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Colour CCTV camera, 8mm lens.
¥ 12vdc200m a 582X628 Res 380 lines

e

Built in Audio .15lux CCD camera 12vdc
200ma 480 lines s/n ratio >48 db 1v P-P
output 110x60x50mm ref EE1£108.

Automatic aperture lens Mirror function
PAL Back
100x40x40mm ref EE2 £75.90

Light Comp MLR,

90

Metal CCTV camera housings for internal or
external use. Made from aluminium and

plastic they are suitable for mounting body

cameras in.Available in two sizes 1-
100x70x170mm and 2- 100x70x280mm Ref
EE6£22 EE7 £26 Multi position brackets Ref

EE8 £8.80

Excellent quality mutti purposeTV/
TFT screen, works as just a LCD
colour monitor withany of our CCTV
cameras or as a conventional TV
ideal for use in boats and caravans
49.75mhz-91.75mhz VHF channels
1-5. 168.25mhz-222.75mhz VHF
channels 6-12. 471.25mhz-
869.75mhz, Cable channels
112.325mhz-166.75mhz 21-27
Cable channels 224.25mhz-
446.75mhz Z8-Z35 5" colour
screen Audio output
150mW.Connections, external
aerial, earphone jack, audio/video
input,12vdc or mains, Accessories
supplied Power supply Remote
control Cigar lead power supply
Headphone Stand/bracket. 5"
model £139 Ref EE9,

The

Colour CCTV Camera measures
60x45mm and has a built in light
levet detectorand 12 IR leds .2 lux
12 IR leds 12vdc Bracket Easy
connect leads £75.90 Ref EE15

A highquality external cotour CCTV
camera with builtin Infrared LEDs
measuring 60x60x60mm Easy
connect leads colour Waterproof
PAL 1/4" CCD542x588 pixels 420
lines .05 lux 3.6mm F2 78 deg lens
12vdc 400ma Built in light tevel
sensor. £108.90 Ref EE13

A small colour CCTV camera
just 35x28x30mm Supplied with
bracket, easy connect leads.
Built in audio. Colour 380 line
res, PAL 0.2 lux +18db sensitivity
Effective pixels 628x582 6-12vdc
Power 200mw £39.60 Ref EE16

Peltier module. Each module is
supplied with a comprehensive
18 page Peltier design manual
featuring circuit designs, design
information etc etc. The Peltier
manual is also available
separately Maximumwatts 56.2
40x40mm Imax 5.5A Vmax
16.7 Tmax (c-dry N2) 72 £32.95
{inc manual) REF PELT1, just
manuval £4.40 ref PELT2

COMPAQ 1000mA 12vdc power
supplies, new and boxed. 2 metre
lead DC power plug2.4mmx10mm
£5.25 each, 25+ £3.50 100+£2.50

Self cocking pisto! plcr002
crossbow with metal body.-
Selfcocking for precise string
ahgnment  Aluminium alloy
construction High tec fibre
glass Imbs Automatic safety
catch Supplied with three
bolts Track style for greater
accuracy Adjustable rear
sight 50Ib draw weight 150t
secvelocity Break action 17"
string 30m range £23.84 Ref
PLCR002

Fully cased IR light source
suitable for CCTV applications.
unit measures
10x10x150mm, is mains
operated and contains 54 infra
red LEDs. Designed to mount

on a standard CCTV camera

bracket. The unit also contains
a daylight sensor that will only
activate theinfra red lamp when
the light level drops below a
preset level. The infrared lamp
is suitable for indoor or exterior
use, typical useage would be to

provide additional IR
ihuminationfor CCTV cameras.
£5390ref FF11
=—I————n
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3km Long range video
andaudio link complete with
transmitter, receiver. 12.5m
cables with pre fitted
connectors and aerials.
Acheive upto 3km.Cameras
notincluded Ideal for stables,
remote buildings etc. Mains
powerrequired £299

S,

Complete wireless CCTV sytem
with video. Kit comprises
Joinhole colour camera with
Jsimple battery connection and
a recelver with video output. 380
fines colour 2.4ghz 3lux6-12vdc
Imanual tuning Available in two
fversions, pinhole and
tandard.£79 (pinhole) Ret
E17, £86.90 (standard) Ref
E18

GASTON SEALEDLEAD

ACIDBATTERIES
1.3AH12V @ £5.50 GT1213
3.4AH12V @ £8.80GT1234
7AH12V @ £8.80 GT127
I7AH12V @ £19.80GT1217

All new and boxed, bargain
prices. Good quality sealed lead
acid batteries

&>
L
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- 1.2ghz wireless receiver Fully
cased audio and video 1.2ghf
wirelessreceiver190x140x30mm
metal case, 4 channel, 12vdd
\ Adjustabletimedelay, 4s.8s,12s
16s. £49.50 Ref EE20
The smallest PMR446 radios currently available
(54x87x37mm). These tiny handheld PMR radios look
great, user friendly & packed with features including VOX,
Scan & Dual Watch. Priced at £59.99 PER PAIR they are
excellentvalue for money. Our new favourite PMR radios!
Standby: - 35 hours Includes:- 2 x Radios. 2x Belt Clips &
2x Carry Strap £59.95 Ref ALAN1 Or supplied with 2 sets
of rechargeable batteries and two mains chargers £93.49
Ref Alan2 The TENS mini Microprocessors offer six
types of automatic programme for shoulder
pain, back/neck pain, aching joints,
- Rheumatic pain, migraines headaches,
?pons injuries, period pain. In fact all over
body treatment. Will not interfere with
existing medication. Not suitable foranyone
witha heart pacemaker. Batteries supplied.
£21.95Ref TEN327 Spare pack of
electrodes £6.59 Ref TEN327X
Dummy CCTV cameras These motorised
cameras will work either on 2 AA batteries or
with a standard DC adapter {not supplied)
They have a built in movement detector that
will activate the camera if movement is
detected causing the camera to ‘pan’ Good
deterrent. Camera measures 20cm high.
supplied with fixing screws. Camera also has
aflashing red ied. £10.95 Ref CAMERAB
INFRA RED FILM 6" square piece of flexiblg
infra red fitm that will only allow IR light through
Perfect for converting ordinary torches, lights
headlights etc toinfrared output using standard
light bulbs Easily cut to shape. 6" squarg
£16.50 ref IRF2 or a 12" sq for £34.07 IRF2A
THE TIDE CLOCK These ciocks indicate
the state of the tide, Most areas in the world
have two high tides and two low tides a day.
sothetide clock has been specially designed
torotate twice eachlunar day (every 12 hours
and 25 minutes) giving you a quick and easy
indication of high and low water. The Quartz
tide clock will always stay calibrated to the
moon. £23.10 REF TIDEC
LINEAR ACCTUATORS 12-36VDC BUILT IN
ADJUSTABLE LIMIT SWITCHES POWDER
COATED 18" THROW UP TO 1,000 LB THRUST
(400LBRECOMMENDED LOAD) SUPPLIEDWITH
MOUNTING BRACKETS DESIGNED FOR
OUTDOOR USE These brackets originally made for
moving verylarge satellite dishes are possibly more
suitable for closing gates, mechanical machinery.
robot wars etc. Our first sale was to a company
building solar panels that track the sun! Two sizes
available, 12" and 18" throw. £32.95 REF ACT12,

Samarium magnets are 57mm x 20mm and
have a hole (5/16th UNF) in the centre and a
magnetic strength of 2.2 gauss. We have tested
these on a steel beam running through the
offices and found that they will take more than
170Ibs (77kgs) in weight before being pulled off.
Withkeeper.£21.95 REFMAG77

New transmitter, receiverandcamera
kit. £69.00

Kit contains four channel switchable
camera with built in audio, six IR leds
and transmitter, fourchannel switchable
receiver, 2 power supplies, cables,
connectors and mounting bracket.
£69.00 Wireless Transmitter Black and
white camera (75x50x55mm) Builtin 4
channel transmitter (switchable) Audio built in 6 IR Leds Bracket/
stand Power supply 30 m range Wireless Receiver 4 channel
(switchable) Audio/video leads and scart adapter Power supply
and Manual £69.00 ref COP24

This miniature Stirling Cycle Engind
measures 7" x 4-1/4" and comes complet]
with built-in alcohol burner. Red flywheelq
and chassis mounted on agreen base. thesd
all-metal beauties silently running at speedq
in excess of 1,000 RPM attract attention and}
create awe wherever displayed. This model
comes completely assembled and ready tq
run.£106.70 REF SOL1

High-power modules using 125mm square multi
crystal silicon solar cells with bypass diode Ant
reflection coating and BSF structure to improvd
cell conversion efficiency: 14%. Using whitd
tempered glass, EVA resin, and a weatherprool
film along with an aluminum frame for extended
outdoor use. system Lead wire with waterproof
connector. 80 watt 12v 500x1200 £315.17, 123
12vdc 1499x662x46 £482.90

165 w 24v 1575x826x46mm £652.30

Tel: 0870 7707520 Fax 01273491813

BULL GROUP LTD
UNIT D HENFIELD BUSINESS PARK
HENFIELD SUSSEX BN5 9SL
TERMS: CASH, PO, CHEQUE PRICES+VAT
WITH ORDER PLUS £5.50 P&P (UK) PLUS VAT.
24 HOUR SERVICE £7.50 (UK) PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.50

Sales @bullnet.co.uk

www.bullnet.co.uk

Ultra-compact. lightweight. easy to use and comfortable to hold.
the new NVMT is unique for a night scope in offering a tactile
suregripplastic bodyshell and, for extra protection/grp, partialrubber
armouring. Currently the top of the range model. the NVMT G2+
featuresa‘commercial' grade Gen 2+ Image Intensifier Tube {IIT)
The NVMT has a built-in, powerful Infrared (IR) llluminator for use
in very low light/total darkness. Power for the scope and IR is
provided by 1 x 3V Lithium CR123A battery (not supplied). A green
LED next to the viewfinder indicates when the Image Intensifier
Tube is switched on while a red LED indicates when the IR
lluminator is switched on.Type Gen Weight Size Lens Mag 2x,
Weight 400g, 125x82x35mm angle of view 30 deg. builtininfra red,
rang 3 - 400m, supplied with batteries £849 ref COB24023.
55-200 WATT INFRA RED TORCHS

Searchguard 1infrared torch Plastic
bodied waterproof infrared
rechargeable lamp. 100mmdiameter
lens. 200mm body length. 55 watt
bulb, 1,000,000 candle power (used
as an indication of relative power)
Supplied complete with a 12v car
lighter socketlead/chargeranda 240v
mains plug in charger. £49 REF
sguard 1. Also available, 70watt @
£59, 100 watt @£79, 200watt @ £99.
AIR RIFLES FROM £24.70

B2 AIR RIFLE Avallable In.177 and .22- 19" Tapered Rifled Barrel*
Adjustable Rear Sight- Full Length Wooden Stock- Overall Length
43" approxBarrel Locking Lever » Also available in CARBINE
Grooved for Telescopic Sight model with 14" barrel - no front sight
for use with scope. Weightapproximately 6lbs Extremely Powerful
.22 £28.90, .177 £24.70. pellets (500) £2.55, sights 4x20 £6.80,
4x28£15.320ther models available upto £250 www.airpistol.co.uk

12V SOLARPANELS AND
REGULATORS
SWATT£58.75
15WATT£84.25
22WATT£126.70
Regulator up to 60 watt £21.25
Regulators upto 135 watt £38.25
The combination of multi-crystal celis and a high-reliability modute
structure make this series of solar panels the ideal solar module.
For targe-scale power generation hundreds or even thousands of
modules can be connected in series to meet the desired electric
power requirements. They have a high output. and highly efficient,
extremely reliable and designed for ease of maintenance. Separate
positive negative junction boxes and dual by-pass diodes are a few
examples of some of its outstanding features. Supplied with an 8
metre cable.  Perfect for caravans. boats. etc. Toughened glass.

LOCK PICK SETS 16,32 AND 60 PIECE SETS

This set is deluxe in every way! It includes a nice assortment of
balls, rakes, hooks, diamonds, two double ended picks. a broken
key extractor, and three tension wrenches. And just how do you top
off a set like this? Package it in a top grain leather 2ippered case.
Part: LPOOS - Price £45.00
This 32 piece set includes a variety of hooks, rakes, diamonds,
balls. extractors. tension tools ... and comes housed in a zippered
top grain leather case. If you like choices. go for this one!
Part: LPOO6 - Price £65.00
If your wants run toward the biggest pick setyou can find, here itis.
This sixty piece set includes an array of hooks, rakes. diamonds,
balls, broken key extractors, tension wrenches, and even includes
awarded pick set! Andthe zippered case is made, of course, of the
finest top grain leather. First Class!
Part: LPOO7 - Price £99.00

N Mamod steamroller, supplied with fuel and
everything youneed (apartfromwateranda
matcht} £85 REF 1312 more models at
www.mamodspares.co.uk

Mamod steamroller, supplied with
fueland everything you need(apart
from water and a match!) £130
REF 1318 more models at
www.mamodspares.co.uk
PEANUT RIDER STIRLING ENGINE This
all metal, black and brass engine with red
flywheel 1s mounted on a solid hardwood
platform. comes complete with an alcohol
fuel cell, extra wick, allen wrenches, and
Owner's Manual.Specifications: Base is
5-1/4" x 5-1/4", 4" width x 9" height, 3/4"
stroke, 3-1/2" flywheel £141.90

SHOP ONLINE
WWW.BULLNET.CO.UK
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Quasar Electronics Limited
PO Box 6935, Bishops Stortford,

| Tel: 0870 246 1826
| Fax: 0870 460 1045
| E-mail: sales@quasarelectronics.com high quality kits

Postage & Packing Options (Up to 2kg gross weight): UK standard 3-7 Day
Delivery — £3.95; UK Mainland Next Day Delivery — £8.95; Europe (EU) -
£6.95; Rest of World — £9.95 !Order online for reduced price UK Postage!
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Helping you make the right connections'

PIC & ATMEL Programmers

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

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £15.00
18VDC Power supply (PSU010) £19.95
Leads: Parallel (LDC136) £4.95 / Serial
(LDC441) £4.95 / USB (LDC644) £2.95

NEW! USB ‘Flash’ PIC Programmer
USB PIC programmer for most /
‘Flash’ devices. No external é\é:é J
power supply making it truly ;'" g
portable. Supplied with box f ES ;
and Windows Software. ZIF

Socket and USB Plug A-B lead &

not incl. -

Kit Order Code: 3128KT — £34.95
Assembled Order Code: AS3128 —- £39.95

“PICALL” ISP PIC Programmer

“PICALL" will program
‘guaﬁ;;

— virtually all 8 to 40
» pin serial-mode* AND
-~ &% parallel-mode
J—— .,:,_ {(PIC16CS5x family)*
= Programmed PIC
» micro controllers.
Free fully functional
software. Blank chip auto detect for super
fast bulk programming. Parallel port connec-
tion. Supply: 16-18V dc.
Assembled Order Code: AS3117 — £24.95

: e

ATMEL 89xxx Programmer
Uses serial port and any
standard terminal comms
program. 4 LEDs display
the status. ZIF sockets
not included. Supply:
16VDC.

Kit Order Code: 3123KT - £29.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection.

~3| Header cable for ICSP. Free

: Windows software. See web-
site for PICs supported. ZIF
Socket and USB Plug A-B
lead extra. 18VDC.
Kit Order Code: 3149KT - £34.95
Assembled Order Code: AS3149 — £49.95

USB Flash ICSP PIC Programmer

Fully assembled version of {
our 3128 USB Flasher L
PIC Programmer but A
WITHOUT the pre- N
gramming socket. It
just has 5-pin ICSP .
header (GND, VCC, S’
CLK, DAT, VPP) and .
cable. No external

F =
PSU required. Free r; 4 2 6
Windows software. . —

Order Code: AS3182 — £37.95

|
|
|
|
|
|

CREDIT CARD
SALES

ABC Maxi AVR Development Board
The ABC Maxi board _—
has an open architec-
ture design based on
Atmel's AVR
AT9088535 RISC
microcontroller and is
ideal for devetoping new designs.
Features:

8Kb of In-System Programmabile Flash
(1000 write/erase cycles) ® 512 bytes
internal SRAM e 512 bytes EEPROM

® 8 analogue inputs (range 0-5V)

® 4 Opto-isolated Inputs (I/Os are
bi-directional with internal pull-up resistors)
o Output buffers can sink 20mA current
(direct L.e.d. drive) ® 4 x 12A open drain
MOSFET outputs ® RS485 network
connector ® 2-16 LCD Connector

e 3.5mm Speaker Phone Jack

e 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 compiler and in-system
programmer.

Order Code ABCMAXISP — £89.95

The ABC Maxi boards only can also be
purchased separately at £69.95 each.

Controllers & Loggers

Here are just a few of the controller and data
acquisition and contro! units we have. '
See website for full details. Suitable PSU for |
all units: Order Code PSU445 — £8.95 ‘

J

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security.
4 channels. Momentary or
latching relay output. Range
up to 40m. Up to 15 TXs can
be learned by one Rx (kit
includes one Tx but more
available separately).

4 indicator LEDs.

Rx: PCB 77x85mm, 12VDC/6mA (standby).
Two & Ten Channel versions also available.
Kit Order Code: 3180KIT — £39.95
Assembled Order Code: AS3180 — £47.95

Computer Temperature Data Logger
Serial port 4-channel tem-
perature logger. °C or °F.
Continuously fogs up to 4
separate sensors located
200m+ from board. Wide

& range of free software appli-
cations for storing/using data.
PCB just 38x38mm. Powered

by PC. Includes one DS1820 sensor and

four header cables.

Kit Order Code: 3145KT - £16.95

Assembled Order Code: AS3145 — £23.95

Additional DS1820 Sensors — £3.95 each

I ]
Most items are available in kit form (KT suffix) I
or pre-assembled and ready for use (AS prefix). |

L

717 72168

NEW! 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 — £39.95
Assembled Order Code: AS3140 — £59.95

Serial Port Isolated /O Module

Computer controlied
8-channel 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. Includes
plastic case 130 x 100 x 30mm. Power:
12VDC/500mA.

Kit Order Code: 3108KT — £49.95
Assembled Order Code: AS3108 — £59.95

E e

-----

Infra-red RC 12-Channel Relay Board
Control 12 on-board relays
with included infra-red

. remote control unit. Toggle
or momentary. 15m+ range.
112 x 122mm.

Supply: 12VDC/0-5A.

Kit Order Code: 3142KT — £39.95
Assembled Order Code: AS3142 — £49.95

PC Data Acquisition & Control Unit
Monitor and log a
mixture of analogue
and digital inputs
and control external
devices via the ana-
logue and digital
outputs. Monitor
pressure, tempera-
ture, light intensity, weight, switch state,
movement, relays, etc. with the apropriate
sensors (not supplied). Data can be
processed, stored and the results used to
control devices such as motors, sirens,
relays, servo motors (up to 11) and two
stepper motors.

Features

@ 11 Analogue Inputs - 0-5V, 10 bit (SmV/step)

@ 16 Digital Inputs — 20V max. Protection 1K in
series, 5-1V Zener

@ 1 Analogue Output - 0-2-5V or 0-10V. 8 bit
(20mV/step)

@ 8 Digital Outputs — Open collector, 500mA, 33V
max

@ Custom box (140 x 110 x 35mm) with printed
front & rear panels

@ Windows software utilities (3-1 to XP) and
programming examples

@ Supply: 12V DC (Order Code PSU203)

Kit Order Code: 3093KT — £64.95
Assembled Order Code: AS3093 — £94.95




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

NEW! EPE Ultrasonic Wind Speed Meter
Solid-state design
wind speed meter

! (anemometer) that
uses ultrasonic
techniques and has
no moving parts
and does not need
calibrating. It is intended 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 displayed
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 or Order Code PSU345).

Main PCB: 50 x 83mm.

Kit Order Code: 3168KT — £34.95

NEW! Audio DTMF Decoder and Display

= Detects DTMF

. tones via an

on-board electret
microphone or
direct from the
phone lines through
the onboard audio
transformer. 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 also a
serial output for sending the detected tones
to a PC via the serial port. The unit will not
detect numbers dialled using pulse dialling.
Circuit is microcontroller based.
Supply: 9-12V DC (Order Code PSU345).
Main PCB: 55 x 95mm.
Kit Order Code: 3153KT — £17.95
Assembled Order Code: AS3153 — £29.95

NEW! EPE PIC Controlled LED Flasher
« _ € “This versatile
- & - PIC-based LED
_ or filament bulb
« flasher can be
y used to flash
‘from 1 to 160
LEDs. The user arranges the LEDs in any
pattern they wish. The kit comes with 8
superbright red LEDs and 8 green LEDs.
Based on the Versatile PIC Flasher by Steve
Challinor, EPE Magazine Dec '02. See web-
site for full details. Board Supply: 9-12V DC.
LED supply: 9-45V DC (depending on
number of LED used). PCB: 43 x 54mm.
Kit Order Code: 3169K™ — £11.95

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

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

P Our best selling bug! Good
M performance. Just 25 x 15mm.
- 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: 3051KT — £8.95

Assembled Order Code: AS3051 — £14.95

HPTX’ High Power FM Room Bug
Our most power- .

ful room bug.
Very Impressive
performance. Clear and stable output sugnal
thanks to the extra circuitry employed.
Range: 1000m @ 9V. Supply: 6-12V DC (9V
PP3 battery clip suppied). 70 x 15mm.

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 when phone is 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. 20 x 45mm.

Kit Order Code: 3016KT — £7.95
Assembled Order Code: AS3016 — £13.95

3 Watt FM Transmitter

Small, powerful FM
transmitter. Audio
preamp stage and
trree RF stages
deliver 3 watts of RF
power. Can be used
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 dipole or
Ground Plane. Ideal project for the novice
wishing to get started in the fascinating
world of FM broadcasting. 45 x 145mm.

Kit Order Code: 1028KT — £23.95
Assembled Order Code: AS1028 — £31.95

25 Watt FM Transmitter

Four transistor based steges with a Philips
BLY89 (or equivalent) in the final stage.
Delivers a mighty 25 Waits of RF power.
Accepts any line level audio source (input
sensitivity is adjustable). Antenna can be an
open dipole, ground plane, 5/8, J, or YAGI
configuration. Supply 12-14V DC, 5A.
Supplied fully assembled and aligned — just
connect the aerial, power and audio input.
70 x 220mm.

Order Code: AS1031 — £134.95

CREDIT
CARD
SALES
o871
717
7168

QUASAR

electronics

Helping you make the right connections!

Electronic Project Labs
Great introduction to the world of electron-
ics. Ideal gift for budding electronics expert!

500-in-1 Electronic Project Lab
This is the top of the range
and is a complete electronics
‘course taking you from
beginner to ‘A’ level standard
and beyond! it contains all
the parts and instruc-
tions to assemble 500
projects. You get three
comprehensive course books

(total 368 pages) — Hardware Entry Course,
Hardware Advanced Course and a micro-
computer based Software Programming
Course. Each book has individual circuit
explanations, schematic and assembly dia-
grams. Suitable for age 12 and above.

Order Code EPL500 — £149.95

30, 130, 200 and 300-in-1 project labs also
available — see website for details.

Number 1 for Kits!

With over 300 projects in our range we are
the UK's number 1 electronic kit specialist.
Here are a few other kits from our range.

1046KT — 25W Stereo Car Booster £29.95
3087KT — 1W Stereo Amplifier £6.95
3105KT — 18W BTL mono Amplifier £9.95
3106KT — 50W Mono Hi-fi Amplifier £23.95
3143KT - 10W Stereo Amplifier £10.95
1011-12KT — Motorbike Alarm £12.95
1019KT - Car Alarm System £12.95
1048KT — Electronic Thermostat £9.95
1080KT - Liquid Level Sensor £6.95
3003KT - LED Dice £7.95

3006KT — LED Roulette Wheel £9.95
3074KT — 8-Ch PC Relay Board £24.95
3082KT - 2-Ch UHF Relay £30.95
3126KT — Sound-Activated Relay £8.95
3063KT — One Chip AM Radio £11.95
3102KT - 4-Ch Servo Motor Driver £15.95
3155KT - Stereo Tone Controls £11.95
1096KT — 3-30V, 5A Stabilised PSU £32.95
3029KT — Combination Lock £7.95
3049KT — Ultrasonic Detector £14.95
3130KT - Infra-red Security Beam £13.95
SGO1MKT — Train Sounds £6.95

SG10 MKT - Animal Sounds £5.95
1131KT — Robot Voice Effect £9.95
3007KT - 3V FM Room Bug £6.95
3028KT — Voice-Activated FM Bug £11.95
3033KT - Telephone Recording Adpt £8.95
3112KT - PC Data Logger/Sampler £18.95
3118KT — 12-bit Data Acquisition Unit £49.95
3101KT — 20MHz Function Generator £69.95

www.quasarelectronics.com

Secure Online Ordering Facilities @ Full Product Listing, Descriptions & Photos @ Kit Documentation & Software Downloads




PicoScope 3000 Series
lloscopes

PC Osci

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 & Pico

Tel:

software

01480 396395
www.picotech.com/scope202

PicaScope
Ban.lwidth

3204

50MHZ
2568
S50MS 3
2+Ext trigyer

Sampling rate Ircpeticive)
Sampling rate lzingsc shot)
Ohanncla

Oscitoscope timclzses Snsdiv ta E0s div
50ppm

0 1o 29MHz
256K8

Timchase accuracy
Specteum ranges
Buffer memory shic
Rcsolution ¢ ACCyracy
Ranges

PC Connection

3208
100MHz
5GS s
100MS's
2+Ext trigue Sig gen
204 div to 50s div
50ppm
0 to SOMHz
512KB
8 hits 1 3%
2100mV to *20V

USH2.0 (USB1.1 compatihlo)

p/t't hn()lmz

3206

200MHz

10GS s

200MS s

2+Ext trgger Sig gen
Ans div to 503 div
S50ppe

0 to 100MH7

me

CO

v Limited

PLEASE ENSURE YOU TELEPHONE TO CHECK AVAILABILITY OF
EQUIPMENT BEFORE ORDERING OR CALLING.

SPECIAL OFFERS

OSCILLOSCOP

TEKTRONIX 2

TEKTRONIX 2025

TEKTRONIX 48 y
IWATSU $S5711 4 Channel 100MF ep
PHILIPS 3065 2+1 Channel 100MHz Dual

PHILIPS 3055 2- 1 Channel 601 BDel
PHILIPS PM3217 Duat Trace 50Mt ep
KIKUSUI COS6100 5 1
TEKTRONIX 4754 Do OMH 3
TEKTRONIX 475 Dual
TEKTRONIX 4658 Dual Tr:
TEKTRONIX 465 Dual Trace
PHILIPS PM3209

PHILIPS PM3215 Ou
KENWOOD C54035 Dual T f
PANASONIC VP5564A Dual Trace 40MHz (
HITACHI V525 Dual Trace 50M! £
HITACHI V523 Dual Trace 50MHz Delay
HITACH! V425 Dy : 40MHz C
HITACHI V422 Dual Trace 40M £
HITACHI V223 M y o
HITACHI V222 Du M £
HITACHI V212 Dual Trace 20Mt 5
FARNELL DTV12-14 Dual Trace 12MHz

STORAGE
PHILIPS PM3320 Oual Trace 200MHz 250M
LECROY 9400 Dual T M
TEKTRONIX 468 O Mt

ge
VELLEMAN HPS5 1MHz SMH. a In

ADVANTEST R3265A 100Hz X

TEKTRONIX 492P 50+Hz-21GHz
HPB560A 50Hz-2 9GHz Butt In Tracking Gen
HP 85604 50Hz-2 9GHz

HP 8569A 10MHz Hz

HP 8565A 10MHz-22GHz

HP 853A with B559A 100kHz-21GHz
HP 182T with 8559A 100kHz-21GHz
HP182T with 85588 100kHz-1500MHz

HP 182T with 85574 10kHz-350MH.
HP 140T with 8555A 10MHz-18GHz
ADVANTEST TR4131 10kHz-3 5GH;
WAYNE KERR SSA1000A 150xHz
MARCON| 2382 2 OMHz Hi
MARCONI 2370
HP 8754A Netwol
MARCONI 6500A
HP 334A

NAL GENERATORS

HP 33508 500
HP 33504
HP 83508 2,
HP 335258 RF Plug-n fer 8350 0018 4GHz 5
HP 335904 R z £au
HP 3660C 2
HP 8660C Sig
HP 36603A FAF
HPEEE31B Axillary Sec
HPE5632B K on Section for 8660C
MABCONI 2017 4MHz Low Phase Nose
MARCONI 2019 Synthesised AMFM 80kHz-1040WHz
FLUKE 6060B AMFM Syn Sig Gen 10kHz-1050MMbz
LEADER LSG221B 3en 25-950MHz
HP 46568 Synthesised 0 1-990MHz
HP 8636A Synthesised 0 1-990MHz
HP 5640A AMFM 500kHz-512MHz
HP 8620C Swi with 862908
HPB620C Sweep
HP8620C/BIA
HP 862204 Plug
HP 862308 Plug
HP 86235A Plug in 1|
HP 862404 Plug
HP 86240C Piu
HF 86245A Plug In 5
HP862508
HP 86250D F
HP 862604 Plug n 12 4-18GHz
MARCONI TF2015 AM FM 10-520M
MARCONI TF2016 AMFM 10kHz-120MHz k)
PHILIPS PM5328 100kHz-180MHz with
20CNiHz Freq Cou EE
PANASONIC VP8117A AMFM ‘
FM G 100kHz Digital e

for 8660C 5

3

18 6GHz

1300MH

xlz 110MH

STEWART of READING

g 17A King Street, Mortimer, Near Reading RG7 3RS
Telephone: (0118) 933 1111. Fax: (0118) 933 2375

—
VISA

www.stewart-of-reading.co.uk

Open 9am-5.00pm Monday to Friday (other times by arrangement)

HP 81654 P

1MHZ-50M ’

P 33254 st 1M
HP 3312A F 7 AM

WAVETEK 21 ¢ 1 11MH,
WAVETEK 23 M
EXACT 529 AMFM en
ANALOGUE 2030 Synt M

THANDER TG543 Pulsw Funct SM
THANDER TG512 Swee, 1
KRON-HITE 52004 ¢ 3Hz-M
-P 33108 = e

HP 3310A Func 7
PHILIPS PM5132
PHUPS PM5131 2
FEEDBACK FGE91 il
HP 81124 NHz

HP B111A Puis: "
.YONS PGTIN

| EADER LAG12B
FARNELL LFM4

(30ULD 38 Sine S
FARNELL LF1 €
MAICONI SANI
MARCONI SANDZRS 60 :58
MARCONI SANDERS 60468 O
MARCONI SANDERS 6078 5
MARCONI SANDERS 60594
MARCONI SANDERS 60704 S
FLUKE 60114 111M
PHILIPS 5514V

BLACK STAR ORION Bar Ge
BLACK STAR ORION Version M:

EQUENCY COUNTERS/TIMERS

HP 5386A Cou
FEEDBACK SC23) 2
RACAL 9916 z
RACAL 9906 Unnrs
RACAL 9904
RACAL 1991 Couws
MARCONI 24314 e
MAFRCONI 2437 Caurter T
HP 53404 Awtomer Microwmve

mer 160MHz
Meter 200MH
10OMHz
10Hz

HP 53168 Urnversal 100MHz HPIB £95
THANDAR TFB10 Frequency Counler SHz-2000Hz Battery . £60
THANDAR TF200 Frequency Meter 10Hz2200MHz 8dgt €40
BLACK S TAR Meteor 100 Counter 5Hz-100WHz £50
BLACK STAR 1325 Counter Trmer 1300MH: £150
BECKMAN UC10A Urver ver 120MHz £60
LEADER .0C9043 Drgral 100MHz £125

SOLARTRON 7150 6
SOLARTRDN 7150Plus
DATRON 1065
FLUKE 773"
FLUKE 77 Series 2
FLUKE BOG0A £'; d
BECKMAH HD110

TTI 1905A 5', cigt Ben
SOLAHTHON 7045 4
AVO DA116 3 1 wi
AVO 8 Mk6 in Eser Re
AVQ 8 MK5 with Lead
RACAL 9301A True RM

g1 Ha

RACAL 93110 True RMS M

be ‘o G¥MH
RACAL 93608
GOODWILL GVT427

v GH7 1MHz
KENWOOD VT176 Ou

POWER SUPPLIE

~2A wee Dg €95
‘H!J

FARNELL XA35 2T
FARNELL LT30-2 0-
FARNELL B3020
FARNELL E3010
FARNELL LT30-1 0-30V
FARNELL (30.2
FARNELL L30.1
FARNELL E350 0-35
FARNELL D30-2T
THURLBY PL330 13
THURLBY TS3021S
THURLBY PL320 © 33
TAKASAGQ GMO35-3
TAKASAGC TMO35-2

ISOLATING TRANSFORMER - Ye'o

3Amp Socket

a 45
: AMS ;
Ha

! Be £
Battenes & Le £

C i1 o

RF Miliw 1 £
vol Az-20MHz

d
Y i m £4

3A D
24
20
3A2Me

1al (Kenwood badged

/A with

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

CARRIAGE all units £16. VAT to be zdded to Total of Goods and Carriage

Evervday Practical Electronics, April 2006




EPE PROJECT PICs

Programmed PICs for EPE Projects
12C508/9-£3.90; 16F627/8 - £4.9C
16F84/71/ - £5.90
16F876/877/ 18Fxxxx - £10.00
All inc. VAT and Postage

1kV/500V Insulation Tester

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 compoJ
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 electrades are
included. Designed for simple assembly and testing, prowid-
ing a high level controlled dual output drive.

KIT 866 .. £32.90

Inc. 4 electrodes

EPE MICROCHIP P.I.
Treasure Hunter

Stable Sensitive Pulse Inductior detector. Easy to build and
use. No ground effect - works in sea water. Detects Gold

Silver, ferrous and non ferrous metals.#=2esessassssessoss
+Kit Includes Hea

+ phones, coil and

KlT 847 e £63.95 :_,.all Hardware

Ultrasonic PEST Scarers

Two Ultrasonic PEsT 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

MOSFET MKIl Bench PSU
0-25V 2.5A

Based on Mk1 design, with
switching pre-regulator for
high efficiency. Panel meters
for A and V. Toroidal trans-
former. Variable Voits 0 - 25
AND Variable Current limit
from 0 -2.5A

Kit includes punched and la-
belled case. A classic and
essential piece of test gear

Kit 845 ... £64.95
Stepping & 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

. Setof 4 Spare :
: Electrodes £6.50 :

MAGENTA BRAINIBOT [ &I

BRAIN/EOT

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
ALSOKIT 911 - As 910
PLUS programmable
from PC serial port
leads and software CD
included

s

KIT910..£16.99
KIT911..£24.99

PIC PIPE DESCALER

o SIMPLE TO BUILD

o SWEPT FREQUENCY OUTPUT
o HIGH POWER

» AUDIO & VISUAL MONITORING (o)
An affordable circuit which sweeps the
incoming water supply with vary ng
frequency electromagnetic signals.
May reduce scale formation, dissowve
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.

CHID

KIT 868 .. £22.95 PSU £3.99

PIC WATER
DESCALER

12V EPROM ERASER

A safe low cost eraser for up to 4 EPROMS or other UV
erasable windowed devices at a tire in 20 minutes

Operates from a 12 Volt supply {400mA). 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- ¢ Learn how to drive the dis-
play, pcb, programmed play and write your own
PIC16F84, software disk and  code.

all components to experiment e Ideal development base for
with standard intelligent al- meters, calculators,
phanumeric displays. In-  counters, timers --- just
cludes full PIC source code  waiting for your application
which can be changed 10 « Top quality display with
match your application. incustry standard driver,

KIT 860.£1 9.99 data and instructions

PIC STEPPING MOTOR DRIVER

PCB with components and PIC 16F 84 programmed with dem-
onstration software to drive any 4 phase unipolar motor up to
24 Volts at 1 Amp. Kit includes 100 Step Hybrid Stepping
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

PR KIT 863.........£18.99

8 CHANNEL DATA LOGGER

From Aug/Sept.'99 EPE. Featuring 8 analogue inputs and
serial data transfer to PC. Magen:a redesigned PCB - LCD
plugs directly onto board. Use as Data Logger or as a test
bed for developing other PIC16FE77 projects. Kit includes
led, programmed chip, PCB, Case, all parts and 8 x 256k

O 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/Prog/Verify wide range of
18,28,and 40 pin PICs. Including 15F84/876/877, 627/8, (Inc.
'A’ versions) + 16xx OTPs.

KIT 862. £29.99 Power Suppiy £3.99

ICEBREAKER

Ooooooooooooo

PIC Real Time

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

e Featured in EPE Mar’00
KIT 900..£34.99 Idiilll;:rl;;]ginnersaﬂ.r
PSU £3.99 experienced users. Win-
dows (95 to XP) Soft-

ICEbreaker uses PIC16F877 in- A
ware included

circuit debugger functions.

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- B

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

A super walking programmable robot with
eyes that sense obstacles and daylight.
BrainiBorg comes with
T ¥ .2 o PC software CD (WIN95+
. & XP) with illustrated con-
. struction details, and can
- be programmed to walk
] and respond to light and
obstacles on any smooth
surface.
Kit includes all hardware, components, & 3 motor/gearboxes
Uses 4 AA batteries (not supplied).

KIT 912 ... £49.99 |
KIT 913 ... £58.95 (5 2/zpueuns

EPE PIC Toolkit 3

As in EPE Apr/May/Jun ‘03 and on PIC Resources CD

(Kit with CD Rom &
Serial Lead)

» 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 (., "™
KIT 880 ... £39.99 &, ™"
OR - Built & Tested £49.99 & £55.99

EPE TEACH-IN 2004

COMPLETE 12 PART Additional Parts as
SERIES FROM NOVO03 listed in ‘misc.’ Sec-
All parts to follow this  tion gless 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

AT DETECTORS
Magenta's Super Heterodyne Bat detectors. Our best selling

kit 861 now includes a drilled case and front panel label
The MklIb and digital MklIl are supplied built & ready to go

KIT 861 .. £34.99  forai 56506

for all 3...£5.99
Mkllb .. £49.95  MkiIll .. £89.95

All Prices Include VAT, Add £3.00
P&P per order, or £7.99 for next day.
Chgs. P.O. & All major cards accept-
ed. See our Website for many more
kits, products, & Secure On Line
ordering. Mail Order Only.

ELECTRONICS LTD
135 Hunter Street Burton on Trent
Staffs DE14 2ST UK

email: sales@magenta2000.co.uk



PCB Production - Development
0.1” Copper Stripboard
Size Tracks/Holes
25 x 64mm 9T / 25H
44 x 95mm 247/ 37H
95 % 127mm 36T / 50H
95 x 432mm 36T / 170H
100 x 100mm 39T / 38H
100 x 500mm 39T / 199H
119 x 455mm 46T / 179H
Stripboord trock cutter

Solderless Breadboard
Tie Points & Size Power Roils
8] x 60mm 2 £2.75

840 175 x 67mm 2
740 175 x 55mm |
640 175 x 42mm O
Mony other sizes ovoilable, :
olso jump wires & motrix boord.” " ~

PCB Production - Drchin? Materials
A4 Artwork Film (per 10 sheets)

Clear Monual Film £1.20
Clear Loser Film £1.75
White HQ Laser Film £4.62
|Etch Resist Pens

Dolo” Pen £2.98
“Stgedtler” Fine Pen  £0.88
Eu‘i- Resist Transfers

Seno mixed DIL pods £2.24
Seno mixed Rnd pods £2.24
Alfoc mixed pods £1.84

. B\
Tronsfer Spotulor £1.25

We corry the full range of Seno & Alfac PCB tronsfers,
see our cotologue for full detoils.

Soldering irons

We corry n stock o wide ronge of soldering‘/iron ond
solderin&/occe_ssones. Irons from 12 to 100 Watts.
20W 240V Bosic 74
25W 240V Ceromic £7.14 .

30W 240V Bosic  £4.48 '

Desolder Pumps

Bosic 165 x 18mm@ £2.85
Antistotic 195mm 924
Antex Mini_198mm £6.02
Antex Pro 210mm  £10.26

Soldorlng Station
1

A 48W adjustoble temperoture
soldering stotion with a rotary di-
al, LED ?empero'ure metering, on-
pff switch, iron holder ond tip clean-
ing sponge. This station features ac-
cJurate heat sensing for instont

compensotion & stogle tempera- -
tures. Adjustoble temperoture b/
ronge of IBO - 420 C, Low volt- J

age iron with Silicone coble.
Supply: 240V, Iron: 24V 48W

Model 167-540 £49.00

Soldering Station

A 48W o ‘usyoble‘Oemperoture'

soldering stotion with o rotory di-

o', Digitol Temperoture Indicotion,

on-off switch, iron holder ond i
cleoning sponge. This stotion feo-

tures occurote heat sensmgbfor
instant compensation & stable / \
temperotures. Adﬂustoble tem- & e

fero'urle range o I_SE -sf}BO“C, .i /.
ow voltoge iron with Silicone g% >

cable. S \-/
Supply: 240V, Iron; 24V 48W g

Model 167-570 £64.40

Digital Multimeter
Model: 121-120

Price: £11.47

A hi%hly feotured digital
mulhilester for professionol
use. Offers 30 ranges and 8
functions including temper-
ature, copocitonce, diode,
continuity ond hFE meosure-
ment. Large 3.5 digit LCD
display with automatic po-
arity indicotor. Supplied
with'shrouded test leads, K
t)‘]pe temperoture probe ond
shock proof rubber holster.

Technical Specifications
DtC voolroge 00mV - 1000V

AC volts 2V - 700V, 8&0.8‘,5)
DC current 2mA - 20A (£1.2%)
AC current 200mA - 20A
1£1.8%)

Resistonce 200 Ohms - 20M
Ohms ($0.8%

©apacitonce 2000pF - 20uF (It2.5‘,’n)
Temperature 0 C - 1000 (g(t .5%)
Frequencr 20kHz (£1%)

Max display 1999

Power supply 9V](PP3 battery)
Dimensions 88 x 173 x 40 mm

Ws®

A friend for kife

PIOKARIK)

'NIC COMPONENTS

W .RST LD Mk

PCB Production - Processing Equipment
We corry o lorge ronge of the photographic & chemical
rocessing equipment for PCB production, o full list withd

ull technicol specificotions is ovailoble in our cotologued

or vist our web site

UV Exposure units

2 x 8W Tubes, é min timer

229 x 159mm working areo

Model 332-002 98.75

4 x 15W Tubes, 77 min timer

330 x 260mm working oreo

odel 332-004 09.48

Chemical Processing
| Low cost plastic tray £1.80
Process tonks feature electrically
operoted pumps and/or heaters
with thermostot control, suitable
for boards upto 320 x 260mm.
Universal Tank with heoter
Model 333-007 £169.58
Bubble etch Tonk with heoter

& bubble gump.
| Model 333-004 £208.48
PCB Production - Tools
Drill Bits

—_

Any of these items, corrioge £5.50 l
1

2.0mm
0.3-0.95mm in 0.05mm steps
1.0-2.0mm in 0.1mm steps

£0.60e0 £4.00/10
£0.40e0 £3.60/10

HSS Reduced shonk (2.35mm) bit ovailoble in sizes from
0.6mmto 1.7mm in 0.1mm steps  £0.84e0 £7.60/10

Reground Tun?s'en corbide reduced shonk ovailoble in
sizes from 0.6 fo 1.6mm in 0.1mm steps .90

Drilling Machines
Expo Reliont 12V drill, 3.8mm copocity, 8400rpm £12.78
Expo Zircon 12V drill, 3.8mm copocity, 11900rpm £14.20]

Minicroft MX1 230V, 8000 - 21000rpm with
chuck & collet. Model EPE270-390
Normol price £48.51

SPECIAL PRICE
£31.02 ‘

HSS porollel shonk bits ovoiloble in sizes from 0.3mm to| |

PCB ;’r_odu-dhm - iuminuhs
Coprcv clad - paper

Single sided low cost poper composite boord

100 x 160mm Boord £0.44

100 x 220mm Boord £0.62

160 x 233mm Boord £1.02 |
220 x 233mm Boord £1.40

8” x 12" Boor, £1.70

Copror clad - glass fibre
Single & Double 1.6mm 305g/m’

100°x 160mm Single £0.85
100 x 220mm Single £1.49
160 x 233mm Single £2.29
220 x 233mm Single £2.88
8" x 12" Single £3.44
100 x 160mm Double £0.88
100 x 220mm Double £1.25
160 x 233mm Double £2.30
220 x 233mm Double £2.90

“x 12" £3.50

Dguble
Pho'oroﬁs' Coated . .
1.6mm 35 micron Pre-coated with o high quality photo-
resist layer. Available in low cost paper composite or
Glass fibre, Single & Double sided. Other sizes also

ovoiloble.
. Poper Gloss Fibre
Size Snngle Double Single  Double §
4% " 1.47 £1.82 £1.89 2.17
6x12" £4.20 £5.04 £5.60 £6.23
9x 12" £6.30 £7.70  £8.40 9.38
10x 12" £8.19 £10.01 £10.78 £11.83
{ 12x12" £8.26 £10.08 £10.99 £12.25
100 x 160mm £2.38 £2.66
203 x 114mm £3.01 £3.43
220 x 100mm £3.08 £3.71
233 x 160mm £4.83 £5.32
233 x 220mm £6.83 £7.70

PCB Production - Chemicals

100m| Aerosol Photoresist sproy, covers 2m’ £4.25
50 Powder developer, mokes 1l £1.09
5089 Powder developer, mokes 10lt £7.08
2509  Ferric Chloride Peflets, mokes 500ml £1.68%
500g Ferric Chloride Pellets, mokes 1It £3.04
2.5kg Ferric Chloride Pellets, makes 51t £9.84
1.1kg Clear Fine etch crystols, mokes 5lf £17.58
90 Tin Ploting Powder, mokes 1t £11.58
208m1 Aerosol Flux spray £3.41
110m! Aerosol PCB Loquer sproy £3.63

Servisol Products

Aerosols
200m| Switch Cleaner £1.96
200ml Freezer £3.97
400ml Foom Cleonser £2.13
400ml  Cleoner / lubricont  £2.79
75ml  Vide Heod Cleaner £1.94 =
200ml  Aero Klene £2.85 -
200m| Aero Duster £4.66 o
| 250m| Cold Clean £3.14
200ml Lobel remover £3.52 =
' 400ml Isopropyl alcohol £3.36 Eond
Tubes
| 10g Heotsink Compound £1.66 preg
25g Heatsink Compound £2.60 L
509 Silicone greose £3.16 -3

Educational Kits
These kits are an ideal way to stort you interset in elec-
‘ronics. They freature re-useable components which ore
attached vio springs & wires ond easy step_by s'eaa

vides to make o range of exciting projects. The 300-in-

featurs a breadboord for more complex circuits.

STaa |
30-in-1 £13.18 S

50-in-1 £16:80 &’

30-n-1  £32.29 >

300-in-1 €520 g

Panel Meters

High cv_.uolivy anologue ponel meters, closs 2, zero point
correction, mirror scole ond prewired for ponel illumi-
ration. Meter size 46 x 60mm, Cutout size: 38mm@.

Range  Int
All meters £5.89 eoch
6V Lomps £1.23 /pair

>>r39
3
>
3
to}

QuUOowL

H OERNOGOO0000
6 s = ) e s
<<<>

=)
X

f=3
(2
>

Magnifying Desk Lamp

A high quoli'Y scrotch resistont

mognifying glass fitted to a bal- s
anced swivel orm ond desk -
mount. An infegral flourescent
tube provides illumination,
Magnification: 3x Lens: 120mm@
Tube: 22W Daylight simulotion.

Model: 028-205 £28.80

-

!
!
i

£ Tel: 01912514363

Station Road [ C®

019 06 Cullercoats = £5.50 greoter than Tk
. g9
Fax: I I 25222 Tyne & Wear Cheques / Pgs'ol orders payable to
Y - (e
sales@esr.co.uk NE30 4PQ .2 75  ESR Electronic Components.

Tools - Cutters & Strippers

We corry o wide ronge of speciolist tools for the elec-
tropics industry including:

sfﬁ'- Cutters

130mm Low cost £1.99
115mm Droper 2.38
115mm Box Jointed £4.26
145mm Long reach 3.40
Wire Strippers

130mm Low cost £2.30

150mm Droper 5mm@  £5.86

Tools - Ratchet Crimping Pliers ) |
High quolity rotchet crimping pliers for various terminaig
including Automotive, Data, Power and Data connections

Red / Blue / Yellow 5.80

BNC /TNC RF series £15.08

RJ11/12 Doto Series 22.32

R145 Dota Series . 20.43 7
RJ11/12 & 45 Series £12.64

® Tools Crimp Pliers 1

Green/Red/Blue £24.3
Red/Blue/Yellow £22.88
0.24-2.5mm’ crimps £26.01

0.5-6.0mm’ crimps £26.01

Non insuloted crimps ~ £24.38

Cable - Ribbon
7.0.127mm Grey ribbon coble on 0 0.05" 1. 27mm f)fii')Ch
or

ih  red identfying shipe. Supplied by 305mm
on full 30.5m (1001 reels PP <2 (

Size  per 305mm Eer Reel
Woy £0.10 5.34
14Woy £0.14  £7.50
16 Woy £0.16 £8.58
20 Woy £0.20 £10.72
26 Woy £0.26 £13.94
34Woy £034 £1822
40 Way £0.40 £21.44
50 Woy £0.50 £26.80
60 Woy £0.64 £33.92
DC Crimp tool £11.80
C?;' Se I’lohworldng
p apie
éon orms to CATSE
100MHz stondord
ETA verified TIA/EIA 568-8.2
305m Box £25.54
100m Reel £13.33

exc corrioge.
RJA% Outlet Kit
Backing Box

Blonk Module l

Coloured id inserts.
£2.99ea £2.42 (10+)

Tool
Flastic punch down tool

& coble stripper £1.40
‘ Professionol punch down
12C & trim tool £7.3
| (C}utleis
| CATSe Outlet Module  £1.70 "
1Gong Plote (2 Mods)  £0.50 ~
2 Gondg Plote (4 Mods) £0.75
2 Module Blonk £0.25
) Module Blonk 0.30
2 Module Blank £0.45

Other keystone outlets, swilches & accessories avail-
oble. Patch & Cross-over leods from £0.50

— S———— —

Prices Exclude Vot @17
UK Carriage £2.50 (less than Tkg)

PLEASE ARRIAGE & VAL 1O ALL ORDERS
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Front Covers

I hope you like our new style front covers — the feedback we have had is very encour-
aging but one or two readers still prefer the earlier ones. Our problem is usually to find
suitable photos to use at a reasonable price. We try to select background photos from
stock items that represent the content of the magazine — obviously this month the cover
is related to the ‘Smart’ Slave Flash Trigger and finding a photo with a clean background
to allow all the lettering to stand was ftairly easy.

Years ago when we did this it meant scanning through piles of catalogues to find some-
thing — which could take the best part of a day. Now we have thousands of stock images
available and searchable from a number of sites on the web. They can also be downloaded
“instantly” and tried out on-screen with the other photos and lettering. This soon throws
up any problems and sometimes what seems to be an ideal photo looks poor once it is
part of the cover — at least we can quickly choose another and try it without a large charge
and a wait for a transparency to arrive in the post.

The Internet is great for some things — like searching for component suppliers. locat-
ing data sheets, or circuits etc. — and a pain for others like spam emails, viruses etc.
Nothing seems to come without some sort of penalty!

Standing Out

We do endevour to make the covers stand out on the newagents” shelves but with up to
2000 other magazines all vying for space in the larger stores it is not always easy. We
know what it is like trying to find EPE in some stores but aill UK newsagents can get
copies so please ask it you can’t see our logo on the shelt ~ sometimes magazines get
hidden or not replenished when copies are sold — hopefully you will get vour copy with-
out too much trouble. Alternatively there is always that Internet to download an issue
(www.epemag.com) or order a subscription, back issue, book. CD-ROM. PCB etc.

(www.epemag.co.uk). happy hunting!

AVAILABILITY SUBSCRIPTIONS

Copies of EPE are available on subscription
anywhere in the world (see opposite), from all
UK newsagents (distributed by COMAG) and
from the following electronic component retail-
ers: Omni Electronics 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 £9.50)
per year available from www.epemag.com

“Eriimy
TRiscepy

INTiargy

Subscriptions for delivery direct to any address in the
UK: 6 months £17.50, 12 months £33, two years £61;
Overseas: 6 months £20.50 standard air service or
£23.50 express airmail, 12 months £39 standard air ser-
vice or £57 express airmail, 24 months £73 standard air
service or £109 express airmail. To subscribe from the
USA or Canada see page 61.

Online subscriptions, for downloading the magazine via
the Internet, $15.99US (approx £9.50) for one year
available from www.epemag.com.

Cheques or bank drafts (in £ sterling only) lgaa able to
Everyday Practical Electronics and sent to EPE Subs.
Dept., Wimborne Publishing Ltd. 408 Wimborne Road
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872.
Fax: 01202 874562. Email: subs @ epemag.wimborne.co.uk.
Also via the Web at: http://iwww.epemag.wimborne.co.uk.
Subscriptions start with the next available issue. We accept
MasterCard, Amex, Diners Club, Maestro or Visa. (For past
issues see the Back /ssues page.)

BINDERS

Binders to hold one volume (12 issues) are available
from the above address. These are finished in blue
p.v.Cc., Igrinted with 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 Australia
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 £ sterlirnwi 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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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 adap-
tor.

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.



A roundup of the latest Everyday
News from the world of

electronics

DIGIMEMO

Captures and digitises handwriting and dlagrams

Selwyn Electronics has recently
announced a brilliant new product called
the DigiMemo. This design digitally cap-
tures and stores everything you write or
draw on paper, which you can then view,
edit and organise in Windows.

DigiMemo allows handwritten notes to be
saved in digital format using the internal
flash memory or a CF card (if fitted). Up to
66 full pages can be stored in the internal
memory. Using the supplied pen, everything
you write on standard A5 paper is stored
into the DigiMemo’s memory. Organise and
edit your notes using the supplied
DigiMemo Manager software. Create an e-
book, add, amend and email your notes.
Connection is via a standard USB port.

Using the optional and very clever
Handwriting Recognition Feature you can
convert your handwriting to text and auto-
matically open Word with your text and
drawings included. The design’s features
include:

® Digitally capture and store everything
you write with ink on ordinary paper

® Portable and com-
pact, a stand alone device
with storage capability

@ Built-in 8MB memo-
ry holds 66 pages

@ Easily add and erase
the page files in the
Digimemo

@ Low power consump-
tion (over 100hrs continu-
ous use)

® View, edit and organ-
ise page files in Windows

® Pen refills, batteries
and paper available from
normal stationary stores

The DigiMemo has
been designed for busi-
ness or home use and
would be great for the
medical profession. In fact the DigiMemo
is ideal for anyone who needs to take notes
or keep their immediate ideas, sketches,
thoughts and flow charts wherever they go
and whenever they want.

It can store up to 999 pages (with a CF
card fitted), is lightweight and looks great.

DigiMemo is available from Selwyn
Electronics for £75 (incl. VAT), at
www.selwyn.co.uk.

Microchip C-Compiler

As though matching the needs of readers
lately discussing the merits of the C language
in Readour, Microchip have announced a
C-Compiler for its 70-strong family of 16-bit
controller products.

It is version 2.0 of its MPLAB C30 C com-
piler and the key facts are that it supports
PIC24 microcontrollers and dsPIC30/
dsPIC33 digital signal controllers. It includes
ANSI standard C library and DSP language
extensions, supports in-line assembly code
and separate assembly modules, and has a
free student edition. It also includes a cross-
compiler, cross-assembler, linker and librari-

an.

The free MPLAB C30 Student Edition
offers the same functionality for 60 days,
after which it maintains full source-code
compatibility and device support, with no
memory limitations, but without additional
code optimization. This is a great tool for stu-
dents, colleges and universities, and also for
design engineers interested in learning about
Microchip’s 16-bit devices and language
tools.

Microchip developed the new compiler
alongside the PIC24 and dsPIC33 controller
families to ensure optimal C code efficiency,
which can be up to 85 percent smaller
than competitive 16-bit architectures.
MPLAB C30 is tightly integrated into the
free MPLAB Integrated Development

Environment for writing code, building proj-
ects and testing using Microchip’s software
simulator or the MPLAB ICD2 In-Circuit
Debugger. Final optimized code can be pro-
grammed into devices either with the cost-
effective MPLAB ICD2 or the MPLAB PM3
production device programmer, using the
same MPLAB user interface.

For more information browse
www.microchip.com/C30.
LINKMATIK BLUETOOTH

The LinkMatik Bluetooth module from RF
Solutions is a simple-to-use, plug-in device
that enables designers to add wireless com-
munications capability to their products with-
out the need for RF and antenna design
expertise. The compact module is able to
transfer serial data at rates up to S0Kbits/sec
full duplex, over distances of up to 100
metres.

Housed in an 18-pin DIL package, the
LinkMatik module requires a 3V to 5V sup-
ply and contains all necessary RF circuitry,
including an integral antenna and controller.
Unlike most other Bluetooth modules, the
LinkMatik is a true serial port and requires
no AT commands. The module manages
itself and it is not necessary to control it from
a host computer.

Once implemented, the LinkMatik module
can interface with many standard Bluetooth
devices such as laptop computers, PDAs and

mobile phones, as either a master or slave. In
slave mode the new module initialises itself
and waits for a remote device to connect. In
master mode it looks for connections to spe-
cific devices.

It is also possible to pair two LinkMatik
modules. The pair manage themselves with no
external control, although Baud rate (selec-
table between 1200K and 1500K), device
name and other details can be reconfigured
from a PC via the Bluetooth connection.

Other features of the modules include
Bluetooth PIN code and encryption, hard-
ware flow control or no flow control, and a
Bluetooth error correction layer. The
LinkMatik Bluetooth module is FCC/CE/IC
compliant and does not need re-certification
if the integral antenna is used.

For more information contact R.F.
Solutions Ltd, Dept EPE, Unit 21, Cliffe
Industrial Estate, South Street, Lewes, East
Sussex BN 6JL. Tel: +44 (0) 1273 898000.
Fax: +44 (0) 1273 48066!. Email:
sales @rfsolutions.co.uk. Web: www.rfsolu-
tions.co.uk.

PLEASE TAKE NOTE

Status Monitor, Feb *06: The Receiver sec-
tion should have a 5V 78LO5SACZ regulator
for IC3 in place of the 82V 78L82ACZ. To
then increase the brightness of the LEDs,
reduce resistor R4 to 2702 and R3 to 220Q.
The Transmitter regulator is correct.
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MIRROR WEATHER STATION

Renowned for pushing the boundaries
of consumer technology, Oregon
Scientific adds to its “World’s First” col-
lection with the Mirror Weather Station.
This sleek model is a landscape A4 sized
mirror with an integral weather station.
As well as being positioned on side tables
or shelving, the MR238 can be wall
mounted. For added versatility its
flexible arm allows for different position-
ing/viewing angles.

Whether you’re shaving, brushing
your hair or putting on make-up, say
Oregon there’s no need to look any
futher as the MR238 can provide you
with all the information you need for
your day ahead.

The dual-use unit shows indoor and
outdoor temperature and humidity levelis.
Data is captured by a remote sensor
which ensures that the MR238 deiivers

accurate readings for weather forecast-
ing. Information is presented clearly at
the bottom of the mirror with a combina-
tion of easy to read colour illustrations
and symbols. What’s more the stylish
mirror also displays a full segment calen-
dar, weekday information and has a radio
controlled clock.

The design sells for £129.99. Browse
www.ebooksonlineshop.com/mirror.htm

EPE PCBs LEAD-FREE

Chiltern Circuits, who manufacture EPE
PCBs, tell us that since November 2005 all
PCBs they produce are lead free, as will be
required by legislation regarding the
Restriction of Hazardous Substances from
Ist July 2006.

The solder they use is SN100C. This
particular alloy of tin. copper and nickel
was chosen due to its proven record of
over four years use by some of the largest
manufacturers in the world. It is an alloy
that is compatible with all other solder
systems and so can be used universally.
The fact that it does not contain silver
means that it is far less aggressive than
those that do.

There are other finishes available but
they were discounted, in the case of immer-
sion tin and silver, due to potential prob-
lems of oxidation of the plated surface ren-
dering them unsolderable over a relatively
short timescale. Nickel/gold was also dis-
counted for the majority of applications, on
the grounds of cost, but is still available
from Chiltern if required.

Please be reassured that, on the whole,
there will not be any additional costs to you
the customer as a result of this changeover.
This applies to all EPE PCBs from the
December "05 issue and older ones as we
replace the stock.

RoHS at Farnell

Farnell InOne, who claim to be the num-
ber one source for RoHS compliant prod-
ucts and information, tell us that they are
able to assure a market leading number of
compliant products due to its unique
approach to RoHS and its stringem policy
of changing part numbers to clearly segre-
gate compliant and non-compliant stock.
even where the manufacturer hasn’t
changed them.

A certificate of compliance is offered for
each RoHS compliant product made avail-
able after an exhaustive due diligence
process. A complete audit trail for each
product. rigorous risk assessments for sup-

pliers, random product testing, and the
request for independent test results from
higher-risk suppliers mean that customers
can be confident that every individual com-
ponent will have been through a stringent
and rigorous process to confirm it is ROHS
compliant.

Gary Nevison, Head of Product Market
Strategy at Farnell InOne, explains:
“Farnell InOne believes that going the
extra mile is essential so that we can put
our customers’ minds at rest. Our commit-
ment to RoHS compliance goes way
beyond the industry standard”.

Browse www.farnellinone.co.uk for
more information.

WATER LEVEL
RECORDER

A new, highly accurate water level
recorder for tanks, vessels, ponds and
lakes, is being introduced by MadgeTech.

The Level 2000 Water Level Recorder
measures and records water levels down
to 30 feet deep over a user-selectable time
period from two seconds to 12 hours for
up to 12 months. Featuring a battery-
powered stainless steel recorder and probe
connected by a cable, it operates by
measuring pressure and is atmospheric
pressure compensated to assure (0-02
resolution.

Capable of accurately recording what
happened to a water level over time, any-
where it can be hung, the recorder includes
software that provides customizable engi-
neering units, real-time recording and
alarming, including signaling and email
notification, overlaid graphs, and data and
annotations that can be exported to MS
Excel.

For more information and the
MadgeTech distributor nearest you, contact
MadgeTech Inc.. Dept EPE, 201 Route 103
West. PO Box 50, Warner NH (3278,
USA. Tel: (603) 456-2011. Fax: (603) 456-
2012. Email: stephanie@madgetech.com.
Web: www.madgetech.com.
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EOCS Magazine

The latest copy of the Electronic Organ
Magazine has been received from the
EOCS, the Electronic Organ Constructors
Society. This is a worthwhile club to
belong to if electronic organs and such are
your interest.

The Secretary’s position is currently
vacant, so in the meantime contact the EOM
Editor, Don Bray at 34 Etherton Way,
Seaford, Sussex BN25 3QB. Tel: 01323
894909. Email: editor@eocs.org.co.uk

MERG
NEWSLETTER

MERG, the Model Electronic Railway
Group, have sent their latest newsletter. As
usual, it details some of the Group’s recent
exhibitions held around the UK, along with
items of general interest to those involved
with this hobby. They also give the latest
news on kits and other products they sell to
their members. They have extended their
range of Babani books, for example, to
include three new titles.

They say their kit sales are on the up with
particular demand centred on the DCC
range and specifically accessory decoders.
Also in this issue, there’s a proposal for a
new kit, a DCC Train Detector, sometimes
called a TOTI or Block Occupancy
Detector. The new design enables train
detection circuitry to be electrically isolat-
ed from traction current by means of
inductance coils and therefore is specifical-
ly aimed at DCC systems.
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New Show Stand: page 32

The MERG committee aim to air proposals
in the next months for a 4-channel servo driv-
er kit, for points, signals (and any other mov-
ing object that inventive people can con-
trive!), and a DCC Auto Reverse Unit that
will fill the current hole in the MERG DCC
range. For their DC-oriented members,
superBloc reigns supreme in this field and
there is every intention to maintain the range
of BC3 kits and test tools. There are lots of
exciting things ahead with MERG.

If you are interested in model electronic
railways. browse MERG’s website at
www.merg.org.uk.



Constructional Project
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No matter how high-falutin’ is your involvement with electronics,
one of the most common bench tests is for continuity. You can
always rake out the multimeter but this little tester does a better job,
with selectable resistances. It makes an ideal Go/No Go Tester.

( ) ET’S FACE IT, almost every ana-
— RIZ7ER }ogut? ar}d digital' rpgltimeter d9es
SOURCE AND LED have built-in capabilities for testing

continuity. However, this function is

‘I i l somewhat limited. Most DMMs are

& anon preset to peep that little m'inifitur'e

PROBE e AP ' buzzer inside when the continuity is
JACKS il Kcid, ICla BUFFER below about 40 or so.

RLE) Qi Wouldn't it be nice to have a device

that allows you to set this minimum
continuity to anywhere between 1Q
and 100Q? Well, that is exactly what

MANUAL ) ; X X
SEmNG | SWashs? o this project does. It isaccurate, reliable
VR2 y

and works very well.

It can be used to check the resistance
Fig.1: the block diagram of the Programmable Continuity Tester. It feeds of all sorts of low resistance devices:
a current through the device under test (DUT) and the resulting signal is

! . lamp filaments, motor windings, re-
\ then buffered. amplified and compared with a reference voltage. | lays, switches, transformers, speakers,
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Constructional Project

.
\
. +5V . . .
s R Cl l C2 l ]gﬂ;l
21800 100nF 100nF 16V -
WRI
2000 5 = R3 2 RIZ=  RI2
S CAL(16.6mA) 10k 10k > 100Q
1 w7 AMPUFIER
COMPARATOR
BUFFER
5
BUFFER > o7 Rl o
6 BC558
R11 100k 2 1.2k
+ / n
T N — 385 user A4 Veeba 2.5V s
§$ PROBES ;mo o]&. 560Q R2 :E 5600
s 750 10k =
200 500 PIEZO
GND RIOSRY S RS R7 S RESRS 3 VR2S LED2 BUZZER
33k 368k 15k 39k 48k S100k> 100k = RED
1 1 J__
D1 1N4004
BC558 LEDS 7805 < £ A
% s1 02 &Y
S, B ON/OFF  1N4004 REG] 7805
E=="RC o A(ii)x N OUT
3 5 < RIS
1N4004, A our J GND E3
ZENER ! = e U ¥ 5600
- GND Y 100uF = A
AKX | BATTERY 16V~ Y
= X4 GiN
'|' X

Fig.2: most of the circuit functions are performed by a single LM324 quad op amp IC. These initially buffer and
amplify the signal from the DUT, after which the signal is compared against a fixed voltage reference in IC1b. The
output of IC1b then drives a buzzer and indicator LED via transistor Q1.

wiring harnesses or you name it. It's
ideal for auto electrical work and a
host of other applications.

Features

The unit features six preset resist-
ance levels: 5Q, 10Q, 20Q, 500, 75Q
and 1004, selected by a rotary switch.
Now if any resistance that you measure
is less than the preset value, the buzzer
sounds and a red LED lights. In addi-
tion, there is provision for presetting
any resistance value over the range of
1Q to 100Q. Provided the resistance
you measure is less than your preset
value, the buzzer sounds and tke red
LED lights.

How it works

The circuit uses just one low-cost
op amp package, a 3-terminal regula-
tor and not much else. Fig.1 shows
the block diagram of the circuit and
while it shows a lot of boxes, the con-
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cept is really quite straightforward.
There is a current source to feed the
device under test (DUT), three op amps
used as buffer and amplifier stages, a
comparator and buffer, and the LED
and buzzer.

Fig.2 shows the circuit diagram and
as you see, it uses just one LM324 quad
op amp to do most of the circuit func-
tions. A 3-terminal regulator (REG1)
derives a fixed 5V from the 9V battery.
The fixed 5V is required because the
current source and comparator rely on
having precise voltage levels.

Resistor R1 and trimpot VR1 set the
maximum current (into a short circuit)
for the device under test (DUT) at
16-6mA. The voltage developed across
the DUT is then fed to IC1c via a 330Q
resistor which, together with ZD1, pro-
vides transient input protection.

IC1c is connected as a unity gain
voltage follower and acts as a buffer
stage. This is followed by op amp

IC1d which has its gain set by one of
seven switched resistors (trimpot VR2
included).

The output of IC1d goes to another
unity buffer (IC1a) and is then fed to
pin 5 of IC1b which is connected (no
feedback) as a comparator. Pin 6 is
connected to a voltage divider which
means its level is +2:5V. Now if pin
5 is less than the +2-5V at pin 6, the
output of the comparator goes low to
turn on transistor Q1, the buzzer and
LED2.

Half-supply reference

The key fact about this circuit is
the +2-5V at pin 6 of IC1b; everything
relies on this.

Now we'll backtrack a bit, to see how
the circuit functions when testing an
actual resistance. Let’s say that you
want to check continuity (ie, resist-
ance) of less than 5%, so you set that
with the rotary switch. That done, you

11
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PROBE JACKS

9V BATTERY

wrong way around on the PC board.

LED2
‘VAUD R VALUE’

Fig.3: the assembly is straightforward but take care with the switch wiring, as it’s easy to make a mistake with the
connections. Take care also when installing the semiconductors, as these can easily be damaged if mounted the

connect a 4-7Q resistor across the test
terminals.

As previously noted, VR1 is set to
provide a maximum current into the
DUT of 16-6mA. Now because the DUT
is 4-7Q, the voltage developed across
it will be 4.7 x 0-0166 = 78mV.

This is passed through the unity
gain buffer unchanged (that’s what

a unity gain buffer does!) and fed to
IC1d, where it will be amplified by
a factor of 31-3, as set by resistors
R11 and R10. So the voltage at the
output of IC1d will be 0-078 x 313
= 2-44V. This is less than the +2.5V
at pin 6 of IC1b and so Q1 will be
turned on to sound the buzzer and
light LED2.

The same process happens with
the other resistance ranges. The gain
of IC1d is changed via the switchable
resistors to suit the selected threshold
resistance.

Now some readers won't be happy
with the above description. “Hang on
a minute” they’ll say. “The current
set by trimpot VR1 is nowhere near

Table 1: Resistor Colour Codes

Value
100kQ
68kQ
39kQ
15kQ
10kQ2
6-8kQ
3-3kQ
1-2kQ
560Q
330Q
180Q
100Q

oo ddioooooduood
..L_A_AQ).A_A_AQ_L—L-LI\JZ

4-Band Code (1%)

brown black yellow brown
blue grey orange brown
orange white orange brown
brown green orange brown
brown black orange brown
blue grey red brown
orange orange red brown
brown red red brown

green blue brown brown
orange orange brown brown
brown grey brown brown
brown black brown brown

5-Band Code (1%)

brown black black orange brown
blue grey black red brown
orange white black red brown
brown green black red brown
brown black black red brown
blue grey black brown brown
orange orange black brown brown
brown red black brown brown
green blue black black brown
orange orange black black brown
brown grey black black brown
brown black black black brown

J
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The PC board and battery holder are mounted on the lid of the case, as shown in
this photo (see text). Use several cable ties to keep the wiring neat and tidy but
leave enough slack in the wiring so that the lid can be opened out.

| Fig.4: check your PC
board against this full-
size etching pattern
before installing any

of the parts. 2 100nF (0-1uF) MKT polyester
or monolithic

Resistors (1%, 0-25W)

2 100kQ 1 3-3kQ

1 68kQ 11.2kQ

1 39kQ 3 5600

1 15kQ 1 330Q

3 10kQ 1 180Q
//JJI _‘ 1 6-8kQ 1 100Q

J \ J

Parts List

1 PC board, 70 x 55mm, coded
561 available from the EPE
PCB Service.

1 plastic utility box, 130 x 67 x
44mm

1 label to suit box

2 knobs to suit rotary switch and
potentiometer

1 SPST toggle switch (S1)

2 5mm LED bezels

2 panel mount banana sockets,
one red, one black

1 9V battery

1 9V battery holder

4 adhesive PC board standoffs

1 1-pole 12-position rotary
switch (S2)

1 self-oscillating piezo buzzer;

2 cable ties

Rainbow cable

1 200Q horizontal mount trimpot
(VR1)

1 100kQ linear potentiometer
(VR2)

Semiconductors

1 LM324 quad op amp (IC1)

1 7805 3-terminal regulator
(REG1)

1 BC558 PNP transistor (Q1)

1 5mm green LED (LED1)

1 5mm red LED (LED?2)

2 1N4004 silicon diodes (D1, D2)

1 4.7V 1W Zener diode (ZD1)

Capacitors
1 100uF 16V PC electrolytic
1 10uF 18V PC electrolytic

constant and will be quite a bit less for
higher resistances around 100 than
for low resistance values”. And they
will be right. But that does not aiter
the validity of the circuit, because the
gain resistors selected by the rotary
switch have been sclected with this
factor in mrind.

If you have trouble accepting this,
let’s try another example, this time
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using the 100£2 range. And this time,
let’s make the device under test (DUT)
a resistance of 95Q. We said before
that trimpot VR1 is adjusted to give
a maximum test current (into a short
circuit) of 16-6mA. By the magic of
Ohm'’s Law and the specified 5V sup-
ply, this means that the total resistance
of R1 and trimpot VR1 is 300Q. Try it:
5V/300Q = 16-6mA.

Therefore, when we connect 95Q
across the DUT terminals, the total cur-
rent flowing will be 5V/395Q = 12-7mA
(we never said the test current was
fixed!). The resulting voltage across the
95Qresistance is 1-2V and this is ampli-
fied in IC1d by a factor of 2, giving 2-4V
at pin 5 of comparator IC1b. Once again,
the output of IC1b will be low, Q1 will
turn on and the buzzer will sound.
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Fig.5: this full-size artwork
can be used as a drilling
template for the front panel.
Note that it’s best to make the
larger holes by drilling small

EEE

PROGRAMMABLE CONTINUITY PROBE

pilot holes first and then
carefully enlarging them to
size using a tapered reamer.

Reproduced by arrangement
with SILICON CHIP
magazine 2006.
www.siliconchip.com.au

Threshold Values

()

20 0 75
Q 0

P9 0
1011 . . 100()

‘I “‘“

User Setting
Manual Control

We’ll leave it to you to confirm the
principle on other ranges but don't
worry, it does. In fact, in theory, trim-
pot VR1 could have been omitted and
R1 specified as 300Q and the circuit
would work identically. Trimpot VR1
is really only required to cope with
slight tolerance variations in the cir-
cuit components.

Putting it together

All the circuit components, with
the exception of the rotary switch and
potentiometer VR2, are mounted on a
PC board measuring 70 x 55mm and
coded 561 (available from the EPE PCB
Service). The parts overlay and wiring
diagram is shown in Fig.3.

Assembly is very straightforward.
Mount all the PC pins (18 required)
first, followed by the resistors and di-
odes. Make sure the diodes are in the
right way around and the same com-

ment applies to the two electrolytic
capacitors. Then mount the polarised
piezo buzzer, the transistor, 3-terminal
regulator and the LM324 IC.

The finished PC board mounts on
the lid of the case using four adhesive
standoffs. The battery holder is mount-
ed on the lid with a dab of hot-melt
glue or you could use double-sided
foam tape. All front panel components
are mounted on the base of the case so
you can fit the label to the case and
use it as a drilling template for the
on/off switch, two LED bezels, rotary
switch, potentiometer (VR2) and the
two banana plug sockets.

Rotary switch setup

The rotary switch needs to be set
to provide seven positions before it
is mounted in the case: pull off the
indexing washer and set it back on the
threaded bush to give the right number

of positions. Try it by hand before you
mount it in position.

Once the case hardware is mounted,
complete all the wiring as shown in
Fig.3. When all is complete, carefully
check your work and then fit a 9V
battery and switch on. The green LED
should light.

Now switch your multimeter to the
200mA range and connect it across
the test terminals. Adjust VR1 for a
current of 16mA.

That done, switch down to the
20mA range and readjust VR1 to obtain
a reading of 16-6mA.

Now do a series of checks to see that
each range gives the correct buzzer
result (and with the red LED lit), using
suitable test resistors for each range.
That'’s it: make up a pair of banana
plug test leads and you now have a
very useful Programmable Continuity
Tester. EPE

r

WIWW.EPEMaGs.co

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.epemag.com |
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BS2-IC

BS2-SX

BS2E-IC

BS2P/24

BS2P/40

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

Serial Alphanumeric and Graphic Displays,

Mini-Terminals and Bezel kits

Animated Head

3-Axis Machine

Six-Legged Walkers

Robotic Arms

Robotic models for both the beginner and the advanced hobbyist

Servo Drivers

Motor Drivers

On-Screen Displays

DMX Protocol

U/Sound Ranging

Animatronics and Specialist Interface-Control Modules

L 7

=1 L 8

Quadravox

MP3 & Speech System

1
s] Voice Recognition

Sensorylnc

Parallax
Ubicom Tool Kits

Tech-Tools
PIC & Rom Emulators

BASICMicro
PIC BASIC Compilers

Development Tools

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




B JD-TALK masx nerson

FUNNY FACTS ABOUT THE MAINS

Another change to mains wiring colour codes?

E’RE talking funny peculiar, not funny

ha-ha, even though you might find the
latest proposals to change electric wiring
colours risible. The meddling is not as mad as
it appears, however, and will help clear up a
fascinating farrago of conflicting standards in
the field of mains electricity distribution.

“Standards are vital. That’s why we sup-
port so many of them”. So said the regulators
in the age-old joke. But when you look at
electrical wiring, mains pluggery and sock-
etry or even power distribution, it’s clear that
standardisation is by no means complete,
either world-wide or even within Europe,
where we’d be forgiven for assuming every-
thing is now harmonised.

Assumptions are in fact dangerous. Many
electrical appliances are made for internation-
al use, and international connectors and
colour codes for wiring could easily mislead
us into thinking the power itself is the same
everywhere. It isn’t, of course, and varies in
voltage, frequency and phase. Let's return to
this later and check out first the imminent
changes in wiring colours.

Rigid Regulation

From 3Ist March any new installation of
AC or DC power wiring in Europe must con-
form to the new scheme. This applies to any
company placing products on the market
within the European Union, so it has global
implications too. Appliance cords are not
affected in any way so the mains leads from
the plug to your kettle, soldering iron or hi-fi
will not change in any way. But fixed wiring
will, with the regulations applying both to the
cabling between the fusebox and your mains
sockets and also to cable looms within equip-
ment cabinets. The rules apply only to new
jobs of course; existing installations are
unaffected.

The newly amended regulations, known as
Cenelec HD308 and BS7671, apply to what
are technically known as “rigid” or fixed
cables and you can find a summary at
www.iee.org/publish/wireregs/impact_200
4.pdf. Safety of life is one of the key drivers
for the change and reading this document it’s
immediately clear that the present arrange-
ments pose risks for DIY enthusiasts in
Britain.

That’s because although we have been
using pan-European colours for flexible
cables (blue, brown and green-yellow) for
more than three decades, we never changed
the traditional colours for fixed cabling. The
colour scheme for fixed installations in the
UK is red, white, blue (or three reds) for the
Phases, black for Neutral and green-yellow
for the Protective Conductor. When wiring is
carried out by trained electricians, no prob-
lems should arise, but a conflict arises when

16

amateurs wire ceiling pendants and find the
colours don't match.

Employing the same colours throughout
Europe for wiring installations would not
only eliminate this safety risk but also cut
costs by reducing the number of cable colours
manufactured and facilitating competition.
For domestic installations Phase, Neutral and
Earth will now use brown, blue and green-
yellow wires, the same as flexible cables.

In three-phase installations the present red,
yellow and blue for three Phases and black for
Neutral will be replaced by brown, black and
grey for the Phases and blue for Neutral.
Cable marking will change too, using L1, L2,
L3 for the Phase conductors, N for the
Neutral and P for the protective (earth) con-
ductor. On DC systems L+, M and L- will be
used for Positive, Earth and Negative respec-
tively (M is the initial letter of masse, used
already in France and Germany.

Colour Confusion

Included in the IEE document just referred
to is a coloured chart showing the wide varia-
tion in colour coding for fixed wiring inside
Europe that will be harmonised by the new
scheme. Flexible cords (mains leads) are now
largely colour-coordinated around the world,
but this was not the case thirty years ago or
0. Just look at the confusion in these exam-
ples (in each case the colour codes are given
in the order L, N, E or Line (live), Neutral and
Earth (ground).

Belgium: Red, yellow or blue, Grey,
Black.

Germany. Usually Grey, Black, Red.

Great Britain: Red, Black, Green.

Netherlands: Any colour but grey or
red, Red, Grey.

Russia: Red, Grey, Black.

Switzerland: Red, Grey, Yellow or yellow
Ired.

USA, Canada: Black, White, Green (if
you think of the “Black Death” you
won't go far wrongt).

From this it's obvious that there’s nothing
universally obvious in selecting green for
Earth. Making it striped to distinguish it from
the other conductors in the new scheme was
an inspired choice. In fact the choice of
colours for the new worldwide system was by
no means an arbitrary affair. The two colours
for Line and Neutral had to be clearly distin-
guishable, even by people who suffer from
colour-blindness, and blue and brown were
judged the most clearly different shades by
experts in this field. These colours had the
additional virtue of not being widely used in
any existing scheme.

More Muddle

Unfortunately, the harmonisation achieved
by this colour coordination was not matched by
similar progress for AC mains voltage and fre-
quency. Japan had two standards, 100V in the
Kansai region and 220V in the Kanto region.
Europe had both 110V and 220V, whilst the
North American was on 117V. Great Britain
settled for 240V, although 210V and 230V sur-
vived in a few areas into the 1970s at least.

Mains frequency varied far more widely
than is generally recognized too. The “trac-
tion™ frequency of 25Hz applied in a few
locations in Britain served by industrial rather
than commercial supplies until the early
1950s, in parts of the USA, also in Ontario,
Canada. Ontario Hydro changed to 60Hz dur-
ing the 1950s and before this many radios and
other appliances were made for 25Hz sup-
plies, which causes some problems when
vintage radio enthusiasts plug a 25Hz set into
60Hz today! I'm told that North Vietnam still
has some 25Hz mains supplies.

The unusual frequency of 40Hz was used
quite widely in north-east England and to some
extent in Australia (e.g. Perth). The geographi-
cally most widely used frequency is 50Hz,
used throughout Europe, Africa, much of Asia,
Australasia, parts of Japan (Kansai region) and
formerly by California Edison in the USA.
Finally we have 60Hz, employed in North
America and parts of Japan (the Kanto region).

Puzzle No More

Incidentally, the reason for 50Hz and 60Hz
standards appears to be very simple and down
to the different rotational speed of the genera-
tors used. In Britain and Europe the rotational
speed of these generators (1,000 rpm) ended up
producing S0Hz. I suspect (but also guessing)
that the USA settled on 1,200rpm.

You may be wondering also why the volt-
ages for high tension AC are always divisible
by 11, 1 was told by the archivist of one of
Britain’s power companies that this stems
from engineers’ love of safety margins; in
other words they always added 10% for luck
and 110V, 220V, 440V, 11kV and 33kV all
derive from this superstition!

He also explained that nearly all domestic
supplies around the world were originally
fixed at 100V (or 110V for luck!), since this
pressure was sufficiently high to perform
useful work, yet not usually lethal. But as
demand for electric lighting and power grew,
the supply companies needed to deliver more
power without investing fortunes in addition-
al distribution cables. Their solution was to
double the voltage, which halved the current
and allowed them to use the same cables and
s0 defer the need for investment. Believe this
if you wish!
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MikrokElektronika

MICROCONTROLLER DEVELOPMENT TOOLS

EasyPIC3
PICmicro Starter Pack
£99.00

EasydsFIC2
dsPIC Starter Pack
£99.00

EasyAViR3
AVR Starter Pack
£99.00

Easy&05
8051 Starter Pack
£99.00

High guality developrmrent board
Built-in USB 2.0 programmer
Windows 98/ME/2000/XP compatible
Supports 8, 14, 18, 28 and 40-pin DIP
microcontrollers from the 10F, 12F,
16F and 18F PICmicro families
On-board LEDs, switches, 7-segment
displays, potentiometers, RS-232
interface, USB and P$/2 connectors
All I/O lines available for expansion

» EasyPIC3 Starter Pack includes:

v PIC18F452 microcontroller

v 16x2 character LCD

v 128x64 pixel graphic LCD

v DS18520 temperature sensor

v USB programming/power lead

v Programming software and examples

High quality development board
Built-in USB 2.0 programmer
Windows 98/ME/2000/XP compatible
Supports 18, 28 and 40-pin DIP digital
signal controllers from dsPiC30 family
On-board LEDs, switches, potenti-
ometers, RS-232 interface, PS/2 and
ICD2 connectors, and MMC/SD card
slot

All /O lines available for expansion
EasvdsPIC2 Starter Pack includes:

v dsPIC30F4013 digital signal controller
v 16x2 character LCD

v 128x64 pixel graphic LCD

v USE programming/power lead

v Programming software and examples

High quality development board
Built-in USB 2.0 programmer
Windows 98/ME/2000/XP compatible
Supports 8, 20, 28 and 40-pin DIP
AVR microcontrollers

On-noard LEDs, switches, potenti-
ometer, RS-232 inter‘ace, 12-bit A/D
and D/A, and MMC/SD card slot

¢ All /O lines available for expansion
EasyAVR3 Starter Pack includes:

v ATmega8535 microcontroller

v 16x2 character LCD

v 128x64 pixel graphic LCD

v DS18S20 temperature sensor

v USB programming/power lead

v Programming software and examples

High quality development board
Built-in USB 2.0 programmer
Windows 98/ME/2000/XP compatibie
Supports 20 and 40-pin DIP Atmel
8051 Flash microcontrollers
On-board LEDs, switches, potenti-
ometer, RS-232 interface, 12-bit A/D
and D/A. and two additional 8-bit /0
ports

All IO lines available for expansion

» Easy8051 Starter Pack includes:

v 40-pin 8051 microcontrolier

v 16x2 character LCD

v 128x64 pixel graphic LCD

v DS18S520 temperature sensor

v USB programming/power lead

v Programming software and examples

BIGPIC3 80-pin
PICmicro Starter Pack
£119.00

dsPICPRO 64/80-pin
dsPiC Starter Pack
£149.00

BIGAVF 64-pin
AVR Starter Pack
£119.00

8051 PSoC

EasyPSoC3
PSoC Starter Pack
£119.00

High quality deveiopment board
Built-in USB 2.0 programmer
Windows 98/ME/2000/XP compatible
Supports the latest 80-pin microcon-
trollers from the 18F PICmicro family
On-board LEDs, switches, potenti-
ometers, two RS-232 interfaces, PS/2
connector, and MMC/SD and Com-
pact Flash card slots

* Al l/O lines available for expansion

¢ BIGPICS3 Starter Pack includes:

v PIC18F8520 MCU module

v 16x2 character LCD

v 128x64 pixel graphic LCD

v DS18S20 temperature sensor

v USB programming/power lead

v Programming software and examples

High quality development board

Built-in USB 2.0 programmer

Windows 98/ME/2000/XP compatible

Supports 64 and 80-pin digital signal

controllers from the dsPIC30 family

¢ On-board LEDs, switches, two RS-
232 interfaces, RS-485 interface, two
CAN interfaces, real-time clock, 12-bit
A/D and D/A, and CF card slot

« All /O lines available for expansion

+ dsPICPRO Starter Pack includes:

v dsPIC30F6014 DSC mcdule

v 16x2 character LCD

v 128x64 pixel graphic LCD

v DS18S20 temperature sensor

v USB programming/power lead

¥ Programming software and examples

High quality development board
Built-in USB 2.0 programmer
Windows 98/ME/2000/XP compatible
Supports 64-pin AVR microcontrollers
On-board LEDs, switches, potenti-
ometers, two RS-232 interfaces, PS/2
connector, and MMC/SD and Com-
pact Flash card slots

o All I/O lines available for expansion
BIGAVR Starter Pack includes:

v ATmega128 MCU moduie

v 16x2 character LCD

v 128x64 pixel graphic LCD

v DS18S20 temperature sensor

v USB programming/power lead

v Programming software and examples

¢ High qualty development board
» Built-in USB 2.0 programmer
« Windows 98/ME/2000/XP compatible
Supports 8, 20, 28 and 48-pin DIP
PSoC mixed-signal controllers
On-board LEDs, switches, potenti-
ometers, 3S-232 interface, RS-485
interface, CAN interface, real-time
clock, and MMC/SD and CF card slots
All I/O lines available for expansion
o EasyPSoC3 Starter Pack includes:
¥ 48-pin PSoC microcontroller
g v 16x2 character LCD
v’ 128x64 pixel graphic LCD
v DS18820 temperature sensor
v USB programming/power lead
v Programming software and examples

Breadboa

rding Systems

Software and hardware development tools

Breadboarding Systems can supply all MikroElektronika products from stock. Credit and debit cards accepted. Prices shown exclude delivery and VAT.

Tel: 0845 226 9451

Web: www.breadboarding.co.uk



YOU WON'T

GET YOUR
FINGERS
B URNTI

It may surprise you but buying an Antex soldering
iron costs less than you think in the iong run. Brifish made
to exacting standards, they last significantly longer

than imported brands. And with a wide range of

thermally balanced soldering irons, you can pick
up a “fixed temperature” or “in-handle” temperature
model that will suit your needs perfectly.
None of which will burn a hole in your pocket.
If your hobby demards 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 upan [ LA/ A7 470

ANTELX
U\

Not just any old iron.

3 -noez 52Xk X BANY

uk

www.antex.co

2 Westbridge Industrial Estate Tavistock
Devon PL19 8DE Tel 01822 613565

|

Solutions

N\

CAN Bus Solutions
CAN-232 and CAN-USB

CAN-USB is a very small dongle that plugs
into any PC USB Port and gives an instant
CAN connectivity.

Priced at only £61 each, CAN-232 is
the affordable but powerful solution for
providing CAN connectivity via RS232

Industrial USB Serial

USB-COM-M and USB-COMi-M range

The USB-COM-M and USB-COMI-M
range are industrial strength USB to
RS232 / RS422 / RS485 converters
housed in rugged metal enclosures with
removable wall mounting plates. Perfect
for rugged environments these converters.
are avarlable in standard and opto-tsolated
versions.

Priced from only £26 { USB-COM-M))

EasySync Ltd

373 Scotland Street,
Gtasgow G5 8QB,
United Kingdom

Tel 1 0141 418 0181
Fax:0141418 0110

Web . hittp //www.easysync co.uk
E-Ma)l. sales@easysync.co.uk

“ Pnces shown exclude PP and VAT where apphcable

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 Raintall
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

I‘I“I"'n Electronics

www.audon.co.uk | +44 (0)115 925 8412 | Fax +44 (0)115 925 9757
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Constructional Project

Bobbing back and forth incessantly — a fun

design to entertain you!

By THOMAS SCARBOROUGH

MNIl is short for omnidirectional.

The simplest of pendulums swing
only through a single plane — a well
known example being the pendulum
clock. In this case, the period of the
swing is entirely predictable, and
this is easy to convert to an electronic
design.

If a magnet is mounted on the
pendulum, a regular electromagnetic
pulse in close proximity to the magnet
will keep the pendulum swinging—on
condition that the pulse is more or less
tuned to the period of the pendulum.
However, things get considerably
more complicated when a pendulum
swings in all directions — that is, if it
is omnidirectional.

The pendulum may begin to swing
in an ellipse, or it may gyrate — and in
the process may fail to pass over the
electromagnet when it pulses, thus
losing vital momentum. In short, a
regular electromagnetic pulse may fail
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to impel such a pendulum any more,
and in a worst case, may virtually stop
it dead in its tracks.

What is required, therefore, is some-
thing far more flexible than a regular
electromagnetic pulse. Ideally, the
electromagnet will pulse only when
the pendulum passes over the elec-
tromagnet — timed to within millisec-
onds. This is in fact what the present
circuit accomplishes.

Omni Pendulum

The Omni Pendulum is one of those
projects that “keeps ongiving”, since it
offers a highly visible display of one’s
electronic skills. Note, also, that the
circuit need not only impel a pendu-
lum. It may also impel a wheel, or a
roundabout, or a so-called “boinger”
(an upside-down pendulum), ora hang-
ing spring, or asee-saw on a fulcrum. As
justone idea, although its implementa-
tion would take time and care, a model

boxer could punch at a punchbag that
has an irregular swing.

In Concept

The electromagnet used in this
design has no iron core, as would
normally be the case. This is because
the pendulum contains a neodymium
magnet. These are so powerful that a
pendulum might easily jump to the
electromagnet’s core and stick to it ifa
slightly springy line were used. In this
design the electromagnet comprises
two coils — a 500-turn electromagnet
to impel the pendulum, and a 100-
turn coil on top of this, to detect the
pendulum’s motion. The complete
circuit diagram of the system is shown
in Fig.2.

In order to impel an omnidirectional
pendulum, the circuit needs to accom-
plish a relatively complex sequence
(see Fig.1). First, the Omni Pendulum
detects the incoming pendulum before
it crosses the electromagnet, which it
does by means of the 100-turn coil and
the circuitaround IC1.Red l.e.d. D1 in-
dicates when IC1 has been activated.

Second, the pendulum needs to
be impelled by the electromagnet
only at or after it reaches its centre
of gravity. Failing this. it would be
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repelled before passing over
the electromagnet — causing it
to jump or gyrate, or even stop
swinging. Therefore a short
delay needs to be introduced
immediately after detection,
and this is accomplished by
means of [C2a.

Depending on how this
delay is adjusted by means
of preset VR2, the pendulum
may swing either energeti-
cally or lethargically. Thirdly,
after an appropriate delay
following detection (about
30ms, or one-thirtieth of a

EQUILIBRIUM
POINT

DETECT TRIGGER END
INCOMING REPULSION  REPULSION
PENDULUM B

INIMATE DISABLE

DELAY DETECTION

RE-ENABLE
DETECTION

In this way, there is no spu-
rious triggering through in-
ductive coupling of the coils,
nor is there any continual
pulsing of the electromagnet
if the pendulum should lose
its stridency of swing. It is
possible to adjust the Omni
Pendulum to be more or
less self-starting. If it is not
adjusted for too vigorous a
swing, and if IC1 is not ad-
justed either too sensitively
or too “bluntly”, there is a
balance at which the Omni
Pendulum is almost sure not

second), the electromagnet
needs to be energised, to re-
pel the pendulum - which is
impelled by repulsion.

A surprisingly short pulse is re-
quired for this purpose, and the pulse
employed here (about 50ms) is more
than enough to impel almost any

Fig.1. Pendulum sequence

so on), just after it has detected it
for the first time.

Second, if the pendulum should
begin to stall or gyrate, this could trig-
ger the electromagnet almost continu-

to stall, but always to recover
its motion.

However, this is not finally
guaranteed, since there does
come a point where there is not suf-
ficient linear motion to trigger IC1, par-
ticularly if the pendulum should settle
into an ever reducing circular swing.
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Fig.2. Complete circuit diagram for the Omni Pendulum

pendulum (if you wish to experiment,
the period of IC2b could probably be
reduced to half). At this point, the
Omni Pendulum is almost ready for
service; though not quite.

There are two remaining problems
that need to be addressed. First, the
two coils are wound on top of one
another. This means that they will
act as a transformer, causing the
larger coil to induce a voltage (about
1.3V) in the smaller coil when the
larger coil pulses. This in turn will
cause IC1 to imagine that it has de-
tected the pendulum a second time
(and a third and a fourth time, and
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ally, leading to a loss of purposeful
pulsing. Perhaps most seriously, this
could cause an enormous squan-
dering of power, and overheat-
ing both in the circuit and

the power supply. Both
of these problems
are solved by disa-
bling timer IC2a
through tran-

sistor TR1 for

about 100ms

until the circuit

has settled after
pulsing the electro-
magnet.
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When the Omni Pendulum is inac-
tive, it draws virtually zero current.
It should instantly re-start simply
by flicking it into action. The Omni
Pendulum draws more than 10W peak
power, but with the use of a 4700uF
capacitor for C4, an unregulated 12V
250mA d.c. supply should prove ad-
equate. Ideally, a regulated 0-5A or 1A
power supply would be used.

Circuit Diagram

The circuit diagram shown in Fig.2
begins with IC1, which is essentially
wired as a comparator. This detects the
swinging pendulum as it approaches
its equilibrium point. As the pendu-
lum’s magnet approaches the 100-turn
coil L1a, so a small voltage is induced
in the coil, causing the output of IC1 to
go “low”, thus illuminating l.e.d. D1.

The sensitivity of IC1 is adjusted by
means of Offset adjust control VR1. In
the original prototype, which is pic-
tured in the photographs, resistors R1
and R2 were omitted, with the circuit
relying on IC1’s 5pA internal biasing.
However, with sustained testing under
various conditions, the adjustment
occasionally drifted over time, so that
D1 began to gently glow, then fully
illuminate, effectively stopping the
pendulum. To obviate this problem,
resistors R1 and R2 are used to add a
light external bias (about 1uA) to the
inverting input of IC1.

Delayed Trigger

IC2a is a trailing edge triggered
retriggerable monostable (a timer).
That is, it triggers on the trailing edge
of a pulse from IC1. Its purpose is
to insert a delay between detection
of the pendulum and pulsing it, as
described above. Preset potentiome-
ter VR2 sets the period of the timer,
which effectively controls the “vig-
our” of the pendulum. IC2b is again
a trailing edge triggered retriggerable
monostable, which pulses the 500-turn
electromagnet.

Resistor R9 is included for safety
purposes. If transistor TR2 should fail,
a large current could flow through the
transistor’s gate, and destroy the rest of
the circuit. With R9 in place, the rest
of the circuit should be safe.

Almost any power MOSFET should
work in place of TR2, on condition
that it is rated 15W or higher. The
purpose of resistor R10 is to protect
both transistor TR2 and coil L1b by
limiting the current flow. It will be
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Component layout on the Prototype Pendulum circuit board. Note biasing resistors
R1 and R2 have been included in the final version

seen that R10 is slightly under-rated
at 10W (peak current through R10 is
just over 14W). However, the pulse
through the electromagnet is so short
that this should not present a prob-
lem. During use, R10 just slightly
warms.

No Going Back

Green l.e.d. D3 indicates when elec-
tromagnet L1b is activated. Diode D4
suppresses back e.m.{. In order to pre-
vent a pulse from “going back through
the circuit” through coil L1a, f.e.t. TR1
is employed to disabie timer IC2a for a

Parts List - Omni Pendulum

1 PC board, code 566, 113 x
60mm, available from the
EPE PCB Service

1 8-pin d.i.l. socket

1 16-pin d.i.l. socket

1 suitably rated power supply or
batteries (ideally 12V 0-5A)

1 battery holder or clip

(if required)

1 electromagnet (L1 two coils
— see text): 40 metres
30s.w.g. (0-315mm) enam-
elled copper wire; thin,
stift aluminium sheet, 25 x
25mm (2 off); 15mm length
of 5mm dia. wood dowel

4 PC nylon self-adhesive
stand-offs, link wire, glue,
solder pins, solder etc

Semiconductors

1 5mm red l.e.d.

1 5mm green l.e.d.

1 BAT8S5 signal diode

1 1N4001 50V 1A rectifier diode

1 2N7000 n-channel f.e.t.

1 BUZ11A n-channel power
MOSFET or rough equivalent

1 CA3130E CMOS bipolar
op.amp

1 4098B CMOS dual retrig-
gerable monostable

Capacitors
3 470n polyester, 5Smm pitch
1 4700y radial elect. 16V

Resistors (0-25W, 5%, except
where indicated)

2 1k

3 47k

2 470k

2 4M7

1 10Q2 10W minimum

Potentiometers

1 20k multiturn (25-turn)
preset

1 500k multiturn preset

Pendulum

1 neodymium magnet (approx.
8mm dia. 2-5mm thick)

thin nylon line or thread,
pendulum “bob” and super-
structure — see text
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brief moment while the circuit settles
after impelling the pendulum.

This further serves the purpose of
preventing the electromagnet, under
certain conditions, from pulsing
continually and thus overloading the
circuit and power supply.

When the electromagnet is activated,
capacitor C3 instantly charges through
diode D2, thus causing TR1 to conduct,
holding IC2a’s reset pin 3 “low”.

Note that the circuit has no reverse
polarity protection diode in the posi-
tive power supply line. This is because
the attendant voltage drop could com-
promise the performance of the Omni
Pendulum. Care needs to be taken,
therefore, not to reverse the battery or
power supply connections, since this
would destroy the circuit.

Capacitor C4 serves mainly to
take up slack from the power supply
to power the electromagnet. If this
capacitor were omitted, one would
need a fairly “meaty” power supply
to power the circuit.

Electromagnet Construction

The electromagnet is custom made.
It is easily constructed, and the most
critical aspect of the operation is
to keep track of the beginning and
end wires of the two coils. A square
aluminium base is used (see Fig.3),
measuring 25mm on each side. This
is cut from a thin, yet stiff, sheet of
aluminium. Holes are drilled in the
four corners, for anchoring it to the
printed circuit board. This will also
ground the electromagnet electrically,
which is important.

An early prototype employed no
Faraday shield. However, the puls-
ing of coil L1b caused slight charges
to build up on both coils, which were
not quickly enough dissipated after
pulsing, causing the output of IC1 to
drift slightly. This was obviated by the
use of the custom-made shield, which
serves to remove excess charge from
the coils. It is not crucial that alu-
minium be used here, but this should
be a non-magnetic metal.

Bare wires are used to anchor the
plate to the p.cb. A 5mm diameter
wood dowel, 15mm in length, is glued
to the centre of the square aluminium
base with strong glue, to stand verti-
cally, like the stump of a tree. A circular
aluminium “roof” is glued on top of the
dowel, being 25mm in diameter. A bare
length of wire, as shown in Fig.3, makes
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Fig.3. Construction of the electromagnet, coils L1a and L1b

electrical contact between the lower
(square) and upper (circular) aluminium
pieces. The two coils are wound over
this wire, pressing it into place.

The two metal pieces do not need to
be made of aluminium, but it is impor-
tant that they should be non-magnetic.
Begin by winding the electromagnet
with 500 turns of approximately  30s.
w.g. (0-315mm) enamelled copper wire.
The number of turns and the wire gauge
are not critical.

Seen from above
(looking down onto
the circular “roof”),
the wire is wound in
a clockwise direction.
Take careful note of
the beginning wire (B)
and end wire (E). Then
wind the detection coil
on top of this, covering
the whole of the coil be-
neath it, with 100 turns
of the same wire gauge,
also in a clockwise di-
rection, and again tak-
ing careful note of the
beginning wire (B) and
end wire (E). The coils
may finally be held in
place with some glue. &

Without losing track
of which are the begin-

Close-up of the electromagnet showing the aluminium
“shield” and coil windings

ning and end wires, snip the four wires
to suitable lengths for inserting in the
p.c.b., and scrape the enamel off their
ends for soldering. Take care, when
these are soldered into place, that they
do not touch each other and cause a
short circuit.

P.C.B. Assembly

The printed circuit board compo-
nent and track layout details are shown

. ¢ ”
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Pendulum Circuit Board
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Fig.4. Printed circuit board component layout and full-size copper foil master

pattern for the Omni Pendulum

in Fig.4. This board is available from
the EPE PCB Service, code 566.

Since the integrated circuits are
CMOS devices, dual-in-line (d.i.l.)i.c.
sockets are recommended, and normal
anti-static precautions are advised
(in particular, discharge your body to
earth before handling these i.c.s).

Begin assembly by soldering the
three link wires (the four “anchor”
wires for the electromagnet will be
added shortly). Note that one of the
link wires is situated underneath the
socket for IC2. Solder the two solder
pins, and the two d.i.l. sockets — ob-
serving the correct orientation of their
“polarity” notches.

Continue with the resistors, the
two multi-turn preset potentiometers
(observing their orientation), the ca-
pacitors (note the polarity of C4}, the
diodes, including the l.e.d.s, and the
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transistors (also observing the correct
orientation of these devices).

The coil assembly is lowered into
place and anchored by means of four
bare wires at its corners, which are sol-
dered to the p.c.b. Then the four wires
from coils L1a and L1b are soldered into
place, taking careful note ofthe beginning
(B) and end (E) wires — not to mention
remembering which coil is which!

The solder pins are taken to a suit-
able battery clip or power socket,
taking careful note again of polarity.
Finally, after fully checking your as-
sembly for component positioning and
soldering errors, insert IC1 and IC2 in
their d.i.l. sockets, ensuring that these
are inserted the right way round.

Pendulum

The pendulum may be any fairly
lightweight object beneath which a

powerful neodymium magnet is at-
tached. The author used a neodymium
magnet 8mm in diameter and 2-5mm
thick, but there is room for much vari-
ation. The magnet’s North pole faces
downwards as the pendulum swings.
Ideally, the length of the pendulum’s
line will be about 20cm, although
here, too, there is room for much
variation.

The magnet will swing about 7mm
above the top of the electromagnet
— again there is room for experimenta-
tion. An easy way to determine the
polarity of the neodymium magnet isto
power up the circuit, and pass it across
the electromagnet. If it is repelled, its
North pole is facing the electromagnet,
as it should be. Alternatively, if a neo-
dymium magnet is placed on a very
smooth surface, its North pole will turn
to face the Earth’s North pole.

In Use

Attach a suitably rated 12V battery
or d.c. power supply (250mA mini-
mum), taking care of the correct polar-
ity. If red l.e.d. D1 illuminates, preset
potentiometer VR1 needs to be turned
back (anti-clockwise). Alternatively, it
needs to be turned up (clockwise).

Once the point has been found at
which D1 illuminates, turn back VR1
one full turn, by which it will extin-
guish. Preset VR1 adjusts the sensitiv-
ity of detection. Finer adjustments can
be made later.

Pull the pendulum back about 10cm
from the electromagnet, and let it go
—to swing towards the electromagnet.
As it crosses the electromagnet, red
l.e.d. D1 should illuminate, with the
green l.e.d. D3 following so speed-
ily that it will be hard to discern the
time lapse. If the pendulum jumps
or “bounces” at the electromagnet,
preset VR2 needs to be turned back
(anti-clockwise) until it is able to pass
easily across it.

If, on the other hand, the pendulum
swings too lethargically, or is unable
to sustain its swing, VR2 needs to be
turned up (clockwise). Preset VR2 can
be adjusted for a very vigorous swing.
However, if the pendulum loses speed,
perhaps through falling into an elliptical
swing, this can cause it to stall. A more
natural swing is far more likely to keep
the pendulum swinging indefinitely
without interruption. With the correct
adjustments of VR1 and VRZ2, the Omni
Pendulum will be virtually self-starting
with a small initial movement.  EPE
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Barry Fox reports on the 2006 annual CES show in Las Vegas

HE Consumer Electronics Show, held

every January in Las Vegas. just keeps
on getting bigger because the computer
industry has scrapped its Comdex show and
climbed onboard the CE bandwagon.
Keynote speeches at CES are now given by
IT industry leaders. including Bill Gates of
Microsoft and Larry Page of Google.

Blue Laser Discs

All eyes were on Vegas this year as the
launchpad for blue laser HDTV disc
recording. But failure of the electronics
companies to agree on a single standard has
split industry support between two incom-
patible systems, Blu-ray and HD-DVD.

The split has widened because Sony will
build Blu-ray into PlayStation 3 and
Microsoft will sell an external HD-DVD
drive for Xbox 360. The games industry
traditionally sells hardware cheap and
makes money on software. PS3 is expected
to cost $499. At CES Toshiba announced
that it will launch an HD-DVD player tor
the same $499 price. But Pioneer was quot-
ing $1800 for a Blu-ray player.

Said Rudy Provoost, Philips CE CEO: “If
PS3 sells at $499 then that is because the
games companies can afford to subsidise
players to sell games. We are still in the
process of evaluating price. We will only
introduce a player it we can do it in a com-
petitive way.”

An industry insider whose company sup-
plies key technology to both blue laser for-
mats, summed up the industry's problem:
“The hardware manufacturers cannot go on
making $2 profit on players. They want to
earn it from intellectual property rights. But
players will be made in China and when
they talk to the Chinese about patents, the
Chinese will just say: what patents?

“Consumers will no longer take part in a
format war. The studios don't want to kill
DVD sales. We saw this with DVD-Audio
and SACD. Who won that standards battle?
Apple’s iPod won it. Now we'll see people
turn their backs on Blu-ray and HD-DVD,
saying “you guys fight it out’. Consumers
will just download movies onto hard drives
or video iPods instead of blue laser disc™.

Internet Downloads

Sure enough CES became the launchpad
for a whole raft of new systems that make it
easier to download entertainment onto hard
disc from the Internet. Some use an Internet
PC; others rely on a consumer recorder
with hidden computer intelligence to make
the Internet connection. Microsoft's Vista,
the upcoming new version of Windows XP
Media Center. will make it easier to search
through large libraries of downloaded
music and movies by automatically label-
ing them with high quality artwork that
mimics disc retail packaging.

Although Hewlett Packard sells Media
Center PCs. the company is hedging bets
with a new large screen LCD HDTV which
has built-in Ethernet and WiFi networking
connectors. The TV has no keyboard, just a
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near-normal remote; computer intelligence
in firmware lets the TV connect by wire or
wirelessly to any type of PC, whether
Windows, Linux, or Apple. The PC will
download and store movies, then “serve”
them to the TV.

French giant Thomson, owner of RCA, is
moving multimedia even further away from
the computer model, with an 80GB hard
disc video recorder that holds around a
hundred hours of video programmes that it
has sucked on demand from the Internet.
Thomson has done deals with Akimbo and
Movielink, two companies which “aggre-
gate” TV and movie rights and then sell the
material on line with Digital Rights
Management to prevent copying.

Google’s Plans

Google's latest plan to change the world
— after the ubiquitous Google search engine
and new Google Earth digital bird’s eye
view of the world - is the Google Video
Store. This will give PC users the chance to
buy premium TV entertainment online, for
instance $2 per episode of popular CBS TV
programmes or sports events. CBS will also
make archive TV shows available by
Google pay-per-view. Hollywood movie
sales  look likely to follow suit
(http://video.google.com/).

Google's rival Yahoo plans a similar ser-
vice, called Yahoo Go. mainly for mobile
phones and TVs that connect to the Internet
through a PC - like HP’s.

Viewing Options

Apple is expanding the video options for
iTunes. Sony showed an intriguing new
system which will let holidaymakers — and
business travellers — use a laptop PC to
watch what’s on TV back home, switch
channels on the home TV and record too.

Locationfree TV, due for launch this month
in the US and Japan and in Europe later,
relies on a home box (the size of a paperback
novel) with its own IP address that connects
to the Internet by a conventional Ethernet
DSL broadband cable. The box also connects
to any home TV tuner or satellite or cable
receiver, converting the TV signal to an
MPEG-4 digital stream, encrypting the sig-
nal for privacy and streaming it out over the
Internet at around 300kbps.

When a laptop PC is loaded with Sony’s
control software. it can connect to the
Internet anywhere in the world, and go to
the home box “home page” and display
whatever programme the home box is get-
ting from the home TV. The remote PC also
displays a panel on screen which acts as a
TV remote control.

If the viewer is going out for the evening,
the PC can record the home TV programme
on its hard drive, for viewing later. As a
bonus for gamers who own one of Sony’s
PSP portables, the Locationfree box also
has a WiFi transmitter which streams the
TV programme round the home or garden.
All PSPs have a built-in WiFi receiver, so
the PSP becomes a portable pocket TV. The

Locationfree box and software will cost
around $350.

Driving Music

Sony also launched a neat gadget for car-
drivers. Many car radios now have a remov-
able front panel, to deter thieves. The new
Gigapanel. which will cost around $350, is
a car stereo with a USB socket and 1GB of
flash memory built into its removable
panel.

When the panel is connected to a PC the
owner can download a library of MP3
music tracks — which then play in the car
through the radio.

Clever Cams

First prize for cleverest gadget at CES must
surely go to the new vest pocket digital cam-
era from Kodak that uses two lenses instead
of one. The V570 has one very wide-angle
23mm lens alongside a conventional 39mm
to 1 17mm zoom lens. Moving the zoom con-
trol switches seamlessly between the two
lenses to give a much greater zoom range,
23mm to 117mm, than normally possible
with a slim vest pocket camera.

In panorama mode the camera takes a
series of three wide angle shots, one after
the other, as the user steps the camera
through a 180 degree pan. The camera then
electronically stitches the three shots into
one 180 degree view. As each new picture
is taken the viewfinder overlays some of
last shot. All the photographer has to do is
align the overlapping picture content in
each shot. The result is a scenic view that is
wider than human vision, with no visible
joins.

Over-Optimistic Gates?

Bill Gates boasted at CES that 6-5 million
people are now using Media Center PCs,
and 130 manufacturers are selling them in
33 countries. It is uncertain though how
many of these MPCs will be able to deliver
the mouth-watering performance that Gates
demonstrated at CES from a Media Center
PC with Vista (www.microsoft.com/
events/executives/biligates.mspx).

Representatives of Microsoft, Intel, Dell
and HP all said that it would be mid-2006
before Microsoft releases a recommended
hardware specification tor Vista. When we
checked several of the PCs that Microsoft was
using on the show floor — for much more lim-
ited demonstrations than Gates’ grandstand-
ing — they all had at least 1GB of RAM and a
3GHz Pentium processor. Dell reckoned Vista
will need “nothing less than 1GB, ideally
2GB”. Intel said “we'll be recommending a
dual-core processor — absolutely!”

Although owners of existing MPCs can
add more memory, it is not practical to
swap a conventional Pentium for a dual-
core processor that works like two
Pentiums ganged together. So many exist-
ing owners of Media Centers, and people
buying new ones over the next few months,
may find them unable to match what Gates
was demonstrating at CES.
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Our periodic column for your PIC programming enlightenment

Experimenting With Overclocking PICs

HERE is an old saying that goes

I “Scientists build to learn, while

engineers learn to build”. This
month we will be following the scientists’
path of building some circuits to learn
more about an unusual topic, that of ever-
clocking microcontrollers.

Overclocking is a principle that may be
familiar to die-hard PC gaming fans. It
refers to the process of raising the speed at
which a processor is running, above the
limit specified by the manufacturer (Intel
or AMD normally) and just below the point
where it stops working altogether.

Overclockers go to considerable lengths
to push their processors to unbelievable
speeds, by carefully controlling the voltage
they run at and improving the cooling tech-
nology — sometimes even using cryogenic
techniques to keep the device from melt
down! All in the name of faster gaming.

PIC Games

So how about our humble PIC? They are
processors too, so can we overclock them?

We first need to consider what the clock
signal does, and how device speed is limit-
ed. In common with most processors the
PIC is a synchronous device; changes that
occur within the device occur when a clock
signal changes level.

So for instance, when two numbers are
being added together, the individual signals
that make up each “bit” in the numbers will
arrive at the adder circuit at slightly differ-
ent times (because they travel through dif-
ferent length paths on the chip) but the
addition only occurs once, when the clock
signal changes. The clock causes events to
occur at the same time.

As signals pass though various gates
within the CPU, capacitance causes minor
delays in the rising and falling edges. This
is referred to as propagation delay, and the
more of it you have, the slower the clock
must be. If you clock the bits arriving for
an addition too quickly. some of the signals
may have been so delayed that they “miss”
the clock edge, and some old data gets
used.

Careful Testing

The delays in the chip characterise the
performance. and ultimately the speed of
the device. Many factors affect the speed
characteristics, and therefore careful and
wide ranging testing is performed by man-
ufacturers to determine what category each
part will fall into. As faster devices com-
mand a higher price, it’s in the manufactur-
er’s interest to identify the better ones.

Intel, for example, test every processor
that comes off their production line. Parts
from the same production process will be
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categorised into one of three speed classifi-
cations. Typically, the test parameters
would include the propagation time for a
signal traveling through the longest path in
the chip; the resulting time will determine
into which speed classification the device
will fall. Maintaining historic data on past
performance, high temperature testing on a
sample basis and a lot of statistics deter-
mine how those speed classifications are
determined.

Even across a single die wafer, proces-
sors can vary by up to 20% in performance.
One must remember that chip manufactur-
ing involves many chemical processes, the
speed of the device depends on the quality
of the crystalline structures laid down dur-
ing each process step. The slightest imper-
fections will cause the signal carrying elec-
trons to move merely fast, rather than very
fast!

PIC Emulation

So why should PIC users try to emulate
the PC overclockers? First off, by examin-
ing the performance of PKCs under varying
clock speeds, we gain an insight into how
critical device parameters such as power
consumption and temperature are affected
— and this is very useful when you are try-
ing to leverage the optimum use of a
device. If the true maximum clock speed is
significantly higher, you might be able to
use a lower specified device rather than a
more expensive one. Or perhaps avoid hav-
ing to move to a higher performance tech-
nology altogether. There are caveats to this,
which we will pick up on later.

One of the questions that most likely
springs to mind is “Is it safe?”
Overclocking on a PC is potentially dan-
gerous because the core of the processor is
running at very high temperatures.
Increasing the clock speed raises the tem-
perature and the resulting stress on the die
can lead to catastrophic failure and even a
real risk of fire.

The PIC, however, runs at a sufficiently
slow enough speed that the increase in tem-
perature is only marginal, and well within
the thermal dissipation ability of the pack-
age. The worst that can happen is that the
software will malfunction; reducing the
clock speed will return the device to nor-
mality. As a side point, raising the voltage
at which the device runs at is likely to
cause permanent damage, so all our tests
are carried out at 5.0V

So what device are we testing? A
PIC16F873 rated at 20MHz, a
PIC18F2620 and two PIC18F2520s. These
devices have been chosen because they
have the same pinout and can therefore use
the same “test jig”. We have gone with the

DIL package and use a quality turned pin
IC socket to simplify swapping parts. The
software used in the tests is available on the
EPE website under Downloads in the
PicN'Mix area.

Test Setup

The test setup is a very minimal working
system with just an LED connected on
PORTB, | to provide feedback during start-
up. The power input is fed from a variable
bench supply and decoupled by a 10uF and
a 0.1uF capacitor. Since we want to vary
the oscillator frequency over a wide range,
we do not want to use fixed value crystals
and instead the circuit is fed from an exter-
nal signal generator. This signal should
come in on a BNC socket and be fed
through a logic gate to buffer the signal
into the OSC1 pin. OSC2 is left uncon-
nected.

As we are (hopefully!) going to be using
clock frequencies above 40MHz all leads
should be kept short and the IC decoupled
by a 0.1uf capacitor in close proximity.

A 10 resistor should be included in the
supply to the PIC to make measurements of
current consumption easier. You can place
a digital voltmeter across it and apply
Ohm’s law to determine the current, and
then use the same DVM to measure the
supply voltage to the PIC, all without inter-
rupting the operation of the circuit. An
additional benefit is that you can if you
wish place an oscilloscope across the resis-
tor and see how the current consumption
varies with time — very handy for testing
current consumption of individual periph-
erals in the IC during “real” operation.

The test setup includes a small tempera-
ture probe on the top of the chip. With the
probe in place we had to wait several min-
utes for the chip to settle back to ambient —
even handling the device for a few seconds
raised the temperature by several degrees.

Test Procedure

The test procedure consisted of increas-
ing the clock speed, adjusting the PSU to
give exactly 5.0V at the input to the PIC,
measuring the current consumption and
then waiting for the temperature to settle.
The current consumption settled almost
immediately, while the temperature, due to
the thermal mass of the device, took over
one minute to settle. We recorded current
consumption and temperature rise at each
step.

To confirm that the device is actually
running correctly during these tests, the
software performs two tasks. First, for five
seconds during startup, it flashes an LED
connected on PORTB, 1. After five seconds
the LED is turned off and the code runs
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Fig.1. Current Consumption versus frequency

the LED is turned off and the code runs
through a loop, toggling 1/0 pin PORTB,0
to which no load is connected.

This way we can monitor the CPU activ-
ity using an oscilloscope without having an
external load (such as an LED) confuse the
current consumption figures. Abnormal
activity such as changes in the flow of
instructions show up as “jitter” on the oth-
erwise steady waveform.

We are not exercising all the logic paths
within the chip with this code, and it is pos-
sible that subtle CPU errors may occur at
some of the speeds at which we have been
running. But this is intended to be an
exploration of overclocking, not an attempt
to recategorise Microchip’s products!

Device Tests

In the case of the PIC18F devices, these
tests were run without the use of the inter-
nal clock multiplying phase-locked loop. It
was found that the PLL quickly throttled
any speed increase when the input clock
was raised above the specified limit, and
despite accepting an input clock above
10MHz (which generates an internal clock
of 40MHz) the multiplier fails to increase

tation.

Performance
Per Watt

What of the other important parameter,
temperature rise? This is shown in Fig.2.
Although there'is a clear increase in tem-
perature with increase in clock speed, the
effect is minimal. The IC package is able to
dissipate the additional heat easily.

Going back to the current consumption
curves in Fig.1, it’s interesting to see how
the “‘performance per Watt™ metric changes.
This is a very useful

Conclusion

So, clearly we can run faster than the
specified limit, and there is a demonstrated
increase in the performance versus current
consumption, but should we do it?

The simple answer is no. Unlike general
purpose PCs that can be rebooted when
they go wrong, PICs are placed in embed-
ded circuits where the circuit is designed to
do one thing, and do that thing very well.
Reliability is extremely important and is
not worth risking in a production system.

If you are building a system for yourself,
however, the risks may well be tolerable in
which case a small increase beyond the
specified limit might be acceptable.
Experimentation is not going to damage
anything.

The results certainly show that at higher
clock frequencies within the specified lim-
its there are power consumption benefits to
be had if your design can use it. For exam-
ple, if you are processing a periodic event,
it would be better to run fast and then put
the processor to sleep, than to run con-
stantly at a slow speed.

Reliability in microcontroller circuits is
vital and we will be giving practical advice
on this in the next issue.
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Regular Clinic
Gircuit

lan Bell

More on extending PIC output capabilities

OLLOWING on from the question

posed by Paul Goodson (via the EPE
Chatzone) last month regarding extending
the output capabilities of PICs with the
aid of shift registers, we finish with the
merits of using an additional parallel
register.

Additional Registers

There is a problem with using a simple
shift register to extend microcontroller
outputs. When you shift new data
through, all the ouputs change on each
clock pulse. In some cases you might get
away with this, but often these unwanted
intermediate values will cause havoc
with your circuit. The problem is easily
overcome using an additional parallel
register as shown in Fig.7. This approach
can use many more bits than the four
shown,

In this circuit, data is first clocked into
the shift register via the SDI input by
pulsing the Shift Clk input four times. A
single clock is then applied to the Set
Outputs input. which loads the data from
the shift register into the output register.

Using this approach. a single bit of the
“extended outputs™ from the microcon-
troller can easily be changed, while keep-
ing all the other outputs static. If then the
output register is clocked, the

SHIFT OUTPUT DATA
REGISTER REGISTER
soo—4 0 a o af— QOW
FROM MICRO-
CONTROLLER FF FF
—c a > c G

L—D aQ D Qf— Q1

FF FF '
e o c [

)
“EXTENDED
OUTPLTS"
L TO CIRCUIT
= Q D af— 2!
FF FF l
+Pc o D C Q I

L-—-D o D Q—QJ

FF FF

WC

[«1}

SHIFT CLOCK SET QUTPUTS
FROM MICROCONTROLIER

Fig.7. Use of a parallel output register
to manage updating of output signals
when a shift register is used to extend
microcontroller outputs

for the microcontroller’s own pins as
more than one instruction is required to
update them. However, as long as the
speed is acceptable, extended pins can be
used for techniques such as Pulse Width
Modulation, as was suggested in Paul’s
question.

LED Drivers

The NLSFS595 Serial (SPI Tri-Colour
LED Driver from On Semiconductor
(http://onsemi.com) may be close to
what Paul is looking for. This device is
based on the 74HCTS9S, but has dgifferent
output circuitry to make it more suitable
for LED driving. The basic stucture of the
circuit is similar to that in Fig.7. but the
outputs are overvo'tage-protected open
drain drivers.

The supply voltage may be between
2.0V and 5-5V., but the output driver volt-
age level may be independent of the supply
voltage and range from OV to 7-0V. The
outputs can sink up to 12mA, but they may
be paralleled for increased drive output.

In Fig.8 is shown a circuit taken from the
NLSFS59S data sheet. It is capable of driving
five tri-colour displays from either an SPI
{data, clock, enable) bus or simply from
three digital output pins of a microcontroller
(MCU). If there are more SPI devices. the

only pin competely dedicated to

value in the shift register is the
same as the value currently in
the output register, so no
change will be seen in the
external circuit.

Pin Value Storage
The software in the micro-

SCLR
2,7V _EL o=
=
-

controller keeps all the
“extended pin™ values in a
memory register location.
When one or more of these
pins need to be changed. the
“extended pin register” is
updated as appropriate. The
extended pin register contents
are then shifted into the circuit

MCU

using two microcontroller
pins. SDI and Shift Clk in
Fig.7.

A third microntroller pin is
used to clock Set Outputs once

1

d

the NLSF595 is the EN pin,
which is a negative-edge output
latch, equivalent to the Set
Outputs pin in Fig.7. The other
RED two SPI lines can also be used
to control other SPI peripherals
when the NLSFS595 is not
enabled. The microcontroller

e L e SPlintectace (if used) should be

Vo OR SPI | cLock : ’
(MISO) »f scx —— in the MISO mode (Master In
EN Rox PO QuTRITS Slave Out) — the NLSF595 is a
SaH slave peripheral. You do not
I SERIAL DATAOUT have to use SPI. any three 1/O
= lines of the microcontroller may

be used.

In Fig.8, two NLSFS595
NLSF595 [ 8ADDITIONAL OUTPUTS devices are cascaded to pro-
TOTAL OF § vide more outputs than are
J_ L ol scx e OURDISEEAYS available from a single device.
o The SQH (serial data out) pin

feeds the SI (serial in) pin of
the second device.

the data shift is complete. The
update rate for the extended
pins is, of course, slower than

Fig.8. Using an NLSF595 to drive LEDs from a microcontrolier
(circuit taken from On Semicondutor's Data Sheet)
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Next month we take up the
task of driving large numbers
of LEDs when used together.
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Sound Effects Generator —

ERE’S acircuit that provides great fun

for kids. It can generate a European
police-car siren, bird noises, spaceship
sounds. etc. In addition, it can be put to
serious use as a doorbell or an alarm, It’s
easy to build. and is inexpensive.

The circuit consists of four parts: a bina-
ry counter, a digital to analogue converter
(DAC), a voltage controlled oscillator
(VCO). and an audio output amplitier. The
speed at which the counter counts depends
on the frequency of the output ot the VCO,
which in turn is determined by the output
of the counter. This feedback loop is what
gives this circuit its characteristic output.

Referring to the complete circuit dia-
gram in Fig.1. the initial frequency of the
oscillator, basically formed around 1C2a

and IC2b. is determined by potentiometer
VR and capacitor C1. It first oscillates at
a relatively low frequency, and gradually
picks up speed as the control voltage sup-
plied by the DAC increases.

The DAC converter is simply the group
of resistors R1 to RS, fed by the digital out-
puts of counter IC1, providing base current
into transistor TR1. When none of IC1s
outputs are active, little current will tlow
into the base of transistor TR1, so the
VCO’s control voltage will be low. As
more and more counter outputs become
active, base current increases, and
thereby so does the VCO’s frequency of
oscillation.

The VCO itselt is composed of 1C2a,
IC2b, TRI, and the network comprising

diodes D2 to D5, CI. R10 and VRI. The
diode bridge functions basically as a volt-
age controlled resistor.

The bufter amplifier is made up of the
four remaining gates from IC2, all wired in
parallel, capacitively driving loudspeaker
LSI. The volume is sufficient for experi-
mental purposes. but you could add an
amplifier module instead.

Use any convenient means of wiring
the circuit. Layout is not critical, but be
sure to connect the power supply to the
i.c.s correctly. Pressing pushbutton switch
S1. the sound you get will depend on the
setting of VRI. To vary the effect. try
tapping on S1.

Craig Kendrick Sellen,
Carbondale, PA, USA

[
o1 c3
1004 16V
1N4001
% >t
I + S1
a1 ™1™ 1c2¢
av | 16 10[ 4049
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— +VE CK =l 2 c2 i
- i 100p 16V
NC : o7} Q1 IC2d »—'”
NC —4 Q10 2 4049 +
15 4
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lc% IC2e
as 4049
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Fig. Full circuit diagram for the Sound Effects Generator
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Constructional Project

SBuilding e

Our state-of-the-art portable public

Last month, we introduced this compact and powerful portable PA
amplifier based on the Philips TDA1562Q 70W class-H power IC. This
month, we conclude with the description of the power supply, cabinet
and PC board construction and the parts list.

S NOTED last month, the power
upply is effectively a battery
charger with the 7 amp-hour SLA (sealed
lead-acid) battery permanently connected.
Since the charger has other uses
and could be used in any situation
where a float charger is required, we
are describing its circuit operation and
construction separately.

We're also detailing the box con-
struction separately. While we give de-
tailed dimensions, this is not the only
approach possible. We're sure some
readers will come up with completely
different ideas for the enclosures.

Construction

The PortaPAL PA Amplifier is hous-
ed in a timber cabinet measuring 480
x 280 x 240mm which is covered in
speaker carpet. Corner protectors, a
speaker grille, a speaker stand socket
and a handle are included.

The electronics is accommodated
on four PC boards: the microphone
PC board coded 562 (64 x 73mm),
the auxiliary PC board coded 563
(109 x 35mm) and the main PC board
coded 564 (199 x 90mm) — all avail-
able from the EPE PCB Service. These
are mounted on an L-shaped metal
bracket, the reverse of which becomes
the front panel.

The charger PC board coded 565
(132 x 66mm) mounts on the side of
the box with its indicating LEDs pro-
truding through the front panel.

You can begin construction by
checking the PC boards for shorted
tracks or any breaks in the copper
patterns. Also check that the holes
are drilled to suit the components. In
particular, check the corner mount-
ing hole sizes and the holes for the

30 Everyday Practical Electronics, April 2006



POlrtaiPA

Constructional Project

- address amplifier

PART 2:

BY JOHN CLARKE
& LEO SIMPSON

pots. RCA, 6-:35mm jack and XLR
sockets.

Microphone board

Assembling the microphone PC
board is simple, as shown in Fig.1.
Begin by installing the LM833 op amp
(IC1), together with all the resistors
and capacitors.

Use the resistor colour code and
capacitor code tables to guide you in
selecting the correct values, and/or
check the resistor values with a digital
multimeter. Also, the electrolytic ca-
pacitors need to be oriented with the
polarity shown.

Note that the 10kQ resistors and
10pF capacitor marked with an as-
terisk (*) are optional for powering
electret microphones. These com-
ponents are not needed for dynamic
microphones but will not doany harm
toadynamic micifyouregularly swap
microphones.

There are a couple of PC stakes
required to be installed for test points
TP1 and TP2.

Next, insert the 90° 6-way pin head-
er into the PC board as shown.

Before mounting the two XLR sock-
ets, screw the M3 x 10mm screws into
the mounting pillars from the back
of the socket and then secure the M3
tapped 6mm long spacers from the
front side of the sockets. Then mount
the XLR sockets directly into the PC
board holes provided.

Main PC board

The main PC board accommodates
all the potentiometers and the TDA-
1562Q power amplifier module. Its
component layout is shown in Fig.2.
You can start its assembly by installing

Evervday Practical Electronics, April 2006

Apart from the charger/supply
board, everything mounts on an
L-shaped bracket, the opposite
side of which also acts as the
front panel. Here everything is
assembled, ready for placing
inside the enclosure.

all the links, the resistors and then the
ICs but not the TDA1562Q.

The 2-2Q 1W resistors need to have
an over-wind of 16 turns of 0-5mm di-
ameter enamelled copper wire. These
windings are shown on the circuit
published last month, as L1 & L2.

Start with a short length of 0-5mm
copper wire, strip and tin one end and
solder it to one end of the 2-2Q resis-
tor. Then wind on 16 turns. Strip and
tin the other end and solder it to the

other end of the resistor. Repeat the
process for the second 2-2Q resistor.
Then solder each resistor into the PC
board.

Insert all the PC stakes used for the
test points and also the PC-mount
spade connectors. Mount the capaci-
tors as shown with the electrolytics
marked as polarised with the correct
orientation.

Electrolytics marked BP (ie. non-
polarised) can be inserted either way.
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The main PC board shown here without the heatsink attached. Note the inductors wound over the resistors (near IC9).

Note also that the 10uF capacitor near
IC2 must be bent over the top of IC2.
This is to allow clearance when the
microphone PC board is plugged into
the header socket.

Insert the 6-way and 8-way headers,
as shown. Transistor Q1, diodes D1
and D2 and the power amplifier (IC9)
can be inserted. IC9 is positioned with
the centre-line of its mounting holes
exactly 12mm above the top face of
the PC board. Be sure to solder all the
pins of the amplifier and
take care not to have any

. *ONLY REQUIRED
of the pins shorted. FOR 'PHANTOM'
Diode D3 is mounted MIC POWER

orientation is correct before bending
the leads.

Finally, the potentiometers can be
installed — take care to place each one
in its correct position. The potentiome-
ter bodies are all tied together with a
length of 0-8mm tinned copper wire
soldered to the top of each body. It is
difficult to solder to the passivated

6-WAY 90°
HEADER PLUG

onto a 6mm spacer and
secured with a nylon
screw and another 6mm
tapped spacer on the un-
derside of the PC board.
The nylon screw is re-
quired to prevent the tab
of the diode shorting to
the metal panel when it
is finally assembled.
The two LEDs are
mounted using LED
mounts. The LEDs are
inserted into the mounts
from the front and the
leads bent over at 90°
within the mount before
being inserted into the PC
board. Be sure that the

32

metal, so you will need to scrape away
the passivation coating (with a knife or
screwdriver) before soldering the wire.
The wire is then connected to the PC
stake adjacent to the 330nF earthing
capacitor.

Place a dab of red paint or nail polish
next to the positive spade lug near the
22Qresistor and the TP GND PC stake.

Fig.1: PC board overlay and same-size photo of the
microphone input board.
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Fig.2: install the parts on the PC board as shown on this wiring diagram. Note
how the potentiometer bodies are linked together and earthed at a single point.

This is for easy identification when
connecting the supply wires.

Auxiliary board

The auxiliary PC board carries
the four RCA sockets and the jack
sockets. Its component layout is
shown in Fig.3. First, install all the
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resistors and the TL071 (IC3) op amp.
Then insert the capacitors, again
taking care with the polarity of the
electrolytic capacitors. The 6:35mm
jack sockets and the stereo RCA
sockets are directly mounted onto
the PCboard. An 8-way pin headeris
mounted with the orientation shown.

Finally, install the PC stake for the
test point, TP3.

Support bracket

The bracket which supports the
amplifier also doubles as the front
panel. It is made from 195 x 240 x
1-5mm aluminium, bent at 90° to form
an L-shape.

The dimensions of the panel, hole
positioning and sizes are shown in
Fig.4. The panel can be drilled and
the larger holes cut before the panel
is bent and the label attached.

We expect that if you purchase a kit,
the panel will already be drilled and
bent and will come screen printed.
Those building from scratch will need
to prepare the panel as shown.

The dress panel artwork (like the
PC board artwork) can be downloaded
from the EPE website, www.epemag.
co.uk and printed, then glued to the
aluminium panel.

Place nuts on all the pot bushes
for the main board and then mount
the board on M3 tapped 6mm stand-
offs, with M3 x 6mm screws and star
washers. The standoff beneath D1 is
secured in place with an M3 nut and
star washer. Secure the pots with nuts
on the outside of the panel.

The holes in the main heatsink can be
drilled as shownin Fig.6. Apply asmear
ofheatsink compound on the face of the
power amplifier and attach the heatsink
to the baseplate with M6 screws into the
heatsink mounting screw points. Then
attach the amplifier to the heatsink with
two M3 x 15mm screws, two flat wash-
ers and two nuts.

Attach the auxiliary board to the
front panel by first fitting fibre wash-
ers onto the 6-35mm jack socket
bushes and then mating them up to
the relevant panel holes; secure with
the nuts. The RCA stereo sockets are
secured with M3 x 6mm screws tapped
into the plastic mounting pillars.

Plug the microphone board pin
header into the control PC board socket
and push the sockets into the front
panel holes. Secure with M3 x 6mm
screws into the 6mm standoffs already
attached to the XLR sockets.

Make up a lead that connects the
8-way pin header sockets using 8-way
coloured rainbow cable. This connects
the auxiliary board to the main board.
Make sure the orientation is correct,
with no twist in the wiring.

Power switch S1, the fuseholder and
the 3-pin DIN power/charger socket
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Fig.3: the auxiliary PC board has the line in/out and guitar input sockets - it

connects to the main board via the 8-way header.

GUITAR IN

can now be attached. The DIN socket
is secured with M3 x 6mm screws, star
washers and nuts.

Connecting the boards

Fig.5 shows the wiring to the boards,
battery and speaker. The battery and
speaker connections are run in 7-5A
figure-8 wire and crimp plugs. Use the
lengths detailed on the diagrams for
the charger and Fig.5.

Be sure to use blue crimp connectors
for the negative lead connections and
red connectors for the positive leads.
That way, there is less chance of wrong
polarity connections.

Also note that the amplifier power
leads should be connected to piggy-
back connectors for the battery termi-
nals, so that the charger leads can also
be connected to the battery.

Making the cabinet

The box is made using 16mm Me-
dium Density Fibre board (MDF) and
16 x 16mm batten for the corner in-fills.
Because many home constructors may
not have precision woodworking equip-
ment (nor skills!) we have described the
box construction in detail later.

80 -
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1 mic input PC board, code 562, 64 x 73mm

1 auxiliary input PC board, code 563, 109 x 35mm

1 control PC board, code 564, 199 x 90mm. All available
from the EPE PCB Service

2 450 x 900 x 16mm sheets of MDF

1 4m length of 12 x 12mm batten

1 195 x 240mm sheet of 1.5mm aluminium for panel

1 aluminium vent strip, 240mm long 15 x 12mm channel
with holes or slots (eg, slotted shelf support strip)

1 SP-202E 202mm (8in) 50W, 4Q loudspeaker (Wilmslow
Audio — see text)

8 speaker box corners, 55 x 35 x 35mm

1 speaker box “top hat” stand socket

1 200mm speaker grille

1 strap handle

1 1m x 1-8m length of speaker box carpet

1 heavy duty heatsink 110 x 33 x 72mm

1 M205 fuseholder

1 7-5A M205 fuse (F1)

4 blue knobs

2 grey knobs

3 16mm PC-mount 10k<2 log pots (VR1-VR3)

1 16mm PC-mount 5k log pot (VR4)

2 16mm PC-mount 100k<2 linear po:s (VR5,VR6)

1 SPST 6A rocker switch (S1)

2 6-:35mm PC-mount jack sockets

2 stereo PC-mount RCA sockets

2 PC-mount XLR/6-35mm jack socket without locking tab

1 6-way header connector with 90° bend pins (2-54mm
spacing)

2 8-way header connectors with straight pins (2.54mm
spacing)

2 8-way header sockets (2-54mm spacing)

1 6-way PC-mount header socket (2-54mm spacing)

2 piggy-back 6-3mm crimp connectors

7 red female 6-3mm spade lug crimp connectors

5 blue female 6-3mm spade lug crimp connectors

4 6-3mm spade PC board connectors with 5Smm pitch
PC lugs

10 6mm tapped standoffs

10 M3 shakeproof washers

2 M3 flat washers

3 M3 nuts

10 M3 x 6mm screws

2 M3 x 15mm screws (for amplifier to heatsink connection)

4 M3 x 10mm screws (for 6mm standoffs on XLR sockets)

1 M3 x 20mm nylon screw (for diode D3 mounting and
PC board mounting point)

2 M6 x 15mm screws (to secure heatsink to baseplate)

6 4G x 16mm countersunk wood screws for securing
control panel and charger PC board

4 6G x 10mm cheese-head wood screws for mounting
loudspeaker

4 6G x 20mm to mount speaker stand socket

3 6G x 30mm courtersunk wood screws to secure MDF
battery cover

2 8G x 25mm cheese-head wood screws to mount handle

32 4G x 16mm countersunk wood screws to mount
corner protectors

y
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Parts List — PortaPAL PA (Main Section)

2 5G x 20mm countersunk wood screws to mount
aluminium vent strip

1 500mm length of 0-5mm enamel copper wire

1 2m length of 7-5A rated figure-8 wire

1 500mm length of 0-8mm tinned copper wire

1 120mm length of 8-way rainbow cable

Semiconductors

3 LM833 op amps (IC1,IC2&1IC4)

1 TLO72 op amp (IC5)

2 TLO71 op amps (IC3,IC8)

1 LM358 op amp (IC6)

1 7555 CMOS timer (IC7)

1 TDA1562Q power amplifier (IC9)

1 BC337 transistor (Q1)

2 1N914, 1N4148 diodes (D1,D2)

1 15A diode (MUR1550 or similar TO-220 package)
(D3)

2 5mm high brightness red LEDs (LED1,LED2)

2 PC board LED mounts

Capacitors

2 4700uF 16V PC electrolytic
1 2200uF 25V PC electrolytic
2 100uF 16V PC electrolytic
8 47uF 16V PC electrolytic
14 10uF 16V PC electrolytic
2 2-2uF BP* electrolytic

1 2.2uF 16V PC electrolytic
4 1uF 16V PC electrolytic

5 1uF BP* electrolytic

1 330nF MKT polyester * BP (bipolar)

4 220nF MKT polyester capacitors are

1 100nF MKT polyester also known as

2 15nF MKT polyester NP (non-polarised)

2 1.5nF MKT polyester
1 680pF ceramic
1 560pF ceramic

2 390pF ceramic Reproduced by arrangement
G 330pF ceramic with SILICON CHIP
2 220pF ceramic magazine 2006.

www.siliconchip.conrau

4 150pF ceramic
1 39pF ceramic
1 22pF ceramic
1 10pF ceramic

Resistors (0.25W, 1% except where shown)

1 10MQ 1 1MQ 3 470k 5 100kS2
1 47kQ 1 39k 2 22k 2 18kQ

4 15kQ 21 10kQ 4 4.7kQ 52.2kQ
8 1kQ 5150Q 222Q1W

Miscellaneous

PVA (timber) adhesive, contact adhesive, black paint,
Bag of TEK particle board screws (for box assembly)
Optional: 3-pin mains socket, panel mounting — not
connected but mounts inside bottom of box to act as a
storage holder for plugpack when not in use.

Evervday Praciical Electronics, April 2006
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TO BATTERY +
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TO BATTERY -
(650mm LONG)
s
L. . E (o]
SUPPORT CORNERS OF PC
BOARD USING émm LONG HEATSINK MOUNTED
TAPPED SPACERS WITH M3 x mm USING 2 x M& x 15mm
MACHINE SCREWS & STAR WASHERS SCREWS
FIT émm STANDOFFSUNDER o USE 2 x M3 x 15mm Fig.5: when you have all the boards
DIODE TAB AND 6mm STANDOI MACHINE SCREWS ;
UNDER PC BOARD WITH M3 X Z0mm WITH NUTS & STAR WASHERS assembled, connecting them together
NYLON SCREW, NUT & STAR WASHER TO ATTACH IC9 TO HEATSINK is as simple as following this diagram.

Parts List - PortaPAL SLA Float Charger

1 SLA battery charger PC board coded 565 Available 4 4G x 16mm countersunk wood screws for securing
from the EPE PCB Service, 133 x 66mm charger PC board
1 16VAC 1-5A plugpack 3-wire earthed type Semiconductors
1 PC board finned heatsink 84 x 24 x 28mm 1 LM317T regulator (REG1)
1 12V relay with 6A contacts (RELAY 1) 2 BC337 transistors (Q2,Q3)
1 3-pin 180° DIN plug 9 1N4004 1A diodes (D4-D12)
1 3-pin 180° DIN chassis socket )
2 5mm high brightness red LEDs (LED3, 4) Capacitors
2 PC board LED mounts 1 4700pF 25V PC electrolytic
4 6-3mm spade PC board connectors with 5mm pitch 14700uF 16V PC electrolytic
PC lugs 1 470uF 25V PC electrolytic
2 M3 x 6mm screws (for DIN socket) 2 10uF 16V PC electrolytic
2 M3 x 10mm screws (for heatsink) Resistors (0.25W, 1%, except where shown)
4 M3 nuts 22.2kQ 31kQ 3 470Q 1 120Q
4 3mm star washers 1 220Q 0.5W, 5%
1 50mm length of 0-8mm tinned copper wire 1 1Q 5W wirewound
1 5002 horizontal trimpot (VR7)
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Resistor Colour Codes Capacitor Codes

Once the box is completed you can
install the speaker in its rebated hole
in the front panel. We used some self-
adhesive foam tape underneath the
speaker to make it an airtight seal.

Fit the speaker grille over the front
of the speaker and screw in the four
mounting screws. The grille may seem
like overkill because the speaker cone
is so far back from the front panel —but
if you don't fit one it won't be long
before you wished you did!

The specified speaker is a 4Q. SOW
speaker with a wide frequency re-
sponse. It is available from Wilmslow
Audio price £25 each including VAT,
- add £10 for UK postage for any
quantity (Tel: 01455 286603, www.
wilmslow-audio.co.uk).

Testing

Before installing the assembly into
the box, you can test the circuit by ap-
plying power using the battery.

At switch-on, the power LED should
flash at a one-second rate. Check that
there is power to the op amps by test-
ing for 12V between pins 4 and 8 of the
LM833, TL072 and LM358 op amps (IC1,
IC2,1C4,1C5, 1C6) and at pins 4 and 7 for
the TLO71 op amps (IC3,1C8). IC7 should
have 12V between pins 1 and 8.

The output of IC4b (pin 7) should
be at half supply, at around +6V. Simi-
larly, the outputs of IC1a (pin 1), IC1b
(pin 7), IC2a (pin 1), IC2b (pin 7), IC3
(pin 6), IC4a (pin 1), IC5a (pin 1), IC5b

Everyday Practical Electronics, April 2006

(pin 7) and IC8 (pin 6} should also be
at about +6V.

Check that the circuit works by con-
necting the loudspeaker and applying an
audio signal to one of the inputs. Turn up
the volume and the speaker should begin
to produce sound. The power LED should
light continuously when not muted.

Check operation of the charger by
connecting the output leads to the pig-
gyback battery terminals (make sure
the polarity is correct) and connecting
the DIN socket to the AC input on the
charger.

No. Value 4-Band Code (1%) 5-Band Code (1%) Value IEC Code EIA Code

@ 1 10MQ  brown black blue brown brown black black green brown 330nF 330n 334

@ 1 IMQ  brown black green brown brown black black yellow brown 220nF 220n 224

3 3 470k  yellow violet yellow brown yellow violet black orange brown 100nF 100n 104

T 5 100k  brown black yellow brown brown biack black orange brown 15nF 15n 153

O 1 47kQ  yellow violet orange brown yellow violet black red brown 1-5nF 1n5 152

T 1 3%  orange white orange brown orange white black red brown 680pF 680p 681

O 2 22kQ  red red orange brown red red black red brown 560pF 560p 561

O 2 18kQ  brown grey orange brown brown grey biack red brown 390pF 390p 391

O 4 15 brown green orange brown brown green black red brown 330pF 330p 331

@ 21  10kQ  brown black orange brown brown black black red brown 220pF 220p 221

O 4  47kQ  yellow violet red brown yellow violet black brown brown 150pF 150p 151

O 7 22Q  redred red brown red red black brown brown 39pF 39 39

[ I B B 1 (] brown black red brown brown biack black brown brown 22pF 22p 22

O 3 470Q  yellow violet brown brown yellow violet black black brown 10pF 10p 10

O 1 220Q  redred brown brown red red black biack brown - =

@ 5 150Q  brown green brown brown brown green biack biack brown it into the 2mm gap and securing it to

0 1 120Q  brown red brown brown brown red black black brown the cleat frame with 4G x 16mm long

O 2 22Q  redred gold brown red red black silver brown screws. The battery leads for the ampli-
¥ J)  fier and charger pass through from the

rear of the battery compartment .

The battery cover is secured with
three 6G x 30mm countersunk screws.
With the dimensions shown, the bat-
tery should be a snug fit but if neces-
sary, pack some pieces of foam into
the compartment to stop it moving
around in transit.

Finally, a chassis-mounting 3-pin
mains socket, screwed to the inside
bottom of the case but not connected
to anything makes an ideal plugpack
holder when the plugpack is not being
used to charge or power the PortaPAL.

Switch on power to the
plugpack and the charger
LED should light aad
possibly the charging
LED will light depending
on battery charge.

Mount the charger
board on the inside of
the cabinet, making sure
that the two LEDs align
and protrude through
their respective holes in
the control panel.

Use 4G x 16mm screws
to attach it in place. We
used a small rubber
grommet cut in halfto lift
the two front mountings
of the PC board off the

in-fills by about 1mm.
The L-shaped amplifier

bracket/panel is installed

into the box by sliding

{BOTH HOLES 3mm IN DIAMETER)

Fig.6: this guide can be used to ensure your drill
holes on the heatsink are in exactly the right place!

37



Constructional Project

One of the areas where home constructors come unstuck
is in the cutting-out of speaker box panels. It is essential
that the edges are not only straight and square but opposite
panels also need to be exactly the same size — otherwise
the box may be crooked or there may be air gaps.

For a typical part-time woodworker using typical home
workshop tools (as distinct from a pro who does it all the
time!), achieving perfectly straight, smooth and square cuts
with a hand saw or any type of hand-held power saw is
difficult. Yes, it can be done - but it is difficult.

However, there is a delightfully easy way to ensure that
at least three sides of each panel have perfectly straight
and parallel sides/right angles — and that is to use sheets
of pre-cut board. (If the manufacturers can't get it straight
and square then we are all in trouble!)

For this reason, we have elected to use two sheets of
16mm, 450 x 900mm MDF. We have made the three vertical
panels (ie front and both sides) 450mm high. Originally we
had planned to use a single sheet of 900 x 900mm board
but fortunately couldn’t find any in our local hardware store.
So we purchased two 450mm wide sheets and suddenly
realised what an advantage that was!

Cut the two sides (240mm wide) from the top of each
sheet and the front (247mm wide) from the bottom of one
of the sheets (as shown on the cutting diagram) and you'll
have three edges on each panel perfectly square. The fourth
edge depends on how accurately you cut.

The identical top and bottom pieces (240 x 280mm) and
the various bits and pieces which form the battery holder,
etc, can be cut from what is left over.

The vertical panels sit between (ie, inside) the top and
bottom pieces, making the overall height of the box
482mm (450+16+16). One reason for placing the
vertical panels inside the top and bottom, rather
than vice-versa, is for strength. As made, the box
will easily handle someone using it as a seat (as will
inevitably happen).

The front panel and the various rear pieces are
recessed - the front back far enough to accommo-
date the speaker grille, while the rear is even further
recessed. Recessing both front and back will allow
the box to fall over and not break or damage the
speaker itself, pot knobs or other controls.

It might appear that 247mm is wrong for the front
panel: if the base is 280mm wide and the two sides
are 16mm wide, surely it should be 248mm (280-
16-16)? That extra 1mm off allows the front panel
to be a snug, but not too tight fit.

We cut suitable lengths of 16 x 16mm pine batten
(which we happened to have on hand - just about
any softwood will be OK) for the in-fills — all around
the front inside of the box for the box front (speaker
baffle) to attach to and in strategic locations on the
rear inside as shown by our drawings.

Before assembling the box proper, we
glued'n’screwed the battens in position.

MAKING THE BOX

The “L"-shaped aluminium plate holding most of the ampli-
fier electronics screws to these battens.

After the battens were done, the top, bottom and two side
box panels were glued and clamped together, and allowed
to dry overnight. The (unglued) front panel was placed in
position as formwork to keep the whole thing square,

When dry, we pushed out the front panel and on it marked
and cut (with a jigsaw) a circle (size to fit the speaker used)
rightin the centre. Naturally enough, this is where the speaker
mounts — but first, the hole needs a 7mm deep, 10mm re-
bate all around from the front (using a router) to allow the
speaker to sit flush.

A 200mm metal speaker grille goes over the speaker later
on to protect it.

The final bit of woodwork is the mounting of the various
bits of MDF which hold the battery and other components
in place. These mount as shown in our detailed drawing
opposite.

The finished box, measuring 280(w) x 240(d) x 482mm(h),
can be painted, veneered, or as we have done, covered in
speaker “carpet”. A lot of pro audio gear is covered in this
stuff because it helps it absorb knocks and scrapes on the
job or in transit. It also hides any “sins” you might have cre-
ated along the way.

The carpet is glued on with contact adhesive, making sure
it is stretched nice and tight over and around the box. Edges
are trimmed with a sharp knife and also glued.

We also completely covered the inside of the box (and even
the back of the speaker magnet) with the carpet to act as
a sound deadening and resonance-reducing agent. It looks
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good, too! All these pieces need to be cut to the appropriate
size before gluing in place.

Eight plastic speaker box corners were fitted on all corners
(top and bottom) to protect them from damage. For ease
of transportation we added a flexible carry handle. As we
mentioned before, a metal speaker grille is fitted over the
front of the speaker cone to protect it.

In perhaps a bit of overkill, we added a “top hat” stand
mount to the bottom of the box. This allows the box to be
mounted “up high” on a standard 35mm speaker stand (or

even a length of water pipe driven into the ground). Rais-
ing the box above the heads of an audience dramatically
improves the sound “throw”, allowing greater coverage
without the use of a second box or extension.

Finally, the “aluminium air vent” shown above is simply
an offcut from a length of U-shaped slotted aluminium
channel used for shelf support verticals (the kind brack-
ets clip into to hold shelves) which should be available at
any hardware store. it even comes with the siots pre-cut
for you!

These three shots. along with the diagram above, give a pretty good idea of how we constructed our box. Of course,
other approaches may be just as valid - and because it is for PA (not hifi) use, dimensions are not particularly critical
with the exception of the speaker cutout, battery compartment and, of course, the amplifier mounting arrangement.
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12V SLA BATTERY
FLOAT CHARGER

This specially designed float bat-
tery charger feeds pure DC to the
battery and is disconnected from
the battery when the AC input is re-
moved. With no input power and the
PA amplifier also switched off, there
is no current drain from the battery
and it should have a shelf life of many
months, if not years.

Circuit Diagram

The charger circuit is shown below.
As mentioned before, this also makes
a perfect general-purpose 12V Sealed
Lead Acid (SLA) battery float charger.

Power for the charger circuit comes
from a 16V 1-5A AC plugpack which
feeds diodes D4-D9 to produce two
DC supplies. The main supply comes
from diodes D4-D6 and the 4700uF
capacitor. The capacitor is necessary
to ensure that the battery is charged
with DC that is free from ripple. Any

ripple would be heard in the amplifier's

output.

(ADJ) pin is fixed at 1-25V and this

voltage is applied across the 120Q

A 3-terminal regulator, REG1, sets

the maximum battery charge voltage

to 13-8V. It operates as follows. The
voltage between its output and adjust

resistor (neglecting the small current
drawn by the ADJ pin). The resulting
10mA through the 1209 resistor flows
through the 1k resistor and series 500Q

D10 1N4004 M317
ADJ 2
FROM K A =
3-PINDIN 1¢ OUT—» 7
16VAC " e RELAY 1
1.5A sS4y N N CONTACTS
PUGPACK £ © REG1 LM317T Ne
IN OuT :?
o} K !
ADJ DI L INO | RN
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|
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CHASSIS KTCHARGING Q2 2k ! 10 12v
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trimpot VR7 to provide a voltage across
them, effectively jacking up the regula-
tor voltage. Trimpot VR7 is adjusted for
an output of 13-8V.

Current limiting

A 1Q 5W wirewound resistor is used
to monitor the charging current. The volt-
age developed across it is monitored by
transistor Q2. When the voltage across
the 1Q resistor reaches 1V, correspond-
ing to a charging current of 1A, the base
voltage of Q2 reaches about 0-5V and
it begins to conduct, pulling the ADJ
pin of REG1 lower to reduce the output
voltage of REG1.This limits the charging
current to 1A.

Transistor Q3 also monitors the volt-
age across the 1Q resistor. Q3 turns on
whenever the resistor voltage is above
about 0-5V to drive LED3, the charging
indicator. So provided the charging cur-
rent is more than about 500mA, LED3
will be alight.

Once the battery voltage reaches
13.8V, the charging current drops to
zero and the battery is effectively “on
float”.

When power to the chargeris switched
off, the battery could be drained back via
the resistors across REG1.To stop that,
we added the relay circuit, to disconnect
the battery from the charger if no mains
power is present.

Diodes D8 & D9, in conjunction with
diodes D4 & D6, produce a separate
supply from the 16VAC plugpack. This
is filtered with a 470uF capacitor and
then fed through a 220Q resistor so

that the relay is driven with 12V. The
4700uF capacitor across the relay coil
delays the relay switch-on until the
4700uF capacitor for REG1 is fully
charged. Without this delay, the initial
switch-on of the charger would cause
a loud hum in the loudspeaker until
the 4700uF capacitor for REG1 was
fully charged. LED4 provides power
ON indication.

Charger board assembly

The 12V SLA float charger is assem-
bled on a PC board measuring 133 x
66mm, coded 565, available from the
EPE PCB Service. It has a single-sided
heatsink for the regulator (REG1) meas-
uring 84 x 24 x 28mm. The component
overlay is shown above.

Once you have checked the board
for obvious defects such as open-cir-
cuit tracks, shorts and undrilled holes,
install the small components such as
diodes and resistors first. Watch the
polarity of the diodes. That done, install
the two transistors, 500Q trimpot, the
electrolytic capacitors and the relay.
Again, watch the polarity of the elec-
trolytics.

When mounting the 1Q 5W wire-
wound resistor, make sure there is about
imm clearance between the resistor
body and the PC board. This improves
cooling for the resistor.

The two high brightness LEDs are
mount-ed in right-angle PC mounts.
These enable the LEDs to mate pre-
cisely with the control panel of the
amplifier.

The 3-terminal REG1 is mounted
on the heatsink with its leads bent,
inserted and soldered into the PC
board holes. The heatsink and regu-
lator tab are then secured to the PC
board with two M3 x 10mm screws.
Nuts and star washers are used on
the underside of the PC board.

Four spade lugs are inserted and
soldered into the PC board for the
input and output connections. The
positive spade lug output near the
relay should be marked with red paint
or nail polish, to ensure correct con-
nection to the battery.

Testing

Before you can test the charger
board, you will need to wire up the
16VAC plugpack.

The cable is wired to a 3-pin DIN
plug. The earth wire must go to the
centre pin of the DIN plug while the
other two wires go to the remaining
pins. You will then need to temporar-
ily wire up a DIN socket with the two
AC wires going to pins 1 & 2 (not the
centre pin) of the socket. These wires
then should be fitted with spade con-
nectors to fit the spade lug inputs on
the charger board.

Switch on the plugpack and the
charger LED should light and possibly
the charging LED will light depending
on battery charge.

Disconnect the battery and then
set the trimpot for an output of 13-8V,
using a digital multimeter. The charger
is now ready to go. EPE
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Three Stage FM Transmitter

KJ-8750 £6.50 + post & packing

The circuit board may measure just 2"(L) x 11/16(W),

but it can transmit signals over half a mile in the

open. It has flexible power requirements, with 6 to

12VDC input voltage (so a 9V battery would be

suitable). It is quick to build, and fun to use.

* Kit supplied with circuit board, electronic
components, and clear English instructions.

Lead-Acid Battery Zapper Kit
KC-5414 £11.75 + post & packing
This simple circuit is designed to produce bursts of
high-energy pulses to help reverse the damaging
effects of sulphation in wet lead acid cells. This is
particularly useful when a battery has been sitting
for a period of time without use. The effects are
dependant of the battery's condition and type, but
the results can be quite good indeed.
« Kit supplied with case, silk screened tid, leads,
inductors, all electronic components, and clear
English instructions

Universal High 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. Includes
PCB, case and all electronic components with clear
english instructions.
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NEW

Call or leg on to our website and
apply for a FREE 412 page catalogue.
You can also purchase from our
website www.jaycarelectronics.co.uk
through our secure encrypted system.
Post and packing charges are modest
and you can have any of 8000+
uniqua products delivered tc your
door within 7-10 days of your order.

Video Enhancer/Stabiliser Mkll
KC-5390 £31.95 + post & packing

Get the video quality you paid for.

Copy protection is put in place on videos and DVDs for a goad reason,
but this robs you of the true high quality reproduction that it
is capable of. It supports composite and S-video signals
and can be configured for NTSC or PAL format. Kit
includes case, circuit board, all electronic components,
and clear English instructions. Note: Some SMD

soldering required.

Caution. During signal conditioniag, this unit removes
copyright protecion. Piracy is a aime & Jaycar Electronics
takes no responsibility for its potential for unlawful use.

Requires 9VAC wall adaptor
(Maplin #GUO9K £9.99).

|

High Ferformance Electronic Projects for Cars

BS-5080 £7.00 + post & packing

Australia’s leading electronics magazine Silicon Chip, has developed a range of

projects for performance cars. There are 16 projects in total, ranging from

devices for remapping fuel curves, to nitrous controllers. The book includes all

instructions, components lists, colour pictures, and circuit layouts. There are also

chapters on engine management, advanced systems and OIY \

modifications. Over 150 pages! Al the projects are availabie in kit \ e stock an
“~ exiensive range of

form, exdusively to Jaycar. Check out our website for all the details. %]_t;d/li\ly Automoli
ki

A o
‘ (PRL5 '5' %

‘ (HB-6014) £1.40 each
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Universal Voltage Switch Smart Fuel Mixture Display
KC-5377 £9.95 + post & packing KL-5374 £8.95 + post & packing
This is a universal module which can be adapted This kit features auto dimming for night driving,
to suit a range of different applications. It will emergency lean-out alarm, better circuit
trip a relay when a preset voltage is reached. It protection, and a ‘dancing’ display which operates
can be configured to trip with a rising or falling when the ECU is operating in closed loop. Kit
voltage, so it is suitable for a wide variety of suppfied with PCB and all electronic components.
voltage output devices eg., throttle position » Car must be fitted with air flow and EGO
sensor, air flow sensor, EGO sensor. You could sensors (standard on all EFI
even use it to trigger an extra fuel pump under systems) for full
high boost, anti-lag wastegate shuzoff, and much functionality.
more. Kit suppfied with PCB, and all electronic
components.

Recommended box 3 fl 3 -
UBS5 (H3-6015) N S
£1.05 each : . Recornmended box UB3

A 3 Add on Intercooler Water Spray
Digital Speedo Corrector Controller for Fuel Mixture Display kit
KC-5380 £14.75 + post & packing ' ) KC-5422 £3.00 + post & packing

If you upgrade your gearbox‘, change diff ratios Simply add these few components to the Smart
cgerenichangejtola hrqer c|rc'umference tyre, Fuel Mixture Display Kit (KC-5374) shown

you could be plagueq with an inaccurate speedo. above and reduce water consumption by up to
It alters the speedo signal up or down from 0% two-thirds.
to 99% of the original signai. The adjustment is

easy to dial in using multi position switches Pictirre shows [

* Requires car to be fitted with ‘ -~ Spray .
- 1\1\ Controller -
24\ fitted ‘o the e v

electronic type speed sensor.
It will not work with a

cable type system. Disglay Kit. y =2
‘ V2 ' " .
Recommended “\'he pest N . e )C.._ s
~ 1 ™ v’
box UB5 (HB-6015) tive Kitst— ’ - e

£1.05 each




Theramin Synthesiser Kit
KC-529S5 £14.75 + post & packing
The Theremin is a weird musical instrument that
was invented early last century but is still used
today. The Beach Boys' classic hit "Good
Vibrations' featured a Theremin. By moving you
hand between the antenna and the metal plate,
you create strange sound effects like in those scary
movies! Kit includes a machined, silk screened, and
pre drilled case, circuit board, all electronic
components, and clear English instructions.

<[

Requires 9VDC
wall adaptor
(Maplin #GS74R £9.99).

Speaker Bass Extender Kit
KC-5411 £6.00 + post & packing
Most audiophiles know that loudspeaker enclosures
have a natural frequency rolloff which is inherent in
their design.
The Bass Extender kit boosts the level of the bass
to counteract the natural rolloff of the enciosure,
producing rich, natural bass. It gives an extra
octave of response, and is sure to please even the
most avid audiophites.
« Kit supplied with PCB, and all elec-

tronic components. -

50MHz Frequency Meter Kit
KC-5369 £22.50 + post & packing
This compact SOMHz Frequency Meter is
invaluable for servicing and diagnostics. Its
autoranging and displays the frequency in either
Hz, kHz, or MHz. its compact (130 x 67 x 44mm)
size features, an 8-digit LCD display, high and low
resolution modes, and can be powered by a 9V
battery or a 9-12VDC wall adapter.
 0.1Hz resolution up to 150Hz, 1Hz resolution
maximum up to 150Hz and 10Hz resolution
resolution above 16MHz.
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Requires 9VDC
wal adaptor
(Maplin #GS74R £9.99).

STOP PRESS

STOP PRESS

EPE are publishing a serfes of popular projects by Silicon Chip Magazine,
Australia. The projects are well designed, 'bullet proof and already tested
down under. Watch out for these projects in future Jaycar advertisements.

Tiptronic Style Gear Indicator Kit
KC-5344 £20.30 + post & packing
This display indicates up to 9 gears, neutral and
reverse. The unit is calibrated in setup, so it will
work with almost any vehicle. Using a PIC
Microcontroller, it calculates the gear via the engine
RPM and speed. Gear indication is displayed on a 7
segment LED display, and features an automatic
dimmer for night driving. Supplied with case,
pre-punched silk screened front panel, PCB and all
electronic components. Hall Effect Sensor Included!
= As published in Everyday

Practical Electronics

Magazine (January)

GEAR INDICATOR

AV Booster Kit
KC-5350 £319S + post & 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, PCB, silk screened & punched panels
and all electronic components.
« As published in Everyday

Practical Electronics

Magazine

(January)

Requires 9VAC
wall adaptor
(Maplin #GU09K
\_ £9.99).

AC/DC Current Clamp Meter Kit

for DMM's
KC-5368 £8.75 + post & packing
A great low cost aiternative. It uses 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 silk screened front panel and all
electronic components.
= As published in Everyday

Practical Electronics

January 2006

Programmable Continuity

Tester Kit

KC-S362 £8.70 + post & packing

This unit will test for continuity from 1-100obms,
making it ideal for measuring low resistance
devices. lt is accurate, reliable, and works
extremely well. kit supplied with PCB, case with
silk screened panel and ail electronic components.

"Clock Watchers" LED Clock Kits
KC-5404 £41.75 + post & packing
KC-5416 £55.25 + post & packing

They consist of an AVR driven clock circuit, that also produces a dazzling
display with the 60 LEDs around the perimeter. It looks amazing, but
can't be properly explained here. We have filmed it in action so you can see
for yourself on our website! Kit supplied with double sided sitk screened plated

> CLOCKS ARE 7
HYPNOTIC!_-
NN

e

through hole PCB and all board components as well as the special clock housing!

Available in Red (KC-5404)
and Blue (KC-5416).

Requires 12VAC wall adapter
(Maplin #GU10L £9.99)

\ v .
<N EXCLUSIVE 7

—

TO JAYCAR =

NN

Post and Packing Charges:

410+ page
Catalogue

£500+

Order Value
£20 - £49.99
£50 - £99.99
£100 - £199.99
£200 - £499.99

Cost
£5
£10
£20
£30
£40

Max weight 12ib (Skg) - heavier parcels POA.
Minimum order £20.

Log on to

wwi\v.jaycarelectronics.co.uk/catalogue

for your FREE catalogue!
0800 032 7241

(Monday - Friday 19.00 to 17.30 GMT + 10 hours only).

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




EPE Tutorial Series

TEACH-IN 2006

Part Six — Transistors: types, operation, and characteris-
tics. Basic concepts of amplifiers: gain, frequency response

and bandwidth. Some practical amplifier circuits.

MIKE TOOLEY BA

Our Teach-In 2006 series provides a broad-based introduction to electronics for the complete newcomer. The
series also provides the more experienced reader with an opportunity to “brush up” on topics which may be
less familiar. This month we investigate transistors and amplifiers.

Transistors

Transistors fall into two main categories:
bipolar junction transistors (BJT) and
field-effect transistors (FET). They can also
be classified according to their field of
application (e.g. general purpose, switch-
ing, high-frequency, etc.) and the semicon-
ductor material employed (silicon or
germanium).

However, due to its superior characteristics
(particularly in relation to leakage current and
the effects of temperature) silicon is now used
almost exclusively in the manufacture of
transistors and germanium devices are
considered obsolete.

Bipolar Junction Transistors
(BJT)

Bipolar junction transistors generally
comprise npn or pnp junctions of either
silicon (Si) or germanium (Ge) material
(see Figs.6.1 and 6.2).

The junctions are extremely small and
they are produced in a single slice of silicon
by diffusing impurities (see Part 4) through
a photographically reduced mask. Silicon
transistors are superior when compared
with germanium transistors in the vast
majority of applications (particularly at
high temperatures) and thus germanium
devices are rarely, if ever, used nowadays.

collector, ¢
collector. ¢
m
base. b base. b P |
ﬁ [N]
emitter. e
emitter, »

Fig.6.3. Symbol and simplified model
of an npn silicon transistor

Base Emitter

Ouide layer
(msulation)

N P N

Motal case
(conductor)

Collector

Fig.6.1. Construction of an npn silicon
transistor

Basa Emitter

Oxide layer
(insulation)

Metal case
{conductor) >

Collector

Fig.6.2. Construction of a pnp silicon
transistor
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collector, ¢
collector, ¢
base. b @ base. b — N |
emitter. o
emitier. o

Fig.6.4. Symbol and simplified model
of a pnp silicon transistor

collector, ¢ collector, ¢
base, b i base, b i
emitter, e emitter, e

Fig.6.5. Diode models of npn (left) and
pnp (right) transistors

Simplified representations of npn and
pnp transistors are shown, together with
their symbols, in Figs.6.3 and 6.4. The con-
nections to the semiconductor material are
labelled  collector(c), base(b) and
emitter(e). An important point to note about
these models is that each junction within
the transistor, whether it be collector-base
or base-emitter, constitutes a p-n junction,
as shown in Fig.6.5.

Respectively, Figs.6.6a and 6.6b show
the normal bias voltages applied to npn and
pnp transistors and the current flow within
the device. It is important to note that the
base-emitter junction is forward biased and
the collector-base junction is reverse
biased. The base region is, however, made
very narrow so that current carriers leaving
the emitter are swept across it into the
collector and only a relatively small

(b) PNP bipolar junction transistor

Fig.6.6. Bias voltages and currents for
npn and pnp transistors
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number appear at the base. To put this iato
context, the current flowing in the emitter
circuit is typically 100 times greater than
that flowing in the base.

The direction of conventional current
flow is from emitter to collector in the case
of a pnp transistor, and collector to emitter
in the case of an npn device. By applying
Kirchhoff’s Current Law to Fig.6.6, we
arrive at the following relationship between
the currents flowing in the transistor:

Ig=1lg +1¢

where I is the emitter current, I is the
base current, and I is the collector current
(all expressed in the same units).

Example 6.1
A transistor operates with Iz = 10mA
and I = 100u A. Determine the value of I-.
The value of I can be calculated by
re-arranging the equation I = Ig + I to
make I the subject, as follows:

le=lg-lg=10-01=99mA

Check Point 6.1

Bipolar junction transistors (BJT) can
be either npn or pnp types. The connec-
tions to a BJT are labelled emitter(e),
base(b) and collector(c).

Field-Effect Transistors (FET)

Field effect transistors (FET) comprise a
channel of p-type or n-type material
surrounded by material of the opposite
polarity. The ends of the channel (in which
conduction takes place) form electrodes
known as the source and drain. The effec-
tive width of the channel (in which
conduction takes place) is controlled by a
charge placed on the third (gate) electrode.
The effective resistance between the
source and drain is thus determined by the
voltage present at the gate.

Field effect transistors are available
in two basic forms; junction gate and
insulated gate. The gate source junction of
a junction gate field effect transistor JFET)
is effectively a reverse-biased p-n junction.
The gate connection of an insulated gate
field effect transistor (IGFET), on the other
hand, is insulated from the channel and
charge is capacitively coupled to the
channel. To keep things simple, we will
consider only JFET devices in this Teach-In

Gate
Source Draire
Oxicte layor
- III-IZ-III
N channel
P substrate

Fig.6.7. Construction of an n-channel
JFET

drain. ¢
drain, d

channel

source. s
source. s

Fig.6.8. Symbol and simplified model
of an n-channel JFET
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series (IGFET devices are described in
most electronic text books).

The basic construction of an n-channel
JFET is shown in Fig.6.7, whilst Fig.6.8
shows its symbol and simplified model.

It is important to note that JFETs offer a
very much higher input resistance when
compared with bipolar transistors. For
example, the input resistance of a bipolar
transistor operating in common-emitter
mode (see later) is usually around 2.5k€2
whereas a JFET device operating in equiv-
alent common-source mode would typical-
ly exhibit an input resistance of 100MQ.
This feature makes JFET devices ideal for
use in applications where a very high input
resistance is desirable.

In Fig.6.9 are shown the normal bias
voltages applied to an n-channel JFET (a
similar arrangement is used for a p-channel
JFET but with the voltages and currents
reversed). Note that the gate-source junc-
tion is reverse biased and that the current
flowing from drain to source is determined
by the voltage that appears between the
gate and source (unlike the BJT which is
essentially a device that is controlled by
current).

Fig.6.9. Bias voltages and currents for
an n-channel JFET

Operating Modes

Regardless of what type of transistor is
employed, three basic circuit configurations
are used. These three circuit configurations

depend upon which one of the three transis-
tor connections is made common to both the
input and the output. In the case of bipolar
transistors, the configurations are known as
common emitter, common collector (or emit-
ter follower) and common base (see
Fig.6.10).

Where field effect transistors are used,
the corresponding configurations are com-
mon source, common drain (or source fol-
lower) and common gate (see Fig.6.11).

The three basic circuit configurations
shown in Figs 6.10 and 6.11 exhibit quite
different performance characteristics, as
shown in Tables 6.1 and 6.2 (typical values
are given in brackets).

Check Point 6.2

Junction gate field effect transistors
(JFET) can be either n-channel or
p-channel types. The connections to a
JEET are labelled source(s), gate(g) and
drain(d).

BJT Characteristics

The characteristics of a transistor are
often presented in the form of a set of
graphs that show the relationship that exists
between the voltages and currents present
at a transistor’s terminals. These character-
istics usually include:

Input characteristic (base current plot-
ted against base-emitter voltage with the
collector-emitter voltage held constant)

Output characteristic (collector current
plotted against collector-emitter voltage
with the base current held constant)

Transfer characteristic (collector current
plotted against base current with collector-
emitter voltage held constant)

A typical input characteristic (I plotted
against Vgg) for a small-signal general-pur-
pose npn transistor operating in common-
emitter mode is shown in Fig.6.12. This
characteristic shows that very little base cur-
rent flows until the base-emitter voltage (Vi)
exceeds 0-6V. Thereafter, the base current

Common, OV

(a) Common emitter

Common, OV

(b) Common collector

Common, OV

(c) Common base

Fig.6.10. Operating modes for a BJT

Common, OV

(a) Common source

Common, OV

(b) Common drain

Common, OV

(¢) Common gate

Fig.6.11. Operating modes for a JFET
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Table 6.1 BJT configurations

Parameter
Mode of Voltage Current Power Input Output Phase Typical applications
operation gain gain gain resistance resistance shift
Common medium/high high very medium medium/high 180° General purpose AF
emitter (40 to 80) (200) high (2-5k€2) (20kQ2) and RF amplifiers
Fig.5.10(a) (8000)
Common unity high high high low 0° Impedance
collector nH (200) (200) (100k€2) (100€2) matching; input and
Fig.5.10(b) output stages
Common high unity high low high 0° VHF/UHF
base (200) ) (200) (200€2) (50k€2) amplifiers
Fig.5.10(c)
Table 6.2 JFET configurations
Parameter
Mode of Voltage Current Power Input Output Phase Typical applications
operation gain gain gain resistance resistance shift
Common medium/high very high very high very high medium/high 180° General purpose AF
source (20 to 50) (200,000) (200,000) (2MQ) (50k€2) and RF amplifiers
Fig.5.11(a)
Common unity very high very high very high low 0° Impedance
drain () (200,000) (200,000) (20MQ) (20092) matching; input and
Fig.5.11(b) output stages
Common high unity high low high 0° VHF/UHF
gate (250) ) (250) (500€2) (100k€2) amplifiers
Fig.5.11(c)

increases rapidly (this characteristic bears a
close resemblance to the forward part of the
characteristic for a silicon diode (see Part 4).

A typical set of output characteristics (1
plotted against V) for a small-signal gen-
eral purpose npn transistor operating in
common-emitter mode is shown in
Fig.6.13. Note that this characteristic com-
prises a family of curves, each relating to a
different value of base current (Ig). It is
important to note the “knee” that occurs at
values of Vi of about 2V. This suggests
that, for linear operation, we should ensure
that the collector-emitter voltage does not
fall below 2V. Also, note how the curves
become flattened above the knee such that
the collector current (I) remains reason-
ably constant over a very wide range of col-
lector- emitter voltage (V).

Finally, a typical transfer characteristic
(I plotted against Ig) for a small-signal
general purpose npn transistor operating in
common-emitter mode (see later) is shown
in Fig.6.14. This characteristic shows an
almost linear relationship between collec-
tor current and base current (i.e. doubling
the value of base current produces double
the value of collector current, and so on).
This characteristic is reasonably indepen-
dent of the value of collector-emitter volt-
age (V) and thus only a single curve is
normally shown.

Current gain

The current gain offered by a BJT is a
measure of its effectiveness as an
amplifying device. The most commonly
quoted parameter is that which relates to

common-emitter mode. In this mode, the
input current is applied to the base and the
output current appears in the collector
(the emitter is effectively common to both
the input and output circuits, as shown in
Fig.6.10a).

The common-emitter current gain is
given by:

1

C
e = g,

B

where hy is the hybrid parameter which
represents large signal (DC) forward
current gain, 1 is the collector current,
and Iy is the base current. When small
(rather than large) signal operation is
considered, the values of I~ and Iy are

500
400
- 300
5
E
2
3]
% 200
©
[+:]
100
0
0 0.2 0.4 0.6

Base-emitter voltage, Vi (V)

18

14
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10

Collector current, i (mA)

20— —

Iy = 100 pA

I = 80 pA

lg =40 pA

e [y = 20 A

0.8 1.0 o 2 4

Collector-emitter voltage, V., (V)

6 8 10 12 14 16 18 20

Fig.6.12. Typical input characteristic for a BJT
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Fig.6.13. Typical output characteristics for a BJT
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Table 6.3 Selected BJT data
Device Type I Vero Vero P, hg, at /. fityp Application
max. max. max. max. typ.
BC108 NPN 100mA 20V 30V 300mW 125 2mA 250MHz General purpose
BCY70 PNP 200mA 40V =50V 360mW 150 2mA 200MHz General purpose
BDI131 NPN 3A 45v 70V 15W 50 250mA 60MHz AF power
BD132 PNP 3A —45V —45V 15W 50 250mA 60MHz AF power
BFI180 NPN 20mA 20V 20V 150mwW 100 10mA 650MHz RF amplifier
2N3053 NPN 700mA 40V 60V 800mW 150 50mA 100MHz Driver
2N3055 NPN 15A 60V 100V 115W 50 500mA IMHz LF power
2N3904 NPN 200mA 40V 60V 310mW 150 50mA 300MHz Switching
incren‘1en.la] (i,e.‘ small changes rz.nht?r Table 6.4 Selected JFET data
than static values). The current gain is - —
then given by: Device Type Iy Vs P, & Application
max. max. max. min.
Alc 2N3819  N-channel 10mA 25V 200mwW 4m$S General purpose
hy, = Al BF244A  N-channel 100mA 30V 360mW 3mS RF amplifier
g 2N3820  P-channel  —15mA 20V 200mW 0-8mS General purpose
. . 2N5461  P-channel —“HmA 40V 310mW 1-5mS Audio amplifiers
where hy, is the Iiybrid parameter which J310 N-channel  30mA 25V 350mW  8mS  VHF/UHF amplifier
represents small signal (AC) forward cur-
rent gain, Al is the change in collector
current which results from a corresponding
change in base current, Al. _
Values of hge and hg, can be obtained Ig=20+0-5=20-5mA
from the transfer characteristic (I plotted ) 500
against Ig) shown in Fig.6.14. Note that hy.g The \(ulue of hg; can be
is found from corresponding staric values found from hy = I/lg
while hy, is found by measuring the slope thus: S
of the graph. Also note that, if the transfer T
characteristic is linear. there is little (if any) hgg = I¢/lg =20/0-5 =40 z
ditference between hgg and hy,. :é; 300
It is worth noting that current gain (hy,) ~ Example 6.3 z
varies with collector current. For most A transistor - operates g
small-signal transistors, hy, is a maximum at with a collector current of e 200
a collector current in the range ImA and 97mA and an emitter cur- §
10mA. Furthermore, current gain falls to rent of 98mA. Determine 8
very low values for power transistors when the value of base current 00
operating at very high values of collector ~ and common emitter cur-
current. Another point worth remembering rent gain.
is that most transistor parameters (particu- . .
larly common-emitter current gain, hg,) are Since I = lg + lB" the 0 1 2 3 4 5
liable to wide variation from one device to base current will be given Base current, |, (mA)
the next. It is, therefore, important to design by:

circuits on the basis of the minimum value
for hy, in order to ensure successful opera-
tion with a variety of different devices.
Some parameters for a representative
selection of BJT and JFET devices are
shown in Tables 6.3 and 6.4. Some com-
mon transistors are shown in Photo 6.1.

Example 6.2

A transistor operates with I = 20mA
and Iy = 500uA. Determine the value of I,
and hye.

The value of 1; can be calculated from
Ic + I, thus:

Questions 6.1

Q6.1. An npn transistor is to be used
in a regulator circuit in which a collector
current of 1-5A is to be controlled by a
base current of SmA. What value of hg.
will be required?

Q6.2. If the device is to be operated
with V¢ = 6V, which transistor selected
from Table 6.3 would be appropriate for
this application and why?

See later for the solutions to these questions.
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lg=lg-Ic=98-97=
ImA

The common-emitter current gain (hgg)
will be given by:

e 97
hg = == —=97
B

Fig.6.14. Typical transfer characteristic

Amplifiers

Apart from the obvious requirement of
making a signal voltage or current larger,
an important requirement of most ampli-
fiers is that the output signal should be a
faithful copy of the input signal, albeit
somewhat larger in amplitude. We describe
these as linear amplifiers and the need for

Photo.6.1. Various transistors (including power, switching, and small-signal types)
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linearity is an important consideration in
their design.

Some other types of amplifier are  non-
linear, in which case their input and output
waveforms will not necessarily be identi-
cal. In practice, the degree of linearity pro-
vided by an amplifier can be affected by a
number of factors, including the amount of
bias applied (see later) and the amplitude of
the input signal. It is also worth noting that
a linear amplifier will become non-linear
when the applied input signal exceeds a
threshold value. Beyond this value the
amplifier is said to be overdriven and the
output will become increasingly distorted if
the input signal is further increased.

Amplifiers are usually designed to be
operated with a particular value of bias sup-
plied to the active devices (see later). For
linear operation, the active device(s) must
be operated in the linear part of their trans-
fer characteristic. This form of operation is
known as Class A and the bias point is
adjusted to the mid-point of the linear part
of the transfer characteristic.

Note also that collector (or drain) current
will flow in the transistors used in a Class
A amplifier during a complete cycle of the
signal waveform. At no time will the cur-
rent fall to zero.

Amplifier Parameters
Important parameters of most amplifiers
include:

Voltage gain

The voltage gain of an amplifier is sim-
ply the ratio of output voltage to input volt-
age. Since voltage gain may vary at
different frequencies, the voltage gain of an
amplifier is usually quoted in the mid-band
(often 1kHz for most audio amplifiers).

Output power

Output power is the power delivered by
an amplifier under a specified set of condi-
tions (such as load resistance,  distortion,
and frequency). This parameter is normally
only meaningful for amplifiers that are
designed to produce an appreciable level of
output power (such as an amplifier that is
designed to feed a loudspeaker).

Input resistance

Input resistance is the ratio of input volt-
age to input current expressed in ohms. The
input of an amplitier is normally purely resis-
tive (i.e. any reactive component is negligi-
ble) in the middle of its working frequency
range (i.e. the mid-band). In some cases, the
reactance of the input may become apprecia-
ble (e.g. if a large value of stray capacitance
appears in parallel with the input resistance).
In such cases we would refer to input imped-
ance rather than input resistance.

Output resistance

Output resistance is the ratio of open-
circuit output voltage to short-circuit
output current and is measured in ohms.
Note that this resistance is internal to the
amplifier and should not be confused
with the resistance of a load connected
externally.

As with input resistance, the output of
an amplifier is normally purely resistive
and we can safely ignore any reactive
component. If this is not the case. we
would once again need refer to output
impedance rather than output resistance.
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Finally, it is important to note that,
although these resistances are meaningful
in terms of the signals present, they cannot
be measured using a conventional meter!

Frequency response

The frequency response of an amplifier is
usually specified in terms of the upper and
lower cut-off frequencies of the amplifier.
These frequencies are those at which the
output power has dropped to 50% (otherwise
known as the —3dB points) or where the
voltage gain has dropped to 70-7% of its
mid-band value (see Fig.6.15). Note that
frequency response graphs are usually plotted
on logarithmic graph paper.

Voitage gain

Amax - —— - ————

Bandwidth, (f, - 1,)

—

IR N

Frequency

Lower cut-off, f, Upper cul-off, [,

Fig.6.15. Frequency response and
bandwidth

Bandwidth

The bandwidth of an amplifier is usually
taken as the difference between the upper
and lower cut-off frequencies (i.e. f, - f; in
Fig.6.15). The bandwidth of an amplifier
must be sufficient to accommodate the
range of frequencies present within the sig-
nals that it is to be presented with. Many
signals contain harmonic components (i.e.
signals at 2f, 3f, 4f, etc where f is the fre-
quency of the fundamental signal).

To reproduce a square wave, for example,
requires an amplifier with a very wide band-
width (note that a square wave comprises an
infinite series of harmonics). Clearly it is not
possible to perfectly reproduce such a wave
but it does explain why it can be desirable
for an amplifier's bandwidth to greatly
exceed the highest signal frequency that it is
required to handle!

Phase shift

Phase shift is the phase angle between
the input and output signal voltages mea-
sured in degrees. The measurement is usu-
ally carried out in the mid-band where, for

Questions 6.2

Q6.3. Determine the mid-band voltage
gain and upper and lower cut-off fre-
quencies for the amplifier whose fre-
quency response is shown in Fig.6.16.

See later for the solutions to this questions.

Voltage gain
40

most amplifiers, the phase shift remains
relatively constant. Note also that conven-
tional single-stage transistor amplifiers
provide phase shifts of either 180° or 360°.

Practical Amplifier Circuits

We stated earlier that the optimum value
of bias for a Class A (linear) amplifier is that
value which ensures that the active devices
are operated at the midpoint of their transfer
characteristics. In practice, this means that a
static value of collector current will flow
even when there is no signal present.
Furthermore, the collector current will flow
throughout the complete cycle of an input
signal (i.e. conduction will take place over
an angle of 360°). At no stage will the tran-
sistor be saturated nor should it be cur-off
(i.e. the state should not be reached at which
no collector current flows).

ov

Fig.6.17. Basic Class A common-emit-
ter amplifier

In order to ensure that a static value of
collector current flows in a transistor, a small
current must therefore be applied to the base
of the transistor. This current can be derived
from the same voltage rail that supplies the
collector circuit (via the load). Fig.6.17
shows a simple Class A common emitter
amplifier circuit in which the base bias resis-
tor, R1, and collector load resistor, R2, are
connected to a common positive supply rail.

The signal is applied to the base terminal
of the transistor via a coupling capacitor, C1.
This capacitor removes the DC component of
any signal applied to the input terminals and
ensures that the base bias current delivered by

+Vee

Lo

Fig.6.18. Improvement on the circuit
shown in Fig.6.17 (using negative
feedback to bias the transistor)
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Fig.6.16. See question Q6.3
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Fig.6.19. A common-emitter amplifier
stage with effective bias stabilization

R1 is unaftected by any device connected to
the input. Capacitor C2 couples the signal out
of the stage and also prevents DC potentials
appearing at the output terminals.

In order to stabilize the operating condi-
tions for the stage and to compensate for vari-
ations in transistor parameters, base bias
current for the transistor can be derived from
the voltage at the collector (see Fig.6.18).

This voltage is dependent on the collec-
tor current which, in turn, depends upon the
base current. The result of this negative
Jeedback is a degree of self-regulation; if
the collector current increases, the collector
voltage will fall and the base current will be
reduced. The reduction in base current will
produce a corresponding reduction in col-
lector current to offset the original change.

Conversely, if the collector current falls,
the collector voltage will rise and the base
current will increase. This, in turn, will pro-
duce a corresponding increase in collector
current to offset the original change.

The circuit in Fig.6.19 shows an
improved form of transistor amplifier in
which DC negative feedback is used to sta-
bilize the stage and compensate for varia-
tions in transistor parameters, component
values and temperature changes. Resistors
R1 and R2 form a potential divider that
determines the DC base potential, V5. The
base-emitter voltage (V) is the difference
between the potentials present at the base
(Vg) and emitter (V).

The potential at the emitter is governed by
the emitter current (lg). If this current
increases, the emitter voltage (Vg) will
increase and, as a consequence Vg will fall.
This, in turn, produces a reduction in emitter
current which largely offsets the original
change. Conversely, if the emitter current
decreases, the emitter voltage (V) will
decrease and Vg will increase (remember
that V3 remains constant). The increase in
bias results in an increase in emitter current
compensating for the original change.

In practice the simple common-emitter
amplifier stages shown in Figs 6.17 t0 6.19
provide a modest voltage gain (80 to 120
typical) with an input resistance of approx-
imately 1-5kQ and an output resistance of
around 20kQ. The frequency response can
be made to extend from a few hertz {o sev-
eral hundred kilohertz.

Practical Investigation 6.1

Objective: To investigate the transfer
characteristic of a transistor.

Components and materials:
Breadboard, digital or analogue meter with
DC current ranges, 9V DC power supply (or
battery), 47k resistor, 10k variable

resistor (potentiometer), two dit-
ferent npn transistors (e.g.
BC108 and BC548), test leads,
connecting wire.

Circuit diagram(s): See
Fig.6.20 oV

Wiring diagram: See =
Fig.6.21 and 6.22

Procedure: The required
breadboard wiring is shown in
Table 6.5.

1. Connect the circuit in
Fig.6.20a as shown in breadboard
Fig.6.2]1 and Table 6.6. Before
switching on the supply (or con-
necting the battery), set the meter +

to the DC 2mA range and the vari- =

able resistor VRI to minimum
position (i.e. fully anticlockwise).

2. Switch on (or connect the
battery) and slowly increase the
base current (by adjusting the
variable resistor) until it reaches
0-01mA (10uA).

3. Switch oft (or disconnect
the battery) and reconnect the
circuit as shown in Fig.6.20b,
Fig.6.22 and Table 6.7. Set the
meter to the DC 20mA range.

4. Switch on (or connect the

(a) Setting the base current
«31 9

O

(b) Measuring the collector current

O
Rod AD A3
29 3
c13
R 47k lg c
E7 * =y TR1
VR 10k BC108 or
a7 811 814 BC548
En Ewu
E5 cs | ©
A5
1 AlS
el -5 -15
Blaca

o1
-9

Red

(c) Transistor pin connections
(viewed from the underside)
b b

Black

()

BC548

e@c

B8C108

battery) and then measure and
record the collector current (with-
out disturbing the setting on the
variable resistor) in Table 6.8.

5. Repeat steps 2 to 4 for base currents in
steps of 0-0IlmA up to a maximum O-1lmA
(100uA), at each stage measuring and
recording the corresponding value of collec-
tor current and recording each measured
value in Table 6.8.

6. Repeat the investigation with a different
type of transistor (e.g. BC548).

Graph and Calculations: For each transis-
tor, having recorded your results in Table 6.8
showing corresponding values of I. and I,

Fig.6.20.
Investigation 6.1

Circuit diagram for Practical

plot graphs showing I plotted against I (i.e.
the transfer charactenstic) using the graph
sheet shown in Fig.6.23, which you may
enlarge on a photocopier.

Finally, calculate the value of hgg for
each transistor at I = 2mA. Compare your
calculated results and characteristic graphs
with manufacturer’s data.

Conclusion: Comment on the shape of each
graph. Is this what you would expect? Is the
graph linear? If not, what will this imply about

9V power supply
-ve +ve
=
) »
D Q)
N ¥, Red
Green Black
00000 000 00000 00000 oook!*’
cogoo ooo] 'oo 0 00000 000 -
I 7 11!tn192'2325z12931
#00008000800080800000000000000000
BOO0O0O0O0OLIID®OOROOD000000000000000
€00000000pQ000O 0 0000000000000000
D00000000000%00%00000000000000000
€000[F @ §)Q00Q000000000000000000
VR TN\ 11 1}
F0000 ° Meter -ve
600000 (black)
HOOOOCO
100000
+
J00000 Meter +ve
2774 (red)
000
oo

Fig.6.21. Wiring diagram for setting the base current in Practical Investigation 6.1
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Meter -ve (black) 9V power supply AIISWEI'S Ta a”es tiﬂﬂs

Meter +ve (red) -ve +ve
Q6. 1. The required current gain can be

found from:
hgg =1/l = 1-5A/50mA = 1-5/ 005 =

oV Red Q6.2. The most appropriate device
Green Black would be the BDI131. The only other
- — -t — device capable of operating at a collector
0ooo 000 00000 00000 oook%* current of 1:5A would be a 2N3055. The
°°'°° I‘°°° i°°°° 2Iololofol _OIoto - collector power dissipation will be given
by:
1 3 7 1 13 7 1’8 21 23 25 27 2 M
Aoooo!ooo]ooo otooooooooooooooooo PC=ICXV E=]‘SX6V=9W
BOOOOOO@(IN-® 0O0OARO00000000000000000 However. e 2N3055 i1s rated at
C000000000p000 0 0000000000000000 P bR
000000000"000%6000000000000000000 115W maximum total power dissipation
C000[® © o |0 000000000000000000 and this is more than ten times the power
1 vrR [ [T =T required.
Foooo 0000000000 0000000000000
G00000 000000000000000000000000 id0 ; i -
HOOOOO 000000000000 C0000000000O0 Q6.3.Th§mxdbandvolwgegmncor
fooooo 0000000000000 00000000000 responds with the flat part of the fre-
100000 0000000000000000000000Q00 isti
2 4 10 12 14 8 18 20 2 24 26 20 30 2 qu?ncy response ch:_xractensue. At lhe
point the voltage gain reaches a maxi-
oooi Iooooo 00000 00000 00O0O0O mumof35,lheyollagegzuna!lhetwo
ooo 00000 00000 00000 00000 cut-off frequencies can be calculated

= from:

Ay cut-off = 0707 x Av_. =
0707 x 35 = 24-7

This value of gain intercepts the fre-
quency response graph at f; = 57Hz and

Fig.6.22. Wiring diagram for measuring the collector current in Practical Investigation 6.1

the static and i .
25 = Tt T » = 590kHz (see Fig.6.16).
ues of current
: SR ISR S gain? What was
the  calculated Next Month
20 value of hgg? Was In Part 6. next month, we shall be intro-
111t : this what you ducing testing and measurement tech-
expected? Which niques. In the meantime you might like to
-~ | of the transistors see how you get on with our on-line quiz
)3 15 - . AT — had the highest for Part 6, You will find this at: www.mike
z value of current tooley.info/teach-in/quiz6.htm
£ gain?
3 SR 5 ‘J SR
% Table 6.6 To set the base current in Fig.6.21
:'5) 10 T * I l1 ) ’ Step Connection, link or component  From To
1t N 5
‘ 15 Link Al3 +13
16 Meter positive A(Red) Ell
5 F = N—— UM 8 B S S —— 17 Meter negative COM (Black) El14
5 e e Table 6.7 To measure collector current in Fig.6.22
0 Step Connection, link or component From To
0 0.02 0.04 0.06 0.08 0.1 :
Base curent (mA) 18 Link - Ell El4
19 Meter positive A(Red) +7
Fig.6.23. Graph sheet for plotting the results of Practical 20 Meter negative COM (Black) Al3

Investigation 6.1
Table 6.8 Results table for Practical

Table 6.5. Breadboard wiring for Practical Investigation 6.1 Investigation 6.1

™ B : Base Current Collector Current
Step Connection, link or component From To ) (mA)
I -9V supply -9V Black terminal 001

& +9V supply +9V Red terminal

3 Black wire Black terminal -31 0-02

4 Red wire Red terminal +31 0-03

5 TR1 BCI108 emitter Cls

6 TR1 BC108 base Bl4 0-04

7 TR1 BC108 collector Cl3 0-05

8 R 47k B7 BIl

9 VR 10k ES i

10 VR 10k E7 007

11 VR 10k E9 0.08

12 Link AS -5

13 Link A9 +9 005

14 Link AlS -15 0-10
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VOL 4: BACK ISSUES - July 2600 to December 2000

VOL 5: BACK ISSUES — January 2001 to June 2001 i e — e . fi
VOL 6: BACK ISSUES — July 2001 to December 2001 1 BACK ISSUES CD-ROM ORDER FORM
VOL 7: BACK ISSUES - January 2002 to June 2002 1
VOL 8: BACK ISSUES - July 2002 to December 2002 '

VOL 9: BACK ISSUES — January 2003 to June 2003 e e R !
VOL 10: BACK ISSUES - July 2003 to December 2003 R PR .
VOL 11: BACK ISSUES - January 2004 to June 20064 : .......................................................... :
VOL 12: BACK ISSUES - July 2004 to December 2004 : Price £14.45 each — includes postage to anywhere in the world. :
VOL 13: BACK ISSUES - January 2005 to June 2005 ;
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NOTE: These CD-ROMs are suitable for use on any PC with a :

CD-ROM drive. They require Adobe Acrobat Reader (availaole free

from the Internet — www.adobe.com/acrobat)

WHAT IS INCLUDED
All volumes include the £PE Oniline editorial content of every listed
issue, plus all the available PIC Project Codes for the PIC projects
pubiished in those issues.

P
Q
Q
=
[]
]
[72]

........................... PostCode .............1
[ t enclose cheque/P.O./bank draft to the value of £ .. .. ... ..
[J Please charge my Visa/Mastercard/Amex/Diners 1
Club/Maestro :

1

Note: Some supplemsn:s etc. can be downloaded free from the

Library on the EPE Online website at www.epemag.com.

No advertisements are included in Volumes 1 and 2; from Volume 5

onwards the available relevant software for /nterface articles is SRS !

also included. 1

1
CardNO. .. .. .

EXTRA ARTICLES - ON ALL VOLUMES _ . . !

BASIC SOLDERING GUIDE — Alan Winstanley's internationally Card Security Code .......... (The last 3 digits on or just under

acclaimed fully illustrated guide. UNDERSTANDING PASSIVE COMPO- the signature strip)
NENTS - Introduction to the basic principles of passive components.
HOW TO USE INTELLIGENT L.C.Ds, by Julyan tlett — An utterly practi-
cal guide to interfacing and programming intelligent liquid crystal disptay
modules. PhyzzyB COMPUTERS BONUS ARTICLE 1 — Signad and :
Unsigned Binary Numbers. By Clive “Max” Maxfield and Alvin Brown. i
PhyzzyB COMPUTERS BONUS ARTICLE 2 - Creating an Event 1
Counter. By Clive “Max" Maxfield ana Alvin Brown. INTERGRAPH 1
COMPUTER SYSTEMS 3D GRAPHICS - A chapter from Intergraph’s |
book that explains computer graphics technology. FROM RUSSIA WITH |
LOVE, by Barry Fox — Russian rockets launching American Satellites. :
1
1
1
1
1
1
1

Valid From . ....... ... Expiry Date .........

Maestrolssue No. ... ...........

SEND TO: Everyday Practical Electronics,
Wimborne Publishing Ltd.,
408 Wimborne Road East, Ferndown, Dorset BH22 9ND.

Tel: 01202 873872. Fax: 01202 874562.

PC ENGINES, by Ernest Flint — The evolution of Intel’s microprocessors. ; \
E-mail: orders @epemag.wimborne.co.uk

THE END TO ALL DISEASE, by Aubrey Scoor — The original work of
Rife. COLLECTING AND RESTORING VINTAGE RADIOS, by Paul
Stenning. THE LIFE & WORKS OF KONRAD ZUSE - a brilliant pioneer
in the evolution of computers. A borus article on his life and work written draft drawn on a UK bank.

by his eldest son, including many previously unpublished photographs. Normally supplied within seven days of receipt of order.

Note: Some of the EXTRA ARTICLES require WinZip to unzip them. e cccccenrcceccce s e cc e e cecen e e e--- a

Payments must be by card or in £ Sterling — cheque or bank
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INTERFACE

Robert Penfold
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BOOSTING OUTPUT CURRENTS

THE previous Interfuce articles consid-
ered a simple digital-to-analogue con-
verter for a PC, together with signal pro-
cessing circuits to enable the converter to do
something useful. This month’s article con-
tinues in the same vein with an output stage
for the level shifting and amplifying circuits
described in the previous Interface article.
These circuits provide high resolution
outputs that cover a relatively small voltage
range, such as 10V to 12-55V, with a reso-
lution of 10 millivelts (0-01 volts).
However, they can only provide output cur-
rents of a tew milliamps or less. Many
practical applications require an output cur-
rent of a few amps rather than milliamps.

Big Following

In order to boost the output current of
these circuits it is merely necessary to add
a buffer stage at the output. or a voltage fol-
lower as this type of circuit is also known.
In other words, a circuit where the output
voltage is the same as the input voltage, but
a much higher output current can be pro-
vided.

Probably the most common method of
providing a voltage follower is to use a
common collector amplifier. This type of
amplifier is also known as an “emitter fol-
lower™. A massive amount of current gain
is normally required in order to supply very
high output currents. so practical output
stages often use two transistors connected
as what is often described as a “Darlington
pair”. In Fig.l this is the configuration
shown on the left.

A circuit of this type gives a total current
gain that is equal to the product of the gains
of the individual transistors. In practice the
combined current gain is usually several
thousand or more. which enables an input
current of a few milliamps to control an
output that can supply a few amps. One
slight drawback of this configuration is that
there is a relatively large voltage drop from
the input to the output. With large output
currents the output is typically about 1.5V
less than the input voltage.

This voltage drop is not a problem in
terms of setting accurate output potentials.
The output stage is normally included in
the negative feedback loop of a high gain
amplifier that compensates for and effec-
tively removes the voltage drop. It does
reduce the efficiency of the circuit though,
since the supply potential has to be about
1.5V more than the maximum output volt-
age that will be needed.

In practice the supply voltage often has
to be even higher than this in order to com-
pensate for inetficiencies elsewhere in the
circuit. For example, the output stage is
often driven from an op.amp (operational
amplifier), and these typically have a max-
imum positive output potential that is about
1-5V to 2-5V less than the supply voltage.
Together with the drop through the output
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stage, this requires the supply to be three to
four volts higher than the maximum output
voltage.

Getting Heated

With low power circuits an inefficient
output stage is unlikely to be of any great
consequence. However, it is undesirable
with high power circuits because it necessi-
tates a larger and more expensive power
supply. It also results in the generation of
more heat in the output stage, making it
necessary to use a larger heatsink in order
to keep the output transistor reasonably
cool.

v+

(o]
Out

Fig.1. The common collector output
stage (left) works quite well, but is less
efficient than using two common emit-
ter amplifiers (right)

A simple way of obtaining increased etfi-
ciency is to use two common emitter ampli-
fiers in the output stage. The circuit on the right
in Fig.1 shows two transistors in this configu-
ration. The input transistor (TR1) is an npn
type and the output device (TR2) is a pnp type.

Although common emitter transistors
normally provide high voltage gain and lit-
tle current amplification, this configuration
has 100 percent negative feedback from the
collector of TR2 to the emitter of TRI.
Consequently, there is unity voltage gain
through the circuit but a high level of cur-
rent amplification. In other words, it has
similar characteristics to a Darlington pair
used as a common collector amplifier, but
with a slightly lower voltage drop between
the input and the output.

This still leaves the problem of the inef-
ficiencies of the driving circuit, but one
way around it is to modify the output stage
to provide a small amount of voltage gain.
In Fig.2 the purpose of resistors R1 and R2
is to act as a potential divider that reduces
the amount of feedback between the collec-
tor of TR2 and the emitter of TR1. In prac-
tice the values of the feedback resistors are
chosen to provide only a small amount of
voltage gain. With the output of the op.amp
(IC1) nearing its maximum possible volt-
age, this is all that is needed in order to take
the output of the circuit a couple of volts
higher and avoid a large voltage drop
through the output stage.

Note that there is 100 percent negative
feedback from the output of the circuit to
the non-inverting (=) input of 1C1. Thus the
overall voltage gain of the circuit is unity,
and there is no significant voltage offset
between the input and the output.

Switching

It is probably with a PWM (pulse width
modulation) controller that an output stage
having a low dropout voltage is most bene-
ficial. The circuit shown in Fig.3 is essen-
tially the same as the one featured in a
recent Interfuce article, and it is fora PWM
controller that provides an average output
voltage of between zero and about 12 volts.
A controller of this type provides a pulsed
output signal, and the average output volt-
age is varied by altering the mark-space
ratio of the pulse train. It is of no use in
applications that require a normal DC sig-
nal, but it works well with loads that
respond to the average supply potential,
such as DC electric motors, LEDs, and fil-
ament bulbs.

The main point of using a PWM controller
is that it produces little power loss and heat
generation in the output transistor. When the
output device is switched off there is no sig-
nificant current flow or heat dissipation.
There is a large current flow when it is
switched on, but the voltage drop through the
output transistor is quite low. With the origi-
nal design the actual voltage drop was about
3V or so at high output currents, giving dissi-
pations of just over 3W and 6W with respec-
tive output currents of 1A and 2A.

In the original circuit a Darlington power
device was used as a common collector
output stage. The modified circuit featured
here has an output stage that is a practical
version of the theoretical circuit of Fig.2.
Like the rest of the controller circuit, the
output stage is designed to operate using a

S
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Fig.2. Resistors R1 and R2 reduce the
amount of negative feedback applied to
TR1 and TR2 so that they provide a small
amount of voltage gain. However, the
overall voltage gain of the circuit is unity
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single supply. This is only
possible if a suitable op.amp
is used for IC6. Using any-
thing other than the specified
devices for this circuit is defi-
nitely not recommended.

The voltage drop through

output transistor TR2 is typi- 5
cally a little over one volt at IN —AA

high output currents. Using
dual 15V supplies an average
output potential of 12V is
easily achieved. With the
original design an output
potential of 12V required the
GNC o

ZRB50C

TR2
P27

output device to be switched
on continuously. The more
efficient output stage used
here requires the output tran-

1C2,3.4 - 741C

sistor to be switched on for
substantially less than 100
percent of the time in order to

Fig.4. Here the high effiiency output stage has been added to the voltage shifter circuit featured
in the previous Interface article. Output currents of up to 2A can be accommodated
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Fig.3. This modified PWM controller circuit can provide a higher maximum output potential and has reduced dissipation in the

output Darlington transistor (TR2)

produce 12V at the output. As a result, the
dissipation in TR2 is typically a little under
IW and 2W at respective output currents of
1A and 2A. In both cases a small clip-on
heatsink should be sufficient to ensure that
TR2 runs reasonably cool.

Power Supply

The circuit diagram of Fig.4 is a modified
version of a power supply circuit that was
described in the previous Inrerfuce article (Feb
'06). It is designed to be used in conjunctien
with a digital-to-analogue converter that is the
same as the one used in the PWM controller
circuit of Fig.3. The zero to 2-55V output
range of the converter is given a posttive oftset
that can be varied from a little under one volt
to just over 10V by means of preset VR1. With
the original version of the circuit it was possi-
ble to use an offset of 10V to obtain an output
voltage range of 10V to 12-55V, but the circuit
would struggle to provide an output potential
of around 12-5V at high output currents.

Example program
Private Sub Form_Load()
End Sub

Private Sub HScroll1_Change()

Out &H378, HScroll1.Value

Voltage = (HScroll1.Value / 100) + 10
Label1.Caption = Voltage & " VOLTS"
End Sub

The modified version of the circuit has
the low voltage drop output stage and this
provides more “headroom™. It can easily
handle a maximum output potential of
12-:55V at high currents, and would proba-
bly just about handle an 11V offset and a
maximum output of 13.55V.

Raising the supply voltages is an alterna-
tive method of achieving the same ends. but
this method is better. It avoids increasing
the dissipation in the output transistor and
keeps the op.amps well within their recom-
mended maximum supply potential.

Software

A minimal Visual BASIC program is all
that is required in order to control the power
supply circuit. The example program is
shown in action in Fig.5. and is has a hori-
zontal scrollbar to cortrol
the output voltage. A label
component acts as a digi-
tal readout that displays
the output voltage. The
scrollbar has the required
output range of O to 255
set via its properties win-
dow, so changes in value
can be written direct to the
printer port address. Of

« Form1

Fig.5. The example con- .
trol program in opera-
tion. It is designed to
operate with an off-set

11.91 VOLTS

course, the program needs the support of
inpout32.dll in order to get the OUT instruc-
tion to work.

The value from the scrollbar needs a
small amount of mathematical manipula-
tion in order to produce a corresponding
output voltage that can be displayed on the
label component. Dividing the value by one
hundred gives a value that is equal to the
output voltage from the converter. The off-
set voltage is then added to this. A value of
10 is used in the example program, but this
must be changed to suit the particular oftset
used. The final value plus “"VOLTS™ is writ-
ten to the label component.

Next time the subject of writing control
programs using Visual BASIC will be con-
sidered in more detail.

=

potential of +10 volts
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS

ELECTRONICS

ELECTRONICS PROJECTS

Logic Probe testing

ELECTRONIC CIRCUITS & COMPONENTS V2.0

Circuit simulation screen

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.

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

e

Complimentary output stage

DIGITAL ELECTRONICS V2.0
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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 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 fiip-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. A/D 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
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Filter synthesis

cl 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

CAD PACK

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
piinted circuit boards. CADPACK is made
up of three separate software modules.
(These are restricted versions of the fuil
Labcenter software.) ISIS Lite which
provides full schematic drawing features
including full centrol 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 ull mixed mode SPICE simulator. ARES
Lite PCB layout software aliows
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 experierce 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.
® |nteractive Virtual Laboratories
® Little previous knowledge required
® Mathematics is kept to a minimum and
all calculations are explained
® Clear circuit simulations
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PRICES

Prices for each of the CD-ROMs above are:

(Order form on third page)
(UK and EU customers add VAT at 17.5% to “plus VAT prices)

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

HARDWARE

VERSION 3 PICmicro 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 PICmicro microcontrollers as well as
program a range of 8, 18, 28 and 40-pin devices from the
12, 16 and 18 series PICmicro 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 PICmicro projects

@ Supports low cost Flash-programmable PiCmicro devices

@ Fully featured integrated displays — 16 individual l.e.d.s,
quad 7-segment display and alphanumeric l.c.d. display

@ Supports PICmicro microcontrollers with A/D converters

@ Fully protected expansion bus for project work

@ USB programmable

@® Can be powered by USB (no power supply required)

supplied with USB cable and
programming software

—— SOFTWARE

Suitable for use with the Development Board shown above.

ASSEMBLY FOR PICmicro V3
(Formerly PiCtutor)

Assembly for PICmicro microcontrollers V3.0
(previously known as PICtutor) by John
Becker contains a complete course in
programming the PIC16F84 PICmicro
microcontroller from Arizona Microchip. it
starts with fundamental concepts and
extends up to complex programs including
watchdog timers, interrupts and sleep modes.
The CD makes use of the latest simulation
techniques which provide a superb tocl for
learning: the Virtual PICmicro 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
PICmicro MCU as each instruction is
executed which enhances understanding.
® Comprehensive instruction through 45
tutorial sections @ includes Vlab, a Virtual
PICmicro microcontroller: a fully functioning
simulator @ Tests, exercises and projects
covering a wide range of PICmicro MCU
applications @ Includes MPLAB assembler
@ visual representation of a PICmicro
showing architecture and functions @
Expert system for code entry helps first time
users @ Shows data flow and fetch execute
cycle and has challenges {(washing
machine, lift, crossroads etc.) @ Imports
MPASM files.
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‘C’ FOR PICmicro
VERSION 2

The C for PICmicro microcontrollers CD-
ROM is designed for students and
professionals who neecd to learn how to
program embedded microcontrollers in C.
The CD contains a ccurse as well as all the
software tools needed to create Hex code
for a wide range of PICmicro devices —
including a full C compiler for a wide range
of PICmicro devices.

Although the course focuses on the use of
the PICmicro microcontroliers, this CD-
ROM will provide a good grounding in C
programming for any microcontrofler.

® Complete course in C as well as C
programming for PICmicro microcontrollers
@ Highly interactive course ® Virtual C
PICmicro improves understanding @
Includes a C compiler for a wide range of
PICmicro devices ® Includes full Integrated
Development Environment @ Includes
MPLAB software ® Compatible with most
PICmicro programmers @® Includes a
compiler for all the PICmicro devices.
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Minimum system recuirements for these

items: Pentium PC running Windows 98,
NT, 2000, ME, XP; CD-ROM drive;
64MB RAM; 10MB hard disk space.

FLOWCODE FOR PICmicro V2

Fiowcode is a very high level language
programming system for PICmicro
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 |.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 PICmicro
programmerss. 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 PICmicro applications to
be designed quickly ® Uses international
standard flow chart symbols (ISO5807) @
Full on-screen simulation allows debugging
and speeds up the development process

@ rFacilitates 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.).

B v Lies R e [ @} B2 4OR SO STCHD  IVuBES ne

PRICES

Prices for each of the CD-ROMs above are:
(Order form on next page)

Hobbyist/Student

Flowcode V2 Hobbyist/Student
Institutional (Schools/HEAFE/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-In 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
gme. Logicé;ates. Binary and Hex Logic,
p.amps, Comparators, Mixers, Audio : P i
and Sensor Amplifiers, Transistors, Sine wave relationship values
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.
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Want to use an external flash unit with
your new hi-res digital or film camera but it
doesn’t have a trigger socket or “hot shoe”?
Cheer up, this new slave flash trigger will
let you do it and it will cope with those
cameras which only work in multiple-flash
“red-eye reduction” mode. You can build it
for a fraction of the cost of similar “smart”

trigger units, too.

OST OF THE LATEST digital

still and film cameras have a
built-in electroric flash, which at first
glance seems great. The trouble is that
it’s almost impossible to take a good
professional photo with only a single
flash. They’'re OK for “happy snaps”
but that fixed flash, right next to the
lens and pointing in the same direction
is a big problem. It gives very “flat”
lighting and very dark shadows.

For much better modelling and
control of shadows, vou really need
at least one additional source of light
and/or a system of light diffusion. But

60

neither of these options is easy with
most digital cameras, not only because
of their fixed forward-facing internal
flash but because they generally don't
havea “hot shoe” or conventional flash
contact socket to trigger an external
flash.

So the only way to trigger a second
flash with these cameras is to use a
slave flash trigger unit. This has an
optical sensor which detects when the
camera’s own flash operates, to trigger
an external “slave” flash.

But there is a further complication
with many new digital cameras. Their

"SMART’
OLAUE FLASH
TRIGGER

BYJINIROWE

internal flash often operates only in
“red-eye reduction” mode, where the
flash gives not just one single pulse
of light but multiple flashes. There
may be one, two or even a bunch of
short pre-flashes shortly before the
main flash.

This is done so that when you're
taking portraits, the irises in your
subjects’ eyes are made to “stop down”
before the main flash. This reduces the
reflection of light from their retinas
{the cause of that annoying red-eye
effect).

It's nice that the camera makers do
provide this feature to minimise the
red-eye effect. But if you can’t turn
off red-eye reduction, it makes it im-
possible to use a conventional slave
flash trigger. That’s because the first
pre-flash will trigger the slave flash
unit, long before the camera takes the
actual shot!

What'’s needed is a “smart” slave
flash trigger unit which can ignore
the red-eye reduction pre-flashes and
only trigger the external flash when
the camera’s main flash occurs. That
is exactly what this new trigger unit
is designed to do.

This compact, low-cost unit counts
up the camera flash pulses and only

Everyday Practical Electronics, April 2006



Constructional Project

-

NOTE: S1 & $4-S8 ARE PART
= OF AN 8-WAY SIL SWITCH

| l l *J-loo . POWER J_
= m

e E 10k 100nF 100nF = o7 ~

x:E) BP104, BATTERY 1

1 fo 3 Vdd s . 3 [

A < s
o <l o ic1 = 10k
/N B PN100 2 m 7 1 SCR1
Vs & €106D D6-9: 1N4004
| £ 00 01 0203 04 3
= 47k 10k h2 i 6|5 1
-_L < = sal\ \ \ s8
BP104 =
ﬁ!!FI D1 D5
S OIOIOIOIO)
K A A
PN100, PN200 j )
%\ JoK 1
e B‘ YWYy
C " "FE

DIGITAL SLAVE FLASH TRIGGER e

Fig.1: the camera flash is picked up by photodiode PD1 and this drives transistor Q1 which in turn clocks IC1. IC1
is wired as a programmable counter and the output of gate IC2c (pin 10) will go low only when the right number of
pulses have been counted. IC2c then triggers SCR1 (via IC2b & Q2) to trigger the slave flash unit.
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triggers an external flash unit when the
last flash is detected. It operates from
a standard 9V battery and everything
fits in one of the smallest jiffy boxes
(UBS size).

How it works

At first sight, the circuit of Fig.1
may look a little complex but there is
not a lot to it.

PD1 is the photodiode which senses
the camera flashes. For PD1 we’re us-
ing a BP104 device. Actually this has
an inbuilt IR (infrared) filter but still
has more than adequate response to
visible light to do the job here.

PD1 is connected in series with a
47kQ load resistor across the 9V sup-
ply, as a reverse-biased light detector.
To make the sensor insensitive to
ambient lighting levels, we AC-couple
its output to the base of transistor Q1
via a 4-7nF capacitor. As the base is
pulled to ground via a 10kQ resistor,
Q1 is normally off; it only conducts
briefly when the photodiode detects a
flash of light. But during that time Q1
is switched on fully, so that a negative-
going pulse of very close to 9V peak
appears at its collector.
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In other words, the combination of
PD1, Q1 and the asscciated surround-
ing components forms a sensitive
light-to-voltage pulse converter.

The pulses from Q1’s collector are
fed directly to the clock input of IC1,
a 4024 binary counter which is con-
nected as a programmable counter. To
make IC1 programmable, we've added
logic circuitry involving DIL switches
54-58, diodes D1-D5 and gates 1G2¢ &
IC2d. The two gates are part of IC2, a
4093 quad Schmitt NAND device.

Programmable counter

The programmable counter works as
follows. The cathodes of diodes D1-D5
are each connected to one of the five
counter outputs O0-O4 via one of the
DIL switches. The anodes of all five
diodes are connected together and to
+9V via a 10kQ pu!l-up resistor.

This diode arrangement functions
as a five-input AND gate, because the
output (the junction of the five diode
anodes and the 10kQ resistor) can only
be pulled up to +9V (logic high) when
all five diode cathodes are also at logic
high. If any diode cathode is pulled
low, it pulls the output low as well.

So if we close switches S4 and S5,
this means that the gate output can only
go high when IC1 has counted three
pulses (so that its outputs O0 and O1
both go high). We can therefore program
the counter for any desired pulse count,
simply by setting the DIL switches for
the binary equivalent of that number.
The switches can be set for a total pulse
count between 1 and 31 — more than
enough for our needs.

The output of the diode AND gate is
connected to pin 8 of IC2c¢, used here
as an inverter. And IC2¢’s output (pin
10) is connected to pin 12 of 1G2d,
which is again used as an inverter. Pin
11 of IC2d is connected to the master
reset input (pin 2) of counter IC1 via
a small RC delay circuit (series 10kQ
resistor and 10nF bypass capacitor).
This means that shortly after the pro-
grammed count is reached, the counter
is reset, ready for the next sequence
of flashes.

By the way, the 100k resistor and
100nF capacitor connected to the
second input of IC2d (pin 13) form
a simple power-up reset circuit, to
ensure that the counter is reset to zero
when power is first turned on.
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Fig.2: here’s how to install the parts on the PC board. Note that the
100uF capacitor must be mounted on its side, while transistors Q1-Q3
must all be bent over so that they sit close to the board surface (see
text). The full-size etching pattern for the PC board is at right.

Summarising the action so far, we
now have a light pulse sensor and
counter which can be programmed
using the DIL switches so that the
output of IC2¢ (pin 10) will go low
only when the right number of pulses
have been counted. It also goes low
only briefly (about 75us), because of
the way the counter is then quickly
reset via IC2d.

This narrow pulse from IC2c is used
to trigger the slave flash. It is inverted
by IC2b which drives transistor Q2.
The resulting narrow pulse at the
emitter of Q2 is then used to switch
on SCR1, which acts as the triggering
“contacts” for our slave flash unit.

SCR1 is a 400V-rated C106D sili-
con-controlled rectifier, which is con-
nected to the slave flash trigger input
via the bridge formed by diodes D6-D9.
The bridge ensures that the voltage
applied across SCR1 from the flash
unit is always of the right polarity (ie,
positive to the anode), regardless of the

circuitry inside your flash unit.

So that’s how the main part of the
trigger circuitry works. The only part
left to explain is the purpose of gate
IC2a, transistor Q3 and LED1. These
provide a simple power-on indicator,
as well as indicating that the counter
circuit is reset and ready for the next
flash pulse sequence.

Gate IC2a is again connected as
a simple inverter, so that when the
counter is reset and waiting for pulses,
output pin 3 is held low (because pins
10, 2, 1 and 12 are high). This turns
on PNP transistor Q3, which allows
a low current (about 3-5mA) to pass
through LED1. The LED therefore
glows weakly, showing both that the
power is turned on and that the coun-
ter has been correctly reset. The LED
goes out for the duration of the slave
flash trigger pulse but it comes back on
again as soon as the counter resets.

The complete circuit draws only
about 4mA from the 9V battery, which

should therefore give a very long
service life.

Construction

As can be seen from the photos, all
of the slave flash trigger’s circuitry fits
on a small PC board which measures
76 x 45mm and is coded 560 (avail-
able from the EPE PCB Service). The
board has cutouts in each corner so
it fits snugly inside a standard UB5-
size plastic jiffy box, with the battery
underneath.

Programming switches S4-S8 and
power switch S1 are actually all part
of an 8-way DIL switch, making it
cheap and compact. This is mounted
in the centre of the board. The left-
most switch is the power switch (S1),
while the five nearest the right-hand
end are used for programming (54-58).
The two remaining switches (S2 & S3)
are not used.

Photodiode PD1 is mounted at the
top of the board (Fig.2). A pair of PC
board terminal pins and the diode’s
very short leads soldered to the pins
so that the top surface of the diode is
6mm above the board.

The complete PC board assembly is
mounted behind the lid of the jiffy box,
using four M3 tapped Nylon spacers
6-3mm long. The spacers are attached
to the lid using four 6mm x M3 ma-
chine screws with countersink heads,
while the board is fitted to the spacers
using four round head 6mm x M3 ma-
chine screws with lock washers.

The lid has a central rectangular
cutout to allow easy access to the
switches and small circular holes
top and bottom — one to allow light
to reach PD1 and the other to allow
LED1 to protrude through and be seen.

Table 2: Capacitor Codes
Value pF Code EIA Code IEC Code

100nF 0-1uF 100n
10nF (0-01pF) 10n
4.7nF  (0-0047yF) 4n7

104
103
472

Table 1: Resistor Colour Codes

a No. Value 4-Band Code (1%) 5-Band Code (1%)

J 1 100kQ brown black yellow brown brown black black orange brown
Jd 1 47kQ yellow violet orange brown yellow violet black red brown

d 6 10kQ brown black orange brown brown black black red brown

J 2 2.2kQ red red red brown red red black brown brown
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This is the fully-assembled PC board, ready fof mounting inside the case. The
DIL switch sets the number of flashes from the main flash unit before the slave is

triggered (see text).

The board mounting details should be
fairly clear from Fig.3.

By mounting the board assembly
only 6-3mm behind the box lid, we
provide just enough room inside the
box to fit the 9V battery — plus a sheet
of thin plastic to ensure that the bat-
tery case can’t short out any of the
board wiring.

Assembling the board

The location of all of the parts on the
PC board is shown in Fig.2. Note that
because the board must be mounted
only 6:3mm behind the case lid, some
of the taller parts have to bent over so
that they fit into this space.

We suggest you begin assembling the
board by fitting the PC board terminal
pins. There are two on the left side of
the board for battery connections and
another two on the right for the flash
trigger output lead connections. Plus
two more pins at the top centre for the
BP104. If the tops of all six pins are
longer than 6-:3mm, cut them so that
they are only about 5mm long.

Now you can fit the resistors, which
all mount flat dowr: against the board.
This is also the case with the diodes.
which all mount with their cathode
ends towards the top the board.

The capacitors can all be fitted
next. Note that the 100uF electrolytic
mounts on its side as shown and make
sure you get the polarity right.

Next, fit the SCR. It mounts with its
“metal insert” face down against the
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board. All three leads are bent down at
90° at a distance of 5mm from the body,
so they pass through the board holes.
The device itself is held down using a
6mm x M3 machine screw and nut.

IC1 and IC2 can be fitted next, tak-
ing care to fit them the correct way
around. Observe the usual precautions
to avoid damage due to static charge,
too — remember that both devices are
CMOS types.

Now fit the three transistors. These
all have to be mounted leaning over
so they will allow the board assembly
to be fitted only 6-3mm behind the
case lid.

For the two PN100 devices, this is
achieved by carefully bending their
three leads so the centre base lead is
about 3mm shorter than the other two
when they are passed down through
the board holes. In other words these
transistors have their leads bent so

The 9V battery sits in the bottom of the case and is wedged in position using
pieces of foam. A sheet of plastic is then fitted over the top of the battery, to
prevent it shorting against the bottom of the PC board.
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Fig.3: the PC board is attached to the lid of the case on 6.3mm spacers
and secured using machine screws, nuts and washers.
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The close-up view shows the completed assembly, just before it is fitted to the

case. The flash trigger lead emerges through a small semicircular notch near

the top centre of one side of the jiffy box.

they are mounted leaning back, with
the short base lead underneath and
the two longer leads bending down
at about 60°.

There isn’t space to mount the
PN200 transistor Q3 in this way,
because it’s quite close to one of the
Nylon mounting spacers. So Q3 has
all three leads bent at 90° towards
the emitter side, so it can be mounted
“side on” with its body between 1C2
and the 100kQ resistor. The flat side of
the body is towards the 100kQ resistor,
with the emitter lead lowest and the
collector lead uppermost.

The 8-way DIL switch is fitted next,
taking care to fit it with the ‘ON’ side
of the switches towards IC1. Also
make sure when you’re soldering its
pins to the board pads that you don’t
accidentally link the pads with fine
solder bridges.
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Now fit photodiode PD1; cut off both
PC board pins at a point 3mm above
the board. Then very carefully bend the
leads of the BP104 down at right angles
about 1mm from the body and solder
them to the PCboard pins. The flat top of
the diode should be horizontal and just
6mm above the top of the board. Make
sure you solder the diode’s cathode lead
(the one with the small side tag) to the
pin furthest from transistor Q1.

With the photodiode fitted, only two
steps remain to complete the PC board
assembly. One is to fit the 3mm Ready
LED, making sure that the longer an-
ode lead is nearest to the 2.2k series
resistor and the “flat” side of the body
is towards the 10kQ resistor. Also take
care that you solder the leads with the
LED and its leads truly vertical, and
with the bottom of the LED’s body just
5mm above the board.

The final step is to connect the 9V
battery clip lead, the wires of which
connect to the PC board terminal pins
over on the lefthand side. Note that the
red wire connects to the lower pin (ie,
the one nearer the two 100nF capaci-
tors), while the black wire connects
to the upper pin (nearer the 100uF
electrolytic).

Preparing the case

Your board assembly should now
be complete, and you can put it aside
while you prepare the box lid. If you're
building the project from scratch,
this will involve drilling and cutting
the required holes using the drilling
template of Fig.4 as a guide.

Note that the four 3mm holes for
the board mounting spacer screws are
countersunk at the top, so that the tops
of the screws will be flush with the
lid’s upper surface. This allows them
to be hidden beneath a stick-on front
panel if one is used.

Once the lid is prepared, you can
attach the four 6-3mm tapped Nylon
spacers to it using four 6mm x M3
countersink-head machine screws
plus four M3 flat washers (see Fig.3).
Then you should be able to mount the
PC board assembly on the four spacers
in turn, using four 6mm x M3 round-
head screws and lockwashers.

There’s only one remaining step
before you can test the trigger unit
and finish its assembly. This is to fit
a suitable output lead, to connect to
the external flash unit it will be trig-
gering. The main requirement here is
that this lead will need to be fitted at
the far end with a connector to suit the
trigger input of the flash unit.

If the flash unit has a conventional
3mm concentric connector, your best
approach is probably to buy a short
flash extension lead from a photo-
graphic store and cut off the unwanted
connector so the wires at the free end
can be soldered to the output pins on
the trigger unit board.

On the other hand, if your flash unit
is only fitted with a “hot foot” connec-
tor, you will have to either salvage a
matching “hot shoe” connector from
a junked camera or make one your-
self. This could be done with some
pieces of blank PC board laminate or
some 1mm sheet brass and a piece of
insulating material. That done, the
hot shoe connections can be wired to
the trigger unit’s output pins with a
length of shielded audio cable.
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Checkout time

Ready to rol}? Make sure that all
the DIL switches are set to Off (down)
and connect a 2V battery to the clip
lead. That done, switch on S1, set
timing switch S4 to On (leave S5-S8
Off) and check that the green Ready
LED lights.

Now connect your slave flash unit to
the trigger unit’s output lead and turn
on its own power switch so the flash
capacitor becomes charged and ready
for action. Also get your camera ready
and set it for flash operation.

To check out the trigger unit’s basic
operation, set timing switch 5S4 only
to the On position and then press
the shutter release of the camera to
produce a flash (or more than one, if
it's only capable of working in red-
eye reduction mode). You don't need
to aim the camera flash at the trigger
unit’s sensor — aiming it at the ceiling
should be fine.

As scon as the camera’s flash (or
first flash) occurs, you should also see
the slave flash fire. Assuming this is
the case, your trigger unit is probably
working correctly.

If not, you may have made a wiring
mistake somewhere. Perhaps vou’ve
connected acomponent the wrong way
around or bridged a couple of tracks on
the board with a whisker of solder. So
turn off the flash unit and disconnect
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it from the trigger unit, then unclip
the trigger unit’s 9V battery and look
for the problem.

Once the trigger unit is operating
correctly, you can then set the DIL
switches so that the trigger unit only
operates the slave flash in response
to the camera’s main flash. Of course,
if the camera is able to be operated
in normal single-flash mode, there’s
nothing further to be done.

Setting the flash count

You've already set the trigger unit
to respond to the first camera flash,
by turning on only DIL switch S4. As
you've probably realised by now this
is the correct setting for cameras that
can operate in this mode.

Even if your camera can only operate
in multi-flash red-eye reduction mode,
it’s still quite easy to find the correct
switch setting. You don’t have to count
exactly how many flashes the camera
does produce for each shot. Just havea
guess and set the trigger unit’s switches
initially to that figure.

Forexample, if vou think it produces
five flashes in all (four pre-flashes and
the main flash), turn on switches S4
(1) and S6 (4). Then press the camera’s
shutter release to take a ‘shot’, and see
if the slave flash is triggered.

If it does fire, you’ve either guessed
the total number of camera flashes

Parts List

1 PC board, code 560, available
from the EPE PCB Service,
45 x 76mm

1 Jiffy box, UBS5 size (83 x 54 x
28mm)

1 8-way DIL switch (S1, S4-S8)

1 9V alkaline battery, 916/PP3
type

1 battery clip lead to suit

6 PC board terminal pins

4 6-3mm M3 tapped spacers
(Nylon)

4 6mm x M3 screws, countersink
head

4 6mm x M3 screws, round head

1 6mm x M3 machine screw &
M3 nut

4 M3 flat washers

1 flash trigger lead with
connector

Semiconductors

1 4024 binary counter (IC1)

1 4093 quad Schmitt NAND
(IC2)

1 C106D 400V SCR (SCR1)

2 PN100 NPN transistors
(Q1,Q2)

1 PN200 PNP transistor (Q3)

1 BP104 or photodiode (PD1)

1 3mm green LED (LED1)

5 1N4148 diodes (D1-D5)

4 1N4004 diodes (D6-D9)

Capacitors

1 100uF 16V electrolytic

3 100nF (0-1uF) MKT polyester
1 10nF (0-01uF) MKT polyester
1 4.7nF (0-0047uF) MKT

polyester
Resistors (0-25W, 1%)
1 100kQ 6 10kQ
1 47kQ 2 2-2kQ

correctly or you have underesti-
mated.

To find out which, increase the
switch setting by one (ie, S4 off, and S5
and S6 on, for 2 + 4 = 6) and try again.
If the slave flash still operates, you did
underestimate the number of camera
flashes the first time — so increase the
setting by one more and try again.

Conversely, if the slave flash doesn’t
fire this second time, your previous
guess must have been correct. In this
case, return the switches to their pre-
vious setting and your trigger unit is
correctly set up.
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In short, the correct setting for the
trigger unit’s flash count programming
switches is the highest count that still
results in the slave flash being trig-
gered for each flash shot — because it’s
being triggered on the last and ‘main’
camera flash.

Final assembly

Once you've completed this check-
out and setting up procedure, your

This view shows
how the 9V
battery is wedged
in position using
polystyrene foam.
Note the semi-
circular groove
in the back of the
case for the flash
trigger lead.

trigger unit is ready for final assembly.
Just before doing this, though, you’ll
need tc file a small semicircular
notch near the top centre of one side
of the jiffy box, to allow the output
trigger lead to exit the box when it’s
assembled.

To work out exactly where the
notch should be located, offer the
lid and PC board assembly up to
the top of the box, and mark the

position where the lead will need to
exit for minimum strain on the lead
and the connections. Then file the
notch with a rat-tail file, making it
only just large enough for the lead
- so that when the lid is screwed to
the box, the lead will be securely
clamped.

Now place the 9V battery (still
connected to the trigger board via
the clip lead) in the centre of the
box and cut four small pieces of
expanded polystyrene foam to go
around it and hold it in position.
That done, cut a piece of thin sheet
plastic to the same size and shape
as the trigger unit PC board, to pro-
vide an insulating layer above the
battery.

You can now fit the lid/board
assembly to the box, winding the
battery lead carefully around so it
doesn’t get caught between the edge
of the lid and the box rim. The final
step is to fit the four screws provided
with the box, to hold everything to-
gether firmly.

Your Slave Flash Trigger unit is now
ready for action. EPE

Lichfield Electronics

For electronic kits, components and tools

2006 Catalogue available £1 irc.

5 x Miniature slice switches
3 x BFY50 transistors
4 x W005 1-5A bri
20 x 2-2/63V radial . Caps
3 x W04 1-5A bridge rectfinrs
2 x CMOS 4017
5 Pairs mun. crocudile clips
(Red & Biack)
5 Pairs min.crocodile clips
assorted colours)
10 x ZN3704 transistors
5 x Stripboard 9 sirips x
25 holes
4 x 8mm Red LEDs
4 x 8mm Green LEDs
§ x 3mm Yeliow LEDs
13 x BC548 transistors
a4 x Stripboard, 14 strips x
27 holes

10 x 2ZN3904 transistors
10 x 2N3906 transistors

2 x C108D thynstors

2 x LF351 Op.Amps
20 x tN4003 dicdes

S x BC107 transistors

5 x BC108 transistors

8 Metres 18SWG solder

4 x Standard shde switches
10 x 220/25V radial elect. caps
20 x 22/25V radial etect. caps
20 x 183V radiab elect. caps
10 x 1A 20mm quick biow fuses
10 x 2A 20mm quick blow fuses

5 x Phono pluga - asstd colours
20 x 4-7/83V radial elect. caps.
20 x BC547 transistors
15 x BC239 transistors

4 x 5 metres solid core wire

3 x CMOS 4066

3 x 10mm Yellow LEDs

8 x 20 pin DIL sockets

5 x 24 pin DIL sockeis

5 x 2-5mm mono jack plugs

5 x 2-5mm mono jack

Aoyue 909 All in on
The 909 repair system contains a high quality
closed circuit 0 to 15V 1.5A power supply, 35W
. temp controlled 24V soldering iron (200-480C)
m and a 450W 100-500C Hot air gun for SMD work

2" 1£99.99
Aoyue 936 Soldering Iron

This temperature controlled 35W soldering iron
Has a range of between 200C-480C and comes
complete with spare heating element and iron
holder. Very simple to use and only £2 4 99

WWW LICHFIELDELECTRONICS.CO. Ul(
Work station & 0-15V PSU

The Aoyue 398 Power Source Platform is a
combined 0-15V closed circuit power supply &
work table with stepless PCB clamps.

£34.99

The UT60 is an autoranging multimeter with R$232
interface enabling readings to be displayed on a PC.
Features include fused 10A range, frequency.
capacitance, data hold, selectable auto/manual ranging,

. FREE COMPONENTS
Buy 10 x £1 Special Packs and choose another one FREE

8Pt 15 x 5mm Red LEDs SP135
sP2 12 x 5mm Green LEDs SP138
SP3 12 x 5mm Yellow LEDs 8P37
SP5 25 x 5mm 1 part LED clips SP138
SPé 15 x 3mm Red LEDs SP140
SP7 12 x 3mm Green LEDs SP142
SP8 10 x 3mm Yellow LEDs SP143
SP9 25 x 3mm 1 part LED clips
SP10 100 x 1N4148 diodes SP144
SP11 30 x 1N4001 diodes
SP12 3C x 1N4002 diodes SP146
SP18 2C x BC182 transistors SP147
SP20 20 x BC184 transisiors
SP23 20 x BC549 transistors SP151
SP24 4 x CMOS 4001 SP152
SP25 4 x 555 uimers SP153
SP26 4 x 741 Op. Amps SP154
$P28 4 x CMOS 4011 SP156
SP29 3 x CMOS 4013
SP33 4 x CMOS 4081 SP180
SP34 20 x 1N914 diodes SP161
SP36 25 x 10/25V radial elect. caps SP164
SP37 12 x 100/35V radiai elect. caps. 3P165
SP38 15 x 47/25V radial eiect caps SP166
SP39 10 « 470/16V radial alect. caps. 3P167
SP40 15 x BC237 transistors SP168
SP41 20 x Mixed transistors SP171
SP42 200 x Mixed 0:25W C F. resistors SPi72
SP47 5 x Min. PB switches SP173
SP49 4 x 5 metres stranded core wire SP174
SP101 8 Metres 22SWG svider SP175
SP102 20 x 8-pin DIL sockets SP177
SP103 15 x 14-pin DIL socke's SP178
SP104 15 x 168-pin DIL sockats SP18
SP105 4 x 74L800 SP182
SP109 15 x BC557 transisiors SP18
SP112 4 x CMOS 4093 SP187
SP115 3 x 10mm Red LED3 SP18¢
SP116 3 x 10mm Green LEDs SP192
SP118 2 x CMOS 4047 SP195
SP124 20 x Assorted ceramic disc caps SP197
SP126 6 x Battery clips ~ 3 ea. SP198

PP3 + P SP199
SP130 100 » Mixed 0-5W C.F. resistors SP200
8P131 2 x TLO71 Op.Amps
SP133 20 x 1N4004 diodes
SP134 15 x 1N4007 diodes

RESISTOR PACKS — C.Film
RP3 5 each value - total 365 0-25W  £3.30
RP7 10 each vaiue - total 730 0-25W £4.55
RP10 1000 papular values 0-25W £8.45
RP4 5§ each value-total 345 0-5W £4.20
RP8 10 each value-total 680 0-5W  £3.85
RP11 1000 popular values 0-5W £3.70
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P&P or FREE with first order
P&P £1.50 per order. NO VAT
Cheques and Postal Orders toc

Sherwood Electronics,
7 Williamson St., Mansfleld,
Notts. NG19 6TD.

continuity buzzer and full icon display. £64.99
Open Mon-Sat: 9.00-5.00

Lichfield Electronics, The Corn Exchange, Conduit Street,
Lichfield. Staffordshire, WS13 6JU
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ELECTRONICS MANUALS ON CD-ROM £29.95 EACH

ELECTRONICS SERVICE MANUAL

THE MODERN ELECTRONICS MANUAL

- “ e = s aem
ESM e |
ELECTRONICS
SERVICE MANUAL

A practical reference manual on
electronk's servicing techniques

Everything you need to know to get
started in repairing electronic equipment

e Around 900 pages ® Fundamental principles ® Troubleshooting
techniques @ Servicing techniques ® Choosing and using test
equipment ® Reference data @ Manufacturers' web links

® Easy-to-use Adobe Acrobat format e Clear and simple layout
e Vital safety precautions @ Professionally written ® Supplements

SAFETY: Safety Regulations, Electrical Safety and First Aid.
UNDERPINNING KNOWLEDGE: Electrical and Electronic Principles,
Active and Passive Components, Circuit Diagrams, Circuit
Measurements, Radio, Computers, Valves and Manufacturers' Data,
etc. PRACTICAL SKILLS: Learn how to identify Electronic
Components, Avoid Static Hazards, Carry Out Soldering and Wiring,
Remove and Replace Components. TEST EQUIPMENT: How to
Choose and Use Test Equipment, Assemble a Toolkit, Set Up a
Workshop, and Get the Most from Your Muitimeter and Oscilloscope,
etc. SERVICING TECHNIQUES: The Manual includes vital guidelines
on how to Service Audio Amplifiers. The Supplements include similar
guidelines for Radio Receivers, TV Receivers, Cassette Recorders,
Video Recorders, Personal Computers, etc. TECHNICAL NOTES:
Commencing with the IBM PC, this section and the Supplements deal
with a very wide range of specific types of equipment — radios, TVs,
cassette recorders, amplifiers, video recorders etc. REFERENCE
DATA: Diodes, Small-Signal Transistors, Power Transistors, Thyristors,
Triacs and Field Effect Transistors. Supplements include Operational
Amplifiers, Logic Circuits, Optoelectronic Devices, etc.

/ SPECIAL
OFFER

Order both Manuals
together and

SAVE £10

The Modern t

The essential reference work for
everyone studying electronics

e Over 800 pages ® In-depth theory e Projects to build ®
Detailed assembly instructions ® Full components
checklists ® Extensive data tables ® Manufacturers’ web
links ® Easy-to-use Adobe Acrobat format ® Clear and
simple layout ® Comprehensive subject range e
Professionally written ® Supplements

BASIC PRINCIPLES: Electronic Components and their
Characteristics; Circuits Using Passive Components;
Power Supplies; The Amateur Electronics Workshop; The
Uses of Semiconductors; Digital Electronics; Operational
Amplifiers; Introduction to Physics, including practical
experiments; Semiconductors and Digital Instruments.
CIRCUITS TO BUILD: The Base Manual describes 12
projects including a Theremin and a Simple TENS
Unit.

ESSENTIAL DATA: Extensive tables on diodes,
transistors, thyristors and triacs, digital and linear i.c.s.
EXTENSIVE GLOSSARY: Should you come across a
technical word, phrase or abbreviation you're not familiar
with, simply look up the glossary and you'll find a
comprehensive definition in plain English.

The Manual also covers Safety and provides web links
to component and equipment Manufacturers and
Suppliers.

Full contents list available online at: www.epemag.wimborne.co.uk

SUPPLEMENTS: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of

electronics are available for £19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you.

Presentation: CD-ROM suitable for any modern PC. Requires Adobe Acrobat Reader which is included on the CD-ROM.
Wimborne Publishing Ltd., 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562.

r———————————l—————————————————————————————————

PLEASE send me

[C] THE MODERN ELECTRONICS MANUAL CD-ROM
[C] ELECTRONICS SERVICE MANUAL CD-ROM

ordering both together).

{PLEASE PRINT)

v
[}
2]
-
[2]
[}
=)
m

[] Please charge my Visa/Mastercard/Amex/Diners Club/Switch/Maestro

N - Dwwers (b
burmavns

I enclose payment of £29.95 (for one Manual) or £49.90 for both Manuals (saving £10 by

GRS | S e e aaaad annna0 A 008 ne 8088800800 80888080000 80000800

L1 | s s AR AA A A H AR A A0 A0E AR BAG 880008 80880000008808608000086068880

SIGNATURE ... ... i i i et ittt e it eiee ceneanas
[J1 enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd.

ORDER FORM

Simply complete and return the order
form with your payment to the
following address:

! Wimborne Publishing Ltd,
408 Wimborne Road East, Ferndown,
Dorset BH22 9ND
Price includes postage to anywhere in
the World

We will happily exchange any faulty
CD-ROMSs but since the content can be printed
out we do not offer a refund on these items.

Your CD-ROM(s) will be
posted to you by first class

CardNO ... i i i i i i e s Switch/Maestro IssueNo ...... A . .
mail or airmail, normally
Valid From ............. Expiry Date ............... within four working days of
L Card Security Code ............ (The last 3 digits on or just under the signature strip) I'ECEIpt of Al order
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Build a cireChip

eGhip Review

T IS difficult to categorise the eChip

training system. Although it is an
educational system based on PIC mi-
crocontrollers, it is not intended as a
means of learning about PICs. Strangely
perhaps. it is designed to teach the
user how to utilize conventional logic
circuits to build practical devices.

These days most students learn about
logic circuits by either using computer-
based circuit simulators, or by reading
about them in textbooks. Hands-on
experience is strictly limited due to
time and cost considerations. The
purpose of this system is to provide a
form of hands-on experience, but more
cheaply and quickly than using the
“real thing”.

Basic idea

The basic idea is to design a logic
circuit and produced the circuit dia-
gram using a computer-based system.
Next the circuit is compiled into PIC
code, and transferred to the hardware.
The latter is, of course, a simple PIC
based circuit, which is then used to
emulate the logic circuit. The PIC
microcontroller version of the circuit
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By ROBERT PENFOLD

avoids the substantial amount of time
it would take to solder together the
real thing. On the other hand, it does
provide something more tangible than a
simulation. Although vou have what is
still essentially a form of simulation, it
does at least have real switches, lights,
or whatever.

The real thing?

Unfortunately, despite its advantages,
there is no getting awayv from the fact
that the hardware side of this system
is not quite the real thing. It does have
inputs and outputs that behave in the
appropriate fashion. However. any
inputs and outputs that are purely
internal parts of the circuit cannot be
accessed and checked because they
do not even exist in virtual form. It is
the overall action of the circuit that is
simulated and not the individual build-
ing blocks.

You certainly avoid the time taken
up designing circuit boards and solder-
ing everything together, but you also
lose the experience that this provides.
No doubt some will consider that this
lack of practical experience renders

'World Radio Histol

the system invalid, but it is certainly
one step closer to the real thing than
using a system that is solely based on a
computer simulation. You have to make
up your own mind as to whether the
eChip system represents a worthwhile
compromise.

Whatever your feelings about its other
merits, a big plus point for this system
is that it is very easy to make changes
to circuits. In many cases it is just a
matter of reprogramming the PIC chip,
with no actual hardware changes being
required. It is also possible to “build”
and to test a wide range of systems in a
short space of time. It is probably pos-
sible to cover almost as much ground
as using a pure simulation, but with
the eChip system you have a degree of
practical experience.

How it works

That is the rationale behind the sys-
tem, but how well does it actually work
in practice? The software is provided
on a mini CD-ROM, which auto-runs
and produces a Welcome screen. This
provides some general information
about the system, and links that are
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used to install the software in standard
Windows fashion.

The software is not particularly
demanding in terms of the required
hardware, and the system should
work perfectly well with any PC that
is capable of running a modern ver-
sion of Windows. As with any system
that involves drawing on-screen circuit
diagrams, a high-resolution screen is a
decided asset.

Hardware

The hardware side of the system con-
nects to the PC via a standard nine-pin
serial port. For most users this is a good
choice, because most PCs have a spare
serial port these days. Unfortunately.
it is increasingly common for new PCs
to lack a serial port. In most cases the
serial port hardware is actually present
on the motherboard, but the sockets and
leads to make the connections to the
outside world are not always included
as standard.

Due to a lack of serial ports on my
newly acquired PC I had to revert to
an older PC for this review, although I
did eventually mange to get hold of the
optional serial portback-plate and leads
for the new PC. Using a USB connection
for this system would have provided
better future-proofing.

The system supplied for review con-
sists of two main parts, one of which
isan RS232C Interface board (Photo.1).
This really just acts as a level shifter
that enables the second unit to handle
the nominal plus and minus 12V signal
levels of an RS232C serial port.

The second PIC Prototyping board
(Photo.2) contains the PIC chip, and
the latter handles the serial encoding
and decoding as well as providing the
hardware circuit simulation. This board
has a prototyping area that measures
about 40mm by 40mm. This area can
be used to accommodate LED displays,
switches, or whatever, so that the
simulated circuit can be tested. Both
boards are nicely made, but they are
constructed from a very thin grade of
copper laminate board. Something a bit
tougher might have been a better choice
for the PIC board.

Connections

The supplied lead provides the con-
nection from the 9-pin serial port to the
3-way connector of the Interface board,
but it is a bit short at only about 0-5 me-
tres in length. A lead two or three times
longer would be more convenient in
use. A simple three-way lead intercon-
nects the interface and PIC boards.

The Interface board requires a PP3
battery or six AA size cells in a holder.
A separate supply is required for the
PIC board, which can be four AA size
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Photo 1. The main RS232 Interface printed circuit board for the eChip

training system
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Photo 2. The PIC printed circuit board has a prototyping area and requires a

separate voltage supply

cells in a holder. Of course, an addition
supply or supplies might be needed
if the unit is used to control motors,
solenoids, etc.

Programming

Although eChip is PIC-based, there
is no associated programming language.
The system needs a circuit to emulate,
but this is produced by drawing the cir-
cuit using the eChip program (Photo.3).
The program generates the appropriate
code for each circuit produced. The
user can therefore concentrate on the
logic circuit side of things, and largely
ignore the fact that the final hardware
is PIC based.

The eChip program has the usual
menu bar at the top with a toolbar
beneath. There are four moveable and

resizable windows in the main screen
area, and one of these is used to pro-
duce the circuit diagram. Anotherhasa
scrollable palette containing the various
logic building blocks. These include
such things as gates. latches, and an
astable, plus input and output ports so
that the circuit can be connected to the
outside world. The third window actsas
a status area for system messages, and
the fourth contains the ICE (in-circuit
emulator). This provides direct control
of the eChip outputs and is used for
faultfinding and testing.

In order to produce a circuit diagram
itis first a matter of dragging some logic
blocks from the palette window into
the drawing area. The connections be-
tween the various circuit elements are
produced by left-clicking at each start
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Photo 3. A circuit drawn using the eChip program. The dialogue box

shown is for an Astable

point and dragging a line to the finish
point. If a mistake is made or a circuit
has to be modified it is easy to delete a
line or change its start and finish points.
In other respects the routing facilities
are very basic, but as this system would
not be used to produce complex circuits
they should be adequate.

Adjustable parameters

Some of the circuit blocks have pa-
rameters that can be adjusted. With an
astable for example, the frequency can
be altered. Where appropriate, double-
clicking a symbol in the drawing area
brings up a dialogue box that enables
any adjustable parameters to be set to
the required figures. In the example of
Photo.3, the dialogue box is for an asta-
ble. The period of one cycle can be set
between one and 250 milliseconds, and
the corresponding frequency is shown
in the dialogue box.

Having produced a circuit it is then
just a matter of using the Compile
function to produce the correspond-
ing program and upload it to the PIC
board via the Interface board. It is
only necessary to have the PIC board
connected to the rest of the system
when communication with the PC is
required. In other words, when using
the ICE facility, programming the PIC,
or something similar.

The PIC board can be disconnected
from the Interface board once the pro-
gram for a circuit has been uploaded.
It then provides a standalone simula-
tion of the circuit. A small pushbutton
switch on the PIC board enables the
circuit to be reset.
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Manuals

The documentation is in the form
of several Adobe PDF files rather than
printed matter. The Adobe Acrobat
Reader program is needed in order
to view these files, but most PCs will
already have this software installed.
For those that do not already use this
program it is included on the mini
CD-ROM. If you prefer manuals of the
paper variety it is easy to print the files
via the reader program.

The “manuals” are brief and to the
point, but they are clear, well written,
and tell you everything you need to
know to set up and use the system.
There are a few simple examples to
help test the system and get the user
underway, but the eChip system is
not intended to be used on its own as
a system to teach students all about
logic circuits. It is designed to be used
as part of a course, and to operate
in conjunction with suitable course
material.

Conclusion

This system works well enough and
“does what it says on the can”. If you
are happy with the concept of the eChip
system then you will almost certainly
find it well worth the money. It provides
plenty of scope to *“do your own thing”,
which is important for any system that
will be used in a learning environment.
It is firmly aimed at educational estab-
lishments, where the potential time
and cost savings will be important. The
eChip system would seem to have lim-
ited appeal for individuals wishing to
learn about conventional logic circuits,

as they would presumably opt for the
real thing.

There were one or two minor causes
for concern when testing the review
system. The choice of a serial interface
for communication with the PC is less
than ideal. PC game ports are now
long-gone, and serial ports seem to be
next on the “hit list”. As things stand,
most PCs have at least one serial port,
but they are becoming rare on new PCs.
This could make it difficult to keep the
system in use for years to come.

There were a few strange problems
with start-up errors when testing the
system with three different PCs. For
example, the program will not start if
no printer is installed, or if the default
printer is offline. Making the software
a little less pernickety would make it
quicker and easier to get the system “up
and running”.

Availability

The eChip system is available from
IFX Systems, 15 Willow Tree Close,
Keighley, BD21 4RZ, and also from
Rapid Electronics. Further details can
be obtained at www.echip,org.uk.

The kit containing the software, both
boards, and the two leads costs £40 plus
VAT. Various individual components
are also available. EPE

ANDRE LAMOTHE'S

XGAMESTATION

LEARN STEP-BY-STEP HOw TO DESIGN
AND BUILD YOUR OwWN VIDEO GAME CONSOLE!
Design Inspired by the Atari 800,/2600,
Sinclair ZX Spectrum, Apple Il & Commodore 64!

FEATURES: %" ’/

* Great for Hobbyists AND Students!

* Complete Software Development Kit!
+ eBook on Designing the XGS Console! 4L Q
« Parallax SX-Key Compatible!

* Fully Assembled XGS Micro Edition Um!’

*The Fun Way to Lear Embedded Systems'
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’9L
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WWW.XGAMEST TIDN EDM

SUPPORTIUNURVE.NET |PH 925.736.2098u54
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‘READOUT "™

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!
kAll 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 14H to 10H, capacitance
from 1pF to 10,000uF and resistance from

1Q to 2MQ with a basic accuracy of 1%.

www.peakelec.co.uk Y,

[~y ''a) o ] ——lh----—.—.—\

eV

—

Digital Terrestrial TV

Dear EPE,

May I thank David Sharp (Readout,
Dec ’05) for his kind remarks, and
George Chatley for a balancing view.
Typical, is it not, for Londoners to
think that what’s good for them is also
best for everyone else!

David adds some very interesting and
educational information to the debate,
but unfortunately can be interpreted as
an advocate for analogue switch off.
With the analogue channels out of the
way, the power can be turned up on the
digital channels and all the problems
will largely disappear — digital is digital
after all, and fairly robust until the bit-
stream dies completely.

However, only recently has the ex-
boss of Channel 5 gone public with his
opinion of the extraordinary cost of ana-
logue switch off. With the steamroller
apparently unstoppable, 1 have begun
considering how it can be lived with —
not so much for myself, I can find other
things to do — but for those around me.

I have a grandmother in her 90s, and
a close relationship with a lady in her
80s, so 1 have first hand experience of
how badly elderly people react to
things that change.

First of all, my grandmother’s TV
doesn’t have a SCART socket, so just
plugging in a Freeview box is a non-
runner. Even if it was, and some kind
person (me!) sets it up so that button
“I” gives you BBC 1 etc, just press the
wrong button by accident and the
menus that come up will cause no end
of confusion and trouble. Before that,
of course, the TV itself would need
switching to the AV input. Will a TV
with built-in Freeview be any easier to
operate? Who is going to pay for it?

My 80 year old has a number of TVs
around the house, only one of which
has SCART (neither of my own TVs
have SCART, and neither is in immi-
nent need of replacement). The aerial
system is fed around the house with a
series of splitters and distribution
amplifiers, having first “visited” the
VCR so she can watch video playback
(and the security camera) anywhere in
the house. If the non-SCART TVs were
replaced, and digiboxes fitted every-
where (at what cost?), would the aerial
distribution be up to the job? I don’t
think this scenario can be all that rare.

% LETTER OF THE MONTH *%

I have a solution, not cheap. but it
would address the problems and make
analogue switch off a relatively
smooth and trouble free process. The
answer is to mass-produce a box that
takes a digital aerial feed at one end,
decodes the bitstream into the four ter-
restrial channels (or five if you insist!),
and outputs them simultaneously on
separate UHF channels for direct con-
nection to the aerial input of a normal
TV/VCR. It should do this from
power-up without user intervention,
and even better if it can be configured
to output on the same frequencies that
are used in the area (saves retuning
TVs, but not an essential). TVs etc
would then work just the same, with
no need for retraining the users. except
maybe the lack of Teletext, Nicam
stereo, or PDC.

I reckon I can do this (more or less)
using four Freeview boxes and four
UHF modulators, but surely such a box
could be manufactured for the cost of,
say, two Freeview boxes. These boxes
should then be available for sale, and
issued free to households that get win-
ter fuel allowance or free TV licensing.
It may also be of interest to hotels
with distribution amplifiers feeding
hundreds of rooms. | would buy one!

Ken Wood, via email

1 do agree with you Ken — I too have
one of the many varieties of a Freeview
box and am constantly left with the
feeling that there must be better ways
of doing things. But I must add that |
do periodically welcome the addition-
al channels that | can get.

I also have the problem that the
remote control with the Freeview does
not seem to have the range that I've
become used to with other remotes
around the house, and in a largish
lounge it does mean that the set has to
be maintained in a more constant posi-
tion than other equipment that I have.

No doubt having a combined unit
would be useful  but then I dare say
that 1 shall eventually update the
analogue TV to one suited to digital.
I’m left with the feeling, though, that
Sfollowing on frecm what Mark Nelson
reported in Techno Talk Dec '05, the
time is not yer ripe for that. So |
guess I’ll live with the situation for

the time-being.
J
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Teach-In 2006 Feedback

Dear EPE,

Referring to the December "05 issue, 1
am delighted to see the Teach-In 2006
electronics course (have been really
interested in electronics but never put in
a lot of effort and was quite reluctant to
tackle mathematic calculations in this
domain).

Unfortunately, 1 think I have spotted
an error: on page 844 in Fig.2.10, the
current i/ should be 0-33A and not
0-53A as specified.

Emmanuel, via email

Mike Tooley replied:

Hello Emmanuel, many thanks for
getting in touch. This isn’t an error in the
text — it’s just that your calculations are
not quite right! Let me see if I can
explain:

In Fig.2.10 there are two branches —
one to the left (through R1) and one to
the right (through R2). The current flow-
ing in B1 is the sum of the these two cur-
rents. The current in B2 is the same as
the current in the right branch. Are you
happy with that? Hope so!

So, let’s calculate the current in the
left branch:

The voltage delivered by B1 is 9V. The
resistance in the left branch of the circuit
is 27 ohms. The current in this branch
(let’s call it /1) is then given by:

I =Bl /RI =9V /27 ohms = 1/3A =
0-33A.

In the right hand branch we can calcu-
late the current, /2, from:

12=(Bl-B2)/15=(9-6)/15=
3/15=1/5=02A.

So, to the left we have 0-33A tlowing
and to the right we have 0-2A flowing.
The current in B2 is thus just 0-2A (flow-
ing upwards — i.c. this battery is being
charged) whilst the current in B1 is (0-33
+ 0-2) = 0-53A (flowing downwards —
i.e. this battery is being discharged).

I hope this makes sense! Your input is
much appreciated and 1 do hope that you
enjoy the Teach-In series!

Mike Tooley

Avast Anti-Virus Nightmare

Dear EPE,

I have read your articles with great
interest and downloaded the Avast anti-
virus software that Alan rates so highly
in Net Work.

The nightmare begins! This software
attempted to take over my entire PC. 1
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was unable to surf the Net. It broke my
connection  with my  hardware
Firewall/Router. When [ eventually man-
aged to disable it to enable myself to get
to the Web, it still scanned every web
page and slowed my ADSL to a crawl. It
is the worst piece of software I have ever
used. There was seemingly no way to
uninstall it via Windows XP and it had no
uninstall of its own. I eventually man-
aged to boot to DOS and manually
remove nearly all of its files. Still it man-
aged to screw up my system.

So I had to relent and reformatted my
entire 200GB SATA drive and reinstall
all my programs. What a nice Christmas
present this East European software was!
Well, I have learnt my lesson. I used to
use Norton 2005 but decided to try
“free”, and wow did I really pay!

You get what you pay for in comput-
ing. | reinstalled Zone alarm Pro and
AVG anti-virus and now the system is
working perfectly.

Phil, via email

Alan replied direct to Phil:

I was sorry to hear of your problems
Phil, though you are the only one to have
reported any negative feedback. There is
never enough magazine space to publish
comprehensive review details, so what
you read in half a page may be the result
of months of work beforehand.

Prior to recommending Avast software
to readers, I tested it for many months on
five machines under Windows 98SE, ME,
XP Home Edition and then on two XP
Professional “production” machines. |
found that Avast installed perfectly each
time, it updated itself immediately and
continues to update frequently, and it
detected resident infected files that other
products had missed. Today it catches
some 200 incoming virus emails a day.

Avast is a well established but mod-
estly-publicised product that enjoys a
good reputation. As always, I stand
behind everything that I write, I test out
all products thoroughly before recom-
mending them (or I include caveats as
necessary). | rely on the Internet for a
living so I don’t make recommendations
lightly. Details of other independent tes-
timonials are at www.avast.com/eng/
awards.html and there are nearly 100
user reviews at www.snapfiles.com/
get/avast.html.

1 am surprised if it was felt necessary
to go to the extreme of reformatting a
hard drive. Windows ME and Windows
XP have a System Restore function
allowing users to “wind the clock back”
to an earlier Restore point, to overcome
any perceived installation problems. (see
Start/Programs/Accessories/System
Tools). Avast has an uninstaller that is
accessible via the Control Panel. It
appears that your software installation
wasn’t successfully completed to begin
with, if you were unable to access the
Uninstaller in the normal way.

Without seeing the system I would
only speculate that Avast tried to reach
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out to update itself after installation, and
this action may have been blocked by
your third party firewall software. Or,
your machine was already pre-infected
with an outbound worm, which has satu-
rated your outbound traffic. Of course,
the AVG software you are using is free as
well. I recommended it in the Net Work
article as an alternative choice. If nothing
else, at least we agree that free anti-virus
products can outperform better known
paid-for packages.

Alan Winstanley

More C Feedback

We continue to receive a fair bit of
response to the letters from David
Parkins and Dr Jim Arlow in the Jan *06
issue, both as direct mail, and via our
Chat  Zone (access via www
.epemag.co.uk). As said in Readout last
month, we are taking active steps 1o
bring you a general feature on “Using C
for PICs” later this year. Here is a fur-
ther selection of the feedback:

I think programmers using assembler
produce some exceptional projects and
results. I find assembler difficult and in
past years used to program my Sinclair
spectrum and BBC computers using
Basic. I have little knowledge of C.

One of the sad things that has hap-
pened to our hobby is the replacement of
specialised chips with microcontrollers. |
remember scouring through magazines
and studying circuit diagrams to find
ideas to adapt to my own projects. The
satisfaction of producing one’s own
unique project is unsurpassed! Those
days have gone and now if micros are
used I have to construct a project as pub-
lished or not bother.

Most of us have busy lives and little
time to devote to our hobbies, many of
the high level language compilers appear
to do a lot of the background assembly
for you making the task of programming
and moving between devices and differ-
ent families of microcontrollers easier. |
for one would like to see more in the
magazine about high level languages and
their merits and if possible tutorials
rather like the EPE Teach-Ins.

Programming is a means to an end and
as long as a project functions as desired
the easiest and simplest route must be the
goal of most readers, you wouldn’t throw
away an op.amp and replace it with tran-
sistors. I am not saying abandon asseimn-
bler or that one programming method is
better than another, but give us some
informed choices and an insight into
other programming methods so we can
choose our own paths to meet our pro-
gramming needs.

Dave Larner, Caister On Sea

Like David Parkins and Dr Jim Arlow,
I think that ideally, no-one outside the
manufacturing companies like Sun,
Microsoft, or Microchip should write
anything in assembler. Like the editors of
EPE, 1 accept that the real world is far
from ideal.

While I want to agree with Jim's
enthusiasm for you to “lead the way to a
high level future”, I think it would be
very brave of you to attempt that. 1 think
that emphasis on PICAXE projects rather
than on raw PIC projects is about as
close an approximation as you can
achieve.

At the risk of admitting to be a fool, |
think that the following statements are
both true: only a fool would write in

. assembler: I write in assembler. There

are many reasons | don’t use C — or some
other high level language.

The most important reason is that [
can’t find a suitable development
system that I can afford. Although the
free development system from
Microchip is great value for money
rather than great, economical alterna-
tives seem to be significantly inferior.

For the systems | have examined,
including one that I bought, I find that if
my application is sufficiently trivial that
the system can handle it, then it is so triv-
ial that it is easier to do in assembler.
Conversely, if my application is suffi-
ciently complicated that it would be very
useful to implement it in C, then it is
impossible to implement in any C system
that I can afford, and assembler is the
only option available.

This might be an opportunity for you
to do some reviews of available systems.
I would be very interested to discover the
systems that Jim has found to be “so
readily available”.

A second reason is implied by my use
of the word “system’™ above, rather than
the word “language”. My experience is
that the choice of language is relatively
unimportant. The important criterion is
the total time from initial idea to deliver-
ing it to the customer, and issues like
debugging tools and in-circuit program-
ming become more important than issues
like language.

I think that this is why the PIC has
been so successful and why it would be
a brave move to develop projects for
other processors. I think that this is an
issue where it is reasonable to expect
the suppliers, not you, to take the
initiative. If companies other than
Microchip want to sell their gadgets,
then they need to develop suitable
projects and submit them for you to
publish.

A third reason is implied by the list of
high level languages Jim mentions.
Particularly for a hobby magazine, it is
highly likely that some dialect of BASIC
would be more appropriate than C:
which brings me back to the PICAXE.
Probably, “more PICAXE projects”
would be a more popular and safer strat-
egy than “more projects using raw PICs
programmed in C”.

It is of course useful to remember that
electronics is about a lot more than
microprocessors, and “‘more projects
with no microprocessors™ is also certain
to be popular with many readers.

Keith Anderson, Tasmania,
Australia
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Surfing The Internet

Alan Winstanley

It's Good To Talk

In this month’s Ner Work — the Internet column, I summarise
some of the current trends in Internet telephony for the home user:
how to use the Internet to converse in real time with other users.

A number of peer-to-peer (P2P) services are available that allow
Internet users to converse with each other. Which one to use depends
on what your friends use themselves, and whether your needs are
basic or more demanding. For years, ICQ ("I Seek You™) has been
the trendsetter for communicating with other Internet users. A siall
applet (the buddy list) runs on the PC, Mac or PDA and contains
your contact list. A status indicator shows who’s online, and you
take it from there: message them, chat or talk. or exchange files (P2P
file transfer). It is worth mentioning that P2P anti-virus protection is
worthwhile, which my preferred choice of Avast! offers in the form
of P2P Shield (www.avast.com).

ICQ has evolved into an elaborate package with very many fea-
tures, including voice calls, instant messaging, video, file transfer,
terminal-style chat and PTT (push-to-talk waikie talkie style speech
communications with other users). Even over a 56k dialup link it is
possible to have some fun with interactive ICQ chat, typing mes-
sages into a screen that appears at the recipient’s window: make
sounds play at their end, by pressing a keystroke, and more.

The current version ICQS software can be downloaded free in a
number of language versions from www.icq.com. Other similar
services to consider include AIM (AOL Instant Messenger) at
www.aim.com (vou don’t need an AOL account) or Google Talk,
discussed next.

Voice On The
Net

Improvements in
broadband access are
opening up new territo-
ries in higher-speed
“streaming” communi-
cations in place of sim-
ple static messaging.
Instead of relying on
copper wires and fibre g
optics to carry analogue | jgay

'S Skype™ - alanwinstaniey
Fie few Contacts Tools

ON»O'O

Add Contact Search Conference Chat SendFie Profie

speech from end to end, — - ® Joe

the future trend is

towards VolIP (Voice

over Internet Protocol) — N

speech converted into

packets of data that are i

transmitted over a net-

work. Broadband releas- 0 ® Ellie

es the handbrake on

more user interaction, » Onine LAl

including running © Rachel

decent quality web cams Tate

and voice transmissions.  (above) Skype is the .
Google has launched easiest way to talk or Jil

its own Internet speech video-communicate ~ Leah

service called Google (right) Google talk has |

Talk. Just like the epony- a clean interface that ‘'

mous search engine offers basic messaging
itself, Google Talk has a and voice features for Gmail
simplicity of use that will account holders
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No new events & My Account

“talk’

. Anne -

™M Email
" Mute
Anne: | heard a rumor they're

i Joe: I'll believe itwhen | see it
Anne: You can hear it.. Call me!

be attractive to many users not needing the complexities of ICQ. It
has a simple clean interface designed to let you IM (Instant
Message) or chat (teletype-style), or physically talk to users con-
tained on your contact list. Google Talk has the added benefit, for
some, of directly checking their GMail account.

The service is in beta and some trials by the writer using a micro-
phone and headset were encouraging over a |Mbps broadband con-
nection. A GMail account must be opened before you can fetch
Google Talk from http://www.google.com/talk.

Simply Skype

After Google Talk, Skype is the simplest and neatest introduc-
tion to voice communications via the Internet and is rapidly
becoming the defacto mass market service of choice for small busi-
nesses and consumers. Skype (www.skype.com) is a hugely popu-
lar VoIP service recently bought by eBay, who is not slow to recog-
nise a trend or two. Users can enjoy both voice and video commu-
nications over a broadband connection. The free video calling of
Skype 2.0 means that friends or contacts can now video-communi-
cate in real time. anywhere in the world: and of course, it costs
nothing on top of a flat-rate broadband subscription. They claim
there have been 250 million downloads and there can be four mil-
lion users or more online at a time.

It doesn't stop there: what if you want to talk to someone halfway
around the globe but they don’t have a Skype account? Or Internet
access even? Skype offers “Skype Out™ that enables subscribers to
call traditional landlines or mobiles. You talk “into” the Skype net-
work via a computer but an ordinary landline voicecall is placed at

the other end, for a small tariff.

=] X | As Skype says. it doesn’t matter where
— you are Skyping out from, only where you
are calling to. A “global rate™ is offered of
€0.017 for major destinations, and individ-
ual rates are available for other countries.
The most expensive country found was to
Diego Garcia at €1.512 + VAT per minute,
but many countries cost just a few cents. A
Skype call to a typical UK mobile phone,
for example, costs€0.205.

Looking ahead, Skype is trialling
“Skype In” to a small number of countries.
This is equivalent to giving out your own
personal Skype telephone num-
ber. When friends who don’t
. have Skype call the number on
¢ EndCali their traditional phone line, you

receive the call on your comput-
Weme ol o ics POTS (Plain old
Telephone Service) to VolP
conversion. Conference calls
can also be set up, and a Skype
toolbar for MSIE and Firefox
will let you call Skype numbers
in web pages directly, with a
mouse click.

Next month: starting with
Skype for the first time, and
some tips to checkout if buying
a webcam for video communi-
cating. You can Email the writer
at alan@epemag.demon.co.uk

inbox | emng

€

building an IAoice service
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[ FREE Electronics Hobbyist Compendium
l book with Teach-In 2000 CD-ROM

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

L Robotics

INTRODUCING ROBOTICS WITH LEGO MINDSTORMS
Robert Penfold
Shows the reader how to build a variely of increasingly sophis-
ticated computer controlled robots using the briliant Lego
Mindstorms Robotic invention System (RIS). initially covers
fundamental building 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 [JeIGEGIER: TN £14.99

MORE ADVANCED ROBOTICS WITH LEGO
MINDSTORMS - Robert Penfold

Covers the Vision Command System

Shows the reader how to extend the capabilities of
the britliant Lego Mindstorms Robotic Invention System
(RIS) by using Lego's 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, pertorm 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. OCX) 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 virtuai
pet. a robot arm, an ‘intelligent’ sweet dispenser and a
colour conscious robot that will try to grab objects of a

specific colour.
Order code B £14.99

298 pages

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 artificiat intelligence (an expert sys-
term 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
Controlters; All Types of Sensors; Tilt; Bump; Road and
Wall Detection; Light; Speech and Sound Recognition;
Robotic Inteliigence (Expert Type) Using a Single-Board
Computer Programmed in BASIC; Robotic Intelligence
{Neutral Type) Using Simple Neural Networks (Insect
Inteltigence); 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 MGH1 £16.99
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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
lan 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 celiular 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 1899

PROJECTS FOR RADIO AMATEURS AND S.W.L.S.
R. A. Penfold
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.0. 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 RTTY serial to parallel
converter. A full range of interesting and useful circuits for
short wave enthusiasts.

Order code BP304 £4.45

AN INTRODUCTION TO AMATEUR RADIO

1. 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 sefting up a station. Technical topics
covered include propagation, receivers, transmitters and

aerials etc.
Order code BP257 £5.49

150 pages

92 pages

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 knowiedge 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.
Order code BP600 £8.99

228 pages

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 confidentiy 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 graphicai 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
Il) 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 fledgiing computer builders
are eagerly looking for.

224 pages - large format el CIEUELER | (el VI £20.99

PIC YOUR PERSONAL INTRODUCTORY COURSE
SECOND EDITION 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 microcontroliers
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. !t 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 fuily 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.
Order code BP551 £8.99

178 pages

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
invoived 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.

Order code NE41

256 pages £19.99
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Theory and Reference

BOOK PLUS
CD-ROM

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 and 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 Reea-Muller
logic is and how it's used. And there’s much, MUCH more.
The author’s tongue-in-cheek humour makes it a delight to
read, but this is a REAL technical book, extremely detailed
and accurate. Comes with a free CD-ROM which contains
an eBook version with full text search plus bonus chapter —
An lllustrated 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 arithmetic; Boolean algebra;
Karnaugh maps; State diagrams, tables and machines;
Analog-to-digital and digital-to-analog; Integrated circuits
(ICs); Memory ICs; Programmable ICs; Application-specific
integrated circuits (ASICs); Circuit boards (PWBs and
DWBs); Hybrids; Multichip modules (MCMs); Alternative
and future technologies.

500 pages Order code BEB1 £27.50

BEBOP BYTES BACK (and the
Beboputer Computer Simulator)
CD-ROM

Clive (Max) Maxfield and
Alvin Brown

This follow-on to Bebop to

the Boolean Boogie is a
multimedia extravaganza of
information about how com-

puters work. It picks up
where “Bebop " left oft, guid-

ing you through the fascinating
world of computer design . . . and
you'll have a few chuckles, if not belly laughs, atong the
way. In addition to over 200 megabytes of mega-cool
multimedia, the CD-ROM contains a virtual microcom-
puter, simulating the motherboard and standard com-
puter peripherals in an extremely realistic manner. in
addition to a wealth of technical information, myriad
nuggets of trivia, and hundreds of carefully drawn ilus-
trations, the CD-ROM contains a set of lab experiments
for the virtual microcomputer that let you recreate the
experiences of early computer pioneers. If you're the

slightest bit interested in the inner workings of comput-
ers, then don't dare to miss this!
Over 800 pages in Adobe Acrobat wormat

CD-ROM Order code BEB2 CD-ROM £21.95

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 discussud.

in the main little or no previous knowledge or
experience is assumed. Usirg these simple compo-
nent and circuit teskting techniques the reader should
be able to confidenily 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.

2688 pages £1099
THE AMATEUR SCIENTIST
CD-ROM - VERSION 2

The complete collection of The
Amateur Scientist articles from
Scientific American magazine.
Over 1,000 classic science pro-
jects from a renowned source of
winning projects. All projects are
rated for cost, difficuity and pos-
sible hazards.

Plus over 1,000 pages of helpful
science 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.

Owver 1,000 projects

Order code AS1 CD-ROM £19.95

CD-ROM

Music, Audio and Video

MAKING MUSIC WITH YOUR COMPUTER m
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 “How do 1 use my computer to produce my

own CD?"
Order code PC120 £10.95

92 pages

QUICK GUIDE TO ANALOGUE SYNTHESIS

lan Waugh

Even though music production has moved into the digi-
tal domain, modern synthesisers invariatly use ana-
logue synthesis techniques. The reason is 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 synthesiser - of the hardware
or software variety ~ past the presets, and orogram
your own sounds and eftects, this practical and well-
illustrated book tells you what you need to know.

Order code PC118 £7.45

QUICK GUIDE TO MP3 AND DIGITAL MUSIC

lan Waugh

MP3 files, the latest digital music format, have taken the
music industry by storm. What are they? Where do you
get them? How do you use them? Why have they thrown
record companies into a panic? Will they make music
easier to buy? And cheaper? Is this the future of music?

All these questions and more are answered in this
concise and 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.

60 pages

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.

Order code PC119 £7.45

ELECTROMIC MUSIC AND MIDI PROJECTS

R. A. Penfold

Whether you wish to save money, boldly go where no
musician has gone before, rekindle the pioneering spir-
it, or simply have fun building some electronic music
gadgets, the designs featured in this book should suit
your needs. The projects are all easy to build, and
some are so simple that even complete beginners at
electronic project construction can tackle them with
ease. Stripboard layouts are provided for every project,
together with a wiring diagram. The mechanical side of
construction has largely been left to individual con-
structors to sort out, simply because the vast majority
of project builders prefer to do their own thing in this
respect.

None of the dasigns requires the use of any test
equipment in order to get them set up properly. Where
any setting up is required, the procedures are very
straightforward, and they are described in detail.

Projects covered: Simple MIIDI tester, Message
grabber, 3yte grabber, THRU box, MIDI auto switcher,
Auto/marual switcher, Manuai switcher, MIDI patchbay,
MIDI controlled switcher, MIDI lead tester, Program
change pedal, Improved program change pedal, Basic
mixer, Stereo mixer, Electronic swell pedal,
Metronome, Anaiogue echo unit.

59098 505

THE INVENTOR OF STEREO - THE LIFE AND WORKS
OF ALAN DOWER BLUMLEIN

Robert Charles Alexander

This book is the definitive study of the life and works of
one of Britain's most impeortant inventors who, due to a
cruel set of circumstances, has all but been overlooked
by history.

Alan Dower Blumiein 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 achisvements 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 afler his death, the full magnitude of its
detail had noi been fully utilized. Among his 128
patents are th2 principal electronic circuits critical to
the development of the world's first elecronic television

60 pages

124 pages
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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 sever-
al colleagues were flying, crashed and all aboard were
killed. He was just days short of his thirty-ninth birth-

day.

420 pages 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.

Order code PC115  [ENTC AR

HIGH POWER AUDIO AMPLIFIER

CONSTRUCTION

R. A. Penfold

Practical construction details of how to build a number of
audio power amplifiers ranging from about 50 to 300/400
watts r.m.s. includes MOSFET and bipolar transistor
designs.

96 pages

124 pages

Temporarily out of print
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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 simpie 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

lan 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.

Order code PC106 £9.95

200 pages

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 545
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
interface 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 £23.99
RADIO BYGONES

We also carry a selection of books
aimed at readers of EPE's 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 lLLouis 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 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 ss45
FAULT-FINDING ELECTRONIC PROJECTS
R. A. Penfoid

Starting with mechanical faults such as dry joints, short-circuits
etc, coverage includes linear circuits, using a meter to make
vottage checks, signal tracing techniques and fautt finding on
logic circuits. The final chapter covers ways of testing a wide
range of electronic components, such as resistors, capacitors.
operational amplifiers, diodes, transistors, SCRs and triacs,
with the aid of only a limited amount of test equipment.

The construction and use of a Tristate Continuity Tester, a
Signal Tracer, a Logic Probe and a CMOS Tester are also
included.

136 pages

PRACTICAL FIBRE-OPTIC PROJECTS
R. A. Penfold
While fibre-optic cables may have potential advantages
over ordinary electric cables, for the electronics
enthusiast it is probably their noveity 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 cabies.
The projects include:- Simple audio links, F.M. audio

Temporarily out of print

link, PW.M. audio links, Simple d.c. links, PW.M. d.c. link,
P.W.M. motor speed control, RS232C data links, MIDI
link, Loop alarms, R.PM. 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 esas

DISCOVERING PICS
W.D.Phillips

A good introduction to PIC
programming, covering every- IRV EA IV IS
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 l.e.d.s when waved through the air.

190 pages, A4 spiral bound

BOOK
PLUS COROM

Book + COROM Order code DOC1 Ev¥Xi 1]

Book + COROM + Hardware Order code DOC2E*» XY

For a further selection
of books see the next

two issues of EPE

BOOK ORDERING DETAILS

Ali 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

FUIE NAME. ... ettt et et st a et e st s beaabesae s beaabesaes s e s s aesbastesbaasbantesbeanbaraessassansanten

AGAIESS: ...ttt et et et e et e s e et asbaste s reasbesae s EeaEaesteste s et esaesEaeateseeraesbesaensearentesreananen

Signature: ...

[J | enclose cheque/PO payable to DIRECT BOOK SERVICE for £

[m]ERIeaselcharge]imy Card] oy ——————————

Card NUMDET ..ottt ettt
Card Security Code ............... (The last 3 digits on or just below the signature strip)

Please send book/CD-ROM Order COABS: ...........iiuiriiieriiiteenetireste e stesteneesraesessenan e ssasesseeesaens

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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X-10® Home .Automatlon mEnEm a g a r L~
We put you in control™ HH- ) - soran
EEEEm Circuits 8
Why tolerate when you can automate? PCB DESIGN & MANUFACTURE

An extensive range of 230V X-10 products for both the Hobbyist and Professional
and starter kits available. Uses proven Power Line
PCBs designed and produced from :

Carrier technology, no wires required.

Products Catalogue available Online. o e e apmn R stz i
. " * Descriptions + Print - outs + Gerbers
Worldwide delivery. Available With or without " b
Laser Business Systems Ltd. S P e Y
E-Mail: info@laser.com E * FREE " PCB PROTOTYPE With Quantity Orders

— http://www.laser.com
Fax: (020) 8449 0430 N L )

€lmScan 5 Scan Tool

* Based on the ELM327 IC * Supported by more software than
* 9600 or 38400 baud any other OBD interface, including
* Supports all EOBD and OBD-Il  free and open source software
protocols * Automatic protocol detection
v 1SO15765-4 (CAN) * Fully configurable with AT commands
v ISO14230-4 (Keyword 2000) = Small form factor
v 1S09141-2 * Durable construction
v J1850 VPW * Inexpensive
v 1850 PWM

http://www.ElmScan5.com

Radio Radio Radio Radio Radic
Bygones Bygones Bygones Bygones Bygone

(s

Prikca Versus Alwater Kent

HMS Cotiingwood Museurm of
Communications ang Radar

Festonng a KB BR20

—

Mo The leading UK magazine

for vintage radio

Bng]’beS enthusiasts

ARTICLES on restoration and repair, history, circuit techniques. personalities, reminiscences and just plain
nostalgia — you’'ll find them all. Plus features on museums and private collections and a full-colour photo-
feature in every issue.

ITs MosTLY about valves, of course, but ‘solid-state’ — whether of the coherer and spark-gap variety or early
transistors — also has a place.

FroM THE paYs of Maxwell, Hertz, Lodge and Marconi to what was the state-of-the-art just a few short
years ago . .
THERE IS ALSO a selection of free readers' For Sale and Wanted advertisements in every issue.

Radio Bygones covers it all!

THE MAGAZINE is published six times a year, and is cnly available by postal subscription. It is not available at
newsagents.

To TAKE OUT a subscription, or to order a sample copy, please contact:
Rabpio BYGoNES, Wimborne Publishing Ltd.,

408 Wimborne Road East, Ferndown, Dorset BH22 9ND,

Tel: 01202 873872. Fax 01202 874562.

Web sites: www.radiobygones.co.uk
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(PHUIEOT TITLE ﬁnmer Code l:oslw
Back-To-Basics 6 — Daily Reminder PT °Q 527 £6.19
~ Whistle Switch 528 £5.87
% Model Railway Signal Control 529 £6.19
% Snooker/Darts Scoreboard 530 £8.72
Printed circuit boards for most recent EPE constructional projects are available from Photic Phone - Transmitter | oc1 o IEEE i | £6.98
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and — Receiver 532 fPaIrf xb.
roller tinned. All prices include VAT and postage and packing. Add £1 per board for Back-To-Basics 7 — Parking Radar 533 £5.71
airmail outside of Europe. Remittances should be sent to The PCB Service, — Telephone Switch 534 €555
Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road Hal Howl 535 56.02
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; *Haloween Howler :
Email: orders @epemag.wimborne.co.uk. On-line Shop: www.epemag. % PIC-Based USB Interface 536 £6.19
wimborne.co.uk/shopdoor.htm. Chequqs should be crossed and made payable to % PIC Chromatone VLo 537 £6.82
Everyday Practical Electronics (Payment in £ sterling only). o Back-To-Basics 8 — Noughts and Crosses Enigma 538 £6.66
NOTE: While 95% of our boards are held in stock and are dispatched within ~ Weather Vane Repeater 539 £6.18
seven days of receipt of order, please allow a maximum of 28 days for delivery AMulti-Function R/C Switch 540 £5.87
- overseas readers allow extra if ordered by surface mail. aAchon wi :
Back numbers or photocopies of articles are available if required - see the Back | % Speed Camera Watch Mk2 541 £6.35
Issues page for details. We do not supply kits or components for our projects. Solid-State Valve Power Supply m 542 £6.35
Please check price and availability in the latest issue. %* Vehicie Frost Box Mk2 543 £5.71
A large number of older boards are listed on our website. | * Propeller Monitor S £6.02
Boards can only be supplied on a payment with order basis. Solid-State Hammond 545 £6.18
r ~  PIC Ambilux AN 06 546 £5.71
R £ rco Cost Sunset Switch 547 £6.98
EHITECE I mﬁnme L Current Clamp Adaptor for Multimeters 548 £5.39
EPE Wart Zapper 464 £4.60 % Tiptronic-Style Gear Indicator
% Radio Control Failsafe 465 £4.76 — Micro Board 549\ o,
% AlphaMouse Game 466 £4.60 — Display Board 550 P k £7.61
% Rainbow Lighting Controller — Software only = - — Hall Speed Board 551 &
+# Moon and Tide Clock Calendar 467 £5.55 Y Keypad Alarm 8 06 552 £6.02
Volts Checker 468 £4.20 3-Way Active Crossover 553 £9.20
% Smart Karts — Software only = Jazzy Heart 554 £6.02
Logic Probe | NOV ‘04 [ELE] £4.76 Status Monitor — Transmitter 555\ nair | £7.61
Thunderstorm Monitor 470 £5.39 — Reciever 5564 P '
MW Amplitude Moduiator Power Up £6.82
- V.FO./Buffer 471 £4.76 Video/Audio Booster (double-sided) £12.00
- :;Aodulaéor/P/:« 3;2 gi% * Telescope Interface £6.50
— TOWer SUpPY : 'Smart’ Slave Flash £6.18
S”p‘?’ V'bfa"or‘ SW"‘?“ m A o Programmable Continuity Tester 561 £5.87
Wind Direction Indicator 475 £6.18 PortaPAL
% PIC Flasher Mk2 — Control Board 476 £4.75 — Microphone Board 562 £6.18
- Transmitter 477 £4.44 - Auxilary Board 563 £5.87
- Multipurpose Board 478 £€4.75 — Main Board 564 £8.56
= flmpie Svgerl . igg gizz — Charger Board 565 £6.66
- Luxeon V Controller d f
~ Power Supply 473 €476 emnl Pendulum 566 £6.34J
Light Detector JAN ‘05 481 £4.44
% Camera Watch 482 £6.03 q - — R o
Gate Alarm — Oscillator 483 £4.92 = J =
— Delay/Timer | 484 £4.92
*Sneaky—;ransmmer L2 K] :gse f::'g? * All software programs for EPE Projects marked with an asterisk, and
- _ec:\a/;xgr o ! 487 r others previously published, can be downloaded free from our Downloads
* SCilS — Control &, site, accessible via our home page at: www.epemag.co.uk.
~ Sensor 488 £5.71 Y
Sound Card Mixer 489 £7.29
Headphone Monitor im 490 £5.71 r ™
EPE CatFlap se0z | (* EPE PRINTED CIRCUIT BOARD SERVICE
#Bingo Box — Main £9.04
— Big Digit Display £10.31 § | Order Code Project Quantity  Price
Spontaflex Radio— Tuner £6.55
- Coil Pack £6.71
RIS Ampimer £555 § | crorrerr e
— Tuning Capacitor Board £4.28
* Safety Interface £6.18 NAMIE o e e
Back-To-Basics 1- Fridge/Freezer Door Alarm £65.39
“ Crossword Solver £6.66 r
SO Ammplitor MBtile o AAreSS ..o
Back-To-Basics 2 — Water Level Alarm £6.39
— Burglar Alarm S81878 ol [l T ool e oo e o1 o o felolalofelofelefe elelelole]els e olslslole e e o s olofele o s o s s o sle]ele el e ele e spate olelolals
% PIC Ultrasonic Scanner £6.66
+ Radio Control Model Switcher £5.87
R o s e B Tl N et e
~ Digital Lock £6.66 " 1
CompaciFiash Interface Board £6.66 | enclose paymentof £................ (cheque/PO in £ sterling only) to:
LF/VLF Converter
- Fixed Capacitor Board £5.71 ] Eve ryday
- Mixer/Oscillator Board £5.86 VISA . . Dor e
- Bufter Amplier 23 | | e Practical Electronics =+
— Q-Multiplier £5.23
- Tuning Capacitor Board £4.28 - MasterCard, Amex, Diners
Back-To-Basics 4 — Doorchime £6.34 Gy ; h
— Electronic Dice £6.02 = Club, Visa or Switch/Maestro
% Cybervox £6.82
Muiti-Clap Switch £6.66
Audio System €ard NO. ..oiii i
- Preamplifier £6.02
- Mic. Supply Board £5.23 Valid From .......c.ccoovnni Expiry Date ...
- Power Amp £6.02 X i
% Pain Monitor £7.14 Card Security Code ............. Switch/Maestro Issue No .........
MotorAmp A . £7.45 (The last 3 digits on or just under the signature strip)
Back-To-Basics 5 — Kitchen Timer £5.87
— Room Thermometer £6.02
All-Band Radio ~ Full Version £5.71 SIGNATUIE ..o
— Mini Version £6.23
# Multicore Cable Tester ~ Main 525 £6.19 NOTE: You can also order p.c.b.s by phone, Fax, Email or via our
laciive <H3 £5.55 Web site on a secure server:
http://www.epemag.wimborne.co.uk/shopdoor.htm
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CLASSIFIED ADVERTISEMENTS

EVERYDAY 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.

BOWOOD ELECTRONICS LTD

Suppliers of Electronic Components

Pluce a secure order on our website or call our sales line
All major credit cards accepted

Web: www.bowood-electronics.co.uk
Unit 1, McGregor's Way, Turnoaks Business Park,
Chesterfield, S40 2WB. Sales: 01246 200222
Send 60p stamp foe catalogue

BTEC ELECTRONICS
TECHNICIAN TRAINING

NATIONAL ELECTRONICS
VCE ADVANCED ICT
HNC AND HND ELECTRONICS
FOUNDATION DEGREES
NVQ ENGINEERING AND IT
DESIGN AND TECHNOLOGY

LONDON ELECTRONICS COLLEGE
20 PENYWERN ROAD
EARLS COURT, LONDON SW5 9SU

TEL: (020) 7373 8721
www.lec.org.uk

N.R. BARDWELL Ltd - est 1948
Electronic Component Supplies
LED’s, Semis, IC's Resistors, Caps, etc
send 44p for lists. 1000’s bargains at our
secure site: www.bardwells.co.uk
288, Abbeydale Rd. Sheffield. S7 1FL
0845 188 2329 (local rate)

THIS SPACE COULD BE

YOURS FOR JUST £30
Contact Stewart

01202 873872
stewart.kearn@wimborne.co.uk

V V TTRANSFORMERS

Transformers an¢ Chokes for all types
of circuits including Specialist valve units
Custom design or standard range
High and low voitage

Variable Voltage Technology Ltd

Unit 3, Sheat Manor Farm, Chillerton,
Newport, Isle of Wight, PO30 3H4P
Tel: 0870 243 0414 Fax: 01983 721572

email: sales@vvt-cowes.freeserve.co.uk

www.vvttransformers.co.uk
Your own complete

eCommerce 24/7 site e
(=

for only £10 per week! €70
Domain, secure hosting, emails,
shopping basket, etc, included.

details: www.eConcept.co.uk

Versatile Programmable PIC  (

On Screen Display Sy;tgm

=\ Free ===

vf\\-,gg:]}eo"

L'.‘ -
PAL - NTSC
compatible
BPIC 16F628 microcontroller &
SOSD IC 28 by 11 screen
S Fully programmable
@ Text over composite video
¥ Demo software available
B Free |/O for sensors or buttons

www.STV5730A.co.uki

AN EVERYDAY PRACTICAL

EF=riecmoNics

VISIT OUR ONLINE SHOP
TO ORDER BACK ISSUES,
CDROMS, BOOKS, PCBS,

AND
MANUALS
www.epemag.co.uk
E = =
a ™

of
-. /
B ENIS 799

Emm—

Www.epemaq.corn

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

Miscellaneous )

14 PRICE VALVES AND RADIO &
ELECTRONIC COMPONENTS

Over 1480 different valves and over 500
radio/electronic components. Either cata-
logue available for t1. refundable on st
order. W. Burcher. 676 Foxhall Road.
Ipswich, Suffolk. IP3 8NQ. Tel: 01473
272218

VALVES AND ALLIED COMPO-
NENTS IN STOCK. Phone for tree list.
Valves. books and magazines wanted.
Geoft Davies (Radio). tel. 01788 574774,

LPG ELECTRONICS For Photoelectric
controls, timers, electronic components
and other interesting miscellaneous items
visit our eBay store

http://stores.ebay.co.uk/electricalspares

INNOVATIVE iBUTTON AND 1-WIRE
PRODUCTS. Add security/intelligence to
your projects instantly with our modules.
Bespoke Design Consultancy. Mid-High
volume PCB production. Technical books.
Visit our website: www.fernelectronics.co.uk

WANTED OL.D 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
01142316321 between 9am and 10pm.

www.ampmaker.com Guitar amp Kits.
all-valve. British transformers. quality
components and great tone. Fully illus-
trated online  construction  guides.
schematics  and  sound  clips  at
www.ampmaker.com.

=» NEWSAGENTS |
ZS— ORDER FORM

Please reserve/deliver a copy of ‘
Everyday Practical Electronics for |
me each month

Everyday Practical Electronics is
published on the second Thursday of each

Evervday Practical Electronics, April 2006

month and distributed S.0.R. by SEYMOUR |
$1 5.99 (US) I Make sure of your copy of EPE |
each month - cut out or photostat |
www.epemag.com this form, fill it in and hand it to
\_ ) l your newsage_rlt. |
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NEXT MONTH

SMART CARD READER AND PROGRAMMER

This unit allows you to program both the microcontroller and
EEPROM in smart cards. It hooks up to the serial port of your
PC and can be operated as a free-standing unit or installed in
a PC drive bay.

DIGITAL REACTION TIMER

So you think your reaction time is pretty good. Well, you might
be surprised. This little project will let you know your own or
anyone’s reaction time and reads it out accurately on a digital
multimeter. The ‘Brake!” stimulus is a large red LED, while the
subject’s reponse can be sensed via a pushbutton, footpedal
switch or even an optical detector, set up to sense the light
from a car’s brake light.

LED LIGHTING FOR YOUR CAR

Five simple and easy-to-build modules based on ultrabright LEDs.
These modules can be used to replace or supplement a variety of
existing automotive lights to improve safety and reliability.

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

NAIL SNIFFER AND VOLTS HOUND
Finds nails/pipes/mains cables in walls. An essential, easy to
build, tool for the DIY enthusiast.

MAY '06 ISSUE ON SALE APRIL 13

Display Electronics Telephone - /
29 / 35 Osborne Road e N\
Thornton Heath [44] 020 8653 3333 ADVERT'SERS lNDEX
Surrey UK CR7 8PD Fax [44] 020 8653 8388 AGAR ... e S S 77
ANTEX . . e 18
Rechargeable Batteries With Solder Tags AUDON ELECTRONICS . ... ... ... 18
BETA-LAYOUT ... ... 29
e NICAD BREADBOARDING SYSTEMS .................... 17
BULLGROUP . ... ... .. . . i, Cover (ii)
AA 2000mAh ... £2.82 AA650mMAh........cccceee.e. 5
Canmo ea70 O zeam £1411 | DISPLAY ELECTRONICS ... ... ' .. 700 80
D 9Ah £7.60 D 4Ah o EASYDAQ ... .. i R SRR 26
PP3 150MAh ...ccvuvereceienen £4.95 EASYSYNC ....... .. ... ieitie . n aommsmmane 18
) . ESR ELECTRONIC COMPONENTS ................ 6
Instrument case with edge connector and screw terminals JAYCAR ELECTRONICS . . .. oo 42/43
Size 112mm x 52 105mm tall JPGELECTRONICS ... .\oiiiiiiiaiiaean 80
fze Themm xsamm x 1hemm LABCENTER ...............000 Cover (iv)
This box consists of a cream base with a PCB slot, a cover plate to pro- LASER ... . 77
tect your circuit, a black lid with a 12 way edge connector and 12 screw LICHFIELD ELECTRONICS . . .. .o 66
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 + Mﬁ_%g,;‘g‘lﬁlé%g‘lrJRMoEw?SS """""""""""" 1'2
AT = . f ' 44. A = .7 f f 44. .......................
el DO TS e i NURVE NETWORKS LLC . ... .o 70
OBDCABLES ... . ... . i 77
PEAK ELECTRONIC DESIGN .............. Cover (iii)
PICOTECHNOLOGY ......... ..., 4
QUASAR ELECTRONICS ....... ... ... . ... .... 2/3
RAPIDELECTRONICS . ...... ... ... . .. 29
SHERWOOD ELECTRONICS . .. ..... ... ... .. .... 66
STEWARTOFREADING ......................... 4
ADVERTISEMENT OFFICES:
866 battery pack originally intended to be 408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND
used with an orbitel mobile telephone it PHONE: 01202 873872
contains 10 1-6Ah sub C batteries (42 x FAX: 01202 874562
22 dia. the size usually used in cordless EMAIL: epeads @wimborne.co.uk
screwdrivers etc.) the pack is new and For Editorial address and phone numbers see page 7
unused and can be broken open quite )
easily £7.46 + VAT = £8.77 e=tA
Please add £1.66 + VAT = £1.95 postage & packing per order (Everyday Practical Electronics, periodicals pending, ISSN 0262 3617 is )
published twelve times a year by Wimborne Publishing Ltd., USA agent
JPG Elemonics USACAN at 1320 Route 9, Champlain, NY 12919. Subscription price in US
Shaws Row, Old Road, Chesterfield, S40 2RB. $60(US) per annum. Periodicals postage paid at Champlain NY and at
Tel 01246 211202 Fax 01246 550959 additional mailing offices. POSTMASTER: Send USA and Canada address
wmg{:g:::ﬁirs%’/"sﬁiggm changes to Everyday Practical Electronics, c/o Express Mag., PO Box
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday \2769' e Y,

Published on approximately the second Thursday of each month by Wimborne Publishing Ltd.. 408 Wimborne Road East. Ferndown, Dorset BH22 9ND. Printed in England by Apple Web Offset Ltd.. Warrington,
WA 4RW. Distributed by Seymour. 86 Newman St.. London WIT 3EX. Subscriptions INLAND: £17.50 (6 months): £33 (12 months): £61 (2 years). OVERSEAS: Standard air service. £20.50 (6 months):
£39 (12 monthsy: £73 (2 years). Express airmail. £29.50 (6 months): £57 (12 months); £109 (2 years). Payments payable to “Everyday Practica |I Electronics™. Subs Dept. Wimborne Publishing Lad. Email:
subs@epemag.wimbomne.co.uk. EVERYDAY PRACTICAL ELECTRONICS is sold subject to the following conditions. namely that it shall not. without the written consent of the Publishers first having been
given. be lent. resold, hired out or otherwisce disposed of by way of Trade at more than the recommended selling price shown on the cover. and that it shall not be lent. resold. hired out or otherwise disposed of
in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.
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Atlas DCA Semiconductor Analyser Model
o Connect any way round. £55 . 00 DCASS5
Automatically identify type of part.
Automatically identify pinout.
Measures lots of component data.
Supports Bipolar transistors, Darlingtons,
JFETs, MOSFETs, Sensitive Triacs and
Thyristors, LEDs, diodes and diodes networks.
e Supplied complete with probes, battery and a
comprehensive illustrated user guide.

s

including VAT and UK Delivery!

v
Made in Buxton, UK.

MOdEI Atlas LCR Passive Component Analyser
- e Automatically identify Inductors, Capacitors and
o . LCR40 Resistors.
including VAT and UK Delivery! e Automatic test frequency selection (DC, 1kHz,

15kHz and 200kHz Sine Waves).

1% Basic accuracy.

Inductance from 1uH to 10 Henries!
Capacitance from 1pf to 10,000uF.
Resistance from 1 ohm to 2 Megohms.
Compatible with optional SMD tweezers.
Supplied complete with probes, battery and a
comprehensive user guide.

e
V4
Made in Buxton, UK.

New Atlas Star Pack!

Includes the following items:
Atlas DCA Semiconductor Component Analyser.
Atlas LCR Passive Component Analyser.
*New™ Improved user guides.

*New* Long-Reach Clutch probes for LCR
*New* Stainless Steel Keynng.

Microhook probes for LCR and DCA.
Extra spare battery.
Premium dual carry case.

£130.00 ’ \

including VAT and UK Delivery!

onos LCR

(S
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\ gcroll - off

Prices valid for limited period and subject to change without notice E&OE
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——8&C TIC EMBEDDED SIMULATION PCB DESIGN
— |

— 1SIS SCHEMATIC CAPTURE B ]

A powerful capture package tailored for todays engineer and designed to allow rapid }-
entry of complex schematics for simulation and PCB Layout.

— T PROSPICE MIKED WODE 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.

—— VM VIRTUAL SYSTEM MODELLING == s

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.

M‘

——— ARES PCB DESIGN — Y

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.

~-IABCENTERELECTRONICS LTD. CONTACT US NOW
A technology pioneer in the EDA industry since 1988. to discuss requirements or
Technical support direct from the program authors. request a FREE evaluation copy.

Flexible packages and pricing tailored to customer requirements.

Tel: 01756 753440

Fax: 01756 752857
abtenter www.labcenter.co.uk Email: info@labcenter.co.uk

Electronics

Labcenter Electronics Ltd., 53-55 Main Street, Grassington,
North Yorks, BD23 SAA. Registered in England 4692454






