


NEW ELECTRONIC CONSTRUCTION KITS 
This 30 in 1 electronic kit 

includes an introduction to 
electrical and electronic 
technology. It provides 
conponents that can be 
used to make a variety of 
experiments including 
Timers and Burglar 

Alarms. Requires: 3 x AA batteries. £ 15 00 ref BET1803 
AM/FM Radio This kit 
enables you to learn about "ee, 
electronics and also put this 
knowledge into practice so 
you can see and hear the 

effects. Includes manual with 
explanations about the com-
ponents and the electronic 

principles. Req's: 3 x AA batts. £ 13 ref BET1801 
This 40 in 1 electronic kit 
includes an introduction to 
electrical and electronic 
technology. It provides 
conponents that can be 
! used in making basic digi-
tal logic circuits, then pro-
gresses to using 
Integrated circuits to make 

and test a variety of digital circuits, including Flip Flops 
and Counters. Reg's: 4 x AA batteries. £17 ref BET1804 
The 75 in 1 electronic kit 
includes an nintroduction 
to electrical and electronic 
technology. It provides 
conponents that can be 
used to make and test a 
wide variety of experi-
ments including Water 
Sensors, Logic Circuits 
and Oscillators. The kit then progresses to the use of an 
intergrated circuit to produce digital voice and sound 

recording experiments such as Morning Call and Burglar 
Alarm, Requires: 3 x AA batteries. £20 ref BET1806 

SOLAR PANELS 

We stock a range of solar photovoltaic panels. These are 
polycrystalline panels made from wafers of silicon lami-
nated between an impact-resistant transparent cover and 
an EVA rear mounting plate. They are constructed with a 

lightweight anodised aluminium frame which is predrilled 
for linking to other frames/roof mounting structure, and 
contain waterproof electrical terminal box on the rear. 5 
watt panel £29 ref 5wnav 20 watt panel £99 ref 2Ownav 60 

watt panel £249 ref 6Ownay. Suitable regulator for up to 60 
watt panel £20 ref REGNAV 

EVACUATED TUBE SOLAR HOT WATER PANELS 

(20 tube shown) These top-of-the-range solar panel heat 
collectors are suitable for heating domestic hot water, 
swimming pools etc - even in the winter! One unit is ade-
quate for an average household (3-4people), and it is 
modular, so you can add more if required. A single panel 
is sufficient for a 200 litre cylinder, but you can fit 2 or more 
for high water usage, or for heating swimming pools or 
underfloor heating. Some types of renewable energy are 
only available in certain locations, however free solar 
heating is potentially available to almost every house in 
the UK! Every house should have one -really! And with an 
overall efficiency of almost 80%, they are much more effi-
cient than electric photovoltaic solar panels (efficiency of 
7-15%). Available in 10, 20 and 30 tube versions. 10 tube 
£199, 20 tube £369, 30 tube £549. Roof mounting kits 
(10/20 tubes) £ 12.50, 30 tube mounting kit £ 15 

2kW WIND TURBINE KIT 
The 2kW wind turbine is sup-
plied as the following kit: tur-
bine generator 48v three 
taper/ twisted fibreglass 

blades & hub 8m tower (four 
x 2m sections) guylines / 
anchors / tensioners / clamps 
foundation steel rectifier 2kW 
inverter heavy-duty pivot 
tower. £ 1,499 
Other sizes available from 

200 watts (£299) up to 
20kW (£13,999) The 200w 
system is complete apart 
from 2x12v batteries and 
concrete for the tower. 

These low cost systems 
can provide substantial 
amounts of power, even in 
average wind conditions. 

,',00001011e STEAM ENGINE KIT 
. The material in this pack k oe 

enables you to build a fully _ 
functional model steam 
engine. The main material is 
brass and the finished 
machine demonstrates the 
principle of oscillation. The 
boiler, uses solid fuel tablets, 

and is quite safe. All critical parts (boiler, end caps, safety 
vent etc.) are ready finished to ensure success. The very 
detailed instruction booklet (25 pages) makes completion 
of this project possible in a step by step manner. Among 
the techniques experienced are silver soldering, folding, 
drilling, fitting and testing. £29.70 ref STEAMKIT Silver 
solder/flux pack £3.50 ref SSK 
HOT AIR MOTOR (Stirling 
motor) This is an interesting 

metal based project for pupils 
aged 15 plus. The material 
pack will enable them to make 
a fully functional hot air motor. 
All the critical parts (piston, 
working cylinder, flywheel and 
coolers) have been pre-made 
and are ready for use. The detailed plans show all the 
important stages for the required metal working 
(Measuring with a vernier, sawing, silver soldering, drilling, 
marking out,thread making, silver soldering, sawing and 
filing, etc) At the same time the principles of the hot air 
motor are described in the wide ranging instructions. 
Technical data : Working cylinder stroke o 12 x 10 mm 
Pressure cylinder stroke o 13 x 11 mm 
Unloaded speed approx. 800 rpm Size: Flywheel dia. 
55mm Base 130 x130 mm With sinter smooth bearings 
and ready shaped cooler. £29.70 ref STEAMKIT2 
Silversolder pack £3.50 ref SSK 

Thermo Peltier element, large (e./........R.,„,,,„..... 
Size: 40 x 40 x 4,7 mmTechnical 
data of the Thermo element: Use 
as a Peltier element to cool or , 
heat: will provide 33 Watts of 
heating or cooling, max temp dif-
ference between sides of 67°C, 
maximum output 15V 3,9 
Ampere 150°C 3,5 Ohm 250 

mW/K 22 g, 49 mV/K 
£14 ref TEL1 

Die cast illuminated microscope set in 
plastic carry case Includes a handy 
carry case with a 1200x magnification 
microscope. Contents include test 
tubes, magnifier glass and probe. 
Requires 2 x AA batteries (not includ-
ed). ultra-compact, lightweight, easy 
to use and comfortable to hold. An 
ideal microscope for the beginner 
offering a good magnification range. 

£25.99 ref MAG1200 

BULL GROUP LTD 
UNIT D HENFIELD BUSINESS PARK 

HENFIELD SUSSEX BN5 9SL 
TERMS: C/ CARDS, CASH, PO, CHEQUE OR 

ONLINE ORDERING PRICES PLUS VAT 

UK DELIVERY £5.50 

TEL 0870 7707520 FAX 01273 491813 

sales@bullnet.co.uk 

www.bullnet.co.uk 

BENCH PSU 0-15V 0-2a 
Output and voltage are 

, both smooth and can be 
regulated according to 
work, Input 230V, 21/2-
number LCD display for 

, voltage and current, 
Robust PC-grey housing 
Size 13x15x21cm, Weight 
3,2kg £48 REF trans2 

STIRLING ENGINES 

HB10 One of our range of 
Stirling engines The Bohm HB10 

Stirling engine is available in 
both ready built and kit form. 
The power comes from a small 
spirit burner, once lit just watch 
this amazing Stirling engine run. 
HB10 in kit form is £97.95 or 

£101.99 built. Many other mod-
els in stock. Order online at 
www.mamodspares.co.uk 

Rapidos Mobile network-
ing digital surveillance 
system. Plugs into USB 
port on computer, takes 4 
cameras, NSTC or PAL, 
352'288 res, 1-30 f/s 
MPEG4 & MJPEG, 
motion detection, pre and 
post recording, water-
mark, date, time and 
location markings, alarm 

notice via FAX, FTP or email, Modes- continuous record, 
motion detection record, sheduled record, time lapse 
record, dynamic IP, can send live images to your mobile 
phone. £ 109 ref RAPIDOS 

HEAT PUMPS 
A heat pump is a system that 
uses a refrigeration-style com-
pressor to transfer heat from 

outside to inside, in order to 
heat offices or homes. Heat 
pumps can take heat from the 
air, water or ground. Ground 
source heat pumps are very 
efficient — in fact you will get 3-
4 units of heat for every unit of 
electricity supplied to the heat-
pump. Basic component parts 
of a GSHP: 
1 A heat pump packaged unit: Water-Water type. (approx. 
the size of a small fridge) containing two cold water con-
nections and two heated water connections. 
2. The heat source which is usually a closed loop of plas-
tic pipe containing water with glycol or common salt to pre-
vent the water from freezing. This pipe is buried in the 
ground in vertical bore holes or horizontal trenches. The 
trenches take either straight pipe or coiled (Slinky) pipe, 
buried about 1.5 to 2m below the surface. A large area is 
needed for this. 
3. The heat distribution system. This is either underfloor 
heating pipes or conventional radiators of large area con-
nected via normal water pipes. 
4. Electrical input and controls. The system will be require 
an electrical input energy, single phase is perfectly ade-
quate for smaller systems. A specialised controller will be 
incorporated to provide temperature and timing functions 
of the system. 
This type of installation offers many advantages. 
a) The water-water heat pump unit is a sealed and reliable 
self contained unit. 
b) There are no corrosion or degradation issues with 
buried plastic pipes. 
c) The system will continue to provide the same output 
even during extremely cold spells. 
d) The installation is fairly invisible. i.e. no tanks or outside 
unit to see. 
e) No regular maintenance required. 
Some tips 
The efficiency of any system will be greatly improved if the 

heated water is kept as low as possible. For this reason, 
underfloor heating is preferred to radiators. It is vital to 
ensure that the underfloor layout is designed to use low 
water temperatures. i.e. plenty of pipe and high flow-rates. 
If radiators are to be used, they must be large enough. 
Double the normal sizing (as used with a boiler) is a good 
starting point. 
5Kw (output) ground to air heat pump £1,099 ref HP5 
9kw (output) ground to water heat pump £1,999 ref HP9 
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Projects and Circuits 
GIANT LED MESSAGE DISPLAY by John Becker 
Get your message across in lights! 

QUICK BRAKE by Julian Edgar and John Clarke 
Reduces brake light turn-on time by 200ms 

INGENUITY UNUMFTF_D - Sharing your ideas with others 
Disco Light 

MICROPOWER BATTERY PROTECTOR by Peter Smith 
Protect your expensive batteries with this electronic cut-out 

STUDIO 350 POWER AMPUFIER MODULE Part 2 
by Leo Simpson and Peter Smith 
A really quiet, low distortion power'amp with some real grunt 
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TECHNO TALK Dy Mark Nelson 
Day of the RFIDs 

PIC N' MIX by Mike Hibbett 
Multimedia cards have serious storage capacity for PIC projects 

PRACTICALLY SPEAKING by Robert Penfold 
Mounting electronic components 

C FOR PICS — Part 1 by Mike Hibbett 
Introduction, overview and getting started 

CIRCUIT SURGERY By Ian Bell 
More on t ming formulae for 555 timers 

NET WORK — THE INTERNET PAGE surfed by Alan Winstanley 
Route to your network; An easy VNC 
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Over £500s wortn of prizes to be won 

READOUT John Becker addresses general points arising 

DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, plus more CD-ROMs 
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A plethora of PIC Projects on CD-ROM 
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Our December 2006 issue will be published on Thursday, 
9 November 2006. See page 80 for details 
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Quasar Electronics Limited 
F 0 Box 6935 Bishops Stortford 
C M23 4VVP United Kingdom 
Tel: 0870 246 1826 

Fax: 0870 460 1045 
E-mail: sales@quasarelectronics.com 
Web: www.QuasarElectronics.com 

Attiprices INCLUDE 17.5% VAT. 

PD vage 8. Packing Options (Up to 2Kg gross weight) UK Standard 3-7 
Day Delivery - £3 95 UK Mainland Next Day Delivery - £8 95 Europe ( EU) 

- £6.05 Rest of World - £9 95 (up to 0 5Kg) 
!Omer online for reduced price UK %stage' 

Parrient We accept all major credit/debit cards. Make cheques/PO's 
payable to Quasar Electronics. 
Cal now for our FREE CATALOGUE with details of over 300 kits, 
projects, modules and publications. Discounts for bulk quantities. 

08717 ..sasiteCsard 177 168 

PIC 8, ATMEL Programmers 

We have a wide rance of low cost PIC and 
ATMEL Programmers Complete range and 
documentation available from our web site 

Programmer Accessories: 
40-pin Wide ZIF socket (ZIF4OW) £ 15.00 
18Vdc Power supply ( PSU010) £ 19.95 
Leads . Parallel ( LDC136) £4.95 / Serial 
(LDC441) £4.95 / USB (LDC644) £2.95 

NEW! USB & Serial Pol PIC Programmer 
USB/Serial connection. 
Header cable for ICSP. 
Free Windows XP soft-
ware See website for PICs 
supported ZIF Socket and 
USB lead extra. 18Vdc. 

Kit Order Code: 3149KT - £37.95 
Assembled Order Code: AS3149 - £49.95 

NEW! USB 'All-Flash" PIC Programmer 
USB PIC programmer for all 
'Flash devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows XP Software. ZIF 
Socket and USB lead not incl. 
Assembled Order Code: AS3128 - £44.95 
Assembled with ZIF socket Order Code: 
AS3128ZIF - £59.95 

`PICALL' ISP PIC Programmer 
Will program virtually all 8 

111 1 1  
to 4C pin serial-mode AND 
parallel-mode (PIC15C 
family) PIC microcontrol-
lers. Free Windows soft-

ware. Blank chip auto detect for super fast 
bulk programming. Optional ZIF socket. 
Assembled Order Code: AS3117 - £24.95 
Assembled with ZIF socket Order Code: 
AS3117ZIF - £39.95 

ATMEL 89xxxx Programmer » Uses serial port and any 
standard terminal comms 
program. 4 LED's display 
the status. ZF sockets not 
inciuced. Supply: 16Vdc. 

Kit Order Code: 3123KT - £24.95 
Assembled Order Code: AS3123 - £34.95 

Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program-
ming Hardware (with LED 
test section) Win 3.11-XP Programming 
Software (Program, Read, Verify & Erase), 
and 1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro-
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 
Assembled Order Code: AS3081 - £24.95 

ABC Maxi AVR Development Board 
The ABC Maxi is 
ideal for developing 
new designs. Open 
architecture built 
around an ATMEL 
AVR AT90S8535 
microcontroller. All circuits are embedded 
within the package and additional add-on 
expansion modules are available to assist 
you with project development. 

Features 
8 Kb of In-System Programmable Flash (1000 
write/erase cycles) • 512 bytes internal SRAM • 
512 bytes EEPROM • 8 analogue inputs (range 0-
5V) • 4 Opto-isolated Inputs (I/0s are bi-
directional with interna pull-uo resistors) • Output 
buffers can sink 20mA cu-ent (direct LED drive) • 
4 x 12A open drain MOSFET outputs • RS485 
network connector • 2-16 LCD Connector • 
3.5mm Speaker Phone Jack • Supply: 9-12Vdc 

The ABC Maxi STARTER PACK includes 
one assembled Maxi Board, parallel and 
serial cables, and Windows software CD-
ROM featuring an Assembler, BASIC com-
piler and in-system programmer. 
Order Code ABCMAXISP £89.95 
The ABC Maxi boards only can also be 
purchased separately at £69.95 each. 

Controllers 8i Loggers 

Here are just a few of the controller and 
data acquisition and control units we have 
See website for full details Suitable PSU 
for all units Order Code PSU445 £8 95 

Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High secu-
rity. 4 channels. Momentary 
or latching relay output. 
Range up to 40m. Up to 15 
Tx's can be learnt by one Rx 
(kit includes one Tx but more 
available separately). 4 indicator LED 's. 
Rx: PCB 77x85mm, 12Vdcl6mA (standby). 
Two & Ten Channel versions also available. 
Kit Order Code: 3180KT -£44.95 
Assembled Order Code: AS3180 - £51.95 

Computer Temperature Data Logger 
Serial port 4-channel tem-
perature logger. °C or ° F. 
Continuously logs up to 4 
separate sensors located 

mi 200m+ from board. Wide 
range of free software 

applications for storing/using data. PCB just 
38x38mm. Powered by PC. Includes one 
DS1820 sensor and four header cables. 
Kit Order Code: 3145KT - £18.95 
Assembled Order Code: AS3145 - £25.95 
Additional DS1820 Sensors - £3.95 each 

Most items are available in ki*. form (KT suffix) 
or pre-assembled and ready for use (AS prefix). 

DTMF Telephone Relay Switcher 
Call your phone number 
using a DTMF phone from 
anywhere in the world and 
remotely turn on/off any of 
the 4 relays as desired. 
User settable Security Password, Anti-
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 
Kit Order Code: 3140KT - £46.95 
Assembled Order Code: AS3140 - £59.95 

Serial Port Isolated I/O Relay Module 
Computer controlled 8 channel 

IIIIII relay board. 5A mains rated 
relay outputs and 4 opto-. 
isolated digital inputs (for 
monitoring switch states, etc). 
Useful in a variety of control 

and sensing applications. Programmed via 
serial port (use our new Windows interface, 
terminal emulator or batch files). Serial cable 
can be up to 35m long. Once programmed, 
unit can operate without PC. Includes plastic 
case 130x100x3Omm. Power: 12Vdc/500mA. 
Kit Order Code: 3108KT - £54.95 
Assembled Order Code: AS3108 - £64.95 

Infrared RC 12-Channel Relay Board 
Control 12 onboard relays with 
included infrared remote con-
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £47.95 
Assembled Order Code: AS3142 - £59.95 

PC I Standalone Unipolar 
Stepper Motor Driver 
Drives any 5, 6 or 8-lead 
unipolar stepper motor 
rated up to 6 Amps max. 
Provides speed ard direc-
tion control. Operates in stand-alone or PC-
controlled mode. Up to six 3179 driver boards 
can be connected to a single parallel port. 
Supply: 9Vdc. PCB: 80x5Omm. 
Kit Order Code: 3179KT - £11.95 
Assembled Order Code: AS3179 - £18.95 

Bi-Polar Stepper Motor Driver also avail-
able (Order Code 3158 - details on website) 

DC Motor Speed Controller (100V/7.5A) 
Control the speed of almost 
any common DC motor 
rated up to 100V/7.5A. 
Pulse width modulation 
output for maximum motor 

torque at all speeds. Supply: 9-18Vdc. Box 
supplied. Dimensions (mm): 60Wx100Lx6OH. 
Kit Order Code: 3067KT - £13.95 
Assembled Order Code: AS3067 - £19.95 

Bidirectional DC Motor Driver also avail-
able (Order Code 3166 - details on website) 



Hot New Kits This Summer! 
Here are a fe of tie most recent kits 
added to our range See website or join our 
email Newsletter for all the latest news 

EPE Ultrasonic Wind Speed Meter 
Solid-state design 
wind speed meter 
(anemometer) that 
uses ultrasonic tech-
niques and has no 
moving parts and 

does not need calibrating. It is intendeo for 
sports-type activities, such as track events, 
sailing, hang-gliding, kites and model aircraft 
flying, to name but a few. It can even be used 
to monitor conditions in your garden. The 
probe is pointed in the direction from which 
the wind is blowing and the speed is dis-
played on an LCD display. 

Specifications 
• Units of display: metres per second, feet per 

second, kilometres per hour and miles per hour 
• Resolution: Nearest tenth of a metre 
• Range: Zero to 50mph approx. 

Based on the project published in Everyday 
Practical Electronics, Jan 2003. We have 
made a few minor design changes (see web-
site for full details). Power: 9Vdc (PP3 bat-
tery). Main PCB: 50)i83mm. 
Kit Order Code: 3168KT - £36.95 

Audio DTMF Decoder and Display 

Detects DTMF tones via 
an onboard electret 
microphone or direct 
from the phone lines 
through an audio trans-
former. The numbers 
are displayed on a 16 

character, single line display as they are 
received. Up to 32 numbers can be displayed 
by scrolling the display left and right. There is 
aiso a serial output for sending the detected 
tones to a PC via the serial port. The unit will 
not detect numbers dialled using pulse dial-

Circuit is microcontroller based. Supply: 
9-12V DC (Order Code PSU445). Main PCB: 
55x95mm. 
Kit Order Code. 3153KT - £20.95 
Assembled Order Code: AS3153 - £29.95 

EPE PIC Controlled LED Flasher 

This versatile PIC 
based LED or 
filament bulb 
flasher can be 
used to flash 
from 1 to 176 
LEDs. The user 

arranges the LEDs in any pattern they wish. 
The kit comes with 8 super bright red LEDs 
and 8 green LEDs. Based on the Versatile 
PIC Flasher, EPE Magazine Dec 02. See 
website for full details. Board Supply: 9-
12Vdc. LED supply: 9-45Vdc (depending on 
number of LED used). PCB: 43x54mm. 
Kit Order Code: 3169KT - £11.95 

Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix) 

FM Bugs & Transmitters 

Our extensive range goes from discreet 
surveillance bugs to powerful FM broadcast 
transmitters Here are a few examples All 
can be received on a standard FM radio 
and have adjustable transmitting frequency. 

MMTX' Micro-Miniature 9V FM Room Bug 
Our best selling bug! Good 
performance. Just 25x15mm. 
Sold to detective agencies 
worldwide. Small enough to 
hide just about anywhere. 
Operates at the 'less busy' top 

end of the commercial FM waveband and 
also up into the more private Air band. 
Range: 500m. Supply: PP3 battery. 
Kit Order Code: 3051 KT - £8.95 
Assembled Order Code: AS3051 - £14.95 

HPTX' Hugh Power FM Room Bug 
Our most powerful room bug. 
Very impressive perform-
ance. Clear and stable out-
put signal thanks to the extra 
circuitry employed. Range: 
1000m © 9V. Supply: 6-12V 
DC (9V PP3 battery clip supplied) 70x15mm. 
Kit Order Code: 3032KT - £9.95 
Assembled Order Code: AS3032 - £17.95 

MTTX' Miniature Telephone Transmitter 
Attach anywhere along 
phone line. Tune a radio 
into the signal and hear 
exactly what both parties 
are saying. Transmits only 

wnen pnone i S used. Clear, stable signal. 
Powered from phone line so completely 
maintenance free once installed. Requires no 
aerial wire - uses phone line as antenna 
Suitable for any phone system worldwide. 
Range: 300m. 20x45mm. 
Kit Order Code: 3016KT - £7.95 
Assembled Order Code: AS3016 - £13.95 

Wide Band Synthesised FM Transmitter •PLL based crystal-locked 
wide band FM transmitter 
delivering a high quality, 
stable 10mW output. 
Accepts bob- MIC audio 
signal ( 10mV) and LINE 
input ( 1v p- p) for example 

hi-fi, CD, audio mixer ( like our kit 1052) or 
computer sound card. Supply: 9-15Vdc. 
Kit Order Code: 3172KT - £19.95 
Assembled Order Code: AS3172 - £32.95 

3 Watt FM Transmitter 4lopi Small, powerful FM transmitter. Audio pre-
amp stage and three RF 
stages deliver 3 watts of 
RF power. Use with the 

electret microphone supplied or any line level 
audio source (e.g. CD or tape OUT, mixer, 
sound card, etc). Aerial can be an open di-
pole or Ground Plane. Ideal project for the 
novice wishing to get started in the fascinat-
ing world of FM broadcasting. 45x145mm. 
Kit Order Code: 1028KT - £23.95 
Assembled Order Code: AS1028 - £31.95 

QUASAR 
electronics 

Get Plugged In! 

Electronic Project Labs 

Great introduction to the world of electron-
ics Ideal g:ft for budding electronics expert' 

500-in-1 Electronic Project Lab 
Top of the range. Com-
plete self-ccntained elec-
tronics course. Takes you 
from beginner to 'A' Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program-
ming Course. Each book has individual circuit 
explanations, schematic and connection dia-
grams. Suitable for age 12+. 
Order Code EPL500 - £149.95 
Also available - 30-in-1 £15.95. 130-in-1 
£37.95 & 300-in-1 £59.95 (details on website) 

Tools & Test Equipment 
We stock an extensive range of soldering 
tools test equipment power supplies 
imerters & much more - please visit web-
site to see our Lill range of products 

Precision Digital Multitester (4.5 Digit) 
A highly featured, high-
precision digital multime-
ter with a large 4.5 digit 
LCD display. High accu-
racy (0.05%). Auto-
zeroing, polarity selection 
and over-range indication. 
Supplied complete with 
shrouded test leads, 
shock-proof rubber hol-
ster, built-in probe holder and stand. Supplied fully «imeassembled with holster, 

battery and presentation box. Features in-
clude: 
Capacitance • ALclio Frequency • Data Hord • 
hFE / Diode Test • Auto Power Off 

Technical Specifications 
DC voltage: 200mV-1000V • AC voltage: 2V-700V • 
DC current- 2mA-20A • AC current: 20mA-20A • 
Resistance: 2000-200M0 • Capacitance: 2nF-20uF 
• Frequency: 2OkHz • Max display: 19999 

Order Code: Mr‘4463 - Was £44.95 Now on 
sale at just £29.95! 

See our website for more special offers! 

www.QuasarElectronics.corn 
Secure Onlime Ordering Facilities • Full Product Listing, Descriptions & Photos • Kit Documentwion & Software Downloads 



BS2-IC BS2-SX BS2E-IC BS2P/24 BS2P/40 

Parallax BASIC Stamps - still the easy way to get your project up and running! 

• • • • • • • • • 

11011! POWery eas‘d 
serial interface 

Serial Allphanumeric and Graphic Displays, 
Mini-Terminals and Bezel kits 

Display tee-
graphi cs   

with the 
L 6128644 

2S 

www.milinst.com  
fflMMM MMMMMMMMMMV 

Animated Head I 3-Axis Machine Six-Legged Walkers Robotic Arms Bipeds 

Robotic models for both the beginner and the advanced hobbyist 

DMX Protocol 1 U/Sound Ranging Servo Drivers Motor Drivers On-Screen Displays 

Animatronics and Specialist Interface-Control Modules 

Quadravox 
MP3 & Speech Systems 

Sensorylnc 
Voice Recognition 

Parallax 
Ubicom Tool Kits 

Tech-Tools 
PIC & Rom Emulators 

BASIOViicro 
PIC BASIC Compilers 

WI!» 

Development Tools 

Milford Instruments Limited Tel 01977 683665, Fax 01977 681465, sales@milinst.com 



EPE PROJECT PICs PIC PIPE DESCALER 
Programmed PICs for EPE Projects 

12C508/9-£3.90; 16F627/8 - £4.90 
16F84/71/ - £5.90 

16F876/877/ 18Fxxxx - £ 10.00 
All inc. VAT and Postage 

Super design. Regulated 

output and efficient cir-

cuit. Dual scale meter, 

compact case. Reads up 

to 200 Megohms. 

Kit includes wound ferrite 

transformer, drilled and 

punched case, meter 

scale, PCB & ALL compo 

nents. ( Needs PP3 bat-

tery). 

KIT 848...£32.95 

DUAL OUTPUT TENS UNIT 
An excellent kit for this project based on the EPE March'97 
Design. Our Full Kit includes all components, hardware and 
an improved Magenta pcb. All hardware and electrodias are 
included. Designed for simple assembly and testing, provid-
ng a high level controlled dual output drive. 

KIT 866 .. £32.90 
Inc. 4 elect-odes 

Set of 4 Spare 
Electrodes £6.50 

EPE MICROCHIP P.I. 
Treasure Hunter 

Stable Sensitive Pulse Induction detector. Easy to bu Id and 
Jse. No ground effect - works in sea water. Detects Gold 
Silver, ferrous and non ferrous metals.•  

Kit Includes Head-
phones, coil and 

KIT 847 ... £63.95 all Hardware 

[I r: PEsT Scarers 
Two Ultrasonic PEET Scarers. Kit 812 produces regular high 
level pulses of .32kHz. Kit 867 produces Random pulses and 
can work with an optional slave unit to give two separate 
ultrasound sources. Both kits need 9V supply 

Kit 812 ... £ 14.81 psu . 3.99 
Kit 867 ... £ 19.99 867Slave £ 12.51 

Based on Mkt design, with 
switching pre -regulator for 
high efficiency Panel meters 
for A and V. Toroidal trans-
former. Variable Volts 0 - 25 
AND Variable Curent limit 
from 0 -2.5A 
Kit includes punched and la-
belled case. A classic and 
essentia! piece of test gear 

Kit 845 ... £64.95 

68000 Trainer Kit 621.. 99.95 

Stepping 8, DC Motors 
A range of motors for many applications: 
, Visit our website for more details 
MD100 100 step Unipolar  £9.99 
MD200 200 step Unipolar  £ 12.99 
MD24 Type *23' size 200 step..£22.95 

MAGENTA BRAINIBOT I at II 

• Full kit with ALL hard-
ware and electronics. 

• As featured in EPE Feb 
'03 (KIT 910) 

• Seeks light, beeps, and 
avoids obstacles 

• Spins and reverses 
when 'cornered" 

• Uses 8 pin PIC chip 

• ALSO KIT 911 - As 910 
PLUS programmable 
from PC serial port K1T910..£16.99 
leads and sotware CD 
included. 

efsl/N/1707" 

K1T911..£24.99 

• SIMPLE TO BUILD 
• SWEPT FREQUENCY OUTPUT 
• HIGH POWER 
• AUDIO & VISUAL MONITORING 
An affordable circuit which sweeps the 
incoming water supply with varying 
frequency electromagnetic s gnals. 
May reduce scale formation, dissolve 
existing scale and improve the way 
salts in the water behave. 
Kit includes case PCB coupling coil 
and all components. 
High coil current ensures maximum 
effect. LED and piezo monitor. 

KIT 868 .. £22.95 PSU £3.99 

12V EPROM ERASER 
A safe low cost eraser for up to 4 EPROMS or other UV 
erasable windowed devices at a time in 20 minutes. 
Operates from a 12 Volt supply (400mAl. Ideal for mobile 
work -and in educational applications where mains voltages 
are to be avoided. Safety interlock prevents contact with UV. 

KIT 790  £29.90 

PIC LCD DISPLAY DRIVER 
16 Character x 2 Line dis-
play, pcb, programmed 
PIC16F84, software disk and 
all components to experiment 
with standard intelligent al-
phanumeric displays. In-
cludes full PIC source code 
which can be changed to 
match your application. 

KIT 860.£19.99 data and instructions 

• Learn how to drive the dis-
play and write your own 
code. 

• Ideal development base for 
meters, calculators, 
counters. timers --- just 
waiting for your application 
• Top quality display with 

industry standard driver. 

PIC STEPPING MOTOR DRIVER 
PCB with components and PIC' 6F84 programmed with dem-
onstration software to drive any 4 phase usipolar motor up to 
24 Volts at 1 Amp. tut includes 100 Stet) Hybrid Stewing 
Motor Full software source code supplied on disc Use this 
project to develop your own applications. PCB allows 'simple 
PIC programmer' SEND' software to be used to reprogram 
chip. 

KIT 863 £18.99 

8 CHANNEL DATA LOGGER 
From Aug/Sept.'99 EPE. Feataing 8 analogue inputs and 
serial data transfer to PC. Magenta redesigned PCB - LCD 
plugs directly onto board. Use as Data Logger or as a test 
bed for developing other PIC16F877 projects. Kit includes 
lcd, programmed chip, PCB, Case, all parts and 8 x 256k 
EEPROMs 

KIT 877 £49.95 

SUPER PIC PROGRAMMER 
Magenta's original parallel port programmer. Runs with 
downloaded WINDOWS 95 - XP software. Use standard 
Microchip .HEX files, Read/ProgNerify wide range of 
18,28,and 40 pin PICs. Includirg 16E84/876/877, 627/8, ( Inc 
A' versions) + 16xx OTPs 

KIT 862. £29.99 Power Suppl £3.99 

ICEBREAKER 
OCIOCIOCIODIDOCIE1 

PIC Real Time 
In- Circuit Emulator 
With serial lead & software disk, PCB, Breadboard, 
PIC16F877, LCD, all components and patch leads. 

KIT 900..£34.99 • Featured in EPE Mar'00 
Ideal for beginners & 

PSU £3.99 experienced users. Win-

ICEbreaker uses PIC16F877 in- dows (95 to XP) Soft 
circuit debugger functions ware included 

www.magenta2000.co.uk Tel: 01283 565435 Fax: 01283 546932 

20W Stereo Amp. 
EPE May '05 -- Magenta Stereo/Mono Module 

Wide band Low 

distortion 11W/ 

channel Stereo 

20W Mono. True 

(rms) Real Power 

Short Circuit & 

Overheat Protect-

ed. Needs 8 to 18V 

supply. 

Latest Technology - Stable, Reliable, high 

performance IC with local feedback. 

KIT 914   £11.90 
(includes all parts & heatsink for stereo or mono) 

Magenta BrainiBorg 

d 
Kit includes all hardware, components, & 3 motor/gearboxes 
Uses 4 AA batteries (not supplied) 

A super walking programmable robot with 
- eyes that sense obstacles and daylight. 

BrainiBorg comes with 
PC software CD (WIN95+ • 
& XP) with illustrated con-
struction details, and can 
be programmed to walk 
and respond to tight and 
obstacles on any smooth 
surface. 

KIT 912 ... £29.99 
KIT 913 ... £38.95 

(Kit with CD Rom & 
Serial Lead) 
(As 912 but Built & 
Tested Circuit board) 

EPE PIC Toolkit 3 
As in EPE Apr/May/Jun '03 and on PIC Resources CD 

• Magenta Designed Toolkit 3 board with printed com-
ponent layout, green solder mask, places for 8,18, 28 
(wide and slim), and 40 pin PICs, and many Magenta 
extras. Also runs with WinPic800 prog. Software. 

• 16 x 2 LCD, PIC chip all parts and sockets included. 
• Follow John Becker's excellent ' PIC tutorial 2' series 

KIT 880 ... £34.99 (With 6F84 

KIT 880 ... £39.99 (With 16E877 
Chip) 

OR - Built & Tested £49.99 & £55.99 

EPE TEACH-IN 2004 
COMPLETE 12 PART Additional Parts as 
SERIES FROM NOV03 listed in ' misc.' Sec-
All parts to follow this (ion (less RF modules, 
Educational Electronics Lock, and Motor/g.box) 

Course, Inc. Bread-
board, and wire, as KIT921.£12.99 
listed on p752 Nov 03' Reprints £ 1.00 per 

KIT920.£29.99 part 

BAT DETECTORS Ma 

Magenta's Super Heterodyne Bat detectors. Our best selling 
kit 861 now includes a drilled case and front panel label. 
The MkIlb and digital MkIll are supplied built & ready to go 

Soft Zip Up Pouch 
KIT 861 .. £37.99 for all 3...15.99 

MkIlb .. £49.95 MkIll .. £89.95 

All Prices Include VAT, Add £3.00 P&P per 
order, or £7.99 for next day. 
Chqs. P.O. & Most major cards accepted. 
See our Website for many more kits, prod-
ucts, & Secure On Line ordering. 
Mail Order Only. 

frUkGENTA 
ELECTRONICS LTD 
135 Hunter Street Burton on Trent 
Staffs DE14 2ST UK 
email: salesemagenta2000.co.uk 



4000 Series 74HCI53 £0.30 741.5244 £0.41 NE5532N £0.48 L296 £4.42 Thyriefers BC179 £0.15 BF245B 
40005 £0.27 74HCI54 £0.94 74LS245 £0.45 NE5534N £0.54 L387A £2.72 2N5060 £0.19 BCI82B £0.09 BF257 
4001B £0.16 74HC157 £0.22 74LS247 £0.60 NE5539N £4.35 LM2940CT5 £0.75 2N5061 £0.19 BCI82L £0.11 BF259 
40028 £0.19 74HC158 £0.23 74LS251 £0.24 OPO7CN £0.80 LM317LZ £0.25 BT151-500R £0.65 BC1831 £0.09 BF337 
4008B £0.23 74HCI60 £0.64 74LS257 £0.24 OP27CN £2.33 LM3I7T £0.30 C106D1 £0.36 BC184 £0.09 BF422 
4009UB £0.23 74HC161 £0.27 74LS258 £0.24 OP9OGP £2.91 LM317K £2.28 P0102AA £0.30 BC184L £0.12 BF423 
40106 £0.23 74HC162 £0.45 7415266 £0.14 OP97FP £1.84 LM323K £2.40 TIC106D £0.49 BC206B £0.72 BF459 
4011B £0.16 74HC163 £0.26 74LS273 £0.32 OP113GP £3.44 LM334Z £0.96 TIC116D £0.66 BC208 £0.72 BF469 
40128 £0.16 74HC164 £0.23 74LS279 £0.24 OP176GP £2.09 LM337T £0.64 TIC126D £0.77 BC209A 
40138 £0.18 74HC165 £0.21 7415283 £0.47 OP177GP £2.18 LM338K £5.31 Triaca BC2I 2L 
4014B £0.30 74HC173 £0.38 74LS365 £0.21 OP200GP £5.60 LM338T £1.10 BT136-500 £0.58 BC2I3L £0.12 BFX85 
40158 £0.27 74HCI74 £0.27 74LS367 £0.21 OP213FP £5.20 LM723 £0.40 BI-136..600 £0.50 BC214 £0.08 BFX88 
40168 £0.20 741-IC175 £0.35 74LS368 £0.21 OP275GP £2.57 LP2950Cz5,00.72 BT137.600 0 .58 BC214L £0.10 BFY50 
4017B £0.20 74HCI93 £0.39 74LS373 . £0.15 BFY51 

4019B £0.25 74HC240 £0.32 74LS378 £0.62 OP290GP £4.28 
£0.38 OP283GP £5.20 TRLE4F31.19c5Gpr 

£0.11 BS107 
£0.11 BFY52 401813 . . 

4020B £0.25 74HC24I £0.37 74LS390 £0.34 OP297GP £4.64 glades £0.15 BSI70 
4021B £0.31 74HC244 £0.40 74LS393 £0.33 OP400GP £11.81 1N914 £0.30 BU208A 

4023B RC4136 £1.00 1N4001 £0.24 BU326A £0.30 BU500 40228 £0.32 74HC245 £0.34 7415395 £0.26 OP495GP £8.69 1N916 
£0.23 74HC25I £0.30 74 series 

402413 £0.22 74HC253 £0 25 7407 o 40 SG3524N £0.82 1N4002 £0.13 BU508A 
402513 £0.20 74HC257 £0 25 ' SG3543 £6.88 1N4003 £0.08 BU508D 
40268 £0.67 74HC259 £0 29 Linear ICs SSM214IP £3.21 1N4004 £0.08 BU806 

£0.09 BUTI1A 4027B £0.21 74HC273 £0 32 AD524AD £23.04 SSM2142P £6.16 1N4005 
4028B £0.21 74HC299 £0.61 AD5481N £2.48 SSM2I43P £3.78 1N4006 £0.10 BUTIIAF 
40298 £0.38 74HC365 £0.28 AD590JH £5.28 TBAI20S £1.04 1N4007 £0.07 BUX84 
40308 £0.17 74HC367 £0.38 AD595AQ £13.92 TBA800 £0.75 IN4148 £0.14 BUZ900P 
403513 £0.31 74HC368 £0.29 AD620AN £9.88 TBA810S £0.64 IN4149 £0.25 BUZ905P £0.73 
4040B £0.19 74HC373 £0.35 AD625.1N £16.20 TBA820M £0.53 I N5400 
4041B £0.31 74HC374 £0.34 AD633JN £5.92 TDA1170S £4.80 1 N5401 £0.41 RF540 
40428 £0.19 74HC390 £0.52 AD648.IN £0.29 RF630 £0.52 RF640 
40438 £0.35 74HC393 £0.36 AD654.IN £0.32 RF730 
404413 £0.35 74HC563 £0.56 AD711JN £0.21 RF740 
4046B £0.35 74HC573 £0.27 A1)71211,1 £0.12 RF830 
40478 £0.24 74HC574 £0.30 AD736.IN £0.06 RF840 
40488 £0.34 74HC595 £0.27 AD797AN £0.08 M12955 
4049B £0.29 74HC597 £0.22 AD811 N £5.50 TED3718DP £5.03 6AI £0.09 M12501 
4049UB £0.17 74HC688 £0.46 AD812AN £6.32 TEA5I15 £3.11 6A2 £0.09 M13001 £1.84 
4050B £0.20 74HC4002 £0.31 AD820AN £3.41 TL061CP £0.37 6A4 £0.10 M111015 £2.45 
40516 £0.23 74HC4017 £0.36 AD822AN £5.20 TL062CP £0.60 6A6 £0.08 MJI1016 £2.78 
4052B £0.32 74HC4020 £0.36 AD829JN £6.41 TL064CN £0.29 6A8 £0.09 MJE340 £0.33 
40538 £0.22 74HC4040 £0.29 AD830AN £5.44 TL071CN £0.30 £0.08 MJE350 £0.32 
405413 . . AD847JN £5.95 TL072CN £0.40 BAI57 £0.09 MPSA05 £0.14 
4055ES £0.34 74HC4051 £0.50 AD9696KN £7.73 TL074CN £0.25 BA158 £0.09 MPSA13 £0.09 

£0.28 BA159 406013 £0.16 74HC4052 £0.34 ADEL2020A £5.06 TL081 £0.11 MPSA42 £0.14 

4066B £0.18 74HC4060 £0.23 ADM232AA £3.55 TL084CN £0.37 BAT41 BAT42 £0 10 MPSA56 £0 12 
406313 £0.41 74HC4053 £0.22 ADM222AH £3.55 TL082CN £0.32 £0.08 MPSA55 £0.13 

40676 £2.20 74HC4075 £0.27 ADM485.IN £2.97 TL7705ACP £0.82 BAT46 £0.09 STW8ONE-10£3.80 
40686 £0.19 741-1C4078 £0.32 ADM666AN £2.72 TLC27I £0.63 ie8251 £0.09 TIP29A £0.32 
4069UB £0.17 74HC4511 £0.64 ADM690AN £5.13 TS272CN £0.57 BAw62 £0.09 IfIP29C £0.33 
407013 £0.15 741-1C4514 £0.84 ADM691AN £6.48 TS274CN £0.50 
407113 £0.20 74HC4538 £0.41 ADM695AN £6.48 TS555CN £0.40 BB Ay . 1)(2176 £0.09 TIP30C £0.27 

£0.08 TIP30A £0.47 

40726 £0.18 74HC4543 £0.90 ADM699AN £3.58 TMPOIFP £5.60 Byi33 £0.08 TIP31A £0.23 
407313 £0.17 N iu emu  CA3046 £0.65 UA74ICN £0.18 om7 £0.09 TIP31C £0.35 
40758 ion ,. CA3130E £0.87 ULN2003A £0.38 cy6,90 £0.10 TIP32A £0.29 
4076B £0,30 • -•.-----, '-.... CA3140E £0.63 ULN2004A £0.44 r,--ïéj £0.19 TIP32C £0.30 
40776 £0.28 74LSO1 £0.14 CA3240E £0.91 ULN2803A £0 42 -' ' £0.21 TIP33C £0.74 
407813 £0.30 74LSO2 £0.22 • 0A200 DG2110 £1.25 ULN2804A £0.41 uF4001 £0.09 -IP41A £0.32 
4081B £0.16 7%19 £0.13 -IP41C £0.32 
40826 £0.21 741305 £0.20 TIP42A £0.47 
4085B £0.28 74LBBB £6.86 TIP42C £0.43 

4093B ££00:3163 7744EsS0910 £0.48 'IP50 £0.46 -IP110 £0.28 
£0.28 4086B 

40946 £0.22 TIP120 £0.30 
40986 e:129 741511 £0.21 TIP121 £0.32 
40996 £(177 74LS12 £0.23 TIPI 22 £0.24 

£°'35 74LS14 £0.19 71P125 £0.31 450213 
4503B £9*A302 74LSI5 £0.23 TIPI 26 
450813 £1.40 7744LLSs202.1 £0.14 TIP127 ££00..3361 
4510B £0.45 £0.82 TIP132 £0.50 
4511B £ 30 741526 £0.40 -IF'137 

££00..9643 45126 £.27 741527 £0.70 TIP141 
451513 £ 39 741530 £0.50 TIP142 £0.93 
4516B £0.44 7744LLs35372 £0.32 TIP147 

£0 44 -IP2955 £0.46 
£1.07 
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7415112 £0.92 ZTX450 £0.19 
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To C or Not to C 
Regular Chat Zoners' (www.epemag.co.uk - click on Chat Zone) will no doubt 

recall the lively and informative discussions that took place a few months ago 
regarding programming languages for PIC programming. In essence, I think it was 
generally agreed that there is no 'right or wrong', but that a number of readers would 
like to be able to use 'C' instead of Assembly when they felt it was advantageous. 
With this in mind Mike Hibbett has produced a short series of articles on Cfor PICs 
which starts in this issue. It is not our intention to provide a full tutorial on C — there 
are plenty of books available that do that — rather Mike will look at the how and why 
of using C when programming PICs and how to use Assembly in line with C. We 
hope you find it helpful and informative. 

Message Display 
This month ‘Ne also publish a new message display project from John Becker. 

Back in 1994 we published a similar project which used a Z80 CPU plus RAM and 
ROM and six other ICs for the control system alone. Now look at John's master con-
troller — just two chips, a PIC 16F828 and a MAX232 serial interface. How things 
have moved on in those twelve years. 
The original design was also limited to 448 LEDs, while the new one can be built 

with over 4,000 LEDs if required — note that these LEDs are in 35 LED matrix (7x5) 
plug-in modules, thus avoiding too much soldering! The original design also need-
ed an extra interface board to link it to a PC, something which is incorperated in the 
control board of the new design. No doubt this project will prove to be as popular as 
the original, which was still being requested many years after publication. 

It is amazing to see just how long some projects last — it is not unusual for us to 
be asked for information on designs that are more than ten years old, we do 
however discourage this as components do go obsolete and we cannot provide 
technical back-up for projects over five years old. 

AVAILABILITY 
Copies of EPE are available on subscription 
anywhere in the world (see opposite), from all 
UK newsagents (distributed by SEYMOUR) and 
from the following electronic component retail-
ers: Omni Electionics and Yebo Electronics 
(S. Africa). EPE can also be purchased from 
retail magazine outlets around the world. An 
Internet on-line version can be purchased and 
downloaded for just $15.99US (approx £9.00) 
per year available from www.epemag.com 
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SUBSCRIPTIONS 
Subscriptions for delivery direct to any address in the 
UK: 6 months £18.75, 12 months £35.50, two years 
£66; Overseas: 6 months £21.75 standard air service or 
£30.75 express airmail, 12 months £41.50 standard air 
service or £59.50 express airmail, 24 months £78 stan-
dard air service or £ 114 express airmail. To subscribe 
from the USA or Canada see page 63. 
Online subscriptions, for downloading the magazine via 
the Internet, $15.99US (aoprox £9.00) for one year 
available from www.epemag.com. 
Cheques or bank drafts (in £ sterling only) payable to 
Everyday Practical Electronics and sent to EPE Subs. 
Dept., Wimborne Publishing Ltd. 408 Wimborne Road 
East, Ferndown, Dorset B1422 9ND. Tel: 01202 873872. 
Fax: 01202874562. Email: subs @ epemag.wimborne.co.uk. 
Also via the Web at: http://wwwepemag.wimbome.co.uk. 
Subscriptions start with the next available issue. We accept 
MasterCard, Amex. Diners Club, Maestro or Visa. (For past 
issues see the Bach Issues page.) 
BINDERS 
Binders to hold one volume ( 12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed wiri the magazine logo in gold on the 
spine. Price £7.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Austraha 
and Papua New Guinea which cost £10.50). Normally 
sent within seven days but please allow 28 days for 
delivery - more for overseas. 
Payment in £ sterling only please. Visa, Amex, Diners 
Club, Maestro and MasterCard accepted. Send, fax or 
phone your card number card expiry date and card 
security code (the last 3 digits on or just under the sig-
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus-
tomers - your credit card will be charged by the card 
provider in your local currency at the existing 
exchange rate. 
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Subscriptions: MARILYN GOLDBERG 
General Manager: FAY KEARN 
Editorial/Admin: (01202) 873872 
Advertising Manager: 
STEWART KEARN (01202) 873872 
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READERS' TECHNICAL ENQUIRIES 
E-mail: techdept@ epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
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 accompanied by a stamped 
self-addressed envelope or a self-
addressed envelope and international reply 
coupons. We are not able to answer techni-
cal queries on the phone. 

PROJECTS AND CIRCUITS 
All reasonable precautions are taken to ensure 
that the advice and data given to readers is reli-
able. We cannot, however, guarantee it and we 
cannot accept legal responsibility for it. 
A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD 
adaptor. 

COMPONENT SUPPLIES 
We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers. 
We advise readers to check that all parts are 
still available before commencing any pro-
ject in a back-dated issue. 

ADVERTISEMENTS 
Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable 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 undertak-
ings 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 circum-
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 

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; readers should check 
local laws. 
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News A roundup of the latest 
Everyday News from the world 

I II of electronics 

IFA BERLIN 
Barry Fox gives us a roundup of key news from the IFA 

the recent International 
Kunkausstellung, which began as a 
Radio Show in 1924, JVC revealed plans for 
a new 'True cinema' video projector which 
uses a wider than usual aspect ratio — 2.35:1 
instead of 1.78: I ( 16:9). Philips and Toshiba 
launched their rival blue laser disc systems, 
Btu-ray and HD-DVD. 
Sharp promoted large screen Full HD 

LCD screens that do full justice to blue laser 
discs; so did Korean giants Samsung and 
LG, whose marketing strength has been 
increased by joint LCD production with 
Sony and Philips. Full HD is an unofficial 
name coined to describe a flat panel screen 
that gives higher definition than the HD-
Ready screens. HD-Ready is an official logo 
from EICTA, the European Information and 
Communications Technology Industry 
Association. 
Sharp's President Katsuhiko Machida esti-

mates that current world demand for LCD 
screens is 42 million a year. Sharp is open-
ing a new factory in Japan which is current-
ly producing 90,000 panels a month, rising 

to 20 million a year by 2008. The new fac-
tory speeds panel production by replacing 
the traditional photo-masking process of 
depositing colour filter segments with mod-
ified ink jet printing. 
Sharp's new screens play a clever trick to 

solve the problem of motion smear on LCD 
screens; they artificially reduce the switch-
ing response time from 6ms to 4ms by 
inserting a black 2ms segment at the end of 
each 6ms switching pulse. They also use a 
four-wavelength backlight, with an extra 
crimson red peak in the light source as well 
as the usual red, green and blue peaks. 

DRM and Blue-ray 
The Digital Radio Mondiale Consortium 

was sharing Digital Radio exhibition space 
with the manufacturers of DAB radios. The 
DRM system uses compressed digital code 
to put high quality stereo in AM broadcast 
channels. BBC World Service, Deutsche 
Welle and Radio Luxembourg are all broad-
casting DRM tests. Radios from Roberts, 
Sanjean and Morphy Richards are already 

available, with a car radio coming soon 
from Kenwood that uses a DRM chip set 
developed by the Fraunhofer research 
institute in Germany. 
The Blu-ray stand sported a very impres-

sive collection of players from Sharp, 
Hitachi, LG, Samsung, Pioneer, Panasonic 
and Philips, with Sony and Dell laptops, and 
burner drives from Philips, Sony, Pioneer, 
Panasonic, and Samsung — with a 4x burner 
from Hitachi. 

Philips is to launch a Media Center PC, 
the MCP9480i with Blu-ray drive. It will 
sell in Germany, the UK, France and 
Holland for $2500, starting late 2006 or 
early 2007. Universal plans eight titles on 
HD-DVD. Studio Canal of France will 
release 10 HD-DVD titles including Basic 
Instict, three Rambos, Elephant Man and the 
1976 version of King Kong. Pathe and 2 
Entertain promise just one title each. Eagle 
Vision is releasing a Pat Metheny music disc 
in three formats, DVD with DTS 5.1 Digital 
Surround, and Blu-ray and HD-DVD with 
7.1 lossless DTS-HD Master Audio. 

Watch ur PCBs 
There is an innovative new service 

from PCB-POOL, which has over 18000 
customers and is Europe's largest suppli-
er of prototype printed circuit boards. 
For the past few years the possibility to 
track your order online has been among 
their services, but the company has spent 
the last 18 months developing a way to 
seriously increase the scope of their 
information. 
Watch 'tie PCB is the result, and with its 

help the customer doesn't just find out that 
their order has been processed, they can 
now actually watch the progress of their 
PCB through each manufacturing stage. 
Customers can now log into their personal 
account and view high resolution photo-
graphic images of their current order, 
whether that is drilling, exposure, tin strip-
ping, UV curing, hot air levelling (surface 
finish), the customer can view their PCB as 
a large picture. 
The advantage for the customer is that it is 

an easy and convenient way of monitoring 
the progress of their order. The images avail-
able are exact representations of what will be 
received. If there is a layout problem or a 
data issue, then the customer can discover 
this long before he has the board in his 

hands. The customer can react more quickly 
and send PCB-POOL new files for an imme-
diate restart of production. The customer can 
plan in advance to remedy any errors, and 
prepare for re-design, therefore saving valu-
able time and money. If the board is perfect, 
they will know this long before the delivery, 
and can begin preparation for component 
assembly. 
Using the Watch 'ur' PCB production 

monitoring service, the customer can have 
the pictures of the boards sent to him as a 
Zip file. On request he can even be informed 
by email whenever there is a new picture 
available to view. This means he'll miss 
nothing, and can archive all his PCB images 
for future reference. 
For more information contact: Beta 

Layout Ltd (PCB-POOL), Tel: 0800 
3898560. Email: sales@beta-layout.com 
Web: www.pcb-pool.com. 

DipTrace PCB Software 
Novarm's latest version of its DipTrace 

1.23 PCB design software application pack-
age features a PCB layout module, a power-
ful auto-router, schematic capture and com-
ponent/pattern editors, enabling board 

designers to develop their own component 
libraries. 
Besides being very simple to learn, 

DipTrace has a very intuitive user interface 
and many innovative features. The board 
designer can instantly renew the PCB from 
an updated version of the schematic and 
keep existing placement, routed traces, 
board outline, mounting holes and other 
work. 
DipTrace has a high quality automatic 

router, which can route a single layer (bot-
tom side) and multilayer circuit boards, and 
there is an option to autoroute a single layer 
board with jumper wires, if required. Smart 
manual routing tools allow users to finalise 
the design. 
Output formats are DXF, Gerber, N/C 

Drill and G-code. Standard libraries contain 
50,000+ components. 
Prices start at $ 145 for the DipTrace Lite 

(500 pins), and other versions are avail-
able. Also, there is completely free version 
available for students and hobbyists with 
250 pins limit. It can be downloaded at no 
charge from the company's website. 
Contact details: Novarm Ltd, Suite 19, 

#166 Rabochaya str., 49008, 
Dnepropetrovsk, Ukraine. 
Web: www.diptrace.com 
Email: atikhonov@diptrace.com 

8 Everyday Practical Electronics, November 2006 



Automotive Current Sensors 
LEM has introduced its first dual-range, non-intrusive current 

sensors for automotive applications. The key points are: dual meas-
uring ranges to ±80A and ±600A; wide measuring range combined 
with high accuracy at low currents; sealed housing with a range of 
mounting options. 
The sensors provide accurate, widerange current measurements in 

vehicle battery monitoring applications. 
A DHAB Hall-effect sensor is fixed onto the battery cable of a car. 

Its two cores allow it to be used for two separate current ranges — one 
between ±20A and ±80A and the other between ±50 and ±600A. 
This enables full-range current measurements to be made in combi-
nation with highly-accurate measurements at lower currents. 
The sealed housing of the DHAEI sensors means that no potting is 

required. Panel and cable-mount versions are available to offer maximum 
mounting versatility. 
For further information contact LEM UK Ltd, West Lancashire 

Investment Centre, Maple View, White Moss Business Park, 
Skelmersdale, Lancs WN8 9TG, Tel: +44 1695 712 560. Email: 
kwi@lem.com Web: www.lem.com. 

MEDIA ENGINEERING 
The University of Surrey has marked the 

launch a new range of degree programmes 
in Media Engineering with the opening of a 
purpose-built laboratory to provide students 
with access to professional quality audio-
visual studio production facilities. 

Integrating a traditional degree in electron-
ics and computing with an understanding of 
modern digital systems engineering for 
music, video and computer graphics produc-
tion, Media Engineering should appeal to 
anyone with an interest in music or film and 
an aptitude for problem-solving. Over the past 
decade digital technologies have revolu-
tionised the music and entertainment indus-
tries. Media Engineering is a new range of 
degree programmes developed in response to 
industry demand for graduate engineers with 
the skills to develop digital technologies. 
The Media Engineering Laboratory 

includes a television recording studio, with 
professional quality audio and video produc-
tion facilities. Media Engineering students 
also have access to specialist test equipment 
for audio and video system design. This 
facility supports students in developing a 
practical understanding of the design and 

creative use of digital technologies for 
music, TV, film and games production. 
Media Engineering offers excellent 

employment prospects in a diverse range of 
media-related industries. The School of 
Electronics and Physical Sciences has an 
excellent track record for graduate employ-
ment, with over 99 per cent employment in 
previous years. The UK is a world leader in 
the media production industries with 
numerous film post-production, broadcast 
and games companies located in London 
and the South East. 
Browse: www.eps.surrey.ac.uk/ 

UG/Media. 

FTDI New Product 
At the Embedded Systems Conference in 

Taipei, Taiwan, Future Technology Devices 
International Ltd (FIDI) announced the 
release of the Vinculum family of embedded 
USB Host Controller devices. They not 
only handle the USB Host Interface and 
data transfer functions, but also encapsu-
late the USB device classes as well. When 
interfacing to mass storage devices such as 

USB Flash drives. Vinculum also transpar-
ently handles the FAT File structure com-
municating via UART, SPI or parallel 
FIFO interfaces via a simple command set. 
The initial product member of the family 

is the VNC IL device which features two 
USB ports which can be individually con-
figured by firmware as Host or Slave ports. 
Key VNC IL features include: 8/32 bit V-

MCU Core; dual DMA controllers for hard-
ware acceleration; 
64K Embedded Flash Program Memory; 

4K internal Data SRAM; two x USB 2.0 
Slow/Full speed Host/Slave Ports; UART, 
SPI and Parallel FIFO interfaces; PS2 legacy 
Keyboard and Mouse Interfaces; up to 28 
OPIO pins depending on configuration; 3.3V 
operation with 5V safe inputs; low power 
operation (25mA running, 2mA standby); in-
built FTDI firmware easily updated in the 
field; LQFP-64 ROHS compliant package; 
multi-processor configuration capable. 
Complete details for the Vinculum VNC IL 

are at www.vinculum.com. FTDI's full 
product line can he found on the main web 
site at: wwvt.ftdichip.com. Contact: Future 
Technology Devices International Ltd, 373 
Scotland Street, Glasgow G5 8QB. 

Waterproof RF Modules 

• 

RF Solutions has addressed the growing number of outdoor appli-
cations that require wireless remote control with the introduction of 
its EMOD Series. Available as either a single or four-channel unit, 
the new waterproof radio remote controls are ideal for use in garden 
lighting, floodlighting and access control applications. 
Housed in an IP68 rated enclosure, the robust resin encapsulated 

receiver features relay outputs with a 30A at 230VAC rating. 5mm 
spade connectors allow equipment to be connected quickly and easi-
ly. The receiver is able to operate from a supply voltage of either 12V 
or 24V. 
Operating at the licence-free frequency of 433MHz and using a 

secure transmission protocol gives the EMOD Series reliable per-
formance and a direct line-of-sight range of up to 100 metres. Up 
to seven transmitters can be configured for use with a single receiv-
er using an 'easy learn' procedure. Each system is supplied ready to 
operate and is suitable for use between 0°C and +55°C. 
For more information contact RF Solutions, Unit 21, Cliffe 

Industrial Estate, South Street, Lewes, East Sussex BN8 6JL. 
Tel: 01273 898000. Fax: 01273 480661. 
Email: sales@rfsolutions.co.uk. Web: www.rfsolutions.co.uk. 
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* Animation display 

* Static message display 

* Moving message and graphics display 

T
FILS Giant LED Message Display 
unit provides the following 
functions: 

• Moving message and graphics 
display 

• Static message display 
• Animation display 
It is in modular form and can be 

built pretty much to what ever size and 
format one prefers, as discussed later. 
It is PIC microcontroller controlled, 
programmable for its displays type and 
content from a PC computer. 
Once the system has had the basic 

information sent to it, the system can 
be disconnected from the PC. The 
data is retained indefinitely even 
after switch-off, and can be recalled 
after switch-on again by means of 
three function switches on a master 
control box. 
The PC provides the basic data via 

a serial connection (it is not designed 
for USB use) to a master PIC, which in 

By John Becker 

Proclaim your message loud and clear in lights! 

turn stores the data, and passes on the 
information to a series of slave PICs, 
each of which controls an LED display 
module comprising a 5 x 7 matrix of 
LEDs. Each LED matrix module is 
52mm high and 38mm wide. Its format 
is suited to displaying alphanumeric 
messages, graphics or animation dis-
plays, or a mixture all three. 

Display formats 
There can be up to 128 such display 

modules, each controlled by its own 
slave PIC. The display printed cir-
cuit boards (PCBs) are also modular 
and each holds four slave PICs and 
four LED modules. They have been 
designed so that they butt up against 
each other, allowing an overall display 
to be arranged linearly, or as a square 
or rectangle. 
Each finished display PCB meas-

ures 152mm (6 inches) long, and so 
a fully linear arrangement of 128 

LED modules would be 4.86m (16 
feet) long! A more conventional 
rectangular arrangement of, say, 24 
LED displays wide and five displays 
high, would produce a display 
measuring 91cm wide x 26cm high. 
The choice of arrangement is up to 
the user. 

Previous message display 
The last time EPE published an 

LED Matrix Message Display was in 
May-June 1994, by Julyan Ilett and 
Brett Gossage. This comprised 448 
separate LEDs arranged on a single 
PCB in a 64 columns by seven rows 
format, measuring about 10.2cm x 
58.4cm. The display was controlled by 
a Z80A microprocessor and peripheral 
devices. 
Changes in technology now allow the 

use of PIC microcontrollers and LED dis-
play modules (saving an awful lot of LED 
soldering!). The use of PICs and LED 
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modules also makes the overall control 
somewhat easier, as well as allowing for 
various modular arrangements. 
Whereas the previous design used 

a mixture of in-built messages and 
a simple keypad plus a seperate PC 
interface for creating data, PICs al-
low for easy interfacing to a PC and 
its serial communications options, 
RS232 in this case, for the creation 
and transmission of data. 

Slave controllers 
As with any LED, the current flow-

ing through it must be limited. The 
maximum current allowed for the 
chosen LEDs depends not only on their 
characteristics, but also on those of the 
devices controlling them. The initial 
factor considered here is what cur-
rent the PLC's control pins can source 
or sink. The maximum limit for the 
current sunk by any pin of a typical 
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Fig.l. Internal structure of a 7 x 5 matrixed LED module 

LED matrix modules 
Before discussing any part of the con-

trol circuits, it is worthwhile examining 
first what it is that has to be controlled 
— the matrixed LED modules. As ex-
plained earlier, the type using 35 LEDs 
has been chosen. They are arranged in 
what is known as the common anode 
format, as shown in Fig.1. 
The LEDs are internally connected so 

that there are five columns of them, each 
column having its own common connec-
tion to the anodes of the LEDs within it, 
aC1 to aC5 in Fig.1. The cathodes of each 
LED are connected so that seven rows 
are formed, which are each brought out 
as common cathode connections, kR1 to 
kR7. Any cathode-controlling code from 
the controller is applied to the cathodes 
of each LED in that row, but the LED 
only becomes active (lit) if the anode 
connection in the column to which it 
is connected is powered. Thus a single 
control byte of seven bits is required for 
the cathodes, and a single byte of five bits 
is required by the anodes. 

PIC is 25mA, and that provided as a 
source is 20mA. 

Clearly, the anode current required 
by the LEDs must be greater than 20mA 
in order to provide adequate brilliance 
when seven of them in a column are 
all turned on. Consequently, the PIC's 

anode control lines must use a cur-
rent-boosting interface to provide the 
needed current. 

Referring to the Slave Control cir-
cuit diagram in Fig.2, transistors are 
used as the interface, one for each 
column, TR1 to TR5. These are used 
as emitter followers, their collectors 
jointly connected to a common power 
supply line. Current can flow through 
any transistor from its collector (c) to 
its emitter (e) when a control voltage 
and current are applied to its base (b), 
as provided by PIC pins RAO to RA3, 
plus RA6, provided there is a path 
through the LEDs. 

This path is completed when the 
cathode of any LED is connected to a 
current sink pin of the PIC, via a cur-
rent-limiting resistor. PIC pins RBO, 
RB3 to RB7 and RA7 control these 
cathode paths. The choice of PIC pins 
has been dictated by the convenience 
of routing connections on the PCB. 
The current flowing into each cath-

ode controlling PIC pin is limited by 
resistors R1 to R7. Their values have 
been selected so that the total current 
flow cannot exceed the PIC's limits in 
the event of all LEDs in a column being 
turned on simultaneously. Normally, 
the cathode-controlling PIC pins are 
held high (logic 1) when the LEDs are 
to be turned off. To turn on an LED 
to which anode current is provided, 
the respective PIC pin is taken low 
(logic 0). 

Rate of change 
The rate at which the columns and 

rows are activated is sufficiently fast 
that the eye does not perceive a notice-
able flicker in the LED intensities. It is 
immaterial in which order the anodes 
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are turned on, provided the applied 
cathode turn-on code is synchronised 
to change appropriately for each active 
column. 
Each LED matrixed module and its 

controlling PIC are connected identi-
cally, and indeed these PICs are iden-
tically programmed. The PICs control 
their displays either from data held 
within their memory, or from data 
continually supplied by the master 
PIC, at a rate set by the user. 
Each slave PIC operates at a clock 

frequency of approximately 4MHz, 
as generated internally according to 
the configuration code with which 
they have been programmed. They 
do not need an external clock control 
source. 
There is inevitably a minor clock 

rate difference between each Slave 
PIC. This is normally of no conse-
quence, but a synchronisation of 
the software routines within the 
PICs can be activated for animation 
display routines that need it. More 
on this later. 

Master control 
The circuit diagram for the Master 

Control is shown in Fig.3. 
There are two devices in this circuit, 

the master control PIC, ICI, and an 
RS232 interface, IC2, for connecting to 
a PC. The RS232 device has featured 
in many EPE PIC projects and will 
not be discussed further here. Suffice 
to say that it allows the PIC and PC to 
'talk to each other' hi-directionally, via 
connector SKI. 
The PIC takes the user-generated 

message and animation data from the 
PC, using handshakes while doing so, 
at a baud rate of 9600. Moving message 
and graphics data is stored in its inter-
nal memory for use on request. Static 
and animation data is sent on to the 
slaves. In the case of static messages, 
all PICs receive the data serially, but 
only store it for future use if the data is 
not a blank space in the text, allowing 
animation or static data to be shown 
in that space if preferred. 
The animation data is intended for 

use by specified PICs and displays in 
the chain of slaves. PIC address data is 
embedded in the code and only the PIC 
whose address corresponds will store 
that data for future use, it otherwise 
passes it to the next PIC, which does 
likewise, and so on until the required 
destination PIC is reached. There is 
no handshaking between PICs during 
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Fig.3. Circuit diagram for the Master Controller. 
first slave circuit at IC3 pin 7 

this process. The same, or different 
animation data may be sent to other 
PICs by their address codes, as told 
to the PC by the user. 

Character map 

Regarding the message text data, 
the codes sent to the master PIC by 
the PC are the ASCII codes for those 
characters, alphabetic, numeric and 
punctuation data etc. A table show-
ing the data which can be displayed 
is shown in Fig.4. 

Information about the columns and 
rows in which the data is used is held 
by the master PIC as a lookup table. In 
all cases, when a particular character is 
being processed by the master, it goes 
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Fig.4. Character library available for use 

The serial out is routed to the 

to the corresponding section of the 
table and allocates the specified row 
and column data as 8-bit byte values. 
There are five display columns used 
for each character, and thus five bytes 
are produced, plus an additional zero 
value byte to provide a space between 
each character/letter in moving mes-
sage mode. 
The font used in the displays is basi-

cally a copy of what would be seen on a 
normal alphanumeric LCD display. No 
provision to change it has been made. 
The data is held in file LCDMTX1.INC 
should you wish to examine it. Mov-
ing animation is dealt with similarly, 
except that the data has already been 
coded within the PC since look-up 
tables are not appropriate to what is 
essentially random data, as the graph-
ics data depends entirely on what the 
user wants. 
When running a moving message, 

sending it on to the slave chain, the 
master sends the five display bytes to 
the slaves with a user-selectable delay 
between each byte. On receiving each 
byte the slave shows that byte in the 
righthand column of the display, On 
receipt of the next byte, it transfers 
each of the column bytes to the next 
one to the left, and then stores the new 
byte in place of the previous one. 

In doing so, the previous left-most 
byte of the first display is passed to the 
next PIC and its display. The process 
continues for each of the stored charac-
ters and their bytes, and then repeats. 
The result is a very effective repeating 
moving message display, traversing the 
display area right to left at the user's 
chosen rate. 
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Power supply 
The current capacity of the power 

source needed depends on how many 
display matrix modules are used. With 
all LEDs turned on, the displays each 
consume about 150mA. The voltage 
range of the power source is from 7V 
to about 9V DC. The 7V lower limit 
allows for the 2V `headroom' needed 
by the 5V regulators used in the de-
sign. 9V still prevents the regulators 
from getting hot and thus needing a 
heatsink. 
Although the transistors, TR1 to 

TR5, could handle a collector voltage 
of greater than 5V, there would be 
the danger of exceeding their 200mA 
limit. For the same reason, resistors 
R1 to R7 should not have values less 
than 100Q. This value also prevents 
the current flowing into the PIC via 
the cathode lines from exceeding the 
PIC's limits. 

+5V 

OV 

OUT   IC4 1 IN 
7805 

COM 

ONE PER 4 SLAVES 

Fig.5. The +5V regulator circuit diagram. 
One per four slaves is required. It also 
powers the master circuit. The regulator 
appears on the first slave section on the 
PCB — see Fig.7 

It is recommended that high-bright-
ness LED modules are used to give 
good visibility in daylight without the 
need for high currents. 
Each slave PCB, with its four PICs 

and displays, has its own on-board 5V 
regulator, shown in Fig.5 as IC4. The 
power supply should be connected 
to each regulator on the slave boards 
by wires radiating out from the power 

Parts List — Giant LED Message Display 

Master Control 
1 PC board, code 594 (Mas-

ter), available from the EPE 
PCB Service, size 45.7mm x 
35.6mm 

1 plastic case, size and type to 
choice — see text 

3 SPST toggle switches (Si to 
S3) 

1 9-pin D-type serial connector, 
female, plus cable — see text 
(Ski) 

1 16-pin DIL socket 
1 18-pin DIL socket 
11 PC solder stakes 

Semiconductors 
1 PIC16F628 microcontroller, 

pre-programmed — see text ( IC1) 
1 MAX232 FIS232 serial interface 

(102) 

Capacitors 
1 100n min ceramic (C1) 
5 1pF radial elect. 16V (C2 to C6) 

Mulitstrand connecting wire; 
mounting hardware to suit — see 
text; solder, etc 

\„  

Slave Display 
(one set needed for each display 
module, unless indicated) 
1 PC board. code 595 ( Slave) 
— four displays, available from 
the EPE PCB Service. size 
150mm x 51mm 

2 14-pin DIL socket — see text 
1 18-pin DIL socket 
1 2-inch, high-brightness, 35-LED 

matrix module — see text (X1) 

Semiconductors 
5 2N3904 NPN transistors 

(TR1 to TR5) 
1 PIC16F628 microcontroller, 

pre-programmed — see text (IC3) 
1 7805 +5V 1.5A voltage regula-

tor — only one required for each 
group of four displays, see text 
(IC4) 

Capacitors 
1 100n min ceramic ( Cl) 

Resistors 
7 100S2 0.25W 5% ( R1 to R7) 

Multistrand connecting wire; mou-
ing hardware to suit — see tex‘.; PC 
solder stakes; solder, etc 

supply, in ` star' fashion. It would be 
unwise to serially connect the PCB 
supply lines to the PSU, as this could 
cause undesirable current and voltage 
spikes in the lines as the LEDs are 
turned on and off. 

It would, in fact, be feasible to use just 
one regulator per two slave PCBs. The 

total maximum consumption for each 
board is about 600mA, with all LEDs 
turned on, consequently a 7805 regula-
tor rated at 1.5A (rather than 1A) will 
cope well with the maximum possible 
current. It is highly unlikely anyway that 
all LEDs will be on together, unless you 
deliberately create that situation. 
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Construction 

The Master control unit has its own 
PCB. The Slaves have one PCB for each 
group of four PICs and their displays. 
The assembly details for the boards are 
shown in Fig.6 and Fig.7 respectfully, 
along with their track layouts. These 
boards are available from the EPE PCB 
Service, codes 594 (Master) and 595 
(Slave). As implied, you only need one 
master board, plus one slave board for 
each group of four displays. 

There are no special concerns for the 
master board, but do take the usual care 
over component soldering, and observ-
ing the correct polarity of the compo-
nents. Use DIL (dual-in-line) sockets 
for the two ICs, and note that they are 
static-sensitive. You should discharge 
static electricity from your body by 
touching the bare metal of any earthed 
item of equipment before handling any 
of the DIL ICs in this design. 

Display Slave PCB 

With the slave board, all compo-
nents are positioned below where 
the displays are mounted, and there 
are a number of link wires needed. 
Connect these first. Again use sockets 
for the PICs. Assemble each board in 
order of ascending component size. 
The pinouts for the transistors and 
regulator are shown inset. Note that the 
regulators are mounted on the rear of 
the PCBs because of their size. 
The LED modules first need two 7-pin 

SIL sockets (cut lengthwise from a 14-
pin DIL socket), and then a further 7-pin 
SIL socket plugged into each. This al-
lows clearance of the components by the 
displays. Be very careful when inserting 
the displays that you do not bend their 
pins. Note that the displays are shaped 
at their sides, with their orientation as 
shown in Fig. 7. The pin notations for 
the displays are given in Fig.8. 
The board has been designed to be 

slightly smaller than the display area of 
the LED modules when mounted, to al-
low close mounting of the boards in the 
final display format that you choose. 
You will need to choose a material on 
which to mount the display boards, and 
suitably enclose them if preferred. 
The master board can be mounted 

in any small plastic box of choice and 
adequate size. Holes must be drilled 
for the switches, serial connector 
SKI, and the connecting wires to the 
slaves. Note that this board takes its 
5V power supply from the first slave 
board. The wires from the PSU to the 
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Fig.6. Master Controller printed circuit 
board component layout, interwiring 
details to off-board parts and full-size 
copper foil master. The photo below 
shows the author's prototype board 

slaves must be routed according to 
the needs of your layout, providing 
adequate securing, and also preventing 
the wires from becoming a trip hazard 
to other people. 

First tests 

Software and pre-programmed PICs for 
this design are available as stated later. 
On completion of the PCB assemblies, 

and without DIL ICs or LED modules 

inserted, connect the boards to the power 
supply. After switching on, check that 
+5V is present at the output of each regu-
lator, IC4, and at the +VE connections of 
the sockets for the PICs and IC2, with the 
common (black lead) of the meter on the 
relevant OV (GND) point. 

If any corrections are required to 
your assembly, or when inserting or 
extracting PICs etc, make sure the 
PSU is switched off, and allow a few 
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TR2 

FOUR DISPLAY SLAVE ORTROLIERS 

LED MATRIX MODULES MOUNTED ABOVE COMPONENTS - SEE TEXT 
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Fig.7. Printed circuit board component layout, wiring details and full-size copper master for four Slave displays. Note, the 
voltage regulator IC4, top right of PCB, is mounted on the underside because of its size. The 'notched' outline of the displays 
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Fig.8. Pinouts for the LED matrix modules 

seconds for its smoothing capacitors 
to discharge. 
When satisfied with the first test, in-

sert the pre-programmed PIC,s, RS232 
chip IC2, and the displays, ensuring 
their correct orientation. Switch on 
S1 (Moving Message) and connect the 
power. Double-check the +5V power 
lines again. 

On power-up, the master PIC reads 
the status of the switches and reacts 
accordingly, in this case, as S 1 is 
switched on, by starting the flow of the 
moving message with moving graphics 

as programmed into the PIC's memory. 
Progressively, the moving message and 
graphics will flow from the master PIC 
and along through the slaves, being 
displayed as it progresses. 

• 111••• 
••••••••• 
••••••••• 
•••••••• 
•••••••• 

e•••••••• 
Mee.* 111•• 

I 5 Everyday Practical Electronics, November 2006 



Constructional Project 

The message is MIND THE CAR, 
followed by a simple caricature of a 
car, as copied from the header of the 
original 1994 article. The message and 
graphics are repeated indefinitely, at a 
rate built into the master PIC's program 
at this stage. 

Switch off Si to stop the message 
and clear the displays. Switch on Si 
again to restart the message. No other 
switches will work at this time since 
no static messages or animation data 
have been sent from the PC yet. 

Next check 
Now check the power supply to the 

RS232 chip and its voltage outputs. There 
should be +5V on its pin 16, OV on pins 
15, 10 and 8. +10V should be present on 
pin 2 and -10V on pin 6, being generated 
internally by the device itself. 
You can now connect the unit via a 

suitable standard modem serial lead 
(non-crossover) to whichever PC COM 
socket you prefer (as said earlier, the unit 
is not designed to run under USB). 
Having obtained and copied the 

PC software into whatever hard-drive 
you prefer, including a partitioned 
drive, into a folder named as you wish. 
Double-click on the PICMessage.EXE 
file to launch it, during which a few 
working files are created. You will be 
told if the PC encounters any problems 
at this time. 

Moving message screen 
On completion of the setup, the 

blank Moving Message screen will be 
shown, similar to that in Fig.9, but 
without the graphics or text data. 
At the top is a series of small boxes 

into which you put the graphics data 
by clicking on them. There are basi-
cally 40 boxes horizontally by seven 
boxes high, representing the LEDs in 
eight LED matrix modules. 
On entry to the screen, all boxes are 

a uniform grey colour. Left-clicking the 
mouse on any box changes its colour 
to an orange shade. Clicking the mouse 
again on that box returns it to the grey 
colour. It would have been preferable 
visually if Visual Basic (VB6), the 
program in which the software is writ-
ten, had allowed circular boxes to be 
clicked to change their colour, but it 
does not, so it had to be square ones, 
which do allow the facility. 
Below the squares are three bargraphs. 

These allow you to choose the points 
between which data is to be saved, and 
to indicate where further boxes may be 
inserted if you wish, losing the equivalent 
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Fig.9. Main moving message screen, with author's test data 

number of boxes at the right. The buttons 
to the left below the bargraphs allow inser-
tion or deletion of graphics data in the first 
column position. 
The chosen columns of graphics data 

are further confirmed by a green marker 
below the boxes, expanding or contract-
ing as appropriate. Graphics data is saved 
in groups of five columns, corresponding 
to those in the displays themselves. At 
times, this means that the Blanks area at 
the right of the main boxes will be used 
to complete a group of five columns. 

Also below the bargraphs are several 
other control boxes. More on these 
shortly. Below those is a horizontal box 
in which the name of any file loaded 
from the directory is displayed. 
Below that are two boxes into which 

text can be entered. The upper box 
holds the message, if any, you would 
like to precede the moving graphic. 
The second holds the message, if any, 
you would like to follow the message. 
Either box can contain blank spaces 
(space bar) if you wish to do so. 

Message length 
There is a maximum total message 

length, including any graphics data, that 
can be handled by the master PIC. The 
limit is 126 bytes that it can store. 
Alphanumeric and punctuation 

symbols, which are accessed through 
the master's font file mentioned earlier, 
take one byte each. Each column of 
graphics data takes another byte. The 
total number of bytes used for any 

message being built up is displayed in 
three boxes below the text boxes. 
The remaining two bytes of the total 

128 bytes that the master PIC's data 
memory can hold, are automatically 
taken up by the values for the total 
message length, and for the rate at 
which it is to be scrolled across the 
display area, as you set into the Rate 
box towards the right. The rate is 
automatically sent when the full data 
is sent, but it may also be sent when 
the message is running, immediately 
changing the rate of scroll. Click Send 
Scroll Rate to do so. 
To save a newly created message file, 

click on the DIR button to open the 
Directory screen (Fig.10) which has an 
area near bottom in which you enter the 
file name you want to use, then click 
the Make File option. This creates the 
file by that name. It cannot overwrite 
previous files if file names conflict. You 
will be told of such conflict and another 
name can be chosen. 
Having created a file, it is automati-

cally opened in Notepad to confirm 
that it has been created. Close this file 
in Notepad's usual way. 

Full details of the Directory screen's 
options can be read through its Notes 
file. The details will not be discussed 
now. There are several options avail-
able. Click again on the DIR button, se-
lect the file from the file names offered 
by double clicking on its name. This 
closes the DIR screen and opens the file 
into the LED Message screen routines. 
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LEDgraphicOl.txt 

You can then save your new message 
into that file, by clicking the Save File 
button on the message screen. 
You can be reminded of the process 

needed to create a new file by click-
ing the screen's Creating New File 
button. 

Sending graphics and moving 
messages 
To load and send a file's contents to 

the master PIC, ensure that switches 
Si to S3 on the unit are switched off, 
then click DIR and select the file you 
want. Its contents will be loaded to the 
screen's graphics and text areas. 

Plug in the serial cable to the COM 
port connector on the PC that you 
wish to use. Then on the program's 
main (moving message) screen click 
either the COM1 or COM2 "radio" 
button towards the top right, as suited 
to the COM port connector chosen. 
This choice is also stored to disk for 
future recall. 
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Now, with the PIC unit's power 
switched on and with the serial cable 
connected, first click on the Program 
Mode bottom towards the bottom right. 
This action alerts the master PIC to the 
fact that new data is about to come in. 

It also causes four other buttons to be 
displayed (Fig.11). The only one that 
concerns you right now is the Send 
Moving button. The other three buttons 

Program 
Mode 

Send 

Moving 

Setup 
PIC IDs 

Clear 
Flags 

.5N 

Check 
PIC IDs 

Fig.11. Program 
mode zone on moving 
message screen. 

are discussed later. 
Clicking this button 
causes the loaded 
data to be sent to the 
master PIC, which 
stores it. 

Switch on S1 and 
the displays will 
start to show the 
message and any 
graphics data you 

have created. As before, S1 allows the 
message to be started or stopped. 

Data facts 
It is worth noting that sending a 

new message to the master PIC auto-
matically overwrites the existing data. 
This means that the original moving 
car message will be overwritten the 
first time you use this option. Should 

you wish to reinstate the original 
programmed message, select file LED-
graphic01.txt via DIR and send that 
to the PIC. 
Any file you have created can be 

amended, reloading it first and then re-
saving. If you wish to rename afile, use 
the Rename Button, which provides 
the facilities. The View File and Reload 
File buttons cause those options to oc-
cur. In the case of the View File button, 
the file is opened through Notepad, 
through which you could amend it if 
you prefer, although understanding 
the graphics information will not be 
obvious at first glance. 

If viewing a file in this way, note that 
the file length and scroll speed values 
are quoted at the top. It is probably 
unwise to amend the values here. 
When creating graphics data, the 

Clear Workings button can be used to 
clear the screen of any data entered. 

Ignore the Run Mode button for the 
moment, it will be discussed later. 

Animation screen 
Near the bottom right of the main 

(moving mode) screen are two buttons, 
Animate Screen and Static Screen. 
Click the Animate Screen button to 
display the screen through which 
animation data is created and sent to 
the PICs. The term animation in this 
instance means display data in a given 
LED display module which changes at 
a user set rate. It never changes LED 
module position. 
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An example of animation is available 
via the DIR button. Click and select 
file LEDanimTestAixt. When this is 
loaded, its data is shown in the seven 
groups of boxes at the screen's top 
(Fig.12). Each represents one 'frame' of 
animation data. Click the Test button 
to see the animation displayed on the 
PC screen in the far right display boxes. 
Click Stop to stop the display. 
A similar action will take place on 

a selected LED module when data has 
been sent to its controlling PIC, at a rate 
of change as set via the Rate box near 
the screen's bottom, a value of 10 at 
the current time, but may be changed 
within its screen box by clicking the 
mouse on it and using the keyboard 
numeric keys. 

Display module selection 
The PIC to which the data is sent 

is selected via the blue boxes. These 
are numbered to correspond with 
the slave PICs in the display chain 
(which, as described later, will have 
their identities sent to them by the PC 
and master PIC. 
The PIC and its display to which 

data is sent is indicated by the black 
square in amongst the blues, PIC 1 at 
present. Clicking any of the other blue 
blocks will cause that box to change 
colour to black, and return the previ-
ous black box to blue. 

Display quantity selection 
First, though, several pre-condition-

ing actions must take place. The PC 
must be told how many PICs there are 
in your chain. Cosmetically, and of no 
importance to the PC, the boxes can 
be re-arranged to the display format 
you have chosen, but only in a regular 
format of rows and columns. 

In the Displays quantity box toward 
the upper left of the screen, enter the 
quantity of the displays you are us-
ing, from four to 128 is the range, in 
multiples of four. Then click one of the 
'radio' options to select the number 
of displays in each column of your 
display format. The choices are 8, 12, 
16, 20 or 24 columns. 
The boxes will be re-arranged on 

screen to suit the selection, limited 
to the physical possibility of that ar-
rangement, for example, selecting 12 
displays and eight columns does not 
work, nor does eight displays and 12 
columns! The screen will do what it 
can to meet your needs, blanking areas 
if the format is inappropriate. 

Program Mode 
Controls 

PIC 1 

Send 
Animate 

Setup 
PIC IDs 

r- Send 
to all 

Clear 
Flags 

Check 
PIC IDs 

Fig.13. Program mode zone on animation 
screen 

Having chosen a suitable display 
quantity and format, select the display 
you want to animate, the first display 
is suggested right now. 

Slave PIC IDs 
Next the slave PICs must be told in 

what order number they are. All are 
programmed identically by the same 
software and without identity. With 
power to the units switched on, click 
this screen's Program Mode Controls 
button to reveal several other buttons 
(Fig.13). 

Click the Setup PIC IDs button. 
This sends a Setup command to the 
master PIC which initiates the proc-
ess. It sends a Setup command to 
the first slave PIC, along with the ID 
value of 1. The first Slave PIC in the 
chain accepts this ID of 1 as being 
its own, and stores it in memory. It 
then sends the Setup command to 
the next PIC, incrementing the ID 
value to 2, and sending to the next 
slave PIC, which accepts it as its 
own ID and stores it. So the proc-
ess ripples along the whole chain 
of slave PICs, for as many as there 
are, up to 128. 
From then on all PICs now know 

their identities. And at the moment 
that they receive them, they output 
that value to the displays as a binary 
value affecting all five columns, which 
can be examined if you wish. At any 
time you may examine the IDs held by 
the slave PICs by clicking the Check 

PIC IDs button. (For reasons which 
cannot be determined, occasionally 
the PICs lose or have their identities 
corrupted, which then have to be re-
sent by the PC. So it's worth checking 
them sometimes when using the Ani-
mation mode to send Animation data 
to selected slaves. Animation is the 
only mode in which IDs are used.) 
With the IDs sent and the animation 

data loaded in the PC, ensure switches 
Si to S3 are switched off, then click 
the Send Animate button to send the 
animation to the selected PIC. On re-
ceipt of the data, that PIC then shows 
the animation in action on its display, 
as you saw in the PC's test routine. The 
PC screen confirms which slave it has 
been send to via the display box above 
the button. 
The same, or different, animation 

data may be sent to another PIC in 
the same way. It may also be sent 
to all slave PICs identically by first 
clicking the Send To All box to reveal 
a tick mark, and then click the Send 
Animate button. All slave PICs will 
receive the data and start to display 
it. The tick mark can be turned off by 
clicking its box again. 

If data has been sent to all PICs 
identically, the small display box 
shows a value of 255. 
Your own animation sequence can 

be created in a similar way to creating 
graphics, clicking on the PC's display 
boxes to create the frames sequence 
you want. Larger animation spanning 
two or more displays can be created 
by allocating different data to adjacent 
PICs, vertically or horizontally. You 
are always limited to the use of seven 
frames. 
Non-moving symbols can also be 

created similarly, allocating identical 
data to each of the seven frames. 

Data is saved to a file in the same 
manner as with moving messages, 
first creating a named blank file, load-
ing it, and saving the data into that 
named file. 

Synchronisation 
If the animation data has been sent 

to all slaves. It will be seen that even-
tually they go out of synchronisation 
with each other, as their respective 
clock rates are not precisely matched, 
as explained earlier. 

Synchronisation can be achieved 
by clicking the Sync box to reveal a 
tick prior to sending the data to the 
slaves. Sync can also be turned on or 
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off by clicking the Sync box to hide or 
reveal the tick, on an alternating cycle. 
Sync can be changed while running 
by clicking the Send button above 
the tick box. 
The status of the sync flag can be 

checked by clicking Check Sync on the 
main screen. The display is binary 8 for 
sync off, and binary 9 for sync on. 
The rate at which the animation 

takes place can be changed while the 
displays are running by amending its 
box value and then clicking the Send 
Rate button. 

Static message 

Click now on the Static Screen 
button at the bottom of the Anima-
tion screen to enter the Static Screen, 
shown in Fig.14. 

Again, there is the selection of 
displays quantity and arrangements 
available, but this. will have been set to 
the same format as used for animation 
when you entered the Static screen. 
Similarly, such change as you make 
here will be repeated if you go back 
to the Animation screen. 

Program Mode 
Controls 

I S end 
T ext. 

Clear 
Flags 

Fig.15. Program mode zone on static 
message screen 

To create a static message, enter the 
message into the text box provided. 
Create a named file, load and save 
into it as before. Reloading that file, 
the message will be displayed back 
in the text box and in the blue boxes 
where it can be examined. The boxes 
are not numbered on screen as you 
can arrange the text as you want it and 
sent to as many displays as implied 
by its length. 
To send the loaded message to the 

slaves, ensure the unit's switches S1 
to S3 are switched off, and click the 
Program Mode Controls button (if 
it was not last clicked in a previous 
screen), to reveal just two buttons now 
(Fig.15). Click the Send Text button 
to send it, whereupon the slaves will 
display it. 
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Fig.14. Static message screen, without additional data 

Fig.16. Run mode zone — common to 
all screens 

Static points 

A few points to note about static 
messages. First, they are normally 
shown in place of animation or mov-
ing data. The exception to this is in 
respect of blank spaces in a static 
message. The slaves do not regard 
the blanks as having data, conse-
quently, animation can be sent to 
the slaves so that it occurs in those 
blank displays. 

Secondly, the act of sending static 
data to the slaves overwrites the ex-
isting moving message in the master 
PIC's memory. However, that moving 

message data can be re-sent to the 
master following the sending of the 
static data. This restriction is imposed 
by the master using the same program 
routines to send static data to the 
slaves as it does to store and send 
moving messages. 

Mode selection 

There is a choice of methods by 
which to select moving or static mes-
sages, or animation displays. Nor-
mally, with the PC unplugged from the 
unit, the selection is made via switches 
S1 to S3, each respectively turning its 
selected mode on or off. S1 for moving 
message, S2 for animation and S3 for 
static message. 
The same selection can be made 

from the PC. Click the Run Mode but-
ton on any of the three mode screens. 
This reveals six buttons (Fig.16) while 
hiding the buttons in the Program 
Mode area. The function of the buttons 
is marked and is the same as that for 
the switches. 

Note that there is no communica-
tion between the PC and master PIC 
in this context, and so the PC does 
not know the setting of any switch. 
All this means is that the PC's buttons 
may not respond as expected until 
the other associated button has been 
clicked. The PC's control then over-
rides the switches. The switches may 
still be used after the PC has selected 
the mode. 
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All three modes may be run concur-
rently, the appropriate display appear-
ing on a particular LED module. For 
example, if animation data has been 
sent to some displays, but not others, 
those others will show the moving 
message, it 'passing behind' the ani-
mation displays unseen. Similarly, if 
a static message has been sent with 
spaces in it, those spaces will show 
the moving message as it scrolls along, 
again 'passing behind' the used static 
displays. A mixture of all three modes 
is possible. 
When static and animation data 

are sent to the slaves, a 'marker flag' 
is internally set within the PIC's 
memory. When the static or anima-
tion buttons or switches are used, 
only those PICs whose data type is 
appropriate to the button or switch 
will show that data, or terminate the 
mode if already active. 
The control codes are O for normal 

moving message only, 1 for animation 
and 2 for static. There is one only flag 
in each PIC and so only one mode code 
is ever active in it. 

When static or animation data is 
sent to the slaves, the flag is always 
changed to the current code type if 
the destination PICs are intended to 
accept the latest data. 

In connection with this, the flags 
may be totally cleared in all slaves by 
clicking the Clear Flags button in the 
Program Mode box of any PC display. 

Message over and out 
That then is the overall nature of 

this message display unit. Over to 
you now to enjoy making use of it 
and its facilities, let us know how 
you find it. 

Finally, a warning. If you think 
about making changes to the software, 
beware that it is highly complex, 
probably the most complex project 
software on which the author has 
worked. So many factors are inter-
linked, more so than may appear at 
first sight. You make changes entirely 
at your own risk. Make sure you have 
a backup copy before you start! 

Note also that Joe Farr's Serial Inter-
face software, available from our Down-
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Resources 
Software, including source code, is 

available for free download via the 
EPE website at www.epemagao.uk. 
Pre-programmed PICs are available 
from Magenta Electronics Ltd, contact 
details as in their advert in this issue, 
prices on request. Ask about quantity 
discounts. 

There are u few other example 
test data files that can be examined 
through the Directory mode of the 
various screens. 

loads site, must be installed if you wish 
to run the PC program under VB6. 

Hopefully, you will not wish to 
make changes and enjoy using the 
design at it is. 
And just in case you're thinking of 

such — it is illegal in the UK to have 
an illuminated message in your car's 
rear window. So resist the temptation 
to tell that other driver to stop climbing 
up your exhaust pipe! EPE 
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Day Of The RFIDs 

Applications now abound for RFID radio indentification tags, which is good, but 
they have acquired a scary image problem as well. Should we be afraid, 

very afraid? Mark Nelson thinks not. 

.r
 HE last time we discussed RFID 
here (June 2005) the technology was 
no longer a solution looking for a 

problem but by no means mainstream tech-
nology. Today you can find RFID chips 
concealed in your dustbin. Worse still, the 
tiny tags can be cioned, compromising 
their use in passports and other security 
applications. No wonder civil liberties 
activists are alarmed. with industry profes-
sionals having their work cut out defending 
the technology. 
So what's all the fuss about? First a 

quick reminder what RFID tags are. RFID 
stands for Radio Frequency Identification 
Device and involves a technique in which 
small identity labels or tags fixed to larg-
er objects can be `read' by radio means 
from a distance. Some people call them 
radio barcodes and given that RFID tags 
are used a lot in commerce, it's quite a 
convenient analogy. 

But whereas barcodes are read optical-
ly, these RFID tags are activated by low-
power radio waves, causing them to 
announce their identity to special reader 
devices. The system is ideal for tracking 
and identifying goods and other objects, 
whilst the tags are durable, cheap, small 
and (whisper it quietly) easy to conceal. 

Spy Chips and Dodgy 
Dustbins 
One of their first applications was in 

stores of a leading British supermarket 
chain and this was when the controversy 
first became public. Privacy campaigners 
claimed the tags' purpose was to identify 
shoplifters stealing Gillette razor blades, 
which happen to have a high value for their 
extremely pocketable size. Tesco, the com-
pany in question, claimed the tags, applied 
to high-value items in 10 shops, were used 
only as part of its distribution process. This 
did not stop privacy groups from labelling 
them 'spy chips', fearing the tags might be 
used to track errant customers. 
The muck really hit the fan over the 

August bank holiday weekend, however, 
when Sunday papers revealed that half a 
million electronic spy 'bugs' had been 
planted secretly in British dustbins. "Were 
it not so pernicious and intrusive, the tale 
of eco-bugging in suburbia would be the 
stuff of comedy. Instead, it is yet more wor-
rying evidence of the nosy nanny state 
Britain is fast becoming," thundered the 
Mail on Sunday. 

It emerged that hundreds of thousands of 
wheelie bins around the country were 
being fitted with special microchips to 
monitor the amount of waste discarded by 

householders. Local authorities argued 
these were necessary to gather data about 
rubbish disposal habits and could be used 
to settle disputes over bin ownership. 
Others feared the information could be 
used to fine people who exceeded the lim-
its on the amount of non-recyclable rubbish 
that they put out and pondered the ethics of 
removing the tags to avoid the monitoring. 

Grand Debate 
There's no doubt that the stealthy way 

the technology has been introduced has led 
to considerable confusion and resentment 
and this has not been helped by loud voic-
es from those with axes to grind. Although 
999 people out of 1,000 are probably 
unaware, the European Union has recently 
held an online public consultation on the 
subject at www.rfidconsultation.eu. Its 
purpose, the website says, is to ensure that 
the growing use of radio frequency identi-
fication devices boosts the competitiveness 
of Europe's economy and improves the 
quality of life of its citizens, whilst safe-
guarding their basic rights. 
"We need to ensure that RFID technolo-

gy delivers on its economic potential and to 
create the right opportunities for its use for 
the wider public good, while ensuring that 
citizens remain in control of their data," 
said Information Society and Media 
Commissioner Viviane Reding in July, 
even if you or I had never heard of her back 
then. 
RFID technology is big business of 

course, so much so that the European 
Union is spending 7.5 million Euro on pro-
moting it. Its advantages over conventional 
barcodes are very clear, as Ian NeiId, dis-
ruptive technologies manager of BT's 
research, technology and fl' operations 
business BT Exact, explains. "The need to 
develop new RFID technologies is vital for 
the retail industry: where barcodes fail, is 
by either not giving enough information or 
by working only in fine of sight. By con-
trast, RFID tagging uses radio waves, so 
line of sight isn't as important an issue and 
the amount of data it can carry is much 
larger," he states. 

However, his (and others') enthusiasm 
may need to be tempered temporarily 
until some serious security issues have 
been sorted out. Three separate reports 
earlier this year revealed that RFID tags 
have flaws that could put their deploy-
ment at risk. Two were relatively trivial, 
such as the allegation that viruses written 
into tags could infect companies' comput-
ers or that the tags themselves could be 
disabled by overloading them with data in 

a Denial-of-Service attack. More worry-
ing was the claim made at the August 
DefCon security conference in Las Vegas 
that information in RFID tags could be 
copied and used to clone corporate access 
cards, e-passports and other badges that 
were supposed to establish people's 
unique identity. 

Hobby Applications Too? 
Turning our attention to matters more 

benign, do RFID tags have hobby applica-
tions? Ian Morton of MERG (www. 
merg.org.uk) reckons they do. MERG is 
an international collection of hobbyists 
who promote the application of electronics 
(including computers) to all aspects of rail-
way modelling. Digitally coded control 
systems are widely used now for running 
model trains more realistically and Ian is 
convinced that RFID tags could play an 
important role in this process. 
One scenario he describes is where an 

electronic reader at the exit from a yard of 
sidings could identify the locomotive or a 
particular set of rolling stock to compare 
this against a schedule and display the 
train's identity on the control panel. In the 
autumn issue of Modern Railway 
Modelling magazine he sets out the full 
detail of his scheme, which is both high-
tech and down-to-earth. Ian states confi-
dently, "I am sure that standards for model 
railway RFID will appear eventually, prob-
ably once a major player in the market pro-
duces something that people start to use." 

Cheap As Chips 
Without agreed standards or commercial 

equipment, the immediate take-up will be 
limited, he suspects. Another factor is the 
cost; this equipment is not yet as cheap as 
chips and until mass production makes tags 
cheap enough to implant in chocolate 
wrappers or crisp packets, there may be a 
lack of interest among hobbyists. 

Currently, perhaps the cheapest starting 
point is the RFID evaluation kit available 
for around £70 from Mannings (Southport) 
Ltd (www.rfidshop.com) but prices could 
plummet before too long. Researchers at 
BT Exact are examining how producing 
tags could be made cheaper, with `printable 
electronics' as one possible solution. 

Ian NeiId has the last word: "If you don't 
require the processing complexity of an 
Intel Pentium processor, printable electron-
ics could prove the best option. Instead of 
loading an inkjet printer with colour ink, 
you use silicon oxides with conductive and 
non-conductive inks, and so 'print' your 
tagging components cost-effectively." 
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Multimedia cards have serious storage capacity for PIC projects 

I
N previous PIC n 'Mix articles we have 
discussed interfacing to large capacity 
flash memory ICs, some with capaci-

ties up to a few megabytes. With the advent 
of digital cameras and multimedia con-
sumer electronics however, the cost of 
removable flash memory cards has steadily 
reduced to the point where they have 
become cost effective for use in small 
hobby projects. This month we look at 
hooking up some serious storage capacity 
to our projects. 

Numerous Card Formats 
There is a plethora of card formats avail-

able — Compact Flash, SD-Media, MMC, 
Memory Stick; the list goes on. Some have 
a proprietary interface which is closed to 
hobby developers, but some, such as 
Compact Flash, SD-Media and MMC are 
more open and the specifications are avail-
able from manufacturers' web sites. 

For only a few times the price of a small 
EEPROM it is now possible to get huge 
capacities on a memory card — up to 4GB! 
And as it is removable, you can move it 
between different embedded projects. 
By far the most interesting aspect howev-

er, is the ease at which, with just a little addi-
tional software, data can be stored in a format 
recognisable by a PC. Then it becomes a triv-
ial task to exchange data between your 
project and a PC, which opens up many 
exciting opportunities. We will discuss how 
to do just that in next month's issue. For now 
we will look at the low level interface. 

MMC Cards 
For this article we have chosen 

MultiMedia Cards (MMC) because they 
are cheap, readily available, easy to inter-
face to and compatible with SD-Media 
cards. The connectors for them are also rel-
atively cheap and easy to solder to. Fig.1 
shows the typical wiring required to com-
municate with a card in SPI mode. As 
you can see from the figure, only six 

Fig. 1. Connections to an MMC 

connections are required. To all intents and 
purposes we treat the card as an SPI con-
nected IC. 

SPI is a serial IC to IC communication 
protocol, similar to the I2C bus and in many 
ways a lot simpler (especially if you want 
to `bit bash' communications from your 
microcontroller). Most of the PIC range of 
processors supports this protocol in hard-
ware, allowing simple code to support very 
high data rates — up to 100 times faster than 
PC! 

In this article we will use the 
PIC18LF2420 processor (which supports 
SPI in hardware) to demonstrate the fea-
tures of MMC, and the example code is 
available in the download section of the 
EPE website (see References). The code 
should run on any of the PIC18F series that 
support SPI but will also run on any PIC 
processor with minor modification. 
Interfacing to an MMC card is not com-
plex, but understanding how to configure 
and use the card can be a little daunting. 
The details are difficult to understand from 
the datasheets alone but `hopefully' we will 
demystify the subject, and provide you 
with a set of routines to include in your 
own projects. 

While the datasheets for MMC cards are 
formidable, after reading and re-reading it 
becomes clear that using them does not have 
to be complicated. The complexity is there 
when you need to squeeze the highest per-
formance/reliability out of the device. It's a 
pity that specification writers do not add a 
'get you started' section to these specifica-
tions, as you find in product manuals. 
Perhaps it's not considered `professional'. 
Minor grievances aside, at least the spec-

ifications are available and easily down-
loaded from the Internet. We have used the 
Sandisk card specifi-
cation (see the 
References for a 
download link) and a 
Kingston memory 
card. The MMC for-
mat is a well defined 
standard and the dif-
ferences between the 
card manufacturers' 
products will not 
affect us. 
The cards can be 

purchased from a 
wide variety of 
online memory 
stores (we picked our 
256MB card up from 
picstop.co.uk for less 

than £8) or even from local high street elec-
trical stores. If you do order a card online it 
is worth investing in a cheap USB card 
reader if you intend to exchange data with 
a PC at a later date. To connect the card to 
your project you will require a special 
socket, which are available from compa-
nies like Farnel for less than £ 1 (part num-
ber 9186182). 

These cards have a wide operating volt-
age range, from 1.6V to 3.6V — ideal for a 
low powered project, but it does limit your 
choice of microcontrollers to those that can 
operate at 3.6V. Thankfully, there are many 
in the PIC range. Alternatively you can use 
a resistor divider on outputs from the PIC, 
and power the MMC card from a separate 
3.3V regulator. 

How MMCs Work 
So, to the main task: how do these cards 

work? Besides the large block of flash 
memory, the cards implement a very sim-
ple controller that is responsible for han-
dling initialisation, identification and con-
trol commands from the host processor. 
You cannot just power the device up and 
read from it as you can with an EEPROM 
memory IC. Thankfully, when communi-
cating with these cards in SPI mode the 
'instruction set' and procedures for setting 
up the card are simplified, and are sum-
marised in Fig.2. 
Commands typically consist of five 

bytes: the command, a four-byte parameter, 
and an optional check byte. Check bytes 
are not used by default once the card is ini-
tialised, and for simplicity we will not 
enable them. They provide a basic confir-
mation that communication with the card 
was not corrupted and would not normally 
be necessary. 

CMD16 
SET BLOCK LENGTH 

CMDO 
RESET CARD 

CMD1 
INITIALISE CARD 

CMD10 
READ DEVICE ID 

• 
CMD17 

READ BLOCK 
CM 024 

WRITE BLOCK 

Fig.2. Instruction set summary 
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Most commands return a response mes-
sage, which in SPI mode must be clocked 
out of the card by sending it OxFF bytes 
(this is probably one of the most confusing 
aspects of SPI communications; it's not a 
specific requirement of MMC cards). The 
details of the parameters are covered in the 
specifications and example source code so 
we will not cover them here, but concen-
trate on the sequence of commands. 
When the card powers up you must send 

a CMDO command to reset the card back to 
its idle state, then follow it with CMD1 to 
initialise it ( see Fig.2). The latter command 
can take some time to complete; issue the 
command repeatedly until the response 
indicates initialisation has finished. 
Once initialisation has completed there is 

a final mandatory command that must be 
issued: CMDIO, retrieve card identification. 
This returns a 16-byte response, CID, that 
identifies the manufacturer and card type. 
This information can be useful in identify-
ing the amount of memory on the card. 

Reading and Writing 
Having issued CMDIO and extracted the 

CID, you are now free to read and wnte to 
the flash memory. The read and write com-
mands, CMD17 and CMD24, take a 32-bit 
(four-byte) address parameter. This means 
that up to 4GB of data can be addressed, if 
your card contains that much flash memory. 
A read can start at any address and you may 
read as many bytes as you wish with the sin-
gle command; just keep writing OxFF to the 
card to latch out further data bytes. 

Writing is a little more complicated. 
Internally, the memory of the card is organ-
ised in groups of 512 bytes, called sectors, 
to mimic the memory allocation on hard 
disks (more on this next month). When you 
write to a sector the card first erases it and 
then writes your data. Now this is fine if you 
want to transfer 512 bytes at a time, but 
sometimes this is not convenient — maybe 
you want to update a single byte, or you just 
do not have the available RAM to buffer 512 
bytes. To accommodate this there is a com-
mand, CMDI6, which can be used to set the 
'buffer block size'. This command will 
determine how many bytes are read or writ-
ten by commands CMD17 and CMD24. 
One important detail when setting the 

block size to a value other than one: 
always set your starting address for a read 
or write to a multiple of the block size. So 
for example, if set to 512 bytes, your 
read/write commands should be set to 
start from 0, or 512, or 1024, or 1536 etc. 
The example code demonstrates the use 

of two block sizes. 512 and I. 

SD Media Compatible 
Those few commands are all that is nec-

essary to read and write data to an MMC 
card, and as MMC is a subset of the SD 
media format, they should be compatible 
with that format too. There are many other 
commands that can be used which allow for 
protection and faster multi-block writes, but 
what we have presented here should be suf-
ficient for most needs. Your only problem 
now is to invent uses for such a large storage 
capacity! Data loggers, audio (for record 

+3V i 

MMC SO(K', ' 

CHIP ENABLE\  

DATA IN 

GN 

+3V3 

CLOCK IN 

ONE/ 

DATA OUT 

22, 

'1E1-
2211 

OV 

+.tvii 

RC) ICI R 

R)5 

OSC2 

GND 

+3V3 

100n MIL— 

m r— 
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Cl+ V+ 

Cl-

C2+ 

MAX3221 

C2-

Ti IN TI OUT 

R1OUT RI IN 

OFF 

ON 

EN 
UND 

V-

Fig.3. An example MMC use circuit 

and play back perhaps), the options are only 
limited by your imagination. 
The example source code for this article 

is once again based around the `bootloader' 
code from a previous PIC n 'Mix article. It 
simplifies development since you can hook 
up an RS232 interface to the TX and RX 
pins on the processor (PORTC,6 and 
PORTC,7) and simply download revised 
code through the serial interface. The 
MMC card functions are held in 
MMC.INC, and the low level SPI routines 
in SPI.INC. Both hardware and software 
('bit-bashed') SPI routines have been 
implemented; simply change the line 

SP1_MODULE_MODE EQU 
SPLUSE_HW_MODULE 

to 

SPI MODULE MODE EQU 
SPI_US—E_BIT_BAHED 

if you want to use tit-bashed' SPI com-
munications. 
The file APP.INC is the 'glue logic' that 

demonstrates how the MMC functions can 
be used, and presents a simple user inter-
face over the serial port. You can commu-
nicate with the program using a terminal 
program like Hyperterminal at 9600,n,8,1. 

Fig.3 shows a complete example circuit 
that can be used with the example software. 
As you can see, the interfacing require-
ments are minimal — the RS232 interface is 
more complex! 

Transfer Rates 
I heie is a problem with this setup if 

you want to move the data over to a PC. 
If you have an RS232 interface then even 
at 115200 baud, transferring large 
amounts of data over a serial link will 
take a ridiculous amount of time. One 
day to transfer 1GB! If you have a USE 
interface on your design this is not an 
issue, but if not another way to transfer 
data is called for. 

Fortunately, 'Media Card' readers for 
PCs are now very cheap and make an ideal 
means for transferring data from a card 
onto a PC. The readers do require data to 

be stored in a format similar to that on a 
hard disk, however, and this adds some 
more complexity to your code. It does 
open up huge possibilities for sharing data 
between a PC and your projects and so we 
will pick up on this next month. 

References 
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h ttp://www. sandisk.com/Oern/Manuals/ 
Example code: 
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Main Features 
• 
• 
• 

Reduces brake light turn-on time by 200ms 
Works with throttle sensors with 0-5V output 
Responds to rapid reduction in throttle sensor 
output 

• Activates relay to power brake lights 
• Adjustable timer for brake light on period 
• Power-up delay to prevent false triggering at ignition 

switch-on 

Are you concerned about 
the risk of a rear end 
collision when driving in 
traffic? With QuickBrake, 
your brake lights come 
on faster than you could 
ever apply them, giving 
you literally metres more 
safety. 

Words by Julian Edgar 
Design by John Clarke 

L
ED brake lights, as opposed to filament bulbs, 
can provide the following driver with as much 
as 200ms earlier warning ... that's 5.4 metres at 

60mph. But with QuickBrake you can do even better 
than this and provide another 200-250ms earlier warn-
ing! By combining LED brake lights with QuickBrake, 
you can give at least 400ms earlier warning that you're 
stopping — that's 10.8 metres at 60mph. It's a brilliant 
technique that we've not seen anywhere else — even 
in new cars. 
Think about what occurs during an emergency stop. 

You're driving along, mind dwelling on all things 
interesting — including the other traffic — when you 
suddenly realise the cars ahead are stopping abruptly. 
You rapidly lift off the accelerator and then transfer 
that foot to the brake pedal, quickly jabbing down on 
it. But 'rapidly' and 'quickly' are relative terms — in 

24 Everyday Practical Electronics, November 2006 



Constructional Project 

VOLTAGE 
INPUT 1M 

V•Vk • 

100nF 

A 

ZD2 
16V 
1W 

ICla 

SENSMVRY 

100nF 

• 

7 

BUFFER 

'hIR 1 
1M 

1 00µF 

+4V 

+8V  

IC2: LM358 10µF 

1. 10k 

A D3 
1N914 

DIFFERENTIA-OR 

IClb 
6 

10k 

BUFFER 

+4V 

8 

IC2a 

4 

LINK INVERTER 
1 

+8V 

411k 

+3.8V 

10k 
WA  

1M 

100µF 

D1 1N4004 
+12-15V 

O  

EC2b 

SCHMITT 
TRIGGER 

220k 

39k 

1k 

D4 
1N914 

4 8 
AST 

DISCH 
 /TF1G 

IC3 THR 
5 7555 

rcv OM) our 
I 100nF 

7 

6 

10µF 1k 

TIME 

1500 
VAS 

VR2 
1M 

100piF 

1 8k 

+12V 

LED I 

D2 
1N4004 

RELAY 1 

IMM 
10k 

Q 1 
BC337 

TIMER 

E 
02 

BC327 
C  

+12V 

100µF 

NC 

OCOM 

ONO 

-0 NC 

 -OCOM 

 ONO 

1011 
WA 

ZD 1 
16V 
1W 

REG I 7808 

o 

OUICKBRAKE 

10OµF 

IN OUT 

GND 

+8V 

10µF 7808 

11 °U2— GND 

IN 

BC327, BC337 

ZENERS, 1N914 

..4111 

as. 

A K 

1N4004 

A K 

LED 

a 
A 

Fig.1: the circuit monitors the car's throttle position sensor and if a rapid negative transition occurs, the 7555 timer 
is enabled to briefly activate the relay and the car's brake lights. 

fact it takes about a quarter of a second 
(250 milliseconds) from the time that 
you start to lift off the throttle to the 
time the brake pedal is pushed and the 
brake lights come on. 

But why wait that long before illu-
minating the brake lights? There's no 
logical reason — only the engineering 
tradition of turning on the brake lights 
with a brake pedal switch. 

So why not trigger the brake lights 
when you rapidly lift your foot off 
the throttle? 'Oh that won't work', 
you say. Well, why not? With a little 
circuitry, you can sense the speed of 
the throttle movement quite easily, just 
by tapping into the throttle position 

sensor. Then, if you have the circuit 
detect a rapid reduction in voltage from 
the throttle sensor (as happens when 
you're about to stop in a hurry), you can 
use a relay to switch on the brake lights. 
Finally, a timer could be used to hold 
the relay on to cover the time between 
the throttle closing and the brake light 
switch being activated. 

This is just what our QuickBrake 
circuit does. And it's just uncanny 
watching a car fitted with the project 
simulate an emergency stop. The brake 
lights come on s000000' fast that you 
suddenly realise that the pause be-
tween deceleration and braking that 
normally occurs is quite clearly able 

to be seen, even from outside the car. 
QuickBrake can be very handy when 

you're plagued with a `tailgater' too. 
If someone is following you much 
too closely, just lift off the accelera-
tor quickly and the brake lights will 
come on for a brief period, without 
you even having to touch the brake 
pedal. Nifty, huh? 

PC board module 
As shown in the photos, QuickBrake 

is a small PC board module measur-
ing 105 x 60mm. It uses the engine 
management system's throttle position 
sensor output to monitor the move-
ments of the throttle. 
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Fig.2: this diagram shows where each of the components is placed on the PC board. Also shown are the connections 
you need to make when installing QuickBrake in your car. The input signal to QuickBrake is derived from the 
throttle position sensor output. The Normally Open and Common contacts of the relay are wired in parallel with the 
brake light switch. Ignition-switched power and an earth connection finish the wiring. 

In operation, it is designed to work 
with throttle position sensors with 
an output voltage that varies within 
the range of 0-5V. If your car does not 
have engine management or it uses a 
throttle position switch (rather than 
a potentiometer), QuickBrake cannot 
be used. You have been warned — you 
need to check this point out, before you 
start buying the components. 

Circuit description 
Fig.1 shows the circuit of the 

QuickBrake which is based on four 
op amps (in ICI & IC2) and a 7555 
timer. In effect, the circuit is designed 
to detect the rapid change of voltage 
from the throttle position sensor and 
then close a relay for a brief time. The 

relay switches on the brake lamps for 
a pre-determined time. In the mean-
time, if the driver's foot hits the brake 
pedal, the brake lights will stay on. If 
not, the brake lights go out when the 
relay drops out. 
So let's look at the circuit in more 

detail. The DC voltage from the throt-
tle position sensor is fed to a low pass 
filter consisting of a 11‘4S2 resistor and 
100nF capacitor and then to op amp 
ICla, which is connected as a unity 
gain buffer. From there, it goes to a 
differentiator consisting of a 100nF 
capacitor, trimpot VR1 and a 1001(12 
resistor. 
A differentiator can be thought of 

as a high pass filter — it lets rapidly 
changing signals through but slowly 

Fig.3: check your PC board against this pattern belere installing any parts. 

changing signals are blocked. Putting 
it another way, if the rate of change 
of the signal is greater (ie, faster) than 
the differentiator time constant (RC), 
the signal will pass through to op 
amp IC1b, which is another unity 
gain buffer, and then via link LK1 to 
IC2b which is connected as a Schmitt 
trigger stage. 
The output of IC2b connects to pin 

2, the trigger input of IC3, a 7555 timer. 
When IC2b briefly pulls pin 2 of IC3 
low (as it does for a sudden reduction 
in throttle sensor signal), IC3's pin 3 
immediately goes high, turning on 
transistor Q1 and RELAY1. This turns 
on the brake lights. 
At the same time, IC2b's brief 

negative pulse turns on transistor Q2 
which pulls the negative side of a 
100µF capacitor to OV and this fully 
charges this capacitor to 8V. From this 
point, the 100µF capacitor discharges 
via trimpot VR2 and the series 11(11 
resistor. This means that the negative 
side of the 100µF rises until it gets to 
about +5.3V, whereupon pin 3 goes 
low and transistor Q1 and the relay 
are switched off. 
The timer period of IC3 can be set 

from around 100ms up to 110 seconds, 
using VR2. In this QuickBrake applica-
tion, the timer is set to quite a short 
period, typically less than 500ms. 
Diode D2 is connected across the 

relay coil to quench spike voltages 
generated each time transistor Q1 
turns off. Q1 also drives LED1, via the 
1.81(11 series resistor and this lights 
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whenever the relay is 
energised. It is handy when 
you are setting up the QuickBrake 
circuit on your car. 

Power-up delay 
Pin 4 of the 7555 (IC3) is used to 

provide a power-up delay. When the 
car is first started, we don't want 
the QuickBrake responding to any 
unpredictable changes in signal 
from the throttle sensor; we want 
all circuit operating conditions to 
have stabilised before QuickBrake 
starts operating. Therefore, pin 4 
of IC3 is connected to a network 
comprising a 470µF capacitor, diode 
D4, and 39kS2 and 2201d2 resistors. 
Initially, the 470µF capacitor is 
discharged and so pin 4 is low, ef-
fectively disabling IC3 so it cannot 

When constructed, your circuit board should 
look like this. When assembling the PC board, 
make sure that you correctly insert the polarised 
components; je, the diodes, ICs, LED, transistors, 
voltage regulator and electrolytic capacitors. 

respond to any un-
wanted trigger signals 

to its trigger pin 2. 
IC3 is enabled (je, be-

gins to operate) when the 
470uF capacitor charges to around 
+0.7V via the 2201d1 pull-up resis-
tor. This is after about two seconds. 
The 39161 resistor prevents the 
470µF capacitor from charging above 
1.2V and this allows it to discharge 
quickly via diode D4 when power is 
removed from the circuit ( ie, when 
the engine is stopped). This is impor-
tant so that QuickBrake is properly 
disabled if the engine is immediately 
restarted. 
Power for the circuit comes from 

the car battery via diode D1 which 
gives reverse connection protection. 
The 100 resistor, 100g capacitor and 

Zener diode ZD1 provide transient 
protection for REG1, a 7808 8V voltage 
regulator. All the circuitry is powered 
from REG1, with the exception of the 
relay and LED1. 

Construction 
All the circuitry of QuickBrake is 

on a small PC board measuring 105 
x 60mm and coded 590 (see EPE PCB 
Service page). The component overlay 
diagram is shown in Fig.2. 

Install the resistors first, checking 
the values with your multimeter as you 
install each one. Use 0.8mm tinned 
copper wire for the two wire links. 
Make sure that you insert the polarised 
components the correct way around. 
These parts include the diodes, ICs, 
LED, transistors, voltage regulator and 
electrolytic capacitors. 

Table 1: Resistor Colour Codes 

J No. Value 
3 2 1MS2 
U 1 220k12 
U 1 looK12 
13 1 39kil 
1=I 1 11162 
CI 5 10kil 

CI 1 1.81(12 
U 4 1 Kt 
U 1 1 50S2 

U 1 ion 
•  

4-Band Code (1%) 
brown black green brown 
red red yellow brown 
brown black yellow brown 
orange white orange brown 

brown brown orange brown 
brown black orange brown 
brown grey red brown 

brown black reo brown 
brown green brown brown 

brown black black brown 

5-Band Cade (1%) 
brown black black yellow crown 
red red black orange brown 

brown black black orange brown 
orange white black red brown 
brown brown black red brown 

brown black black red brown 
brcwn grey black brown brown 
brcwn black black brown brown 
brown green black black brown 
brown black black gold brown 
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Constructional Project 

Parts List 

1 PC board, code 590, available 
from the EPE PCB Service, 
105 x 60mm 

5 PC-mount 2-way screw termi-
nals with 5mm pin spacing 

1 12V PC-mount DPDT 5A relay 
1 3-way header with 2.54mm 

spacing 
1 jumper shunt with 2.54mm 

spacing 
1 50mm length of 0.8mm tinned 

copper wire 
2 IMO multi-turn top-adjust 

trimpots (VR1,VR2) 

Semiconductors 
2 LM358 dual op amps (IC1,1C2) 
1 7555 CMOS 555 timer (IC3) 
1 7808 3-terminal voltage 

regulator (REG1) 
1 BC337 NPN transistor (Q1) 
1 BC327 PNP transistor (Q2) 
1 5mm red LED (LED1) 
2 16V 1W Zener diodes 

(ZD1,ZD2)) 
2 1N4004 1A diodes (D1,D2) 
2 1N914, or 1N4148 diodes 

(D3,D4) 

Capacitors 
1 470µF 16V electrolytic 
5 100µF 16V PC electrolytic 
4 10µF 16V PC electrolytic 
3 100nF MKT polyester 

Resistors (0.25W, 1%) 
2 1MS2 5 ion/ 
1 220k12 1 1.8kS2 
1 100kQ 4 1k12 
1 391(12 1 1500 
1 11kS2 1 10S2 

•  

The relay and the screw terminal 
strips can be installed last. 
Note that there is a trap in the in-

stallation of the two trimpots. They 
can go in either way but they must 
be installed as shown in the diagram, 
with the adjustment screw closest to 

QuickBrake monitors the output of the throttle position sensor ( circled). When 
it detects that the driver is lifting off the throttle very quickly. the relay trips, 
illuminating the brake lights. A built-in timer then covers the period before the 
brakes are actually applied. 

Manual Gearboxes? 
QuickBrake may not be suitable for 
use in manual cars when driven 
aggressively because it may not be 
able to distinguish between throttle 
lifts for emergency stops and those 
used during rapid acceleration 
through the gears. On the other 
hand, if you normally drive your 
manual car in a leisurely manner, 
it should not have problems. 

IC2 and IC3 respectively. If you install 
the trimpots incorrectly, the initial ad-
justment instruction that we give in the 
set-up procedure will be wrong. 
During assembly, look closely at the 

photos, Figs.1 & 2 and the parts list to 
avoid making mistakes. 

Fitting it to your car 
As mentioned earlier, before you 

buy the components you need to 
check if your car has a throttle position 

Unwanted Flashing 

If the QuickBrake is set correctly and a competent driver is at the wheel, the 
brake lights should trigger no more frequently titan normal. This is because 
the project should be calibrated so that it detects only very fast throttle lifts 
— the sort that are usually immediately followed by an application of the 
brakes. However, poor drivers who use very jerky on/off throttle movements 
will cause the brake lights to come on more than usual. Keep in mind that 
any brake light illumination will still indicate deceleration. 

sensor (not a throttle switch!). Now is 
the time to measure the output of the 
throttle position sensor. This should 
be done with the engine off (but the 
ignition on!) by probing the throttle 
position sensor. 
With one multimeter probe earthed 

(connected to chassis), you should 
be able to find a wire coming from 
the connector that has a voltage on 
it that varies within the 0-5V range 
as you manually open and close the 
throttle. Yes, you can manually open 
and close the throttle by operating 
the mechanism on the side of the 
throttle body. 
Once you have confirmed that the 

varying signal voltage is present, make 
a connection to this wire — either at 
the ECU itself or under the bonnet 
— and run it to the QuickBrake signal 
input. (Note that you simply tap into 
the throttle position output wire — you 
don't need to cut it.) 

Next, connect ignition-switched 
+12V and OV (chassis) to the Quick-
Brake. The other connections, to the 
brake switch, don't need to be made 
at this stage. 

Rotate trimpot VR1 (Sensitivity) 
fully anti-clockwise and VR2 (timer 
period) fully clockwise — this in-
creases the sensitivity of the Quick-
Brake to throttle changes and reduces 
the timer's 'on' time to a minimum 
(note: both these pots are multi-turn 
so they don't have a distinct end 
'stop'). Place the link in the Link 1 
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Constructional Project 

TEKTRONIX 492P 50110-21 

position to configure the QuickBrake 
to activate with quick throttle lifts. 
(Link 2 causes the device to activate 
with quick throttle pushes.) 
Turn on the ignition but don't start 

the car. Wait five seconds (to allow for 
the ignition-on reset pause), press the 
throttle and then quickly lift off, check-
ing that the relay pulls-in and the LED 
lights. The relay should click out (and 
the LED go off) fairly quickly, so then 
adjust VR2 anticlockwise and again 
push down and then quickly lift the 
throttle. This time the 'on' time should 
be longer. Adjust VR1 clockwise until 
the QuickBrake responds only when 
the throttle is being lifted with 'real 
life' quick movements. 
Note that if you find the relay clicks 

off after 10 seconds or so, then it is 
likely that trimpot VR2 is installed the 
wrong way around. Don't pull it out 

-just wind the adjustment fully in the 
other direction. 
Once the QuickBrake module is 

working correctly, make the brake 
switch connections. These are straight-
forward - connect wires to both sides of 
the brake pedal switch and check that 
when you join the wires, the brakelights 
come on. Then run these wires to the 
adjoining 'Normally Open' and 'Com-
mon' connections on the QuickBrake 
relay screw terminal connector. 

Set-up 
Setting up the QuickBrake is also 

easy. Normally, you'll find that driving 
on the road actually involves slightly 
different speeds of throttle movement 
than you thought during the static set-
up, so the sensitivity control (trimpot 
VR1) will need to be adjusted accord-
ingly. The length of time that you set 

the timer (VR2) to operate for will 
depend on how quickly you typically 
move your foot from the throttle to the 
brake pedal. It's best to set the time so 
that it just covers this period. 
The PC board fits straight into a 130 

x 68 x 42mm box, so when the system 
is working correctly, the board can be 
inserted into the box and tucked out 
of sight. 

Conclusion 
If you're often worried about how 

closely others follow you at highway 
speeds, this project is for you. We 
know we've already said it, but it's 
uncanny how quickly the brake lights 
come on when a car equipped with 
QuickBrake is slowing! EPE 

Reproduced by arrangement with 
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PRACTICALLY SP rAKI NG 
Robert Pen fold looks at the Techniques of Actually Doing It! 

E\ PLIZIENCED constructors probably give 
the matter little thought when soldering 

the components onto a printed circuit board 
(PCB). For them it is a fairly routine mat-
ter. It is something that they have done 
many times before, and they know from 
past experience how to deal with any prob-
lems that may occur. They also know how 
to avoid most problems in the first place. 
There may be the occasional awkward 
component to deal with, or a board might 
represent a major challenge due to its sheer 
size, but 'old hands' probably build most 
circuit boards without too much conscious 
effort. 
Complete beginners are in a very different 

situation, and will probably approach the 
task with a certain amount of trepidation. 
Self-doubt is then likely to result in hesitant 
progress and endless rechecking as the job 
progresses. Advising newcomers that 'there 
is nothing to it' would certainly be very mis-
leading. On the other hand, problems should 
be few and far between if you set about the 
task in the right way. There is every chance 
that your first few circuit boards will work 
perfectly first time, provided you go about 
the job in a meticulous fashion. 

Error Checking 
It is probably no bad thing if progress is 

a bit slow when building your first few cir-
cuits boards. Initially, a slight lack of con-
fidence tends to lead to much checking and 
rechecking. Being realistic about things, a 
few errors are likely to creep in when you 
first undertake any new task. Large 
amounts of checking and rechecking 
increase your chances of success, whereas 
proceeding in a rush practically guarantees 
failure when undertaking any task. It is 
certainly not the right way to go about elec-
tronic project construction. It is probably 
best to forget the old ethos of 'he who hes-
itates is lost'. 
Experienced project constructors have a 

huge advantage over beginners in that they 
know what is likely to go wrong when 
working on a circuit board. It is a case of 
'forewarned is forearmed'. Many errors are 
detected and corrected while board popula-
tion is being built up. Beginners are more 
likely to make errors, but are less well 
equipped to spot them. Whether you are an 
experienced constructor or a complete 
beginner, you have to be on a constant 
lookout for problems. 
What errors should you look for while 

constructing circuit boards? Designers of 
electronic equipment have been preoccu-
pied with miniaturisation since the early 
days of semiconductors. Hence printed cir-
cuit boards tend to be small and have mass-
es of tightly packed copper tracks and pads. 
In the case of stripboard, all the tracks run 
very close to at least one other track for 
their full lengths. 
When soldering components onto a cir-

cuit board you must try to orient the iron to 

avoid short circuits caused by excess solder 
flowing between the copper tracks and 
pads. Being careful not to feed an obvious-
ly excessive amount of solder into a joint 
will help in this respect. It is important to 
use an iron having a suitably narrow bit. 
One having a diameter of about 2.5mm is 
suitable. 
No matter how skilfully and carefully 

you proceed, it is probably best to regard 
the occasional short circuit as inevitable. 
This is not to say that it is inevitable that 
the finished printed circuit board will have 
errors and will not work. Most solder blobs 
and trails will be spotted immediately pro-
vided you look carefully at what you are 
doing, and inspect each joint once it is 
completed. 
When a short circuit does occur, the 

excess solder can be removed with the aid 
of even the simplest of desoldering equip-
ment. In most cases it can be wiped away 
using the bit of the soldering iron. The tip 
of the bit should then be cleaned using a 
moist sponge or bit cleaning block. 

Brush-Up and Clean 
The copper side of the completed circuit 

board will probably be contaminated with 
half—burned flux. This can hide small sol-
der trails so it is a good idea to clean the 
underside of the board by brushing it vig-
orously with an old toothbrush. Using some 
form of magnifier greatly increases your 
chances of locating any short circuits. 
At one time it was quite normal for there 

to be problems with so-called 'dry' joints. 
These are produced when the solder fails 
to flow over the lead and pad correctly. 
This can be due to dirt or corrosion on one 
of the surfaces, or inadequate flux in the 
solder. With improvements in components 
and solders this type of thing is relatively 
rare these days. If there is an obvious 
problem with contamination on one of the 
surfaces, scrape it away with the small 
blade of a penknife before trying to make 
the joint. 
A 'dry' joint is usually easy to spot 

because it tends to be something other than 
the usual mountain shape, and the solder 
generally has a dull finish instead of the 
usual shiny type. When a joint appears to 
be at all iffy, remove all the solder, clean 
the two surfaces, and try again. Always 
check that you have not made the alterna-
tive form of 'dry' joint. This is the type 
where you use too little solder to produce a 
proper joint, or you simply forget to do one 
of the connections! 

Gaping Error 
A common mistake made by beginners is 

to leave a gap between the body of the 
component and the circuit board. It is very 
important to ensure that the components 
are fitted right up against the board, as in 
Fig.1(a). If they are spaced off the board or 
fitted at an angle, as in Figs.1(b) and (c) 

respectively, any pressure on the compo-
nent tends to tear the copper pads away 
from the underside of the board. 
Due to the very small pads used on most 

modern circuit boards, they are very vul-
nerable to this kind of damage. Leaving a 
gap is likely to give poor reliability in the 
long term, but that might be irrelevant. 
Handling the board during construction 
could easily result in damage occurring 
before you even get it finished. 

Fig. 1. Components should be mounted 
right against the board, as in (a), and 
not with a gap as in (b) and (c). Leaving 
a gap risks damage to the copper pads 
and tracks on the underside of the 
board. The only time you would inten-
tionally mount a resistor slightly proud 
of the board is if you are using a high 
power/wattage type. As the resistor is 
likely to run 'warm', a small air-gap 
below it will help cooling. 

A gap is most likely to give problems 
with radial electrolytic capacitors and 
inductors. Vertical mounting components 
tend to get knocked slightly before too 
long. The result is that they end up keeled 
over sideways unless they are mounted 
flush with the board. This merely looks a 
bit untidy when looking at the component 
side of the board, but inspecting the cop-
per side of the board is likely to reveal 
some damage to the pads and tracks. 

Fall-Out 
Another potential cause of problems is 

where components are flush with the board 
when the leadout wires are trimmed, but 
they are allowed to fall slightly out of place 
before being soldered into place. This 
leaves the components vulnerable to the 
trouble mentioned previously, but there is 
another potential problem. It is possible 
that the leadout wires will fail to reach the 
soldered joints properly. Everything might 
appear to be fine, but the joints will be 
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physically weak. There is a likelihood of a 
few leadout wires becoming detached from 
the board before too long. 
This problem is fairly easy to spot Apart 

from the fact that the affected components 
will not be flush with the board, things will 
not look right on the copper side of the 
board either. The soldered joints will be 
noticeably flatter than normal, with no hint 
of any leadout wires. This can be seen in 
the middle joint of Fig.2. The fact that the 
joint is offset to one side also suggests that 
all is not well. 
Another cause of this problem is the 

leadout wires simply being cut too short. 
Leaving about three millimetres or so of 
wire protruding through the board is suffi-
cient to provide strong soldered joints. 
Anything less tends to give poor joints, 
while much longer lengths run the risk of 
wires getting bent sideways and producing 
short circuits. 
A similar problem can occur with some 

integrated circuit holders when they are 
used with thick circuit boards. The relative-
ly short pins of some holders barely pro-
trude on the underside of thick circuit 
boards, making it difficult to produce good 
soldered joints. The only solution to this 
problem is to not use this type of holder on 
thick circuit boards. 
There can also be problems with inte-

grated circuit holders that have long and 
rather flimsy pins. It is necessary to take 
due care when fitting these onto the board, 
because it is easy to get a pin buckled under 
the holder rather than fitted into its hole in 
the board. This problem is not obvious 
from the component side of the board, since 
the pin is hidden away out of sight under 
the holder. Provided you are paying proper 
attention, the missing pin should be pretty 
obvious when making the connections on 
the copper side of the board. 

In The Frame 
Soldering components onto a circuit board 

is one of those tasks that is no problem at all 
provided you have three hands! One hand is 
needed to hold the soldering iron, the other 
hand to feed in the solder, and an extra hand 
to hold the board and components in posi-
tion. Most constructors soon develop their 
own ways around this problem. 
A popular solution is to use something 

like a large chunk of 'Plasticine' or Bostik 
'Blu Tack' to hold a few components in 
place, and to temporarily stick the board to 
the workbench with the copper side upper-
most. This keeps the board and components 

firmly in place, and leaves both hands free 
to deal with the solder and the iron. 
There is a more up-market method, 

which is to use a printed circuit construc-
tion frame. These frames differ in points 
of detail, but they all have a large piece of 
soft foam material in the base section. 
There is an adjustable frame into which 
the board is clipped or clamped. The 
components are fitted on the board, 
which is then mounted with the copper 
side facing upwards. This results in the 
component side being pressed down into 
the piece of foam, which presses them 
firmly against the board. 

Fig.2. The middle joint in the front row 
is typical of one where the leadout wire 
has been cut too short, or is othetwise 
not protruding far enough through the 
board. The joint in the background on 
the left looks suspiciously like a 'city' 
joint. 

In theory it is possible to fit all the com-
ponents and then solder them into place. In 
practice this is only possible if all the com-
ponents are quite small. When there is a 
mixture of small and large components 
there is a tendency for the large compo-
nents to hold the foam away from the 
smaller ones. This results in some of the 
smaller components falling out of place. 
The way around this is to deal with the 
small components first, and then progress 
to the larger ones that protrude further 
above the board. 
One slight problem with a printed circuit 

frame is the fairly high cost. It is probably 
not something that you are going to buy in 
order to make your first project. On the 
other hand, if you build projects on a regu-
lar basis one of the lower cost printed cir-
cuit frames is something you are probably 
going to need. 

Although the slow and hesitant approach 
is not a problem with most aspects of con-
struction, it is not one that should be used 
when making the soldered connections. It 
is important to learn the art of making 
quick and effective soldered joints. There is 
an excellent soldering tutorial on the EPE 
web site. 

It is a good idea to practice with a piece 
of stripboard and some cheap components 
such as resistors before starting on your 
first project. You are completing the joints 
too slowly if the components become at all 
discoloured or show any signs of damage. 

Right Component 
Identifying the components and getting 

everything in the right place tends to be 
problematic for beginners. It is not possible 
to cover this subject in the space available 
here, but it is something that has been dealt 
with in many previous articles in this series. 
Do not be tempted to resort to guesswork, 
and do not fit anything on to a circuit board 
until you are sure of its correct position. 
With components that have to be fitted the 
'right way round', such as electrolytic 
capacitors and diodes, do not fit them unless 
you definitely know the right orientation. 
The printed circuit overlay usually pro-

vides a good physical representation of 
each component, and the accompanying 
photographs can also be very helpful. The 
Internet contains a mine of information on 
electronic components in general, and 
semiconductors in particular. It is possible 
to obtain the data sheet for practically any 
semiconductor component by entering its 
type number and 'data sheet' into a good 
search engine. Remember that the conven-
tion is for transistor leadout diagrams to be 
base views, while the pinout diagrams for 
integrated circuits are top views. 

Finally 
When building circuit boards, always 

work to the highest standards you can 
achieve. Produce finished boards that look 
as neat and tidy as possible. This is not just 
a matter of trying to impress your friends 
by making boards that 'look pretty'. In gen-
eral, if a board has been built carefully and 
looks immaculate it will work well. 
Furthermore, it will probably go on func-
tioning efficiently for many years. 
A circuit board that looks a complete mess 

is likely to contain errors, and it will proba-
bly be difficult to get the board working at 
all. Even if the board is made to work, it 
could well be problematic thereafter. 
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C t r AlCs 
A four part beginners guide to using the C programming language 

for PIC microcontrollers 

Part 1 - Introduction, overview and getting started 

W HEN Microchip first introduced 
the PIC range of microcon-

trollers in the early 1990s, they came 
with limited code and data space, 
which meant assembly language 
programming was the only option 
for producing programs. The devices 
were simple and targeted at engineers 
implementing peripheral interface 
controllers — hence the name, PIC 
— and so this limitation was not a 
problem. Engineers became adept 
at assembly language programming, 
so as the devices and the roles they 
were used in became more complex, 
engineers quickly adapted and stayed 
with assembly. 
As PICs became more widely 

available to the hobbyist market, the 
need for easier to use higher level 
languages arose. That need was ini-
tially met by third party vendors who 
supplied devices preprogrammed 
with BASIC interpreters. BASIC, 
although a lot simpler to learn and 
use, is significantly slower than 
assembly due to the way in which 
user code is interpreted rather than 
executed directly. BASIC filled one 
market segment but a more power-
ful solution was still required. With 
time, as PICs grew in code and data 
space, high level language compil-
ers for several languages started to 
become available. 

High Level Languages 
High level languages that can be used 

on microcontrollers require a compiler 
program to convert the language written 
by the user into the low level assembly 
code used by the device itself. Compil-
ers are available for many languages 
including BASIC; in this tutorial series 
we will explore the C programming 
language in the context of PICs. 

By Mike Hibbett 

So why not BASIC? It is after all a 
very popular easy to use language and 
a BASIC compiler would remove con-
cerns over how fast a BASIC program 
executes. There are many reasons; but 
most importantly it is difficult to write 
large programs in BASIC, and the compi-
lation process is not very efficient when 
translating down into assembly. 
There is also an enormous collec-

tion of high quality C software freely 
available on the Internet that can be 
used with only minimal changes in 
a microcontroller application. Micro-
chip themselves provide a large library 
of C source code, which can be used 
'out of the box'. The library includes 
some very complex code such as USB 
driver and TCP/IP stacks — software 
that would be incredibly difficult to 
write in assembly. 

Free C Compilers 
Free C compilers are available from 

several vendors, such as PICC-Lite 
from HiTech and C18 from Microchip. 
There is also the completely free SDCC 
compiler which can be downloaded 
from the Internet. SDCC's support for 
the PIC is still 'work in progress' how-
ever. The free versions of commercial 
compilers typically run in a restricted 
mode; placing a limit on code size is 
the norm. Microchip simply disable 
some of the more advanced optimisa-
tions that are performed during the 
translation to assembly, resulting in 
slightly larger code sizes. 
We will be covering the free com-

piler from Microchip, C18. It integrates 
very well into the MPLAB IDE program 
to provide an excellent development 
environment: editor, compiler and de-
bugger. Microchip's C software library 
is, of course, written with their own 
compiler in mind which will make 

using their code straight forward, as 
we will see later in the series. 

What is C? 
So what is 'C' exactly? The C pro-

gramming language was devised in 
1969 by a team of engineers at Bell 
Labs in the USA, led by an engineer 
named Ken Thompson. Derived from 
an earlier language BCPL, it was in-
tended to be the systems programming 
language for the newly created Unix 
operating system. 

It was formally described in the 
book The C Programming Language 
first published in 1973, and over thirty 
years later that book still serves as the 
definitive reference to the language. 
The language was updated to reflect 
formal standardisation by ANSI during 
the mid 1980's, and a second edition 
of the book released to reflect that. The 
second edition of the book remains the 
current version today. It makes for a 
rather terse read but is a 'must have' if 
you intended to program in C. 
The C programming language is it-

self quite simple and there are only a 
few concepts that need to be mastered 
to understand it. Some people (the 
author included) consider C not to be 
a high level language at all, but instead 
view it as an 'improved' assembler, and 
thus if you are familiar with assembly 
you will pick up C relatively easily. 

Understanding C 
Understanding how to use C in an 

embedded environment, however, can 
be very difficult to grasp, so we shall 
concentrate on setting up and using C 
in an embedded environment during 
these tutorials. If you are new to C itself 
then get a copy of The C Programming 
Language book, and find another book 
that teaches the C language, such as C 
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for Dummies Volumes I and II. There 
are many other books on learning to 
program in C, though, so visit a good 
bookshop before deciding. 

Looking ahead, this tutorial will be 
split into four consecutive articles. 
This one presents an overview of em-
bedded programming in C, installation 
of the compiler software and a quick 
test program to check that everything 
is working. Next month we discuss 
how C programs are structured, what 
goes on during a 'build' and what files 
are created. 

Following that we go into the prob-
lems that are unique to embedded 
programming, covering the normal 
`gotchas' that trip up even the seasoned 
programmer. In the final installment 
we will develop a simple but useful 
PIC application to demonstrate why it 
is worth all the effort. Distanced from 
the complexities of assembly language 
nuances we hope you will discover 
how programming in C can be fun and 
highly productive. 

Assembly Program Writing 
Before we dive into the C program-

ming environment, let's review how 
software is written in assembly. 

Programs are entered into a text file 
using any text editor, often into a sin-
gle file for small programs. For larger 
programs you might place code in ad-
ditional text files that are included into 
the main file by an #include filename 
line (called a directive). Assembly 
language files are typically given the 
file extension of .ASM (upper or lower 
case), although that is not mandatory. 
These files are called source files. 

Usually a single program is respon-
sible for converting the source files 
into a format suitable for loading into 
the chip. They effectively perform 
two steps in one: convert your text 
into the actual binary data required 
by the processor, then translate that 
into a standard format recognised by 
the programming software that we use 
to actually move the program into the 
processor. This final format, typically a 
text file itself, is normally given a file 
extension of .HEX. 

After each step a new file is gener-
ated, and these files will remain in 
your project directory once the process 
has completed. 

Other Files 
Most assembler programs will create 

other files too. These can include the 

raw binary repre-
sentation of your 
program, called 
the object code, 
and a listing output 
that contains your 
original source 
code annotated 
with the actual 
processor instruc-
tions created. 
Assembly lan-

guage programs are 
almost always cre-
ated in 'Absolute' 
format. This means 
that the assem-
bler knows where 
in the processor 
memory space you 
want the program 
to be loaded, as 
indicated by an 
ORG O directive 
that appears at the 
beginning of the 
source file. 

Integrated devel-
opment environ-
ments (IDEs) such 
as TK3 or MPLAB 
are programs that 
help you automate some of these steps 
by providing an editor, assembler, 
simulator, debugger and programmer 
in one program. They essentially per-
form exactly the same steps that you 
would do manually. 
Assembly language programming 

is a straightforward process and 
relatively easy to pick up, enabling 
you to concentrate on the content of 
your program and not be concerned 
about the development process that 
surrounds it. 

test1.Ist test1 map 

C Program Writing 

Programming in C is a little more 
complicated, and programming in C 
for an embedded system, more so. 
Once you understand the principles, 
however, you can ignore them and let 
the development tools do the work for 
you. You will quickly find yourself 
once again concentrating on writing 
the program and letting the tools do the 
rest. Fig.1 shows the steps involved in 
a typical build, or compile, converting 
C source files into a .HEX file. 
During a compile, the compiler 

reads and translates (compiles) each C 
source file individually. The compiler 
has no implicit knowledge of informa-

r--

test1 h test1 c test1 h 

18f2420 lkr 

,3pr) C 

test1 hex 

Fig.1. The steps in producing a C program 

tion held in other C files. If there is a 
call to a function, say getData(); in file 
main.c, if that function was not de-
fined in main.c then the compiler will 
display an error message and stop. 
To use that function you must add 

an extern declaration in main.c. This 
is an instruction to the compiler to say 
'the code for that function is some-
where else; just put a placeholder in 
the object file, the linker will sort it 
out'. These extern declarations are 
normally held in a header file (with 
a .h extension) and included in the C 
source file with an #include statement. 
*include <stdio.h> is an example of 
this. 
Once all of the files have been com-

piled, the linker gets called to fix up 
all those missing extern references and 
to decide where to put the code, then 
spit out a single .HEX file. 

Definitions 
Now we have described the proc-

ess, let's define some of the terms we 
have just used. These terms appear 
frequently so it is important to know 
what each one means. 

Source file: A text file that con-
tains high level or assembly language 
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instructions. Typically, the file that 
you edit. 

Header file: When you want to use the 
functions defined in one file in another, 
you must declare those functions before 
their use using an extern statement. 
This is typically done by placing all the 
extern statements in a header file, which 
has a .h extension to its name. 

Makefile, workspace: A file that 
contains a list of commands required 
to be executed to translate your source 
files into a program. It typically con-
tains a list of those files, and the op-
tions to give the compiler and linker 
when they are run. There is normally 
one makefile per project. 

Compiler: A program that translates 
a higher level language (in our case C) 
into assembly code. 

Assembler: A program that trans-
lates assembly code into object code, 
the raw binary instructions used by 
the microcontroller. It may also create 
a text format file that can be read by 
programming hardware. 

Linker: A program that collects 
several object code files and adds the 
'links' so that calls to routines in dif-
ferent files match up. It also generates 
the text format output file that can be 
read by programming hardware. 

Librarian: A program that can 
collate many object code files into a 
single file, called a .lib file. This can 
be useful if you want to create re-us-
able utility modules and store them in 
a single file. The use of the librarian 
is optional and we will not cover it in 
this tutorial series. 

Compile: The act of running the 
compiler on a source file. 

Build, Make: Generic terms which 
refer to the act of running the compiler, 
assembler and linker on a collection 
of one or more source files to create a 
program file. 

Using a good IDE will hide all of 
these steps from you, but remember 
they are still happening in the back-
ground when you compile your code. 

Installation 
Before installing the software, we 

must download it. The IDE and C com-
piler come as two separate downloads; 
the IDE is 37MB and the compiler 
23MB. If you don't have a high speed 
internet connection then we suggest 
you find a friend who has, and ask them 
to download the two files for you. 

Configuration Options 

In the list below, select the checkboxes for the desired 
configuration options. 

(7 Add MPLAB 018 to PATH environment variable 

rti Add MPASM to PATH environment variable 

17 Add header file path to MCC_INCLUDE environment variable 

rki. Modify PATH and MCC_INCLUDE variables for all users 

R-0- Update MPLAB IDE to use this MPLAB C18 
J e- Update MPLAB IDE to use this MPLINK Linker, 

MPLIB Librarian, and MPASM Assembler 

Perform MPLAB IDE updates for all user 

< Back I Next > I [_ancel 

Fig.2. Configuration options for the Microchip C Compiler 

Go to the Microchip website, and 
on the main site under the heading 
'Design' click on the `MPLAB IDE' 
link. Download MPLAB IDE — 'MPLAB 
IDE v7.41 Full Zipped Installation' 
from the bottom of the page under 
'Software Downloads'. Save it to your 
hard drive. 
Back on the main page go to 'De-

velopment Tools' and then MPLAB 
C18 compiler. At the bottom click on 
`MPLAB C18 v3.02 Student Edition 
with docs'. If you haven't done so 
already, you will be asked to register 
with the website before being allowed 
to download the file. This is a free 
registration process requiring you to 
enter your name and address. 
Once you have done this, you will 

be returned to the download page. 
Click on the link `MPLAB C18 v3.02 
Student Edition with docs' again and 
save this file to your harddrive. 
Once both have downloaded, double-

click on the file MP741.zip and extract 
the files into a temporary folder on your 
desktop. In that directory, double-click 
on MP741_setup.exe to start the instal-
lation. Accept the defaults, answer 'I 
agree' to the usual license statement 
and the installation will start. When the 
MPLAB IDE Document Select dialog 
appears, close it. Once the installation 
completes, you can then start installa-
tion of the C compiler. 

Double-click on the MPLAB-C18-
Student-Edition.exe file that you down-

loaded earlier. Agree to the license, and 
accept all other defaults except at the 
Installation options screen (see Fig.2). 
Enable all the options as shown. Click 
Next and continue accepting the de-
faults to complete the installation. When 
it finishes, you can delete the temporary 
directory you created earlier. We recom-
mend keeping the original downloaded 
installation files in case you need to 
reinstall them at a later date. 

Well done! You now have an inte-
grated editor, debugger, simulator and 
C compiler system installed. That was 
the easy bit; now, how do we use it? 

Getting Started 
As part of the installation, a desktop 

icon will have been created which can 
be used to start the IDE. Before you 
do, it's worth taking a look at some 
of the documentation for the IDE and 
compiler. 
Documentation for the IDE can 

be found on the Microchip website 
at the bottom of the page where you 
downloaded the install file. The Users 
Guide and Quick Start Guide should be 
downloaded, and read at your leisure. 
Documentation for the C compiler will 
have been installed on your computer 
in the default documentation directory, 
C:\MCCIB\Doc. The Getting-Started, 
Libraries and Users Guide are all invalu-
able and you will certainly be referring 
to at least the last two while you become 
more proficient with the compiler. 
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Let's wrap up this introduction with 
our first simple C program. It's a very 
simple example that just toggles the 
PORTB outputs on and off. It looks 
like that in Listing 1. 
The first line, #include <pl8f2420. 

h>, instructs the compiler to load a file 
from the C compiler's standard header 
file directory C:\MCCI8\h. This file 
contains some useful variable names 
for the standard features of the chip 
we will be using. In this example, 
we are using the variables TRISB and 
PORTB. The second line, #pragma 
config WDT = OFF, ensures that the 
watchdog option will be disabled in 
the configuration bits. The rest of the 
code simply sets Port B as an output, 
then enters an infinite loop turning the 
port outputs off, delaying for a short 
time, then back on. 

Listing 1 

#include <p18f2420.h> 
#pragma config WDT = OFF 
void main(void) 
1 

int 1p; 
TRISB = Ox00; 
while 1 ) f 

PORTB = Ox00; 
for (1p=0; 1p < 10000: 

PORTB = OxFF; 
for (1p=0; 1p < 10000: 

Unlike assembly language pro-
grams, there is no need to specify a 
start address. All C programs start 
automatically at the main() function. 
We will explain more about how this 
occurs later in the tutorial. 

Start the MPLAB IDE by double-
clicking on the desktop icon. From the 
menu bar select Project, then Project 
Wizard. In the dialog box that appears 
click Next. You are now prompted 
to enter a processor for this project. 
Choose PIC18F2420, then click Next. 
You are now prompted to select the 
language toolset; this should default 
to Microchip C18 Toolsuite, so just 
click Next. 
Now enter a name for this project en-

ter 'testr and select a directory where 

you would like 
the project files 
to go. Let's put 
it on the desk-
top, so click on 
Browse, then 
click once on 
Desktop. Click 
on the Make New 
Folder icon and 
then type ' testl.' 
and click on OK. 
Now click on 
Next. You are 
now prompted 
to select any ex-
isting files that 
you want to add 
to the project. 
We haven't cre-
ated any yet, so 
just click Next, 
then Finish. 

Save As 

Save it .41 e e 

File name: 

Save as type: All Source Files 

Encoding ANSI 

El Add Re To Project 

V 

[ Save 

Cancel 1 

Help 

Fig.4. File saving panel 

Source Creation 
We have just created an empty 

project, and the IDE should display 
something like Fig.3. The dialog la-
belled testl.mcw is a 'control panel' 
that lists all your files that make up the 
project. We can use this dialog to add 
new files to the project. Let's start by 
creating our source file. 
From the main menu bar click on 

File and then New. A new, empty 
text editor window appears, labelled 
'Untitled'. Type program Listing 1 into 
this window. When you have finished, 
select File from the main menu bar 
and then Save. A dialog similar to 
Fig.4 will appear. Type in the file name 
as lesttc'. We need to save it in our 
project directory, so click the Save in: 
drop down list box and navigate to 
the testl directory you created earlier. 
Click on the Add File To Project check 
box, then click on Save. You will see 
the filename appear in the testl.mcw 

-J testl.mcp 

-LI Source Files 
Header Files 

tJ Object Files 
C.3 Library Files 

Linker Scripts 

Other Files 

Fig.3. IDE File source panel section 

window, confirming it has been added 
to the project. 
There is one final step now, before 

we can build the project. We must 
add a ' linker file' to the project. This 
file will tell the linker program where 
the various memory sections should 
reside inside the microcontroller. 

Since each PIC has different code 
and memory sizes, there is naturally a 
different configuration per processor. 
Fortunately, Microchip have defined 
default linker files for each processor 
so we just have to select the appropri-
ate one and add it to our project. 

In the MPLAB IDE main window, 
select the testl.mcw window, position 
the mouse over the 'Linker Scripts' 
icon and right-click. From the pop-up 
window select Add Files.... In the Add 
files to Project dialog that appears, 
browse to the directory C: \MCC18 \11cr 
and double-click on the file 18f2420. 
lkr. The filename should now ap-
pear in the testl.mcw window under 
'Linker Scripts'. 

Compilation 
That's it! You are now ready to 

compile your first program. From 
the main menu bar of the IDE select 
Project and then Build All. A new win-
dow labelled Output appears, which 
displays the progress of the various 
programs involved in creating your 
program. The final line of text writ-
ten to this window should say BUILD 
SUCCEEDED. 

If all went well, you can close the 
Output window— it is only a temporary 
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message display. If the build failed, for 
example if you made a typing mistake, 
you can scroll back through the win-
dow to locate the source of the error 
message. Doubling-clicking on the line 
with the error message will take you 
straight to the offending line in your 
source file. 
The program .hex file will appear 

in the test1 directory, along with a 
number of other useful files. You can 
program this .hex file into a chip and 
try it out, but we can also run it imme-
diately in the IDE's built-in simulator. 
Let's give that a go now. You are only 
a few mouse clicks away. 
From the IDE main menu bar, click 

on Debugger, then Select Tool. Click on 
MPLAB SIM. From the main menu bar 
click on Debugger again, then Run. 
A new source file will open up, 

c018i.c, on the line 
asm goto _startup _endasm 

This is the true start point of your 
program; it runs before your main() 
routine to set up the C language en-
vironment (more on that later). Click 
Run again from the Debugger menu. 
At the bottom of the IDE window you 
will see the word 'Running..'. Select 
Halt from the Debugger menu and 
the program will stop running, with 
the cursor positioned at the next C 
language instruction to run. You can 
single step (run one line of code at a 
time), animate it (watch the code run-
ning, at a slow speed) or select Run to 
return to high speed execution. 

If you are curious about the transla-
tion of your code from C to assembly, 
look in the file testlist. This contains 
the C code annotated with the assem-
bly language generated. You can see all 
the code that runs before your main() 
function, and also see how each line 
of code is translated. You may be sur-

prised by how much code is actually 
generated. Again, we will explain this 
later, and how you can optimise your 
programs. 

Onwards 
This has been a short whistle-stop 

tour through the build process; we 
will expand on the details in later 
tutorial articles. If you would like 
to experiment more before next 
month, then feel free to run through 
some of the examples in the 'Getting 
started' guide in the C: \MCC18 \ doc 
directory. 
Next month we look in more detail 

at how the project files are organised, 
and what goes on during the build 
process. Until then, have fun! 

Resources 
www.microchip.com — Microchip 

website 

PicoScope 3000 Series 
PC Oscilloscopes 

The PicoScope 3000 series oscilloscopes are the latest 

offerings from the market leader in PC oscilloscopes 

combining high bandwidths with large buffer memories. 

Using the latest advances in electronics, the 

oscilloscopes connect to the USB port of any modern PC, 

making full use of the PCs' processing capabilities, 

large screens and familiar graphical user interfaces. 

• High performance: 10GS/s sampling rate 

& 200MHz bandwidth 

• 1MB buffer memory 

• High speed USB 2.0 interface 

• Advanced display & trigger modes 

• Compact & portable 

• Supplied with PicoScope & PicoLog software 

Tel: 01480 396395 

www.picotech.com/scope364 

lamoScepe 
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SERIAL COMMUNICATIONS SPECIALISTS 
Test and Measurement Solutions 

featured products 

CAN-USB 
USB - CAN Bus adapter 

£81.50 

CAN-232 
RS232 - CAN Bus Adapter 

£61.00 

Affordable CAN Bus Solutions from £61 ( CAN- 232 ) 

CANUSB and CAN- 232 are small adapters that plug into any PC USB / RS232 

Port respectively to give instant CAN connectivity. These can be treated by 

software as a standard Windows COM Port Sending and receiving can be 

done in standard ASCII format. These are high performance products for 

much less than competitive solutions. 

== = Bronze Prize Winner === 
NASA Tech Briefs 2004 
Products of the Year 

£125.00 

ANT16 
16 channel logic analyzer 

- probe set extra 

£195.00 

2 channel 1MS/s PC scope, 

signal generator & data logger 

USB Instruments - PC Oscilloscopes & Logic Analyzers 
Our PC Instruments may be budget priced but have a wealth of features 

normally only found in more expensive instrumentation. Our oscilloscopes 

have sophisticated digital triggering including delayed timebase and come 

with application software and DLL interface to 3rd Party apps. Our ANTE{ 

and ANTIS Logic Analyzers feature 8/16 capture channels of data at a 

blazing 500MS/S sample rate in a compact enclosure. 

Low Profile version 

also available uPCI-400HS 
4 Port UPCI RS232 Serial Card 

Spider Cable or COMBOX IO 

£65 00 ( extra ) 

£10 00 

UPCI Serial Cards from £15 ( uPCI-100L ) 

Discover our great value for money range of multi-port uPCI serial cards. 

Supporting from one to eight ports, the range includes RS232, RS422, 

R5485 and opto-isolated versions. Our 4 port and 8 port models can connect 

through external cables or the innovative wall mounting COMBOX 

USB-2COM-M £36.00 

2 Port Industrial USB RS232 Serial 

with wall mount bracket and 5V 

DC auxiliary output 

*. NEW LOW PRICE .•* 

USB-COM-PL 
£12.50 

Quality USB to RS232 converter 

cable with detachable 10cm 

extender cable. FTDI Chipset 

and Drivers for superior 

compatibility and O.S. support. 

1 to 16 port USB to Serial Adapters from £12.50 

With over 20 different models available, we probably stock the 

widest range of USB Serial Adapters available anywhere. We offer 

converter cables, multi-port enclosure style models in metal and 

plastic, also rack mount units with integral PSU such as the USB-

16COM-RM. Serial interfaces supported include RS232, R5422 and 

RS485. We also supply opto-isolated RS422 and RS485 versions for 

reliable long distance communications. All our USB Serial products 

are based on the premium chipsets and drivers from FTDI Chip for 

superior compatibility, performance and technical support across 

Windows, MAC-OS, CE and Linux platforms. 

NETCOM-8' 
£350.00 

8 Port Industrial Ethernet RS232 

/ RS422 / RS485 Serial Server 

with wall mount bracket and 

PSU. 

ES-W-3001-M 
£125.00 

Single Port high performance 

Industrial Wireless Ethernet 

RS232 / R5422 / R5485 Serial 

Server with PSU and wall mount 

bracket. Connects wired also. 

Ethernet & Wi-Fi 802-11b/g RS232/422/485 Serial Servers 

One to eight port industrial strength Ethernet and Wireless ethernet 

serial RS232/RS422/RS485 Servers. Connect to your serial device 

remotely over your Wireless network, Ethernet or via the Internet. 

Based on the 32-bit ARM CPU these systems offer powerful serial 

connectivity and a wealth of features. WLAN models comply with IEEE 

802.11b/g, max. 54 Mb/s and also offer a 10/100Mbps secondary 

ethernet connection. All models come complete with PSU. 

Prices start at only f8500 ( NetCOM 111 ). 

EasySync Ltd 
373 Scotland Street 

Glasgow G5 8QB U.K. 

Tel: + 44 ( 141) 418-0181 Fax: + 44 ( 141) 418-0110 

Web : http://www.easysync.co.uk 

E- Mail: sales@easysync.co.uk 

Prices shown exclude carriage and VAT where applicable 



EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 
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Circuit simulation screen 

Logic Probe testing 

ELECTRONICS CD-ROMS 
ELECTRONICS PROJECTS 

Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix's CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 
The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 

ELECTRONIC CIRCUITS & COMPONENTS V2.0 
Provides an introduction to the 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. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections 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 will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 
Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 

ANALOGUE ELECTRONICS 
- 

r ,== 
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Complimentary output stage 

Analogue Electronics is a complete learning resource for this most difficult 
branch of electronics. The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic circuit 
simulator with over 50 pre-designed circuits. 
Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections),Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters — Passive Filters ( 10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8- Bit ADC plus a gallery showing representative p.c.b. photos. 

DIGITAL ELECTRONICS V2.0 
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Filter synthesis 

Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), 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. 
Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. ND and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venn diagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 

ANALOGUE FILTERS 
Analogue Filters is a complete course in designing active and passive filters that 
makes use of highly interactive virtual laboratories and simulations to explain 
how filters are designed. It is split into five chapters: Revision which provides 
underpinning knowledge required for those who need to design filters. Filter 
Basics which is a course in terminology and filter characterization, important 
classes of filter, filter order, filter impedance and impedance matching, and effects 
of different filter types. Advanced Theory which covers the use of filter tables, 
mathematics behind filter design, and an explanation of the design of active 
filters. Passive Filter Design which includes an expert system and filter 
synthesis tool for the design of low-pass, high-pass, band-pass, and band-stop 
Bessel, Butterworth and Chebyshev ladder filters. Active Filter Design which 
includes an expert system and filter synthesis tool for the design of low-pass, 
high-pass, band-pass, and band-stop Bessel, Butterworth and Chebyshev 

ELECTRONICS 
CAD PACK 

11. ••• tio , nap 

PCB Layout 

Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE-
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 

ROBOTICS & 
MECHATRONICS 

Case study of the Milford 

Instruments Spider 

Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
• Interactive Virtual Laboratories 
• Little previous knowledge required 
• Mathematics is kept to a minimum and 

all calculations are explained 
• Clear circuit simulations 

PRICES 
Prices for each of the CD-ROMs above are: 

(Order form on third page) 

Hobbyist/Student £45 inc VAT 
Institutional (Schools/HE/FE/Industry) £99 plus VAT 
Institutional 10 user (Network Licence) £249 plus VAT 
Site Licence £499 plus VAT 
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PlCmicro TUTORIALS AND PROGRAMMING 
HARDWARE 

VERSION 3 PlCmicro MCU 
DEVELOPMENT BOARD 

Suitable for use with the three software packages 
listed below. 

This flexible development board allows students to learn 
both how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices from the 
12, 16 and 18 series PlCmicro ranges. For experienced 
programmers all programming software is included in the 
PPP utility that comes with the development board. For 
those who want to learn, choose one or all of the packages 
below to use with the Development Board. 
• Makes it easier to develop PlCmicro projects 
• Supports low cost Flash-programmable PlCmicro devices 
• Fully featured integrated displays — 16 individual I.e.d.s, 

quad 7-segment display and alphanumeric I.c.d. display 
• Supports PlCmicro microcontrollers with AID converters 
• Fully protected expansion bus for project work 
• USB programmable 
• Can be powered by USB (no power supply required) 

SOFTWARE 

£158 including VAT and postage 

supplied with USB cable and 

programming software 

Suitable for use with the Development Board shown above. 

ASSEMBLY FOR PlCmicro V3 
(Formerly PICtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PICtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PPCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and seep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro micro-
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PlCmicro MCU as each instruction is 
executed which enhances understanding. 
• Comprehensive instruction through 45 
tutorial sections • Includes Vtab, a Virtual 
PlCmicro microcontroller: a fully functioning 
simulator • Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications • Includes MPLAB assembler 
• Visual representation of a PlCmicro 
showing architecture and functions • 
Expert system for code entry helps first time 
users • Shows data flow and 'etch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc) • Imports 
MPASM files. 
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'C' FOR PlCmicro 
VERSION 2 

The C for PlCmicro microcontrollers CD-
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all tne 
software tools neeoed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compiler for a wide range 
of PlCmicro devices. 
Although the course focuses on the use of 
the PlCmicro mic-ocontrollers, this CD-
ROM will provide a good grounding in C 
programming for any microcontroller. 
• Complete course ir C as well as C 
programming for PlCmicro microcontrollers 
• Highly interactive course • Virtual C 
PlCmicro improves understanding • 
Includes a C compiler for a wide range of 
PlCmicro devices • Inciudes full Integrated 
Development Environment • InclJdes 
MPLAB software • Compatible with most 
PlCmicro programmers • Includes a 
compiler for all the PlCmicro devices. 
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Minimum system requirements for these 
items: Pentium PC running Windows 98, 

NT, 2000, ME. XP. CD-ROM arive; 
64MB RAM; 10MB hard disk space. 

FLOWCODE FOR PlCmicro V2 
Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes. 
Flowcode is a powerful language that uses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and I.c.d. displays. The use of 
macros allows you to control these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 
Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
you to program chips in minutes. 
• Requires no programming experience 
• Allows complex PlCmicro applications to 
be designed quickly • Uses international 
standard flow chart symbols (IS05807) • 
Full on-screen simulation allows debugging 
and speeds up the development process 
• Facilitates learning via a full suite of 
demonstration tutorials • Produces ASM 
code for a range of 18, 28 and 40-pin 
devices • Professional versions include 
virtual systems (burglar alarm, buggy and 
maze, plus RS232, IrDa etc.). 

31. m•Itelee•e• 

PRICES 
Prices for each of the CD-ROMs above are: 

(Order form on next page) 

Hobbyist/Student 
Flowcode V2 Hobbyist/Student 
Institutional (Schools/HE/FE/Industry) 
Flowcode Professional 

Institutional/Professional 10 user (Network Licence) 
Site Licence 

£45 inc VAT 
£57 inc VAT 

£99 plus VAT 
£99 plus VAT 

£300 plus VAT 
£599 plus VAT 

(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE DIGITAL WORKS 3.0 
EPE's own Teach-In CD-ROM, contains 
the full 12-part Teach-ln 2000 series by 
John Becker in PDF form plus the Teach-
In interactive software (Win 95, 98, ME 
and above) covering all aspects of the 
series. We have also added Alan 
Winstanley's highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. The 
Teach-In series covers: Colour Codes and 
Resistors, Capacitors, Potentiometers, 
Sensor Resistors, Ohm's Law, Diodes 
and L.E.D.s, Waveforms, Frequency and 
Time, Logic Gates, Binary and Hex Logic, 
Op.amps, Comparators, Mixers, Audio 
and Sensor Amplifiers, Transistors, 
Transformers and Rectifiers, Voltage 
Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, Digital-to-Analogue. 
Each part has an associated practical section and the series includes a simple PC 
interface (Win 95, 98, ME ONLY) so you can use your PC as a basic oscilloscope with the 
various circuits. 
A hands-on approach to electronics with numerous breadboard circuits to try out. 

£12.45 including VAT and postage. Requires Adobe Acrobat (available free from the 
Internet - www.adobe.com/acrobat). 

FREE WITH EACH TEACH-IN CD-ROM - Understanding Active Components booklet, 
Indentifying Electronic Components booklet and The Best Of Circuit Surgery CDROM. 
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FREE TWO 
BOOKLETS 

PLUS CD-ROM 
WITH 

TEACH-IN 
2000 

eel PROJECT DESIGN WITH CROCODILE TECHNOLOGY 
An Interactive Guide to Circuit Design 

An interactive CD-ROM to guide you through the process of circuit design. Choose from an extensive range of input, 
process and output modules, including CMOS Logic, Op-Amps, PIC/PICAXE, Remote Control 
Modules ( IR and Radio), Transistors, Thyristors, Relays and much more. 
Click Data for a complete guide to the pin layouts of i.c.s. transistors etc. Click More Information 
for detailed background information with many animated diagrams. 
Nearly all the circuits can be instantly simulated in Crocodile Technology* (not 
included on the CD-ROM) and you can customise the designs as required. 

WHAT'S INCLUDED 
Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch 
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers, 
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output 
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment Displays. 
Data sections with pinouts etc., Example Projects, Full Search Facility, Further 
Background Information and Animated Diagrams. 
Runs in Microsoft Internet Explorer 
'All circuits can be viewed, but can only be simulated if your computer has Crocodile 
Technoloy version 410 or later. A free trial version of Crocodile Technology can be 
downloaded from: www.crocodite-clips.com. Animated diagrams run without Crocodile Technology. 

Single User £39.00 inc. VAT. 
Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT. 

(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 
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Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability • Software 
for simulating digital logic circuits *Create 
your own macros - highly scalable 'Create 
your own circuits, components, and i.c.s 
'Easy-to-use digital interface *Animation 
brings circuits to life *Vast library of logic 
macros and 74 series i.c.s with data sheets 
*Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 
Institutional 10 user £249 plus VAT. 
Site Licence £599 plus VAT. 

ELECTRONIC 
COMPONENTS PHOTOS 

A high quality selection of over 200 JPG 
images of electronic 
components. This 
selection of high 
resolution photos can be 
used to enhance 
projects and 
presentations or to help 
with training and 
educational material. 
They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions - see licence for 
full details). 
Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 - Paint Shop Pro image 
editing tips and on-line help included! 

Price £19.95 inc. VAT 

Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive. 32MB RAM. 10MB hard disk space. Windows 95/98/NT/2000/ME'XP, mouse, sound card, web browser. 

Please send me: CD-ROM ORDER FORM 
Electronic Projects 
Electronic Circuits & Components V2.0 
Analogue Electronics 
Digital Electronics V2.0 
Analogue Filters 
Electronics CAD Pack 
Robotics & Mechatronics 
Assembly for PlCmicro V3 
'C' for PlCmicro V2 
Flowcode V2 for PlCmicro 
Digital Works 3.0 

Version required: 
D Hobbyist/Student 
D Institutional 
E Institutional/Professional 10 user 
D Site licence 

PlCmicro Development Board V3 ( hardware) 

D Teach-In 2000 + FREE BOOK 
D Electronic Components Photos 
E Project Design - Single User 
E Project Design - Multiple User (under 500 students) 

D Project Design - Multiple User (over 500 students) 

VISA 

Dorn tlta, 
hrinntakmal 

Malutro 

Note: The software on each version is 
the same, only the licence for use varies. 

Full name:   

Address:   

 Post code' Tel. No:   

Signature.  

D I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
E Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £ 

Valid From.  Card expiry date:   

Card No:   Switch Issue No  

Card Security Code (The last 3 digits on or just under the signature strip) 

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 

Institutional, Multiple User and Deluxe 
Versions - overseas readers add £5 to the 
basic price of each order for airmail postage 
(do not add VAT unless you live in an EU 
(European Union) country, then add 171/2 % 
VAT or provide your official VAT registration 
number). 

Send your order to: 

Direct Book Service 

Wimborne Publishing Ltd 

408 Wimborne Road East 

Ferndown, Dorset BH22 9ND 

To order by phone ring 

01202 873872. Fax: 01202 874562 
Goods are normally sent within seven days 

E-mail: orders@wimborne.co.uk 

Online shop: 
www.epemag.wimborne.co.uk/shopdoor.htm 
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Readers' Circuits 

Ingenuity Unlimited 
WIN A PICO PC-BASED 

OSCILLOSCOPE WORTH £586 
• 5GS/s Dual Channel Storage 

Oscilloscope 

• 50MHz Spectrum 
Analyser 

• Multimeter 

• Frequency Meter 

"":•, • USB Interface. 
If you have a novel 

1 circuit idea which 
w ould be of use to 

other readers then a 
e , " 

Pico Technology PC-based oscilloscope could be yours. 
Every 12 months, Pico Techrology will be awarding a 

PicoScope 3205 digital storage oscilloscope for the best IU 
submission. In addition a DrDAQ Data Logger/Scope 

worth £59 will be p:esented to the runner up. 

Our regular round-up of 
readers' own circuits. 
We pay between £ 10 and 
£50 for all material pub-
lished, depending on length 
and technical merit. We're 
looking for novel applications and circuit designs, not simpIy mechani-
cal, electrical or software ideas. Ideas must be the reader's own work 
and must not have been published or submitted for publication else-
where. The circuits shown have NOT been proven by us. Ingenuity 
Unlimited is open to ALL abilities, but items for consideration in this 
column should be typed or word-processed, with a brief circuit 
description (between 100 and 500 words maximum) and include a full 
circuit diagram showing all component values. Please draw all circuit 
schematics as clearly as possible. Send your circuit ideas to: 
Ingenuity Unlimited, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. (We do not accept submissions 
for IU via email.) Your ideas could earn you some cash and a prize! 

Disco Light — Illumination for a few coppers 

THE circuit of Fig. I might be described 
as a 'Poor Man's Disco Light'. 

Arguably it is the simplest such circuit that 
could be conceived. It conveniently attach-
es directly to the loudspeaker cables of 
one's power amplifier — provided that the 
output is above about two watts RMS, 
which is required for it to ' fire up' ( if 
desired, the sensitivity of the circuit may 
be greatly increased with a simple pream-
plifier stage with a gain of about five, as 
covered in the Teach-In 2006 series). 

Circuit Details 
ICI is a voltage controlled oscillator 

(VCO), which is controlled by the voltage 
at its CTRL pin 9, tapped from a loud-
speaker of one's power amplifier (points 
A and B in the circuit diagram). 
Alternatively, the input may be tapped 
from the two positive leads of stereo loud-
speakers for a more interesting effect. [Cl 
is surely the simplest and most versatile 
VCO available. Strictly speaking, it is a 
phase-locked loop, of which only the oscil-
lator section is put to use. 
The frequency of switching Is deter-

mined by the value of resistor RI. If 
desired, a high value resistor may be wired 
from ICI pin 12 to OV, to raise the mini-
mum speed of switching (as shown, bulb 
LP I does not switch at all when the circuit 
is quiescent). 
As the voltage at CTRL pin 9 rises, so 

0/P (output) pin 4 begins to switch on and 
off. Resistor R2 is not strictly necessary, 
but serves to protect the circuit (and per-
haps the amplifier) should TRI fail. The 

greater the overall amplitude and 'density' 
of the music, the faster the 0/P will switch, 
thus potentiometer VR1 is provided to 
adjust the input amplitude to provide an 
agreeable result. 

Almost any n-channel power MOSFET 
may be used for TRI. The power MOSFET 
shown (an IRF6 1 0) can handle up to 36W. 
A heatsink would be required if it should 
be pushed past about I 5W. 
The result is a unique disco effect that is 

a function of the amplitude of the music 
and the beat combined. Perhaps the best 
way to describe it is that it captures the 
'ambience' of the music. 

Thomas Scarborough. 
Cape Town, South Africa 

INGENUITY 
UNLIMITED 

BE INTERACTIVE 

LU is your forum where you 
can offer other readers the 
benefit of your Ingenuity. 

Share those ideas, earn some 
cash and possibly a prize. 

Fig.1 Complete circuit diagram for the poor man's' Disco Light 
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all electronic 
components and 
clear English 

instructions. 
Suitable for 6, 12 
and 24V batteries 
• Powered by the 
battery itself 

Theremin Synthesiser MKII 
KC-5426 £43.50 -•- post & packing 

By moving your hand between the metal 

antennae, create unusual sound effects! The 
Theremin Mk11 improves on its predecessor by 
allowing adjustments to the tonal quality by 

providing a better waveform. With a multitude of 
controls, this instrument's musical potential is only 
limited by the skill and imagination of its player. 
Kit includes stand, PCB with overlay, machined 
case with silkscreen printed lid, loudspeaker, pitch 

antennae, all specified electronic components 
and clear English instructions. 
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IR Romote Control 
Extender MKII 
KC 5432 £ 7.25 + pon & packing 

Operate your DVD player or digital decoder 
using its remote control from another room. It 
picks up the signal from the remote control and 

sends it via a 2-wire cable to an infrared LED 

located close to the device. This improved 
model features fast data transfer, capable of 
transmitting Foxtel digital remote control signals 

using the Pace 400 series decoder. Kit supplied 
with case, screen printed front panel, PCB with 
overlay and all electronic 

components. 

Requires 9VDC 
wall adaptor 

(Maplin #GS74R 
£9.99) 

Battery Zapper WIKII 
KC-5427 £29.00 + pcst & packing 

This kit attacks a common cause of failure in wet 
lead acid cell batteries: sulphation. The circuit 

produces short bursts of high level energy to 
reverse the damaging sulphation effect. This new 

improved unit features a battery health checker 
with LED indicator, new circuit protection against 
badly sulphated batteries, test points for a OMM 

and connection for a battery charger. Kit includes 
case with screen printed 

xi" 

'enPrOVed 
Model! 

' 
lid, PCB with overlay, Improved 

Model! - 

Requires 9-12VD7 

wall adaptor / 

(Maplin #.1C91Y 

£14.99) 
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Galactic Voice Kit 
KC-5431 £ 13.25 + post & packinç 
Be the envy of everyone at 
the next Interplanetary 
Conference for Evil 

Beings with this galactic 
voice simulator kit. 

Effect and depth 

controls allow you to 
vary the effect to 
simulate everything from 

the metallically-challenged 

C- 3P0, to the hysterical 
tanting of Daleks hell-bent on exterminating 

anything not nailed down. The kit includes PCB 

with overlay, enclosure, speaker and all 
components. For those who really need to get out 

of the house a lot more. Take me to your leader. 
• Requires 9V battery 

NEwnt. 
FOR %AP 

High Range Adpstable 

Switch with LCD 
KC- 537E .€2; 75 + post é, pdcku g 
This temperature switch can be set anywhere up 
to 1200°C, so its extremely versatile. The relay 
can be used to trigger an extra thermo fan on an 

intercooler, mount a sensor near your turbo 
manifold and trigger water spray cooling, or a 
simple alarm to warn you of overheating. The LCD, 
which can easily be dash mounted, displays the 

temperature constantly. Kit supplied with solder 
masked PCB with overlay, LCD panel, temperature 

probe and all electronic components. / 

POST AND PACKING CHARGES: 

Order Value Cost Order Value Cost  
£20 - £49.99 £5 £200 f499.99 £30 

I f50 - £99.99 £10 £500+ £40 
£100 - f199.99 f20 

Max weight 12Ib ( 5kg). Heavier 
parcels POA. Minimum order £20. 

Magnetic Cartridge Pre-amp 
KC-5433 £ 11.75 + post & packing 
This kit is used to amplify the 3-4mV signals from 

a phono cartridge to line level, so you can use your 
turntable with the CD or tuner inputs on your Hi-Fi 
amplifier - most modern amps don't include a 
phono input any more. Dust off the old LP 

collection or use it to record your LPs on to CD. 
The design is suitable for 12" LPs, and also allows 
for RIAA equalisation of all the really old 78s. 

Please note that the input sensitivity of this design 
means it's only suitable for moving-magnet, not 

moving-coil cartridges. Kit includes PCB with 

overlay and all electronic 

components. 

Psw.u6 

Requires 12VAC 

wall adaptor 

(Maplin #GU1OL £9.99) 
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Universal Hie; Energy Ignition Kit 
KC- 5419 £27.75 + post & packing 
A high energy 0.9ms spark burns fuel faster and 
more efficiently to give you more power! This 
versatile kit can be connected to conventional 
points, twin points or reluctor ignition systems. Kit 
supplied with diecast case, PCB and ell electronic 

components. 

We stock 
-% an extensive 

..\ P' 
range of quality 
automotive — ---.\-____---

kits — 

3.9cUr 

Smart Fuel Mixture Display Kit 
KC-5374 £ 3.95 + post & packing 
This kit features auto dimming for night driving, 

emergency lean-out alarm, better circuit 
protection, and a ' dancing' display which functions 
when the ECU is operating in closed loop. Kit 

supplied with PCB and all electronic components. 

• Car must be fitted with air flow and EGO 

sensors (standard on all EFI systems) for full 
functionality. 
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Intelligent Turbo Timer Kit 
KC- 5383 £ 14.75 + post & packing 
This great module uses input from an airflow, 
oxygen, or MAP sensor to determine how hard 
the car has been driven. It then uses this 
information to calculate how long the car needs to 

idle, reducing unnecessary idle time. The 
sensitivity and maximum idle time are both 

adjustable, so you can be sure your 

turbo will cool properly. Kit supplied 
with PCB, and all electronic 

components. 

Recommended box UB3 

(HB-6013) £ 1.40 each 
1 • t 



ON-LIN IT'S NO PRICKLY 
PROBLEM 

 SS STOP PRESS 
EPE had been publishing a series of popular kits by the acclaimed Silicon Chip Magazine Australia. These projects are 

brilliantly designed, 'bullet proof' and already tested down under. All Jaycar kits are supplied with specified board 

components, quality fibreglass tinned PCBs and have clear English instructions. 

Delta Throttle Timer 
KC-5373 £7.95 + pos: 8. pacicing 

/ 
It will trigger a relay when the throttle is „ 'As published 
depressed or lifted quickly. There is a long list ir: this month's 
of uses for this kit, such as automatic ....Everyday Practical 
transmission switching of economy to power Electronics 
modes, triggering electronic blow-off valves on Magazme — 
quick throttle lifts and much more. It is completely 't ••.„ 

adjustable, and uses the output of a standard throttle 
position sensor. Kit supplied with PCB and all 

electronic components. 

Recommended box UB3 
H3-6013 £ 1.05 

Smart Card Reader and Programmer Kit 
KC-5361 £ 15.95 + post & packing 

Program both the microcontroller and EEPROM in the 
popular gold, silver and emerald wafer cards. Card used 

needs to conform to 150-7816 standards, which includes 
ones sold by Jaycar. Powered by 
9-12 VDC wall adaptor or a 9V 
battery. Instructions () Aline 

software requirements that are 
freely available on the internet. 
Kit supplied with PCB. wafer 
card socket and all electronic 

components. PCB measures: 
141 x 101mm. 
• As publisheé in Everyday 

Practical Electronics May 2006 

Requires 9-12VDC 

wall adaptor (Maolin 

#.1C91Y £ 14.99) 
= 11. 

Jaycar canna: accept responsibility for the operation of 

this device, its related software, or its potential to be 
used in relation to illegal copying of smart cards in 

cable TV set top boxes. 

AC/DC Current Clamp 
Meter Kit for DMMs 
KC-5368 £8.75 r pos: & packing 

A great low cost alternative. It oses a simple 
hall effect sensor, an iron ring core and 
connects to your digital multimeter. It will 

measure AC and DC current and has a 
calibration dial to allow for any magnetising of 
the core. Kit supplied with PCB, clamp, case 

with silkscreened front 

panel and all electronic 

components. 
• As published in 
Everyday Practical 

Electronics January 

2006 

‘.  

el1.4., eke'. 
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Studio 350 High Power Amplifier Kit 
KC-5372 £55.95 post & parsing 

It delivers a whopping 350WRMS into 4 ohms, or 200WRMS into 8 
ohms. Using eight 250V 100W plastic 

power transistors, It is super quiet, with a 
signal to noise ratio of - 125dB(A) at full 8 
ohm power. Harmonic distortion is 
just 0.002%, and frequency -Ll 

response is almost flat (less 

than - 1dB) between 15Hz and 
60kHz. Kit supplied in short form 
with PCB and electronic components. Kit 

requires heatsink and +/- 70V power supply 

(a suitable supply is clescnbed in the instructions). 
• As oublisned in Es/ore-lay Practical Electronics October 2006 

2 Amp DC-DC Converter Kit 
KC- 5358 -E13.75 + 305t a packing 
This kit will step-up 12V to between 13.8 and 

24VDC. Use it to charge 12V sealed lead acid 

batteries (6.5Ah or larger), run your laptop and 
many other devices from a 12V supply. It uses an 
efficient switchmode design, features fuse and 
reverse polarity protection, and an LED power 

indicator. Kit includes PCB, all electronic 
components, and silkscreened front panel. 
• As publisl ed in Everyday Practical Electronics 
Aucust 2006 

Audio Video Booster Kit 
KC-5350 £31.35 + post 8. packing 

This kit will boost your video and audio 
signals preserving them for the highest 
quality transmission to your projector or 

large screen TV. It boosts composite, S-Video, 
and stereo audio signals. Kit includes case 
with silkscreened and punched panels, PCB 

and all electroric components. 
• As pubhshed ,n Everyday Practical 

ectronics March 2COE 

Requires 9VAC wall adaptor 

(Maplin #GUO9K £9.99). 

Log on to 
www.jayca relectronics.co.uk/cata log u e 

far your FREE catalogue! 

0800 032 7241 
(Monday - Friday 09.00 to 17.30 GMT + 10 hours only). 

For those who want to write: 100 Silverwater Rd 
Silverwater NSW 2128 Sydney AUSTRALIA 

„ 
410+ page 
Catalogue 

All prices 
in £ -•••••.-

`Mr 

Cle>"C 
soelt - 

e• 
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50MHz Frequency Meter Kit 
KC-5369 £22.50 + post 8. packing 

This meter is autoranging and displays the 
frequency in either hertz, kilohertz or 

megahertz. Features compact size ( 130 x 67 
x 44mm), 8 digit LCD, high and low 
resolution modes, 0.1Hz resolution up to 
150Hz, 1Hz resolution maximum up to 
150Hz and 10Hz resolution above 16MHz. 

Kit includes PCB, case with machined and 
silkscreened lid, pre-programmed PIC and 
all electronic components with clear English 
instructions. 
• As published in Everyday Practi:al 

Electronics September 2006 

Requires SVDC wall adaptor 
(Maplin 4GS74R £9.991. 

0 ,050 

Programmable Continuity 
Tester Kit 
KC-5362 £8.70 + post 8. packing 

This unit will test for continuity from 
1-100ohms, making it ideal for measuring low 

resistance devices. It is accurate, reliable, and 
works extremely well. Kit supplied with PCB, case 

with silkscreened panel and all electronic 

components. 
• As published 

in Everyday 
Practical 

Electronics 

April 2006 

layrar 
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OST BATTERY-POWERED M m 
equipment provides no 
echanism for disconnecting 

the batteries when they're exhausted. 
Even when the voltage drops too low 
for normal operation, battery drain 
usually continues until all available 
energy is expended. This is particu-
larly true of equipment designed to be 
powered from alkaline or carbon cells 
but retro-fitted with rechargeables. 

Another example is emergency light-
ing and security equipment designed 

Protect your expensive batteries 
with this mini-sized, micro-
powered electronic cut-out 
switch. It uses virtually no 
power and can be built to suit a 
wide range of battery voltages. 

By PETER SMITH 

1111(POPOWIP 

to be float-charged from the mains. 
In an extended blackout period, the 
batteries can be completely drained 
and may not recover when the mains 
power is finally restored. 

Death by discharge 
Over-discharge is undoubtedly one 

of the main causes of early battery fail-
ure. How well a particular battery can 
cope varies according to type and ap-
plication. Some "gel" electrolyte lead-
acid batteries will not fully recover 

5.4 

5.2 

5.0 

4.8 

0.05 01 02 03 05 2 

DISCHARGE CURRENT RATE (C) 

Fig.1: the cut-off voltage for lead-acid batteries is dependent on the rate of 
discharge. This graph enables you to determine the correct voltage for your 
application. Although representative of "Panasonic" brand 1.3Ah - 33Ah 
VRLA batteries, all good quality sealed lead-acid batteries will exhibit 
similar characteristics. 

10.8 

10.4 

10.0 

9.6 

9.2 

8.8 

3 

after a discharge right down to 0V. On 
the other hand, batteries designed for 
deep-cycle use can usually withstand 
such treatment, albeit with a reduction 
in maximum cycle life. 
The latest generation of NiCd and 

NiMH cells can be completely dis-
charged without damage. However, 
when connected in series to form a 
battery pack, unequal cell conditions 
mean that some cells will reach OV 
before others. These "weaker" cells are 
then reverse-charged until all of the 
energy in the pack is expended. This 
results in heat damage and electrolyte 
loss, or worse. 

In most cases, the battery will be 
functional again after a recharge but 
the reverse-charged cells will have 
been weakened. And that makes the 
problem even worse the next time 
around. 

Obviously, the solution to this 
problem is to disconnect the batteries 
at some minimum terminal voltage, 
allowing enough headroom for cell 
imbalances. For NiCd and NiMH bat-
teries, this is typically 0.9V per cell. 
For lead-acid batteries, the minimum 
voltage is dependent on discharge 
current. 

Fig.1 shows the relationship be-
tween discharge current and the mini-
mum recommended terminal voltage 
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Fig.2: the circuit is based on a MAX8212CPA voltage monitor IC (ICI), which 
controls MOSFET Q1 to switch the power to the load. Resistor R2 selects the 
cut-off voltage (see Table 2), with fine adjustment provided by VR1. 

for both 6V and 12V VRLA batteries 
— also commonly referred to as "SLA" 
(sealed lead-acid) batteries. 
The discharge capacity of SLA 

batteries is measured over a 20-hour 
period and normalised to an amp-
hour (Ah) rating. In theory, a 7.2Ah 
battery can deliver 7.2A for one hour. 
This is referred to as the "C" or " IC" 
discharge rate. In practice though, the 
battery will be exhausted before the 
hour's end, due to inefficiencies in the 
electrochemical process. 
The horizontal axis represents the 

discharge current, expressed as a frac-
tion of the "C" rate. For example, a 6V 
7.2Ah battery discharged at 3.6A cor-
responds to a 0.5C rate, with a recom-
mended cut-off voltage of 5.05V. 
Note that high-capacity lead-acid 

car batteries have different character-
istics to SLA batteries. Where possible, 
refer to the manufacturer's datasheets 
for the recommended cut-off voltage. 
We've listed a cut-off of 11.4V in Table 
2 simply because at this voltage, there 
should still be enough energy in the 
battery to start the engine! 

Circuit description 
The circuit diagram for the module 

appears in Fig.2. Battery voltage is 
applied to the input (lefthand) side 
of the circuit and switched through 
to the load on the output (righthand) 
side via P-channel MOSFET Q1. The 
gate of this MOSFET is controlled by 
IC1, a MAX8212 micropower voltage 
monitor. 
Power for the MAX8212 is derived 

Fig.3: block diagram 
of the MAX8212CPA 
voltage monitor IC. 
It contains a 1.15V 
reference and a 
comparator which 
drives complementary 
FET output stages. 

from the battery input, which is fil-
tered using a 100Q resistor and 100µF 
& 100nF capacitors before being ap-
plied to the V+ input. A 16V Zener 
diode (ZD1) ensures that the supply 
rail cannot exceed the maximum input 
voltage of the IC (16.5V). 

Fig.3 shows the basic internals of the 
MAX8212. The voltage on the thresh-
old (THRESH) input is connected to 

Main Features 

• Disconnects load at preset 
battery voltage 

• Automatically reconnects load 
when battery recharged 

• Ultra-low power consumption 
(<20µA) 

• Miniature size 

• 10A maximum rating 

• Suitable for use with 4.8-12.5V 
batteries 

• Transient voltage protection 
(optional) 

eadDlà gm me till o 
• Cars, boats & caravans 

• Security systems 

• Emergency lighting 

• Small solar installations 

• Camera battery packs 

• Many other low-power 
applications 

Everyday Practical Electronics, November 2006 45 
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BATTERY 
INPUT 

TOP SIDE 

Fig.4: install the parts on the top of the PC board as shown here. Resistors 
R2 & R3 must be chosen from Table 2, to suit the battery pack. 

BOPOM (COPPER) SIDE 

Fig.5: the optional transient voltage suppressor (TVS1) is soldered directly to the copper side of the PC board. 
It's non-polarised and can be mounted either way around. 

the inverting input of a comparator, 
while a 1.15V reference is connected 
to the non-inverting input. When the 
threshold voltage is below 1.15V, the 
comparator's output is driven towards 
the V+ rail and the two FETs are off. 
Conversely, when the threshold volt-
age is above 1.15V, the comparator's 
output is near zero volts, switching 
the FETs on. 

Now back to the circuit — a string of 
resistors (R1, R2 & VR1) divide down 
the positive rail such that 1.15V will be 
present on the "THRESH" input at the 
desired lower threshold voltage. We've 
also called this the "cut-off" voltage 
because this is the point at which Q1 
is switched off, disconnecting the bat-
tery from the load. 
The lower threshold voltage (VL) can 

be determined from the formula VL = 
1.15 x ((R2+VR1)/R1 + 1). Using the 
values shown and with VR1 in its mid 
position, the load will be disconnected 
at approximately: 1.15 x ((3.9MSI + 
5001d2)/470kn + 1) = 11.9V. 
You will recall that when the thresh-

old voltage is above the trip point, both 
FETs in the MAX8212 are switched on. 
This means that the "HYST" output 

Table 1: Resistor Colour Codes 

U No. Value 

CI 1 3.9MS2 5% 

O 1 3.3Mil 5% 

CI 1 2.7MS1 5% 

O 1 1.8M1-2 5°/0 

U 1 1.5MS2 5°/o 

O 1 1.2MO 5°/0 

CI 3 1 MO 

LI 1 820162 

O 1 6201(.(2 

O 2 470e2 

Li 1 100n 

4- Band Code ( 1%) 

orange white green gold 

orange orange green gold 

red violet green gold 

brown grey green gold 

brown green green gold 

brown red green gold 

brown black green brown 

grey red yellow brown 

blue red yellow brown 

yellow violet yellow brown 

brown black brown brown 

5- Band Code ( 1%) 

not applicable 

not applicable 

not applicable 

not applicable 

not applicable 

not applicable 

brown black black yellow brown 

grey red black orange brown 

blue red black orange brown 

yellow violet black orange brown 

brown black black black brown 
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Table 2: Selecting Resistors R2 & R3 

Number of 
Cells 

Recommended 
Cut- Off Voltage 

Reconnect 
Voltage 

(aominal) 
R2 R3 

4 3.6V 5.1V 820ko 620kn 

5 4.5V 6.5V 1Mn 820kn 

6 5.4V 7.8V 1.2Mo 1Mn 

7 6.3V 9.2V 1.8Mn 1.2MQ 

8 7.2V 10.8V 1.8Mn 1.5W-2 

9 8.1V 11.7V 2.7Mn 1.5Mn 

10 9V 13.4V 2.7Mn 1.8Mn 

6V SLA 5.4V 6.8V 1.2Mn 470kn 

12V SLA 10.8V 13.4V 3.3Mn 820kn 

12V Car Battery 11 4V ' 13.4V 3.9Mn 820kçà 

Table.2: select R2 & R3 according to battery type and number of :ells. The cut-
off voltages shown for SLA hatterias are for low-drain applicath us only. Refer 
to Fig.1 for more realistic cut-off voltages in higher power applications. Fine 
adjustment of the cut-off voltage is achieved with the 1 M12 trimpot ( VR1), as 
shown in more detail in Table 3. 

is connected to the positive (V+) rail, 
shorting out the top resistor in the 
string (R3), so it is disregarded in the 
above calculation. 
However, when the threshold volt-

age falls below the trip point, the 
"HYST" output goes open-circuit, 
adding R3 into the equation. The rail 
voltage must now rise higher to gen-
erate 1.15V on the "THRESH" input 
than it did before R3 was in-circuit. 
This is called the upper threshold or 
"reconnect" voltage, and it ensures 
a clean, positive switching action at 
the output. 
The upper threshold (Ve) voltage 

can be determined from the formula 
Vu = VL + ((R3/R1) x 1.15V). Using 
the values shown, the reconnect 
voltage will be approximately 11.9V 
+ (820“2/470kil) x 1.15) = 13.9V. 
We've used quite a large hysteresis 
value (2V) because the battery volt-
age will "rebound" somewhat when 
the load is disconnected. Ideally, the 
load should only be reconnected once 
the battery is recharged or the input 
power is cycled. 
The "OUT" pin of the MAX8212 

drives the gate of the P-channel MOS-
h I (Q1). When the internal FET driving 

this pin switches on, Q1 's gate is pulled 
towards ground via a 11‘412 resistor, 
switching it on. Conversely, when the 
internal FET switches off, Q1's gate is 
pulled up to the positive rail via a sec-
ond 1MS2 resistor, switching it off. Two 

Fig.ti: this is the full-size etching 
pattern for the PC board. 

Zener diodes protect the gate-source 
junction of Q1 (ZD3) and the drain-
source junction of the internal FET of 
ICI (ZD2) from potential over-voltage 
conditions. 

Circuit protection 

Output overload protection is af-
forded by a slow-blow fuse (F1) at the 
input. For light load switching, the 
size of the fuse can be reduced accord-
ingly, to provide increased protection 
for the MOSFET. 
No reverse polarity protection has 

been provided. Due to the 10A current 
rating of this circuit, a series protection 
diode would reduce the output voltage 
by as much as 1V and generate consid-
erable heat. Momentary reversal of the 
battery leads will probably not damage 
either ICI or Q1. However, the intrinsic 

Parts List 

1 PC board, 592 available from 
the EPE PCB Service, 58 x 
46mm 

2 2-way 5/5.08mm 10A terminal 
blocks (CON1, CON2) 

1 Micro-U TO-220 heatsink 
2 3AG PC-mount fuse clips 
1 3AG 10A slow-blow fuse 
4 M3 x lOmm tapped spacers 
5 M3 x 6mm pan head screws 
1 M3 nut & flat washer 

Semiconductors 
1 MAX8212CPA voltage monitor 

(IC1) 
1 SUP75P05-08 75A 55V 

P-channel MOSFET (01) 
2 16V 0.5W (or 1W) Zener 

diodes (ZD1, ZD2) 
1 15V 0.5W (or 1W) Zener diode 

(ZD3) 
1 SMCJ24CA transient voltage 

suppressor (TVS1) (optional) 

Capacitors 
1 100nF 16V PC electrolytic 
2 220nF 63V MKT polyester 
1 100nF 63V MKT polyester 

Resistors (0.25W) 
1 3.9Mi2 5% 
1 3.3Mí 2 5% 
1 2.7M12 5% 
1 1.8MS2 5`1/0 
1 1.5M12 51"/0 
1 1.2M11 5% 
3 1M12 1% 
1 8201d2 1% 
1 620kil 1% 
2 470ki2 1% 
1 100S2 1% 
1 1MS2 25-turn trimpot 

Note: the above list includes all 
values for R2 & R3 shown in Table 
2, so you'll have some resistors left 
over after assembly. 

drain-source diode in the MOSFET 
will conduct, allowing reverse current 
flow through the load. 

For use in a car or other noisy elec-
trical environments, an optional bidi-
rectional transient voltage suppressor 
(TVS1) can be installed. These devices 
behave like back-to-back Zener diodes 
but are faster acting and can absorb 
much more energy. The specified 
device will clamp the input rail to 
±39V peak, protecting the MOSFET 
and load from all but the most severe 
high-voltage transients. 
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Fig.7: this scope shot shows the rise time of the voltage at 
the output terminals when a 12V battery is connected to 
the input. The rounded edge at the top of the waveform 
is probably due to the battery's response as full load is 
applied. 

Assembly 
The assembly is quite straightforward, 

with all parts mounting on a small PC 
board coded 592 and measuring 58 x 
46mm. Install the low-profile compo-
nents first, using the overlay diagram 
(Fig.4) as a guide. Take care to align the 
banded (cathode) ends of all the Zener 
diodes (ZD1-ZD3) as shown. 
The values shown for R2 & R3 are 

suitable for use with a 12V car battery. 
For other applications, select the ap-
propriate values from Table 2. 

Note that the MAX8212 (IC1) should 
be installed without a socket. Make 
sure that the "notched" (pin 1) end 
of the IC goes in as indicated on the 
overlay diagram. 
A small "micro-U" style heatsink is 

needed to keep MOSFET Q1 cool. It is 
sandwiched between the MOSFET and 
the PC board, with both items held in 
place with a M3 x 10mm screw, nut 
and flat washer. 

Fig.8: again captured at the output terminals, this wave-
form shows the voltage fall time when a 4-cell battery 
pack drops below the preset 3.6V level. Note that it's 
much longer than the rise time because the MOSFET's 
gate must be discharged through two 1MO resistors. 

Bend the MOSFETs leads at 90° 
about 5mm from the body and trial 
fit it in position. If the lead bend is 
correct, the hole in the metal tab will 
line up with the hole in the PC board 
without stressing the leads. Apply a 
thin smear of heatsink compound to 
the mating surfaces before assembly. 
Be sure to tighten up the mounting 
screw before soldering the MOSFET's 
leads. 
The optional transient voltage sup-

pressor (TVS1) can be left until last. It 
mounts on the copper side of the board 
and must be positioned precisely as 
shown in Fig.5 before soldering. 

Finally, for operation in high-hu-
midity environments, we recommend 
that the board be cleaned, thoroughly 
dried and then coated with a circuit 
board lacquer. This will prevent prob-
lems associated with leakage currents 
that could affect the accuracy of the 
threshold voltage setting over time. 

Table 3: Max. & Min. Cutoff 

...---- 

Voltages 

R2 Max. Cut-Off Min. Cut-Off 

3.9M12 13.1V 10.6V 

3.3M1 11.6V 9.2V 

2.7M51 10.2V 

1.8MS2 8.0V 5.5V 

1.2M11 6.5V 4.0V 

1M12 6.0V 3.5V 

820kil 
-  

5.6V 3.1V 

Table 3: by selecting an 
appropriate value for R2 
and adjusting VR1, cut-off 
voltages from 13.1V to 3.6V 
are achievable. Note that 
with a value of 820kO for 
R2, it is possible to achieve 
a cut-off of 3.1V. However, 
you should not adjust VR1 
for less than 3.6V to avoid 
overheating Q1. 

Setup and testing 
In order to set the cut-off voltage 

accurately, you'll need an adjustable 
DC bench supply, a multimeter and 
a small load for the output. A 680e 
0.25W resistor in series with a LED 
makes an ideal load (see Fig.9). 
Hook up the bench supply to the bat-

tery input terminals and the load (re-
sistor & LED) to the output terminals, 
observing correct polarity. Initially, 
set the input voltage a couple of volts 
higher than the desired cut-off level. 
Now wind VR1 fully anti-clockwise 

and then power up. The LED should 
illuminate, indicating that the MOS-
FET has switched power through to 
the output. 

Next, monitor the input voltage 
while you carefully adjust your bench 
supply to the desired cut-off level. 
That done, wind VR1 slowly clockwise 

A 

o LED 6800 
OUTPU 

FROM 
VARIABLE 
VOLTAGE 
SUPPLY 

BATTERY 
INPUT 

Fig.9: a 680O 0.25W resistor 
in series with a LED makes an 
ideal load when setting the cut-
off voltage - see text. 
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Constructional Project 

Switching Capacitive Loads & Incandescent Lamps 

Capacitive loads can cause huge instantaneous currents to flow at switch-on. 
One way of reducing this in-rush current is to reduce the switching speed of 
the MOSFET. To this end, we've used a 1MD resistor in series with the gate, 
which acts with gate capacitance to slow MOSFET turn-on. The result (see 
Figs.7 & 8) should be sufficient for most general-purpose applications. 

In-rush current is an even bigger problem for lamp loads and cannot be 
solved by simply slowing gate turn -on.Tungsten-filament incandescent lamps, 
for example, exhibit a very low cold-filament resistance — as much as 10-12% 
of the hot resistance. This means that when an incandescent lamp is switched 
on, at least 10 times the normal current flows through the filament. After about 
5ms, this reduces to about twice the normal level, decreasing slowly until full 
brilliance at over 100ms later. 

We therefore recommend a maximum lamp load of 3.5A (3.4W @ 12V) for 
use with the Micropower Battery Protector, as higher power lamps may well 
damage the MOSFET switch. 

Note that it is possible to increase lamp load handling by connecting a 
positive temperature coefficient (PTC) resistor in series with the lamps(s). 
For example, to switch a 10A lamp load, a 30A PTC with a cold resistance 
of 0.5e and a hot resistance of 0.01D would be suitable. This will protect the 
MOSFET switch and your lamps will last much longer to boot! 

• 

until the LED goes out, indicating 
that the MOSFET has disconnected 
the load. 
To check the "reconnect" voltage 

level, slowly increase the input voltage. 

• 

The MOSFET should switch on again 
at the expected level, illuminating the 
LED. Note that there will be some de-
viation from the listed voltage due to 
resistor tolerances. 

In use, the battery cut-out level will 
also vary slightly from that set above 
due to the resistance of the fuse, battery 
connections, cabling and any other 
in-line connectors. 

Housing and wiring 
The small size of this module means 

that, in many cases, it can be built 
right in to the equipment it protects. 
Alternatively, it can be installed in a 
small plastic box. 

All wiring to and from the terminal 
blocks on the PC (B) must be rated to 
suit the intended application. When 
operated at or near the maximum rat-
ing, be sure to use extra-heavy duty 
automotive-type cable. 

For use in a car, the unit can simply 
be wired in-line with the cigarette 
lighter plug that's connected to the ap-
pliance. Alternatively, power should 
be sourced from a fused terminal in 
the fuse box. Do not connect the Mi-
cropower Battery Protector directly 
across the vehicle battery! EPE 
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www.siliconchip.com.au 
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Low Cost 
New PIC P 

evelopment Board 
oducts from Forest Electronics 
s, New Programmer, Lite version of our C Compiler 

A range of New PIC development boards 
priced from just £4.00 ! 

We have a range of 5 new PIC project boards 
- all available as bare PCB's or as pre-built 
boards with components. They all have space 
for the PIC microcontroller, (from 8 to 40 pins). 
Support circuitry includes the 5V power 
regulator, decoupling components, reset 
circuitry and a crystal oscillator. Included are 
basic I/O components including, LEDs, push-
buttons, and a piezo buzzer plus RS232 
drivers and DB9F serial connectors. All 
boards have a large circuit prototyping areas 
for your designs. The boards all feature a 
compatible 6 pin in circuit programming 
connector. 

The most comprehensive board (lower left) 
offers a ZIF socket and breadboard area, plus 
LCD connection which is ideal for 
experimental and educational users. 

Ideal for use with WIZ-C Lite ( below). 

See www.fored.co.uk for further details 

Serial+ Programmer (Right). New programmer handles 120, 12F, 16C, 
16F,18F devices from 8 to 40 pins includes In Circuit Serial Programming 
connector and In Circuit Debugger function. Fully built and tested at just £35.00 

WIZ-C Lite — complete ANSI C Compiler for the PIC together with RAD front end 
Lighting fast C development at an affordable price 

r 

  0.14/00y.e.5 
.11 (IMMlid I(&Mr )1 
tcSfl .(0 MC): ▪ 1141.1 I ; A110.01). 

laqpi • (1.ect eisf anal.) I 
'1114easse / 1• 

IllerassfIn11,( I see (7 .11104.)): 
II 
IlleurPxti la. 

▪  (M e w. lage. •<« 11.reasg, I a,. f ) 1 

N ee./ tage--t In Oyer,. 1.01. e. 111•141.1b • 
t 

CMS= ) 

--111111.1113•=1311M atellnee... 

• WIZ-C is more than a C Compiler for the PIC — it is a 
complete development environment with rapid access to 
library components with point and click set up. 

• Ideal for beginners, includes full tutorial manuals and an 
introductory manual to the C language. 

• Syntax highlighting editor. 
• Full ANSI C Compiler 
• Large libraries included for displays, ports, data transfer, 

keypads, graphics, bootloader and C standard functions. 
• Extensive simulation capabilities, very rapid program 

execution, includes simulation of LCD, LED' switches, 120, 
RS232 terminals etc. Inspect C variabies in C format 

• Logic analyser can display waveforms of PIC pins and 
internal registers simplifying debugging. 

• Includes assembler to allow you to develop assembler 
projects in their own right, or as part of C projects 

• LITE version supports the most popular PIC devices 
— academic users may choose these types. 

• UK written and supported. 
• LITE Version available for only £35.00 

We accept major credit cards and Switch. 
Order securely from our site www.fored.co.uk or contact us by phone or fax on 01590-68151t email .nfo@fored.co.uk. 

Forest Electronic Developments, 12 Buldowne Walk, Sway, Lymington Hampshire. S041 6DU 
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fln 
Last month, we introduced our rugged 350W 
power amplifier module and gave the circuit 
details. This month, we show you how to 
build it and describe a matching power 
supply. 

T
O HELP ENSURE that every-
thing goes together without a 
hitch, it's a good idea to read the 

following information in its entirety 
before reaching for your soldering 
iron! 

Referring to the overlay diagram in 
Fig.1, begin by installing all the wire 
links. There are 15 links in total, 11 
of which must be formed from 1mm 
tinned copper wire. Use 0.7mm wire 
for the remaining four links. The over-

lay diagram shows the larger (1mm) 
links in red. 

Set aside all of the heatsink-mount-
ed transistors (Q4-Q17), the two 47015F 
electrolytic capacitors, choke (L1) and 
6.3mm spade lugs for the moment. 
We'll deal with these in more detail 
shortly. All other components can now 
be installed, progressing from smallest 
to largest. 
The 1W and 5W resistors should be 

mounted about 1mm proud of the PC 
board to aid heat dissipation. Also, be 
sure to orient the cathode (banded) 
ends of diodes D1-D5 as shown. 
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When installing the fuse clips, note 
that the small retaining lug on each 
clip must be positioned to the outer 
(fuse end) side, otherwise fuse instal-
lation will be impossible. 

If you intend mounting the output 
transistors horizontally, then it's also 
necessary to install 3-pin header strips 
in the mounting positions for Q8 & Q9. 
As we'll see shortly, these are required 
because the transistor leads are too 
short to extend all the way through 
the PC board holes. 

TO-220 heatsinks 
Transistors Q4, Q5 & Q6 must be 

attached to TO-220 heatsinks before 
fitting them to the PC board. First, 
smear a thin film of heatsink com-
pound to both the rear (metal) area of 
each transistor as well as the mating 
areas of the heatsinks. That done, 
fasten them to the heatsinks using M3 
screws, nuts and washers (see Fig.2) 
but don't fully tighten the screws just 
yet. Note that insulating pads are not 
required here. 
Now slip each assembly into place 

in its PC board holes, taking care not 
to mix up the BF469 and BF470 types. 
The tabs of the heatsinks should fully 
engage the holes in the PC board, such 
that all of the heatsink edge contacts 
the PC board surface. 

Finally, push the transistors all the 
way down the slots in the heatsinks 
and then tighten up the screws. The 
transistor leads can now be soldered, 
taking care that the assemblies remain 
in place when the board is turned 
over. 

Winding the choke 
The 6.80-1 choke may be supplied 

pre-wound. If so, all you'll need to 
do is scrape the enamel insulation off 
the wire ends, tin them and solder the 
part in place. 

Alternatively, it's a relatively simple 
matter to wind the choke yourself. 
You'll need a 13mm, inside diameter, 
plastic former (bobbin) and about 
three metres of lmm enamelled cop-
per wire. 

Begin by bending the wire at right 
angles, about 10mm from one end. 
This will be the starting end. Slip it 
into the bobbin and position the end 
in one of the slots. 
Now wind on 23.5 turns as evenly 

and tightly as possible, then pass the 
remaining wire length out through 
the opposite slot and cut off any ex-

Parts List — Studio 350 Power Amplifier Module 

1 PC board coded 591, available 
from the EPE PCB Service, 
136mm x 241mm 

1 6.8µH air-wound choke (L1) 
(see text) 

1 2-way 2.54mm terminal block 
(CON1) 

2 3-way 2.54mm pitch SIL head-
ers (for 08 & 09) 

3 TO-220 heatsinks, 25mm x 
12.5mm with PC board tabs 

1 diecast heatsink, 300 x 75mm, 
35mm shelf (0.4°C/VV or better) 

8 TO-3P or TO-264 silicone-
based insulating pads 

2 TO-220 silicone-based insulat-
ing pads & washers 

1 TO-126 silicone-based insulat-
ing pad 

350mm (approx.) 1.0mm tinned 
copper wire for links 

70mm (approx.) 0.7mm tinned 
copper wire for links 

4 M205 PC-mount fuse clips (F1, 
F2) 

2 M205 5A slow-blow fuses 
5 6.3mm chassis-mount spade 

lugs 

Semiconductors 
1 BC556 PNP transistor (01) 
2 2SA1084 PNP low-noise tran-

sistors (02,03) 
2 BF469 NPN transistors (04, 

05) 
1 BF470 PNP transistor (06) 
1 MJE340 NPN transistor (07) 
1 MJE15030 NPN transistor (08) 
1 MJE15031 PNP transistor (09) 
4 MJL21194 NPN transistors 

(010, 012, 014, 016) 
4 MJL21193 PNP transistors 

(011, Q13, Q15, Q17) 
3 1N4148 small-signal diodes 

(D1-D3) 
2 1N4936 fast-recovery diodes 

(04, D5) 

Capacitors 
2 470µF 100V PC electrolytic 
1 47pf 16V non-polarised PC 

electrolytic 
1 le 16V non-polarised PC 

electrolytic 

10 220nF 100V MKT 
polyester 

1 150nF 250V MKT polyester 
1 100nF 63V MKT polyester 
1 12nF 100V MKT polyester 
1 330pF ceramic disc 
1 68pF 250V ceramic disc (or 

mica) 
1 10pF ceramic disc 

Resistors (0.25W 1%) 
2 22k.f2 1 11(S1 
1 181d-2 1 680S2 
1 15kil 1W 1 4700 
1 6.8kS2 1W 10 1000 
2 4.71(11 1 10S2 
1 2.2k.Q 

Wirewound resistors 
2 470n 10W wirewound (for 

setup) 
1 6.8e 5W wirewound 
8 0.4712 5W wirewound 

Trimpots 
1 20012 25-turn miniature hori-

zontal trimpot (VR2) 
1 loon 25-turn miniature hori-

zontal trimpot (VR1) 

Screws & nuts 
8 M3 x 20mm pan-head screws 
3 M3 x 15mm pan-head screws 
3 M3 x 10mm pan-head screws 
14 M3 nuts 
28 M3 flat washers 
5 M4 or 3BA x lOmm pan-head 

brass screws 
5 M4 or 3BA brass nuts 
10 M4 or 3BA internal star 

washers (brass or stainless 
steel) 

Power supply 
1 50V+50V 500VA toroidal mains 

transformer 
1 35A 400V chassis-mount 

bridge rectifier 
6 8000µF 75V chassis-mount 

electrolytic capacitors 
2 470nF 100V MKT polyester 

capacitors 
4 15kil 1W resistors 

cess, leaving about 10mm protruding. 
Finally, wind on a couple of turns of 
insulation tape to hold everything in 
place. 

You can now test-fit the assembly 
in position, bending the leads as nec-
essary to get the bobbin to sit down 
on the PC board surface. That done, 
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A strip of cardboard cut to the correct 
width (7mm) makes a handy bending 
guide for the leads of the heatsink-
mounted transistors. 

scrape the enamel insulation off the 
wire ends with a scalpel blade or simi-
lar and tin them before soldering the 
choke permanently in position. 

Lug terminations 
Except for the audio line input, all 

connections to the PC board are made 
via 6.3mm spade lugs. If the lugs are 
double-ended, then cut off one end 
using electrician's sidecutters. Posi-
tion each lug as shown on the overlay 
diagram and fasten it securely to the 
PC board using the method depicted 
in Fig.3. 
We recommended raw brass (rather 

than nickel-plated) screws and nuts 
for securing the lugs. These return a 
slightly lower distortion figure at the 
high-power end of the spectrum. 
Apart from the main heatsink-

mounted transistors, the only parts 

yet to be installed are the two 470µF 
electrolytic capacitors. These can go in 
now, with an eye to correct orientation. 
Take particular care here, as they're 
oriented differently to one another. If 
you get one the wrong way around, it 
will be damaged at power up and may 
even explode! 

Horizontal heatsink mounting 
The amplifier module was designed 

for mounting to the horizontal shelf of 
a diecast heatsink. However, a verti-
cal-mounting configuration is also pos-
sible — see the panel entitled "Using 
Different Heatsinks" for a discussion 
of this alternative method. 
We recommend a 300mm diecast 

heatsink with 35mm shelf, as used on 
the prototype. So let's look at how the 
PC board and transistors are attached 
to this heatsink. 
The only guaranteed way of get-

ting all the heatsink holes in the right 
places is to use the PC board as a drill-
ing template. First, find the smoothest 
side of the heatsink shelf and place it 
upwards. That done, position the PC 
board on the top of the shelf and butt 
it right up against the main body of the 
heatsink, centred left to right within 
the available space. 

Next, making sure that nothing 
moves (clamp the board to the shelf if 
necessary), use a sharp pencil to mark 
through all 11 transistor mounting 
holes. Be sure to mark a clean circle 
around the circumference of each 
hole, so that you'll easily be able to 
find the centre. Remove the PC board 
and gently centre-punch your marks 
before drilling. 

TO-220 
HEATSINK 

M3 
NUT 

H 
FLAT 

WASHER 

FLAT M3 
WASHER SCREW 

METAL AREA 
(COLLECTOR) 
ON THIS 

SIDE 

Fig.2: transistors Q4-Q6 must be 
attached to TO-220 heatsinlcs as 
shown here. Insulating pads are 
not necessary, but you should 
apply heatsink compound to the 
mating surfaces. 

SPADE LUG 

M.4 STAR PC BOARD 
WASHER-,, 

M4 STAR •••" r4r i 
COPPER WASHER 
SIDE Lee 

M4 x 10mm 
BRASS SCREW & NUT 

Fig.3: here's how to bolt up the 
spade lugs. If you have double-
sided lugs, cut off one side with 
heavy-duty sidecutters first. 
Tighten them up enough so that 
they don't move around when the 
receptacles are pushed on. 

Initially, drill a pilot hole at each 
mark, using a 1mm bit. Finish with a 
3.3mm bit, then deburr the holes by 
hand using a much larger drill size. 
Both sides of the shelf must be com-
pletely free of swarf and sharp edges. 

Table 1: Resistor Colour Codes 

U No. Value 
U 2 221(11 
a 1 181(12 
U 1 15k0 
U 1 6.8k0 
CI 2 4.7k12 
CI 1 2.21(S2 
iD 1 lici2 
U 1 680e 

1 47012 
U 10 10012 
ICI 1 100 
CI 2 470S2 10W 
CI 1 6.8n 5W 
a 8 0.4712 5W 

4-Band Code (1%) 
red red orange brown 
brown grey orange brown 
brown green orange brown 
blue grey red brown 
yellow violet red brown 
red red red brown 
brown black red brown 
blue grey brown brown 
yellow violet brown brown 
brown black brown brown 
brown black black brown 
not applicable 
not applicable 
not applicable 

5-Band Code (1%) 
red red black red brown 
brown grey black red brown 
brown green black red brown 
blue grey black brown brown 
yellow violet black brown brown 
red red black brown brown 
brown black black brown brown 
blue grey black black brown 
yellow violet black black brown 
brown black black black brown 
brown black black gold brown 
not applicable 
not applicable 
not applicable 
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PC BOARD 

M3 
SCREW 
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WASHER 

FLAT 
WASHER 
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NOTE: METAL SIDE 
OF TRANSISTOR 
MUST FACE DOWN 

TRANSISTOR 

INSULATING PAD 

TO-126 & TO-264 TRANSISTOR MOUNTING 
(SIDE VIEW) 

Fig.4: the mounting details for the TO-126 
(Q7) and TO-264 (Q10-Q17) transistors. Don't 
solder the leads until the screws have been 
tightened to their final torque. 

Insulated 10126 Packages 

Transistor Q7 (an MJE340) is 
supplied in a "plastic"TO-126 pack-
age. These packages usually 
include a small rectangular metal 
area on the rear. This area is elec-
trically connected to the collector 
and therefore must be isolated 
from the heatsink with an insulat-
ing washer (see Fig.4). 

However, some TO-126 pack-
ages do not have this metal area 
— they're "plastic" on both sides. 
This isolated type package should 
be mounted without an insulating 
washer. Simply smear its mating 
surface with a small amount of 
heatsink compound and bolt it 
directly to the heatsink. 

HEADER 

PC BOARD • 

M3 
SCREW 

FLAT 
WASHER 

BUSH 
TRANSISTOR 

  INSULATING 
PAD 

FLAT 
WASHER 

M3 NUT 74H:::: 

- 

TO-220 TRANSISTOR MOUNTING 
(SIDE VIEW) 

Fig.5: the leads of the TO-220 (Q8 & Q9) 
packages are too short to reach all the way 
through the PC board. Simply bend the 
leads so that they touch the header pins 
instead. Again, don't solder the leads until 
the mounting screws have been tightened. 

By the way, a drill press is manda-
tory for this job, as drilling accurate 
holes in thick aluminium with a hand 
drill is extremely difficult. 

Attaching the transistors 
Now position the PC board beneath 

the heatsink shelf and insert two M3 x 
20mm screws in the extreme left and 
righthand holes. Fit M3 washers and 
nuts (on the PC board side) and wind 
them up barely finger tight. The idea 
here is not to clamp the board against 
the heatsink shelf too tightly; it must 
be allowed to move at this stage. These 
screws are temporary placeholders 
and can be removed when necessary. 

All transistors must be insulated 
from the heatsink with silicone-based 
pads. The TO-220 devices (Q8 & Q9) 
also require insulating bushes for the 
screws. Figs.4 & 5 shows how to mount 
each transistor type. 
As you can see, the leads of each 

transistor must be bent at right angles 
before installation. The position of 
the bend should be placed so that the 
leads slip easily into the PC board 
holes while the mounting holes line 
up with the holes in the heatsink and 
the PC board underneath. 
A strip of cardboard cut to the appro-

priate width makes a handy bending 
guide (see photo). Mount the TO-126 
package (Q7) first, then progress out-
wards in left and right pairs (Q8 & Q9, 
Q10 & Q11, etc). 
The two TO-220 transistors (Q8 & 

Q9) present a special case. Their leads 
are not long enough to reach all the 
way through the PC board holes, so 
instead must be soldered to the 3-pin 
headers installed earlier. However, do 
not solder to the header pins just yet. 
Simply bend the device leads so that 
they just make contact with the rear 
of the header pins. 

You'll probably find that you need 
to trim a little off the leads so that they 
don't interfere with the plastic base of 
the header strips. 
Wind up the nuts only finger tight 

during installation. Once they're all in 
place, go back and tighten each one to 

the final torque, starting in the middle 
and working towards the sides. Don't 
overtighten — about one click of the 
elbow is more than enough! 
That done, set your meter to read 

Ohms and measure between the heat-
sink and the centre lead (collector) of 
each device. You should get an open 

Although featuring a different amp-
lifier module, this picture shows the 
vertical mounting method for the 
output and driver transistors. 
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Fig.6: the power supply wiring is quite straightforward. Take particular care that you have the positive (+) and 
negative (-) terminals of the capacitors connected as shown. The same goes for the bridge rectifier, also noting that it 
must be bolted firmly to a metal surface for heatsinking. Note the safety warning. 

circuit reading in all cases. If everything 
checks out, then solder all transistor 
leads to complete the assembly. 
Note that the mounting screws must 

be tightened up before soldering the 
leads. If this is done in reverse order, 
then stress will eventually crack the 
solder joints and perhaps even delam-
inate the PC board copper. 

Vertical heatsink mounting 
Details for vertical mounting will 

vary according to the style of heatsink. 
However, we've included a rough 
guide to get you started. Of course, 
you must have already modified the 
PC board as described in the "Using 
Different Heatsinks" panel! 
To begin, use what ever you have 

on hand to raise the PC board to the 
required mounting height. A pair of 
3mm holes is provided at the rear of 
the board for tapped spacers but you'll 
also need to place something under 
the front of the board to bring it back 
to the horizontal position. 

Next, fit the 11 transistors (Q7-
Q17) into their respective mounting 
holes but don't solder or cut any of 
their leads just yet! That done, butt 
the assembly up against your chosen 
heatsink and centre it roughly within 
the available space. Note that the tran-
sistors should be mounted as close to 
the centre of the heatsink as practical, 
although this will be affected by the 
available transistor lead length. 

DANGER: HIGH VOLTAGEI 
The 140V DC supply across the filter capacitor bank and the amplifier 
supply rails is potentially lethal! After the power supply wiring is com-
plete and before you apply power, mount a clear Perspex sheet over 
the capacitor bank to protect against inadvertent contact — now or in 
the future! Note that the capacitors take some time to discharge after 
the power is switched off. 

If possible, line up the transistors 
so that the mounting holes will fall 
between the heatsink's cooling fins. 
This way, you can avoid the additional 
task of thread tapping. 
Once you're happy with the posi-

tioning, mark through each transistor 
mounting hole with a sharp pencil. 
Now centre-punch each mark and drill 
lmm pilot holes. Redrill to 3.3mm if 
you'll be using screws with nuts, or use 
a smaller, 2.5mm bit size in prepara-
tion for M3 thread tapping. 

After drilling, deburr the holes by 
hand using a much larger drill size 
so that the mating surface is entirely 
smooth. 

Attaching the transistors 
Loosely attach the transistors to the 

heatsink using insulating pads and 
bushes where necessary. The require-
ments here are similar to those shown 
for horizontal mounting as shown in 
Figs.4 & 5. Be sure to check that the PC 
board is sitting horizontal and at right 

angles to the heatsink before tightening 
up the screws. It's then just a matter of 
turning the assembly over and solder-
ing all transistors in place. 

Finally, it's a good idea to make 
sure that all transistor collectors are 
indeed isolated from the heatsink. To 
do this, set your meter to read Ohms 
and measure between the heatsink 
and the centre lead (collector) of each 
device. You should get an open circuit 
reading in all cases. 

Table 2: Capacitor Codes 

Value pF Code EIA Code IEC Code 
220nF 0.22pF 224 220n 
150nF 0.15pF 154 150n 
100nF 0.1pF 104 100n 
12nF 0.012pF 123 12n 
330pF 331 330p 
68pF 68 68p 
10pF 10 10p 
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Using Different Fleatsinks 
As shown in the various photos, the transistors on 

our prototype are mounted horizontally, on the shelf of 
a large diecast heatsink. This method of mounting is 
mechanically robust and relatively easy to assemble but 
obviously unsuitable for heatsinks without a shelf. 

Suppose, for example, that you've decided to build a 
stereo unit, utilising a pair of Jaycar's fan-cooled tunnel 
heatsinks (Cat HH-8532). In this case, the transistors 
must be mounted vertically along the edge of the PC 
board, allowing them to be bolted directly to the heatsink 
faces. With just one modification, the PC board can ac-
commodate this alternative, vertical mounting style. 

This modification involves cutting off a portion of the 
PC board so that the transistors are just a few millimetres 
from the PC board edge. This must be done before any 
components are mounted on the PC board! 
A thin broken track has been included on the PC 

board as a cutting guide. Note that there should be about 
0.5mm of space between the pads/tracks and the board 
edge. This ensures that once the unit is assembled, the 
bare copper tracks can not short out on the face of the 
heatsink. For this reason, we suggest cutting along the 

Fig.8: to enable vertical transistor mounting, cut off the 
entire front section of the PC board as shown here. You 
do not need to do this for the horizontal mounting style 
shown in the various photographs! 

outside of the line, to allow for the width of the cut and any 
subsequent filing (see Fig.8). 

Power supply assembly 
Due to the weight of the mains 

transformer, the power supply com-
ponents must be mounted on a sub-
stantial metal baseplate. Typically, 
this will be the base of a rack-mount 
case or similar. If deemed necessary, 
the base can be strengthened with an 
additional plate to achieve sufficient 
rigidity. 
The suggested wiring for the 

bridge rectifier (BR1) and capacitor 
bank is shown in Fig.6. The bridge 
rectifier must be attached directly 
to a flat area of the metal chassis for 

} 
M4 x 1 Omm SCREW, 
NUTS AND STAR 

WASHERS 

Fig.7: the mains earth should be 
securely attached to the base of 
the metal chassis as shown here. 
'lighten the first nut very firmly 
before winding on the second 
"locknut". The earth wire from 
the capacitor bank also connects 
to this point. 

heatsinking. Smear the face of the 
rectifier and the contact area with 
a thin film of heatsink compound 
before assembly. 
The 8000µF capacitors are at-

tached to the baseplate using circular 
clamps. They should be positioned as 
close together as practical, with their 
terminals in line to allow hookup 
with lengths of solid-core wire. Use 
two strands of 0.7mm tinned cop-
per wire or similar for a total wire 
diameter of at least 1.4mm for each 
connection. 

If you only ever intend driving 8S2 
speakers, the filter capacitor count 
can be reduced by two for a worth-
while saving. For 412 speakers, the 
full complement of six capacitors is 
required to achieve the listed power 
and distortion figures. 

Connections to and from the capaci-
tor bank should be made with extra-
heavy duty (10A) multi-strand cable. 
The +70V, -70V and OV wires leading 
away from the bank should be twisted 
tightly together to minimise radiated 
noise and improve appearance. 

Safety precautions 
Before applying mains power, the 

capacitor bank must be covered with 
a rigid, non-conductive shield. A sec-
tion of clear perspex is ideal for the 

job. This step is very important, as 
simultaneous contact with the +70V 
& -70V rails could easily kill you (or 
someone else)! 
As shown on the wiring diagram, 

four 151(11 1W resistors must be in-
stalled across the ±70V rails. These 
will gradually discharge the capacitors 
after power is switched off. However, 
before working on any part of the cir-
cuit, always measure the supply rails 
with a multimeter first to make sure 
that it is safe to do so. 

Wiring 
Housing and wiring of the amplifier 

modules is totally up to you. However, 
we've outlined a few points below that 
will help you to get the most from your 
amplifier. 

First, never take shortcuts with 
mains wiring. Always use mains-rated 
cable and be sure to insulate all ex-
posed connections. This includes the 
use of rubber boots (or equivalent) on 
the rear of IEC sockets, switches and 
fuseholders. 
The mains earth must be connected 

to the metal chassis using the arrange-
ment shown in Fig.7. Return all earth 
wires to this point to eliminate poten-
tial earth loops. 
Use extra heavy-duty (10A) multi-

strand cable (or larger) for all power 
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SEPARATE ALONG THIS UNE 
IF MOUNTING TRANSISTORS 

VERTICALLY (SEE TEXT) 

and speaker connections. The 
wire ends need to be terminated 
with 6.3mm push-on receptacles 
to suit the board-mounted lugs. 
These are available in insulated 
and non-insulated varieties. 

For the insulated type recepta-
cles, you'll need a ratchet-driven 
crimping tool. Don't be tempted to 
use a cheaper (non-ratchet style) 
crimper, as they're just not up to 
the job. 

If you don't want the expense of 
a new crimper, then you can use 
the non-insulated style recepta-
cles and solder them on instead. 

Supply wiring 
The +70V, -70V and OV con-

nections to the amplifier module 
should be twisted tightly together 
and positioned as shown on the 
overlay diagram. Note how the OV 
wire connects to the centre lug, 
whereas the ±70V wires continue 
beneath the PC board. Small cable 
ties are then used to secure the 
wires in place underneath the 
PC board. 

Positioning the wires as shown 
helps to cancel the fields resulting 
from currents flowing in the PC 
board tracks. This produces the 
lowest possible signal distortion. 

Setup & testing 
With nothing connected to 

the power supply output, apply 
mains power and measure the 
positive and negative rails. Both 
readings should be close to the 
70V mark, depending on mains 
fluctuations. 
The next task is to zero the am-

plifier's input offset voltage and 
set the quiescent current in the 
output transistors. To protect the 
amplifier in case of faults and to 
simplify adjustment, remove both 
fuses from the board and solder 
a 470S2 10W resistor across each 
fuseclip pair. Alternatively, you 
may find it easier to tack solder 
the resistors on the rear (copper) 
side of the PC board. 
Note that nothing should be 

connected to the input or output 
terminals until these checks are 
complete. 

Set VR2 fully anticlockwise 
and then apply power. With your 
multimeter set to read millivolts, 
measure the voltage across the 
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Constructional Project 

This is what the completed amplifier module looks like. Be sure to mount the 5W wirewound resistors about lmm 
proud of the PC board, to allow the air to circulate beneath them for cooling. The spare holes in the PC board allow 
the supply power wiring to be secured in position using cable ties. 

output (speaker) terminals. Adjust 
VR1 for a reading of OV ±2mV. 
That done, set your meter to read 

70V or more and measure the voltage 
across one of the 470e 10W resis-
tors. It's not important which one 
you choose. Rotate VR2 clockwise 
until you get a reading of 47V. This 
gives a total quiescent current of 
100mA. 
Now give the amplifier about 10 

minutes to warm up, then readjust 
VR2 if necessary. It's normal for this 

reading to vary by a few volts as circuit 
temperature varies. 
To check that each output transis-

tor is doing its job, you can measure 
the voltages across the 0.47e emitter 
resistors. With about 25mA flowing 
in the emitter legs, you should get 
a reading near 11mV across each of 
these resistors. Note that the inner-
most pair of resistors also carry the 
driver transistor (Q8 & Q9) emitter 
current, so these two will read a few 
millivolts higher. 

Problems? 
If you're unable to adjust VR1 or VR2 

for the specified readings, then there is 
a fault somewhere on the board. We've 
provided voltage readings for various 
points on the circuit that may help vou 
to track down the problem (see Fig.7, 
Pt.1). Your readings should fall within 
±10% of our listed values. 

If everything checks out OK, switch 
off the power, remove the 470n resis-
tors and install the fuses. That's it— your 
amplifier is now ready for use! EPE 
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Regular Clinic 

Circuit 
Surgery 
Ian Bell 

More on timing formulae for 555 timers 

1 AST month we started to answer 
ImCherryTree's question from the EPE 
Chatzone (via www.epemag.co.uk) about 
where the formula used in 555 (and similar) 
RC-based timer circuits come from. We start-
ed with a simple RC circuit, in which a 
capacitor charges through a resistor, as 
shown in Fig. 1 . Although this circuit looks 
very simple — it only has two components, a 
power supply and a switch — the mathematics 
required to fully describe it is quite advanced. 

Fig. 1. RC circuit. C charges through R 
when S is closed (from last month) 

In fact, you need calculus, specifically a 
differential equation, to work out what exact-
ly the voltage will be a specific time after the 
switch is closed. Of course, it is possible to 
use the result of solving the differential equa-
tion — formulae relating voltage and time in 
the RC circuit — without performing the cal-
culus yourself, and this is what we shall be 
doing here, but last month we tried to give an 
informal view hinting at how the calculus 
works. The resulting formulae are also 
mathematically interesting (or difficult 
depending on your perspective!) because 
they involve the exponential function and 
Euler's number — more about this later. 

Differential Equations 
Last month we mentioned differential 

equations — note that the key word here is 
difference. We showed that with just some 
basic circuit theory and the defining formula 
for capacitance we could obtain a simple 
equation telling us how much time a certain 
amount of change in Vout would take, if we 
knew the current value of V (and V of 
course). This time depends on the value of 
RC (the resistance and capacitance values 
multiplied together), which is known as the 
time constant. 
By actually working out some real values 

we demonstrated that this approach was 
only accurate if the changes we looked at 
were very small. Unfortunately, this means 
that using the 'difference formula' to work 
out the voltage at a given time takes a lot 

of effort if we do 
it manually. This 
numerical approach 
is far from worthless 
though, and sophisti-
cated versions of it 
are used in software 
such as circuit simu-
lators. The massive 
number of 'small 
step change' calcula-
tions required can 
easily be performed 
at great speed by 
modern computers. 

Finally, we quoted 
the solution to the 
circuit's differential 
equation. This is the 
formula which gives 
us the value of Vou, at time t after the switch 
is closed (we are assuming Vou, = OV before 
S is closed). The equation is: 

[— exp 
RC 

which possibly does not look very friendly, 
particularly if you are not already familiar 
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Fig.2. Screenshot of Microsoft PowerToys scientific calcula-
tor in use 

with exp() — the exponential function. Last 
month we noted that you will find it on sci-
entific calculators written either as exp or ex, 
but you have to be careful as some calcula-
tors use exp for enter exponent, which is 
denoted EE on other calculators. 

If you do not have a scientific calculator 
and want to play with the expo) function 

and capacitor calculations 
you can get a free PC 

02 -1 o 2 3 4 5 6 

Fig.3. Plot of the exponential function ex or exp(x) which 
is fundamental to RC charging. The value varies so dra-
matically it is impossible to read all the figures from the 
graph so we have included a table of values. Note that 
for negative values of x, exp(x) is a small positive value 

Windows-XP based scien-
tific calculator from 
Microsoft PowerToys, see 
www.microsoft.com/win-
dowsxp/down loads/pow-
ertoys/xppowertoys.mspx 
for the download. Fig.2 
shows a screenshot of the 
PowerToys calculator in 
use. 

-2 0.135335 
-1.5 0.22313 
- I 0.367879 
-0.5 0.606531 
0 1 
0.5 I.648721 
1 2.718282 
1.5 4.481689 
2 7.389056 
2.5 12.18249 
3 20.08554 
3.5 33.11545 
4 54.59815 
4.5 90.01713 
5 148.4132 
5.5 244.6919 
6 403.4288 
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Exponential Function 
Having finished recapping and com-

menting on last month, we will continue 
this month by trying to get a feel for what 
the exp() function is about. The symbol or 
ex is a clue to the nature of the exp(x) func-
tion, in fact exp(x) simply means the num-
ber e raised to power x. Now e is a very 
interesting number, like the better known 
pi (II) it is one of the most important num-
bers in the universe because the function 
exp(x) occurs very many times throughout 
a wide range of engineering, science and 
mathematics calculations. 
The number e is approximately 

2.718281828459... (this is el or exp( I)). 
Like pi, e has been calculated to millions of 
digits and these digits go on forever in a 
random (non-repeating) manner. 
The number e is known as Euler's num-

ber because the Swiss mathematician 
Leonhard Euler was the first to use the 
symbol e to represent it in 1727. However, 
e was known before then, with the earliest 
reference to it being in 1618 by the Scottish 
mathematician John Napier, who pioneered 
work on logarithms. So e is sometimes also 
called Napier's constant. It is worth noting 
that e has been known about for far less of 
human history than pi. 
Yet another name for e is the magic num-

ber of growth because the exponential 
function occurs in many formulae relating 
to growing (and diminishing) quantities, 
including biological population sizes, 
interest on loans and, of course, the voltage 
on a charging capacitor. The plot of exp(x) 
against x in Fig.3 shows basic exponential 
growth, but capacitor charging does not 
follow this particular curve. 
The capacitor charging formula is of the 

general form (1-exp(-x)), rather than sim-
ply exp(x). Here, as the magnitude of x gets 
larger (longer time spent charging), the 
value of exp(-x) gets smaller and so ( 1-
exp(-x)) gets closer to 1 (the 'final' volt-
age). The capacitor charging curve is 
shown in Fig.4 

Logarithms 
We mentioned that John Napier came 

across e when investigating logarithms and 
indeed the exp(x) function is closely related 
to logarithms. 'Normal' logarithms use base 
10- the numbers we usually count in. Many 
readers will also be familiar with base 2 or 
binary and base 16 or hexadecimal, as these 
are used extensively in computing. As well 

as base 10 logarithms, there are natural log-
arithms which use e as their number base. It 
might seem strange using something other 
than an integer as a number base, but it 
works in this context. 

If we take the log of a number x in base 10 
logarithms and get a value, say y, we write y 
= log(x). If we know y is the log of x, we can 
find x from y using x = le (ten to the power 
(y). So 'to the power of' reverses the action 
of taking the log of something. You will find 
log and /0 keys on calculators. The func-
tion exp(x) or ex is the inverse of taking a 
logarithm in base e. The base e logarithm 
function itself is given the name In (I for log 
and n for natural). So if y = ln(x) then x = 
eY. Again you will find an in key on scientif-
ic calculators. We will see that in also turns 
up in formulae relating to capacitor charg-
ing and discharging. 

An Example Formula 
As an example of using the charging for-

mula, we will find the voltage on the 
capacitor in Fig.! at 2.5ms after S closes. 
Using the values from Fig.! (V. = 10V, R 
=11(0 and C = 1pF), we get: 

RC = 1.0 x 103 x 1.0 x 10-6 = 1.0 x 10-3 
= 1ms 
So to find the voltage at 2.5ms after S in 

closed, we calculate: 

10 x(1-exp(-2.5 x 10-3 / 1.0 x 10-3)) 
or writing both t and RC in milliseconds, 

10 x ( l-exp(-2.5 / 1)). 

Using a calculator, we find exp(-2.5), 
which is 0.0821. Subtracting this from 1 
and multiplying by 10 gives 9.18V. The 
voltage against time curve for Fig.1 is 
shown in Fig.4 and we can see that this 
value corresponds correctly with the curve. 
The exact way in which you best do this 

on a calculator depends on the model you 
are using. With the Microsoft PowerToys 
calculator you can simple type in the whole 
formula, with the individual R and C val-
ues, on the input line as follows: 

10*(1-exp(-2.5E-3/(1.0E3*1.0E-6))) 

and the 'virtual' calculator will return 
9.1791500... Note that we have entered 
2.5ms as 2.5E-3 (for 2.5 x 10-3) and simi-
larly for the resistor and capacitor values. 
Also note that the " character is used to 
represent multiply. 

8 o r  

Vour / V 6.0   
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2.0   
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3.00 4.00 

Fig.4. RC charging curve for Fig.1 

But How Long? 
So far we have a formula to find the 

voltage at a given time, but how do we 
find how long it takes the capacitor to 
charge to a particular voltage? Obviously 
we can read it off the curve if we have 
one, but it would be useful to have a for-
mula for this too. What we have to do is 
rearrange our voltage formula to make t 
the subject of the equation. We do this as 
follows: 

Vow = v,, [1- exp («)] 
RC 

Dividing both sides of the equals sign by 
V., this cancels the V. on the right and 
gives: 

vin 

Now we subtract 1 from both sides and 
multiply by - 1. This removes the 1 from 
the right side and the minus sign in front of 
the exp: 

V 

Vin 
= exp 

R-Ct 

We need to get rid of the exp to get t on 
its own. We apply to both sides the inverse 
function of exp(), which, as we saw earlier 
is ln(): 

V,ur 
141 = In (exp U \\ 

i) = y 

Now we multiply both sides by -RC and 
swap the left and right hand sides to get our 
result: 

t = - RC • In 
yin 

V, 

Vc INITIALLY V, 

Fig.5. Basic circuit for looking at 
a capacitor discharging through a 
resistor 

Fig. 6. RC discharge curve for Fig.1 
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We can check this by reversing our pre-
vious example, that is, finding the time 
taken to get to 9.12V. We first find 9.18/10, 
which is 0.918. Then we subtract this from 
1 to get 0.082. Using a calculator we then 
find /n(0.082), which is -2.5. We multiply 
this by -RC, which is - 1.0ms x -2.5, or 
2.5ms, as expected. On the PowerToys cal-
culator we can enter the whole formula in 
one go: 

-(1.0E3*1.0E-6)*In(1-(9.18/10)) 

which returns 0.00250... as expected. 

Capacitor Discharging 
Capacitors can discharge as well as 

charge and any RC-based oscillator circuit, 
such as the 555, will have to repetitively 
charge and discharge its timing capacitor. 
The simple 'theoretical' circuit for a capac-
itor discharging through a resistor is shown 
in Fig.5. Here we assume that the capacitor 
has somehow already been charged to an 
initial voltage Vc = V. When we close S, C 
will discharge through R and Vc will 
decrease towards zero. 
We approach the capacitor discharge 

problem in the same way as charging, we 
need a differential equation, but can it 
approximate with a difference calculation 
as we did for charging last month? The for-
mula we get by solving the differential 
equation for Fig.5 is: 

V, = V1 exp 
RC 

The time taken to discharge from Vi to 
Vc is given by: 

t = RC • In (—LI' ) 
V, 

Note that these equations are very similar 
to, but not exactly the same as, the charg-
ing equations. The discharge curve for the 
circuit in Fig.5, with V, = 10V and R = 
11(52 and C = 1/./F as before is shown in 
Fig.6. 
Now we have our capacitor charging and 

discharging equations, we can start to 
apply them to more practical circuits. One 
of the simplest applications of an RC 
charging circuit for timing is the power-on 
reset ( POR) circuit, an example of which is 
shown in Fig.7. This is typically used in 
digital circuits to hold the master reset 
active during and just after power-up to 
ensure that the circuit starts in the correct 
state. 

4n7 

VDD 
5V 

POR 

VGND 

Fig.7. Power-on reset (POR) circuit 

The output in Fig.6 stays at logic 1 (5V) 
until the capacitor charges past the logic 
switching threshold, at which point it 
changes to logic 0 (OV). A Schmitt trigger 
logic gate is used to ensure clean switching 
with the slowly changing input. The capac-
itor only charges once - when power is 
applied - and stays charged throughout cir-
cuit operation. When power is removed it 
will discharge through leakage via the cir-
cuit and internally. 

If we assume that the logic switching 
voltage for a change of input logic level 
from 0 to I for the Schmitt trigger in Fig.7 
is 2.2V (this is just an example, it is not 
based on a real device), then using the R 
and C values from Fig.7 and the charging 
time equation we can find the length of the 
reset pulse. Note that V,„ from Fig.1 is now 
the supply voltage, VDD (5V in this case) 
and we have written V, rather than Vo  for 
the capacitor voltage: 

= RC • In ( 1 - V ) 
VDD 

= -100 x 103 x 4.7 x 10-9 x 
5 1 

t = - 4.7 x 10-4 x In(0.56)= 270s 

Fig.8. Simple comparator based timer 
triggered at power-up 

Timing Control 
The circuit in Fig.7 does not give us very 

precise control over the timing because it 
depends on the logic threshold. 

Sources of information on e 
http://www.austms.org.au/Modules/Exp 
/exp.pdf 

http://en.wikipedia.org/wiki/Euler%27s 
_number 

http://www.austms.org.au/Modules/Exp/ 

Furthermore, if we change the supply volt-
age the time may change, which does not 
matter too much for the POR circuit, but 
may not be ideal for other timer applica-
tions. The circuit in Fig.8 is better in this 
respect and, although it may not seem 
obvious at first, takes us on a big step 
towards the 555 timer. 
Like the POR circuit, the circuit in Fig.8 

switches on once at power up, however, it 
uses a comparator to determine when 
switching occurs. The switching point is 
set by the two potential divider resistors R2 
and R3. Specifically it is R3VDD / (R2 + 
R3). By suitable choice of R2 and R3 we 
can set this voltage to any fraction of the 
power supply. For example, we could 
choose to switch when the capacitor volt-
age reaches two thirds of VDD. 
Let's try this situation in the charging 

time formula. We have V,„ = VDD as with 
the POR circuit, but now we can use V, = 
2VDD / 3. The charging time formula 
becomes: 

2 ) 
t = - RiCi • 14 1 - Vim ) 

-I VD') 

= — RIC' • In - 
3 

= - RIC, • 14 31 . ) 

The natural logarithm of 1/3 is 
approximately -1.1, so for this circuit we 
can simply change the timing formula to: 

t = 

The equation no longer has a logarithm 
in it - so it is ' user friendly' - and the time 
value does not depend on the supply volt-
age - very useful for creating a general 
purpose timer that can operate on a wide 
range of supplies and is insensitive to sup-
ply fluctuations. Next month, starting with 
this comparator circuit we will work 
towards the actual 555 timer circuit and its 
timing formulae. 
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PIC Training & Development System 
The best place to start learning about microcontrollers is the PIC16F84 with its 
simple easy to understand internal structure. Then continue on using the more 
sophisticated PIC16F877 family. 

At the heart of our system are two real books which lie open on your desk while you 
use your computer to type in the programme and control the hardware. Start with four 
simple programmes. Run the simulator to see how they work. Test them with real hard-
ware. Follow on with a little theory 
Our PIC training course consists of our PIC programmer module, a 298 page 

book teaching the fundamentals of PIC programming in assembly language, a 
274 page book introducing the C programming language for PICs, and a suite of 
programmes to run on a PC. The module is an advanced design using a 
PIC16F870 to handle the timing, programming and switching requirements. Two 
ZIF sockets allow most 18, 28 and 40 pin PICs to be programmed. The plugboard 
is wired with a 5 volt supply. The programming is performed at 5 volts, verified with 
2 volts or 3 volts applied and verified again with 5.5 volts applied to ensure the 
PIC is programmed correctly over its full operating voltage. UK orders include a 
plugtop power supply. 

P901 PIC Training System comprising 

Universal 16C, 16F and 18F PIC programmer module 

+ Book Experimenting with PIC Microcontrollers 

+ Book Experimenting with PIC C 

+ PIC assembler and C compiler software suite 

+ PIC16F84, PIC16F870, PIC16F88 test PICs... £159.00 

(Postage & insurance UK £10, Europe £18, Rest of world £25) 

Optional book Exp with 18F PICs + PIC18F2525 £ 30.00 

(Additional postage UK £0, Europe £3, Rest of world £5) 

Experimenting with PIC Microcontrollers 
This book introduces PIC assembly language programming using the 
PIC16F84, and is the best way to get started for anyone who is new to 
PIC programming. We begin with four easy experiments. The first is 
explained over ten and a half pages assuming no starting knowledge of 
PICs. Then having gained some practical experience we study the basic 
principles of PIC programming, learn about the 8 bit timer, how to drive 
the LCD, create a real time clock, experiment with the watchdog timer, 
sleep mode, beeps and music, including a rendition of Beethoven's Fur 
Elise. Finally there are two projects, using the PIC16F84 as a sinewave 
generator and investigating using the PIC16F88 (from the PiC16F877 
family) to monitor the power taken by domestic appliances. In 24 exper-
iments, 2 projects and 56 exercises we go from absolute beginner to 
experienced engineer level. 

Experimenting with PIC C 
The second book starts with an easy to understand explanation of how to 
write PIC programmes in C. The first few programmes are written for a 
PIC16F84 then we see how to use the PIC16F627 and PIC16F877 fami-
lies. We study how to create programme loops, we experiment with the IF 
statement, use the 8 bit and 16 bit timers, write text, integer, and floating 
point variables to the LCD, use the keypad to enter numbers, create a siren 
sound, experiment with the PICs USART 

Web site:- www.brunningsoftwareso.uk  

Experimenting with 18F PICs 
This book introduces the latest 18F series of PIC 
Microcontrollers. We start with simple programmes to 
drive the LEDs, write text to the LCD and create a real 
time clock. We experiment with the various oscillator 
modes, the watchdog and the sleep mode. We use the 
analogue to digital converter as a voltmeter and experi-
ment with the serial port. Finally we study the operation 
and control of stepper motors. 

Book Experimenting with 18F PICs £ 25.00 

AUX145-SM Stepper motor controller £ 49.00 

5 volt 7.5 degree stepper motor £ 4.50 

(Postage. UK ra £8, Europe es £12, Rest £20) 

You need to own or update to our P901 PIC Training 
System before purchasing the above. 

Experimenting with Visual C 
We are working on a new training system for complete 
beginners which teaches Windows programming and 
simple PC interfacing. The book starts with details of 
how to build a latching serial port using a PIC18F2525. 
We use this port as our interface to our PC. As we 

work through the book we wire simple circuits into the 
plugboard of the latching serial port and write Windows 
programmes in Visual C to operate our circuits. We start 
by flashing LEDs, build a dice machine and an IC tester. 
We use the PC to write messages to a liquid crystal 

display. We learn to draw graphs on our PC screen. 
Then we build a digital to analogue converter, an ana-
logue to digital converter, an audio oscilloscope, and a 
waveform analyser. Windows programming has never 
been so easy or so exciting. No release date as yet. See 
our web site for the latest information. 

Ordering Information 
Our PIC programmer module connects to the serial port 
of your PC (COM1 or COM2). Our PIC programming 
software will operate within Windows 98, XP, NT, 2000 
etc. The new Visual C training system will require 
Windows XP, NT, 2000 etc. 
Telephone with Visa, Mastercard or Switch, or send 
cheque/PO. All prices include VAT if applicable. 

White LED and Motors 
Our PIC training system uses a very practical approach. Towards 
the end of the PIC C book circuits need to be built on the plug-
board. The 5 volt supply which is already wired to the plugboard 
has a current limit setting which ensures that even the most 
severe wiring errors will not be a fire hazard and are very unlike-
ly to damage PICs or other ICs. 
We use a PIC16F627 as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to con-
trol the speed of a DC motor with maximum torque still available. 
A kit of parts can be purchased (£30) to build the circuits using 
the white LEDs and the two motors. See our web site for details. 

Mod order address: 

Brunning Software 138 The Street, Little Clacton, Clacton-on-sea, 
Essex, C016 9LS. Tel 01255 862308 
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icrochip are offering readers of Everyday 
Practical Electronics the chance to win 
one of five PICSTART Plus 

Programmers each worth £110! The latest ver-
sion of Microchip's popular microcontroller pro-

grammer kit includes the PICC Lite ANSI-C 
Compiler for use with the PIC16F84A Flash 

microcontroller. The PICSTART Plus supports 
all existing Microchip 8-bit OTP and Flash 

MCUs, including the popular PIC12CXXX, 
PIC1600C and PIC17CXX devices. 

Additionally, this kit includes a sample 

PIC16F84A MCU — an 18-pin 300 mil DIP 
package RISC controller with 68 bytes of 
RAM, 13 I/0 ports and 1K x 14 of flash 

program memory which can operate at 
frequencies up to 20MHz. 

FEATURES 
The PICSTART Plus operates on any 
PC-compatible machine 
running under the Windows 
3.1 or greater operating sys-
tem and is CE compliant. 
It features Microchip's 
MPLAB Integrated 
Development Environment 
with built-in editor, assem-

bler and Windows-based 
MPLAB-SIM simulator. 
The MPLAB IDE allows 

developers to edit and 
compile from a single user 
interface and provides user-
configurable tool and status 
bars for edit and debug 
information. 

2 
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The MPASM macro assembler provides 
programmable memory data files, listing files, 

and special files required for symbolic debug. 
The MPLAB-SIM software simulator allows 

the user to isolate code problems and debug 
firmware designs on PICmicro MCUs. It 
simulates the core functions as well as most of 

the peripherals of the PICmicro MCU fami-
lies. It is particularly suitable for optimising 
algorithms where real-time emulation is not 
required. 

For the chance to win a PICSTART Plus, log 
onto www.microchip-comp.com/epepicstart 
and enter your details into the online entry 

form. 

CLOSING DATE 
The competition closes on December 11 and 

the names of the prizewinners will be pub-
lished in the February '07 issue of EPE. 
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YOU WON'T 
GET YOUR 
FINGERS 
BURNT 

It may surprise you but buying an Antex soldering 
iron costs less than you think in the long run. British made 
to exacting standards, they last significantly longer 
than imported brands. And with a wide range of 
thermally balanced soldenng irons, you can pick 
up a " fixed temperature" o7 " in-handle" temperature 
model that will suit your needs perfectly. 
None of which will burn a hole in your pocket. 

If your hobby demands the best iron for the job 
but you don't want to get your fingers burnt by the 
cost, visit our website or your electronics retailer for 
the coolest models around. 

Pick up an 
ANTEX 
ULJULJU 
Not just any old iron. 

ia 

www.antex.co.uk 
2 Westbridge Industrial Estate Tavistock 

Devon PL19 8DE Tel 01822 613565 

FREE download 
Graphic Calculator V9.2 

Gr.PhIc Calculato, V9 2 
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With links to Technology, Hobbies and Educational websites 

Principles V9.2 Add your website and 
expect new visitors! 

Something for all the family! Home Study Pack 
Instals to n4re Man dne computer 

Principles V9.2! our top selling package /or maths, computing, ICT. physics, CDT, 
electronics, electrical, mechanics. engineering. PICs and soon business studies 

Download and fully installed for less than 20p a day ano' only pay for as long as you need or 

eptsoft Ilmited Glebe House School Lane www.eptsoft.coni East Keel Sp•Isby. bncoinshee PE23 461.1 
Tel 01790 75403' crea,; ,nfogertsok Z0,71 

EPE BINDERS 
KEEP YOUR MAGAZINES SAFE - 

RING US NOW! 
This ring binder uses a special 
system to allow the issues to 
be easily removed and re-
inserted without any damage. 
A nylon strip slips over each 
issue and this passes over the 
four rings in the binder, thus 
holding the magazine in place. 

The binders are finished in 
hard-wearing royal blue p.v.c. 
with the magazine logo in gold 
on the spine. They will keep 
your issues neat and tidy but 
allow you to remove them for 
use easily. 

The price is £5.95 plus 
£3.50 post and packing. If you 
order more than one binder 
add £1 postage for each 
binder after the initial £3.50 
postage charge (overseas 
readers the postage is £6.00 
each to everywhere except 
Australia and Papua New 
Guinea which costs £10.50 each). 

Send your payment in £'s sterling cheque or PO (Overseas readers 
send £ sterling bank draft, or cheque drawn on a UK bank or pay by 
card), to Everyday Practical Electronics, Wimborne Puublishing 
Ltd, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 

Tel: 01202 873872. Fax: 01202 874562. 
E-mail: editorial@epemag.wimborne.co.uk. 
Web site: http://www.epemag.wimborne.co.uk 
Order on-line from www.epemag.wimborne.co.uk/shopdoor.htm 

We also accept card payments. Mastercard, Visa, Amex, Diners Club or 
Switch (minimum card order £5). Send your card number and card expiry 
date plus Switch Issue No. with your order. 

I /SI ilmont Maestro 
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Surfing The Internet 

et Work 
Alan Winstanley 

Route to your network 

With the growth in broadband 
services, coupled with the stellar 
drop in hardware prices, it is 
now easier than ever to install a 
sophisticated home network that 
connects multiple PCs or Macs 
together around the house. A 
switch is used to wire computers 
together to share data, e.g. over a 
local area network (LAN). Join 
multiple LANs together, and you 
have a wide area network 
(WAN). A hub is a less efficient 
version of a switch but does the 
same job. The purpose of a 
router is to connect one type of 
network to another, in our case 
connecting our home comput-
er(s) to the Internet. A wireless 
access point (WAP) provides 
cordless connections to the net-
work — ideal for connecting a 
wireless laptop or PC to the 
Internet. 

With prices falling, the author 
recently ditched his separate 
Linksys switch, ADSL router and 
WAP boxes in favour of a combined and compact Belkin unit that 
works more efficiently. The built-in hardware firewall of a router acts 
as a barrier against intrusion from outside, and some routers offer a 
built-in wireless access point to share the broadband wirelessly. 
The use of network address translation (NAT) means that 

although a router is connected to the Internet as a node with its own 
unique IP address, the individual machines on the network behind 
the router/firewall can use their own local IP addresses. The very 
fact that a router has a hardware firewall is the best reason why 
cheap, free USB broadband modems should be thrown away: 
modems provide zero protection and they merely hook your 
machine nakedly to the Internet, exposing it to all the anarchy that 
forms the lifeblood of the Internet's undesirables. Therefore, it is 
wise to use a router instead of a simple ADSL modem, even if you 
only have one machine connected to the Internet and only use one 
port on the router. 

Nevertheless, it is possible to breach these defences by launching 
Trojan horses and viruses that sneak in via emails or other files or 
malicious web pages: vigilance and strong software protection are 
required at all times, and the author stands by his recommendation of 
Avast! antivirus from www.avast.com, or AVG from 
www.grisoft.com. Avast! is free for home users and is constantly 
updated, leaving no excuse to leave home machines unprotected. 
As a word of warning, the writer once rebuilt his network from 

scratch, including rebuilding a new machine from the ground up. 
During testing of the Internet connection, the system fetched mail 
from a long-forgotten mailbox — success first time! Unfortunately, the 
antivirus system had not been enabled (let alone updated for the latest 
signatures), and the very first virus that arrived immediately spread 
itself over the LAN and corrupted all the other machines. This was a 
very painful lesson to learn. 

Setup - VNC 

Select Caaponents 

'A should be retailed, 

Select the components you want to need clear the components you do not want to 
instal Clek Nett when you are ready to corbnue 
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\iNC Server 
D VNC Liewer 

Current seiectron 1 ME of dek sace 
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Install RealVNC (virtual network computer) and choose 
Server and/or viewer mode 

VNC Sens'er ( Service:':192.168.2.2 

111®_21(eieb Ceevr,' 10:35 

Mouse over VNC icon to reveal the computer's IP address 

As easy as VNC 
At the moment, I am typing on a 

wireless laptop downstairs in the 
lounge, half-watching the TV 
whilst writing Net Work at the 
same time. The remarkable thing is 
that, actually, although I am using a 
laptop downstairs, I am operating a 
network PC that is situated 
upstairs. In fact, I am able to use 
the desktops of any of the 
machines connected to the same 
network. This saves a tremendous 
amount of legwork and — at last — 
enables multiple resources to be 
managed in the comfort of a place 
of one's choosing. You can run 
software, move files, access other 
machines and print documents 
over the network. This flexible way 
of working can justify the cost of a 
new wireless laptop to manage 
everything and work more flexibly. 

This system is implemented 
using a VNC, or virtual network 
computer. By installing some sim-
ple and readily available VNC soft-
ware onto each machine, users can 
log into them over the network and 

operate them as if sat in front of them, using their keyboard and mouse 
(rather like the principles of Telnet). Based on digital data transmitted 
over the network, the video image is pixel perfect and interference-free, 
though it may not handle video or animations very well, depending on 
bandwidth, and monitor resolutions might need adjustment. 
An excellent VNC software package is RealVNC dovenloadable 

from www.realvnc.com. The software is unintimidating and is easi-
ly installed by any reasonably experienced computer user. For each 
machine that you wish to operate, ensure that the VNC Server soft-
ware is installed and running (e.g. start it automatically when a PC 
boots up). On each machine that will be utilised to operate other 
machines, simply install the VNC viewer. A VNC icon appears in the 
Windows system tray: mouse over it to see the machine's IP address. 
Operating the VNC is as simple as logging into another machine, 
using either its local IP address or — easier still — its network name. 

This system is also proving beneficial in commercial applications, 
enabling an IT specialist to log into client machines in order to debug 
and troubleshoot them. It can even help to train computer users, 
because the mouse pointer and keyboard of the client machine can be 
worked in front of their eyes, as if by magic, by the IT technician 
working remotely. Thus, computer users can be walked through pro-
cedures and problems can be fixed remotely. RealVNC understands a 
number of operating systems, see http://www.realvnc.com/ 
what.html. Also check their commercial KVM over IP (KVM is 
keyboard, video, mouse), it enables you to operate machines anywhere 
in the world using the same principles. 
Windows XP users might also search the Help files for 'Remote 

Desktop', a similar feature that arrived as part of Windows XP. End-
users never seemed terribly confident about utilising it, presumably 
due to a perceived loss of privacy or security. You can E-mail the writer 
at alan@epemag.demon.co.uk 
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ElmScan 5 USB Scon Tool 
• Diagnose any car with EOBD 
• Based on the ELM327 IC 
• Supports all EOBD and OBD-II 
protocols 
• ¡SOIS 765-4 (CAN) 

ISO ¡ 4230-4 (Keyword 2000) 

1509141-2 
1 J1850 VPW 
>1.11850 PWM 

• 9600 or 38400 baud 

• Supported by more software than 
any other OBD interface 

• Inexpensive 
• Full Speed USB 1.1 

• Automatic protocol detection 

• Package includes cables, software 
CD. and Quick Start Guide 
• Buy from your local UK distributors! 

www.ElmScan5.com/epe 

SHERWOOD ELECTRONICS 
FREE COMPONENTS 

Buy 10 x £1 Special Packs and choose another one FREE 
SPI 15 x 5mm Red LEDs 
SP2 12 x 5mm Green LEDs 
SP3 12 x 5mm Yellow LEDs 
SP5 25 x 5mm 1 part LED clips 
SP6 15 x 3mm Red LEDs 
SP7 12 x 3mm Green LEDs 
SP8 10 x 3mm Yellow LEDs 
SP9 25 a 3mm 1 part LED clips 
SP10 100 x 1N4148 diodes 
SP11 30a 1N4001 diodes 
SP12 30 x 1N4002 diodes 
SP18 20a BC182 transistors 
SP20 20x BC184 transistors 
SP23 20 a BC549 transistors 
SP24 4 x CMOS 4001 
SP25 4 x 555 timers 
SP26 4 x 741 0o.Amps 
SP28 4 x CMOS 4011 
SP29 3 a CMOS 4013 
SP33 4 x CMOS 4081 
SP34 20 x 1N914 diodes 
SP36 25 x 10/25V radial elect. caps. 
SP37 12 x 100/35V radial elect. caps. 
SP38 15 x 47/25V radial elect caps 
SP39 10 a 470/16V radial elect. caps. 
SP40 15 x BC237 transistors 
SP41 20 x Mixeo transistors 
SP42 200 x Mixed 0.25W C.F. resistors 
SP47 5 x Min. PB switches 
SP49 4 x 5 metres stranded core wire 
SP101 8 Metres 22SWG solder 
SP102 20 x 8-pin DIL sockets 
SP103 15 x 14-pin OIL sockets 
SP104 15 x 16-pin Da. sockets 
SP105 4 x 741.800 
SP109 iSa BC557 transistors 
SP112 4 x CMOS 4093 
SP115 3 x 13rnm Red LEDs 
SP116 3 x tOmm Green LEDs 
SP118 2 x CMOS 4047 
SP124 20 x Assorted ceramic disc caps 
SP126 6 x Battery clips - 3 ea. 

PPS s PP9 
SP130 100 x Mixed 0.5W C.F. resistors 
SP131 2 x TLC71 Op.Amps 
SP133 20 x 1N4004 diodes 
SP134 15 x 1N4007 diodes 

RESISTOR PACKS — C.Film 
RP3 5 each value - total 365 0.25vv £3.30 
RP7 10 each value - total 730 0.25W £4.55 
RPIO 1000 popular values 0.25W £6.45 
RP4 5 each value-total 345 0.5e, £4.20 
RP8 10 each value-total 690 0.5W £6.85 
RP11 1000 popular values 0.5W £8 70 

SP135 5 x Miniature slide switches 
SP136 3 x BFY50 transistors 
SP137 4 x W005 1.5A bridge rectifiers 
SP138 20 x 2.2/63V radial elect. caps. 
SP140 3 x WO4 1.5A bridge rectifiers 
SP142 2 x CMOS 4017 
SP143 5 Pairs min. crocodile clips 

(Red 8 Black) 
SP144 5 Pairs min crocodile clips 

(assorted colours) 
SP146 10 x 2N3704 transistors 
SP147 5 x Stripboard 9 strips x 

25 holes 
SP151 4 x 8mm Red LEDs 
SP152 4 x 8mm Green LEDs 
SP153 4 x 8mm Yellow LEDs 
SPI 54 15 x BC548 transistors 
SP156 3 x Stripboard, 14 strips x 

27 holes 
SP160 10 x 2N3904 transistors 
SP161 10 x 2N3906 transistors 
SP164 2 x C106D thyristors 
SP165 2 x LF351 Op.Amps 
SP166 20 x 1N4003 diodes 
SP167 5 x BC107 transistors 
SP168 5 x BC108 transistors 
SP171 8 Metres 18SWG solder 
SP172 4 x Standard slide switches 
SP173 10 x 220/25V radial elect. caps 
SP174 20 x 22/25V radial elect. caps 
SP175 20 x 1/63V radial elect. caps. 
SP177 10 x 1A 20mm quick blow fuses 
SP178 10 x 2A 20mm quick blow fuses 
SP181 5 x Phono plugs - asstd colours 
SP182 20 x 4.7/63V radial elect. caps. 
SP183 20 x BC547 transistors 
SP187 15 x BC239 transistors 
SP189 4 x 5 metres solid core wire 
SP192 3 a CMOS 4066 
SP195 3 a 10mm Yellow LEDs 
SP197 6 x 20 pin OIL sockets 
S'198 5 x 24 pin OIL sockets 
SP199 5 x 2.5mm mono jack plugs 
SP200 5 x 2.5mm mono jack sockets 

2006 Catalogue available £1 inc. 
P&P or FREE with first order. 
P&P £ 1.50 per order. NO VAT 
Cheques and Postal Orders to . 
Sherwood Electronics, 

7 Williamson St., Mansfield, 
Notts. NG19 6TD. 

Build Your Own 

Weather Station 

Weather Starter Kit 
RS232 Interface 
USB Interface 
Humidity Module 
Pressure Module 
Rainfall Gauge 

£59 
£25 
£29 
£39 
£49 
£59 

Prices exclude VAT and delivery 

Measure Wind 
Speed 
Measure Wind 
Direction 
Measure 
Temperature 
Easy Build Kit 
FREE Software 
USB or RS232 
Optional 
Humidity Module 
Optional 
Pressure Module 
Optional Rainfall 
Gauge 
Simple 1-wire® 
connection 
Build and add 
your own devices 

For more information, manuals and downloads on this and 

other interesting products see www.audon.co.uk 

011/IN111 Electronics 
www.audon.co.uk I +44 ( 0)115 925 8412 I Fax + 44 ( 0)115 925 9757 

EVERYDAY PRACTICAL Advertising Rates 
ELECTRONICS fPolreamseorceondteatactilsSt0e1w2a0r2t8K7e3a872 

Full Page 265mm x 177mm 

Half Page 265mm x 85mm 

Third Page 265mm x 55mm 

Quarter Page 129mm x 85mm 

£500.00 

£275.00 

£185.00 

£150.00 

Sixth Page 129mm x 55mm 
Eighth Page 65mm 85mm 

Classified per single column cm 
(minimum 2.5cms) 

£95.00 

£85.00 

£10.00 
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Email: john.becker@wimborne.co.uk 

John Becker addresses some 
of the general points readers 
have raised. Have you anything 

interesting to say? 
Drop us a line! 

tAlI letters quoted here have previously been replied to directly. 

An Atlas LCR Passive Component 
Analyser, kindly donated by Peak Electronic 
Design Ltd., will be awarded to the author 
of the Letter Of The Month each month. 

The Atlas LCR automatically measures 
inductance from 1,i4F1 to 10H, capacitance 
from 1pF to 1 0,000µF and resistance from 
1S2 to 2M52 with a basic accuracy of 1%. 

www.peakelec.co.uk 

* LETTER OF THE MONTH * 
High Intensity Torch 

Dear EPE, 
I've recently downloaded my copy of 

August '06 EPE, and noticed with inter-
est the LED torch design. I think that 
there are some issues that should be 
looked at with regards to improving the 
brightness and possible LED lifetime 
problems. 

First, it appears that the LED is simply 
being provided with battery power via the 
transistor, while varying the duty cycle of 
the LED current to provide a constant 
brightness throughout the voltage cycle of 
the battery. 

Although a reasonable approach with 
an incandescent lamp, one has to take into 
account the junction temperature of the 
LED. Basically the brightness goes down 
as the junction temperature increases. So 
running an LED at a high current doesn't 
necessarily mean highest brightness (dis-
regarding the magic smoke issue for 

now). The peak current should be deter-
mined not by duty cycle, but by refresh 
rate. With the LED on for a shorter time, 
the junction temperature will not rise as 
high. The design might be improved by 
increasing the frequency of the PWM 
signal, when the battery voltage is 
higher. Osram have a discussion on this 
effect in their application note: http:// 
catalog.osram-os.com/media/_en 
/Graphics/00017058_0.pdf (page 15 
onwards). 
The internal resistance of the battery 

will also be a factor in the LED current. 
Different battery types will give 
higher/lower brightnesses. The torch mod 
types over at candlepowerforums have 
many threads on this issue. 

Additionally, if the junction tempera-
ture exceeds the maximum rating, the life 
of the LED will be reduced due to the 
internal stresses of the resin on the die 
connections. Zapping an LED with high 

currents will reduce the lifetime of the 
LED, by how much is no doubt hard to 
determine, but should be considered. Use 
of high frequency PWM and good ther-
mal design are important factors to reduce 
the amount of time the LED spends heat-
ing up the resin. 
Odds are for most people, the battery 

voltage Vce of the transistor will be 
enough not to stress the LED except when 
the battery is newly charged, but it might 
be interesting for anyone constructing the 
device to measure their peak currents 
rather than average currents and doing the 
maths on their LEDs to see if the junction 
temperature is being exceeded, and for 
how long. 

Philip Pulle, RGB Sunset 
Productions, www.rgbsunset.com, 

via email 
Thanks Philip, you've highlighted an 

issue that most people will not have 
considered. 

Rushing Nostalgia 

Dear EPE, 
I was having a nostalgia rush the other 

day! I bought a CD from Old Colony 
Labs in the USA where I now live, 
which has the early issues of the 
American magazine Audio Amateur 
from 1970-1979. In there was an advert 
for Electrovalue America, which made 
me think of the ' 70s when I was buying 
parts in the UK from Electrovalue, and 
was buying the odd Everyday 
Electronics magazine. 
I came across your online forum, and 

was saddened at the discussion of the 
demise of Electrovalue, and then saw the 
links to PE and EE history. I was fasci-
nated to see the picture of EE December 
'74 — I believe I bought that copy and 
think I still have the data check card 
somewhere, and probably some of the 
fold out component information sheets 
(e.g. resistor colour codes). Not sure if I 
have any complete magazines left from 
those times — I used to tear out interest-
ing articles, so probably still have some 
of these. 
EE taught me a lot about electronics, a 

career I have had for the last 26 years 
since leaving Lanchester Polytechnic 
(now Coventry University). I now work 

for the Bose Corporation in 
Massachussetts, designing audio ampli-
fiers for automotive applications. 

Ah, fond memories! 
Paul Joyce, Milford, NH USA, 

via email 

Paul had sent his comments direct to 
Alan Winstanley, who replied: 

Paul, many thanks for your mail. It is 
always terrific to receive appreciative 
mail from readers — we know that very 
many hobbyists and enthusiasts pass 
through our hands on their way to better 
things in their career, and we're really 
proud of the part we play in helping 
our readers to develop their interest in 
electronics. 
You would find that the magazine has 

changed a lot (as has the technology 
we routinely deal with). A downloadable 
PDF version is available from 
www.epemag,.com and back issues can be 
bought online from www.epemag.wim 
borne.co.uk. 

Best wishes from everyone here at 
EPE! 

Alan Winstanley, On-Line Editor, 
alan@epemag.demon.co.uk, 

via email 

Sorting Strings 

Dear EPE. 
Regarding Craig Patterson's query 

about strings (July '06). In VB6 I use a 
list box with the properties set to sort. 
Add each letter to the list box and it is 
automaticaly sorted ascending. Just read 
out the list. I am using this to make my 
own crossword solver for anagrams. 

Ken Smith, Capetown, 
South Africa, via email 

Thanks Ken. Yes, all you need to do is 
write a subroutine to take each letter of 
the string(s) and enter it into the box, 
and then recompile it to just one long 
string after sorting has been done by the 
automatic process. It could be easy 
enough I guess. 

Strings Sorted 

Dear EPE, 
I'd like to thank Richard Graham for 

his reply (Readout Sept '06). The func-
tion as shown couldn't be more suited to 
my application if he'd had a list of crite-
ria. So thanks again and also to John 
Becker. 

Craig Patterson, via email 

Thanks for telling us Craig. 
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Power Factor Correction 

Dear EPE, 
The other day I was building an AC 

lamp control circuit using a PIC and I 
found that it is very easy to create a zero 
crossing detector using the op amp input. 
It then occurred to me that if I could 
detect the current waveform within the 
AC and determine the current zero cross-
ing point, then I could use the time dif-
ference between the two to work out the 
power factor. 
Some quick sums indicated that the 

correction capacitors would be in the 
region of a few microfarads. I see Maplin 
do a range of motor start capacitors from 
2/.¡F to 30/2F. But how to measure the 
current in the incoming supply? The 
usual way would be a current trans-
former but that involves breaking the 
supply to fit it and there is the added 
problem of high voltages if the circuit's 
secondary winding gets disconnected. 
But I wonder if a Hall effect transduc-

er taped to the outside of one of the 
cables would give an AC output in phase 
with the current. The leads from the 
incoming cable to the consumer unit are 
often two individual single cores and so 
it would be easy to get close to the 
incoming line and there is no tricky dis-
connection required. 

Using a PIC to determine the power 
factor lag, which almost always is 
because of the inductive loads in house-
hold machines, it would be possible to 
switch in the appropriate capacitors to 
correct the lag. If we use thyristors to do 
the switching through opto-couplers then 
the whole thing is solid state and with 
some judicious time lags to stop oscilla-
tion it could save some cash. The con-
nection to mains would simply be a 
three-pin plug somewhere close to the 
incoming supply. but this is not critical. 

This is as far as I have got. I don't 
know if the Hall Effect sensor will work 
and I haven't a scope to check it (or the 
time to work it all out yet.) So is this an 
idea for you to run with? 

Just a thought. 
Bruce Beattie, via email 

Bruce, I'm not too familiar with 
designs based around AC mains. prefer-
ing to stick with low voltage DC that is 
no potential hazard to our readers. 

In principle, a Hall effect device will be 
sensitive to local magnetic fields around 
it, but only minutely and the signal needs 
amplifying in some way before it becomes 
useful. Conventionally, a transformer of 
some sort is used to amplify mains current 
magnetic fields to make it easier for the 
Hall device to sense them. 
As shown by commercial mains current 

detector clamps, it is not necessary to 
break into the mains cable, the transfomer 
windings being wrapped around the cable 
to be monitored. The wrapping does not 
need to be a tight fit and can consist of 
coils in a sort of horseshoe formation 
through the centre of which passes the 
cable. The two sides of the horseshoe are 
often hinged to allow the clamp to be 

opened to allow the cable to pass through 
— see our Current Clamp Adaptor for 
Multimeters in the Jan '06 issue. 

I'm not clear how you would intend to 
use the capacitors, but you're not going 
to be able to pass large currents. 
I regret I've no wish to design some-

thing to meet your needs, even though it 
would be PIC-based! But by quoting 
your letter here, let's see if readers have 
any suggestions to make. You could also 
ask your question on our Chat Zone (via 
www.epemag.co.uk) where many, read-
ers chat with each other and get help. 

Camels and VB6 

Dear EPE, 
Readers interested in trying out 

VB.NET 2005 as a vehicle for interfac-
ing via the parallel and serial ports have 
an alternative to getting it from Microsoft 
in the form of a massive download. 
At least two relatively inexpensive 

books have been published accompanied 
by a CD holding the NET framework and 
Visual Basic 2005 Express edition. Build 
a Program NOW! Microsoft Visual Basic 
2005 Express Edition by Patrice Pelland, 
explains how to do just that. Mastering 
Visual Basic 2005 Express Edition by 
Evangelos Petrousos and Acey J. Bunch 
is more in the nature of a reference book. 
Once the NET framework is installed 

on a machine it is worth downloading the 
4.2MB SharpDevelop 2.0. This is a free, 
OpenSource, IDE for developing NET 
programs. At present it comes with com-
pilers for Visual Basic, C#, and a lan-
guage called Boo. A couple of nice 
features are the facility to instantly con-
vert a useful bit of C# code to VB.NET 
code for incorporation into a program 
and the provision of a serial port compo-
nent. I find SharpDevelop 2.0 to be a 
more congenial environment in which to 
program than Visual Studio. 
I never felt happy using VB6, which 

always reminded me of the old saying 
about a camel being a horse designed by 
a committee, and quickly moved to 
Delphi. I originally ignored VB.NET, 
wrongly assuming it would have all the 
faults of VB6. It was a pleasant surprise 
to find it gave me the things I like in 
Delphi; strong typing and the ability to 
detect many errors at compile time. It is 
definitely worth a look at. 

Dr Les May, Rochdale, Lanes, 
via email 

Thanks Les. Personally, I get on very 
well with VB6 and seldom have trouble. 

13.5V PSU 

Dear EYE, 
I refer to your Dirt Cheap High 

Current Bench Supply in the July '06 
issue. Some years back I suggested to a 
competitor mag of yours an article on 
using a PC PSU for this sort of project. 
They declined to do it, so congratulations 
on publishing one. 
One thing that's missing I think in the 

article is that, without a dummy load 

connected, the PSU may not start up. I 
wasted a lot of time wondering why my 
PSU had no volts at all at the output, and 
no oscillations in the switching chip. The 
article does mention testing it with a 
load, but does not say it has to be con-
nected. Mine needs to draw more than 
0.5A on +5V and + 12V outputs before it 
starts up. My PSU is a Seventeam 220, 
whereas the one featured was a 230. 

Edward Chase, via email 

Thanks Edward, that looks useful. 

Positive Feedback 

Dear EPE, 
Just a few words on the 'new look 

magazine', now that it's had a few issues 
to mature. I was initially quite concerned 
that another revision to the format was 
going to happen. For many other maga-
zines, a format revision was often the last 
thing that happened before their collapse. 
I held my breath for a while, I can tell 
you. Glossy, colour pages seem to have 
heralded death for others. 
On the UK newsagents' shelves, there 

are precious few mags for electronics 
and radio enthusiasts these days. The list 
of survivors is short and the list of the 
dead, long. Over the years, I've regularly 
bought numerous, now defunct, titles. 
The common thread amongst them? A 

mix of information, instruction and con-
struction articles. That's what I like. 
Sadly, the number of 'us' that enjoy the 
achievement and technical challenge of 
building something seems to have radi-
cally dwindled, judging by the loss of 
titles over the years, and I suppose it is, 
in some part, due to the instant gratifica-
tion of the iPod and mobile phone era. To 
me, there's no magic in them — not like 
that through having built your own hi-fi 
or superhet. 
I see your association with Silicon 

Chip magazine and I hope this is the way 
to go to preserve the publication. 
Certainly amalgamation, in a way, of 
readerships in similar English-speaking 
countries is probably a way to keep read-
er numbers up and to ensure a flow of 
good-quality articles and projects from 
contributors. Jaycar kits seem very good 
from my experience of them. 

That matter could ramble on into ques-
tions about the way components suppli-
ers have also withered away or gone over 
to selling kids toys and gizmos. 

So, well done. Please, please, keep it 
up or I'll have to resort to buying wood-
working tools! 

Bill Jones CEng MIET, 
Senior Component Engineer, 
Ford PD Europe, via email 

Thanks for that Bill. I too have seen 
many changes in the hobby during the 
forty-odd years I've been connected with 
it in many ways. What we have now is a 
hard-core of interested readers, yet new 
people are coming in to participate on a 
regular basis, which is good for the 
hobby. Despite misgivings in the past, I 
look at the future with confidence. 
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FREE Two booklets and a Circuit Surgery 

CD-ROM with Teach-In 2000 CD-ROM 

EPE TEACH-IN 
2000 CD-ROM 

The whole of the 12-part Teach-In 2000 series by John 
Becker (published in EPE Nov '99 to Oct 2000) is now 
available on CD-ROM. Plus the Teach-In 2000 interactive 
software (Win 95, 98, ME and above) covering all aspects 
of the series and Alan Winstanley's Basic Soldering 
Guide (including illustrations and Desoldering). 

Teach-In 2000 covers all the basic principles of elec-
tronics from Ohm's Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on the inter-
active software where you can also change component 
values in the various on-screen demonstration circuits. 

The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a sim-
ple computer interface (Win 95, 98, ME only) which 
allows a PC to be used as a basic oscilloscope. 

ONLY £12.45 including VAT and p&p 

Order code Teach- In CD-ROM 

Robotics 
INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly sophis-
ticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System ( RIS). Initially covers 
fundamental budding techniques and mechanics needed to 
construct strong and efficient robots using the various"click-
together" components supplied in the basic RIS kit. Then 
explains in simple terms how the "brain of the robot may be 
programmed on screen using a PC and "zapped" to the robot 
over an infra- red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC may 
be used to control the robots. 

Details building and programming instructions provided, 
including numerous step-by-step photographs 

288 pages - large format Order code BP901 

MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 

£14.99 

Covers the Vision Command System 

Shows the reader how to extend the capabilities of 
the brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Legos own accessories and some sim-
ple home constructed units. You will be able to build 
robots that can provide you with 'waiter service' when 
you clap your hands, perform tricks, 'see' and avoid 
objects by using 'bats radar, or accurately follow a line 
marked on the floor. Learn to use additional types of 
sensors including rotation, light, temperature, sound 
and ultrasonic and also explore the possibilities provid-
ed by using an additional (third) motor. For the less 
experienced, RCX code programs accompany most of 
the featured robots. However, the more adventurous 
reader is also shown how to write programs using 
Microsoft's VisualBASIC running with the ActiveX con-
trol (Spirit.00X) that is provided with the RIS kit. 

Detailed building instructions are provided for the fea-
tured robots, including numerous step-by-step pho-
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an 'intelligent' sweet dispenser and a 
colour conscious robot that will try to grab objects of a 
specific colour. 

298 pages Order code BP902 £14.99 

ANDROIDS, ROBOTS AND ANIMATRONS - Second 
Edition - John lovine 
Build your own working robot or android using both off-
the-shelf and workshop constructed materials and 
devices. Computer control gives these robots and 
androids two types of artificial intelligence (an expert sys-
tem and a neural network). A lifelike android hand can be 
built and programmed to function doing repetitive tasks. A 
fully animated robot or android can also be built and pro-
grammed to perform a wide variety of functions. 
The contents include an Overview of State-of-the-Art 

Robots; Robotic Locomotion; Motors and Power 
Controllers; All Types of Sensors; Tilt; Bump; Road and 
Wall Detection; Light; Speech and Sound Recognition; 
Robotic Intelligence (Expert Type) Using a Single-Board 
Computer Programmed in BASIC; Robotic Intelligence 
(Neutral Type) Using Simple Neural Networks (Insect 
Intelligence); Making a Lifelike Android Hand; A 
Computer-Controlled Robotic Insect Programmed in 
BASIC; Telepresence Robots With Actual Arcade and 
Virtual Reality Applications; A Computer-Controlled 
Robotic Arm; Animated Robots and Androids; Real-World 
Robotic Applications. 

224 pages Order code MGHt £16.99 

DIRECT BOOK SERVICE 
NOTE: ALL PRICES INCLUDE UK POSTAGE 

The books listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to everyone 
involved in electronics and computing. They are supplied by mail 
order to your door. Full ordering details are given on the last book 

For a further selection of books see the next two issues of EPE. 

Radio 
BASIC RADIO PRINCIPLES AND TECHNOLOGY 
Ian Poole 
Radio technology is becoming increasingly important in 
today's high technology society. There are the traditional 
uses of radio which include broadcasting and point to 
point radio as well as the new technologies of satellites 
and cellular phones. All of these developments mean 
there is a growing need for radio engineers at all levels. 
Assuming a basic knowledge of electronics, this book 

provides an easy to understand grounding in the topic. 
Chapters in the book: Radio Today, Yesterday, and 

Tomorrow; Radio Waves and Propagation; Capacitors, 
Inductors, and Filters; Modulation; Receivers; 
Transmitters; Antenna Systems; Broadcasting; Satellites; 
Personal Communications; Appendix - Basic 
Calculations. 

263 pages Order code NE30 £18.99 

PROJECTS FOR RADIO AMATEURS AND S.W.L.S. 
R. A. Pentold 
This book describes a number of electronic circuits, most 
of which are quite simple, which can be used to enhance 
the performance of most short wave radio systems. 
The circuits covered include: An aerial tuning unit; A 

simple active aerial; An add-on b.f.o, for portable sets; 

A wavetrap to combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W. and S.S.B. 
audio filters; Simple noise limiters; A speech processor; A 
volume expander. 
Other useful circuits include a crystal oscillator, and 

RTTY/C.W. tone decoder, and a RTI'Y serial to parallel 
converter. A full range of interesting and useful circuits for 
short wave enthusiasts. 

92 pages Order code BP304 £4.45 

AN INTRODUCTION TO AMATEUR RADIO 
I. D. Poole 
Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the 
turn of the century. This book gives the newcomer a 
comprehensive and easy to understand guide through 
the subject so that the reader can gain the most from the 
hobby. It then remains an essential reference volume to 
be used time and again. Topics covered include the 
basic aspects of the hobby, such as operating proce-
dures, jargon and setting up a station. Technical topics 
covered include propagation, receivers, transmitters and 
aerials etc. 

150 pages Order code BP257 £5.49 

Computers and Computing 
THE INTERNET FOR THE OLDER GENERATION 
Jim Gatenby 
Especially written for the over 50s. Uses only clear and 
easy-to-understand language. Larger type size for easy 
reading. Provides basic knowledge to give you confi-
dence to join the local computer class. 
This book explains how to use your PC on the Internet 
and covers amongst other things: Choosing and setting 
up your computer for the Internet. Getting connected to 
the Internet. Sending and receiving emails, pho-
tographs, etc., so that you can keep in touch with fam-
ily and friends all over the world. Searching for and 
saving information on any subject. On-line shopping 
and home banking. Setting up your own simple web 
site. 

228 pages Order code BP600 £8.99 

HOW TO BUILD YOUR OWN PC - 
Third Edition 
Morris Rosenthal 
More and more people are building their own PCs. They 
get more value for their money, they create exactly the 
machine they want, and the work is highly satisfying 
and actually fun. That is, if they have a unique begin-
ner's guide like this one, which visually demonstrates 
how to construct a state-of-the-art computer from start 
to finish. 
Through 150 crisp photographs and clear but minimal 

text, readers will confidently absorb the concepts of 
computer building. The extra-big format makes it easy 
to see what's going on in the pictures. For non-special-
ists, there's even a graphical glossary that clearly 
illustrates technical terms. The author goes "under the 
hood" and shows step-by-step how to create a socket 7 
(Pentium and non-intel chipsets) and a Slot 1 (Pentium 
II) computer, covering: What first-time builders need to 
know; How to select and purchase parts; How to 
assemble the PC; How to install Windows 98. The few 
existing books on this subject, although badly outdated, 
are in steady demand. This one delivers the expertise 
and new technology that fledgling computer builders 
are eagerly looking for. 

224 pages - large format Order code MGH2 £20.99 

PIC YOUR PERSONAL INTRODUCTORY COURSE 
SECOND EDMON John Morton 
Discover the potential of the PIC micro-
controller through graded projects - this book could 
revolutionise your electronics construction work! 
A uniquely concise and practical guide to getting up 

and running with the PIC Microcontroller. The PIC is 
one of the most popular of the microcontrollers that are 
transforming electronic project work and product 
design. 

Assuming no prior knowledge of microcontrollers 
and introducing the PIC's capabilities through simple 
projects, this book is ideal for use in schools and col-
leges. It is the ideal introduction for students, teachers, 
technicians and electronics enthusiasts. The step-by-
step explanations make it ideal for self-study too: this 
is not a reference book - you start work with the PIC 
straight away. 
The revised second edition covers the popular repro-

grammable EEPROM PICs: P16C84/16F84 as well as 
the P54 and P71 families. 

270 pages Order code NE36 £16.99 

eBAY FOR BEGINNERS 
Cherry Nixon 
There are two kinds of people, those who are trading on 
eBay and the rest who are missing out. Though eBay 
has been embraced by entrepreneurs all over the world, 
it remains the peoples' site and offers the largest mar-
ket for the smallest fee. 
eBay presents an opportunity for everyone, the trick 

is to master it. This book shows you how to start trading 
on eBay UK. It also offers advice on getting organised 
and tips to put you ahead. 
The book has been developed from Cherry's popu-

lar hands-on course "Buying and Selling on eBay for 
Technological Simpletons". In addition to fully explan-
ing eBay and how to trade on it there are sections on 
Paypal, producing pictures of your sale items, fees 
and accounts, safety and security including what to 
do when things go wrong and what protection is 
provided. 
178 pages Order code BP551 £8.99 

NEWNES PC TROUBLESHOOTING 
POCKET BOOK - THIRD EDITION 
Howard Anderson, Mike Tooley 

All the essential data for PC fault-finding and upgrad-
ing. This book provides a concise and compact reference 
that describes, in a clear and straightforward manner, the 
principles and practice of fault-finding and upgrading PCs 
and peripherals. The book is aimed at anyone who is 
involved with the installation, configuration, maintenance, 
upgrading, repair or support of PC systems. It also pro-
vides non-technical users with sufficient background 
information, charts and checklists to enable the diagnosis 
of faults and help to carry out simple modifications and 
repairs. In order to reflect rapid changes in computer tech-
nology (both hardware and software) this new edition has 
been completely revised and rewritten. 

256 pages Order code NE41 £19.99 
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Theory and Reference 
ELECTRONIC CIRCUITS - FUNDAMENTALS 
& APPLICATIONS 
Third Edition 
Mike Tooley 
A comprehensive reference text and practical electronics 
handbook in one volume - at an affordable price! 
New chapter on PIC microconfrollers - the most popular 
chip family for use in project work by hobbyists and in 
colleges and universities. 
New companion website: spreadsheet design tools to 
simplify circuit calculations; circuit models and templates 
to enable virtual simulation; a bank of on-line questions 
for lecturers to set as assignments, and on-line self-test 
multiple choice questions for each chapter with automatic 
marking, to enable students to continually monitor their 
progress and understanding. 
The book's content is matched to the latest pre-degree 
level courses, making this an invaluable reference for all 
study levels, and its broad coverage is combined with 
practical case studies, based in real-world engineering 
contexts throughout the text. 
The unique combination of a comprehensive reference 
text, incorporating a primary focus on practical applica-
tions, ensures this text will prove a vital guide for stu-
dents and also for industry-based engineers, who are 
either new to the field of electronics, or who wish to 
refresh their knowledge. 

400 pages Order code NE43 

BEBOP TO THE BOOLEAN BOOGIE 
Second Edition 
Clive (Max) Maxfield 

This book gives the -big picture" of digital 
electronics. This indepth, highly readable, up-to-the-minute 
guide shows you how electronic devices work ano how 
they're made. You'll discover how transistors operate, how 
printed circuit boards are fabricated, and what the innards of 
memory ICs look like. You'll also gain a working knowledge 
of Boolean Algebra and Karnaugh Maps, and understand 
what Reed-Muller logic is and how it's used. And there's 
much, MUCH mora The author's tongue-in-cheek humour 
makes it a delight to read, but this is a REAL technical bock. 
extremely detailed and accurate. Comes with a free CD-
ROM which contains an eBook version with fell text search 
plus bonus chapter - An Illustrated History of Electronics 
and Computing. 
Contents: Fundamental concepts; Analog versus 

digital; Conductors and insulators; Voltage, current, 
resistance, capacitance and inductance; 
Semiconductors; Primitive logic functions; Binary arith-
metic; Boolean algebra; Karnaugh maps; State dia-
grams, tables and machines; Analog-to-digital and dig-
ital-to-analog; Integrated circuits (ICs); Memory ICs; 
Programmable ICs: Application-specific integrated cir-
cuits (ASICs): Circuit boards (PWBs and DWBs); 
Hybrids; Multichip modules (MCMs); Alternative and 
future technologies. 

£21.99 

BOOK PLUS 
CD-R0141 

500 pages Order code BEB1 £27.50 

BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 
Clive (Max) Mast ield and Alvin 
Brown 

This follow-on to Bebop to the 
Boolean Boogie is a multime-
dia extravaganza of informa-
tion about how computers 
work. It picks up where Bebop 
I" left off, guiding you through 
the fascinating world of computer 
design . . . and you'll have a few 
chuckles, if not belly laughs, along the way. In addition 
to over 200 megabytes of mega-cool multimedia, the 
CD-ROM contains a virtual microcomputer, simulating 
the motherboard and standard computer peripherals in 
an extremely realistic manner. In addition to a wealth of 
technical information, myriad nuggets of trivia, and hun-
dreds of carefully drawn illustrations, the CD-ROM con-
tains a set of lab experiments for the virtual microcom-
puter that let you recreate the experiences of early com-
puter pioneers. If you're the slightest bit interested in the 
inner workings of computers, then don't dare to miss 
this! 
Over 800 pages in Adobe Acrobat format 

CD-ROM Order code BEB2 CD-ROM £21.95 
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GETTING THE MOST FROM YOUR 
MULTIMETER 
R. A. Penfold 
This book is primarily aimed at beginners and those of lim-
ited experience of electronics. Chapter 1 covers the basics 
of analogue and digital multimeters, discussing the rela-
tive merits and the limitations of the two types. In Chapter 
2 various methods of component checking are described, 

including tests for transistors, thyristors, resistors, capaci-
tors and diodes. Circuit testing is covered in Chapter 3, 
with subjects such as voltage, current and continuity 
checks being discussed. 

In the main little or no previous knowledge or 
experience is assumed. Using these simple compo-
nent and circuit testing techniques the reader should 
be able to confidently tackle servicing of most elec-
tronic projects. 

96 pages Order code BP239 £5.49 

STARTING ELECTRONICS, THIRD EDITION 
KEITH BRINDLEY 
A punchy practical introduction to self-build electronics. 

The ideal starting point for home experimenters, techni-
cians and students who want to develop the real hands-on 
skills of electronics construction. 
A highly practical introduction for hobbyists, students, 

and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic cir-
cuits. 
Breadboard layouts make this very much a ready-to-run 

book for the experimenter, and the use of multimeter, but 
not oscilloscopes, and readily available, inexpensive com-
ponents makes the practical work achievable in a home or 
school setting as well as a fully equiped lab. 

288 pages Order code NE42 

THE AMATEUR SCIENTIST 
CD-ROM - VERSION 2 
The complete collection of The Amateur Scientist articles 
from Scientific American maga-
zine. Over 1,000 classic science 
projects from a renowned 
source of winning projects. All 
projects are rated for cost, diffi-
culty and possible hazards. Plus 
over 1,000 pages of helpful sci-
ence techniques that never 
appeared in Scientific 
American. 
Exciting science projects in: 
Astronomy; Earth Science; 
Biology; Physics; Chemistry: 
Weather ... and much more! The most complete resource 
ever assembled for hobbyists, and professionals looking for 
novel solutions to research problems. Includes extensive 
Science Software Library with even more science tools. 
Suitable for Mac, Windows, Linux or UNIX. 32MB RAM 
minimum, Netscape 4.0 or higher or Internet Explorer 4.0 
or higher. Over 1,000 projects 

CD-ROM 

£10.99 

Order code AS1 CD-ROM 

CD-ROM 

£19.95 

Music, Audio and Video 
MAKING MUSIC WITH YOUR COMPUTER 
Stephen Bennett 
Nearly everyone with musical aspirations also has a com-
puter. This same computer can double as a high quality 
recording studio capable of producing professional 
recordings. This book tells you what software and hard-
ware you will need to get the best results. 

You'll learn about recording techniques, software and 
effects, mixing, mastering and CD production. 

Suitable for PC and Mac users, the book is full of tips, 
"how to do" topics and illustrations. It's the perfect answer 
to the question "1-iow do I use my computer to produce my 
own CD?" 

92 pages Order code PC120 £10.95 

QUICK GUIDE TO ANALOGUE SYNTHESIS 
Ian Waugh 
Even though music production has moved into the digi-
tal domain, modem synthesisers invariably use ana-
logue synthesis techniques. The reason ls simple - 
analogue synthesis is flexible and versatile, and it's rel-
atively easy for us to understand. The basics are the 
same for all analogue synths, and you'll quickly be able 
to adapt the principles to any instrument, to edit exist-
ing sounds and create exciting new ones. This book 
describes: How analogue synthesis works. The essen-
tial modules every synthesiser has; 'The three steps to 
synthesis; How to create phat bass sounds; How to 
generate filter sweeps; Advanced synth modules; How 
to create simple and complex synth patches; Where to 
find soft synths on the Web. 

If you want to take your synthesise 7- of the hardware 
or software variety - past the presets, and program 
your own sounds and effects. this practical and well-
illustrated book tells you what you need to know. 

60 pages Order code PC118 £7.45 

QUICK GUIDE TO MP3 AND DIGITAL MUSIC 
Ian Waugh 
MP3 files, the latest digital music format, have taken the 
music indust:y by storm. What are they? Where do you 
get them? How do you use them? Why have they thrown 
record companies into a panic? WM they make music 
easier to buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this 
concise ana practical book which explains everything 

you need to know about MP3s in a simple and easy-to-
understand manner. It explains: 
How to play MP3s on your computer; How to use 

MP3s with handheld MP3 players; Where to find MP3s 
on the Web; How MP3s work; How to tune into Internet 
radio stations; How to create your own MP3s; How to 
record your own CDs from MP3 files; Other digital 
audio music formats. 
Whether you want to stay bang up to date with the lat-

est music or create your own MP3s and join the on-line 
digital music revolution, this book will show you how. 

60 pages Order code PC119 £7.45 

THE INVENTOR OF STEREO - THE LIFE AND WORKS 
OF ALAN DOWER BLUMLEIN 
Robert Charles Alexander 
This book is the definitive study cf the life and works of 
one of Britain's most important inventors who, due to a 
cruel set of circumstances, has all but been overlooked 
by history. 
Alan Dower Blumlein led an extraordinary life in 

which his inventive output rate easily surpassed that of 
Edison, but whose early death during the darkest days 
of World War Two led to a shroud of secrecy which has 
covered his life and achievements ever since. 

His 1931 Patent for a Binaural Recording System 
was so revolutionary that most of his contemporaries 
regarded it as more than 20 years ahead of its time. 
Even years after his death, the full magnitude of its 
detail had not been fully utilized. Among his 128 
patents are the principal electronic circuits critical to 
the development of the world's first elecronic television 
system. During his short working life, Blumlein pro-
duced patent after patent breaking entirely new ground 
in electronic and audio engineering. 
During the Second World War, Alan Blumlein was 

deeply engaged in the very secret work of radar devel-
opment and contributed enormously to the system 
eventually to become 'H2S' - blind-bombing radar. 
Tragically, during an experimental H2S flight in June 
1942, the Halifax bomber in which Blumlein and several 
colleagues were flying, crashed and all aboard were 
killed. He was just days short of his thirty-ninth birthday. 

420 pages Order code NE32 £17.99 

VIDEO PROJECTS FOR THE 
ELECTRONICS CONSTRUCTOR 
R. A. Penfold 
Written by highly respected author R. A. Penfold, this 
book contains a collection of electronic projects spe-
cially designed for video enthusiasts. All the projects 
can be simply constructed, and most are suitable for 
the newcomer to project construction, as they are 
assembled on stripboard. 
There are faders, wipers and effects units which will 

add sparkle and originality to your video recordings, an 
audio mixer and noise reducer to enhance your sound-
tracks and a basic computer control interface. Also, 
there's a useful selection on basic video production 
techniques to get you started. 
Complete with explanations of how the circuit works, 

shopping lists of components, advice on construction, 
and guidance on setting up and using the projects, this 
invaluable book will save you a small fortune. 

Circuits include: video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved 
video wiper, negative video unit, fade to grey unit, 
black and white keyer, vertical wiper, audio mixer, 
stereo headphone amplifier. dynamic noise reducer, 

automatic fader, pushbutton fader, computer control 
interface, 12 volt mains power supply. 

124 pages Order code PC115 S.1.0-.4‘ £5.45 

ALL PRICES INCLUDE 
UK POST Ek PACKING 

FOR A FURTHER 
SELECTION OF BOOKS 
SEE THE NEXT TWO 

ISSUES 
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Data and 
Design 

PRACTICAL ELECTRONIC FILTERS 
Owen Bishop 
This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in sim-
ple terms how each type works and how it is used. 
The book also presents a dozen filter-based projects 

with applications in and around the home or in the 
constructor's workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ. 
Concluding the book is a practical step-by-step guide to 

designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples. 

88 pages Order code BP299 £5.49 

DIGITAL LOGIC GATES AND FLIP-FLOPS 
Ian R. Sinclair 
This book, intended for enthusiasts, students and techni-
cians, seeks to establish a firm foundation in digital elec-
tronics by treating the topics of gates and flip-flops thor-
oughly and from the beginning. 
Topics such as Boolean algebra and Karnaugh mapping 
are explained, demonstrated and used extensively, and 
more attention is paid to the subject of synchronous coun-
ters than to the simple but less important ripple counters. 
No background other than a basic knowledge of electron-
ics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explaination of 
microprocessor techniques as applied to digital logic. 

200 pages Order code PC106 £9.95 

A BEGINNER'S GUIDE TO TTL DIGITAL ICs 
R. A. Penfold 
This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder cir-
cuits. Some practical circuits are used to illustrate the use 
of TTL devices in the " real world" 

142 pages Order code BP332 £5.45 

MICROCONTROLLER COOKBOOK 
Mike James 
The practical solutions to real problems shown in this cook-
book provide the basis to make PIC and 8051 devices real-
ly work. Capabilities of the variants are examined, and 
ways to enhance these are shown. A survey of common 
interlace devices, and a description of programming 
models, lead on to a section on development techniques. 
The cookbook offers an introduction that will allow any 
user, novice or experienced, to make the most of micro-
controllers. 

240 pages Order code NE2t3 £23.99 

RADIO BYGONES 
We also carry a selection of books 

aimed at readers of EPEs sister maga-
zine on vintage radio Radio Bygones. 
These books include the Comprehensive 
Radio Valve Guides. Also Jonathan Hill's 
excellent Radio Radio, a comprehensive 
book with hundreds of photos depicting 
the development of the British wireless 
set up to the late 1960s. 
The four volumes of our own Wireless 

For the Warrior by Louis Meulstee are 
also available. These are a technical his-
tory of radio communication equipment in 
the British Army and clandestine equip-
ment from pre-war through to the 1960s. 

For details see the shop on our UK web 
site at www.epemag.co.uk or contact us 
for a list of Radio Bygones books. 

Project Building & Testing 
ELECTRONIC PROJECT BUILDING 
FOR BEGINNERS 
R. A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practi-
cal side of this fascinating hobby, including the following 
topics: 
component identification, and buying the right parts; 

resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting "problem" projects to 
work, including simple methods of fault-finding. 

In fact everything you need to know in order to get start-
ed in this absorbing and creative hobby. 

135 pages Order code BP392 £5.49 

ELECTRONIC PROJECTS FOR EXPERIMENTERS 
R. A. Penfold 
Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
dreaded "seen it all before" syndrome. This book is fairly 
and squarely aimed at sufferers of this complaint, plus 
any other electronics enthusiasts who yearn to try some-
thing a bit different. No doubt many of the projects fea-
tured here have practical applications, but they are all 
worth a try for their interest value alone. 
The subjects covered include:- Magnetic field detector, 

Basic Hall effect compass. Hall effect audio isolator, voice 
scrambler/descrambler, Bat detector, Bat style echo loca-
tion, Noise cancelling, LED stroboscope, Infra- red "torch", 

Electronic breeze detector, Class D power amplifier. 
Strain gauge amplifier. Super hearing aid. 

138 pages Order code BP371 £5.45 

PRACTICAL F1BRE-OP11C PROJECTS 
R. A. Penfold 
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 

enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but in 
most cases they also represent a practical approach to 
the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 
The projects include:- Simple audio links, F.M. audio 

link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI 
link, Loop alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 

132 pages Order code BP374 

DISCOVERING PICS 
W.D.Phillips 
A good introduction to PIC 
programming, covering every-
thing you need to know to get 
you started. No previous knowledge of microcontrollers is 
required, but some previous experience with electronic 
circuits is assumed. Covers the basic concept of a micro-
controller, fundamentals of a PIC-based circuit and using 
the MPLAB program. Further chapters introduce binary, 
PIC architecture, the instruction set, the PIC memory map 
and special registers plus real world programming. Four 
simple projects are also fully described; a Wavy Wand, an 
Electronic Dice, a Games Timer and a Pulse Monitor. 
The associated CDROM contains the book in PDF format, 

MPLAB (plus instruction manuals in PDF format) and all the 
programs covered in the book as assembler (ASM) files. 

In addition a p.c.b. based hardware kit is also available that 
makes up into the Wavy Wand which will spell out a short 
message via a line of I.e.d.s when waved through the air. 

£5.45 

BOOK 

PLUS CDROM 

PLUS HARDWARE 

190 pages. .44 spiral bound 

Book + CDROM Order code DOC1 

Book + CDROM + Hardware Order code DOC2 

£22.00 

£28.50 

BOOK ORDERING DETAILS 
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices 
include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money 
order (£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, 
Amex, Diners Club or Maestro to: 

DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LTD., 
408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND. 

Orders are normally sent out within seven days of receipt, but please allow 28 days for deliv-
ery - more for overseas orders. Please check price and availability (see latest issue of Everyday 
Practical Electronics) before ordering from old lists. 

For a further selection of books and CD-ROMs see the next two issues of EPE. 
Tel 01202 873872 Fax 01202 874562. Email: dbs@epemag.wimborne.co.uk 

Order from our online shop at: www.epemag.co.uk/shopdoor.htm 

BOOK/CD-ROM ORDER FORM 
Full name:   

Address:   

 Post code: Telephone No:   

Signature:   

El I enclose cheque/PO payable to DIRECT BOOK SERVICE for £   

El] Please charge my card £ Card expiry date  

Card Number Maestro Issue No  

Card Security Code (The last 3 digits on or just below the signature strip) 

Please send book/CD-ROM order codes:   

Please continue on separate sheet of paper if necessary 
If you do not wish to cut your magazine, send a letter or copy of this form 
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EPE PIC PROJECTS 
VOLUME 1 

MINI CD-ROM 
A plethora of 20 "hand-PICked" PIC 
Projects from selected past issues of EPE 
Together with the PIC programming 
software for each project plus bonus articles 

The projects are: 

PIC-Based Ultrasonic Tape Measure 
You've got it taped if you PIC this ultrasonic distance measuring 
calculator 

EPE Mind PICkler 
Want seven ways to relax? Try our PIC-controlled mind machine! 
PIC MIDI Sustain Pedal 
Add sustain and glissando to your MIDI line-up with this 
inexpensive PIC-controlled effects unit 

PIC-based MIDI Handbells 
Ring out thy bets with merry tolling - plus a MIDI PIC-up, of 
course! 

EPE Mood PICker 
Oh for a good night's sleep! Insomniacs rejoice - your wakeful 
nights could soon be over with this mini-micro under the pillow! 
PIC Micro-Probe 
A hardware tool to help debug your PIC software 

PIC Video Cleaner 
Improving video viewing on poorly maintained lys and VCRs 

PIC Graphics LCD Scope 
A PIC and graphics LCD signal monitor for your workshop 
PIC to Printer Interface 
How to use dot-matrix printers as data loggers with PIC 
microcontrolle's 

PIC Polywhatsit 
A novel compendium of musical effects to delight the creative 
musician 

PIC Magick Musick 
Conjure music from thin air at the mere untouching gesture of a 
fingertip 

PIC Mini-Enigma 
Share encrypted messages with your friends — true spymaster 
entertainment 

PIC Virus Zapper 
Can disease be cured electronically? Investigate this 
controversial subject for yourself 

PIC Controlled Intruder Alarm 
A sophisticated multi-zone intruder detection system that offers a 
variety of monitoring facilities 

PIC Big-Digit Display 
Control the giant ex-British Rail platform clock 7-segment digits 
that are now available on the surplus market 
PIC Freezer Alarm 
How to prevent your food from defrosting unexpectedly 
PIC World Clock 
Graphically displays world map, calendar, clock and global 
time-zone data 

PICAXE P.'ojects 
A 3-part series using PICAXE devices - PIC microcontrollers 
that do not need specialist knowledge or programming 
equipment 

PIC-based Tuning Fork and Metronome 
Thrill everyone by at long last getting your instrument properly 
tuned! 

Versatile PIC Flasher 
An attractive display to enhance your Christmas decorations or 
your child's ceiling 

ONL 

£14.45 

EPE PIC 
PROdECTS 

voi l g 
Vol 2 D 
Vol 3 El 

INCLUDING 
VAT and P&P 

w IS - 2003 Tech1311.6 InInnubde Inc 
%beano PublIntans Ltd 

Order on-line from 
www.epemag.wimborne.co.uk/shopdoor.htm 

or www.epemag.com (USA $ prices) 
or by Phone, Fax, Email or Post. 

NOTE: The PDF files on this CD-ROM are suitable to use on any PC with a 
CD-ROM drive. They require Adobe Acrobat Reader. 

EPE PIC PROJECTS CD-ROM 
ORDER FORM 

I. 

Please send me (quantity) EPE PIC PROJECTS VOL 1 CD-ROM 

Price £ 14.45 each - includes postage to anywhere in the world. 

Name   

Address   

  Post Code   

I enclose cheque/P.O./bank draft to the value of £   

D Please charge my Visa/Mastercard/Amex/Diners Club/Maestro 

Card No.   

the signature strip) j 

Card Security Code 

Start Date 

  (The last 3 digits on or just under 

Expiry Date  Maestro Issue No. . 

SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 

408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
Tel: 01202 873872. Fax: 01202 874562. 

Email: orders@epemag.wimborne.co.uk 

Payments must be by card or in £ Sterling - cheque 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. 

BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE! 
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PCB SERVICE 
Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; 
Email: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag. 
wimborne.co.uk/shopdoor.htm. Cheques should be crossed and made payable to 
Everyday Practical Electronics (Payment in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
- overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required - see the Back 
Issues page for details. We do not supply kits or components for our projects. 

Please check price and availability in the 
latest issue. A large number of older boards 

are listed on our website. 
Boards can only be supplied on a payment with order basis. 

'PROJECT TITLE Order Code Cost S 

*Crossword Solver MAY 05 499 

500 
501 
502 

£6.66 
£5.14 
£5.39 
£5.87 

20W Amplifier Module 
Back-To-Basics 2 - Water Level Alarm 
- Burglar Alarm 

*PIC Ultrasonic Scanner JUN 05 503 £6.66 

*Radio Control Model Switcher 504 £5.87 

Back-To-Basics 3 - Scarecrow 505 £5.55 
- Digital Lock 506 £6.66 

CompactFlash Interlace Board 507 £6.66 

LFNLF Converter JUL 05 
508 £5.71 - Fixed Capacitor Board 

- Mixer/Oscillator Board 509 £5.86 
- Buffer Amplifier 510 £5.23 
- Q-Multiplier 511 £5.23 
- Tuning Capacitor Board 406 £4.28 

Back-To-Basics 4 - Doorchime 512 £6.34 
- Electronic Dice 513 £6.02 

*Cybervox 514 £6.82 
Multi-Clap Switch 515 £6.66 

Audio System AUG 05 
516 £6.02 - Preamplifier 

- Mic. Supply Board 517 £5.23 
- Power Amp 518 £6.02 

*Pain Monitor 519 £7.14 
MotorAmp 520 £7.45 
Back-To-Basics 5 - Kitchen Timer 521 £5.87 
- Room Thermometer 522 £6.02 

All-Band Radio - Full Version SEPT 05 523 £5.71 
- Mini Version 524 £5.23 

*Multicore Cable Tester - Main 525 £6.19 
- Active 526 £5.55 

Back-To-Basics 6 - Daily Reminder 527 £6.19 
- Whistle Switch 528 £5.87 

*Model Railway Signal Control 529 £6.19 
*Snooker/Darts Scoreboard 530 £8.72 

Photic Phone- Transmitter   OCT 05 531 532} pair £6.98 
- Receiver 

Back-To-Basics 7 - Parking Radar 533 £5.71 
- Telephone Switch 534 £5.55 

*Haloween Howler 535 £6.02 

*PIC-Based USB Interface 536 £6.19 

*PIC Chromatone NOV 05 537 £6.82 
Back-To-Basics 8 - Noughts and Crosses Enigma 538 £6.66 
- Weather Vane Repeater 539 £6.18 

*Multi- Function R/C Switch 540 £5.87 

*Speed Camera Watch Mk2 541 £6.35 

Solid-State Valve Power Supply DEC 05 542 £6.35 
*Vehicle Frost Box Mk2 543 £5.71 

*Propeller Monitor 544 £6.02 
Solid-State Hammond 545 £6.18 

*PIC Ambilux JAN 06 546 £5.71 
Sunset Switch 547 £6.98 
Current Clamp Adaptor for Multimeters 548 £5.39 
*Tiptronic-Style Gear Indicator 

- Micro Board 549 per 
- Display Board 550} set £7.61 
- Hall Speed Board 551 

*Keypad Alarm FEB 06 552 £6.02 

3-Way Active Crossover 553 £9.20 

Jazzy Heart 554 £6.02 

Status Monitor- Transmitter 55 pair £7.61 
- Reciever 55a 

Power Up MAR 06 557 £6.82 
Video/Audio Booster (double-sided) 558 £12.00 

*Telescope Interface 559 £6.50 

'Smart Slave Flash APR 06 560 £6.18 

erogrammable Continuity Tester 561 £5.87 
N. , I 

'PROJECT TITLE Order Code Cost S 

PortaPAL APR '06 

- Microphone Board 
- Auxilary Board 
- Main Board 
- Charger Board 

Omni Pendulum 

562 
563 
564 
565 

566 

£6.18 
£5.87 
£8.56 
£6.66 

£6.34 

Smart Card Reader/Programmer MAY 06 567 

568 
569 

£7.61 

£14.75 
£7.13 

LED Lighting For Your Car (set of 15 boards) 
Digital Reaction Timer 

Poor Man's Metal Locator JUN 06 570 £5.71 

*Digital Instrument Display for Cars 
- Micro Board 

571 } pair £7.77 
- Display Board 572 

Widgy Box 573 £7.29 

Phone Ring & Test 574 £6.82 

*Sudoku Unit JUL 06 575 £6.66 

PC Power Monitor 576 £6.50 

Home Theatre Sound Level Checker AUG 06 577 £6.66 
Adjustable DC-DC Converter For Cars 578 £6.50 

*Telephone Dialler For Buglar Alarms 579 £6.97 

*High Intensity Torch 580 £5.39 

* Low Cost 50MHz Frequency Meter SEP 06 
Version 1 581 £6.66 

Version 2 582 £6.66 

Version 3 583 £6.66 

Smart Mixture Display for your Car 584 £6.50 

Water Level Gauge - Sensor 
585} pair £6.98 

- Display 586J 

Fridge Door-Open Alarm OCT 06 587 £5.71 

Linear Supply For 1W Star LEDs ( Pair) 588a & b £6.50 

Through-Glass Alarm 589 £7.61 

Quick Brake NOV 06 590 £6.50 

Studio 350 Power Amplifier 591 £9.51 

Micropower Battery Protector 592 £5.71 

*Giant LED Message Display - Master 594 £5.55 

- Slave 595 £6.50 , 

EPE SOFTWARE 
* All software programs for EPE Projects marked with an asterisk, and 
others previously published, can be downloaded free from our Downloads 
site, accessible via our home page at: www.epemag.co.uk. 

PCB MASTERS 
PCB masters for boards published from the March 06 issue onwards can 
also be downloaded from our UK website (www.epemag.co.uk); go to the 

"Downloads" section. 

EPE PRINTED CIRCUIT BOARD SERVICE 

Order Code Project Quantity Price 

Name  

Address   

Tel. No.   

I enclose payment of £  (cheque/PO in £ sterling only) to: 

IqSA 

.4) 

Everyday 
Practical Electronics 
MasterCard, Amex, Diners 

Club, Visa or Switch/Maestro 

• 
eree, 

Maestro 

Card No   

Valid From   Expiry Date  

Card Security Code  Maestro Issue No  
(The last 3 digits on or just under the signature strip) 

Signature   

NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 
Web site on a secure server: 

http://www.epemag.wimborne.co.uldshopdoonhtm 
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CLASSIFIED ADVERTISEMENTS 

ilanné 41-WEVERYDAY PRACTICAL 

' ELECTRONICS 

Everyday Practical Electronics reaches twice as 
many UK readers as any other UK monthly hobby 
electronics magazine, our sales figures prove it. 
We have been the leading monthly magazine in 
this market for the last twenty one years. 

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display pages 
offer the best value. The prepaid rate for semi-display space is £ 10 (+VAT) per single column centimetre (minimum 2.5cm). The prepaid rate 
for classified adverts is 40p (+VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together with 
remittance, should be sent to Everyday Practical Electronics Advertisements, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
Phone: 01202 873872. Fax: 01202 874562. Email: epeads@wimborne.co.uk. For rates and information on display and classified advertis-
ing please contact our Advertisement Manager, Stewart Kearn as above. 

BTEC ELECTRONICS 

TECHNICIAN TRAINING 

NATIONAL ELECTRONICS 
VCE ADVANCED ICT 

HNC AND FIND ELECTRONICS 
FOUNDATION DEGREES 

NVC) ENGNEERING AND IT 
DESIGN AND TECHNOLOGY 

LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 

EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 

www.lec.org.uk 

THIS SPACE COULD BE 

YOURS FOR JUST £40 
Contact Stewart 

01202 873872 

stewartkearn@wimborne.co.uk 

SAFFRON ELECTRONICS LTD 
Suppliers of l-úgh Quality Electronic Components 

Resistors. Caps. Batteries, Chargers, Semiconductors, 

LEDs. IC's. PCB's, Switches, Solder, Cable, Wire. Etc. 
Online Catalogue and Shop available at 

www.SaffronElectronics.co.uk 
16 Field Street, Cannock. Staffs. WS11 50P 

Telephone- 0845 166 2314 (local rate) 

BOWOOD ELECTRONICS LTD 
Suppliers of Electronic Components 

mace a secure order on our uebsite or call our sales line 
All major credit cards accepted 

Web we w.bowood-electronics.co.uk 

t oil I. A1cGregor's Way, Turnoaks Business Park, 

Chesterfield, S40 2WB. Sales: 01246 200222 
Send trOp Oarop tor cdtalogur 

CPS Solar 
Solar panels. solar cells, and many 

more alternative energy products for 

battery charging etc. please i sit our 

website for further into or call 

Tel: 0870 765 2334.. 
www.solarpanelsonline.co.uk 

'Versatile Programmable PIC 
On Screen Display System 

Frei. 

It ; tier 
PAL - talc 
compatible 

PIC 16F628 microcontroller 
628 by 11 character screen 
6 Fully programmable 
*Text over composite video 
• Demo softwa re aira ilable 
• Free I/O for sensors or buttons 

www.SIV5730A.c  

N.R. BARDWELL Ltd — est 1948 
Electronic Component Supplies 

LED's, Semis, IC's Resistors, Caps, etc 
send 44p for lists. 1C.00's bargains at our 

secure site: www.bardwells.co.uk 
288, Abbeydale Rd. Sheffield. S7 1FL 

0845 166 2329 (local rate) 

HEROS technology Ltd 

www herostechnology co.uk 

Introducing Modular Concept for microcontrollers 
Suitable forDeyelopers, Pre-production. Educational 
and Hobby applications. 

• WinPIC2006 US8 full speeo programmer 
• CPU microcontroller modules 
• Peripheral modules for all rrucrocontrollers 

yrY TRANSFORMERS 
Transformers and Chokes for all types 

of circuits including specialist valve units 

Custom design or standard range 

High and low voltage 

Variable Voltage Technology Ltd 
Unit 3, Sheat Manor Farm, Chillerton, 
Newport, Isle of Wight, P030 3HP 

Tel: 0870 243 0414 Fax: 01983 721572 

• sales©vvt-cowes.freeserve.co.uk 

Your own complete 

eCommerce 24/7 site 

for only £10 per week! 

Domain, secure hosting, emails, 

shopping basket, etc, included. 

details: www.eConcept.co.uk  

Miscellaneous 

VAINES A N I) AELIED COMPO-
NENTS IN STOCK. Phone for free list. 
Valves, books and magazines wanted. 
Geoff Davies Radio). tel .-. ( 11 788 574774. 

WANTED OLD HALF INCH FERRITE 
RODS. Must be half inch in diameter and be 
six inches long or more, will pay good 
money for the rods. Contact Peter Tankard on 
(1114 2316321 between 9am and I Opm. 

NEW LOW COST TEST EQUIPMENT 
LCD DTMF Tone Decoder. Grid Dip 
Oscillator + Coil Set 2(X)kliz to I-10MHz. 
IlOOMHz LCD Digital Frequency Meter. 
Contact: info.qtronix q_ts n t world.com Tel: 
0794 115 4122 

i/2 PRICE VALVES Over 1480 different 
valve numbers. Catalogue available for £ 1, 
refundable on 1st order. W. Burcher, 676 
Foxhall Road. Ipswich, Suffolk. 1P3 8NQ. 
Tel: 01473 272218 

KITS, TOOLS, COMPONENTS S.A.E. 
catalogue Sir- Kit Electronics. 52 Severn 
Road, Clacton, C015 3RB. www.geoci-
ties.corn/sirkituk 

WWW.ePe/77.57.i. 

Get your magazine 
"instantly" anywhere 
in the world — buy 
and download from 

the web. 

TAKE A LOOK, A 
FREE ISSUE IS 
AVAILABLE 
A one year 
subscription 

(12 issues) costs just 
$15.99 (US) 

WWW.ePet77£?:., 
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Europe's Largest 
Surplus Store 

20,000,000 Items on line NOW! 
New items added dail 

Established for over 25 years, UK company 
Display Electronics prides itself on offering a 
massive range of electronic and associated 
electro-mechanical equipment and parts to 
the Hobbyist, Educational and Industrial 
user. Many current and obsolete hard to get 

parts are available from our vast stocks, 
which include: 
• 6,000,000 Semiconductors 
• 5,000 Power Supplies 
• 25,000 Electric Motors 
• 10,000 Connectors 
• 100,000 Relays & Contactors 
• 2000 Rack Cabinets & Accessories 
• 4000 Items of Test Equipment 
• 5000 Hard Disk Drives 

www.distel.co.uk 
Display Electronics 
29 / 35 Osborne Road 
Thornton Heath 
Surrey UK CR7 8PD 

Telephone 

[44] 020 8653 33331 
Fax [44] 020 8653 8888 

Rechargeable Batteries With Solder Tags 

NIMH NICAD 

AA 2000mAh  £2.82 AA 650mAh  £1.41 
C 4Ah £4.70 C 2.5Ah £3.60 
D 9Ah £7.60 D 4Ah £4.95 
PP3 150mAh  £4.95 

Instrument case with edge connector and screw terminals 

Size 112mm x 52mm x 105mm tall 

This box consists of a cream base with a PCB slot, a cover plate to pro-
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 
VAT(=£2.35) for a sample or £44.00+ VAT (=£51.70) for a box of 44. 

866 battery pack originally intended to be 
used with an orbitel mobile telephone it 
contains 10 1.6Ah sub C batteries (42 x 
22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and 
unused and can be broken open quite 
easily £7.46 + VAT = £8.77 

Please add £ 1.66 + VAT = £ 1.95 postage & packing per order 

JPG Electronics 
Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
www.JPGElectronics.com 
MastercardNisa/Switch 

Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 
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USB POWER INJECTOR 
Do you have a new USB-powered peripheral like a scanner 
that needs more power than can be drawn from the socket on 
your PC or USB hub? Here's a little gadget that will solve 
your problem. It allows you to feed extra power into the USB 
line, controlled automatically by the PC — so your new periph-
eral will be turned on and off just as if it were being powered 
directly by the PC. 

LAPEL MICROPHONE ADAPTOR FOR PA 
SYSTEMS 
This simple adaptor allows commonly available electret lapel 
and headset microphones to be used in public address sys-
tems. It features a balanced output and is built into a compact 
case that can be clipped to a belt or slipped into a pocket. 

RGB TO COMPONENT VIDEO CONVERTER 
OK, you've just got home with your new widescreen TV set 
and tried to hook it up. But there's a problem — your new set 
has Y/Cb/Cr component video inputs while your digital set-top 
box only provides high-quality signals in RGB format. You've 
got three choices — throw a wobbly, use the composite video 
output (but at the expense of picture quality) or build this 
low-cost converter 
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Atlas DCA Semi •,e . ductor Analyser £55 
Atlas LCR Pass omponent Analyser £79 
Atlas ESR Capa tance and F2.SR Meter £89 
Atlas SCR Triae/Thyristor Analyser £109 . 

Pricts include UK delivery and VAT 
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ROTELIS 
ELECTRONIC DESIGN 

FROM CONICEPT 

 ISCHEMATIC CAPTURE 

jr aCE 

TO COMPLETION 
EIVIBEDDED SIMULATION PER DESIGN 

1 
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ISIS SCHEMATIC CAPTURE - 111111ZIMMIIM111111111•11 
A powerful capture package tailored for todays engineer and designed to allow rapid 

entry of complex schematics for simulation and PCB Layout. 

PROSPICE MIXED MODE SIMULATOR 
A customised implementation of the industry standard Berkeley SPICE 3F5 engine 

with extensive optimisations and enhancements for true mixed mode simulation 

and circuit animation. 

VSM VIRTUAL SYSTEM MODELLING 
The worlds first and best schematic based microcontroller co-simulation software. 
Proteus VSM allows you to simulate the interaction between software running on a 

microcontroller and any analog or digital electronics connected to it. This streamlines 
the project lifecycle and obviates the need for expensive hardware analysis tools. 

ARES PCB DESIGN 

A modern and professional layout package which seamlessly integrates with the ISIS 
capture software. Features such as autoplacement and autorouting, interactive DRC 

and an intuitive interface all serve to maximise productivity and reduce time to market. 

LABCENTER ELECTRONICS- LTD." 
A technology pioneer in the EDA industry since 1988. 
Technical support direct from the program authors. 
Flexible packages and pricing tailored to customer requirements. 

labcenter 
Electronics 

www.labcenter.co.uk 

CONTACT US NOW 
to discuss requirements or 

request a FREE evaluation copy. 

Tel: 01756 753440 

Fax: 01756 752057 

Email: infeelaticenter.co.uk 
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Labcenter Electronics Ltd., 53-55 Main Street, Grassington, 
North Yorks, B023 5AA. Registered in England 4692454 
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