch" Routine
GETSW: PUSHA

LDA [SWITCHES]

XOR $FF

STA [TEMPSW]

LDA EEEKSTOP

STA  [GOFLAG]

POPA

RTI

#== End of "Get Switch" Routine

complicated as you might think. Although
we seem to have covered a lot of ground,
our program thus far is really rather simple.
In fact all it actually contains at this stage is
two timer subroutines (14 instructions) and
one interrupt service routine (eight instruc-
tions). The rest of the program consists of
constant declarations (a lot of labels) and
the action sequences (lists of labels). All we
have to do now is to create the main
program,

MAIN PROGRAM BODY

The main program body is shown in
listing 7 (enter this just after the “start of

main program body” comment in your
skeleton program). As we’ll see, this is
where all of the really cunning stuff takes
place.

The easiest way to understand what’s
happening is to “walk through” the code
one instruction at a time. First we use a
BLDSP to load the stack pointer with an
address of $4FFF, then we use a BLDIV to
load the interrupt vector with the start
address of our GETSW interrupt service
routine (remember that the assembler will
automatically substitute the GETSW label
with its corresponding address in the
PhizzyB’s memory).

.ORG $4000
BLDSP S$4FFF
BLDIV GETSW
SETIM
LDA $01000000
STA [TEMPSW]
#== Work out which microswitch
GETSEQ: BLDX $0000
LDA [TEMPSW]
GSLOCP: RORC
JC [GSCONT]
INCX
JMP [GSLOOP]
GSCONT: BSTX [TEMPX]
LDA [TEMPX+1]
SHL
[ STA  [TEMPX+1)
GETACT: BLDX [TEMPX]
LDA [ADRSWO0, X]
STA [TEMPX]
LDA  [ADRSWO0+1,X]
STA [TEMPX+1]
BLDX [TEMPX]
GOOD2GO: LDA GOGOGO
STA [GOFLAG]
#== Get the next action in the
NEXTACT: LDA [0,X]
JN [ALLSTOP]
STA [MGRAPH]
STA [MCONTROL]
INCX
LDA [0,X]
JZ [JUSTDOIT]
INCX
JSR [TIMER]
LDA [GOFLAG]
JINZ [NEXTACT]
JMP [GETSEQ]
ALLSTOP: LDA STOP -
; STA [MGRAPH]
STA [MCONTROL ]
JUSTDOIT: HALT
JMP [GETSEQ]

Listing 7

# Set program origin

# Load stack pointer

# Load interrupt vector

# Enable interrupts

# Load ACC with dummy switch
# Store to temp location
was activated

# Load index register = 0
Retrieve value on switches
Rotate right 1 bit

Jump if carry flag = 1
Else increment X reg

# Jump back and repeat

#
#
#
#

== Get start address of appropriate action sequence

Store index register

Load LS temp index A

Shift left (x2)

Store it again

Load X reg with addr of addr
Load MS addr of lst action
Store it to MS of temp X
Load LS addr of 1lst action
Store it to LS of temp X
Load X reg with addr of data
Load ACC with go code
Store it to Flag
equence

Get next action

If N=1 then stop

Store action to LEDS

Store to motor controller
Increment index register
Get delay value

If 0 then do it forever
Increment index register
Call timer subroutine

Load go flag

If !=0 get next action

... else get new sequence
Load ACC with stop code
Store action to LEDS

Store to motor controller
Wait for an interrupt

Get new sequence

£ R T
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We want the PhizzyBot to start off by
performing whatever action sequence it
finds at the ASTART label, but we really
don’t want to do a lot of work creating any
special “start up” code. To get around this
we use a trick, which is based on the fact
that we know the PhizzyBot only has six
microswitches (numbered 0 to 5). What we
do is to load the accumulator with a binary
value of 01000000, which corresponds to a
seventh, dummy microswitch, and then
store this value away into our TEMPSW
location. (Remember that TEMPSW is
where our GETSW interrupt service rou-
tine stores the value from the input switch
device.)

WHICH SWITCH?

Now we arrive at the GETSEQ label
(short for “get sequence”), which is where
the main program loop really starts. In the
future this will be the point in the program
where we’ll end up after a microswitch has
just been activated. Thus, as far as the pro-
gram is concerned, it needs to work out
which switch was triggered and it has no
clue that we’ve pre-loaded the TEMPSW
location with a dummy value.

The first instruction at GETSEQ is a
BLDX, which is used to load the index reg-
ister v 'th zero. Next we load the accumula-
tor with the contents of TEMPSW, which
our program assumes is the value from the
input switch device. Now we enter a sub-
loop, in which we use a RORC (rotate right
through carry) to rotate the contents of the
accumulator one bit to the right, thereby
causing the least-significant (LS) bit to
“fall off the end” into the carry flag.

The JC (jump if carry) instruction is used
to test the contents of the carry flag. If this
flag contains 1 we’ve found the
microswitch that was activated and we
jump to label GSCONT, otherwise we use
an INCX to increment the index register
and then jump back to the GSLOOP label.

The end result of this loop is that by the
time we reach the GSCONT label, the
index register contains a number corre-
sponding to the decimal value of the
microswitch that was activated (Table 2).

The first thing we do at GSCONT is to
use a BSTX instruction to store the contents
of the index register into our 2-byte tempo-
rary location TEMPX. In a moment we’re
going to use this value to point to one of our
ADRSWO,  ADRSWI1, ADRSW2 . . .
labels.

The problem is that each of these fields
occupies two bytes, so we really want to
multiply whatever value is in TEMPX by
two. In order to do this we load the accumu-
lator with the least-significant byte of this
value, shift it one bit to the left, and store it
away again. (The fact that shifting a binary
value one bit left is equivalent to multiplying
it by two was discussed in the bonus article
accompanying Part 3 of this series.)

WHAT ADDRESS?

So we now find ourselves at the
GETACT label, at which point we use a
BLDX to reload the index register with the
new value in TEMPX. Remember that we
originally loaded the TEMPSW location
with a binary value of 01000000. From
Table 2 we know that this will have been
converted into a value of $0006 in the index
register (6 in decimal), and we’ve just
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Table 2. Evaluating the number of the
triggered switch.

Switch  Switch value Index register
0 00000001 $0000 (0}
1 00000010 $0001 (1)
2 00000100 $0002 (2)
3 00001000 $0003 (3)
4 00010000 $0004 (4)
5 00100000 $0005 (5)
Dummy 01000000 $0006 (6)

multiplied this by 2, so the index register
now contains $000C (12 in decimal).

Now consider the LDA [ADRSW0,X]
statement, which loads the accumulator
using the indexed addressing mode. What
this means is that the contents of the index
register ($000C in this case) are added to
the address of the ADRSWO label, and the
accumulator is loaded with the contents of
the memory location at the resulting
address.

By some strange quirk of fate, this result-
ing address is that of the ADRSTR label,
which itself contains the start address of the
ASTART action sequence . . . Phew!

So the accumulator now contains the
most-significant (MS) byte of the address of
the ASTART action sequence, which we
immediately store in the MS byte of the 2-
byte temporary value TEMPX. Now we
use a second indexed-mode LDA to load
the accumulator with the LS byte of the
address of the ASTART action sequence,
and store this to the LS byte of TEMPX.

Next we use a BLDX instruction to load
the value in TEMPX into the index register.
We know that this is a little convoluted, but
the end result is that the index register ends
up containing the address of the ASTART
label, which is the first byte in our startup
action sequence.

A TAP-DANCING FOOL

Let’s quickly summarize what we’ve
done to make sure that we’re all still tap-
dancing to the same drumbeat. First of all
we arranged for the index register to contain
a value corresponding to whichever switch
was loaded (0 = switch 0, 1 = switch 1, and
so forth).

We then saved this value to TEMPX,
multiplied it by two, and reloaded it into the
index register. Next we used the contents of
the index register to provide an oftset from
the base address of the ADRSWO label (in
the case of our dummy switch, this offset
allowed us to locate the address of the
ADRSTR label). We next loaded the two
bytes at ADRSTR into TEMPX and then
loaded this value back into the index register,
which leaves the index register containing
the address of the ASTART action sequence.

PERFORM THE ACTIONS

So now we’re at the GOOD2GO label, at
which point we load the accumulator with
the GOGOGO code, save it to the
GOFLAG location, and proceed to the
NEXTACT label to start executing the
action sequence.

The first thing we do at NEXTACT is to
load the accumulator with the first action in
the sequence. Once again we’re using the
indexed addressing mode. However, this
time we know that the index register con-
tains the full address of the first action, so

we use an LDA [0,X] instruction, which
will add the contents of the index register to
0 to give us the target address.

The JN (jump if negative) instruction
tests to see if the most significant bit of this
action is 1 (corresponding to a NOMORE
code). In this case we would jump to the
ALLSTOP label and stop the motors. Oth-
erwise we store this action to the l.e.d. bar-
graph display at address $F030 and also to
the motor controller.

Now we use an INCX to increment the
contents of the index register, then we load
the accumulator with the delay value asso-
ciated with this action. The JZ (jump if
zero) instruction is used to test if the delay
value is zero (corresponding to a FOREV-
ER code).

In this case we would jump to the JUST-
DOIT label, which contains a HALT
instruction. This means that the PhizzyBot
will continue to perform this last action
until the universe ends or until a
microswitch is activated thereby triggering
an interrupt (whichever comes first).

Alternatively, if the delay value is non-
zero, we use an INCX to increment the
index register to point to the next action,
then we call our timer subroutine to wait for
the required delay. When we return from the
timer subroutine we check the status of the
GOFLAG.

A non-zero value means that we’re still in
GOGOGO mode, in which case we jump
back to NEXTACT to get the next action.
Otherwise we know that an interrupt must
have occurred, in which case we jump to
GETSEQ to find out which switch was
activated and do the whole thing all over
again. i

LET’S GO!

OK, let’s be honest and admit that the
main body of this program is non-trivial,
and it requires a bit of ““lateral thinking” to
wrap our brains around its cunning machi-
nations. But if you read through it a few
times you should be able to see what’s hap-
pening. Also, don’t forget that all of the
instructions and addressing modes are dis-
cussed in excruciating detail in Appendix A
of The Official Beboputer Microprocessor
Databook.

Once you’ve entered the entire pro-
gram, assemble it to generate the corre-
sponding eeexpl.ram file. Before we
load this program into the PhizzyBot, it’s
worth taking the time to test it on the
PhizzyB Simulator. Power up the simula-
tor and use the Memory - > Load RAM
command to load eeexpl.ram file into its
memory.

Click the simulator’s Run button and note
that both the onboard 1.e.d. bargraph display
at address $F030 and the external output
device at address $F032 (corresponding to
the motor controller device) show values of
00001010, which equates to both motors
driving forward (this is what we specified in
our ASTART sequence).

Now enter a value of 11111110 into the
binary field of the input device at address
$F011 and click the Set button to present
this value to the input port (this value corre-
sponds to microswitch O being activated).
Next click the simulator’s IRQ (interrupt
request) button, and observe the resulting
ACTSWO sequence being executed (note
especially the output device at address
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$F031 reflecting the current value in the
timer subroutine).

When you’re ready, use the PBLink utili-
ty to download the program to the Phizzy-
Bot and set it running. The Bot should start
rolling forwards until one of its front
microswitches hits something, at which
point it should perform the appropriate
action sequence (stop, reverse, spin) and
start rolling forwards again.

FINE TUNING

As fate would have it, the delays in our
action sequences were arrived at in a fairly
arbitrary manner. This is because your
PhizzyBot may have different sized wheels

and be geared different to ours. Thus, you
are going to have to modify the delays asso-
ciated with the action sequences to ensure
that your PhizzyBot does what you want.
For example, if you want the Bot to spin 90
degrees, you are going to have to fine-tune
the delay associated with the spin action
until your PhizzyBot performs as required.

Also, don’t forget that you can modify
the start-up sequence to do something more
interesting, like spinning around three times
before heading off into the great unknown.

Finally, remember that we only specified
useful action sequences for microswitches 0
and 5. If any of the other switches are trig-
gered, their action sequences cause the

PhizzyBot to stop and wait for you to do
something. Of course there’s nothing to stop
you from modifying these action sequences to
do something more interesting. . . .

NEXT MONTH

Next month we’ll show you a trick that
will allow you to replace delay values with
units like inches and degrees. This will
allow us to specify action sequences along
the lines of “Go forward for 10 inches and
then spin clockwise for 45 degrees. . ..”

And, we’ll be adding a light sensor to the
PhizzyBot, to let us tailor its behaviour to
be that of a “RoachBot” (avoids the light)
or a “MothBot” (loves the light).

Phiz

DON‘T forget that the PhizzyB Simulator
comes equipped with a smorgasbord of
tools, which can be incredibly useful when
you are debugging a program or simply try-
ing to understand exactly what your code is
doing.

First of all, when you assemble a pro-
gram you can use the assembler’s Window
—> View Listing File command to show the
contents of the list file, which you can sub-
sequently print out.

The list file contains your original source
code alongside the resulting machine code
(including the addresses of the memory loca-
tions containing each byte of machine code).
The list file is invaluable when used in con-
junction with the other tools referenced
below.

BT CPU Register Display
Accumulator !  Program Counter
$40 NS

- $4012

; Instr_utftionﬁ Reg ™77 Index Reg ™
; $91 $0000

il

“Stack Pointer

T Interrupt Vectas ack Pointer
; $4FFF

$4067

o —

it

T R | Rt i R s
ALl ofll ofj; o] o

i

Status Reg

e T st

Fig. A. The CPU Register display

easily run through uninteresting portions of
a program (such as a timing loop) so as to
focus on specific areas of interest.

MESSAGING
SUBSYSTEM

Use the simulator’s Display - > Mes-
sage System command to invoke the simu-
lator’s messaging subsystem.

If this display is active, then whenever you
click the simulator’s Step button to step
through an instruction, the messaging subsys-
tem will display all of the micro-actions
comprising that instruction. The left-most text
describes the main actions (Get Opcode,
Decode Opcode, Execute Opcode, and so
forth).

Messages indented one level to

CPU REGISTER 1 Memory Walker thg right indif:ate sub-actions, such
as incrementing the contents of the
DISPLAY at é:% ‘g'; & program counter. Finally, mes-
Use the simulator’s Display - > i E} e | g e | . sages indented two levels to the
CPU Registers command to invoke i HAL | HOM | A A | right offer additional comments
the CPU Register display (Fig.A). and explanations.
This display shows the current BP |Step |Address [ Data | =
contents of the PhizzyB’s internal i 44010 T ALL FOR ONE AND
registers whilst you are stepping T R i 2 7 T
through a program one instruction = i [ 1$4011 04 ONE FOR ALL .
at a time. (Note that the contents of S %4012 iy i) Each of the tools described here
the status register are displayed as = : b T can be used in isolation, but they are
five individual I, O, N, Z, and C .. _M__.3$4513 $]-31 3 {nost‘ef‘fec_n}\lle w}lllenhuselgi in con-
flags.) 44014 a0 junction with each other. For exam-
& ..i."... : - $ s} ple, you can use the Memory Walker
MEMORY WALKER r i $4015 | fla | to set a breakpoint and run to it.
‘ A016 [ ogen Then you can use both the Memory
DISPLAY . : : L3 | —1 | Walker to examine the contents of

Use the Display — > Memory
Walker command to invoke the simu-
lator’s “Memory Walker” display
(Fig.B).

The Memory Walker display can be used
to examine (and edit!) the contents of the
PhizzyB’s memory locations. Amongst
other things, the toolbar icons at the top of
this display allow you to quickly bounce
around between the RAM, ROM, and
input/output ports.

Whilst stepping through a program, two
chevron characters appear in the “Step”
column to indicate the address you are cur-
rently at. (Note that the address of the

Flg.B. The Memory Walker display

chevrons in Fig.B. reflects the value of the
Program Counter shown in Fig.A.)

More importantly, you can use the break-
point toolbar icon (the one with the hand)
to specify one or more “‘breakpoints”,
which will appear in the BP column. When
you click the simulator’s Run button, it will
race through the program until it reaches
the next breakpoint, at which time it will
automatically return the simulator into its
Step mode. This allows you to quickly and
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the PhizzyB’s memory and the CPU
Register display to examine the
PhizzyB’s registers as you step
through the program. And when you
reach an area where you need yet more infor-
mation about what’s going on, you can acti-
vate the messaging subsystem.

The authors use all three of these tools reg-
ularly, as will you once you come to appreci-
ate just how useful they can be. Note that all
three of these displays are documented in the
simulator’s online help. Also note that the
Memory Walker and CPU register displays
(and the use of the list file) are discussed in
the PhizzyB User Manual Volume 1.
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Understanding Computers

Construction - PhizzyBot Feelers

Alan Winstanley

Wheelie feelies give PhizzyBot a sense of touch
(and a sense of humour?)

concept of the PhizzyBot, which is a very

simple motorised platform that transforms
a PhizzyB into a simple buggy. This month
we show how easy it is to add a series of
detector “feelers” to the PhizzyBot platform,
plus the interrupt-driven switch module of
Feb ‘99. This means that, along with a suit-
able program (described in the tutorial fea-
ture), the PhizzyBot is now empowered with
movement, obstacle avoidance and collision
detection routines.

GETTING SWITCHED ON

This penultimate constructional article
describes the addition of six microswitches to
the PhizzyBot motorised platform. The
switches are used as simple mechanical colli-
sion detectors. As explained in the tutorial, it
is possible to use up to eight microswitches
and alter the program accordingly, but the
authors felt that six were enough, and besides,
it was raining at the time and they didn’t fancy
a trip to their parts store!

The PhizzyBot hardware consists of two d.c.
gearmotors and a simple relay driver board that
controls the direction of each motor. By driving,
reversing or stopping either motor, the Phizzy-
Bot can be made to advance, reverse, turmn or
spin in either direction.

However, since there is no “feedback’ in
the system at this stage, your average fearless
PhizzyBot will travel blindly until it collides
with something, after which it will be forced
to a standstill.

IN last month’s article we introduced the

280

The system to be described now is intend-
ed to demonstrate further principles of com-
puter control, in this instance using
microswitches as limit detectors in conjunc-
tion with a computer program that forces a
suitable response from the motors when a col-
lision is sensed.

The simplest way of incorporating colli-
sion detection is simply to add an array of
microswitches around the periphery of the
chassis. These are hooked to an interface
board which connects directly to a PhizzyB
input port.

If the FhizzyBot strikes an obstacle, the
corresponding microswitch will close and
send an interrupt signal to the PhizzyB com-
puter. The program can then respond by stop-
ping the motors (perhaps for a timed period)
and then reverse or move off in another direc-
tion. The tutorial article describes the pro-
gramming technique in full, but now let’s
look at the hardware aspects required to give
your PhizzyBot some “‘whiskers™!

It is the interrupt-driven switch module
(Feb ‘99) that is used to interface the
“whiskers” to the PhizzyB computer, and this
will be connected to input port $F012 by a
ribbon cable. The output port $F032 is used to
control the d.c. gearmotors via a simple driver
board, as described last month.

You will recall that the interrupt board
includes a 16-pin header which, effectively, is
a set of solder pins in parallel with the eight
keypad push-switches SO to S7. The micro-
switches are added in paralle] to the existing

e L e

keypad using the 16-pin header, to which their
connections are soldered.

The prototype system used microswitches
which had 2-5in (60mm) steel levers that
could easily be bent to shape as required.
Because they have a very low mass, it proved
quite simple to stick the swiiches around the
edge of the PhizzyBot platform merely by
using double-sided adhesive foam pads. The
steel levers were then bent outwards so that
they would protrude and act as “‘antennae’.

ASSEMBLY DETAILS

Construction is very easy but there are one
or two mechanical points to bear in mind.
Assuming that you have built the PhizzyBot
platform successfully last month, the inter-
rupt-driven board should now be located on
the platform where it can “reach” input port
$F012 using a 20-way ribbon cable folded as
required.

Unless you decide to make up a new IDC
lead, the length of any made-up cable which
you have available will determine where the
interrupt-driven board can be fitted. so check
this carefully. Then fix the input board to the
platform using p.c.b. stand-off hardware (see
photos).

Take care not to damage the wiring on the
underside of the expansion board — over time
the author sprayed several generous coats of
aerosol lacquer onto it in order to help secure
it and protect the wiring from harm. The
switchboard was mounted at the front of the
PhizzyBot in the prototype by using 10mm
threaded pillars with M3 panhead screws.

The next stage is to solder a pair of leads to
each of the six microswitches. The two rear
switches (numbered 2 and 3) will require a
connecting lead up to 12in (300mm) long, the
wires for the remaining switches should be of
corresponding length. It is far better to use six
different coloured wires in order to colour-
code the microswitches, which will help with
the interwiring enormously. Be quite gener-
ous with the lengths of wire at this stage and
don’t be afraid to waste a little.

An example of a typical microswitch is

STEEL OPERATING
LEVER (BEND AS
REQUIRED)

NC.
(NOT USED)

TO 16-WAY PIN HEADER
ON INTERRUPT BOARD

Fig.1. A typical microswitch.
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Fig.2. Layout and orientation of the six microswitches on the

underside of the PhizzyB platform.

illustrated in Fig.1. They have three terminals,
usually marked *“‘n.o.” (normally open),
“n.c.” (normally closed) and “C”’ (common).

You may need an ohmmeter or continuity
buzzer to determine which terminal is which,
we are interested in the common and nor-
mally-open terminals (which will therefore
close together when the PhizzyBot hits an
obstacle). Check the types used in your par-
ticular case, then solder suitable lengths of
general-purpose hook-up wire to them, and
then proceed to stick them around the edge of
the platform.

No circuit diagram was considered neces-
sary this month, so Fig.2 shows how the
switches were organised on the prototype,
noting that the hinges of the levers were posi-
tioned as depicted in the diagram.

In fact the switches were located where it
was thought they would best act as “feelers”,
enabling the PhizzyBot to detect an obstruc-
tion at the front or rear. Since the prototype’s
wheels protrude from the sides, the levers of
these microswitches (numbered 1 and 4) were
bent outwards so that they would be tripped
by “passing” objects. The feelers were also
curved to help prevent them snagging on any
obstructions (though this didn’t always quite
work).

It should be pointed out that the design also
relies on the fact that the rear wheel (of the

Interrupt-driven module connected to the PhizzyB input port.

model aircraft type specified in the Phizzy-
Bot’s constructional details) will swing back
underneath the PhizzyBot as soon as the plat-
form reverses, which means that the rear
wheel is then tucked neatly out of the way.
This leaves the rear switches S2 and S3 clear
to detect collisions when the PhizzyBot
reverses.

Be prepared for some trial and error, and
you might also consider adding *‘feeler”
wires to the microswitches to extend the
levers even further, noting that the object is
simply to demonstrate the principles and there
is plenty of scope for you to improvise and
experiment.

At this stage it is worth double-checking
before proceeding any further. to ensure that
each pair of wires does short together when
the corresponding microswitch is closed: use
your ohinmeter to confirm this.

ONWARDS

The six pairs of microswitch wires can now
be soldered to the 16-way pin header. Each
switch should be hooked to the corresponding
pins (see Fig.4 of February’s constructional
article for further details), so switch SO should
be wired to IPO, S1 to IP1 and so forth (and
you will now see why colour coding the
wiring is a good idea!).

Since the pins on the header are quite
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Rear view of the platform showing microswitches positioned
in relation to other components.

tightly packed, then rather than wrap the
wires around them, it was found best to
employ a “re-flow” soldering technique —
each pin should be generously tinned with the
soldering iron, and the bared end of the hook-
up wire should be tinned as well. Then simply
touch the hook-up wire to the pin and melt the
solder together to form a joint.

It is also an extremely good idea to use
short lengths of PVC sleeving to eliminate the
possibility of short circuits: a lin (25mm)
length should be placed over the wire before
soldering the joint and slid back over the sol-
der when all joints are complete. The result
will be a loom of 12 wires, which on the pro-
totype were contained in an offcut of poly spi-
ral wrapping.

Adhesive tie-wrap bases help to route the
wiring on the underside of the PhizzyBot plat-
form. This should be routed to avoid imped-
ing the movement of any microswitch levers.
With all the interwiring complete, connect the
interrupt-driven board to the PhizzyB using
an IDC lead.

The prototype PhizzyBot was entirely self-
propelled by using a 9V Nickel-Cadmium
battery to power the PhizzyB at the d.c. inlet
socket (see photos), giving 20 to 30 minutes
of operation (the twelve 7-segment displays
when illuminated form a major drain on the
battery!).

Microswitch leads connected to the interface board.
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20-WAY CONNECTOR

2 x B-WAY SIL
HEADER

} NOT USED

i TO
MICROSWITCHES
S0TO S5

TO PHIZZYB
$F012

Fig.3. Interconnections to the interrupt driven switch module.

You may prefer simply to test the design
wusing the mains adaptor, but the PhizzyBot is
quite a hyperactive little fellow and when
'scampering around the floor it will do a pass-
able impression of a double reef knot in the
‘power supply cable in no time at all! (Fortu-
nately at times like this the on-board memory
back-up battery will prevent loss of the pro-
gram when the main power is temporarily
interrupted.)

BEFORE SWITCHING ON

Ensure that the d.c. motor controller and
interrupt boards are both hooked up to the
‘main PhizzyB with ribbon cables, and switch
the d.c. motor supply off (to save your ears
from the noise as much as anything!).

Then download the main PhizzyBot program
from your PhizzyB Simulator and press the
Run key. Various segments in the l.e.d. bargraph
'on $F030 will illuminate to reflect the state of
the motor controller and 'by clicking various
microswitches this will cause the bargraph dis-
play to update, which corresponds to a change
in direction of the PhizzyBot platform.

A blank bargraph indicates that the Phizzy-
Bot is stationary at that time but, because of
some built-in time delay routines, the Phizzy-
Bot may erupt into life without warning
several seconds later. It is worth waiting to see
what happens! (Don’t worry, it’s all part of
Max’s sense of humour.)

The final stage is a road test — so clear the
decks, switch on the separate on-board motor
supply and prepare to be dazzled! The Phizzy-
Bot will gladly gallivant around on the floor
and upon bumping into an obstruction it will
behave in a number of ways, sometimes
'seeming to stop and think about it before
zooming off in another direction or spinning
around at quite a dizzying speed!

As explained in the main article, it may be
necessary for you to adjust the timing of the
delays in the action sequences to meet indi-
vidual preferences.

The system should operate quite reliably
and if the interrupt driven board is known to
function successfully then hopefully there is
little possibility of users experiencing any
problems. If any malfunction is perceived, try
resetting the power supply or using the RST
key, then run the program again.

Unfortunately, d.c. electric motors and
relay coils are probably the worst imaginable
electrical loads in terms of noise and spikes,
and if readers notice any signs of misbehav-
iour or erratic operation, try to isolate the
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The ribbon cable for the motor controller needs folding to

prevent it interfering with the microswitch.

COMPONEN

Miscellaneous
S0to S5 long-lever micro
switch with solder
terminals (6 off)
General purpose multi-stranded
hookup wire in six colours; PVC
sleeving; p.c.b. standoffs; adhe-
sive; tiewraps; solder, etc.
Optional — 9V Ni-Cad recharge-
able battery with connector clip;
lead to power the PhizzyB (stand-

alone mode only)

excluding batterles

Approx Cost
Guldance Only

cause. Does the PhizzyBot respond correctly
if, say, the relays are powered but the d.c.
motors are disconnected?

The problem could perhaps be electrical
interference from the motors, and since the

design is unscreened, it may be worth re-rout-
ing any “‘noisy” wiring away from sensitive
signal wires. Also it may perhaps help to add
further suppressors in the form of 100nF
polyester capacitors soldered directly across
the motors.

NEXT MONTH

In next month’s article, we wrap up the
practical aspects of the PhizzyB hardware
construction by incorporating a series of
light-dependent resistors on the input port, so
that our friendly PhizzyBot can be attracted to
light (hence the ‘“MothBot™) or indeed
repelled by it (the “RoachBot”).

Max and Alvin will thereafter outline fur-
ther ideas which will hopefully encourage
PhizzyB owners to develop more practical
applications for themselves — perhaps using
the PhizzyBot to follow a white line or a
buried metallic stripe for example, as the
PhizzyB hardware is quite capable of being
incorporated into complex operations includ-
ing robotics or mechatronics, for example.

But remember that the PhizzyBot is
designed to demonstrate principles and you
are all encouraged to improvise and experi-
ment for yourselves.

Interrupt-driven board in situ.
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Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions,
circuit diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all
transmitters are tuneable and can be received on an ordinary VHF FM radio.

Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations!

UTX Ultra-miniature Room Transmitter
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic.
3V-12V operation. 500m range

MTX Micro-miniature Room Transmitter
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm |nc|ud1ng mic.
3V-12V operation. 1000m range £13.45

STX High-performance Room Transmitter
High performance transmitter with a buffered output stage for greater stability and
range. Measures 22mm x 22m, including mic. 6V-12V operation, 1500m range. £15.45

VT500 High-power Room Transmitter
Powerful 250mW output providing exceflent range and performance.
Size 20mm x 40mm. 9Y-12V operation. 3000m range

VXT Voice-Activated Transmitter ‘
Triggers only when sounds are detected. Very low standby current. Variable sensitivity
and delay with LED indicator. Size 20mm x 67mm. 8V operation. 1000m range £19.45

HVX400 Mains Powered Room Transmitter
Connects directly to 240V A.C. supply for long-term monitoring.
Size 30mm x 35mm. 500m range

SCRX Subcarrier Scrambied Room Transmitter
Scrambled output from this transmitter cannot be monitored without the SCOM decoder
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range...... £22.95

SCLX Subcarrier Telephone Transmitter
Connects to telephone line anywhere, requires no bateries. Output scrambled so
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range

SCDM Subcarrier Decoder Unit for SCRX
Connects to receiver earphone socket and provides decoded audio output to
headphones. Size 32mm x 70mm. 9V-12V operation

ATR2 Micro-Size Telephone Recording Interface

Connects between telephone line {anywhere) and cassette recorder. Switches tape
automatically as phone is used. All conversations recorded. Size 16mm x 32mm.
Powered from ling

DLTX/DLRX Radio ControlSwntch :

Remote. control anything around your honié of garden, -outside lights,
alarms, paging system eic, System consists of a small VHF transmitter with
digital encoder and receiver unit with decoder and relay output, momentary
or aIternLTe, 8-way d.il. switches on both boards set your own unique
security code. TX size 45mm x 45mm. RX size 35mmx 90mm. Both 9V
operation. Range up to 200m.

Complete System (2 kits).. A

individual Transmitter DLTX i
Individual Hecelver DLRX.::.; gl

MBX-1 Hi-Fi Micro Broadcaster o

Not technically a surveillance ‘device but a great idea! Connects to the
headphone output of your HI-Fi, tape or CD and transmits Hi-Fi quality to a
nearby radio. Listen to your farvourite music anywhere around the house,
garden, in the bath or in the garage and you‘dan’t have to put up’with the
DJ's choice and boring waffle.

8ize 27mm x 60mm. 9V operation; 250m rangn £20.95

DEPT EE

SUMA
DESIGNS

UTLX Uitra-miniature Telephone Transmitter

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm!
Connects to line (anywhere) and switches on and off with phone use.

All conversation transmitted. Powered from line. 500m range

TLX 700 Micro-miniature Telephone Transmitter

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble
than UTLX. Connects to line {anywhere) and swiiches on and off with phone use.
All conversations transmitted. Powered from line. 1000m range £13.45

STLX High-performance Telephone Transmitter

High performance transmitter with buffered output stage providing excellent stahility
and performance. Connects to line (anywhere) and switches on and off with phone
use. All conversations transmitted. Powered from line.

Size 22mm x 22mm. 1500m range

TKX900 Signalling/Tracking Transmitter

Transmits a continuous stream of audio pulses with variable tone and rate. Ideat for
signalling or tracking purposes. High power output giving range up to 3000m.

Size 25mm x 63mm. 9V operation

CD400 Pocket Bug Detector/Locator

LED and piezo bleeper puise slowly. rate of pulse and pitch of tone increase as you

approach signal. Gain control allows pinpointing of source.
Size 45mm x 54mm. 8V operation

CD600 Professional Bug Detector/Locator

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM made to
distinguish between localised bug transmission and normal legitimate signals such as
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation

QTX180 Crystal Controlled Room Transmitter

Narrow band FM transmitter for the ultimate in privacy. Operates on 180MHz and
requires the use of a scanner receiver or our QRX180 kit (see catalogue).

Size 20mm x 67mm. 8V operation. 1000m range

QLX180 Crystal Controlled Telephone Transmitter

As per QTX180 but connects fo telephone line to monitor bath sides of conversations.
20mm x 67mm. 9V operation. 1000m range

QSX180 Line Powered Crystal Controlled Phone Transmltter
As per QLX180 but draws power requirements from fine No batteries reqwred
Size 32mm x 37mm. Range 500m

QRX 180 Crystal Controlied FM Receiver

For monitaring any of the "Q' range transmitters. High sensitivity unit. All RF section
supplied as pre-built and aligned module ready to connect on board so no difficulty
setfing up. Output to headphones. 60mm x 75mm. 9V operation £60.95

A build-up service is available on all our kits if required.

UK customers please send cheques, POs or registered cash. Please add
£2.00 per order for P&P. Goods despatched ASAP allowing for cheque
clearance. Overseas customers send Sterling Bank Draft and add £5.00
per order for shipment. Credit card orders welcomed on 01827 714476.

OUR LATEST CATALOGUE CONTAINING MANY MORE
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS.

THE WORKsSHOPS, 95 MAIN RoAD, . ﬁ
BAXTERLEY, NEAR ATHERSTONE, T
WARWICKSHIRE CV9 2LE

Tel/Fax:
01827 714476

VISITORS STRICTLY BY APPOINTMENT ONLY

Everyday Practical Electronics/ETI, April 1999

283



Qur regular round-up of readers’ own circuits. We pay
between £10 and £50 for ali material published, depending
on length and technical merit. We're looking for novel
applications and circuit tips, not simply mechanical or
electrical ideas. Ideas must be the reader’s own work and
not have been submitted for publication elsewhere. The
circuits shown have NOT been proven by us. Ingenuity
Unlimited is open to ALL abilities, but items for
consideration in this column should preferably be typed or
word-processed, with a brief circuit description (between
100 and 500 words maximum) and full circuit diagram
showing all relevant component values. Please draw all
circuit schematics as clearly as possibie.

Send your circuit ideas to: Alan Winstanley, Ingenuity
Unlimited, Wimborne Publishing Ltd., Allen House, East
Borough, Wimborne, Dorset BH21 1PF.

They could earn you some real cash and a prize!

Audio Limiter - -

RN

A CIRCUIT was required to limit the level
of audio applied to an f.m. radio trans-
mitter. The circuit diagram of Fig.”1 mects
these requirements and it could be used in
many areas besides the intended one, par-
ticularly in limiting the signal applied to
an audio power amplifier, protecting those
valuable tweeters!

The design is based around an
L.M13700 Operational  Transconductance
Amplifier (OTA) IC1. These devices are
unlike conventional op.amps in that they are
current driven and have a bias input which can
be used to control the gain. The two transistors
shown in the circuit diagram are internal to the
LM13700 package.

Under normal operating conditions the out-
put of 1C2d will be sitting at the positive rail,
biasing IC1 (OTA) via resistor R5. IC2a and
IC2b form a peak detector which stores the
peak value of the audio for a short time based
around the time constant of R9/C4. When the

WIN A PICO PC BASED

OSCILLOSCOPE
¢ 50MSPS Dual Channel Storage
Oscilloscope @ 25MHz Spectrum Analyser
¢ Multimeter ® Frequency Meter
¢ Signal Generator
If you have a novel circuit idea which would be
of use to other readers then a Pico Technology
PC based oscilloscope could be yours.

Every six months, Pico Technology will be
awarding an ADC200-50 digital storage
oscilloscope for the best 1U submission. In
addition, two single channel ADC-40s will be
presented to the runners up.

With IC2d having a gain of 100 its output
quickly swings negative reducing the bias to
the OTA thereby reducing its gain and hold-
ing the audio at the desired level. 1C2¢ is a
simple comparator used to show when limit-
ing is occurring.

To set up the circuit, apply the maximum
input signal, then with a voltmeter on the
output of IC2d adjust VR1 until the voltage
just hits the positive rail (around 13-8V).

Duncan Boyd,
Blackburn,
West Lothian.

I.R. Remote Control

Tester -

THE SIMPLE uruut of Fig. 2 is des1gned to
test common handheld remote controls as
used in televisions, stereo systems and other
equipment, and is based around a photo-sen-
sitive transistor switch (TR1). The infra-red
emitter on the remote control is pointed di-
rectly towards TR1 from a distance of about
Sems.

QD +9V
<
TR1
IR.
PHOTO
TRANSISTOR A1
D1
RED L.E.D.
—O OV

Fig.2. LR. Remote Control Checker
circuit.

should light to indicate correct operation. If
each of the buttons on the remote control ap-
pears to be working properly, then the fault
(if any) may lie in the equipment set itself.

peak level of the audio exceeds a particular Each button on the remote controf can then Mark McGuinness,
level D2 will be forward biased. be pressed in turn; the ultra-bright l.e.d. DI Clondalkin, Dublin.
O +15v

R3 R5
18k 10k

INTERNAL
TOIC1

cB

R14
22k

Nl
I

+
Cc4 =2 R9
10 W 1M

D2 R10
1N4148 10k
a k

VR1
ik

LIMIT Ri2
LEVEL| 10k

oV

o5 mim
100n T

QO -15V

Fig. 1. Circuit diagram for the Audio Limiter. Note the “split” power supply.
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200mV TO 2V
PEAK-TO-PEAK
NOMINAL INPUT

VIDEO
INPUT

+12V

R10
5600

1000

TR6
BCS49

10
¢ 31 OUTPUT 1

A

being identical.

Fig.3. Circuit diagram for a Video Amplifier with 3-way
Splitter. Only the first amplifier is shown, the other two

PK TO-PK

Video Amplifier - ' -

HE CIRCUIT design of Fig. 3 was requested
by a friend who wanted to split the video
signal output from a games console so that
when he and his friends played multi-
player games, they could use more than one
monitor. The circuit accepts a standard 1V
peak-to-peak into 75 ohm composite video
signal input (200mV to 2V max.), which it
then amplifies and splits three ways to
produce 1V pk-pk on each of three outputs.
The console video signal is applied across
control potentiometer VR1 and fed into the
circuit via transistor TR1 which acts as an
emitter follower. Control VR2 is used to set
the base voltage to 1-55V on transistor TR2
and the video signal is then pre-amplified by
TR2 to give a voltage of 2.7V pk-pk at the
junction of capacitor C3 and resistor R8. This
is then attenuated by RS8 to produce 380mV
pk-pk.

The resulting signal is split three ways so
that 160mV is supplied to the bases of tran-
sistors TR3 to TRS, each amplifier having an
input impedance of 75 ohms. The signals are
then amplified up to 1V pk-pk, and fed to
the video outputs via TR6, TR7 and TRS,

P TR4TRY - . >

VIDEO
QUTPUT 3§

- TRS/TRE -

each acting as emitter followers. (Only the
first amplifier circuit (TR3/TR6) is shown in
Jull, the other two are completely identical.)

The inductors L1 to L4 improve the gain
of the amplifiers at high frequencies, using
the *‘Shunt peaking coil”’ technique. This
helps to amplify the colour information con-
taincd in the video waveform, which would
otherwise tend to be attenuated.

Capacitors C6 and C9 and corresponding
devices help to remove spikes which appear
in the front porch and peak white area of
the waveform. Users may well find that they
need to either increase or decrease the values
shown when finally testing the circuit.

A +12V/+20V mains power supply is
suggested separately (see Fig. 4) although it
is possible to construct a 12V only version
of this circuit. It will then be necessary to
delete components C5, R8 and VR2 from the
present circuit. Then change R4 to 47k and
R5 to 8k2, and finally change R6 to 390
ohms.

The value of capcitor C4 should be a
minimum of 1,000uF, although the circuit
will function well without C4 or L.1. How-
ever, the minimum input voltage will then
be reduced to approximately 500mV. Ensure
that electrolytic capacitors all have adequate
voltage ratings.

Laurence Curnow,
Cuxton, Rochester, Kent.

INGENUITY
UNLIMITED

BE INTERACTIVE
1U is your forum where you can |
offer other readers the benefit 01‘
your Ingenuity. Share those
ideas and earn some cash and
possibly a prize!

Fig.4. Suggested circuit diagram for a Al
suitable power supply for the Video N o F20V
Amplifier. Note a heatsink is needed for 20l
the voltage regulator IC]. -
2k4
IC2
TL431CLP
FS2 HEATSINK. THERMAL RATING
1A Sla 230V T1 0.5A 14°C/W (MINIMUM) AT 24V RM.S.
L 1
: oup \\RZW////)
7 R34
n 470
230V AC. ' J . . v
! T - i l ~0 Jooma
|
; COM
b! c22 cos b.C.
No—— o+ M5 1000, g 1000: Sodn e, -M
3 ov
N
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Special Review

DATA-N.

ROBERT PENFOLD

> Aetobal Reader - [AHFDEIT’DF}

HEAEE

-
+3V, 8-Bit ADC with 1A Power-Down ——i

e CHIE TRpOgraphy

ZSLXYIR

=
E

A ten CO-FOM library with &
vast repertoire of useful dats
IS put to the test.

WHILE it would be an exaggeration
to say that the days of conven-
tional semiconductor data books ‘‘are
numbered’’, computerised versions seem
to be steadily taking over.

Computerised data is available from two
main sources, which are the Internet and
CD-ROMs. I do not know if the Internet
contains data sheets for every available
semiconductor, but data for most devices
seems to be available if you search long
and hard enough.

The CD-ROM approach is potentially
much quicker and easier, and many com-
ponent manufacturers now make their data
available in this form. Also, some of the
major component retailers supply data
sheets on CD-ROM for the main semicon-
ductors that they have available. No doubt
many readers will have tried the offerings
from Farnell, RS and Maplin.

GIGA-DATA

I suppose that the ideal data source
would consist of a set of CD-ROMs con-
taining all the semiconductor data avail-
able on the Internet. This is, more or less,
what the DATA-NET package sets out to

Dat-pygy

Sorvicy pycy 4

s

The Data-Net 10 CD-E‘OM and “floppy” disk éo//ection. date.
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be. It consists of 10 CD-ROMs and a
single floppy disk.

There is no proper manual supplied in
the package, just a single-sided A4 sheet.
However, this software is quite easy to set
up and use, so the minimalist documenta-
tion is perfectly adequate. The usual
“‘readme’” file on one of the CD-ROMs
augments it.

... includes data for many minor
semiconductors such as transistors
and diodes . ..

Two programs are needed in order to ac-
cess the data, and these are to be found
on disk number 10. The first program is
a database of all the devices for which
data is available and a search engine to
make it easy to find the data you require.
The second program is Adobe Acrobat
Reader, which is needed to view the data
sheets that are all in Adobe PDF format.
This now seems to be the accepted
format for electronic component data
sheets. Of course, if you already have
Adobe Acrobat Reader installed on your
PC, and provided
it is a reasonably
up-to-date version,
only the database
program has to be
loaded.
Installation  is
basically just a
matter of finding
the  appropriate
Setup programs on
the CD-ROM and
then going through
the usual Win-
dows-style instal-
lation  processes.
The service pack
on the single
floppy disk is then
installed, and this
brings everything
completely up-to-

With what is presumably in excess of
six gigabytes of data on the CD-ROMs
there is no question of installing the data
on to the hard disk drive of the PC. You
find the data sheet you require using the
database and search engine, and then read
it from the appropriate CD-ROM using the
Adobe Acrobat reader program.

SEARCH ENGINE

The search engine is very simple to use,
and it is just a matter of providing it with a
text string. This can be either a com-
plete type number, or just part of one,
The recommended approach is to supply
only the basic part number, omitting any
manufacturers prefix, or any suffix.

By using this method you are supplied
with a list of all the available data sheets for
the device you are interested in. This might
not provide you with any additional data,
but some manufacturer’s data is more infor-
mative than others, and this maximises your
chances of finding the required information.

One slight snag with this approach is
that any device numbers that contain a
given search string will be included.
which can sometimes produce a long list
of devices, most of which are of no
relevance. For example, using “109”" as
the search string will not just produce a
listing for the BC109 transistor, but will
also throw up other devices that have
1097 in their type number, such as the
CMOS 40109B level shifter.

provides the user with a vast
amount of data for the money . ..

This is not usually a major problem and
741" for example, only produces a list
of 741 operational amplifiers. Occasionally
though, it is necessary to refine the search
with an additional prefix or suffix in order
keep things manageable. Entering <“351”
for the LF35IN for example, brings up a
long list of devices which have ‘351" in
their type number.

This shows up a minor flaw in the
search engine, which is simply the small
size of the window in which it operates.
The type numbers have to be scrolled out
of sight in order to bring the vertical
scrollbar into the visible part of the win-
dow. This can result in a lot of juggling
with the two scrollbars in order to find the
device you require. A larger and resizeable
window would be better.
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The initial screen of the search engine. A type number (or
part of one) is entered in the box, and clicking the Search
button then produces a list of matches. Selecting an eniry
and clicking on the Form button brings up a request for the
appropriate CD-ROM, after which Adobe Acrobat Reader is

run automatically and the data sheet is displayed.

IN PRACTICE

It is fine having a search engine and
CD-ROMs full of data, but do the two
work together efficiently? Obviously it is
not possible to check that everything listed
by the search engine carries through to the
correct data sheet, but in my tests every-
thing went smoothly.

You just double click on the entry for
which data is required, insert the requested
CD-ROM into the CD-ROM drive, and
then wait while Adobe Acrobat Reader
runs and the appropriate data sheet is dis-
played. If your PC has more than one
CD-ROM drive you can select the drive
that is used by DATA-NET.

Most PC screens are incapable of dis-
playing full pages of data with adequate
clarity, but Adobe Acrobat Reader makes
it easy to zoom in and scroll around the
selected page. The quality is usually very
good. but this is obviously dependent on
the system being fed with a good scan of
the original data sheet.

Provided your PC is equipped with a
suitable printer, ligh quality hard copy
can be produced. In fact with a suitable
laser or inkjet printer the quality of most
printed-out data sheets is remarkably goed.

The amount of data varies from one data
sheet to another, but all the information
made available by the manufacturer seems
to be included. As a few examples, there
are nine pages for the CD40109B, seven
for the BC109, and eight for the LF351IN
operational amplifier. The data is mostly
facts, figures, and graphs, but there are
applications circuits for some components,
especially for the more specialised in-
tegrated circuits.

CONCLUSION

On the face of it, DATA-NET has little
to offer that is not available on the
CD-ROMs available from some of the
major electronic component retailers. It
does have a definite advantage though,
which is that it is far more comprehensive,
and it includes data for many minor
semiconductors such as transistors and
diodes, which are pot included in many
other data sources.

It also includes a far wider range of
integrated circuits, although non-profes-
sional users should bear in mind that they
may find it impossible to obtain many of
these. There do seem to be some omissions
from the data, and the entire Holtek range
seems to be absent for example.

. It is easy to search for data if you
already have a type number . . .

Obsolete devices are not included,
which will not worry circuit designers, but
it makes the package less useful to service
engineers. It is easy to search for data if
you already have a type number, but the
search facilities do not let you search for
devices of a particular type, such as
wide bandwidth operational amplifiers or
analogue multipliers.

Atlthough DATA-NET has a few
limitations, it still provides the user with

e hip Topography
[Etha k)

+3VY, 8:-Bit ADC with 1A Powar-Down -:j

Using partial type numbers WI// somez‘/mes bring up a large
list of matches. In this case there are too many to display at
once, but it is necessary to use the horizontal scrollbar in
order to access the vertical scrollbar (which is out of the
display area to the right).

a vast amount of data for the money, and
it is easy to track down the data sheet for
any device in its ‘‘repertoire’’. It is
supplied with 16 and 32-bit versions of
Adobe Acrobat Rcader, and it should
therefore work with practically any PC
running Windows 3.1 or later. Of course,
the PC must be equipped with a
CD-ROM drive and a hard disk drive.
Only 10 megabytes of hard disk space are
required.

DATA-NET is handied in the UK
by Dannell Electronics Ltd. Unit
15, Enterprise  Court, Lake Road,
Braintree, Essex, CM7 308 (Tel 01376
347415, Fax 01376 550019, E-mail
sales@dannell.co.uk). 1t should also be
available for purchase on-line at
http://www.dannell.co.uk. The cost is
£39.00 including postage and VAT.

Updates consisting of five CDs should be
available for less than £20 at
approximately six-month intervals. 1
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The Adobe Acrobat Reader program uses PDF files that can handle high quality
graphics as well as text. A good display is needed in order fo make the best use of
them, or they will produce high quality hard copy via a suitable printer.
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IN

Robert Penfold

AD8300 SERIAL DIGITAL TO ANALOGUE CONVERTER

N RECENT years a lot of “old

favourites” have disappeared from the
semiconductor market. Many of the
popular analogue to digital and digital to
analogue converters from Ferranti are
recent additions to this growing list.
Several circuits in this series over the
years have featured Ferranti chips, and
their converters often represent the
simplest solution to a problem. On the
other hand, they require a parallel
interface, which can make life difficult
where several converters are required.

The use of serial analogue to digital
converters has been covered in several
previous Interface articles, and but so
far we have not considered the subject
of serial digital to analogue converters.
Whereas a device such as the Ferranti
ZN426E requires an eight-line interface
and offers only eight-bit resolution, a
serial converter typically requires just
three connecting wires and provides 12 or
even 16-bit resolution.

The main drawback of serial converters
is that the software side of things be-
comes much more convoluted. Something
that requires just a single line of BASIC
or machine code when using a parallel
converter often requires dozens of pro-
gram lines when using a serial chip. Over-
all though, serial converters represent a
genuine step forward rather than just an
enforced replacement for “golden oldie”
chips that are no longer available.

The AD8300

The circuit of Fig.1 is for a simple 12-bit
digital to analogue converter that utilizes
the Analogue Devices AD8300 serial con-
verter chip, and connects to a PC printer
port. The ADS8300 is actually the only
component used in the circuit! This chip
will operate over a supply voltage range
of 2.7 to 5-5 volts, but it must be operated
from a standard 5-volt supply if com-
patibility with standard 5-volt logic cir-
cuits is required, as it is in this case. The
current consumption is only about two
milliamps.

The PC printer ports do not have a
supply output, but ways of obtaining a
+5 volt supply from a PC have been
covered in several previous Interface ar-
ticles. A highly stable voltage reference is
included in the AD8300, and this ensures
accurate operation despite any changes in
the supply voltage. It also permits opera-
tion over a wide temperature range of
—40 to +65 decrees Celsius. The output
voltage is 0-5 millivolts per bit, giving
a maximum output potential of 2:0475
volts.

There are five control inputs on the
ADS8300, but in normal operation only
three of these are required. The Clear
(CLR) input at pin 6 is a sort of reset input
that is pulsed low to reset the DAC
register to zero. If this facility is not
required the Clear input is simply tied to
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Flg.1. The circuit diagram for the serial
DAC. The oulput potential is 0-5mV
per bit.

the +5 volt supply rail. The Chip select
(CS) input at pin 2 disables shift register
operation when it is taken high. This input
is normally taken to the OV rail so that the
shift register is permanently enabled.

The other three inputs are used to clock
data into the chip, bit-by-bit, and then
load it into the DAC register. The clocking
process is quite simple, and it is just a
matter of placing the data on pin 4 and
then producing a pulse on pin 3. Data is
latched into the shift register on the posi-
tive going edge of the clock pulse.

This process must be repeated for all 12
bits, starting with the most significant bit
and working through to the least sig-
nificant bit. Note that most serial inter-
faces operate the opposite way round
with the least significant bit being trans-
mitted first. Once all 12 bits have been
latched into the serial register, a low pulse
on pin 5 loads this data into the DAC
register and the appropriate output volt-
age is generated by the chip.

Details of the connections to the PC
printer port are provided in Fig.2. These
connections are made via a 25-way male
D-connector. The converter is driven from
the least significant data outputs, but with
appropriate software the circuit should
be usable with any three latching out-
puts. Although a form of serial interfacing
is used here, an ordinary parallel port
provides the control lines. Consequently
the connecting cable should be no more

(?OOOOO(?OO 000

8000000000006

Gnd

Fig.2. Connection details for the PC
printer port.

|1 380IFB=32THENE=C+1ELSEE=C

| 480IFB=8THENE=C+1ELSEE=C

Listing 1

10 REM SERIAL DAC PROGRAM (12-BIT)
20 PORT =&H278

30C=2

40D=6

50 INPUT A

60 OUT PORT,6

70 B=A AND 2048

80 IF B=2048 THENE=C+1ELSEE=C
90 IF B=2048 THENF=D+1ELSEF=D
100 OUT PORT.E

110 OUT PORT,F

120 B=A AND 1024

130 IF B=1024 THENE=C+1ELSEE=C
140 IF B=1024 THEN F=D+1 ELSEF=D
150 OUT PORT.E

160 OUT PORT.F

170B=A AND 512

180 IFB=512 THENE=C+1ELSEE=C
190 IFB=512 THEN F=D+1ELSEF=D
200 OUT PORT,E

210 OUT PORT,F

220 B=A AND 256

230 IFB=256 THENE=C+1ELSEE=C
240 IF B=256 THENF=D+1ELSEF=D
250 OUT PORT.E

260 OUT PORT,F

270B=A AND 128

280 IFB=128 THENE=C+1ELSEE=C
290 IFB=128 THENF=D+1ELSEF=D
300 OUT PORT,E

310 OUT PORT,F

320 B=A AND 64

330iIFB=64 THENE=C+1 ELSEE=C
340IF B=64 THENF=D+1ELSEF=D
350 OUT PORT,E ‘

360 OUT PORT,F

370B=A AND 32

390IFB=32 THENF=D+1ELSEF=D
400 OUT PORT,E
410 OUT PORT,F
420 B=A AND 16
430IFB=16 THENE=C+1ELSEE=C
440 IFB=16 THENF=D+1 ELSEF=D
450 OUT PORT,E
460 OUT PORT,F
470B=AAND 8

490 IFB=8 THENF=D+1ELSEF=D
500 OUT PORT,E

510 OUT PORT,F

520B=A AND 4
530IFB=4THENE=C+1ELSEE=C
540 IFB=4 THENF=D+1ELSEF=D
550 OUT PORT.E

560 OUT PORT.F

570 B=AAND 2

580 IFB=2THENE=C+1ELSEE=C
590 IFB=2 THENF=D+1ELSE F=D
600 OUT PORT,E

610 OUT PORT,F

620B=AAND 1
630IFB=1THENE=C+1ELSEE=C
640 |1F B=1THENF=D+1ELSEF=D
650 OUT PORT.E

660 OUT PORT.F

670 OUT PORT 4

680 OUT PORT,6

690 GOTO 50
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than a few metres long. The AD8300 is a
MOS device and it therefore requires the
normal anti-static handling precautions.

Software

The first GW BASIC program in Listing
1 demonstrates the writing of 12-bit data
to the converter. An integer from 0 to 4095
is entered at the prompt, and the pro-
gram then outputs this value to the con-
verter. At line 20 the base address of the
printer port is assigned to the variable
called “PORT”. This is the address used to
write data to the printer port, and it is
normally &H378 for port 1 (LPT1), or
&H278 tor port 2 (LPT2). It can sometimes
be &H3BC, and if necessary trial and error
must be used to find the right address.

The value to be written to the converter
is input at line 50. Next the program must
generate a clock pulse on data line D2,
having first set output DO to one if ap-
propriate. Bitwise ANDing is used to set
variable B to 1 or 0, depending on the
state of the most significant bit. If Bis at 1,
1 is added to variables E and F, which are
then written, in turn, to the printer port.
This generates the clock pulse with DO
being set to 1 where appropriate.

The same general process is repeated
for the other 11 bits, and then a pulse is
generated on output D1 at lines 670 and
680. The purpose of this pulse is to latch
the data into the converter's DAC reg-
ister, and the appropriate output voltage
should then appear at its output. The pro-
gram then loops back to the beginning so
that a new value can be entered if desired.
Use the normal Control-Break combina-
tion of keys to break out of the program.

The same program can be used if only
eight-bit operation is required, but the

10 REM SERIAL DAC PROGRAM (8-BIT)
20 PORT =&H278

30C=2

40D=6

50 INPUT A

60 OUT PORT,8

70B=A AND 128

80 IFB=128 THENE=C+1ELSEE=C
90 IFB=128 THEN F=D+1 ELSE F=D
100 OUT PORT,E

110 OUT PORT,F

120 B=A AND 64

130 IFB=64 THENE=C+1ELSEE=C
140 IFB=64 THEN F=D+1ELSE F=D
150 OUT PORT,E

160 OUT PORT,F

170 B=A AND 32

180 IFB=82 THENE=C+1ELSEE=C
190 IFB=32THEN F=D+1 ELSEF=D
200 OUT PORT,E

210 OUT PORT,F

220 B=A AND 186

230 IFB=16 THENE=C+1 ELSEE=C
240 IFB=16 THENF=D+1ELSEF=D
250 OUT PORT,E

260 OUT PORT,F

270 B=AAND 8

280 IFB=8 THENE=C+1ELSEE=C

Listing 2

290 IFB=8 THENF=D+1ELSEF=D
300 OUT PORT,E

310 OUT PORT,F

320 B=A AND 4
330IFB=4THENE=C+1ELSEE=C
340iFB=4THENF=D+1 ELSEF=D
350 OUT PORT,E

360 OUT PORT,F

370B=A AND 2

380 IFB=2THENE=C+1ELSEE=C
390 IFB=2 THEN F=D+1ELSE F=D
400 OUT PORT,E

410 OUT PORT,F

420 B=AAND 1

430IFB=1 THENE=C+1ELSEE=C
440 IFB=1THENF=D+1ELSEF=D
450 OUT PORT.E

460 OUT PORT,F

470 GOSUB 540

480 GOSUB 540

490 GOSUB 540

500 GOSUB 540

510 OUT PORT 4

520 OUT PORT,6

530 GOTO 50

540 OUT PORT,2

550 OUT PORT,6

560 RETURN

maximum output voltage will be a mere
127-5 millivolts. It is better if the eight
bits of data are shifted into the most
significant bits of the DAC register, and
this is achieved using the program in
Listing 2. This operates much as before,
but only on eight bits of data. Four
dummy bits set at zero are then written
to the converter, moving the original
eight bits of data into bits four to 11 of
the DAC register. This gives an output
voltage of eight millivolts per bit and a

maximum output potential of 2:04 volts.
Clearly the software needed to drive
serial DACs is relatively cumbersome,
but the fact that they can operate with
just three control lines is a great asset
when trying to make the most of a PC
printer port. This also makes them attrac-
tive for use with PIC processors. The
software side of things is actually some-
what simpler with PICs as they have bit
level instructions that make it easier to
generate the correct control signals.

NEW SPECIAL OFFERS

Armiga genlock peb {uncased) for titfing videos it has
a 23pin D lead to plug nto the computer and pch
pins for composite video In and out. When no video
input s connected the normal computer display is
shown on the composite video out when the video
input 18 added the white areas on the screen are
replaced by the wdeo image. The pcb is pcwe(ed
from the coi [;1 ......................................... £19
WATCH SLIDES ON TV “Liesgang diatv™ aulomatl\.
slide viewer with buit i high quality colour tv
camera, composite video output with a BNG piug In
very good cendition with few stgns of use.... £108.00
Board cameras all with 512x582 pixels 4.4x3 3mm
sensor with composite video cul. All need to be
housed in your own enclosure and have fragile ex-
‘posed surface mount parts and require 10 1o 12vde
power auppiy
A7MIR size 60x36x27mm with 6 infra red leds
(glves the same illumination as a small torch would)
..................... £50.00+vat=£58.7540
MP size 39x38x23mm spy camera with a fixed
focus pin hole lens for hiding behind a very small
hole. .£57+val =£66 98
40MC ‘size 39x38x2Bmm camera for "C’ mount lens
this gives a much clearer picture than with the small
Ienses.........ccoooooenn £68 79
Standard 'C' mount lens F1.6 16mm for 40MG
........................................ £26,43+vat=£31 06
Waterprouf camera _with  slylish  tilt &
swivel case £892.76+vat=£109.00 or
10 +£89.32+vat=£104.95
DTA30 Hand held transistor analyser it tells you
which lead is the base. the collector and emitter and
if it is NPN or PNP o faulty. HMAZ20 hand heid
MOSFET analyser «dentilies gate drain and source
and if P or N channel DTA30 & HMA20
................... ..£38.34 each
DCAB0 cumponem analyser with led readout iden-
tifies transistors mosfets diodes & LEDs lead
connections.. .. £69.95
Speaker cabinats 2 wa,/ speaker syslems with
motorola tweeters

speaker dia 15" 12 g

power rating 250WRMS  175WRMS 100WRMS
imaedance 8onm 8chm 8ohm

freq. range 40hz-20khz 4Ehz-20khz 60hz-20khz
sensivityl W 1M) a7dB 94dB

size 11 mm 500x720x340450x640x345 315x460x230
sigight 211k 168 74kg

price each for black

vinyl coating £13995  £80. £54 94

grey felt coatiny £453.97  £119 97 £64.9%

{**'=not normaly In slock aliow 1 week for delivery)
Power amplifiers 19" rack mount with gain controls
STA150 2x160Wrms (dohm load) 14kg  £202.11
STA300 2x180Wrins {4ohm load) 11kg £339.00
STASOD 2x490Wrms {4ohm ioad) 15kg  £585.00
LEDs 3mm or 5mm red or green .. 7p each yellow
11p each cable ties 1p each £5 95 per 1000 £49.50
per 10.000

Rechargable Batteries

AAHPT| S00mAH £0.99 AA 500mAH with solder tags €155

AA 350mAH £1.75 GiHP11 1.2AH £220
C 2AH with solder tags €360 DiHP2; 1.2Ar £2.60
D 4AH with so'der 1ags £4.95 PF3 84V 110mAR £495

1 2AA waith scider tags £1.55 Sub G with solderfags  ©2 50 AAA
{HP15} 180mAH £1.75 13 AA with lags fofipsCTViE1 85
Nickel Metal Hydryde AA cells high capacity with no
memory. |f charged at 100ma and discharged at 250ma or
less 1300mAH capacity ¢lower capacity for high discharge

rates} .
Spema\ offers please “check lor avawlabrmy stick of 4
42y16mm nicad batteries 171mmx16mm dia with red &
blac« leads 4.8v. s
5 bution cell
5X25UDK).
Orbitel 88! 1
cells with soider tags {the slze most commeniy used In
cordess screwdrivers and drilis 22 diax42mm tall} it is
easy fo crack open and was manufactured in 1994
..£8.77 each or 110.50 per box of 14
BCI box 190x106x50mm with slots to house a pcb the tid
contains an edge connector (12 way 8mm piich) and
screw termmnals to connect in wires and 5 slide in cab!e
a5

blarks
7segment common anode led display ‘12mm...
GaAs FET low leakage current  S8873 £12.95 each
£9.85 10+ 7.95 100+ BC547A transistor 20 for £1.00
$1.952 UHF Limiting amplifier LC 16 surface mountmg
pactage with data sheet... LB

converlor Rehab\hly ‘model V12P5 12v in Sv
200ma out 300v input 1o output isolation with data....£4.95
each or pack of 10 £39 50
Airpax A82903-C larga stepping motor 14v 7.5° step
27chm 68mm dia body 6.3mm shaft

..£8.95 or £200.00 for a box of 30

Polyes\ev capacwmls bo< type 22.5mm lead pitch 0.9uf
250vde 18p each 14p 100+ 9p 1000+ fuf 250Vde 20p
gach.15p 100 +.10p 1000 +
Polypropylene 1uf 400vde {Wima MKP10} 27.5mm pitch
32x29x17mm case 75p each 60p 100+
Philips 123 series salid aluminium axial leads 33uf 10v &
2.2ut 40v 40p each. 25p 100 +
Solid carbon resistors very low inductance ideal tor RF
circuils 270hm 2W. 580hm 2W 25p each 15p each 100 +.
we have a range of 0.25w 0.5w 1w and 2w solid carbon
resistors, please send SAE for list.
MX180 Digital multimetar 17 ranges 1000vdc 750vac
2Mohm 200mA transistor Hie 8v and 1.5v ba.tery
test... .
Hari feld ultrasonic remote control... .£3 95
V2486 gas relay 30x10mm dia with 3 wire terminais will
also waork as a neon light

poeitieereee . 200 €8CH OF £8.50 per 100
Varbatim R300NH Strea tape commonly used on nc
machines and printing presses &tg. it looks like a normal
cassette with a slof cut out of the tap ...£4 95 each (£3.75
100+ )

Healsink compound tube. " ..£0.95
HV3-2405-E5 5-24v 50mA regu\ator \r 18 264vac input 8
pin DIL package... ... ...£3.48 each (100+ 225}
All products adv amseu are new and unused unless other-
wise stated. Wide :ange of CMOS TTL 74HC 74F Linear
Transistors kits. rechargable batteries, capaciters, tools
efc always in stock.

Pleese add £1.95 towards P&P (orders iiom the Scottish
Highlands. Northern Ireland Isie of Man. isle of Wight
and overseas may be subject to higher P&P for heavy
items}.VAT included in alf prices

JPG ELECTRONICS

276-278 Chatsworth Road
Chesterfield S40 2BH

Access/Visa Orders:
Tel: (01246) 211202 Fax: (01246)550959 .

Callers welcome 9.30am to 5. 30pm
Monday to Saturday
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Technolo gy Educatlon In dex
Telephone for our catalogue or

LY
i visit our web site for J‘urther details

g ﬁ’f Web Site - http://www.technologyindex.com
Prices exclude VAT and £5.00 next day carriage
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Telephone - (01689) 876880




Everyday Practical Electronics are pleased to be able to offer all readers these

ELECTRONIC
CIRCUITS &
COMPONENTS

+ THE PARTS
GALLERY

by Mike Tooley
LECTRONIC CIRCUITS & COMPONENTS

E/ectron/c Circuits & Components T
provides an introduction to the — L5 z“"dmm‘m& G
principles and application of the :
most common types of electronic
components and shows how they
are used to form complete circuits.
The virtual laboratories, worked
examples and pre-designed circuits
allow students to learn, experiment
and check their understanding as
they proceed through the sections
on the CD-ROM. Sections on the

TWO
APPLICATIONS

ON ONE
CD-ROM

i
A i)

i Sers ) w

DIGITAL ELECTRONICS
by Mike Tooley

Digital Electronics builds on the knowledge of logic gates
covered in Electronic Circuits & Components, and takes
users through the subject of digital electronics up to the
operation and architecture of microprocessors. The virtual
laboratories allow users to operate many circuits on
screen.

@ i) FUNDAMENTALS

= Fundamentals introduces the
basics of digital electronics
including binary and hexadecimal
numbering systems, ASCII, basic
logic gates and their operation,
monostable action and circuits, and
bistables —~ including JK and D-type
flip-flops

COMBINATIONAL

disk include:

Fundamentals: units & multiples,
electricity, electric circuits,
alternating circuits.

Passive Components: resistors,
capacitors, inductors, transformers.
Semiconductors: diodes,
transistors, op.amps, logic gates.
Passive Circuits

Active Circuits

THE PARTS GALLERY

Many students have a good

V]rtualiaboratory sinusoids

LOGIC

Multiple gate circuits, equivalent
logic functions and specialised logic
functions such as majority vote,
parity checker, scrambler, half and
full adders. Includes fully interactive
virtual laboratories for all circuits

SEQUENTIAL LOGIC

Introduces sequential logic
including clocks and clock circuitry,
counters, binary coded decimal and
shift registers.

Vlrtual Iaboratory - fllp flops
qu Mx;mn \rslmm” = 8

T gram e smaies

understanding of electronic theory
but still have difficulty in recognising
the vast number of different types of
electronic components and symbols,
The Parts Gallery helps overcome
this problem; it will help students to
recognise common electronic
components and their corresponding
symbols in circuit diagrams.
Selections on the disk include:

Components

Components Quiz

Symbols

Symbols Quiz o "

Circuit Technology Circuit technology screen
Hobbyist/Student ..........cccoomrininiininnes T —_ £34 inc VAT
Institutional (Schools/HE/FE/Industry) .................... £89 plus VAT
Institutional 10 user (Network Licence) ............... £169 plus VAT

DIGITAL SYSTEMS

A/D and D/A converters and their
parameters, traffic light controllers,
memories and microprocessors —
architecture, bus systems and their
arithmetic logic unit.

GALLERY

A catalogue of commonly used IC
schematics taken from the 74xx
and 40xx series. Also includes
photographs of common digital

o g wore e [

integrated circuits and circuit
Microprocessor technology.
Hobbyist/Student ........ B et iecnnmmnmmnne s rerrnees £45 inc VAT
Institutional (Schools/HE/FE Industry) ........ A £99 plus VAT

Institutional 10 user (Network Licence) £199 plus VAT

@ MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton

This CD-ROM has been developed from Max Horsey's Teach-In series
A Guide to Modular Circuit Design (EPE Nov '35 to Aug '96). This highly
acclaimed series presented a range of tried and tested analogue and
digital circuit modules, together with the knowledge to use and interface
them. Thus allowing anyone with a basic understanding of circuit symbols
to design and build their own projects.

Essential information for anyone undertaking GCSE or “A” level elec-
tronics or technology and for hobbists who want to get to grips with project
design.

Over seventy different Input, Processor and Output modules are
illustrated and fully described together with detailed information on con-
struction, fault finding and components, including circuit symbols, pinouts,
power supplies, decoupling etc. A full contents list and alphabetical index
are provided and, at every stage, alternative modules are offered.

Written by a highly experienced author and teacher (Max is Head
of Electronics at Radley College), this CD brings it all together for all
students of etectronics.

Single User Version £19.95 inc. VAT
Multiple User Version £34 plus VAT

designing your circuit

Slmplg select your modules from the wide choice available,
read how they work and join them up to make your circuit

FE TR

1K
\\ H output
LDR
100K M 1 waame
: ! ‘ oV
input processor output

“I found that | could design a circuit without my teacher's help. And it worked!
Everything was to hand - which chips to use - and which pins did what.”
Andrew Preston (GCSE student)

A Web Browser is required for Modular Circuit Design - one is provided on the £PE CD-ROM No.1 (see opposite) but most modern computers are supplied with one.




Interested in programming PIC microcontrollers?

PICtutor by John Becker

nop
NOV
NOP
GoTo Reset
HoP
wog
HOP

NOP
NOP

Deluxe PICtutor Hardware

Developed from our famous and incredibly popular EPE PIC Tutorial
series by John Becker (EPE March to May '98) this CD-ROM, to-
gether with the PICtutor experimental and development board, will
teach you how to use PIC microcontrollers with special emphasis on
the PICx84 devices. The board will also act as a development test
bed and programmer for future projects as your programming skills
develop.

This interactive presentation uses the specially developed Virtual
PIC simulator to show exactly what is happening as you run, or step
through, a program. In this way the CD brings the EPE PIC Tutorial
series to life and provides the easiest and best ever introduction to
the subject.

Nearly 40 tutorials cover aimost every aspect of PIC programming
in an easy to follow logical sequence.

HARDWARE

Whilst the CD-ROM can be used on its own, the physical demonstra-
tion provided by the PICtutor Development Kit, plus the ability to
program and test your own PIC16x84s, really reinforces the les-
sons learned. The hardware will also be an invaluable development
and programming tool for future work once you have mastered PIC
software writing.

Two levels of PICtutor hardware are available — Standard and
Deluxe. The Standard unit comes with a battery holder, a reduced
number of switches and no displays. This version will allow users to
complete 25 of the 39 Tutorials — it can be upgraded to Deluxe at a
later date, by adding components, if required.

The Deluxe Development Kit is supplied with a plug-top power
supply (the Export Version has a battery holder), all switches for both
PIC ports plus l.c.d. and 4-digit 7-segment l.e.d. displays. It allows
users to program and control all functions and both ports of the PIC
and to follow the 39 tutorials on the CD-ROM.

All hardware is supplied fully built and tested and includes a
EIC}%:M electrically erasable programmable microcontroller.

D-ROM

Hobbyist/Student ............c.cccooeviecrinincnncecncen £45 inc. VAT

Institutional (Schools/HE/FE Industry) ................ £99 plus VAT

Institutional 10 user (Network Licence) ............ £199 plus VAT
HARDWARE

Standard PICtutor Development Kit................e.cu.. £47 inc. VAT

Deluxe PICtutor Development Kit...........cecereuenn. £99 plus VAT

Deluxe Export Version ...........cccoeeeeeerneerserneereenann £96 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT prices)

Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM,
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for PICtutor or Modular Circuit Design).

: CD-ROM ORDER FORM

| Please send me:

I[] Electronic Circuits & Components +The Parts Gallery

I'] Digital Electronics

|' [] PICtutor

i [] PICtutor Development Kit - Standard
i L] PICtutor Development Kit — Deluxe

|
I ] Modular Circuit Design - Single User
: [] Modular Circuit Design - Multiple User

Version required:

[] Hobbyist/Student
[] Institutional

[] Institutional 10 user

[] Deluxe Export

: PO AN i, o . el s, 00 a0, e BN e . L o o o b e e |
| ACAIESS . it s g s hsindions st s g 4008 i 4 40 508 1 SIS o8 o 8 s B s e« w41 e et diwsniras e e wennan it
| |
I By e St densfinany ER LR R L |
; ....... R S S e B [oTS] i eTo T [- TR Tel. NOtu e :
| |
: SigNature:. .. coumeneerrereene e om0 e o s :
I ]! enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £............. l
I . |
| [ Please charge my Visa/Mastercard: £ ......cc.ccovernnnnn. Card expiry date:.......... e I
| I
o e e S e R, '

ORDERING

ALL PRICES INCLUDE UK
' POSTAGE

Student/Single User/Standard Version -
price includes postage to most countries
in the world
EU residents outside the UK add £5 for
airmail postage per order

OVERSEAS ORDERS: Institutional,
Multiple User and Deluxe Versions -
overseas readers add £5 to the basic
price of each order for airmail postage
{do not add VAT uniess you live in an
EU country, then add 17%% VAT or
provide your official VAT registration
number).

Send your order to:
Direct Book Service
33 Gravel Hill, Merley Wimborne
Dorset BH21 1RW
(Mail Order Only)

Direct Book Service is a division of Wimborne
Publishing Ltd. To order by phone ring

01202 881749. Fax: 01202 841692.

We cannot reply to overseas orders by Fax

Goods are normalty sent within seven days
Ll

Demos (not Modular Gircuit Design) available on the EPE CD-ROM No.1 (Free with the November '98 issue) — send £2 for this CD-ROM if you require the
demos. For Modular Circuit Design demo send £6.95 for cut down version (£5 refunded if you buy full version). Minimum order for credit card payment is £5.
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We can supply back issues of EPE and ET/ {see panel) by post, most EPE issues from the past five years are available. An EPE index

for the last five years is aiso available — see order form. Alternatively, indexes are published in the December issue for that year.
ELE Cs

CTRON!
TosuY I TaATI0nL

price.

PROJECTS e Portable 12V PSU/Charger ¢
Case Alarm e Auto-Dim Bedlight ® EPE Time
Machine.

FEATURES e Satellite Celebration @ ingenuity
Unlimited ® TEACH-IN ‘98 — An Introduction to
Digital Electronics-1 ® Technigues — Actually
Doing It @ Circuit Surgery ® Net Work e Free
Greenweld Catalogue.

PROJECTS e Safe and Sound - Security
Bleeper ® Active Microphone @ Car Immobi-
liser ® Mini Organ.

FEATURES e TEACH-IN '98 — An Introduc-
tion to Digital Electronics-2 @ Circuit Surgery
e Interface ® B2 Spice Review ® Ingenuity
Unlimited ® Alternative and Future Tech-
nologies-1 ® Net Work — The Internet ® Free
Giant Data Chart - Formulae.

PROJECTS e Disco Lights Flasher ® Simple
M.W. Radio ® EPE Virtual Scope-1 ® Surface
Thermometer.

FEATURES e TEACH-IN ‘98 — An Introduction
to Digital Electronics-3 @ Circuit Surgery
Ingenuity Unlimited e Alternative and Future
Technologies-2 @ Net Work — The Internet
Free — Giant PIC Data Chart.

FEB ‘98 .

PROJECTS e Water Wizard ® Kissometer ®
Waa-Waa Effects Pedal @ EPE Virtual Scope - 2.
FEATURES ® TEACH-IN ‘98 — 4 e Ingenuity Un-
limited @ Technigques-Actually Doing It @ Cir-
cuit Surgery ® Net Work — The Internet @ Chip
Special -~ HT7630 PIR Controller.

G tyronNIcs

v B

MAR ‘98 Photostats Onl

PROJECTS e Lighting-Up Reminder ® The
Handy Thing ® Switch-Activated Burglar Alarm
o Audio System Remote Controller.

FEATURES e TEACH-IN '98 - 5 e Ingenuity
Unlimited @ interface ® Stripboard Magic
Review @ Circuit Surgery ® Net Work @ EPE PIC
Tutorial Supplement 1

APRIL ‘98 Photostats Onli

PROJECTS e Simple Metal Detector ® Single
or Dual Tracking Power Supply ® Experimental
Piezo-Cable Projects - Distributed Microphone
- Vibration Alarm @ RC-Meter.

FEATURES e Ingenuity Unlimited e Patent
Your Invention ® TEACH-IN ‘98 — 6 e Circuit
Surgery ® Net Work ® Technigues — Actually
Doing It ® EPE PIC Tutorial Supplement 2

MAY ‘98

PROJECTS e Dice Lott ® Security Auto-Light
e Stereo Tone Control plus 20W Stereo
Amplifier ® Improved Infra-Red Remote
Repeater.

FEATURES ® TEACH-IN '98 — 7 ® Net Work @
EPE PIC Tutorial Supplement 3

292

JUNE '98

PROJECTS e EPE Mood Changer ® Simple
SW Receiver @ Atmel AT89C2051/1051
Programmer ® Reaction Timer.

FEATURES e 8051-based EEPROM
Microcontrollers e TEACH-IN ‘98 - An
Introduction to Digital Electronics — 8 @ Circuit
Surgery ® Techniques - Actually Doing It @
Ingenuity Unlimited

o "
ELEETRONICS
EPE PIC
A ERT
:I‘OOD(!’Y

= W TR 8

JULY 98

PROJECTS e PIC16x84 Toolkit ® Noise Cancell-
ing Unit @ Low Battery Indicator ® Greenhouse
Computer - 1.

FEATURES e Using the L200CV Voltage
Regulator ® TEACH-IN '98 — 9 e Ingenuity
Unlimited ® Circuit Surgery ® Net Work.

AUG ‘98
PROJECTS e Lightbulb Saver e Float Charger
e PC Transistor Tester ® Greenhouse Com-
puter — 2 ® Time Machine Update.
FEATURES e TEACH-IN '98 — 10 e Circuit Sur-
gery ® Techniques — Actually Doing It @ In-
genuity Unlimited ® New Technology Update ®
Net Work e IVEX PCB Cad Review.

SEPT ‘98

PROJECTS e Mains Socket Tester ® Personal
Stereo Amplifier ® Greenhouse Radio Link ®
PIC Altimeter.

FEATURES e TEACH-IN ‘98 — 11 ® Ingenuity
Unlimited @ Circuit Surgery ® Interface ® Net
Work @ Crocodile Clips Review.

OCT '98
PROJECTS e Voice Processor @ Digiserv R/C
Channel Expander ® Reliable Infra-Red Remote
Control ® PC Capacitance Meter.
FEATURES e Easy PCB Making ® Using LM335
and LM35 Temperature Sensors e Circuit
Surgery @ Ingenuity Unlimited ® Net Work @
Electronics Principles 5.0 Review.

Where we are unable to provide a back issue a photostat of any ori: article (or one part of a series) can be purchased for the same

DID YOU MISS THESE?

NOV '98

PROJECTS e PIC Tape Measure ® T-Stat
Electronic Thermostat — 1 ® PhizzyB Computers
— 1 @ 15.way Infra-Red Remote Control.
FEATURES e Circuit Surgery e Ingenuity
Unlimited ® New Technology Update ® Net
Work — The Internet ® Easy PC for Windows 95
Review ® FREE EPE CD-ROM No.1.

DEC '98

PROJECTS e EPE Mind PICkler-1 e Fading
Christmas Lights ® Handheld Function Gener-
ator ® Damp Stat Electronic Thermostat e
PhizzyB Computers-2.

FEATURES e PhizzyB Computers-2 Under-
standing Computers @ Circuit Surgery @ In-
genuity Unlimited e Interface @ Net Work — The
Internet ® 1998 Index ® FAREE 48-page Under-
standing Passive Components booklet.

JAN 99

PROJECTS e Alternative Courtesy Light Con-
troller ® Twinkle Twinkle Reaction Game @
Volume Compressor @ PhizzyB Computers-3 @
EPE Mind PICkler-2.

FEATURES e New Technology Update ® From
Russia With Love e Circuit Surgery @ PhizzyB
Computers-3 @ Net Work.

PRIEYCE

ELECTR

PROJECTS e PIC MIDI Sustain Pedal e Light
Alarm ® Wireless Monitoring System-1 @
PhizzyB Computers—4.

FEATURES e Ingenuity Unlimited e Scolar
Project ® PhizzyB Computers-4.

MAR ‘99
PROJECTS e Smoke Absorber ® Auto Cupboard
Light ® PhizzyB Computers-5 ® Time and Date
Generator ® Wireless Monitoring System-2.
FEATURES e Ingenuity Unlimited e [ATSEC
Show Report ® PhizzyB Computers-5 @ Practi-
cally Speaking ® Circuit Surgery ® Net Work.

BACK ISSUES ONLY £2.75 each inc. UK pép.

Overseas prices £3.35 each surface mail, £4.35 each airmail.
We can also supply issues from eariier years: 1992 (except March, April, June to Sept. and Dec.}, 1993 (except Jan. to March, May,
ﬁug., Bec.)), 1994 {except April, May, June, Nov.), 1995 (except Jan., May to Sept., Nov,, Dec.), 1996 {except Feb., April, May, July,
ug., Nov.), 1997.

We can also supply back issues of ET/ (prior to the merger of the two magazines) for 1998/9 - Vol. 27 Nos 1 to 13 and Vol.
28 No. 1. We are not able to supply any material from ETJ prior to 1998. Please put ET/ clearly on your order form if you
require ET/issues.

Where we do not have an issue a photostat of any one article or one part of a series can be provided at the same price.

ORDER FORM - BACK ISSUES -~ PHOTOSTATS - INDEXES
I [] Send back issues dated

: [] Send photostats of (article title and issue date)

[ ] Send copies of last five years indexes {£2.75 for five inc. p&p — Overseas £3.35 surface, £4.35 airmail}

Address ..

[] tenclose cheque/PO./bank draft to the value of £........... B I IS —— E——— I
[ ] Please charge my ViSa/Mastercard £.........vuureiciiminisissesssessisnsens s s 1

TN ON o) TS S o T T TR o SR e TS ... Card ExXpiry Date .....c...cooveeevvenece i 1
Note: Minimum order for credit cards £5. pply name and address of cardholder if different from that shown above. |
SEND TO: Everyday Practical Electronics, Allen House, East Borough, Wimbarne, Dorset BH21 1PF.
Tel: 01202 881749. Fax: 01202 841692. {Due to the cost we cannot reply to overseas queries or orders by Fax.) 1
E-mail:orders@epemag.wimborne.co.uk
Payments must be in £ sterling - chegue or bank draft drawn on a UK bank. Normally supplied within seven days of receipt of order.
Send a copy of this form, or order by letter if you do not wish to cut your issue. i4/99

Everyday Practical Electronics/ETI, April 1999
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VARIABLE VOLTAGE

TRANSFORMERS

INPUT 220V/240V AC 50/60 OUTPUT 0V-260V
Price P&P

PANEL MOUNTING
0-5KVA 2:5amp max  £33.00 £6,00
(£45.83 inc VAT)
1KVA 5 amp max £45.25 £7.00
(£61.39inc VAT)

SHROUDED

0-5KVAR:5amp max  £34.00 £6.00
(£47.00 Inc VAT)
1KVA 5 amp max £46.25 £7.00
(£62.57 inc VAT)
2KVA 10 amp max’ £65.00 £8.50
(£86.36 inc VAT)
3KVA 15 amp max £86.50 £8.50
(£111.63 Inc VAT)
SKVA 25 amp max £150.00 (+ Carriage & VAT)
10KVA 45 ampmax  £300.00 (+ Carriage & VAT}
6KVA 3 PHASE Star. £205.00 (+ Carriage & VAT)

Buy direct from the Importers. Keenest pnices in the country.

500V A ISOLATION TRANSFORMER
Input lead 240V AC. Oulput via 3-pin 13A socket. 240V
AC conlinuously rated. Mounted in fibre glass case with
handle. internally fused.
Price £35.00 carriage page + VAT (£41.13)

TOROIDAL L.T. TRANSFORMER
Primary 0-240V AC. Secondary 0-30V+0-30V 500VA
Fixing Do't supplied.
Price £30.00 carriage paid+ VAT {£35.25)
COMPREHENSIVE RANGE OF TRANSFORMERS-LT-
ISOLATION & AUTO
110V-240V Auto transfer either cased with American sockel and
mains lead or open frama type Available for immediate delivery.

ULTRA VIOLET BLACK LIGHT BLUE
FLUORESCENT TUBES
4ft 40 watt £14.00 (callers only) {£16.45 inc VAT)
2ft 20 watt £9.00 (callers only) {£10.58 inc VAT)
12in 8 wait £4.80+ 75p p&p

(£6.52 Inc VAT)

gin 6 watt £3.96+ 50p p&p {£5.24 inc VAT)
6 4 wall £3.96 +50p pap (£5.24 inc VAT)
230V AC BALLASTKIT

For either 6in, 9in or 12in tubes £6.05 + £1.40 p&p

(£8.75 inc VAT)
The above Tubes are 3500/4000 angst (350-400um) ideal for
detecting security markings, effects lighting & Chemical applications.
Other Wavelengths of UV TUBE available for Germicidal & Phota
Sensitive applications. Please telephone your enquiries.

BLUE UV LAMP
GES Mercury Vapour lamp suitable for
use with a 400W P.F. Ballast.

Only £39.95 incl. p&p & VAT

400 WATT BLACK LIGHT
m

gy
5 KVA ISOLATION TRANSFORMER
As New Ex-Equipment, fuily shrouded, Line Noise
Suppression. Ultra Isolation Transformer with
terminal covers and knock-out cable eniries.
Primary 120V/240V, Secondary 120V/240V,
50/60Hz, 0-005pF Capacitance. Size, L. 37¢m x W
19cm x H 16cm, Weight 42 kilos. Price £120 +
VAT. Ex-warehouse. Carriage on request.
24V DC SIEMENS CONTACTOR
Type 3TH8022-0B 2 x NO and 2 x NC 230V AC 10A.
Contacts Screw or Din Rail fixing. Size H 120 x W 45
x D 75mm. Brand New Price £7.63 incl. P&P and VAT.
240V AC WESTOOL SOLENIODS
TT2 Mod. 1 Rat. 1 Max. stroke */ain. Base mounting
Vein. stroke 5ibs pull approx. TT6 Mod. 1 Rat. 1 Max.
stroke 1 in. Base mounting '%in. stroke 15ibs pull
approx. SERIES 400 Mod. 1 Rat. 2 Max. stroke
fgin. Front mounting Yzin. stroke 15Ibs pull approx.
Price incl p&p & VAT. TT5 £5.88, TT6 £8.81,
SERIES 400 £7.64.
AXIAL COOLING FAN
230V AC 120mm square x 38mm 3 blade 10 watt
Low Neise fan. Price £7.29 incl. P&P and VAT.
Other voltages and sizes available from stock.
Please tzlephone your enguires
INSTRUMENT CASE
Brand new. Manufactured by Imhof. L 31 x H 18 x
1gcm Deep. Removable front and rear panel for easy
assembly of your components. Grey textured finish,
complete with case feet. Price £16.45 incl. P&P and
VAT. 2 cff £28.20 inclusive.
DIE CAST ALUMINIUM BOX
with internal PCB guides. intermnal size 265 x 165 x
50mm dzep. Price £9.93 incl. p&p & VAT. 2 olf £17.80
incl.
230V AC SYNCHRONOUS GEARED MOTORS
Brand new Ovod Gearbox Crouzet type motors. H
65mm x W 55m x D 35mm, 4mm dia. shaft x 10mm long.
6 RPM anti cw. £9.99 incl. p&p & VAT.
20 RPM anti cw. Depth 40mm. £11.16 incl. p&p & VAT.

SOLID STATE EHT UNIT

Input 230V/240V AC, Output approx 15KV.
Producing 10mm spark. Buit-in 10 sec
timer, Easily modified for 20 sec, 30 sec
to continuous. Designed for boiler ignition.
Dozens of uses in the field of physics and
electronics, e.g. supplying neon or argon
tubes etc. Price less case £8.50 +£2.40 p&p
(£1281 inc VAT) NMS.

EPROM ERASURE KIT
Build your own EPROM ERASURE for a fraction of
the price of a made-up unit. Kit of pars less case
includes 12in 8 watt 2537 Angst Tube Ballast unit, pair
of bi-pin leads, neon indicator, on/off switch, safety
microswitch and circuit £15.00+£2.00 g&g
(£19.98 inc VAT)

WASHING MACHINE WATER PUMP

Brand new 240V AC fan cooled. Can be used for a
vanety of purposes. Inlet 1%in., outlet tin. dia. Price
includes p&p. & VAT. £11.20 each or 2 for £20.50
inclusive.

VIDEO SURVEILLANCE

Design your own professional video surveillance
Smallest pinhole camera in the world, 15mm =15mm (B&W) £29.00

32mm = 32mm Board camera, pinhole, high resolution (B&W)  £29.00
32mm = 32mm Board camera (Colour) £65.00
B&W Quad £79.00
Colour Quad £350.00
Picture in Picture with alarm input £299.00
1-394Ghz video transmitter module, 100mW £85.00
2-4Ghz video transmitter module, 10mW £80.00
1.294-1-3Ghz Linear power amplifier, 2W output £250.00
Four-channel video receiver module, with auto Switcher £120.00
Time & Date Generator Module £42.00
Time, Date and Character generator module £65.00
5W infra-red light source £25.00
Audio amplifier module £7.00
Convert your VCR to an automatic video recorder £45.00
4in. L.C.D. monitor £190.00
6-8in. L.C.D. monitor £290.00

We also stock R.F. parts such as Power Module, MMICs, R.F.
transistors, etc.

Above prices are subject to VAT and are for one unit order
10% discount for 5 or more

CONFIDENTIAL COMMUNICATIONS LTD
344 Kilburn Lane, Maida Vale, London W9 3EF
Tel: 44(0)181 968 0227 Fax: 44(0)181 968 0194

A% SERVICE TRADING CO “visa 1.
” 57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB E-mail: 106075.276@compuserve.com
Open TEL: 0181-995 1560 FAX:0181-995 0549  Ampe
Manda{/Fr/Hay ACCOUNT CUSTOMERS MIN. ORDER £10 Parking Space

Forest Electronic Developments

Microchip PIC, ATMEL AVR & Scenix Development Support

to your PC.

arrays in RAM & EEPROM.

version still available — ask for details.

PIC BASIC products — Modules and Compiler
Straightforward, capable, powerful,
Operating within a Windows Development Environment our modules need no
assembler or UV eraser to program your PICs, and operate from a serial link

rapid development.

16C74 module features — 8k EEPROM, up to 2000 lines of BASIC, 27 lines
of programmable 1/0, 8 A/D inputs, User defined interrupt support, Interrupt
driven serial RS232 interface, Peripheral 12C bus interface, LCD display
driver routines, up to 178 bytes for variables and stack, extendible with
optional external RAM and all the standard 16C74 features. BASIC features
block structure 1-16 bit variables packed in RAM, functions, local variables,

Download the development environmenti from our web site! 16C57

Scenix, PIC, & AVR Programmers
PIC Serial - Handles serially programmed PIC devices in a 40 pin
multi-width ZIF socket. 16C55X, 16C6X, 16C7X, 16C8x, 16F8X, 12C508,
12C509, PIC 14000 etc. Also In-Circuit programming. Price: £45/kit,
£50/built & tested.
PIC Introductory — Programs 8 & 18 pin-devices : 16C505, 16C55X, 16C61,
16C62X, 16C71, 16C71X, 16C8X, 16F8X, 12C508/3, 12C671/2 etc. £25/kit.
AVR — 1200,2313,4144,8515 in ZIF. Price : £40/kit £45 built & tested.
Scenix — SX18/SX28 in a 40 pin ZIF. Price: £40/kit £45 built & tested.

Programmers operate on PC serial interface. No hard to handle parallel cable
swapping ! Programmers supplied with instructions, + Windows 3.1/95/98/NT
software. Upgrade Programmers free of charge from our web site!

NEW!! — PIC BASIC MICRO MODULE
Run 16C74 FED PIC BASIC on a module which is only 65x27mm and is
plug compatible with the 16C74 device
Uses Surface Mount techniques and includes power supply, serial interface
and oscillator. Operate as a standalone module, or plug the module as a
daughter card directly in place of a 16C74 into your application circuit.

program your PIC chips directly.

Compiler ~ £30.00

BASIC COMPILER! — The FED PIC BASIC compiler for the 16C74. It
produces hex code to program your 16C74 directly with no need for external
EEPROM. Compatible with the EEPROM versions of PIC 16C74 BASIC
modules — develop on an EEPROM based module then compile and:

PIC BASIC Micro-Module 4MHz — £35.00, 20MHz — £40.00
16C74 Module Kit (8k EEPROM, 4MHz) £35.00, Pre-built £42.00
16C74 Module Kit (8k EEPROM, 20MHz) £40.00, Pre-built £46.00

AVR, PIC, Scenix —~ Windows Development
Assembler/Simulator allows development of your AVR, PIC or Scenix
projects in one Windows program. Incorporate multiple files, view help file
information directly from code, edit within project, build/track errars directly in
source, then simulate. Simulator has many breakpoint types, follow code in
source window, set breakpoints in source. Run, single step, or step over.
Logic Analyser Display! Track variable values and trace for display on the
Trace Analyser. Input stimuli includes clocks, direct values and serial
data. Profiler — examine and time frequently called routines use the
information to optimise out bottle necks. PIC Version Simulates up to 50
times faster than MPSIM!

Cost £20.00, Specify PIC/Scenix or AVR version

AVR & PIC devices
PIC16C74/JW Erasable 20MHz £18.00 PIC16C558 £5.00
PIC16C74A-04P 4MHz £8.00 PIC16C74A-20P 20MHz £10.00
PIC16F84-04P 4MHz £6.00 PIC12C508-04P 4MHz £1.80
AVR — 8515 £8.00 g

Prices are fully inclusive, Add £3.00 for

Forest Electronic Developments _ RN o
' 60 Walkford Road, Chrisichurch, Dorset. BH23 5QG. P&P and handling (o each order. A
ﬁ-‘a& Email ~ " robin.abbott@dial_pipex.com™ Cheques/POs payable to Fgmsl Elgctromc w MasterCard
e Wehb Site —http:/fdspace.dial.pipex.com/robin.abbot/FED" Devglopmenls, or phone with credit card
01425-274068 (Voice/Fax) etk
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Constructional Project

IRONING BOARD

SAVER

ROBERT HUNT

Save energy with this
environmentally friendly
roning board add-on.

VER-CONSUMPTION of power and
damage to the  environment are
two concerns of great interest to
many people today. To those not so
involved with “‘green’” efforts, the follow-
ing project will appeal on safety aspects.
The author has noted from discussions
with many of his friends who do the
majority of the clothes ironing in their
households that at some time everyone
accidentally leaves the iron on, seemingly
no matter what presence of mind they
normally enjoy. For instance, a mother
may suddenly have to leave what she is
doing to investigate an unexplained noise.
This Ironing Board Saver project was
envisioned to prevent clothes irons being
left on accidentally, thus saving clectricity
and reducing the risk of a possible fire.

HOW IT WORKS

The original design concept is for a
device which may be attached to an iron-
ing board, into which the clothes iron is
plugged, and which senses the use of the
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iron by vibration. An added benefit is that
you now have an ironing board with a
built-in extension lead!

The idea could be adapted to control any
mains powered device which creates some
form of vibration when in use.

When the clothes iron is to be put to
use, the unit’s On button is pressed and the
iron stays on for around 1-5 minutes or as
long as vibration is detected on the iron-
ing board. When the time-out period ar-
rives, before disconnecting the power, the
‘‘Saver’’ unit emits a beep tone to warn
the user, or reassure him or her, that the
iron has been disconnected should he or
she have forgotten to switch it off after
use.

The purpose of the beep tone is to
prevent the user trying to work with a cold
iron, which would obviously become a
nuisance, thus preventing the unit from
being ‘‘approved’’ by the user, and thus
defeat the purpose of its construction. At
any time a ‘‘Mains On’’ neon will indicate
whether power is on or off.

CIRCUIT
DESCRIPTION

The full circuit diagram for the Ironing
Board Saver is shown in Fig.1. The cir-
cuit power supply and mains relay contact
switcning arrangement is also included.

The particular type of inverting buffer,
IC1, used here is a special type called a
Schmitt trigger. This means that the device
has a built in hysteresis range of input
voltages so that it switches over at, say 70
per cent of supply rail but switches back at
say 30 per cent.

This can best be understood with the
illustration of a thermostat in an electric
fire, when it reaches the required tempera-
ture, say, 20°C, and switches off it doesn’t
come on again until the room tempera-
ture has dropped to, say, 17°C. This 3°C
“‘loop”’ is called hysteresis.

Hysteresis is used in this project to
enable the reliable use of varying voltages
connected to logic gates, as logic gates do
not work -well with poorly defined input
levels unless designed to handle them,
such as the Schmitt trigger. Otherwise,
oscillation around the switch-over point
occurs which makes the output spend time
halfway between logical states, which can
cause failure of the gate due to power
developed at the junction at switchover.

BUZZER

While on the subject of these gates,
we’ll start with the warning buzzer part of
the circuit formed by ICle/ICIf, R8 and
piezoelectric transducer WD1. The piezo
buzzer circuit can best be understood if
you look at Fig.2.

Imagine point A is low, causing point B
to be high, which causes point C to be
low too. However, resistor R8 passes cur-
rent from point B (high) to one side of
the piezo crystat WDI whose other side is
low (point C). As piezo crystals are basi-
cally 20nF capacitors, gradually the crystal
charges, causing the voltage at point A to
rise.

At a certain point the first inverter will
switch over, so point B becomes low, point
C thus becomes high, causing WDI to
gradually discharge through R8 to point B
(low). When WDI1 has sufficiently dis-
charged it begins to charge in the opposite
direction and eventually the voltage at
point A becomes low again, switching B to
high and C to low and so the whole cycle
repeats itself.
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Fig.1. Complete circuit diagram of the lroning Board Saver.

If you wish, you could alter the fre-
quency of the tone by altering the value of
resistor R8.

The frequency can be roughly calculated
by working out the time constant of R§
and WDI, multiplying this by two, and
dividing one by the result.

05

RSXWD1 17

Frequency =

POWER CONTROL

Turning now to the power supply/relay
stage of the circuit, the relay, RLA, con-
trols both the current to the appliance
being controlled, and the power to the
circuit itself. However, the push-to-make
switch S3 momentarily supplies power to
the circuit when pressed, and the circuit
subsequently operates the relay.

To avoid passing appliance current
through switch S3 (which would have to
be 13A rated if this were the case) the
relay alone connects power to the output
socket SK1. Hence the relay must have
three normally open (n.o.) contacts. This
is so that both poles of the mains supply
are disconnected from the socket when it

Fig.2. Simplified piezo buzzer oscillator
circuit,

is switched off by RLA2 and RLA3, and
the third contact (RLA1T) is for power to
the electronics.

Fuse FS1 is rated at 250mA quick blow
and supplies current to the control circuit
only, the mains socket SK1 is fused via
the fuse in the mains plug.

POWER TIMER

Once power has been applied to the
circuit, the timer formed by resistor R6,
capacitor C3, and IClc operates the relay
via diode D8, resistor R9 and Darlington
transistor TR1. Once C3 has become
charged to around two thirds of the
supply voltage (around one minute) IClc
switches over, no longer operating TRI1
directly. (TR1 is still held “*on’’ at this
point by capacitor C4 — see later.) From
this point the piezo buzzer WDI starts to
sound due to the oscillator no longer
being blocked off by diode D10.

After about a further three seconds, the
charge in capacitor C4 decays to a point
which no longer holds the output of IC1d
low, so it blocks off the oscillator via
diode D9 and hence the warning sound
ceases. After another couple of seconds
the charge in C4 decays to a point where
TR1 no longer holds the relay RLA on,
so power is finally disconnected.

You may wonder how it is that
capacitor C4 can discharge to a point
which switches over IC1d and yet still
holds transistor TR1 on. Well, IC1d will
switch over at a voltage equivalent to two
thirds of the supply voltage, but TR1 will
switch off only when the gain of the
transistor does not amplify the current
enough to hold the relay on any longer.

As relays demand much more current

Everyday Practical Electronics/ETI, April 1999

to switch on than they need to stay on,
then resistor R9 needs to pass much less
current after the relay is engaged. There-
fore, it will stay on for a few seconds
after IC1d has switched over.

If you wish to alter the time it takes for
the power to disconnect after the time ex-
pires, reduce the value of resistor R10
to discharge capacitor C4 more rapidly.
To alter the main time period, adjust the
value of C3. The time will be around 1-5
minutes per 100uF.

Pushswitch S2 operates via resistor R7
as an “‘Off”” button. Pressing S2 charges
up C3 within half a second, thus causing
time expiry, and so the unit switches off.

VIBRATION SENSOR

The vibration sensor switch Sl is sup-
plied basically as a metal can of ap-
proximately 9-5mm length and 8-2mm
diameter. Only one connection is already
provided, you have to solder another lead
onto the can (see Fig.3). Its predicted life
is in the order of millions of operations,
especially if used in low current situa-
tions like this.

The timer circuit, IC1a/IClb, is con-
stantly being reset by signals from the
vibration sensor, S1. Capacitor C1 serves
to absorb any very short signals and
the circuit around ICla/IC1b is again
simplified to aid explanation, see Fig.4.

This stage of the circuit basically
serves as a pulse stretcher so that momen-
tary signals from the vibration switch S1
are lengthened to a time long enough to
discharge the timing capacitor C3, via
resistor R5 and diode D7. IC1a and IClb
are connected in a monostable fashion
with an on time of around half a second.
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Fig.3. Wiring of S1, the vibration
sensor.

Referring to Fig.4, once a negative
going pulse from S1 arrives at point A,
point B goes high, initially putting point
C high (via capacitor C2) causing point D
to go low. As C2 charges, the voltage at
point C drops via resistor R4 until IC1b
output goes high again, bringing point A
high via resistor R2 which puts point B
low, discharging C2.

In the actual circuit two additional
components, resistor R3 and diode D6,
enable capacitor C2 to discharge far more
rapidly than it charges, ensuring that the
next trigger pulse at point A results in just
as long an output pulse from the circuit.

POWER SUPPLY

The power supply circuit after mains
transformer T1 is a conventional full-
wave rectifier formed by D1 to D4 with

COMPONENTS

Resistors
R1,R7 1k (2 off) R4
R2, R9, R6

R10 5100k (3 off) RS

R3,R5 10k (2 off)

Capacitors
C1 100n disc, ceramic C4
c2 4.7 radial elect. 25V C5
C3 100p radial elect. 25V

Semiconductors

Miscellaneous

All 0-25W 5% carbon film

D1toD4  1N4001 1A 50V rectifier diode (4 off)
D5to D11 1N4148 signal diode (7 off)

TR1 MPSA14 npn Darlington transistor
1C1 40106BE Hex Schmitt trigger inverter

IC1a
48106BE

9 IC1b
A0108BE
c2 ’

Fig.4. Simplified monostable timer

circuit.

smoothing by C5. Neon lamp LP1 serves
to indicate to the user that power is on.
There are no requirements for regulation
as the circuit does not draw a widely vary-
ing current, and it is insensitive to minor
fluctuations in supply rail voltage.

CONSTRUCTION

Most of the components for the Iron-
ing Board Saver are mounted on a small
printed circuit board (p.c.b.). The excep-
tions being the mains transformer, relay,
switches and output socket. This board is
available from the EPE PCB Service, code
224,

The board component layout and full-
size copper foil master are shown in Fig.5.
Assembly of the p.c.b. is straightforward,
but IC1 is static sensitive so take the usual
precautions when handling it. Note that the

buffered version of the 40106 must be
used (suffix BE not UBE).

The only difficult component to fit is the
vibration sensor, which must have a wire
lead soldered to its metal body. Be careful
not to apply heat any longer than necessary.

After mounting and soldering all com-
ponents in positon, attach flying wires to the
p.c.b. for the relay coil, piezo buzzer and
switch S2. Attach the two outer wires from
the transformer secondary, which will out-
put 12V between them (if the transformer is
6V-0V-6V the centre tap wire should be
clipped short and be fully insulated) and fit
the p.c.b. into the case.

Flying leads from the p.c.b. can now be
fitted to the relay, buzzer and S2. When
attaching leads to the piezo element, you
can solder wires directly to the element if
required but you must be careful to apply as
little heat as possible so as not to destroy the
junction between the two plates. The piezo
element can be glued to the case, away from
all mains wiring.

MAINS WIRING

For connecting mains wiring, carefully
follow the interwiring diagram Fig.6,
double-checking as you go along. Also,
make sure you keep to the following safety
notes below.

Safety Aspects

When wiring the unit it is necessary to
fuse the mains transformer separately from
the supply to the output socket SK1. All

T TO RLA COIL

wirn

470k
M
22k

22p. radial elect 25V
470 radial elect. 25V

S1 mercury vibration sensor
82 mains rated push-to-make switch, red
S3 push-to-make switch, black
T 230V mains transformer, with 0V-12V
(or 6V-0V-6V) 250mA secondary
LP1 mains neon indicator, panel mounting
WD1 3V to 30V wire-ended piezoelectric sounder

RLA 3-pole mains relay, with 12V d.c. 110 ochm coil
and 13A 230V a.c. contacts (normally open)

TB1 3-way mains terminal block, with fusehoider

FS1 230V 250mA 20mm glass fuse, quick blow

Printed circuit board available from the EPE PCB Service, code
224; case, size and style to choice; 14-pin d.i.l. socket; multistrand
connecting wire; 13A mains rated cable; mains lead, with fused
plug; strain relief grommet for cable entry; crimp terminals for
relay; plastic sleeving; tie wraps; nuts and bolts; solder etc.

37

Approx Cost
Guidance Only

£ 3 7 excluding case

Fig.5. Full size p.c.b. layout for the Ironing Board Saver.
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wiring which carries the current to the
output socket via the relay must be 13A
rated, including the earth wiring, so that
no overheating could be experienced should
a unit taking this much current be used.

Ensure that all exposed metal (e.g. bolts
etc.) is earth bonded, and that the cable ex-
iting from the enclosure is firmly gripped
by a strain relief grommet. It is necessary
to sleeve or insulate all mains connections
even though they are enclosed within the box.

In the prototype rubber covers were fitted
over the connections to neon LP1 and S3,
and the relay terminals were terminated
with insulated crimps. Take care also that
all mains wiring (whether high current or
not) is mains rated. If this is not the case
then the insulation could in time break
down and cause serious problems.

If there is any danger of the iron touching
the mains flex leading out of the unit, you
should use heat resistant cable, or cotton
covered if you can clamp it securely in the
case.

A safety note on earth bonding — do not
effect this in a “‘daisy chain fashion™ - one
fault in the chain and the earthing fails at
every subsequent point. It would also intro-
duce hazardous potentials in the event of a
fault current, as the length of the chain would
generate a certain amount of voltage drop.

Instead of this, wire all earth conductors
back to a common point excepting the con-
tinuity conductor between the input cable
and output socket. Remember, this con-
ductor MUST be rated at or above the
capacity of the mains incoming lead.

Note that mains wiring to the relay
should not have any exposed metal showing
so sleeve all connections or use all-insulated
crimp terminals. It is most important that
the terminal block TB1, if used, must be a
mains rated one, preferably an approved
type. Different poles of the mains should
always be separated by a certain creepage
and clearance gap of 3mm as well as a
standoff from the base of 3mm — normal
terminal blocks do not always satisfy this
requirement. The terminal block used in the
prototype also provides a fuse (FS1) for the
live connection. Note that the piezo element
must be mains isolated from earth.

NOTE. INSULATE THE CONNECTIONS
TO 83, LP1 AND RLA

el T
—ERLA2~ 215?1
T81
p\ #] 3
> (1),
L8
F81
230V oV
TO PCB
3 I E wo1
v 12V
P . .
. vTO PCBv : . e
Fig.6. Interwiring of the p.c.b. to all other components. All earth leads must connect
back to TB1.
RELAY — you won’t need to specify a more

When selecting the relay, as well as en-
suring the contacts can switch 13A at 230V
a.c., ensure that the coil is well insulated
from the contacts and that the contact gap is
3mm or greater. These are requirements for
disconnecting mains current.

The relay should have a coil resistance
of at least 100 ohms at 12V d.c. This is to
limit the amount of current drawn by the
whole circuit as the relay is the major
consumer of current!

Note that the operate and release times
are totally unimportant in this application
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expensive relay simply for the sake of
speed of operation. If sourcing a three-
pole relay becomes difficult, you could
use two separate relays so long as the
coil resistance of the two combined
does not draw more than 120mA or so
altogether.

INSTALLATION AND
OPERATION

Various methods of attaching the box
to the ironing board include the use
of adhesive TY-wrap bases (as in the
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prototype) or pipe clips so that it can be
detached when desired.

Mount the unit as close as reasonable
to the part of the board where the iron is
often laid to rest. Orientation does not
matter as far as the vibration sensor is
concerned, but the switches should be
accessible.

Instructing the user of the ironing
board (once he or she is happy with it
being attached!) is very straightforward.
Simply plug the unit into the wall, and
the clothes iron into the unit. Press the On

button and wait as usual until the iron is
hot.

If you hear a beep, it means the unit will
soon go off unless you tap it or use the iron.
Observe the neon lamp to see if the iron is
still on. To switch off, press and hold the
Off button until the lamp goes out.

After the unit has been in use for some
time, you may find that the timing settings
are not quite to the satisfaction of the user.
Remember that you can alter the component
values!

Happy ironing! ' ik

TALK

with David Barrington

Voice Record/Playback Module

Only the ID1416P ChipCorder “"natural voice” integrated circuit
chip, used in the Voice Record/Playback module, will take some
finding locally.

To date, the only outlet we have found for readers is from Maplin
(& htip://www.maplin.co.uk), code NM47B. At the time of writing
they tell us that stocks are low, but more are on order. They also
supply a suitable electret microphone insert, type EM-10B (code
QY62S) or type EM-60B (code FS43W).

The small printed circuit board is available from the EPE PCB
Service, code 225 (see page 308). As for the loudspeaker (which
must be 16 ohms or more), you may have to opt for a 64 ohm
impedance version if you are looking for one less than 76mm (3in.)
diameter (Maplin Hi-Z range); depending, of course, on the size of
case used. You may even be contemplating putting the project into
your favourite soft toy — your very own Furbie!

Versatile Event Counter

There should be no problems finding a suitable electret
microphone insert for the Versatile Event Counter as many of our
advertisers, including Maplin (FS43W), seem to stock them.

These omni-directional electret “condenser” microphones are
usually listed as ultra or sub-miniature types and either will do in this
circuit. Likewise, the small plastic box, or one with almost identical
(larger) measurements should be readily available.

The vast majority of 2-line 16-character l.c.d. modules appear to
use the same chipset line-up and interwiring arrangement (but check
when purchasing), so they should. not give any sourcing troubles.
You could try Greenweld (http:/www.greenweld.co.uk), who oc-
casionally give discounts on these devices. The one in the model
originally came from Magenta (hitp:/magenta2000.co.uk) and they
still have stocks.

The printed circuit board for this project is the same one that was
used for the PIC Tape Measure published in the November '98 issue
of EPE. This board is available from the EPE PCB Service, code
207. Readers will have to make their own minor corrections to the
p.c.b. to adapt it for the Versatile Events Counter.

For those readers who do not have the facilities to program their
own PIC chips, a ready-programmed PIC16C84 microcontroller is
available from Magenta Electronics (® 01283 565435 for the all
inclusive sum of £5.90 (overseas readers add £1 for postage).

If you do intend to do your own programming, the software listing
is available from the Editorial Offices on a 3-5in. PC-compatible disk,
see EPE PCB Service page. There is a nominal admin charge of
£2.75 each (UK), the actual software is Free. For overseas readers,
the charge is £3.35 surface mail and £4.35 airmail. If you are
an Internet user, it can be downloaded Free from our FTP site:
ftp:/ftp.epemag.wimborne.co.uk/pub/PICS/eventcounter.

Ironing Board Saver

A number of components needed to construct the lroning Board
Saver come into the category of being “special” and may be difficult
to locate. But first we must endorse all the comments about the
dangers of working with mains voltages and advise readers to take
extra care when building this project.

For the mains transformer, the author suggests readers use one of
the 250mA miniature, wire-ended, types from Maplin. He suggests
the 6V-0V-6V version (not using the centre-tap) code VN14Q.

All the semiconductors, including the 40106BE Schmitt inverter
i.c., should be widely stocked. When ordering the i.c., stress that it
must be the “buffered” version; suffix BE.

The biggest problem will be in finding a 3-pole mains rated relay
that meets all the design requirements. The only one we can recom-
mend is manufactured by Finder (62 series) and stocked by Farnell
(& 0113 263 6311 or http://www.farnell.com), code 606-625. This
3-pole relay has a 12V 110 ohm coil, “normal open” contacts rated at
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16A, and has a 3mm gap between the open contacts. If possible, use
nylon nuts and bolts to fix the relay in the case.

All the switches and neon indicator used in the prototype model
came from Maplin, codes FF96E (square push, black), FF98G
(square push, red) and RX82 for the panel mounting neon. The metal
cased, single pin, mercury vibration sensor switch carries the code
UK57.

This just leaves us with the mains socket panel, 3-way fused
mains terminal block and the printed circuit board. The circular, panel
mounting mains socket came from Farnell, code 107-721 and the
terminal block from Maplin, code GU72P.

The single-sided printed circuit board is available from the EPE
PCB Service, code 224 (see page 308 for price).

Mechanical Radio

To save some possible problems regarding component sourcing, a
kit of components consisting of the motor, 1 Farad capacitor, 2mm
spindle and gears is available (mail order only) from the author at
£7.50 including postage (add £2 extra for overseas orders). Send
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