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HB7 Stirling Engine
Base measurements: 128 mm x 108 mm x 170 mm, 1 kg
Base plate: beech - Working rpm: 2000 rpm/min. (the
engine has a aluminium good cooling Cylinder)
Bearing application: 10 high-class ball-bearings
Material: screw, side parts all stainless steel
Cylinder brass, Rest aluminium and stainless steel.
Available as a kit £80.75 or built £84.99
www.mamodspares.co.uk
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HB9 Stirling engine

Base measurements: 156 mm x 108 mm x 130 mm, 0.6
Kg Base plate: beech Working rpm: approx. 2,000 min
Bearing application: 6 high-class ball-bearings
Material of the engine: brass, aluminium, stainless steel
running time: 30-45 min.
Available as a kit £97.75 or built £101.99

www.mamodspares.co.uk
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HB10 Stirling Engine

Base measurements: 156 mm x 108 mm x 130 mm, 0,6
Kg Base plate: beech Working rpm: approx. 2,000 rpm
Bearing application: 6 high-class ball-bearings
Material of the engine: brass, aluminium, stainless steel
running time: 30-45 min
Available as a kit £97.75 or built £101.99

www.mamodspares.co.uk

HB11 Stirling Engine

Base measurements: 156 mm x 108 mm x 130 mm, 0.7
Kg Base plate: beech
Working rpm: 2000 - 2500 rpm/min,run Bearing applica-
tion: 4 high-class ball-bearings Material: screw, side parts
total stainless steel Cylinder brass Rest aluminium, stain-
less steel.
Available as a kit £97.75 or built £101.99

www.mamodspares.co.uk

HB12 Stirling Engine

Base measurements: 156 mm x 108 mm x 130 mm, 1 Kg
Base plate: beech Working rpm: 2000 - 2500
rpm/min,Bearing application: 6 high-class ball-bearings
Material: screw, side parts total stainless steel
Cylinder brass Rest aluminium, stainless steel.
Available as a kit £136 or built £140.25

www.mamodspares.co.uk
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HB13 Stirling Englne
Base measurements: 156 mm x 108 mm x 150 mm, 0,75
kg Base plate: beech Working rpm: 2000 - 2500 rpm/min,
Bearing application: 6 high-class ball-bearings Material:
screw, side parts total stainless steel Cylinder brass
Available as a kit £97.75 or built £101.99
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STEAM ENGINE KIT

Everything in the kit enables you to build a fully functional
model steam engine. The main material is brass and the
finished machine demonstrates the principle of osciliation.
The boiler, uses solid fuel tablets. and is quite safe. All
critical parts (boiler, end caps, safety vent etc.) are ready
finished to ensure success. The very detailed instruction
booklet (25 pages) makes completion of this project pos-
sible in a step by step manner. Among the techniques
experienced are silver soldering, folding, drilling, fitting
and testing. £29.70 ref STEAMKIT Silver solder/flux pack
£3.50 ref SSK
www.mamodspares.co.uk

HB14 Stirling Engine
Base measurements: 156 mm x 108 mm x 150 mm, 1 kg
Base plate: beech Working rpm: 2000 - 2500 rpm/min,
Incl. drive-pulley for external drives Bearing application:
10 high-class ball-bearings Material: screw, side parts total
stainless steelCylinder brass Rest aluminium, stainless
steel Available as a kit £140.25 or built £144.50
www.mamodspares.co.uk
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HB15 Stirling Engine
Base measurements: 128 mm x 108 mm x 170 mm. 0,75
kg Base plate: beech Working rpm: 2000 rpm/min. {the
engine has a aluminium good cooling Cylinder)
Bearing application: 6 high-class ball-bearings
Material: screw, side parts total stainless steel
Cylinder brass Rest aluminium, stainless stee!
Available as a kit £97.75 or built £102
www.mamodspares.co.uk
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HB16 Stirling Engine
Base measurements: 128 mm x 108 mm x 170 mm, 1 kg
Base plate: beech Working rpm: 2000 rpm/min. (the
engine has a aluminium good cooling Cylinder)
Bearing application: 10 high-class ball-bearings
Material: screw, side parts total stainless stee!
Cylinder brass Rest aluminium, stainiess steel.
Available as a kit £140.25 or built £144.50
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2kW WIND TURBINE KIT

The 2kW wind turbine is sup-
plied as the following kit: turbine
generator 48v three taper/
twisted fibreglass blades & hub
8m tower (four x 2m sections)
guylines / anchors / tensioners /
clamps foundation steel rectifier
2kW inverter heavy-duty pivot
tower. £1,499

BULL GROUP LTD

UNIT D HENFIELD BUSINESS PARK
HENFIELD SUSSEX BNS 9SL
TERMS: C/ CARDS, CASH, PO, CHEQUE OR
ONLINE ORDERING. PRICES PLUS VAT
UK DELIVERY £5.50
TEL 0870 7707520 FAX 01273 491813
sales@bulinet.co.uk

Solar Panels
We stock a range of solar photovoltaic panels. These are
polycrystalline panels made from wafers of silicon lami-
nated between an impact-resistant transparent cover and
an EVA rear mounting plate. They are constructed with a
lightweight anodised aluminium frame which is predrilled
for linking to other frames/roof mounting structure, and
contain waterproof electrical terminal box on the rear. 5
watt panel £29 ref Swnav 20 watt panel £99 ref 20wnav
60 watt panel £249 ref 60wnav. Suitable regulator for up
to 60 watt panel £20 ref REGNAV

Solar evacuated tube panels

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

BENCH PSU 0-15V 0-2a Output
and voltage are both smooth
and can be regulated according
to work, Input 230V, 21/2-num-
ber LCD display for voitage and
current, Robust PC-grey hous-
- ing Size 13x15x21cm, Weight
3.2kg £48 REF trans2

NEW ELECTRONIC CONSTRUCTION KITS
This 30 in 1 electronic kit includes an introduction to elec-
trical and electronic technolcgy. It provides conponents
that can be used to make a variety of experiments includ-
ing Timers and Burglar Alarms. Requires: 3 x AA batter-
ies. £15.00 ref BET1803
AM/FM Radio This kit enables you to learn about elec-
tronics and also put this knowledge into practice so you
can see and hear the effects. Includes manual with
explanations about the components and the electronic
principles. Req's: 3 x AA batts. £13 ref BET1801
This 40 in 1 electronic kit includes an introduction to
electrical and electronic technology. It provides conpo-
nents that can be used in making basic digital logic cir-
cuits, then progresses to using Integrated circuits to
make and test a variety of digital circuits, including Flip
Flops and Counters. Req's: 4 x AA batteries. £17 ref
BET1804
The 75 in 1 electronic kit includes an nintroduction to
electrical and electronic technology. It provides conpo-
nents that can be used to make and test a wide variety of
experiments including Water Sensors, Logic Circuits and
Oscillators. The kit then progresses to the use of an inter-
grated circuit to produce digital voice and sound record-
ing experiments such as Morning Call and Burglar Alarm
Requires: 3 x AA batteries. £20 ref BET1806
www.slips.co.uk
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Get Plugged in}

PIC & ATMEL Programmers

We have a wide ramge of low cosi 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 & Sernial Port PIC Programmer
USB/Serial connection.

2+ Header cable for ICSP.

| Free Windows XP soft-
ware. See website for PICs
S supported. ZIF Socket and
“USB lead extra 18Vdc.

Kit Order Code: 3149KT - £37.95

Assembled Order Code: AS3144 - £49.95

NEW! USB 'All-Flash' PIC Progrzmmer
USB PIE€ programmer for all
‘Flash’ cevices. No external
power supply making it truly
portable. Supplied with box and
Windows XP Software. ZIF
Socket and USB lead not incl.
Assembled Order Code: AS3128 - £44 95
Assembled with ZIF socket Order Code:
AS3128ZIF - £59.95

‘PICALL’ ISP PIC Pregrammer

Will program virtually all 8
to 40 pin serial-mode AND
parallel-mode (PI€15C
family) PIC microcontrol-
lers. Free Windows soft-
ware. Blank chip auto detect for super fast
bulk programming. Optional ZIF socket.
Assembled Order Code: AS3117 - £24.95
Assembled with ZIF socket Order Code:
AS3117ZIF - £39.95

ATMEL 89xxxx Progtammer
¥ Uses serial port and any
standard terminal comms
program. 4 LED's display
the status. ZIF sockets not
included. Supply: 16Vdc.
Kit Order Code: 3123KT - £24.95
Assembled Order Code: AS3123 - £34.95

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

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

Features

8 Kb of In-System Programmable Flash (1000
write/erase cycles) » 512 bytes interna: SRAM o
512 bytes EEPROM e 8 analogue inputs (range O-
5V) ¢ 4 Opto-isolated Inputs (//Os are bi-
directional with internai puli-up resistors) ¢ Output
buffers can sink 20mA current (direct LED drive) o
4 x 12A open drain MOSFET outputs « RS485
network connector e 2-16 LCD Connector e
3.5mm Speaker Phone Jack s Supply: 9-12Vdc

The ABC Maxi STARTER PACK includes
one assembled Maxi Board, parallel and
serial cables, and Windows software CD-
ROM featuring an Assembler, BASIC com-
piler and in-system programmer.

Order Code ABCMAXISP - £89.95

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

Controllers & Loggers

Here are just a few of the controlier and

data acquisition and control units we have.
See website for full details. Suitable PSU
for all units: Order Code PSU445 £8 .95

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High secu-
rity. 4 channels. Momentary
or latching relay output.
Range up to 40m. Upto 15
Tx's can be learnt by one Rx
(kit includes one Tx but more &
available separately). 4 indicator LED 's.
Rx: PCB 77x85mm, 12Vdc/6mA (standby).
Two & Ten Channel versions also available
Kit Order Code: 3180KT - £44.95
Assembled Order Code: AS3180 - £51.95

Computer Temperature Data Logger
Serial port 4-channel tem-
perature logger. °C or °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide
== range of free software
applications for storing/using data. PCB just
38x38mm. Powered by PC. Includes one
DS 1820 sensor and four header cables.
Kit Order Code: 3145KT - £18.95
Assembled Order Code: AS3145 - £25.95
Additional DS 1820 Sensors - £3.95 each

y

Most items are available in kit form (KT suffix)

or pre-assembled and ready for use (AS prefix). |

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

Kit Order Code: 3140KT - £46.95

Assembled Order Code: AS3140 - £59.95

Serial Port Isolated 1/O Relay Module
Computer controlled 8 channei
relay board. 5A mains rated
relay outputs and 4 opto-
isolated digital inputs (for
monitoring switch states, etc)
- == Useful in a variety of control
and sensing applications. Programmed via
serial port (use our new Windows interface,
terminal emulator or batch files). Serial cable
can be up to 35m long. Once programmed,
unit can operate without PC. Includes plastic
case 130x100x30mm. Power: 12Vdc/500mA
Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

AAndgidy

Infrared RC 12—Channel Relay Board

L/

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

Kit Order Code: 3142KT - £47.95

Assembled Order Code: AS3142 - £59.95

PC / Standalone Unipolar
Stepper Motor Driver
Drives any 5, 6 or 8-lead
unipolar stepper motor
rated up to 6 Amps max.
Provides speed and direc-
tion control. Operates in stand- alone or PC-
controlled mode. Up to six 3179 driver boards
can be connected to a single parallel port
Supply: 9Vdc. PCB: 80x50mm.

Kit Order Code: 3179KT - £11.95

Assembled Order Code: AS3179 - £18.95

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

DC Motor Speed Controller (100Vi7.5A)
Control the speed of almost
any common DC motor
rated up to 100V/7 5A.
Pulse width modulation
output for maximum motor
torque at all speeds. Supply: 9-18Vdc. Box
supplied. Dimensions (mm): 60Wx100Lx60H
Kit Order Code: 3067KT - £13.95

Assembled Order Code: AS3067 - £19.95

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




Hot New Kits This Summeri?!

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.

EPE Ultrasonic Wind Speed Meter

. Solid-state design
y wind speed meter
(anemometer) that
uses ultrasonic tech-
iques 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 mode’ aircraft
flying, to name but a few. It can ever be used
to monitor conditions in your garden. The
probe is pointed in the direction from which
the wind is blowing and the speed is dis-
played on an LCD display.

Specifications

« Units of display: metres per second, feet per
second, kilometres per hour and miles per hour

+ Resolution: Nearest tenth of a metre

» Range: Zero to 50mph approx.

Based on the project published in Everyday
Practical Electronics, Jan 2003. We have
made a few m‘nor design changes (see web-
site for full details). Power: 9Vdc (PP3 bat-
tery). Main PCB: 50x83mm.

Kit Order Code: 3168KT - £36.95

Audio DTMF Decoder and Display

Detects DTMF tones via
an onboard electret
microphone or direct
from the phone lines
through an audio trans-
former. The numbers
are displayed on a 16
character, single line display as they are
received. Up to 32 numbers can be displayed
by scrolling the display left and right. There is
also a serial cutput for sending the detected
tones to a PC via the serial port. The unit will
not detect numbers dialled using puise dial-
ling. Circuit is microcontroller based. Supply:
9-12V DC (Order Code PSU445). Main PCB:
55x95mm.

Kit Order Coce: 3153KT - £20.95

Assembled Order Code: AS3153 - £29.95

EPE PIC Controlled LED Flasher

This versatile PIC
based LED or
filament bulb
> flasher can be
& used to flash
from 1to0 176
. LEDs. The user
arranges the LEDs in any pattern they wish.
The kit comes with 8 super bright red LEDs
and 8 green LEDs. Based on the Versatile
2IC Flasher, EPE Magazine Dec (2. See
website for full details. Board Supply: 9-
12Vdc. LED supply: 9-45Vdc (depending on
number of LED used). PCB: 43x54mm.
Kit Order Code: 3169KT - £11.95

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

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

FM Bugs & Transmitters

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

MMTX Micro-Miniature 9V FM Room Bug

Our best selling bug! Good

performznce. Just 25x15mm.

Sold to detective agencies
worldwide. Small enough to

0 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 FV Room Bug
Our most powerful room bug.
Very impressive perform-
ance. Clear and stable out-
put signal thanks to the extra
circuitry employed. Range:
1000m @ 9V. Supply: 6-12V
DC (9V PP3 battery clio supplied). 70x15mm
Kit Order Code: 3032KT - £9.95

Assembled Order Code: AS3032 - £17.95

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

wnen pnone Is used. Clear, stable signal.

Powered from phone line so completely

maintenance free once installed. Requires no

aerial wire - uses phorie line as antenna.

Suitable for any phone system worldwide.

Range: 300m. 20x45mm.

Kit Order Code: 3016KT - £7.95

Assembled Order Code: AS3016 - £13.95

Wide Band Synthesised FM Transmitter
PLL based crystal-locked
wide band FM transmitter
delivering a high quality,
stable 10mW output.
Accepts both MIC audio
signal (10mV) and LINE
inout (1v p-p) for example
hi-fi, CD. audio mixer (like our kit 1052) or
computer sound card. Supply: 9-15Vdc.

Kit Order Code: 3172KT - £19.95

Assembled Order Code: AS3172 - £32.95

3 Watt FM Transmitter
Small, powerful FM
transmitter. Audio pre-
amp stage and three RF
stages deliver 3 watts of
RF power. Use with the
electret microphone supplied or any line level
audio source (e.g. CD or tape OUT, mixer,
sound card, etc). Aer al can be an open di-
pole or Ground Plane. Ideal project for the
novice wishing to get started in the fascinat-
ing world of FM broadcasting. 45x145mm
Kit Order Code: 1028KT - £23.95
Assembled Order Code: AS1028 - £31.95

QUASAR
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Get Plugged In!

Electronic Project Labs

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

500 in 1 Electronic Project Lab
Top of the range. Com-
plete self-contained elec-
tronics course. Takes you
from beginner to ‘A’ Level
standard and beyond!
Contains all the hardware
and manuals to assemble
500 projects. You get 3
comprehensive course
books (total 368 pages) - Hardware Entry
Course, Hardware Advanced Course and a
microprocessor based Software Program-
ming Course. Each book has individual circui
explanations, schematic and connect'on dia-
grams. Suitable for age 12+

Order Code EPL500 - £149.95

Also available - 30-in-1 £15.95, 130-ir
£37.95 & 300-ir-1 £59.95 (details on website)

Tools & Test Equipment
We stock an extensive range of soldering
tools, test equipment, power suppiies,
inverters & much more - please visit ‘web-
site to see our fuli range of products.

Precis Digital Muit ter (4.5 Digit
A highly featured. high-
precision digital mult:me-
ter with a large 4 5 digit
LCD display. High accu-
racy (0.05%). Auto-
zeroing, polarity selection
and over-range indication.
Supplied complete with
shrouded test leads,
- : skock-proof rutber hol-
Y ster, built-in probe holder
band stand. Suppied fully
assembled witk holster,
battery and presentation box. Features in-
clude:
Capacitance * Audio ~requency * Data Hoid -
hFE / Diode Test * Auto Power Off

Technical Specifications

DC voltage: 200mV-1000V * AC voltage: 2V-700V *
DC current: 2mA-20A * AC current: 20mA-204 *
Resistance: 200Q2-200M() * Capacitance: 2n=-2CuF
* Frequency: 20kHz * Max display: 19999

Order Code: MM463 - Was £44.95 Now on
sale at just £29.95!

See our website for more special offars!

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




BS2-IC

BS2-SX

BS2E-IC

BS2P/24

BS2P/40

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

Serial Alphanumeric and Graphic Displays,

Mini-Terminals and Bezel kits

bt |

Animated Head

3-Axis Machine

Six-Legged Walkers

Robatic 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

Quadravox
MP3 & Speech Systems

Sensorylnc

Voice Recognition

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




EPE PROJECT PICs

Programmed PICs for EPE Projects
12C508/9-£3.90; 16F627/8 - £4.90
16F84/71/ - £5.90
16F876/877/ 18Fxxxx - £10.00
All inc. VAT and Postage

1kV/500V Insulation Tester

Super design. Regulated
output and efficient cir-
“y,_cuit. Dual scale meter,
compact case. Reads up
to 200 Megohms.

Kit includes wound ferrite|
transformer, drilled and
punched case, meter
scale, PCB & ALL compo-
nents. (Needs PP3 bat-
tery).

KIT 848...£32.95
DUAL OUTPUT TENS UNIT

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

KIT 866 .. £32.90 :“sysivsroe
Inc. 4 electrodes

ey
EPE MICROCHIP P.1.
easure Hunter

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

Silver, ferrous and non ferrous metals.? {Kit includes Head-

KIT 847 ... £63.95 : s, colan |

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 pie-regulator for
high efficiency. Panel meters
for A and V. Toroidal trans-
former. Variable Volts 0 - 25
AND Variable Current fimit
from 0 -2.5A

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

Kit 845 ... £64.95
[ 68000 Trano K621 9995
Stepping & DC Motors

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

MAGENTA BRAINIBOT 1 &I

Full kit with ALL hard- j— 4 IAION T
ware anc electronics. RNIIVIOV /
As featured in EPE Feb
‘03 (KIT 910)

Seeks light, beeps, and
avoids obstacles

Spins and reverses
when ‘cornered”

Uses 8 pin PIC chip
ALSO KIT 911-As 910
PLUS programmable

from PC serial port K|T910..£16 99
leads and software CO (1 T911.,.£24.99

PIC PIPE DESCALER

e SIMPLE TO BUILD

¢ SWEPT FREQUENCY OUTPUT
* HIGH POWER

e AUDIO & VISUAL MONITCRING (o]
An affordable circuit which sweeps the
incoming water supply with varying
frequency electromagnetic signals.
May reduce scale formation, dissolve
existing scale and improve the way
salts in the water behave.

Kit includes case PCB coupfing coil
and all components.

High coil current ensures maximum
effect. LED and piezo monitor

C/D

KIT 868 .. £22.95 PSU £3.99

PIC WATER
DESCALER

12V EPROM ERASER

A safe low cost eraser for up 1o 4 EPROMS or other UV
erasable windowed devices at a time 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 inter ock prevents contact with UV

KIT 790 ..... £29.90

PIC LCD DISPLAY DRIVER

16 Character x 2 Line dis- e Learn how to drive the dis-
play, pcb, programmed play and write your own
PIC16F84, software disk and  code.

all components to experiment « 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 to o Yop quality display with
match your application. industry standard driver,

KlT 860.£1 9.99 data and instructions

PIC STEPPING MOTOR DRIVER

PCB with components and PIC16F84 programmed with dem-
onstration software to drive any 4 phase unipolar motor up to
24 Volts at 1 Amp.

Motor Full software source code supplied on disc. Use this
project to develop your own zpplications. PCB ailows 'simple
PIC programmer’ ‘SEND’ software to be used to reprogram

™ KIT 863.........£18.99

8 CHANNEL DATA LOGGER

From Aug/Sept.'98 EPE. Featuring 8 analogue inputs and
serial data transfer to PC. Magenta redesigned PCB - LCD
plugs directly onto board. Use as Data Logger or as a test
bed for developing other PIC16F877 projects. Kit includes
lcd, programmed chip, PCB, Case, all parts and 8 x 256k

EEPROMS - KIT 877.........£49.95

SUPER PIC PROGRAMMER

Magenta's original parallel port programmer. Runs with
downloaded WINDOWS 95 - XP software. Use standard
Microchip .HEX files. Read/Prog/Verify wide range of
18,28,and 40 pin PICs. Including 16F84/876/877, 627/8, (inc.
‘A’ versions) + 16xx OTPs.

KIT 862. £29.99 power Supply £3.99

ICEBREAKER

PIC Real Time

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

¢ Featured in EPE Mar'00
KlT 900 ..£34.99 Ideal for beginners &
PSU £3.99 experienced users. Win-
dows (95 to XP) Soft-
ware included

ICEbreaker uses PIC16F877 in-
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-
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
- PC software CD (WIN95+
& XP} with illustrated con-
p struction details, and can
s 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 ... £29.99
KIT 913 ... £38.95 (5zbusure

(Kit with CD Rom &
Serial Lead)

EPE PIC Toolkit 3

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

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

*16 x 2 LCD, PIC chip all parts and sockets included.

sFoltow John Becker's excellent ‘PIC tutorial 2’ series.

KIT 880 ... £34.99 & ™™
KIT 880 ... £39.99 fim
OR - Built & Tested £49.99 & £55.99

EPE TEACH-IN 2004

COMPLETE 12 PART Additional Parts as
SERIES FROM NOV03 listed in ‘misc.’ Sec-
All parts to follow this  tion gess RF modules,
Educational Electronics Ltock and Motor/g.box}
Course. Inc. Bread-

board, and wire, as KiT921.£12.99
listed on p752 Nov 03’ Reprints £1.00 per
KiT920..£29.99 part.

BAT DETECTORS

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

KIT 861 .. £37.99  foran s..6500

for all 3....£5.99
Mkilb .. £49.95  MKkIll .. £89.95

All Prices Include VAT, Add £3.00 P&P per
order, or £7.99 for next day.

Chgs. P.O. & Most major cards accepted.
See our Website for many more kits, prod-
ucts, & Secure On Line ordering.

Mail Order Only.

GENIT

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

email: sales@magenta2000.co.uk
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WEEE Must Recycle

The EU Waste Electrical and Electronic Equipment Regulations 2006 (WEEE) came
into force at the start of the year. These regulations require that from 1 July 2007 pro-
ducers of EEE will be responsible for financing the recycling of all equipment which is
dependent on electric currents or electromagnetic fields and which has a voltage rating
of not more than 1000V AC or 1560V DC, which obviously covers all general equipment
from MP3 players to washing machines, plus items like test equipment, soldering irons,
light bulbs, toys with flashing lights etc.

From July, if you buy a new kettle in Tesco (for example) then Tesco will be responsi-
ble for the disposal of your old one — or at least they must inform you where you can take
it locally to be recycled. Producers of equipment will need to be registered with the
Environment Agency - for which a fee is charged — and also pay for the recycling of
products, usually charged per tonne by approved ‘producer compliance scheme’ compa-
nies. I guess we all know who will eventually foot the bill!

As usual with such regulations there are a number of grey areas. We are told that since
the primary function of musical novelty socks is not electronic then they are not governed
by the regulations, however, a greetings card with a spoken message, or song, may not
be exempt as its primary purpose is to deliver the electronic message!

The area that is of interest to many readers is how the regulations govern the disposal
of home-built equipment; basically, because the item has not been provided commercial-
ly, it is exempt. However, if it has been built from a kit then it is covered by the
regulations and the kit producer should be registered and should comply with the
requirements placed on a producer.

Again there are grey areas, for instance, where part of a home built unit uses a ready
made module. I guess it is best to play safe and dispose of all electrical and electronic
equipment via an approved collection site.

We must obviously wait to see what effect this will have on the retail price of equip-
ment and how much EEE will actually be recycled. We understand that after years of

bottle banks only about one third of glass is actually being recycled!
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AVAILABILITY

Copies of EPE are available on subscription
anywhere in the world (see opposite) and from
all UK newsagents (distributed by SEYMOUR).
EPE can also be purchased from retail magazine
outlets around the world. An Internet on-line ver-
sion can be purchased and downloaded for just
$15.99US (approx £9.00) per year available from
www.epemag.com
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SUBSCRIPTIONS

Subscriptions for delivery direct to any address in the
UK: 6 months £18.75, 12 months £35.50, two years
£66; Overseas: 6 months £21.75 standard air service or
£30.75 express airmail, 12 months £41.50 standard air
service or £59.50 express airmail, 24 months £78 stan-
dard air service or £114 express airmail. To subscribe
from the USA or Canada zall Express Mag toll free on
1877-363-1310

Online subscrigtions, for downloading the magazine via
the Internet, $15.99US (approx £9.00) for one year
available from www.epemag.com.

Cheques or bank drafts (in £ sterling only) éaa able to
Everyday Practical Electronics and sent to EPE Subs.
Dept., Wimborne Publishing Ltd. 408 Wimborne Road
East, Ferndown, Dorset BA22 9ND. Tel: 01202 873872.
Fax: 01202 874562. Email: subs @epemag.wimborne.co.uk.
Also via the Web at: http:/www.e, .wimbome.co.uk.
Subscriptions start with the next available issue. We accept
MasterCard, Amex, Diners Club, Maestro or Visa. (For past
issues see the Back Issues page.;

BINDERS

Binders to hold one volume (12 issues) are available
from the above address These are finished in blue
p.v.c., grinted 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 £ sterlirﬁ 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
seif-addressed envelope or a self-
addressed envelope and international reply
coupons. We are not able to answer techni-
cal queries on the phone.

PROJECTS AND CIRCUITS

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

A number of projects and circuits published in
EPE employ voltages than can be lethal. You
should not build, test, modify or renovate
any item of mains-powered equipment
unless you fully understand the safety
aspects involved and you use an RCD
adaptor.

COMPONENT SUPPLIES

We do not supply electronic components or
kits for building the projects featured, these
can be supplied by advertisers.

We advise readers to check that all parts are
still available before commencing any pro-
ject in a back-dated issue.

ADVERTISEMENTS

Although the proprietors and staff of
EVERYDAY PRACTICAL ELECTRONICS take
reasonable precautions to protect the interests
of readers by ensuring as far as practicable that
advertisements are bona fide, the magazine
and its publishers cannot give any undertak-
ings in respect of statements or claims made
by advertisers, whether these advertisements
are printed as part of the magazine, or in
inserts.

The Publishers regret that under no circum-
stances will the magazine accept liability for
non-receipt of goods ordered, or for late
delivery, or for faults in manufacture.

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

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



A roundup of the latest
Everyday News from the world

of electronics

CES Show Las Vegas

Barry Fox tells us a bit about what’s happened at this year’s CES Show

HE Consumer Electronics Show is

now in its fortieth year. CES began in
New York in 1967, with 100 exhibitors
and 17,500 trade visitors. Now in Las
Vegas, CES draws 2,700 exhibitors and
140,000 attendees every January. Like all
electronics industry shows, CES has been
the battleground for a string of format
wars, from cassette tape to VHS and
Beta, video disc, DAT, DCC and Mini
Disc through to DVD-Audio and SACD.
2007 is the year of Blu-ray versus HD-
DVD, with the online delivery of video
material moving in to outflank both of
them.

Terabyte hard drive

Outflanking, has just got a whole lot eas-
ier with Hitachi’s launch of the world’s
first terabyte hard drive — of standard size
and serial ATA connectors for easy fitting
to existing PCs or set-top boxes and home
entertainment servers.

Hitachi — which bought IBM’s HD busi-
ness three years ago — prefers to promote it
as a drive with 1000 Gigabytes capacity,
because consumers are not yet aware of
what the term rerabyte means. One hard
drive is equivalent to 200 blank DVDs, at a
storage cost of 40 US cents per Gigabyte.
Available in March, the new reradisc will
cost $400.

HD-DVD enhancements

The launch of a dual format blue laser
player from LG was pre-hyped as the solu-
tion to the big blue format war. So was the
dual format disc from Warner. The Super
Multi Blue Player from LG - which dou-
bles as a Blu-ray and HD-DVD player —
should really be described as ‘a one and a
half player’. Although the $1200 player is
an almost full-featured Blu-ray player, it is
a very inadequate HD-DVD player that
may well not be entitled to carry the HD-
DVD logo.

The player will play DVDs as well as
Blu-ray and HD-DVD discs, but not music
CDs. The digital connections, called
HDMI, follow the now out-dated HDMI
1.2 standard, not the new V1.3. So the
player cannot handle the top quality sound
systems from Dolby (TrueHD) and DTS
(HD Master Audio).

Although the player can play Blu-ray
titles with full interactivity, it has no net-
work connection for the Internet interac-
tion and does not support interactivity,
which is a promoted feature of HD-DVD.
The Super Multi Blue just plays HD-DVD
movies with simple menus, admits LG.
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Warner’s new dual-format TotalHD or
THD disc is a dual-sided ‘flipper’. with a
Blu-ray recording on one side and HD-
DVD on the other. Impressive demonstra-
tions leave no doubt that it works perfectly.
The first THDs will appear at the end of
2007. ‘Once we're up and running, this
will be the only platform we'll be releas-
ing,” says Ron Sanders, president of
Warner Home Video.

Asked whether Warner feels it is commer-
cially viable to expect consumers to pay
more for dual discs, Warner reminds that if
one format eventually dies, then the con-
sumer will still have discs that play. Also,
some homes will have two types of player,
HD-DVD in the living room and Blu-ray
PS3 in the kid's room, or a Blu-ray player in
the living room and Xbox 360 upstairs.
Although the cost of replicating dual format
discs will be higher and the cycle time slow-
er — because the factory will initially need
three lines, one for 0.1mm Blu-ray, one for
0.6mm HD-DVD and one for bonding —
Warner’s argument is that everyone benefits
from single inventory packaging, warehous-
ing, delivery and in-store racking.

Meridian docking

Respected British company Meridian is
known for its top end hifi and video
equipment. At CES the company unveiled
a small docking station for a video iPod
that upscales video from small screen
iPod quality, to Full Quality HDTV. A
demonstration at Meridian’s booth used
clips from Toy Story, ripped from a DVD
and converted to MPEG-4 with 640 x 480
resolution in a file of around 700-800
Mbytes. The dock contains circuitry
which analyses the low quality recording,
adds extra picture lines and displays a
1080 line picture on a 42-inch Sharp Full
HD screen. The quality, with HDMI con-
nection to the TV, was amazing. Meridian

will not say what upscaling system it is
using, but the company has close ties
with Faroudja. The dock is due in April,
at around $400.

New mobile phone software

New software coming soon from Kodak
will let owners of mobile phone cameras
automate the transfer of pictures from the
phone’s memory to a PC, and from there to
Kodak™ online Gallery. as soon as they get
home or reach the office — thereby releas-
ing the phone’s memory for more pictures,
and safeguarding pictures in case the
phone is lost or stolen. The software offers
the option for one-time pairing between a
Bluetooth phone and PC with Bluetooth
dongle. From then on. as soon the phone
comes within range of the PC, inside a dis-
tance of around 10 metres, the PC auto-
matically sucks all pictures from the
phone’s memory, stores them on the PC
hard drive and makes a safety copy to the
Kodak Gallery.

With so many pictures now being stored,
it is hard to find and index them. Kodak’s
new software will provide facial indexing.
If uncle Bill is to be indexed, a shot with
head on view of his face is selected. The
software then analyses and stores Bill’s
facial characteristics as a search reference.

Ideally, a couple of shots are used to
make the reference more accurate. From
then on the software can search through all
pictures to find any with faces that match
Bill's. The order of pictures is then re-
arranged so that all those with Bill's face
are at the top of the list.

Indexing several hundred pictures takes
only a couple of seconds. The software will
be made available free, as part of the free
Easyshare software which Kodak already
gives away to encourage people to use the
online Gallery — which costs around $25 a
year 10 use.

EOCS

The Electronic Organ Constructors
Society (EOCS) have, as usual, sent us their
latest magazine, number 200, full of inter-
esting tidbits and news about events and
personalities within and around the Society.
We’ve been reporting on it for many years,
telling you how worthwhile it is if you are
interested in such musical and electronic
matters.

Interestingly. they also sent a copy of a
newsletter they sent out on 16 May 1960,
announcing their first general meeting, at
which Alan Douglas would be present,

‘bringing his organ’! Some of you will
remember how he later also wrote for
Practical Electronics, presenting another
organ for home construction. This News
editor recalls it well! (PE started in
Nov '64.)

Don Bray, who has edited the EOCS
magazine for as long as can be remem-
bered here, says he is now retiring. All the
very best to you Don.

For  further  information  contact
Treasurer/Membership Secretary, Ron Coates,
EOCS, 2 Boxhill Nurseries, Boxhill Road,
Tadworth, Surrey KT20 7JF. Email: treasur-
er@eocs.org.uk. Web: www.eocs.org.uk.
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VISUAL C TRAINING

COURSE

Brunning Software have just released their latest training
course. Writing programs within the Windows environ-
ment has always been far too difficult for some, until now.
Imagine the problem of designing an interface to connect
your own circuits to your PC and the problem of writing a
suitable control program to run w:thin Windows. Now
with the combination of the latest Microsoft programming
aids and the natural teaching method used by Peter
Brunning, at last there is an easy way to achieve this.

They start the course by showing the easy way to write
Windows programs, studying the design ideas for the
latching serial port, building simple circuits, writing con-
trol programs, and finish with a sophisticated audio stor-

age oscilloscope.

The course material consists of a 272-page manual, a
latching serial port, an LCD assembly and a pack of com-
ponents for building the experimental circuits (no solder-
ing required), total price £88. (Viscal C# express edition
needs to be downloaded from the Microchip website — this
is a free download and full instructions for doing this are

included in the manual.)

For more information browse: www.brunningsoft

ware.co.uk or tel: 01255 862308.

Fapoevimenting
with
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Plastic Electronics

In the news recently has been the story
that plastic electronics may replace the
silicon in chips. The BBC website
(www.bbc.co.uk/news) gave a fuller
story, of which the tollowing is an extract.

British firm Plastic Logic has
announced that it will build the world’s
first factory, in Dresden, Germany, to
manufacture plastic electronic circuits.

Plastic electronics is a branch of elec-
tronics that deals with devices made
from organic polymers, or conductive
plastics, as opposed to silicon. Organic
polymers are a class of substances that
are used to make everything from bin
bags to solar panels. The highly conduc-
tive polymers needed for electronic
devices were first discovered in the early
1960s. They are already used in some
electronic devices.

In 2004, electronics giant Philips
announced a concept flexible display,
while other companies such as Cambridge
Display Technology use them to manufac-
ture organic light-emitting diodes (LEDs).
However, plastic electronic devices such
as those made by Plastic Logic have never
been mass produced.

When the production facility is up and
running in 2008, it will manufacture
large sheets of flexible plastic. The basic
substrate will be polyethylene terephtha-
late, commonly used to manutacture
plastic bottles. Circuits will then be
printed on to these sheets. The plastic
chips will then be used as the ‘control
circuits’ behind large flexible ‘electron-
ic paper’ displays.

These devices, currently being devel-
oped and sold by firms such as
Panasonic and Sony, can hold the equiv-
alent of thousands of books. It is hoped
that one day these devices will become
as common as newspapers and books.
The tacility will produce one million
sheets every year.

Plastic will not replace silicon in
microchips in the immediate future. But
other companies are also working on
developing plastic chips, such as US firm
Lucent, Philips of the Netherlands,
Samsung of South Korea and Japan's
Hitachi.

MicroPro 26 Beta Update

Quasar Electronics tell us that their
MicroPro 26 Beta is available. You can
now bring vour Quasar USB PIC pro-
grammer up to date with the latest release
of their programming interface, and they
have also added a large number of new
devices to the new version. You can down-
load the update from their website at:
www.quasarelectronics.com/micopro.htm.

This version uses firmware version
POI8 so if you are currently running
MicroPro 24 or 25 then no firmware
update is required. If you are running an
earlier version of Micropro then you will
also need to vupdate the onboard
PIC16F628(A) to PO18 (hex files can be
found in the Micropro 26 installation
folder). You will nzed a spare 16F628 to
perform the update (available from the
website at: www.quasarelectronics.com/
components.htm#PIC16F628-20/P).
They can also supply ready burnt
firmware chips at: www.quasarelectron
ics.com/firmware_chips.htm.

Note that this beta version is supplied
without warranty and is intended for test-
ing purposes by experienced users. Please
report any findings good or bad to the
Support Team at: support@gquasarelec
tronics.com.

They hope you find the new range of
devices add a significant boost to what is
already a very good programmer at a
very competitive price. If you are inter-
ested in their range of USB PIC
Programmers then please see their
webpage at: www.quasarelectronics.
com/pic_programmers.htm or give
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them a call on 0871 717 7168. They also
have a ‘wonderful range of goodies’
which can be found at: www.quasar
electroni¢s.com/christ mas_2006.htm.

Quasar Electronics Limited mail
address is: PO Box 6935, Bishops
Stortford CM23 4WP. Tel: 08717 177
168. Intl: +44 (0)8702 461 826, Fax: 0871
277 2728. Intl +44 (0)7092 203 496.

New RFID Modules

RF Solutions has introduced a new
family of radio frequency identification
(RFID) receiver modules, transponder
cards and development/evaluation Kkits.
The range, comprising five new basic
products, will help engineers develop cus-
tom RFID solutions in what is a rapid
growth market with a huge and diverse
range of applications.

The RF Solutions RFID product range
comprises modules that each use a difter-
ent popular protocol, enabling more and
varied applications to be addressed. The
protocols include Hitag 1 and 2, EM
Marin, Quad Tag and Mitare (all from
Philips Semiconductor).

The 125kHz RFID Hitag I/S receiver
module for example, provides a good
general-purpose solution with read/write
capability, and a communication rate of
up to 4K Baud over a distance of 20cm.
The accompanying transponder card has a
memory of 256 bytes plus a specification
that includes data encryption and pass-
word support. The Hitag 2 protocol
receiver/transponder combination otfers a
similar specitication but with a 32 byte
transponder card memory and password
exchange capability.

For more information contact RF
Solutions, Dept EPE, Unit 21, Ciffe
Industrial Estate, South Street. Lewes,
East Sussex BN8 6JL. Tel: +44 (()1273
898000. Fax: +44 (0)1273 48066!1. Web:
www.rfsolutions.co.uk. Email: sales@
rfsolutions.co.uk.




Constructional Project
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NOKA

Would you like to be immediateiy informed
when your burglar alarm is activated, as
well as which sectors were tripped? What about
if you could reset the alarm or even isolate one
or more sectors? Well, this is just one of a huge
number of possible applications for our new
SMS Controller. Other applications include
switching home appliances, rebooting a server
or locating your car in a car park.

SING THE CONVENIENCE of

SMS, this project lets you re-
motely control equipment by sending
plain text messages, such as ‘pump on’,
‘aircon off’, ‘reset’ cr ‘blast horn’ - all
of which can be pre-programmed into
the controller and easily remembered
later. It can control up to eight external

10

devices and report the condition of up
to four digital inputs.

Short Message Service (SMS) is
defined as a text-based service that
enables up to 160 characters to be
sent from one mobile phone to an-
other. In a similar vein to email, mes-
sages are stored and forwarded at an

SMS centre, allowing messages to be
retrieved later if you are not immedi-
ately available to receive them. Un-
like voice calls, SMS messages travel
over the mobile network’s low-speed
control channel. ‘Texting’, as it’s also
known, is a fastand convenient way of
comumunicating.

Users have been quick to make use of
this technology, with millions of hand-
sets currently in use. As new models with
‘must have’ features hit the market, older
models become virtually worthless and
if not recycled, end up in landfill.

With this in mind, we’ve designed
this project to work with several popu-
lar (but now outdated) Nokia models.
Chances are, you’ll already have one of
these on the shelf. If not, secondhand
units are readily available for a song.

Nokia rebirth

While a number of models would
have been suitable for this project, the
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NOKIA 5110/6110 CONNECTOR

a7

1 pc 2 mc 3—=9
SOCKET  PORT

Fig.1: the interface connector on
5110 & 6110 models is located at
the bottom of the phone. Here’s
the pin numbering schematic.

Nokia 3210, 3310,5110 and 6110 were
obvious choices, as they all include a
common serial data interface neces-
sary for remote control.

Of these four models, the 5110 &
6110 are preferred for two important
reasons. First, Nokia specifically de-
signed the serial interface on these
models for user access. In fact, they
marketed accessories such as car kits
and PC-based software that makes use
of the interface. The interface connec-
tors are therefore reliable and easily
accessible.

Second, both models include the
functions necessary for the SMS Con-
troller to monitor battery level. as well
as ‘push’ the power button sheuld
power be lost for any reason.

By contrast, the 3210 & 3310 inter-
face connectors are hidden beneath
the rear covers, and in the case of the
3310, beneath the battery! In addi-
tion, they lack the battery monitoring
and remote power-up functions. It’s
therefore necessary to manually push
the power button if a battery runs flat.
Despite these limitations, both models

Constructional Project

Table 1: Connector.Pinouts For.The Nokia 5110 & 6110 Models

Pin No. Name Function
1 VN Charger input voltage
2 CHRG_CTRL Charger control (PWM) signal
3 XMIC External microphone input
4 SGND Signal ground
5 XEAR External earphone output
6 MBUS MBUS serial receive/transmit
7 FBUS_RX FBUS serial receive
8 FBUS_TX FBUS serial transmit
9 L_GND Charger/logic ground

DC Jack Charger input (centre positive)

operate satisfactorily with this project.
If you don’t already have a suitable
model, you can often pick one up on
eBay for under £10. Look for a unit
with a good battery; this will save you
money later, as a furctioning battery is
mandatory, even when connected to a
DC power source.

You'll also need a data cable for the
phone to controller link. Nokia no long-
er offers cables for these older phones
but after-market equivalents are readily
available on the Internet. Alternatively,
ask your local mobile phone dealer for
advice on suitable suppliers.

Note that some vendors offer cables
designed specifically for updating, or
‘flashing’, phone memory. Some of
these will not work with this project!
When in doubt, look for a cable that
works with ‘LogoManager’ or ‘Oxy-
gen Phone Manager’. Both these PC

This close-up view shows the interface
connector on the Nokia 6110, together
with the matching plug from the data
cable. The DC jack and the adjacent
charger input and control signal pins
(pins 1 & 2) are to the left.

System Limitations & Cautions

Before building this project, you
should first make sure that it suits your
intended application. Note that this is
not a real-time control system. The
time taken for a message to be sent by
the controller can vary from anywhere
between a few seconds to minutes,
depending on network load.

This means that rapidly changing
inputs will go undetected. Effectively,
you will be left not knowing what the
real state of the input port is, despite
having received a host of state-change
messages. In other words, the inputs
should only be used to sense signals
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that change infrequently over time.
Alarm signals are a typical example,
as they're expected to change only
during exceptional conditions.

A second pitfall has to do with
SMS costs. You must use a pre-
paid mobile phone account. A
malfunctioning system could cost
you a fortune on an open-ended
plan. In theory, if the controller
were to send messages as fast
as the network would allow, more
than 17,000 messages could be
sent in one day alone. This would
really be a disaster!

We therefore strongly recom-
mend that a pre-paid account be
set up for the controller-connected
phone. This ensures that if some-
thing goes wrong, you already
know how much it's going to cost
you.

Finally, do not use the phone
connected to the controller to pro-
gram or test the system by sending
messages to yourself. Doing so will
confuse the controller, resulting in
messages echoing backwards and
forwards until your account balance
is empty!
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Fig.2: the circuit diagram for the

main part of the controller. A 40-pin
microcontroller (IC1) handles almost
everything, including communications
with the mobile phone and control of
the input and output ports.

software products communicate with
the phone in a similar manner to this
project.

Phone power

The controller includes an on-board
current-limited power supply for
charging the phone’s battery. The origi-
nal plugpack charger (ACP-7A) cannot
be used, as it provides no mechanism
for disconnecting power once the bat-
tery is sufficiently charged.

To connect the controller’s power
supply output to the phone’s DC
input, a simple two-wire cable with
a standard 1.1mm (3.5mm OD) DC
plug on one end is required. You can
either make one yourself, or scrounge
aready-made cable from an old in-car
charger. All you need to do is discon-
nect the cigarette lighter plug end and
you have the necessary cable complete
with a moulded-in DC plug!

Serial interface

The Nokia phones mentioned earlier
incorporate two proprietary seria!l in-
terfaces known as ‘MBUS’ and ‘FBUS’.
MBUS is half-duplex, meaning that it
provides just one signal line for both
sending and receiving data. Data is
exchanged over the MBUS at 9600bps
(bits per second). This interface is
intended primarily for factory test
and adjustment, so we won’t be us-
ing it here.

FBUS, on the other hand, provides
separate send and receive lines and
operates at the much higher speed of
115.2kbps. Nokia designed FBUS for
connection to external accessories,
such as their PC Data Suite. However,
not all models work with this particu-
lar software. Nevertheless, the FBUS
interface is present on all these models
and ready to do duty in this project.

Note: although earlier model phones
also include an FBUS interface, the
protocol used is different to that used
on the models mentioned here. This
project uses FBUS ‘version 2’ protocol,
which according to one source is sup-
ported only on the following models:
6110, 6130, 6150, 6190, 5110, 5130,
5190, 3210, 3310, 3330, 3360, 3390 &
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Parts List — SMS Controller

1 PC board, code 609 available
from the EPE PCB Service,
size 130mm x 85mm

4 2-way 5mm terminal blocks
(CON1, CON4, CONG)

4 3-way 5mm terminal blocks
(CONB3, CON4)

1 9-way 90° PC-mount male ‘D’
connector (CON2)

1 10-way 2.54mm DIL shrouded
header (CONS)

1 8-way 2.54mm DIL header
(JP4 - JP7)

1 6-way 2.54mm DIL header
(JP1-JP3)

7 jumper shunts

1 40-pin IC socket

1 18-pin IC socket

1 16-pin IC socke!

1 220uH ferrite choke (L1)

2 M205 PC-mount fuse clips

1 M205 1A slow-blow fuse

4 M3 x 10mm tapped spacers

5 M3 x 6mm pan head screws

1 M3 x 6mm nut & washer

Nokia mobile phone (see text)

Serial (data) cable to suit phone
(see text)

DC power cable to suit phone
(see text)

Semiconductors

1 AT90S8515-8 cr ATMega8515-
16 microcontroller (40 pin)
(IC1), programmed with
SMS.HEX

1 MC34064P-5 under-voltage
sensor (IC2)

1 MAX232 RS232 receiver/driver
(IC3)

1 ULN2803 Darlington transistor
array (IC4)

1 MC34063 switching regulator
(IC5)

1 7.3728MHz crystal, HC49
package (X1)

1 1N4004 diode (D1)

2 1N5819 Schottky diodes (D2,
D3)

1 1N4148 diode (D4)

1 1N4746 18V 1W Zener diode

(ZD1)

1 1N4736 6.8V 1W Zener diode
(ZD2)

4 1N751 5.1V 0.5W Zener diodes
(ZD3 - ZD6)

1 1N4753 36V 1W Zener diode
(ZD7)

5 3mm red LEDs (LED1 - LED4,
LEDS6)
1 3mm green LED (LEDS5)

Capacitors

1 220uF 50V PC electrolytic

2 220uF 25V PC electrolytic

2 10uF 16V tag tantalum

4 1uF 50V monolithic ceramic

9 100nF 50V monolithic ceramic
1 1nF 50V ceramic disc

2 22pF 50V ceramic disc
Resistors (0.25W 1%)

122kQ 8 1kQ

1 10kQ 6 330Q

4 3.3kQ 21.5Q 5%

2 4.7kQ 110Q 1W 5%

1 10Q 5W 5% (for testing)

3410. However, we’ve only tested this
project with the 6110, 5110, 3210 &
3310 and therefore cannot guarantee
operation with other models!

The physical location of the in-
terface pins varies according to the
model. In addition, some models
provide extra contacts for hands-free
adapters and chargers.

Fig.1 and Table 1 show the connec-
tor layout and pin assignments for the
5110 and 6110 models. This informa-
tion is shown for interest only, as the
data cable includes all the electronics
necessary to interface these signals to
a standard PC’s serial port. We've de-
signed the controller so that the cable

plugs directly into the on-board 9-pin
‘D’ connector — no PC is required!

Circuit basics

For convenience, we'vedivided the
circuit diagram for the controller into
two sections. The main circuit appears
in Fig.2, while the phone power sup-
ply is shown in Fig.3.

Looking first at Fig.2, you’ll note that
an Atmel microcontroller (IC1) domi-
nates the circuit, with just a handful
of external interface components and
a 5V power supply. As first glance,
it may seem odd that we’ve selected
a 40-pin micro for the job, as quite
a few pins are unused. Wouldn't a
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SMS CONTROLLER - PHONE POWER SUPPLY

Fig.3: the on-board power supply for the phone is based on a common switchmode regulator (IC5).

smaller, cheaper device have been suf-
ficient? Well, no, because we needed
to make use of the generous code and
data memory spaces available in this
particular device. The AT90S8515/
ATMega8515 includes 8192 bytes of
code (FLASH) memory, 512 bytes of
RAM and 512 bytes of data (EEPROM)
memory.

The micro includes four 8-bit in-
put/output (I/0) ports. Ports ‘A’ and
‘C’ are used for the external interface,
which we’ll come back to shortly. Port
‘B’ drives the five status LEDs (LED1
- LED5) and is also used for in-system
programming (ISP) via CON5 - see the
panels entitled ‘LED Indicators’ and
‘Microcontroller Programming’ in Pt.2
next month.

The upper three bits of Port ‘D’
(PD5-PD7) are used to read the state
of jumpers JP1-JP3. The lower two bits

—@—o coM

our

2.7k
IN O—WW—y

.

7.2k§

AAAA,

g;' J-

Fig.4: eight open-collector outputs
are provided by IC4, a ULN2803
Darlington transistor array. The
equivalent circuit for each output
channel is shown here.

(PD0 & PD1) are programmed as serial
transmit and receive lines for commu-
nication with the phone. A MAX232
level converter (IC3) transforms the

600 ‘ | | ‘ T | Fig.5: the amount
} of current the
o ] ULN2803 can
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< % \}\ NG| | 2 the nunll)ber of
é"oo . A A *1 \\‘\ \ \ 3 _| outputs in use.
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I | | | Ta=50%C | | applications, a
RTH). o= 60°C/W duty cycle of 100%
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0 | I | | |
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TTL levels on these pins to about +9V
to drive the electronics embedded in
the data cable.

By way of explanation, electronic
circuitry is included in the data cable
to convert the logic levels from the
phone (0 — 2.8V) into RS232 levels
(about +9V), so that the phone can be
plugged into the serial port of a PC.
We’ve therefore included a ‘PC-like’
interface for use with common types
of cables.

The MAX232 also provides simu-
lated ‘RTS’ and ‘DTR’ signals to the
cable. ‘RTS’ is used by ‘dual mode’
cables to switch between the MBUS
and the FBUS. In this design, ‘RTS’
is permanently driven to a negative
voltage to select the FBUS connec-
tion. Conversely, ‘DTR’ is perma-
nently driven positive by virtue of
the direct connection to the positive
output on V+ (pin 2) of IC3. This is
used to power the circuits in the
cable.

Power for the micro and its associ-
ated circuitry is provided by a 7805
+5V regulator (REG1). The input to
the regulator is reverse-polarity pro-
tected by D1. Following this, a 10Q
series resistor and Zener diode ZD1
areincluded to provide transient over-
voltage protection.

A 6.8V Zener diode (ZD2) provides
limited protection in the case of seri-
ous over-voltage transients on the 5V
rail. Note that if subjected to a substan-
tial over-voltage, such as might occur
during a nearby lightning strike, ZD2
would probably be destroyed. Always
check the condition of this Zener if the
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fuse blows or the 10Q 1W resistor is
found to be open-circuit.

An under-voltage sensor (IC2) is
used to reset the micro whenever the
power supply voltage drops below
about 4.6V.

Output switching

Eight outputs are provided for con-
trolling external devices. Each output
line is driven by one open-collector
transistor pair in a ULN2803 (IC4).
Fig.4 shows the equivalent circuit for
one channel of the ULN2803.

All outputs are diode-connected to
the ‘COM’ pin, which is then externally
clamped to ground using a 36V Zener
diode (ZD7). To allow for plenty of
headroom, the open-circuit voltage
at any output pin should not exceed
+28V.

One ULN2803 output can switch
a maximum load current of 500mA.
However, when more than one output
is used, this must be derated accord-
ing to the graph in Fig.5. For example,
with four outputs in use, the maximum
current per channel is slightly less
than 300mA.

Note that for this application, a duty
cycle of 100% should be assumed. More
information isavailable in the ULN2803
datasheet, which can be downloaded
from www.allegromicro.com.

Fig.6{(a) shows how to connect a
simple relay circuit to any of the eight
outputs. Note that a high-speed diode
must be soldered directly across the re-
lay coil terminals as shown. This diode
limits the flyback voltage that occurs
at relay switch-off, thus preventing
high-voltage spikes from appearing
across the driver output. We've speci-
fied UF4001 diodes for the job but of
course, the higher voltage UF4002 and
UF4003 devices can also be used.

If more current is required than
can be provided by the ULN2803, the
circuit shown in Fig.6(b) can be used.
This circuit will handle at least 500mA,
at the same time allowing all eight
outputs tobe used without overloading
the driver. However, by substituting a
power transistor and increasing the
base drive, the current handling can be
increased to over 1A — see Fig.6(c).

Input sensing

Four digital inputs {at CON3, Fig.2)
are available for sensing the state of
external trigger devices. Each input is
current-limited by a 1kQ resistor and
is then clamped to +5.1V using a Zener
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SMS CONTROLLER
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at least 500mA.

Fig.6(a): here’s how to hook up a relay to any of the eight outputs.
The diode must be soldered directly across the relay coil terminals.
Take particular care that you have the cathode (banded) end to +12V,
otherwise the ULN2803 will be destroyed!
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N

Fig.6(b): if more current is required than the ULN2803 can handle,
then a transistor buffer circuit can be added. This circuit will switch
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Fig.6(c): a power transistor can be used to boost current handling to
over 1A. As shown here, power and ground for all external circuits
must be independently wired to the power source.

diode (ZD3-ZD6). This scheme allows a
maximum trigger input of 16V.

As shown in Fig.7{a), an input
voltage of between 0 and 1.5V will
be sensed as a logic ‘low’, whereas
3-16V will be sensed as a logic ‘high’.
Voltages in between these two ranges
are considered invalid and may be
sensed either ‘low’ or ‘high’.

The micro samples these inputs
every 128ms. Any single input
change must be present for at least
twice that time (256ms), otherwise
it will be rejected as noise. If ad-
ditional inputs change state within
this 256ms window, they must re-
main valid for 500ms or more to be
recognised.
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SMS CONTROLLER
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7 :1:
(OuNioi
[N o )
3.3k
DIGITAL INPUT -
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P18
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Fig.7(a): any of the four inputs can
be used to detect the logic level of
a digital signal. An input voltage of
between 0 and 1.5V will be sensed
as a logic ‘low’, whereas 3-16V

will be sensed as a logic ‘high’.

SMS CONTROLLER
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Fig.7(b): with the aid of the SMS
Controller’s on-board pull-up
resistors, the state of a switch is
easily sensed.

Reproduced by arrangement with SMS CONTROLLER

Fig.7(c): optocouplers SILICON CHIP magazine 2007.
ca%l b(e )usel:i wheg the www.siliconchip.com.au +5V
two systems lack a .
common ground. This 7 191
is also an effective N ;o
means of eliminating
false triggering in noisy 3.3k
electrical em'flronments OPTOCOUPLER
and when using long *—’WW—” 0 for NI
cable runs. Select a } A E En
resistor value that Pz
limits LED current flow — E Eu
to between 4mA and OPTOCOUPLER _:.oi._G_'_“Dj
20mA. CLOSE TO =

CONTROLLER I .
Jumpers JP4-JP7 allow a 3.3kQ Phone power supply

pull-up to be applied to any of the
inputs for use with a switch (Fig.7(b))
or optocoupler (Fig.7(c)). The opto-
coupler scheme is necessary when the
two systems do not share a common
ground. It can also be used to eliminate
false level sensing in noisy electrical
environments and provides an effec-
tive isolation barrier against high-volt-
age transients. Any general-purpose
optocoupler (eg, 4N25 or 4N28) would
be suitable.

Important: when using the circuits
shown in Figs.7(a) & 7(b), the wir-
ing between the equipment and/or
switches and the input terminal
block must be kept as short as pos-
sible. Do not connect long cable
runs directly to the digital inputs! If
you need to sense a signal over any
significant distance, then use an
optocoupler for isolation, as shown
in Fig.7(c).
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A simple step-down switchmode
regulator circuit is used to power the
phone — see Fig.3. It is based on the
well-known MC34063 switchmode
controller IC (IC5), which includes an
oscillator, PWM controller and switch-
ing transistor —ie, most of the elements
needed for a step-down design.

In short, the MC34063 regulates the
output voltage by varying the amount
of time an internal NPN transistor is
switched on. The transistor’s collector
is connected to pin 1 and the emitter to
pin 2. When the transistor is conduct-
ing, energy is transferred to inductor
L1 and a 220pF capacitor. When it
turns off, the energy is discharged into
the load via D3.

In operation, the MC34063 attempts
to maintain the output voltage at 7.0V,
as set by the 22kQ and 4.7kQ resistors
connected to pin 5. However, once the
load current reaches about 350mA,

internal current-limiting circuits begin
to take effect.

The peak current level during
each ‘on’ cycle is determined by the
voltage at pin 7, which is developed
across the paralleled 1.5Q resistors. At
about 350mA, the MC34063 begins to
shorten the transistor ‘on’ time, thus
limiting the output current. This also
causes a drop in output voltage.

The result is a current-limited out-
put of between 360mA and 400mA.
When charging the phone’s battery,
the output voltage will typically fall to
around 5-6V. This closely follows the
performance of the standard ACP-7A
plugpack charger.

Battery charging

According to Nokia, the batteries in
these models must not be continually
charged. In use, we found that the
phone’s battery charging circuits dis-
connect the DC input once the terminal
voltage exceeds a certain absolute
value. Some models also include a
thermistor inside the battery pack and
will terminate charging after a certain
temperature rise. However, neither
method eliminates overcharging.

To minimise overcharging, it is
therefore necessary for the controller
to be able to switch the current-limited
supply on and off at the appropriate
times. This is achieved in the circuit
using diode D4 and a 4.7kQ resistor
between pin 14 of IC1 and pin 5 of IC5.
When the micro drives this line high,
it pulls the MC34063 feedback signal
(FB) above the set point, forcing it to
stop switching. In this condition, the in-
ternal switching transistor is off, so the
input is disconnected from the output
and no current flows to the phone.

In operation, the micro adopts one
of two charging strategies, depend-
ent on the particular model of phone.
For the 5110 & 6110, battery level is
monitored over the FBUS. When the
level drops to ‘1, the power supply
is switched on. When it reaches ‘4’,
the supply is switched off after a
short ‘top-up’ period. To prevent
sudden death due to a marginal bat-
tery, the supply is also switched on
just prior to message transmission
if the battery level is less than ‘3’.
These numbers relate to the battery
indicator bar on the right-hand side
of the display.

As battery level information is not
available on the 3110 & 3210 models,
a simple timed charge regime is used
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Fig.8: follow this diagram when assembling the controller. The orientation of all the ICs, diodes, LEDs
and polarised capacitors is critical, so double-check all of these before applying power.

oo eees

=IES
2 i

.
————— o

. e

This is what the fully-assembled PC board looks like. Note that there are a few minor differences
between this prototype and the final version depicted in Fig.8.

instead. At switch-on, the battery is
charged for 40 minutes. Following
this, the power supply is switched
off for eight hours and then the cycle
repeats over again. As we’'ll see next
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month, the default 40-minute charge
time can be altered if desired.

This charge-discharge cycling
continues indefinitely. Should a
marginal batterv cause the phone

to switch off prematurely or an
extended power failure occurs, the
controller automatically brings the
phone back on-line and resumes
charging. Without this feature, you'd
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Table 1: Resistor Colour Codes

d No. Value 4-Band Code (1%)

d 1 22kQ red red orange brown

4 1 10kQ brown black orange brown
.| 4 3.3kQ orange orange red brown

J 2 4.7kQ yellow violet red brown

4 8 1kQ brown black red brown

B) 6 330Q orange orange brown brown
J 2 1.5Q brown green gold brown

J 1 10Q 1W 5%  brown black black gold

J 1 10Q 5W not applicable

5-Band Code (1%)

red red black red brown

brown black black red brown
orange orange biack brown brown
yellow violet black brown brown
brown black black brown brown
orange orange black black brown
brown green black silver brown
not applicable

not applicable

»

MainjReatures;

© Works with several popu-
lar Nokia brand phones

© Eight open-collector
outputs

© Pour digital inputs

© User-programmable plain
text message control

© Communicate from any
other mobile

© Password protected

© On-board phone power
supply

© Ideal for alarm control
panels

© Can be used in vehicles

have to press the power button to
restore operation!

Unfortunately, this cannot be achiev-
ed with the 3210 & 3310 models, which
lack support for remote control of the
power button. In other words, a mar-
ginal battery or extended power failure
will require that you physically press
the power button to get the system
back on-line.

Assembly

All the circuitry, including the
phone power supply, is accom-
modated on a single PC board
measuring 130mm x 85mm and
coded 609. This has a row of screw
terminals for the inputs (CON3) and
outputs (CON4), as well as a 9-pin D
socket (CON2) and screw terminals for
phone power (CON6) and 12V (CON1).
There are also the five status LEDs for
the micro.

Fig.8 shows the assembly details.
Begin by installing the three wire links
using 0.7mm tinned copper wire or
similar. Follow up with all the low-
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profile components, starting with the
resistors, diodes (D1-D4) and Zener
diodes (ZD1-ZD7). Take care to orient
the banded (cathode) ends of the diodes
as indicated. Also, double-check the
numbers printed on the Zener diodes
to ensure you have them all in their
intended positions.

Install the IC sockets next, aligning
the notched (pin 1) ends as shown.
IC5 must be installed without a socket,
noting that it goes around the opposite
way to the other three DIL-packaged
ICs. We also recommend that 1C4 be
soldered directly to the board (no
socket), as in some applications it will
have to dissipate considerable power.
However, for low-power applications,
such as when you’ll only be driving
one or two relays, an IC socket can be
used if desired. Don’t plug the micro
(IC1) or MAX232 (IC3) into their sock-
ets just yet — that comes later.

All remaining components can now
be installed, leaving the connectors
until last. Note that the flat (cathode)
sides of the LEDs must all face to-
wards the micro (IC1). In addition, the
positive leads of the three electrolytic
and two tantalum capacitors must be
aligned with the ‘+’ markings on the
diagram.

To mount the 3-terminal regulator
(REG1), first bend its leads at right
angles about 5mm from the body. That
done, slip it into position, checking
that the hole in its metal tab lines up
with the hole in the PC board. Adjust
as necessary, then secure it to the board
using an M3 x 6mm screw, nut and
washer and tighten up before solder-
ing the leads.

The leads of the crystal (X1) must
also be bent at right angles, this time
about 3mm from the body. Once in
place, a short length of tinned copper
wire can be soldered to the opposite
end of the crystal case and to the pad

underneath, grounding the case and
securing it in position.

Finally, the 10-way and 6-way screw
terminal blocks (CON3 & CON4) are
made up by sliding 2-way and 3-way
sections together, before mounting
them on the board. Push them all the
way down onto the board surface and
hold them in place while soldering.
The same goes for the remaining con-
nectors; make sure they're fully in
contact with the board surface before
soldering their pins.

Controller checkout

The first job is to check out the
power supply circuitry. Without 1C1
or IC3 installed, connect a 12V DC
power supply to the DC input termi-
nals (CON1). A plugpack. 12V SLA
battery or bench supply can be used
for testing and it must be able to source
at least 500mA of current.

Switch on and check that the power
LED (LEDS) illuminates. If it doesn't,
switch off immediately and check that
LEDS6, D1, ZD1 & ZD2 are all correctly
installed. Also, check for a possible
short circuit between the +5V rail and
ground (0V) using vour multimeter.
Note that a short circuit will probably
blow the fuse.

Assuming all is well, set your meter
to read volts and measure between pins
20 & 40 of IC1's socket and pins 15 &
16 of IC3’s socket. Both readings must
be close to 5.0V (£5%). Any problems
here must be rectified before continu-
ing with the testing procedure.

Next, measure the voltage across the
phone power supply output terminals
(CON6). With nothing connected to
these terminals, you should get a read-
ing of about 7.0V.

If this is correct, switch off and in-
stall a 10Q2 5W resistor across the ‘+’
and ‘-’ terminals of CONG to act as a
load. This resistor will get quite warm
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Constructional Project

Some readers will already be
familiar with the Nokia FBUS/MBUS
and software such as LogoManager
and Oxygen Phone Manager. These
products enable you to upload and
download phone books and ring tones,
create logos and more, using a PC.

Some may even have made up
their own cables for connection to
a PC. Making your own cable can
save a few pounds but it's risky. A
wrong connection and your phone or
project may not survive. The results
may also not be completely reliable.
We'd therefore strongly recommend
that you use a commercially made
data cable for this project.

Having said that, we know that
some diehards will want to have a
go at making their own cable for the
phone to controller connection, so
here are the basics — use them at
your own risk!

Commercial data cables include
electronics for conversion between
the FBUS/MBUS signal levels (0 -
2.8V) and RS232 levels (about +9V)
so that you can plug the phone into
your PC. However, when using the
phone with a microcontroller, a much
less complicated level conversion
scheme can be employed.

To modify the standard layout for
direct phone to controller connec-
tion, leave out the MAX232 (IC3),
the four 1uF capacitors and 100nF
capacitor and install three resistors
instead, as shown in Fig.9(b). The
transmit (TXD), receive (RXD) and

Cutting Corners: Using
A Homemade Data Cable .....:

CON2
sy 27k 10
FBUS_TX : O T ‘v‘v"‘v PDO/RXD
27k 1
1 J"""' PD]/IXD
folx 33k 2 po2/inNT0
Fig.9(a): use this Pl
modified circuit if L oidx 5 PLEH SN
you intend using Do
a homemade data 115 CHG-CTRL 14
1 -
cable (see text). SO | e
SERIAL = LI
ROkt —0,_or—{es
JP2
r"‘éw 16 PD6
ground (GND) pins from the on-board S
D9 connector are then wired to the $+—o0 o—Z1 ey
FBUS_RX, FBUS_TX and L_GND 4

pins of the phone using shielded data
cable. The length of this cable should
be 550-600mm and the cable shield
must be connected to ground.

We note that some circuits pub-
lished on the Internet join MBUS to
FBUS_RXand use a diode to connect
back to the serial transmit line. This
may work but it provides no protec-
tion for the microcontroller or phone
signal lines.

The method used here translates
the 5V logic levels from the micro’s
serial data output to about 2.7V for
the FBUS serial input using a simple
2.7kQ and 3.3kQ resistive divider.On
the return side, data transmitted on
the FBUS is connected directly to the
micro’s serial data input via a 2.7kQ
current-limiting resistor.

The 2.8V logic levels from the
FBUS mean that this scheme is run-
ning right on the margin and is not
noise-immune. However, if you make
the cable as we've described, you
should find that it works reliably.

Forthe 5110 & 6110 models, an old
hands-free set is a cheap source for

o 150 o
.ty
@-ﬁ 6-:§
s ts3
o |=°

16 ?5‘(23; 2
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Fig.9(b): the modified board layout
- just leave out the MAX232 (IC3)
and five associated capacitors and
install three resistors instead (note:
the pads are numbered in line with
IC3’s original pin positions). Two
resistors mount vertically between
pads 15 & 14 (3.3kQ2) and pads 13 &
12 (2.7kQ), while the third (2.7kQ)
goes between pad 11 and the spare
pad directly above.

the phone-side connector. For other
models, you're on your own! Pinouts
for the Nokia 3210 and 3310 models
are readily available on the Internet.

in operation, so make sure that it's not
touching anything. Now power up
again and measure the voltage across
the 10Q load resistor ~ it should be
between about 3.6V and 3.9V.

In some cases though, this voltage
may be higher than specified due to
tolerances in the M(C34063 and the
1.5Q resistors. If it’s 4.7V or less, it can
be safely used as is. Alternatively, you
can reduce the voltage to the specified
level (3.6V - 3.9V) by increasing one
of the 1.5Q resistors to 1.8Q.
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Ifthe voltage is still out of range, the
first step is to make sure that the DC in-
put voltage on CON1 is between 12.0V
and 14.5V. If so, there is a problem
somewhere in the switching regulator
section shown in Fig.3. In particular,
check that D2 is oriented correctly and
that you've installed the wire link that
goes between pins 1 & 8 of IC5.

Once the power supply checks out,
disconnect the 10€ test resistor and
connect your phone’s power cable
leads. Be particularly careful that you

have the polarity correct. This can
be verified by measuring the voltage
directly at the DC plug tip. With the
black (-) probe on the barrel (outer)
surface of the plug and red (+) probe
on the inner contact, your meter
should display a positive (not nega-
tive!) voltage.

That’s all for this month. In Pt.2,
we’ll show you how to check out the
remainder of the circuit, including the
microcontroller and serial interface,
and describe how it’s used.



ﬁ@@ﬂ]ﬂ]@“‘ln I- K MARK NELSON

Watery Wireless

Water and electricity don’t mix, unless you want a dead short. You’d think the
same would apply to radio too, but this is not always the case. This month Mark
Nelson looks at sub-sea wireless and catches up with an important time change

URPHY'S Law is not the only
M reason why radio doesn’t always

behave the way you'd expect it
to. I have read enough articles about
buried radio antennas to realise they were
not all April Fool jokes and the same
applies to sub-sea transmission.

Radio is in fact the only way of keeping
in touch with submarines below the sur-
face and there are obvious political and
tactical reasons why the frequencies and
transmitter sites used were for many years
kept something of a secret.

At the end of the Cold War the so-called
‘peace dividend’ defences were lowered
somewhat and more information was
released. Britain’s own involvement was
discussed four years ago in our sister pub-
lication Radio Bygones, when an article
was devoted to the radio station at
Criggion (Shropshire), which had been
the contact point for Britain’s nuclear sub-
marines across the world and a *Category
A’ target during the Cold War.

The same year, a book by Peter
Hennessey, The Secret State, blew away
further secrets with the statement,
‘Among [the Russians’] military targets
were the very low frequency signals
installations at Rugby and Criggion,
whose purpose was and is to relay the
Prime Minister’s instructions to the com-
manders of the deterrent-bearing sub-
marines.’

Since then it was announced that the
VLF services provided formerly from
Criggion and Rugby had been replaced by
a new service to Royal Navy submarines
under a public tinance initiative (PFI)
contract managed by the Ministry of
Defence. Alert Communications, a con-
sortium led by Merlin Communications,
now provides the service through a new
transmitter site at Skelton and the updated
standby site one at Anthorn. Under the
contract, the consortium also provides the
receivers on board all submarines.

Borderline radio

Leaving politics aside, how does wire-
less work under water and more impor-
tant, how can you get an electrical signal
to propagate in what is a conductive medi-
um? The answer is that one uses a special
kind of wireless, in the Low (LF) and Very
Low Frequency (VLF) bands, between
about 20 and 50kHz.

The lower end of this range is immedi-
ately above the audio spectrum, meaning
you could say this is borderline radio, and
in fact VLF radio shares many of its char-
acteristics with audio signals. Seawater
does indeed cause considerable attenuation,
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this is chiefly to the electric field compo-
nent of the signal. Electromagnetic waves
also contain a magnetic component and the
water has far less direct effect on this. This
is a gross oversimplification but it does
provide a clue to how radio can work
under water.

At these low frequencies the signal pen-
etrates water well and can, in some cases,
provide global coverage to sub-surface ves-
sels. Digital signals are sent at the very
slow rate of 50 Baud (in this case 50 bits
per second), providing robust reception at a
few characters per minute under all condi-
tions. Transmitter power ranges from
around 100 watts to a kilowatt, on spot fre-
quencies such as 21.4kHz and 40.75kHz.

Leading developer

A British company with a lot of experi-
ence in undersea radio is Wireless Fibre
Systems Ltd, based in Livingston, near
Edinburgh. Its innovative research has
resulted in filing more than 10 patent
applications in Europe and the USA, and
it claims to be the world’s leading devel-
oper of radio-based underwater communi-
cations, sensing and navigation systems.
Although some of its developments have
defence applications, most of its work is
for oil and gas exploration, also environ-
mental monitoring.

One of its latest research projects has
been with wireless modems that work in
the salt-water environments encountered
by remote-controlled sensors and video
cameras. For underwater exploration
devices, kilowatt transmitters are com-
pletely out of the question and the compa-
ny believes it has scored a first in a bat-
tery-powered modem that sends 16kbit/s
over a distance of 300 metres in seawater.
Communication with a shore-based trans-
ceiver out of the water is also possible.

Not all applications of VLF radio are
underwater. VLF systems are also used
for lightning research and for examining
the physical and electrical properties of
the Earth’s ionosphere that can affect our
military and civilian communication and
navigation systems. There are entirely
natural transmissions too, such as
‘whistlers’, a type of electromagnetic
wave that results from lighting strikes.
The actual frequency of whistlers is
around 20kHz but by playing back the
signals at a lower frequency, humans can
hear them at an artificially lower fre-
quency. An Internet search engine will
find you plenty of descriptions and
sound samples. Entire CDs have been
issued of this ghostly ‘symphony of the
skies’ too.

MSF moving

One other major user of the low fre-
quency spectrum is the timecode transmit-
ters that enable radio-controlled clocks
and watches to operate. In point of fact,
the signals are not only used by time-
pieces but also synchronise mobile phone
billing systems, cash machines and the
major computer systems that control air-
port and railway operations. Best known
of these transmitters in Britain is MSF,
which broadcasts the National Time
Standard for the UK on 60kHz and is
accurate to within one millisecond (one
thousandth of a second) of Universal
Time. This service is funded by the
Department of Trade and Industry, with
maintenance and development of the actu-
al time standard carried out by the
National Physical Laboratory (NPL).

Since inception in 1950, MSF’s trans-
mitter site was always located at British
Telecom’s Rugby radio station, but with
the ending of its defence-related VLF
activities this is coming to an end. On st
April 2007 Rugby is moving to Anthorn,
Cumbria, or more accurately, the MSF
signal will from that date be transmitted
from a new transmitter at Anthorn. NPL
has reassured most users that they need
take no action to continue receiving the
signal but at a few locations clocks will
receive a worse signal and may need to be
repositioned or provided with a remote
antenna.

In case you are wondering, the letters
MSEF are the radio callsign of the timecode
transmitter. ‘M’ is one of Britain’s interna-
tional ‘country code’ prefixes that goes
back to the time that all Marconi wireless
stations had a callsign beginning M. The S
and F relate to ‘standard frequency’.

And finally

Earlier. I mentioned that 50 baud was
equivalent to 50 bits per second (bit/s) in
that particular case. Many people confuse
bauds with bit/s but there is a difference.
In fact, bit/s is a measure of data rate,
whereas the baud is a measure of sig-
nalling speed, the number of signal events
per second. The baud is therefore the
same as bits per second only if each signal
event represents exactly one bit, which it
often does not. Take analogue modems for
instance, the sort we had to put up with
until broadband and other digital line sys-
tems came along. A 9600bit/s operated at
2400 baud, because each event represent-
ed four bits. I knew you were desperate to
know this and please do not forget this
now, as there will be a test afterwards!
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EasyPIC4 Development Board

with on-board USB 2.0 programmer ard In Circuit Debugger
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EasyPIC4 development board: Following in the

HARDWARE
1co oN-80ARD  tradition of the EasyPIC3 as one of the best PIC

L] usB 20 development systems on the market, the EasyPIC4
ON-BOARD has more new features for the same price. The sys-

s eRter SljpriorltlS 3 (1t4' Lo 't2h8 anglé?e i1?77/1)C

WG4 microcontrollers (it comes with a !
DEVELOPMENT prerormance The ultra fast mikrolCD (In-circuit Debugger)
DEVGLDOPMEN'T enables very efficient debugging and faster proto-

type development. Many ready made examples
X L é}uarantee successful use of the system. EasyPIiC4
is fully optimized for fast prototype development. It aliows the PIC microcontroller to be
interfaced with external circuits to a oroad ranqe of perlgheral devices, allowing the
user to concentrate on just the software. On a silkscreen there are labels beside every
component. These marks describe connections to the microcontroller, operation
modes, and some other useful notes.

Package contains:

- EasyPIC4 development system,

- USB cable,

- Serial cable,

- User’s Manual,

- PICFlash Manual,

- MikrolCD Manual,

- CD with software, drivers and
examples in C, BASIC and Pascal

language.

Note: LCD, DS1820 temp sensor
and GLCD are optional.

EasyPIC4 Development System $119.00 USD
Optional:

2x16 LCD and DS1820 temperature sensor $15.00 USD
Graphic LCD 128x64 dots $17.00 USD

mikroBasic, mikroPascal and mikroC compilers

Supporting an iméaressive range of microcontrollers,
M anC an easy-to-use |IDE, hundreds of ready-to-use func-
tions and many .integrated tools makes
MikroElektronika compiers one of the best choices
on the market today. Besides mikrolCD,
mikroElektronika compilers offer a statistical mod-
ule, simulator, bitmap generator for graphic displays,

7-segment display conversion tool, ASCIl table,
HTML code export, communications tools for SO/MMC, UDP (Ethernet) and USB ,
EEPROM editor, programming mode management, etc.

Each compiler has many routines and examples sucn as EEPROM, FLASH and MMC
SD and CF card reading/writing, wntirg to character and graphic LCDs, manipulation o
push-buttcns, 4x4 keyboard and PS/2 key\boarq input, generation of signals and
sounds, character string manipulation, mathematical calcilations, 12C, SPI, RS232,
CAN, USB, RS485 and OneWire communications, Manchester_codin management,
logical and numerical conversion, PWN s.gnals, interrupts, etc. The CD-ROM contains
many ready-written and tested programs for use with our development boards.

Buy one of our compil- Prics with discomt:

Ropster price:
mikroBasic(PIC!

$148.0C USD ers with ore of our PIC mikroBasic(PIC) (-30%]  $99.00 USD
mikroPascal(PiC}  $149.00 USD developinent boards at mikroPascal(PIC) (-30%) $99.00 USD
mikroC(PIC) $249.00 USD up to 30% discount. mikroC(PIC} (-30%) $175.00 USD
- :; of ourl productfare
P n i o :
Please visit our web page for more info ppod in special
. H -Cn-line secure i
http://www.mikroe.com o mawb
way o buy our products.

Find your distributor: http://www.mikroe.com/en/distributors/

SOFTWAFRE AND HARDWARE

DEVELOPMENT TOOLS | COMPILERS | BOOKS

SOLUTIONS

EEm| EasyPIC4 - Full-featured development board for the
Microchip PIC MCU's. Now with on-board USB 2.0

programmer and In-Circuit Debugger.

BOARD

Examples in C, BASIC and Pascal language: Printing text on LCD, LED biinking
on PORTB, MMC/SD/CF card read and write example, USB communication, 4x4
Keypad exampie, PS2 keyboard example, software SPI/i2C/RS232 communications,
AD conversion example Seven segment digit example, Timer 0 and Timer 1 time
measuring, Measuring temperature with DS1820 and displaying on LCD, Graphic
LCD example, examples for SPI communication, examples for CAN communica-
tion, examples for Sound generation, sending and receiving data over Ethernet,
Interrupt upon PORTB state change, Detection of button pressed on port and mary
more...

Digital thermome-
ter DS1820.

4 seven-segment
digits in multiplex
mode.

PS2 (PC key-
baard). connector.

36 buttons for

System can be
program develop-

easily configured
via DIP switch.

Pull up or Pull
down port defin-

GLCO - Graphic
LCD 128x64

36 diodes for dis-
playing states of
all pins.

All pins are con-
nected to IDC
CONNecloss.

RS-232 communs
cation available

Crystal can be Reset circuit.
replaced by

another one.

Character LCD
support

USB connector
far MCU with on-
chip USB comm.

ADC inputs via
two selectable
potentiometers.

g' ] mikrolCD - On-board In-Circuit Debugger - Prototype your
‘g Iy ldesigns more efficiently and effectively.

CU.
(EEEETS mikroICD is a highly effective tool for Real-Time debugging on a hard-
ware level. The ICD debugger enables you to execute a
mikroC/mikroPascal/mikroBasic program on a host PIC ‘microcontroller and view
variable values, Special Function Registers (SFR), memory and EEPROM as the
program is running
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Step Into [F7] and Step Over [F8] are mikrolCD debugger functions that are used in
stepping mode. There is also Real-Time mode supported by mikrolCD. Functions
that are used in Real-Time mode are Run/ Pause Debugger [F6] and Run to cursor
[F4]. Pressing F4 goes to the line selected by user. User just has to select line with
cursor and press F4, and program will be executed until the selected line is reached.
Breakpoints have been separated into two groups. There are hardware and software
break points. Hardware breakpoints are placed in PIC and they provide fast debug.
Number of hardware breakpoints is limited (1 for P16 and up to 3 for P18). If all hard-
ware brekpoints are used, new breakpoints that will be used as software breakpoints.
Those breakpoints are placed inside mikralCD software, and they simulate hardware
breakpoints.

P8 PICFlash2 - On-Board USB 2.0 In-Circuit Programmer -
Very fast and reliable PIC progammer
4| On-board USB 2.0 PICFlash programmer - An ultra fast USB 2.0 pro-
- grammer tor fast MCU programming. Continuing its tradition as the
fastest PIC programmer on the market, the new PICFlash with mikroICD now sup-
ports more PIC MCUs giving the developer a wider choice of PIC MCU for further pro-
totype development. There is no need for the use of extemnal equipment during pro-
gramming as EasyPIC4 development system has its own on-board USB program-
mer. Al you need to do is connect the system to a PC using USB cable. Then, load
your program into the microcontroller via the P/CFlash2 programming software which
is supplied with EasyPIC4
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PIC N' Mlx MIKE HIBBETY

Our periodic column for yoffr PIC programming enlightenment

hat is the difference between a
microcontroller and a micro-
processor? is a common inter-

view question for engineers. There are
many answers, and a good one would be "A
microcontroller is a microprocessor with
built-in  memory and peripherals’.
Peripherals refers to the circuitry added to
the chip to provide useful external inter-
taces and support functions. Timers, serial
ports, analogue-to-digital converters and so
on.

The Microchip range of microcon-
trollers provide a wealth of different
peripherals on their parts and it is probably
the vast range and mix of them that makes
the PIC such a popular choice with hobby-
ists. By carefully studying the product line-
up one can find exactly the right part, one
that provides just the right combination of
on-chip electronics and memory to match
our latest project.

Microchip for their part has done an
excellent job in documenting their micro-
controllers in a clear and ordered manner,
especially with the way in which they have
kept to a common format across the range
of products. Thanks Microchip — thats one
less problem to worry about!

Diverse peripherals

Providing such diverse features does of
course have its downside. What do all these
peripheral features do, and how can we
make the right choice? Over the next few
months we will take a look at some of the
more widely available features and try to
make some sense of them, hopetully
adding a few useful programming tricks to
our toolbox.

We start this month with one of the most
important of peripheral features, and prob-
ably the most confusing for the novice
programmer: timers. Timers are simple,
versatile and without them programming
anything beyond the most trivial applica-
tion would become a nightmare.

A timer is a small logic circuit that
holds a binary value (like a variable) that
can be incremented by a clock signal. The
circuit is configurable so that the source
of the clock and the speed at which the
clock runs can be selected from a number
of different options. An application can
configure these various options, read and
write to the timer’s value and react to spe-
cial events that occur such as the value
overflowing.

The timer’s count value appears very
much like a variable. It consists of a num-
ber of ‘bits’ of data (eight or sixteen,
depending on the timer in question) and
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$0 can count up to 255 or 65535 before
‘overflowing’ back to 0 on the next clock.
This overflow can cause a bit to be set in
an SFR (special function register) or even
cause an interrupt to occur.

Incremental

By far the most important feature of a
timer is that the process of value increment,
SFR flag bits being set and interrupt gener-
ation are all handled by electronics on the
chip rather than software — you configure
the various options in the timer, start it and
then forget about it. When the desired time
has elapsed an interrupt occurs and your
program can perform the necessary action.

Being an independent circuit, a timer is
very accurate — its operation is unaffected
by whatever your program is doing. Its
accuracy is limited only by the accuracy of
the clock signal that is driving it. It that
clock signal is an external crystal oscillator
then it is possible to use a timer as the basis
of a real-time clock program, such as a
watch or a central heating timer.

As a timer can generate an interrupt
when it expires, it can be used to trigger
software to be called in an interrupt rou-
tine, software that runs outside of your
‘normal’ application. For example, to cause
software to periodicaily scan a keyboard to
look for keypresses. It can be thought of as
a ‘background’ process, that can do any-
thing you wish.

Timers are also used to help handle
‘timeouts’ in programs. Say you send a
message out of the serial port, and expect a
response back within 300ms. Rather than
sit in a software loop waiting for the mes-
sage to arrive, you can set a timer to run for
300ms and then check the timer tlag from
time to time. Your main program can con-
tinue doing other things, and it the message
has not arrived when the flag is set, you
know a timeout has occurred.

Timers can be configured to run with
periods from a few hundred nanoseconds
up to hundreds of milliseconds. Operating
timers with very short periods can have
downsides, however, as the time taken to
call and return from the interrupt may add
a significant time to the ‘background’ pro-
cessing. Just take care if your timer has a
period of less than a millisecond or so.

Terminology
Before we go under the hood. let’s cover
some of the terminology involved with con-
figuring timers. There is quite a lot of it:
16/8 bit Mode: At the core of any timer
is a register (a kind of variable) that holds
the count value. Like any variable, it con-

sists of a number of *bits’ that determine
the maximum value it can store. Some
timers are 8 bits wide, and some are 16. An
8-bit timer will count up to 2585, then roll
over to 0. A 16-bit timer will count up to
65535 and then roll over to 0. As the PIC
has an 8-bit wide data bus, 16-bit timers
use two registers to store the value, usually
indicated by an L at the end of the name for
the lower, least significant byte and an H
for the upper byte. We will see this when
we examine one of the more complicated
timers later on.

Clock Source: Each timer has an input
clock signal that causes the value of the
timer to increment by one each time the
signal changes from a zero to a one. Where
this signal comes from can be selected for
each timer. Normally it would be a divided
down version of the main system clock, but
most timers can also accept a signal on an
input pin. This means the timer can be used
to ‘count’ zero to one transitions on a pin,
useful for measuring trequency or pulse
counting.

Prescaler: As the clock source may be
running at a very high speed it is often
desirable to ‘divide down’ the frequency
before it reaches the timer register. This
can be done with the prescaler, which pro-
vides a small number of programmable
division constants.

Postscaler: This is very similar to the
prescaler, but divides down the output of
the timer rather than the input. The combi-
nation of a prescaler, timer and postscaler
enables a huge range of timeout periods to
be selected.

Overflow: When a timer register has
reached a value of all *ones’ (255, or 65535
for a 16-bit timer) the next clock signal will
cause the register to clear back to all zeros
— i.e. to overflow. At this point the output
(if no prescaler is enabled) will set the
timer tlag and trigger an interrupt, if
enabled.

Sync: All activities within the CPU
(even the processing of external interrupts)
are synchronised to the main system clock.
This way, events occur in a predictable
manner. If a timer is using an external sig-
nal as its clock then this signal has to be
delayed slightly to ensure it increments the
timer at the correct system clock edge. On
the block diagram this will be shown as a
'sync’ or ‘synchronise’ block. In reality, it
will only delay the clock signal by two
clock periods — not an issue if you are
using an internal clock signal to drive your
timer, but it may be worth noting if you are
using a slow external signal.
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Capture: Timers can be put to uses
other than just providing periodic inter-
rupts. In capture mode, an input pin can be
used to trigger the recording — at a precise
instant in time — of the current value of a
timer. This is an extremely powerful fea-
ture. Imagine if you wish to record the
exact time an external event occurred. If
you tied the signal to an interrupt input
then when the event occurs there would be
a variable delay between the signal being
detected and your interrupt code being exe-
cuted. In capture mode a timer will record
a copy of its timer value at the instant the
event occurs, and your software can come
along later at its leisure and read the value.

Compare: Compare mode is the oppo-
site to capture; when the timer reaches a
preprogrammed value. the timer will cause
the fevel on a pin to change (go high. low
or toggle) without any software being
called. This is ideal for generating fixed
frequency signals like audible tones from a
PIC without needing any software to be
involved. Generating tones under software
control would consume a large amount of
the PIC’s processing power otherwise.

PWM: PWM siands for Pulse Width
Modulation and refers to a mode of opera-
tion of some timers used predominately for
controlling motors. It's a complex subject
that we will have to leave for another arti-
cle. but we should note that PWM opera-
tion can also be used for generating tones
or variable voltages.

e ™
C
A Foscld 0 E
= 0 F
D Sync with Set
1 Internal TMROIF
TOCKI pin Programmable 4 Clocks on Overflow
ToSE Prescaler (2 Tcy Delay)
TOCS 3
PS2: Intemal
TOPS2:TOPSO Data Bus
PSA
. J

Fig.2. Timer0 internal Architecture

explanation. Fig.2 is an annotated block dia-
gram of TimerO on a simple PIC. the 12F672.
Let’s go through some of the symbols.

The square with a cross inside it at posi-
tion "A’ indicates an actual pin on the
device. in this case pin PORTA4/TOCKI.
The symbol at "B’ is an exclusive-or gate.
Depending on the level of the line TOSE.
the output of the gate is either a copy of or
the inversion of the signal on the pin. And
what is TOSE? It's a single bit within one
of the special function registers, TOCON.
The symbol at *C" is an unusual one — a
multiplexer. It’s like a relay, the signal on
the thin edge of the symbol (TOCS) selects
one or other of the inputs on the left and
passes it out to the right. You can look up
the definition of TOCS in the TOCON reg-
ister if you are unsure of what it is doing.

The block at ‘D" is a bluck box that
implements a prescaler (divider) that can

be selected via the PSA bit.

After synchronising the sig-

nal with the system clock at

‘E’. the signal goes into the

clock input of the actual
timer register at ‘F'.

The arrow head below the

PIC Timers Implemented

10F202 Timer0O: 8-bit, no interupt capability

12F672 Timer0: 8-bit

16F628/ Timer0: 8-bit or 16-bit

16F877 Timer1: 16-bit, 32khz Oscillator
Timer2: 8-bit with auto reload

18F2420 TimerQ: 8-bit or 16-bit

timer register indicates that an
8-bit bus connects the register

Timer1: 16-bit, 32khz Osillator

to the internal data bus — i.e.

Timer2: 8-bit with auto reload

we can read or write to it like

Timer3: 16-bit

a variable in our software.

Fig.1. A selection of PICS and their timers

Timer variants

Microchip has four standard timers called
Timer(), Timerl, Timer2 and Timer3. The
number of these timers that are actually pres-
ent on a PIC will depend on the type of
processor. The smaller products such as the
10F and 12F may only have one or two. while
the larger 18F devices may have all four.

There are some subtle differences in the
implementation of each timer on different
products. for example Timer() on the 10F
devices does not generate an interrupt. In
general, however. once you understand how
a particular timer works on one processor,
you will understand how it works an any.
Fig.t shows which timers are implemented
on a selection of different PIC types.

Timer0

The simplest way to comprehend a timer is
by studying its block diagram. These dia-
grams are very concise but include some
logic symbols that probubly require some

Timer0 is a fairly simple
timer. To use it. simply select
the clock source required,
write & value into the timer
register, enable it and wait for the interrupt to
occur. Calculating the value to write (0 the
register for a particuler delay is quite compli-
cated, and we will come back to that shortly.

Timer1

With only 256 unique values available,
Timer( is somewhat limited. Let's take a
look at a more capable timer, Timerl. An
annotated version is shown in Fig.3.

Note the inclusion at position ‘A’ on the
block diagram of an oscillator driver cir-
cuit. It’s designed for a 32kHz ‘watch’ style
crystal. The datasheet shows the external
components required to use the oscillator —
just two capacitors and the crystal.

This oscillator is designed for low power
operation and opens up some very interesting
possibilities. If the timer is set to run on this
oscillator then the main CPU oscillator can be
powered down with the SLEEP instruction.
The PIC will draw mere microamps of current
until it wakes up as a result of the timer expir-
ing (overflowing). On waking up it powers up
its main clock and continues running at full
speed. until put back to sleep again. This is
ideal for an “always on" battery powered real
time clock or data logger device.

Note how the timer register, shown at
position ‘B, is 16 bits long and is stored in
two registers. This makes reading the con-
tents of a running timer rather tricky, as
you have to read the timer's value in two
operations. It's perfectly possible that
between the two reads an increment to the
high byte can occur, resulting in some sig-
nificantly wrong values being read. For
example, consider the following sequence:

timer value: O0FF

read low byte (FF)
timer increments: 0100
read high byte (01)

Your software will think that the timer
had a value of OIFF. when it should be
more like OOFF or 01(X). Oh dear.

( N h
Timer1 Timer1 Clock Input
T10S0O/  Oscillator .
TICHI pesemmmnenng on/off
: 1
i i Prescaler Synchronize
H H Foscl4 1.2,4,8 Detect
H ' Internal J—
H ' Clock 2 I
S {
T108! Sleep Input
T10SCEN TMR1CS Timer1
On/Off
T1CKPS1.T1ICKPS0O
T1SYNC
|
TMR1ON
B ¢
Set
1
Clear TMR1 =———————————pp] TMRI1L Hi.;':gyte —p TMROIF
(CCP Special Event Trigger) on Overflow
. J
Fig.3. Timer1 Internal arhitecture
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There are two solutions to this problem.
The first, the one we have had to use over
the years, involves repeating the read of the
high byte to make sure it didn’t change:

1) get high byte

2) get low byte

3) get high byte again

4) if high byte has changed, goto step |

This is an acceptable process, but in later
versions of PICs, such as the I8F,
Microchip have corrected this little prob-
lem by introducing a ‘16-bit read mode’.
When enabled, the timer module will hold
a ‘latched’ copy of the timer high byte
whenever you read the low byte. It saves a
byte of user RAM, so if you need to read a
16-bit timer, enable this feature and use it.

Timer values

One of the big challenges to actually using
a timer is working out what value to write
into the register to achieve a desired timeout.

Let’s take a real example and work
through it. We have a PIC18F2420, run-
ning at 20MHz, and we would like to cre-
ate a timer that runs for 100ms. That’s
quite a long delay for a timer, so we look to
one of the bigger 16-bit timers. Let’s use
Timerl, as shown in Fig.3.

To keep the component count down we
will use the main system oscillator as the
clock source, as shown by the text Fosc/4
on the diagram. The text Fosc/4 clearly
means our input clock is 20MHz/4, or
5MHz. As we are looking for a timeout of
100ms (or 10Hz), we need to divide that

SMHz signal down a further 500,000
times. That’s still quite large, so let’s
enable the prescaler to divide by 8, which
will further reduce the timer clock signal
down to 625kHz.

To work out what value we want to put
into the timer for a 100ms timeout, it’s
convenient to convert the input clock fre-
quency into its period, by inverting it.
1/625000 is 0.0000016, or 1.6us. So every
1.6us, the timer will increment by 1. If we
want to count 100ms, then the number of
timer ‘counts’ required is 100ms/1.6ps
which equals 62500.

So, we want the timer to count 62500
and then generate an interrupt. Remember
that the interrupt occurs when the timer
rolls over from FFFF (hex) to 0000. So we
just need to subtract 62500 (decimal) from
FFFF (hex) and then add 1. In decimal this
is 65535 - 62500 + 1, which equals 3036 or
OBDC in hexadecimal. Just load OB into
the high byte, DC into the low byte, enable
the timer and in 100ms the timer will
expire, and generate an interrupt, if
enabled. Assuming that you want the inter-
rupt to occur every 100ms just reload the
value OBDC into the timer at the start of
your interrupt routine.

There is a small problem with this tech-
nique — as the interrupt processing may be
delayed by other software (already being in
an interrupt when the timer expired, for exam-
ple) there will be some ‘jitter’ on this period-
ic interrupt. If you require a rock steady peri-
odic interrupt then we must turn to another
feature of some timers — auto reload.

Auto reload

Auto reload is a feature implemented by
a small circuit that can be used to reload
your desired timer value every time the
timer expires. Being under hardware control
it is very accurate, as accurate as the source
of the input clock. You would want to imple-
ment auto reload on features such as a real
time clock, or an audio tone generator.

Timer2 on the PIC2420 has a reload
feature, which you can see from its block
diagram in its datasheet. The second 8-bit
register on the diagram, PR2, hints at this
feature, which can be confirmed by read-
ing the appropriate section in the
datasheet. The timer counts up from 0
until it reaches the value in PR2. When
this occurs the timer resets to zero, a timer
interrupt flag is set and the timer starts
incrementing again on the next clock tran-
sition. This is very useful for creating
accurate, periodic interrupts. One simply
sets up the control register, writes the
desired delay value into PR2 and enables
the timer. Your interrupt routine will then
get called periodically, with no further
software activity required.

Timers are probably the most important
peripheral on a processor; writing anything
other than the most trivial program will ben-
efit enormously from their use. The PIC is
equipped with some very flexible timers and
it is worth taking the time to experiment with
them to better understand their capabilities.
With time, you will find them as flexible and
diverse as the venerable 555 timer itself?

PicoScope 3000 Series
PC Oscilloscopes

The PicoScope 3000 series oscilloscopes are the latest
offerings from the market leader in PC oscilloscopes
combining high bandwidths with large buffer memories.
Using the latest advances in electronics, the
oscilloscopes connect to the USB port of any modern PC,
making full use of the PCs' processing capabilities,

large screens and familiar graphical user interfaces.

High performance: 10G5/s sampling rate
& 200MHz bandwidth

1MB buffer memory

High speed USB 2.0 interface

PicoScope

Bantharath S50MH2
Sompling rote repotitivel  2.5GSs
Sampling rote toingle shet)  SOMS 5

Advanced display & trigger modes iy sk

Compact & portable

Supplied with PicoScope & Picolog software

Tel: 01480 396395

Oscillnocope timehosen
Timebase sccuracy H0ppm
Spectrum ranges
Hutfor memory size 250K
Aesolution accuracy

Qanges

PC Cannectisn

www.picotech.com/scope371
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YOU WON'T
GET YOUR
FINGERS
B URNINITI

It may surprise you but buying an Antex soldering
iron costs less than you think in the long run. British made
to exacting standards, they last significantly longer
than imported brands. And with a wide range of
thermally balanced 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 demands the best iron for the job
but you don’t want to get your fingers burnt by the
cost, visit our website or your electronics retailer for
the coolest models around.

Pick upan [\ A/ A7 70
P" ANTEX
U \yJ

2 Not just any old iron.

www.antex.co.uk

2 Westbridge Industriat Estate Tavistock
Devon PL19 8DE Tel 01822 613565
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Build Your Own
Weather Station

Measure Wind
Speed
Measure Wind
Direction
Measure
Temperature
Easy Build Kit
FREE Software
USB or RS232
Optional
Humidity Module
Optional
Weather Starter Kit £59 PlESSUlEMagule
RS232 Interface  £25 Optional Rainfall
USB Interface £29 Gauge
Humidity Module  £39 Simple 1-wire®
Pressure Module £49 connection
Rainfall Gauge £89 Build and add

Prices exclude VAT and delivery your own devices

For more informat on, manuals and downloads on this and
other interesting products see Www.audon.co.uk
AR =
-lIINDII Electronics

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

SHERWOOD ELECTRONICS

2 FREE COMPONENTS

Buy 10 x £1 Special Packs and choose another one FREE

1spP130 100 x Mxed 0-5W C.F resistors

S 15 x 5mm Rec LEDs SP135 5 x Min ature slide switche
SP2 12 x 5mm Gresn LED SP136 x BFYS50 trai
SP3 12 x Smm.Yellow LED SP137 4 > WOK5 1-5A bndc ctifiers
SP5 25 x 5mm 1 part LED chp: »P 138 p 2283V r e ca
SP6 15 x 3mm Rec LEDs 3P 140 f
SP7 12 x 3mm Green LED: 5P 142
SP8 10 x 3mm Yellow L ED 3P 142
SPg 25 x 3mm 1 part LED chp
SP10 100 x 1N4148 diodes SP144
SP1 30 x 1N4001 dindes
SP12 30 x 1N4602 diodes SP146
SP18 20 x BC132 trans sto 3P147
SP20 20 x BC134 transistors 25 holes
SP23 20 x BC549 transistor 3P151 4 x 8mm Red LEDs
SP24 4 x CMQS 4001 SP152 4 x 8mm Green LED
§P25 4 x 555 time 5P 153 4 x 8mm Yellow LE
SP26 4 x 741 Op.Amps SP154 5 x BC548 transistor
€P28 4 x CMOS 4Z11 SP156 3x S
SP29 3 x CMOS 4113
SP33 4 x CMOS 4CB1
SP34 20 x 1N914 dicdes
SP36 25 x 10°25V radidl elect. cars
SP37 12 x 100:35V radwal elect. caps
SP38 15 x 47/25V radial elect caps
P39 10 x 470,16V rackal elect. cap:
SP40 15 x BCZ37 transistors
SPad 20 x Mixed transistor
P42 200 x Mixed 0 25W C.F. resistors
5P47 5 x Min PB switches
£P49 4 x 5 metre:. stranded core wire
| 5P101 8 Metres 22SW3G solder

5P102 20 x 8-pin DIL scckets
3P103 15 x 14-pin CIL sockets
3P104 15 x 16-pin DIL sockets
3P105 4 x 74LS00
3P109 15 x BC557 wan«istors
SP112 4 x CMOS 4095
SP115 3 x 10mm Red LEDs
SP116 3 x 10mm Green LEDs
SP118 2 x CMOS 4047
SP124 20 x Assorted ceramic dis
SP126 6 x Battery clips - 3 ea
PP + PPY

SP131 2 x TLO71 3D, Amp:
SP133 20 x 1N4004 dicdes
SP134 15 x IN4007 dicdes

RESISTOR PACKS - C.Film
RP3 5 each value — tutal 365 0-25W  £3.40
RP7 10 each value - tzta, 730 0-25W £4.65
AP10 1000 popular va'ues 0-25W £6.60
AP4 5 each value-total 345 0-5W £4.30
RP8 10 each valie-total 690 0-5W £6.95
RP11 1000 popular values 0-5W £8.95

2007 Catalcgue available £1 inc.
P&P or FREE with first order.
P&P £1.75 per order. NO VAT

Cheques and Postal Orders to:
Sherwood Electronics,
7 Willlamson St., Mansfleld,
Notts. NG19 6TD.
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A novel polyphonic musical design inspired
by the glorious sounds of the showmans’
fairground organs of the bygone steam

engine era.

By JOHN BECKER

Part 1: Master Control Unit & Note Generator

ISITING VARIOUS steam
‘ ; fairs, such as the Great Dorset,
over tke last ten years or so,
the author has been fascinated by the
grandeur of the sights and sounds of
the superb showmans’ fairground
organs there in abundance. He has
long wished to commemorate them
in some electronic musical way.
Such organs were perhaps in their
heyday for 30 years or so either side of
1900. Possibly Italian in origin, judging
by the names of some of them, Cavioli,
Marenghi, Mortier (see above), they
were magnificent examples of crafts-
manship and ornateness, with sounds
to match, generated by steam suction
or pressure through a variety of organ
pipes and percussion instruments, fre-
quently with moving manikins playing
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triangles or seemingly conducting the
performance.

Museum piece

As well as at steam fairs, there are
numerous museums around the UK
whiere they mey be seen (variously
browse the web on such phrases as
steam or fairground organ). It is be-
lieved that they may still be made in
Holland and Belgium.

The organs are controlled by conti-
nous strips of punched card cycling
through mechanical detector switches,
causing the music to be generated and
the movement of the manikins etc.
These cards wers perhaps the forerun-
ners of the Hollerith punched card
system, originally designed in 1890 to
analyse the data from the US Census.

w Diaw Screen - PIC Polyphonium 070CT 06

Hollerith later founded the company
that was to become IBM.

Dawn of an idea

It was at the steam fair at Detling in
Kent during August last year that the
author recognised that the punched
cards used by the organs could be
readily replaced by electronic memo-
ries and their retrieved data used to
control electronically generated notes,
a topic that he has explored several
times in his published designs in the
past, Magic Music, Musical Sundial
and Stylo-PIC for instance.

As he sat in the garden on the
evening of visiting the steam fair,
contemplating how one could design
a tribute to these musical masterpieces
of a bygone era, it was realised that
he could also probably write software
that would enable the musical data to
be entered on a PC screen and down-
loaded to the memories accessed by
a PIC microcontroller, which would
then control the music generation. So
began five months of development!

Polyphonium

The result is the PIC Polyphonium
presented here. Data is entered via a
PC’s keyboard onto a screen display,
aided by a readily available freeware
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extra font allowing the data to be
displayed in standard musical score
format, complete with stave lines
and different note styles. Sheet music
scores of any chosen themes can be
keyed onto the screen. Musical users
can also be creative and write their
oW scores.

The data is saved to disc as numeri-
cal values and can be sent to the PIC via
a serial data link. The PIC then causes
the data to be stored in up to eight on-
board serial memories, each holding a
different tune, which can be selected
by switches. Each memory can typi-
cally store 32768 bytes (32K) of data,
representing 21845 notes (three bytes
per two notes).

The PIC then reads data from the
chosen memory, sending it to a mas-
ter Top Octave Generator and octave
divider based on a second PIC, and
which can generate all twelve notes
in an octave (including sharps/flats)
across seven octaves (84 different
notes). Up to eight notes can be gen-
erated simultaneously (it is a truly
polyphonic instrument), with their
duration determined by the codes
— quavers, minims, breves etc. The
rate at which the music is played
is controllable via a panel-mounted
potentiometer.
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Sound generation

Thought was given to what type
of sound should be generated. It was
decided that it should be reminiscent
of the somewhat harsh sounds of the
fairgound o-gans being commemo-
rated. Consequently, a simple square
wave frequency is generated for each
note, avoiding tke more flute-iike
sounds that would be produced by
sine waves. The notes are mixed in a
simple op amp mixer and output to

the user’s own audio amplifier via its
‘line in’ connector.

The resulting music sounds superb,
but do not expect hifi in the conven-
tional sense — anyone expecting hifi
misunderstands the nature of this
design. It sounds rather like a great
complex barrel organ said one listener,
listening to such ‘tradional’ themes as
Down at the Old Bull and Bush

(1903) and I do like to be
beside the seaside (1909)
and others that had been
keyed in as test pieces
from some ancient scores
inherited from the author’s
mother.
His wife has even had
a good ‘singalong’ with it,
obviouly enjoying it! During
development, the author has
often just switched it on as
pure entertainment. (How he
recalls the War-time years, trav-
elling to the seaside at Skeggy
— Skegness, Lincs — everyone
singing along to such tunes.}

Facilities have also been pro-

vided so that basic data can be

output and used by inventive read-
ers to control their own mechanical
constructions such as those befitting
a showman’s organ. More on this in
Part Two.

How it works

First we describe the basic PIC-
controlled Master circuit, as shown in
Fig.1. The PC aspect will be described
later (the design is believed to be com-
patible with PCs running under W95,
wga8, ME and XP).

The musical data having been stored
in a serial memory, up to eight, select-
ed by the combination of switches S1
to S3 on PORTE and biased by resistors
R33-R35, is input by the master PIC,
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IC2. This takes the data and outputs it
to the master tone generator, IC3, via
PIC PORTD, at a rate controlled by
potentiometer VR1 on PORTA,0. It also
makes it available to the outside world
via PORTB. Users who can write their
own PIC software may also make use of
the rest of PORTA and half of PORTC
for similar purposes (see later).

Top octave generator

Top octave generator [C3 generates
the notes, their octaves and individual
durations from the data received from
IC2 via PORTC, and outputs up to eight
different frequencies from PORTB.
The amplitude of the square wave
notes is basically 0V to +5V, but is
reduced to about a fifth of that by the
combination of resistors R4-R19.

The attenuated signal is AC-coupled
by capacitors C4-C11 to resistors R20-
R27, jointly feeding into the inverting
input of op amp IC5, configured as a
unity gain mixer. Its bias is set by the
potential dividers R30, R31 and R28,
R29, with capacitors C23 and C25
providing stability.

The single mixed signal, which
can peak just below the op amp’s am-
plitude clipping limits, determined
by the 9V supply from which it is
powered, is AC-coupled by C24 to
the line input of the user’s own audio
amplifier. The use of level control VR2
is optional —typical amplifier systems
having their own level control.

The overall duration of the notes can
be selected by switches S4, S5 and S8,
as described shortly. Short durations
give a staccatto effect, longer ones give
a more ‘melodic feel’. The overall oc-
tave range can be selected as normal,
plus one or minus one by switches
S6 and S7, on PIC pins RA2 and RA3,
where 0 = off and 1 = on:

S6 S7 Octave range

0 0 normal

0 1 minus one octave
1 0 normal

1 1  plusoneoctave

Serial link to PC

Data is output from the PC in a serial
stream at 9600 Baud via one of its COM
ports, achoice of COM 1 or COM 2 (the
unit has not been designed to accept
data from a PC’s USB port). An RS232
link from the PC connects to the serial
interface chip IC4 in Fig.1. This is used
in the standard way with IC2 pin RC7
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receiving input data from IC4, and
IC2 pin RC6 transmitting handshake
data back to the PC via IC4. The PC
connection is via connector SK1 and
any standard serial lead (such as used
with a modem).

G4 generates its own signal voltage
levels as required by the RS232/PC
protocol. The use of this chip was
discussed by Joe Farr in his EPE Serial
Interface for PICs and VB6 of October
2003, and it will not be discussed
here.

Serial memories

In Fig.1, the block of eight serial
EEPROMS (electrically eraseable pro-
grammable memories) is represented
as a single block outline, IC6 to IC13.
The choice of memory quantity and
capacity used is up to the constructor.
Data stored in these devices is perma-
nent even after the power has been
disconnected. They can be overwrit-
ten with new data if required.

Fach memory has a data line (SDA)
and clock (SCL) line, under control of
IC2 pins RC3 and RC4. There are also
three address lines, A0, A1and A2. The
address code, between 0 and 7, is de-
termined by which pins are connected
to the positive line or left unconnected
(they are internally biased to OV in un-
connected mode). The connection logic
isshown in the insert table in Fig.1 and
is an inherent part of the printed circuit
board tPCB) design.

Microchip manufacture several
serial EEPROMS with different 8-bit

memory byte capacities. In the proto-
type, the 241.C64 (64 kilobits or 8KB)
and 24LC256 (256 kilobits or 64KB)
were used. The test themes keyed in
ranged in size from 5KB to just under
8KB. The former was just one score
page, the latter was eight pages.

The playing time depends on the
setting of VR1, but at a reasonable play
rate the latter theme took about two and
half minutes to play through once. (The
Polyphonium has also been designed
to play through a theme over and over
again, indefinitely until stopped or a
different theme is chosen.)

Which EEPROM the data is written
to or played from is controlled in scft-
ware by IC2, as determined by which
switches (S1-S3) are selected.

BYTE1-NOTE! BYTE3-LENGTH |
BiTs [7[6 5 4[3 2 1 0][7 6 5 4][3 2 1 0]|
BYTE 2 - NOTE 2 1 1
BITS AR
rr 1

CHORDING OCTAVE NOTE
FLAG (1-7) (1-12)
\. - —

Fig.2: how data is arranged in the
three consecutive music data bytes

Data format

The music data is formatted into
three data bytes for each two notes,
stored as shown in Fig.2. transmitted
and retrieved in consecutive bytes.
note 1, note 2, note length for each.
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ble (MSN), bits 7-4, and note 2 in the
least significant nibble (LSN), bits

3 their format, bits 3-0 hold the note (A,
B, C etc), bits 6-4 hold the octave at
which they are to be played, lowest
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) . 2 The pause length is dictated by the
l . Play Rate potentiometer value, VR1.
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— §§ Byte 3 holds the duration length
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Fig.1: circuit diagram for the PIC
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3-0. The values set the durations, or
note lengths, in terms of note type as
follows:

Note Code Basic Length
0 nil (not used)
1 demisemiquaver 2

2 semiquaver 4

3 quaver 8

4 crotchet 16

5 minim 32

6 semibreve 64

7 breve 128
8 dotted demisemiquaver 3

9 dotted semiquaver 6
10 dotted quaver 12
11 dotted crotchet 24
12 dotted minim 48
13 dotted semibreve 96
14 dotted breve 192
15 continuous (prototype

tuning purposes only)

The actual duration of the notes
is not according to any conventional
musical timing, but is changeable
by the user in multiples of twice the
basic rate, as determined by the main
structure of the software routine in
relation to the PIC’s clock rate. As will
be seen, the lengths are in multiples
and sub-multiples of 2.

The basic note length can also be
changed by the binary setting of switch-
es S4 and S5, monitored by IC3 pins
RAO and RA1, where 0 = off, 1 = on.

S5 S4 Multiplier
0 0 x 1
0 1 x 2
1 0 x 4
1 1 x 8

The note length value when re-
ceived for any note triggers that note
to start and is placed into a counter,
which decrements for each cycle of
the main program loop. When any
counter reaches zero, the respective
note is turned off again.

Note generation

Recently on the EPE Chat Zone
(access via www.epemag.co.uk), there
was a discussion about how musical
notes could be generated in software.
There are various methods and the one
favoured by the author in several de-
signs is an additive technique, which
is worth discussing here:

When a given value between 1 and
255 is added to an 8-bit byte, that byte

30

eventuallyrolls over beyond 255, leav-
ing the remainder of the addition, if
any, in the byte. That byte then counts
up again from the remainder value
until again it rolls over, and so on
indefinitely until stopped.

Each rollover of the byte can be mon-
itored by the Status register of a PIC as
the Carry flag (Status bit C). If there is
no rollover C = 0, with a rollover C =
1. The flag can then be set into a given
pin of one of the Port outputs. Viewed
on an oscilloscope, that pin will be
seen to be toggling between high and
low at a frequency determined by the
rate of rollover. Within an adequately
high toggling rate range, the frequency
can be heard via an audio monitor as
a continuous tone.

The frequency of the tone will de-
pend upon the additive value chosen
and the clock rate at which each ad-
dition is made. With a suitable choice
of additive value in relation to the
clock rate, the tone can be tuned to
correspond to the frequency of a given
musical note.

It’s a rollover

It is also possible to chain two or
more counters in sequence, such that
the preceding one’s rollover causes
the next counter to increment, and
that counter’s rollover can be used
for triggering the frequency output.
In theory, any number of counters
could be in a chain, providing pre-
cision control of the ultimate fre-
quency generated. The basic clock
rate needed for the chain to generate
musical notes has to be many times
faster than with the single counter
technique, of course.

It is also possible to take the logic
change of anotherbit in the final count-
ing byte as being the trigger point,
rather than the rollover. Depending
on the choice of bit, the same note at
different octaves can be generated,
each subsequent bit of a byte changing
at half the rate of the preceding one,
the divide-by-two effect of any binary
counter. Octaves, by definition, are all
sub-multiples of two in relation to a
given input counting rate.

In the PIC Polyphonium, two coun-
ter bytes are used for each note, the
first counting one additive value, the
second counting not only the rollo-
ver rate of the first, but also adding
a second value to itself. In effect, it
is like adding a value having several
decimal places.

Octaves of any note are generated
according to which bit of the second
counter is used to trigger an output
bit value. Up to eight note generating
counter pairs can be controlled using
different additive values for each. Each
counter’s chosen octave setting pin
controls its own bit within a master
byte, whose value is output to the
world, in this case by PORTD of IC2.

Determining frequency

The additive values for any basic
note are held by the PIC in a look-
up table. Whilst a formula could be
evolved to establish the required
value for any frequency, that formula
would be highly complex, since it
depends not only on the PIC’s con-
trol clock frequency, but also on the
number of commands and their type
(they take a varying number of clock
cycles, typically 1 or 2, depending on
the command) within the generating
loop. The author has found that the
trial and error techique of estab-
lishing the correct value is pretty
straightforward.

Take a random additive value, and
using a frequency counter, find out
what frequency that value causes to be
generated. If the frequency is too low,
double the value, if too high, halve it.
Monitor the frequency generated by
the new value. If too low double it, if
too high reduce the value to midway
between its first and second values.
Keep on with steps in a similar man-
ner until the correct frequency is
obtained.

It is considerably less time con-
suming than might appear. In reality,
the nearest obtainable frequency can
be found in less than a dozen steps.
When trying values for subsequent
notes, knowledge of which values are
more appropriate to try than others
will increase.

Readers with programming experi-
ence will recognise that the process
is very similar to the ‘binary chop’
technique often used in data sorting
algorithms.

The additive values actually used
in the Polyphonium are shown in the
table opposite. The flat of a note has
been taken as the sharp of the note
preceding it and vice versa, in common
with modern musical practice.

The frequency of the notes shown is
mathematically based (each frequency be-
ing the result of multiplying the frequency
of the proceding note by the twelfth root of
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iTablel1-/Additivelvalues
MSB LSB TOTAL NOTE FREQUENCY (Hz)
VALUE
1 9 265 A 440.000 Concert A
1 25 281 A# 466.164
1 41 297 B 493.883
1 60 316 C 523.251 Middle C x 2
1 78 334 C# 554.365
1 98 354 D 587.330
1 119 375 D# 622.254
1 141 397 E 659.255
1 165 421 F 698.456
1 189 445 F# 739.989
1 217 473 G 783.991
1 245 501 G# 830.609

two (equal temperament scale), with Con-
cert A at 440Hz being an internatiaonal
standard. It's interesting to note that A
has varied enormously in frequency in
previous centuries and localities.

For example, the organ at Halber-
stadt (dated 1361) has a freqency for
A of 505.8Hz, whereas Church pitch
in Paris in 1648 was 373.7Hz {source,
The Physics of Music, Alexander
Wood, first published 1944).

Practical frequency

The tuning of the Polyphonium is
typically within 0.5% or so. It is a
lower accuracy than achieved with the
Stylo-PIC, but that was only generating
one note at a time, whereas this design
is generating eight notes simultane-
ously, even though not all are output
at any one time (dummy routines are
used when fewer than eight notes are
required, to balance the timing).

The nature of this design does not
require absolute tuning to the nth-de-
gree, and a few Hertz either side of the
ideal adds ‘character’ to it.

It is an astonishingly full sound that
can be achieved from the various scores
used during development. It had been
thought that additional ‘voices’ would
need to be added, things like voltage
controlled filters, envelope shapers and
reverberation units. It was decided that
the unit does not need them, although
such could be added by those who have
the facilities or constructional skills.

Play Rate control

As said earlier, potentiometer VR1 is
the Play Rate control connected across
the 5V supply, providing a variable
voltage to IC2 pin RAO, which is used
in analogue-to-digital mode. Resistor
R1 at the 0V side of VR1 reduces the
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Prototype front panel rate control, PC serial connector and

function switches

| Parts List - PIC Polyphonium

Master Controller and Note Generator

—

[\ S RS SR A (o RN

9

9

PC board, code 611, available
from the EPE PCB Service,
size 152.4 x 83.3mm
low-profile plastic instrument
case, size 202mm x 154mm x
25mm

9-pin D-type serial connector,
female (SK1)

min. s.p.s.t toggle switches
(S1 to S8)

10MHz crystal (X1)

DC power socket, chassis
mounting (see text)

audio output socket, to suit exist-
ing equipment plugs (see text)
small plastic control knob
8-pin DIL sockets (IC5 to IC13)
16-pin DIL socket (1C4)
28-pin DIL socket (IC3)
40-pin DIL socket (IC2)
self-adhesive PCB supports
4-way header-pin strips (TB1,
TB2)

Connectors to suit future inter-

face circuits (see text); 1mm
terminal solder pins (see
text); single-core wire; multi-
stand connecting wire; multi-
coloured ribbon cable

Semiconductors
1 1N4148 signal diode (D1)

7805 +5V 1A voltage regula-
tor (IC1)

PIC16F877-20 microcontroller,
preprogrammed (see text) (1IC2)

1

PIC16F876-20 microcontroller,
preprogrammed (see text) (IC3)
MAX232 serial interface (IC4)
TLO71 FET op amp (IC5)
24L.C64 or 24L.C256
EEPROM serial memories
(IC6 to IC13)

Capacitors

2
2
8
5
3

1

10p ceramic disc (C16, C17)
100n ceramic disc (C2, C3)
220n ceramic disc, 0-1in.
pitch (C4 to C11)

1u radial elect. 0-1in. pitch
(C18to C22)

224 radial elect. 16V, 0-1in.
pitch (C1, C23, C24)

47y radial elect. 0-1in. pitch
(C25)

Note: C12 to C15 not used
Resistors (0.25W 5%)

8
1

4709 (R12 to R19)
1k (R2)

1910k (R3, R4 to R11, R28,

9

R29, R33 to R37, R41, R42)
33k (R1)

11100k (R20 to R27, R30 to R32)
Note: R38, R40 and resistors

marked with asterisk — see
text

Potentiometers

1

1

10k rotary carbon, panei
mounting, log. (optional VR2)
100k rotary carbon, panel
mounting, lin. (VR1)

31



Constructional Project

overall range of voltage that can be se-
lected. Capacitor C3 slightly smooths
the voltage change seen by RAO.

The software simply takes the digital
value of the voltage and uses it to set
the Play Rate.

Power supply

A power supply of 9V DC is re-
quired. The current consumption
demands depend on other circuits
which this design may be required
to drive. As presented here, plus the
LED display example unit described
in Part Two, current consumption is
around 100mA.

It is advisable to use a supply
adequately rated to also provide for
any additional extension circuits
required.

A 7805 1A 5V voltageregulator, IC1,
reduces the 9V supply to +5V to suit all
the chips used, except for op amp IC5,
which is fed direct by the 9V supply.
Only use a 9V supply.

Provision for programming PICs in
situ has been provided via terminal
pin groups TB1 and TB2. The connec-
tions on the PCBs are in the author's
standard order.

Construction

Construction is on a single PCB,
as detailed in Fig.3. This board is
available from the EPE PCB Service,
code 611.

Assemble in the usual order of
ascending component size, using
sockets for the dual-in-line (DIL) ICs.
Double-check everything for good
soldering and accuracy of component
positioning and orientation. Do not
insert the DIL ICs until correctness
of the 5V supply from IC1 has been
confirmed.

Then insert those 1Cs, observing
normal static electricity precautions
(touch something carthed each time
before handling them), and make sure
they are the right way round. The PICs
should be preprogrammed. No sound
will be heard until at least one of the
serial memories has been programmed
by the PC.

The prototype was mounted in
a slimline plastic case, measuring
202mm x 154mm x 25mm (8in x 6in
x 1in). Arrange the drilling for the
switches to place them as three groups,
in order of S3-S1; S4, S5 and S8; then
S6 and S7; with a visible gap between
the groups so that they are instantly
recognised in relation to which switch

32
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General layoul of components on the prototype Master printed circuit board.
Only two serial memory chips (24LC64) are plugged into this board, below IC4

(MAX232)

is which when viewed from the front
of the case (the author regretted not
doirg so with the prototype).

Play Rate control potentiometer VR1
also mounts on the front, to the left
of the switches. The audio connector
and a power connector (if used) are
mounted at the rear, possibly along
with level control VR2 if used.

Also allow provision for sockets
to connect external output data and
power lines to other circuits if such
are intended to be used.

Software

Software for the PIC and PC aspects
of the Polyphonium are available for
free download from the EPE Downloads
site, access via www.epemag.co.uk.

Preprogrammed PICs are available
from Magenta Electronics. For contact
details see their advert in tkis issue.

The PC program was written in
Visual Basic 6 (VB6) and supplied as
both source code and standalone .EXE
program. Copy all files into a folder
named to suit you on Drive C.

Then open that folder and copy the
Musical.tHf fontin the folderand paste
it into Windows’ own Fonts folder:

My Computer\Control Panel\
Fonts

Also, please ensure that the file
MSCOMM32.0CX is in the Polypho-
nium folder, as supplied. This is used
with the serial link (PIC Link).

Additionally, note that if vou wish
to use the VB6 source code rather

Rear view showing the LED Display Interface (next month) connector, the power

input connector and audio output socket,
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PIC POLYPHONIUM MASTER CONTROLLER CONSTRUCTION
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Fig.3. Printed circuit board component layout, off-board wiring details and full-size copper foil master for the PIC Polyhonium
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than the EXE file, then Joe Farr’s
EPE Serial Interface files must be
installed on your PC. The files are
in the Downloads section of the EPE
website (www.epemag.co.uk). VB6
will not run the full Polyphonium
program unless these files are in-
stalled, crashing when trying to use
the serial link.

Using the PC software

To launch the PC software, open
the folder in which it is held, and
double-click on the Polyphonium.
exe icon. The program loads auto-
matically going first into a setup rou-
tine to check if the program has been
used before on this PC. If it hasn’t,
several additional files are created,
which are used to hold various at-
tributes of the program as selected
by the user later.

The master screen display is then
generated. An example of this showing
most of the various controls is shown
in Photo 1. The image shown includes
one page of one of the author’s test
scores. At this time, your screen will
be blank of such data. A run through
of those controls on the main screen
now follows.

Fonts and other matters

At the top of the screen is a line
of several buttons containing
various musical note symbols.
If the buttons do not contain
such symbols, make sure you
have the Musical.ttf font file

5 ol D J’R
7. T o ==t = DS P LAY
=i ) s T | o=t iz 1 _JEE[ P L0 W
| S S W I Y| TN
r [ [ 2 23 54 s 1 TS ¥ At C i
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oy - | s s s (v I o — -
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= | C} ) |
v | 7 |
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Photo 1: Screen dump showing an example of a section of a music score keyed
in, and the majority of the control buttons

aspects on and off. The three vertical
lines button selects the vertical grid,
the three horizontal lines button se-
lects the horizontal grid in which the
intermediate lines above and below
the main stave lines are shown. Notes
are automatically placed at the near-
est grid intersection when the mouse
is clicked.

& Polyphonium Drive, Folder and Directory File Selection

Even when the grids are not shown,
moving the mouse cursor across the
screen causes the note and its raw octave
data for that theoretical grid point to be
shown in the top centre yellow box.

Select and use a symbol

Left-click on one of the note symbols
to select it, then position
the mouse cursor over

History: IC:\Plogam Files\Microsoft Visual Studio\VB38'Polyphonium L]

the screen stave posi-
tion at which you wish
to place it, and left-click

copied from the Polyphonium
folder into Windows’ own
Fonts folder, as above.

Create a new score title

Left-click on the green DIR
button to reveal the Directory
screen (Photo 2), then use the
‘Make File’ option. Full details
of the Directory screen are
given in its Notes file, selected
by clicking its Notes button.
Having created a new file, it
is automatically shown as a
blank area on screen ready for
immediate use, with the title
given, suffixed '01.txt".

Grids

in that position, ‘pasting
in’ the symbol, which is
then shown there. The
selected symbol button
is shown highlighted in
red. The symbol remains
selected until a new one
is chosen (also see ‘De-
lete a Symbol’ below),
allowing it to be placed
where desired without
reselecting it.

Only notes with their
vertical ‘tails’ going up-
wards are provided. The
normal cosmetic music
convention of some ver-

Fier On/OfF [~ | ‘Refresh |
HadDive=C: [Sc v] INOTES] [BulRndBushOioe ]
: BullAndBush02 tst K
A BullAndBush03.tat
‘_JProgram Files EXT = || Danube01.txt
‘A Microsoft Visual Studio TIXT || Danube02 txt
VB8 Danube03 txt
ECTTTT— O
Danube05, txt
Danubel6. txt
. Danubel7
Danube08. txt
Danube09 txt
Danube10.txt
|BullAndBush01.twt Danubel1.tt
gambe12bd
anubel3.txt
1211706 11:26:44 8528 bytes Danubel4 txt
Danubel5.txt
Danubel6.txt
Bouble-cick on e name 1o select and ext) |2 anubel 7.t
{ Danube18.txt
Click on file name to view details Danube19.txt ;I
—_—
MAKE | . - 3
FILE | To create new file with Path/E xtension as curient, enter file name
{ above and press <Enter> or click Make File (does not overwrite)

tical tails descending,
depending on the posi-
tion within the stave,

Two buttons to the left of

the symbol options turn the grid

34

is ignored. The same

| i ces ) e IO I |

T & & 1

T &

Photo 2: The Directory screen

. ' applies to the ‘tail flags’

direction of some notes
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(eg semiquaver) — they all face to the
right.

Delete a symbol

To delete a symbol, position the cur-
sor on or near the symbol to be deleted
until that symbol is also repeated in the
lower yellow box in the centre of the
note symbols, which appears when the
correct position has been found, then
right-click the mouse whilst still in the
same position to delete the symbol.
That symbol then becomes the active
one when the mouse is again
left-clicked on any position.

If you have difficulty

Constructional Project

Symbols for ‘natural’ notes are only
required if the sccre calls for them
when a general sharp or flat is specified
in the score, it then only refers to that
note. All notes are ‘naturals’ unless
selected otherwise.

examined by clicking the View File
button. The file could be amended
while open, but the needs are compli-
cated and are not described here.

Save it button

Bar lines

The long vertical line button selects
the bar line marking for placing on the
score in the position then clicked. It
is cosmetic only and not used by the
compilation program.

. Polyphonium PIC Interface 23NOV06 =] E3

finding the ‘trigger point’ ' Coml
at which a symbol can be ¢ Com2

deleted, gently move the
mouse cursor around and
down along the symbol until
it is displayed in the yellow
box. Such positions are not
always what they seem (for
a variety of complicated _

Compiled
Maximum Chip Capacities
24LC256 = 32K bytes  24LCH4 = 8K bytes

Send De-
Data code

This button only appears once a file
has been selected via the DIR button.
Left-clicking it causes that file to be
resaved to disk under the same name.
No facility has been provided for a
given file to be renamed. Such must
be done through the normal Windows

facilities if desired.

Saving changes

Any symbols you key in
before a file has been loaded
cannot be saved and will be
lost when any file is opened
or panning between pages
occurs, and in other similar
circumstances.

reasons).

It is possible to write a
new symbol directly on top
of, and replacing, an existing
symbol. In some cases, thoungh. that
new symbol may only become appar-
ent once the screen has been cleared
and subsequently redrawn.

Sharps, flats and naturals

To select the sharp or flat of a note,
click the sharp or flat symbol above
or below it. This automatically selects
both the note and that symbol for im-
mediate use.

Music scores on which a gen-
eral sharp or flat symbol (note key) is
shown at the beginning of, or during
a stave, must have those symbols
placed in the area enclosing the clef.
They are automatically positioned
immediately to the right of the clef’s
vertical position.

Such general sharps or flats when
specified are repeated, but not shown,
for all octaves of the note referred to in
that clef. This is for the benefit of the
compilation program. Only the sharps
and flats relating to the main octave
of a clef are shown, in conventional
music fashion.

If a score calls for general sharps or
flats somewhere within a stave, the
screen display must start at the next
available double staves, and the sym-
bols placed at the start of those.
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Photo 3: The screen through which PIC data is handled

Repeat symbols buttons

The two symbo:s to the right of the
bar line symbol, respectively, indicate
the start and end positions in a score of
those sections which are repeated when
playing the score after compilation.

Rest symbol

The symbol to the right of the End
Repeat symbol indicates where a short
rest period occurs. The length of pause
depends on the rzte at which the Play
Rate potentiometzr has been set.

Panning between pages

To select the next or previous page
in a sequence of files for one theme,
click the forward or backward arrow
box surrounded by yellow. If the page
exists it will be displayed and its name
shown in the long green box. If it does
not exist, you are offered the choice of
creating it as a blank, or of exiting the
option. New pages are automaticaliy
numbered consecutively.

View file button

The file in which the basic score data
is held for any selected page may be

Load existing file

Click on the DIR button to

reveal the files available (Photo

2,then double-click on a name to select

the one required, as described in the
Directory’s Notes file.

PIC link button

This button only appears once a file
has been selected via the DIR button.
There are several buttons within the
sub-screen, revealed when clicking the
PIC Link button (Photo 3).

The Comp Data button causes all
files of the theme title selected (regard-
less of the extension number shown)
to be compiled into a form suitable for
the PIC, creating a new file of the same
basic title with a CNC extension. The
Send Data button, causes the named
file’s CNC file data to be sent to the
PIC, which stores it in the memory
currently selected by its switches.

The Exit button allows you to exit
the screen without either above actions
being performed.

Com ports buttons

This screen also allows selection of
the COM port through which the serial
data is sent to the PIC, COM1 or COM2
(this program is not designed for use
with USB links). Click on the port re-
quired toreveal ablack dot in its ‘radio
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Constructional Project

button’. The choice is automatically
stored to disk for future recall when
the program is loaded. The choice may
be changed at any time.

Data transmission is always at 9600
Baud.

View CNC button

The View CNC button allows the
contents of the compiled (CNC) data
for the PIC to be examined. The file is
specific to the base file title selected.
The format of the data is complicated
and is not described here.

Decode button

The decoding facility was produced
for the author’s own benefit, but has
been left in case you can find a use
for it. It takes data from the CNC file
for any subject and decodes it back
into notes and stores them into files
prefixed ‘Decode’ which can be dis-
played on the PC screen. No bar lines
or general sharp/flat symbols at the
beginnings of staves are included.
All such notes have the appropriate
symbol alongside.

Note also that some notes are
common to both treble and bass
clefs. Where they are encountered,
notes A0 and above are allocated to
the treble clef, below A0 they are
allocated to the bass clef (and thus
the resulting scores may appear to
be different from the original in this
respect).

All notes are allocated to just the
first treble/bass clef pair.

Note spacing

Clear button

The Clear button on the main screen
allows the screen data to be totally
cleared without changing the contents
of the recorded files.

Redo button

The Redo button causes the entire
screen data to be redrawn for cosmetic
purposes if needed, as for example,
after calling either of the View options
opened through Notepad.

Font button

Clicking the Font button reveals the
full font from which the note symbols
have been selected. It is for interest
only and cannot be used.
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It is not important how far apart
notes and other symbols are on the
screen grid. Totally blank columns in
any stave are ignored. The important
thing is that notes which are to be
played simultaneously as a chord
are immediately in line with each
other vertically in the relevant treble
and bass clef staves. Each full stave
consists of one treble and one base
clef stave.

Tooltips

Hovering the mouse cursor over
any option button causes a ‘Tooltips’
text box to appear, describing its basic
function.

Scores accuracy and tuning files

All the author’s test scores supplied
with the software are those which he
used during its development, and are
supplied ‘asis’. No claim is made about
theiraccuracy in relation to the original
scores. Indeed, he can hear some notes
when played on the Polyphonium
which he has obviously keyed in incor-
rectly. They can be amended if desired
by musically knowledgable users.

Amongst the files available are vari-
ous notes frequency test files. Loading
and sending them to the PICs the said
note is played continuously. A fre-
quency counter can be used to check
the frequency being generated.

The file names include the note and
its octave. For example, Tuning1A01.
txt generates Concert A, 440Hz.

Satisfaction

To say that the author is pleased
with the Polyphonium designs would
be an understatement. The five months
of development has provided him with
a very satisfying challenge. He finds
the sounds produced by the test scores
to be delightful. It is one of the most
pleasing designs he has produced. It’s
completion leaves him with that feel-
ing craved by all creative designers, a
sense of wonder that ‘I've done that’!

Next Month

In Part Two is a description of an
LED Display Interface which can be
used with the main Polyphonium
control unit. It uses a block of LEDs ar-
range in 12 columns seven LEDs high,
to show which note and its octave is
being played.

As well as being useful, it also il-
lustrates how the Polyphonium can
be used to control external facilities,
making use of the note, length and
octave data provided by IC2 PORTB.
The technique used here, and that used
to generate the notes in the top octave
generator, provide examples of how
the data might control the mechani-
cal features used on the fairground
organs.
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Dusk and one of the many steam engines at the Great Dorset Steam Fair,
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New PIC Products from Forest Electronics

Low Cost Development Boards, New Programmer, Lite version of our C Compiler

A range of New PIC development boards
priced from just £4.00 !

We have a range of 5 new PIC project boards
- all available as bare PCB’s or as pre-built
boards with components. They all have space
for the PIC microcontroller, (from 8 to 40 pins).
Support circuitry includes the 5V power
regulator, decoupling components, reset
circuitry and a crystal oscillator. Included are
basic /0O components including, LEDs, push-
buttons, and a piezo buzzer plus RS232
drivers and DB9F serial connectors. All
boards have a large circuit prototyping areas
for your designs. The boards all feature a
compatible 6 pin in circuit programming
connector.

The most comprehensive board (lower left)
offers a ZIF socket and breadboard area, plus
LCD connection which is ideal for
experimental and educational users.

Ideal for use with WIZ-C Lite (below).

See www.fored.co.uk for further details

Serial+ Programmer (Right). New programmer handles 12C, 12F, 16C,
16F,18F devices from 8 to 40 pins includes In Circuit Serial Programming
connector and In Circuit Debugger function. Fully built and tested at just £35.00

WIZ-C Lite — complete ANSI C Compiler for the PIC together with RAD front end

Lighting fast C development at an affordable price

o WIZ-C is more than a C Compiler for the PIC —itis a

L = complete development environment with rapid access to
M«' \ library components with point and click set up.
o « _Ideal for beginners, includes full tutorial manuals and an
N mcwscicareiny & introductory manual to the C language.
g » Syntax highlighting editor.
e astsecoerana et —— Full ANSI C Compiler
‘:::::m.wm.um“...u,; ¢ Large libraries included for displays, ports, data transfer,
e —— keypads, graphics, bootloader and C standard functions.
st gt g e Extensive simulation capabilities, very rapid program
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execution, includes simulation of LCD, LED’ switches, 12C,
RS232 terminals etc. Inspect C variables in C format
Logic analyser can display waveforms of PIC pins and
internal registers simplifying debugging.

Includes assembler to allow you to develop assembler

L — - projects in their own right, or as part of C projects
s r— e LITE version supports the most popular PIC devices
4 — academic users may choose these types.
~ 2 A e UK written and supported.
e - o Do e LITE Version available for only £35.00
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We accept m4ajo? credit cards and Switch.
Order securely from our site www.fored.co.uk or contact us by phone or fax on 01590-681511. email info@fored.co.uk.
Forest Electronic Developments, 12 Buldowne Walk, Sway, Lymington Hampshire. SO41 6DU

www.fored.co.uk info@fored.co.uk
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" PRACTICALLY SPEAKING

Robert Penfold looks at the Techniques of Actually Doing It!

J

HE two previous Practically Speaking

articles covered building circuit boards
and fitting them into the case. Here we move
on to the wiring from the circuit board to
components such as controls and sockets.

Modern construction techniques have tend-
ed to reduced the amount of hard wiring in
projects, and in an extreme case there could be
little or no additional wiring needed for com-
pletion. However, practically every project
features at least a few wires and cables. With
many projects there is an abundance of them.

While this aspect of electronic projects is
not in the hi-tech category, it is perhaps
slightly higher-tech than it might at first
appear. The sheer number of difterent wires
and cables that are available gives a clue to
things being less straightforward than one
would probably expect. There are dozens
of difterent types listed in the larger elec-
tronic component catalogues.

This need for so many different types of
cable is the result of the widely differing
types of signal encountered in modern elec-
tronics. A cable that is capable of carrying
very high currents is physically too thick
and cumbersome for applications that
involve minute currents. A thinner lead is
adequate for low current applications and is
a more practical solution. Neither of these
is suitable for use in very high frequency
applications, such as a television aerial
down leads. There is no universal cable that
suits all eventualities.

Hard wiring

When dealing with the hard wiring to
printed circuit boards it is not usually nec-
essary to resort 10 any of the more exotic
cables. Ordinary connecting wire, which is
also called hook-up or equipment wire, is
normally all that is needed. This type of
cable consists of a thin wire in a sleeve of
plastic insulation.

Even with a type of cable as basic as this
there are usually several types listed in
electronic component catalogues. There are
two main categories, and these are the sin-
gle and multi-core varieties. The single-
core type has the advantage of being easily
formed into complex shapes, and retaining
those shapes. This makes it easy to neatly
run a wire from one point to another.
Perhaps of greater importance, it also
makes it much easier to run several wires
side-by-side so that they act as what is
effectively a single multi-way cable.

Despite having one or two potential
advantages, single-core connecting wire is
not used very much for the hard wiring in
projects. Unfortunately, the wire is easily
damaged when the plastic insulation is
stripped away. Using proper wire strippers
minimises the risk of the wire being nicked
slightly, but does not completely remove
the problem. Even a very minor nick tends
to seriously weaken the wire at that point,
probably causing it to break if there is any
flexing of the wire.
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Multi-strand

Multi-strand wire has what are typically
about six to 12 very fine wires instead of
one thicker wire. It is not impervious from
the problem of the wires becoming dam-
aged and breaking
easily. but it is cer-
tainly far less suscep-
tible to it. The multi-
strand variety is the
only type normally
used for the hard
wiring in electronic
projects.

Equipment wire is
produced in various
thicknesses. Light-
duty connecting wire
is usually described
as something like
“10/0.1°, which
means that it has 10
strands of 0.1 mil-
limetre diameter wire.
Light-duty wire is
only suitable for car-
rying currents of up to
about 0.5 amps (500
milliamps), which is
actually much higher
than the maximum
current found in most
projects.

However, a medi-
um-duty wire such as
the popular 7/0.2 vari-
ety is probably a bet-
ter choice for general
project wiring. With a
maximum current rat-
ing of about 1.5 amps,
this type of connect-
ing wire is suitable for
a slightly wider range
of projects. Also, its slightly larger diame-
ter makes it a little easier to handle and use.

Heavy-gauge

Heavy-gauge connecting wire is need-
ed for some projects, such as power sup-
ply units and audio power amplifiers.
These can operate using maximum cur-
rents of several amps. Using thinner con-
necting wires at such high currents could
produce unacceptable voltage drops and
could also result in overheating. This
raises safety concerns, so it is essential
to always use heavy-duty wire when
large currents are involved. Using 24/0.2
wire can safely accommodate currents of
up to 6 amps, which is adequate for most
purposes.

From the electrical point of view it is
acceptable to use heavy-duty equipment
wires when only small currents are
involved. However, heavy-duty connecting
wire is relatively unwieldy and difticult to
use. It is also likely to be more expensive
than the thinner types. Therefore, only use

heavy-duty connecting wire when high cur-
rents are involved.

Most catalogues only list one size of sin-
gle-strand connecting wire, or none at all.
The type you are most likely to encounter is

Fig.1: This type of twin screened lead is basically just two
individual leads merged into a single cable. The alternative
type has two inner conductors in an overall screen

Fig.2: Some coaxial cables have a screen that consists of
copper foil and braided wires. The exposed foil must be
removed so that the cable can be prepared in the normal way

1/0.6 wire, which is adequate up to medi-
um-duty applications. Any electronics
component catalogue should also list a
range of enamelled copper wires. The insu-
lation on this type of wire is in the form of
a very thin layer of what is basically just
some lacquer. This can be scraped away
using a penknife.

Enamelled copper wire has its uses, but it
is unsuitable for hard wiring because of the
ease with which the insulation is damaged.
There is also tinned copper wire. which
lacks any insulation. It is useful for link-
wires on circuit boards, but is not used for
hard wiring.

Ribbon cable

Where a multi-way cable is required it is
possible to tie or tape together a number of
individual insulated wires to make a suit-
able cable. An alternative is to settle for
using a number of separate connecting
wires.

A further alternative is to use some form
of ready-made multi-way cable. Ribbon
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cable is a popular choice, and this type of
cable has numerous insulated wires laid
side by side and joined together. This pro-
duces a tlat cable that usually has upwards
of 10 wires.

There are two types ot ribbon cable, one
of which is specifically designed for use
with solderless computer connectors. This
cable is grey in colour apart from a red lead
at one edge, and has the wires on a 0.05
inch pitch which matches that of the termi-
nals on the connectors. While this type of
ribbon cable is far from unusable in hard
wiring applications, it is relatively difticult
to use.

The second type of ribbon cable is essen-
tially the same, but it is of heavier con-
struction and the wires have insulation of
different colours. This secord point is
important as it enables each wire to be eas-
ily identified. It is normally sold in 10- and
20-way varieties, but peeling off a section
having the required number of wires is very
easy.

c -
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Fig.3: The bare wire is coiled around the pin (a) and then

soldered in the usual way (b).

There is a potential problem with ribbon
cable, and with multi-way cables made up
from individual wires. Capacitance
between the wires can sometimes result in
signals being coupled from one wire to
another. This is known as ‘crosstalk’, and in
an extreme case it can prevent a project
from working at all. Consequently, it is
advisable not to merge a large number of
wires into a single cable unless you are sure
you know what you are doing.

Where applicable, wires at the input of a
circuit should always be kept well isolated
tfrom those at the output. This helps to avoid
problems with feedback. Using a separate
piece of cable for each component is the
safest approach, and will probably be the
easiest way to do things anyway.

Screened leads

The internal wiring of some projects
requires some ‘screened cables’. Screened
leads are used a great deal for external
wiring, particularly in audio systems. Long
audio cables tend to pick up electrical noise
in general, and mains *hum’ in particular.

A screened cable has an ordinary insu-
lated wire at its centre, but this is sur-
rounded by some form of metal screen.
Most often this is a number of fine wires
that are wrapped around the insulation of
the inner wire (a ‘lapped’ screen). The
screen is sometimes more complex than
this, with the wires woven into a braiding
mesh.

Whether the screen is lapped or braided,
an overall plastic sheath holds everything
together. The basic idea is to have the
screen carry the earth (ground) connection
so that it acts as a barrier between the
inner wire and the outside world.
Electrical noise is prevented trom reach-
ing the inner conductor. The screen also
prevents any signals
from being radiated
by the inner conduc-
tor wire.

There are twin
screened leads for use
with stereo signals,
and there are two
basic types. One type
is really two separate
screened cables hav-
ing a common overall
sheath (Fig.1).

Having  separate
screens ensures that
there is no significant
crosstalk. This char-
acteristic is lost with
the other type where
the two inner conduc-
tors share a common
screen, but crosstalk
is unlikely to be a
major problem with
short leads.

Audio projects are
often screened trom
the outside world by
an earthed metal case.
but it can still be nec-
essary to use screened
leads within a project.
This can be necessary
in order to screen sen-
sitive leads from the
mains ‘hum’ produced
by an internal power
supply, or to prevent problems with feed-
back.

Screened cables for use at high frequen-
cies look like larger versions of audio
cables, but they are designed to operate
with a certain source and load impedance.
They are generally called coaxial (or just
‘coax’) cables. However, strictly speaking
practically all screened cables are coaxial
types. It a project requires a specitic type of
screened cable, such as a 75-ohm coaxial
cable or a special audio type, the article in
question should provide full details.

Strip-down

When dealing with screened cables the
first task is to remove a piece of the outer
sheath from one end of the cable using
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ordinary wire strippers. Special heavy-
duty strippers are needed for the thicker
coaxial cables. A low-cost alternative is to
use a modelling knife to make cuts on
opposite sides of the sheath so that it can
be peeled back and trimmed. Whatever
method is used, try to avoid seriously
damaging any of the fine wires in the
screen.

Lapped cables are straightforward to
deal with as the wires in the screen can be
twisted together to form a short lead. The
wires are then tinned with solder to pre-
vent them from splaying. Finally, use wire
strippers to remove a short piece of insula-
tion from the inner conductor and tin the
end of the wire with solder. The lead is
then ready to be connected.

The same method works with some
braided cables, but separating the wires in
the braiding can sometimes be very ditti-
cult. It is then necessary to adopt a differ-
ent approach. A generous amount of the
outer sheath is removed, the braiding is
pulled apart to produce a sizeable hole,
and then the end of the inner cable is
pulled out through the hole. This leaves a
free section of braiding that can be twisted
to form a lead.

The lack of tlexibility in some of the
larger coaxial cables makes this method
unusable, but it should work well with any
reasonably thin screened leads. Some
coaxial cables have copper toil in addition
to the braiding. With these the exposed
foil is cut or torn away (Fig.2), and the
cable is then prepared in the usual way.

Making connections

Adding the wiring to sockets, controls,
etc., should be fairly straightforward,
since an EPE project article has detailed
diagrams and photographs to guide the
constructor. Even so, there is still scope
for errors to creep in with this aspect of
construction, and due care needs to be
taken.

Actually producing the connections is
quite easy, but will benefit from some
practice. The usual technique is to hook
the end of the lead through and around the
hole in the tag, apply the bit of the solder-
ing iron, and then feed in some solder. As
with any electrical soldering, ensure that
the bit is applied to the joint before any
solder is ted into the joint. This helps the
solder to tlow properly by ensuring that it
is tflows over hot metal. The solder tends
to solidity too quickly if it is applied to
cold surfaces. Where there is a pin rather
than a tag, it is just a matter of coiling one
or two turns of the wire around the pin
(Fig.3a) and then completing the joint
(Fig.3b).

Modern components are designed to
make it easy to produce good quality con-
nections, but there is no guarantee that the
solder will always flow over the joint prop-
erly. Always tin tags and pins with solder
before making connections. The ends of the
leads should be given the same treatment.

With both surfaces properly tinned with
solder there is little possibility of produc-
ing a ‘dry’ joint. If a surface is contami-
nated with dirt or corrosion it will not take
a coating of solder. Scraping it with the
blade of a penknife should clean away the
contamination and permit the surface to be
tinned properly.



EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS

ELECTRONICS PROJECTS

%G = SRl
Logic Probe testing

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;
NESS55 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics
and p.c.b. layouts are included on the CD-ROM.

ELECTRONIC CIRCUITS & COMPONENTS V2.0

Circuit simulation screen

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

Complimentary output stage

Analogue Electronics is a complete learning resource for this most difficult
branch of electronics. The CD-ROM includes a host of virtual laboratories,
animations, diagrams, photographs and text as well as a SPICE electronic circuit
simulator with over 50 pre-designed circuits.

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps
— 17 sections covering everything from Symbols and Signal Connections to
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage
Amplifiers (3 sections). Filters — Passive Filters (10 sections), Phase Shifting
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos.

DIGITAL ELECTRONICS V2.0
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Filter synthesis

Digital Electronics builds on the knowledge of logic gates covered in Electronic
Circuits & Components (opposite), and takes users through the subject of digital
electronics up to the operation and architecture of microprocessors. The virtual
laboratories allow users to operate many circuits on screen.

Covers binary and hexadecimal numbering systems, ASCII, basic logic gates,
monostable action and circuits, and bistables - including JK and D-type flip-fiops.
Multipte 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 controliers,
memories and microprocessors — architecture, bus systems and their arithmetic logic
units. Sections on Boolean Logic and Venn diagrams, displays and chip types have
been expanded in Version 2 and new sections include shift registers, digital fault
finding, programmable logic controllers, and microcontrollers and microprocessors.
The Institutional versions now also include several types of assessment for
supervisors, including worksheets, multiple choice tests, fault finding exercises and
examination questions.

ANALOGUE FILTERS

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

ELECTRONICS
CAD PACK
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PCB Layout

Electronics CADPACK allows users to
desigr complex circuit schematics, to view
circuit animations using a unique SPICE-
based simulation tool, and to design
printed circuit boards. CADPACK is made
up of three separate software modules.
(These are restricted versions of the full
Labcenter software.) ISIS Lite which
provides full schematic drawing features
including full control of drawing
appearance, automatic wire routing, and
over 6,000 parts. PROSPICE Lite
(integrated into ISIS Lite) which uses
unique animation to show the operation of
any circuit with mouse-operated switches,
pots. etc. The animation is compiled using
a full mixed mode SPICE simulator. ARES
Lite PCB layout software ailows
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

e —— ——

Case study of the Milford
Instruments Spider

Robotics and Mechatronics is designed to
enable hobbyists/students with little
previous experience of electronics to
design and build electromechanical
systems. The CD-ROM deals with all
aspects of robatics 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 muitipie choice questions.
® |nteractive Virtual Laboratories
® Little previous knowledge required
® Mathematics is kept to a minimum and
all calculatiors are explaired
® Clear circuit simulations

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)

40

Hobbyist/Student........cccccoonirvrrcrinrecrncrenenennen. ....£45 inc VAT
Institutional (Schools/HE/FE/Industry)........... -.£99 plus VAT
Institutional 10 user (Network Licence)..........£249 plus VAT
Site Licence.......ccocovcrniivirnrencecsenenne AT T £499 plus VAT
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PICmicro TUTORIALS AND PROGRAMMING

VERSION 3 PICmicro MCU
DEVELOPMENT BOARD

Suitable for use with the three software packages

listed below.

This flexible development board aliows 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 I.c.d. display

® Supports PICmicro microcont-ollers with A/D converters

HARDWARE

£158 incl

® Fully protected expansion bus for project work

©® USB programmable

® Can be powered by USB (no power supply required)

uding VAT and postage

< e

supplied with USB cable and

SOFTWARE -

programming 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 tool 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 microcontroliers CD-
ROM is designed ‘or students and
professionals who need to learn how to
program embedded microcontrollers in C.
The CD contains a course 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 iocuses on the use of
the PICmicro microcontrollers, this CD-
ROM will provide a good grounding in C
programming for any microcontroller.

® 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 ® Compatibie with most
PICmicro programmers ® includes a
compiler for all the PICmicro devices.

g e
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Minimum system requiremerts for these
items: Pentium PC running Windows 98,
NT, 2000, ME, XP. CD-ROM drive;
64MB RAM; 10MB hard disk space.

FLOWCODE FOR PICmicro V3

Flowcode 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.

Howcode is a powerful language that uses
macros to facilitate the control of complex
devices like 7-segment displays, motor
controllers and l.c.d. displays. The use of
macros allows you to control these
electronic devices without getting bogged
decwn in understanding the programming.
Flowcode produces MPASM code which is
compatible with virtually all PICmicro
programmers. When used in conjunction
with the Version 3 development board this
provides a seamless solution that aliows
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

® racilitates learning via a full suite of
demonstration tutorials ® Produces ASM
code for a range of 18, 28 and 40-pin
devices ® New features in Version 3 include
16-bit arithmetic, strings and string
manipulation, improved graphical user

interface and printing, support for 18 series
devices, pulse width modulation, 12C, new
ADC component and many more.

PRICES

Prices for each of the CD-ROMs above are:
(Order form on next page)

Hobbyist/Student

Institutional (Schools/HE/FE/industry)
Institutional/Professional 10 user (Network Licence)

Site Licence

Flowcode 10 user (Network Licence)
Flowcode 50 user (Network Licence)

£45 inc VAT
£99 plus VAT
£300 plus VAT
£599 plus VAT
£350 plus VAT
£699 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

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
Time, Logic Gates, Binary and Hex Logic,
Op.amps, Comparators, Mixers, Audio
and Sensor Amplifiers, Transistors,
Transformers and Rectifiers, Voltage
Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, Digital-to-Analogue.

Each part has an associated practical section and tre series includes a simple PC :

interface (Win 95, 98, ME ONLY) so you can use your PC as a basic oscilloscope with the - Circ.
various circuits,

A hands-on approach to electronics with numerous breadboard circuits to try out.

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

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

FREE TWO
BOOKLETS
PLUS CD-ROM

WITH
TEACH:-IN
2000

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

An interactive CD-ROM to guide you through the process of circuit design. Choose from an extensive range of input,
process and output modules, including CMOS Logic, Op-Amps, PIC/PICAXE, Remote Controt

Modules (IR and Radio), Transistors, Thyristors, Relays and much more.

Click Data for a complete guide to the pin layouts of i.c.s, transistors etc. Click More Information
for detailed background information with many animated diagrams.

Nearly all the circuits can be instantly simulated in Crocodile Technoiogy“ (not
included on the CD-ROM) and you can customise the designs as required.

WHAT’S INCLUDED
Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers,
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment Displays.
Data sections with pinouts etc., Example Projects, Full Search Facility, Further
Background Information and Animated Diagrams.
Runs in Microsoft Internet Explorer
*All circuits can be viewed, but can only be simulated if your computer has Crocodile
Technoloy version 410 or later. A free trial version of Crocodile Technology can be
downloaded from: www.crocodile-clips.com. Animated diagrams run without Crocodile Technology.
Single User £39.00 inc. VAT.
Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT.
(UK and EU customers add VAT at 17-5% to “plus VAT” prices)

DIGITAL WORKS 3.0

18 Gne e e g
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Digital Works Version 3.0 is a graphical
design tool that enables you to construct
digital logic circuits and analyze their
behaviour. It is so simple to use that it will
take you less than 10 minutes to make your
first digital design. It is so powerful that you
will never outgrow its capability ® Software
for simulating digital logic circuits ®Create
your own macros — highly scalable ®Create
your own circuits, components, and i.c.s
®Easy-to-use digital interface ®Animation
brings circuits to life ®Vast library of logic
macros and 74 series i.c.s with data sheets
®Powerful tool for designing and learning.
Hobbyist/Student £45 inc. VAT.
Institutional £99 plus VAT.

Institutional 10 user £249 plus VAT.

Site Licence £599 plus VAT.

ELECTRONIC
COMPONENTS PHOTOS

A high quality selection of over 200 JPG
images of electronic

components. This
selection of high
resolution %hotos can be

used to enhance

projects and TR
presentations or to help
with training and O i
educational material. —
They are royalty free for

use in commercial or
personal printed projects, and can also be
used royalty free in books, catalogues,
magazine articles as well as worldwide web
pages (subject to restrictions — see licence for
full details).

Also contains a FREE 30-day evaluation of
Paint Shop Pro 6 — Paint Shop Pro image
editing tips and on-line help included!

Price £1 9.95 inc. var

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

ey S S S S S S SyS R SySySES
i Pleasesendme:  CD-ROM ORDER FORM

: [] Electronic Projects

1 [ Electronic Circuits & Components V2.0

I [ Analogue Electronics Version required:

| [J Digital Electronics V2.0 [0 Hobbyist/Student

1 {] Analogue Filters {1 Institutional

| O Electronics CAD Pack [ Institutional/Professional 10 user

1 [] Robotics & Mechatronics {J Site licence

| [0 Assembly for PiCmicro V3

1 [J ‘C’ for PICmicro V2

| O Flowcode V3 for PICmicro

| [ Digital Works 3.0

|

E O PICmicro Development Board V3 (hardware)

|

| O Teach-In 2000 + FREE BOOK

it {J Electronic Components Photos

| O Project Design - Single User o

| [J Project Design — Multiple User (under 500 students) t’:\';‘:;l:e S:I""‘l‘g'eli‘c’:necaecgg’e’se'°\’,‘a'r?es

t O] Project Design — Multiple User (over 500 students) L AL us :

|

]

i FUl MAME. o e
(LICEES Goan0an00800008660808600668066306608660060080630605306306008000a006093300308
i ............................. Postcode:................. Tel.No: ... ... .o Ll
b SIgNAIUIE. L . . e
: O ! enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £

i [ Please charge my Visa/Mastercard/Amex/Diners Club/Maestro: £

|

P'Valid From: ... .. .. ... ..., Cardexpirydate: .......... ..o,

|

D Card NO: oo Maestro Issue No. .. .......
|

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

|

ORDERING
ALL PRICES INCLUDE UK
POSTAGE

Student/Single User/Standard Version
price includes postage to most
countries in the world
EU residents outside the UK add £5 for
airmail postage per order

Institutional, Multiple User and Deluxe
Versions — overseas readers add £5 to the
basic price of each order for airmail postage
(do not add VAT unless you live in an EU
(European Union) country, then add 17'2%
VAT or provide your official VAT registration
number).

Send your order to:
Direct Book Service
Wimborne Publishing Ltd
408 Wimborne Road East
Ferndown, Dorset BH22 SND
To order by phone ring

01202 873872. Fax: 01202 874562
Goods are normally sent within seven days
E-mail: orders@wimborne.co.uk

Online shop:
www.epemag.wimborne.co.uk/shopdoor.htm
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tel. 01298 70012
fax. 01298 70046

www.peakelec.co.uk
A |
\ @ sales@peakelec.co.uk

electronic design Itd

-I EU ROCARD ' 4 F 1d Lest Gear/- “,w&‘ ‘Smart!
(160x 100 mm) e/ ’ \
+ Tooling

+ Photoplots
+ VAT

€49

Price example

Any size and contour possib
Optional:
* Seldermask
® fast-turncround
o Silkscreen
o 4-Layer Multilayer

o 6-la‘e‘r oll:'ug/%

FREE LAYOUT SISTWARE!

Freephone () [ISRE0T)
fox + 353 0%
Bt

T v (T # TM 000 Groprces: Sk < & I cayecs [

Simply serd your fies Pca POOL COM
ond order ONLINE: - 0

ANDRE LAMOTHE’S

XGAMESTATION

LEARN STEP-BY-STEP HOw TO DESIGN
AND BuiLD YOUR OwN VIDEOQ GAME CONSOLE!
Design inspired by the Atari 800/2600,
Sinclair ZX Spectrum, Apple Il & Commodore 64!

Control hardware using simple text commands

Making complex tasks simple-

SNy o tac ol erte i 0 CO dspo 1 tadog . erte
1€ pads, “otrix g sf s A
This 15 Just a small selection
visit the web site for hinzs tips
and free software

o~ —» scrolling Text LCD Display |

9 —» Backlight and contrast control I

§ —3» Binary to text display £22.90

a —p» Much more...

7o) —3» Control any compatible LCD LCD Controller

9 —3» Up to 4 lines by 20 characters

§ —3» scrolling text £11.00

o] —Pp Much more...

] —> & » 8 Bi Colour Red/ Green Do!. Matrix

9 —3» Bnghtness control

§ —» User defined bit patterns £14.95

o —» Switch on ‘splash screen’

0 —3» 4 X Analogue to digital A/D Control

9 —3» 4 x digital input or output

§ —3» Pulse width modulation £11.00

[eo] —» Trigger control

~ — 4 < 4 matnix keypad controller  Keypad Control

= — 16 key bufter | Great for Hobbyists AND Students!

I —3» Row, column configurable £11.00  Complete Software Development Kit!

L) —§» Additional digital input - eBook on Designing the XGS Console! bﬂl & ,V"-
- % 2057 BUSASE hased Microcontrolle b Parallax SX-Key Compatible! c.i‘wp4 . s,fc
,?, — Ilo programmer needed £14.95 KIT « Fully Assembled XGS Micro Edition Unit! ' \" !
a>: — Includes Tiny BASIC £-4.50 RBT * The Fun Way.to Leam ‘Embedded Systems!

—» On board power supply ——

M2y BEC! AUZHANTEE

1t you are not completetv satisfied, set un the goods withn 30 days for a ful rafund.

s

Purchase Options: On-Line at www.byvac.co.uk « Telephone 07905 734 348 » A l
email sales@byvac com « Cheque or Postal Order to: ByVac, PO BOX 4049,
Penistone, SHEFFIELD. S36 6WP

Post and packing UK £2.50 World Wide £3.50 igy Vac WWW.XGAMESTATION.COM

www.byvac.co. uk

SUPPORT@NURVE.NET|PH 925.736.2098(usa)
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Constructional Project

By JIM ROWE

Remote Checker

Do your remote controls often fail? Is it
due to dead batteries, poor contacts under
the switch buttons or a more serious fault?
How would you know if it was working
anyway? Here is the answer — a Remote
Control Checker. It lets you very easily
check whether an infrared (IR) remote
control is sending out a code when each
of its buttons is pressed, so you can avoid
opening the thing up for cleaning or
repair if it ‘ain’t really broke’.

OWADAYS, JUST ABOUT every

item of home entertainment gear
has its own remote control, so you can
control its operation without ever hav-
ing to get up from your easy chair — if
you don’t want to, that is. Most homes
have plenty of remotes but in most
cases their reliability isn’t wonderful.
Probably that’s because they have to
take quite a lot of physical pounding:
easily dropped, squashed, kicked,
trodden on, splashed with drink and
otherwise abused.

When a remote fails completely,
it’s usually just a matter of replacing
the battery and away it goes again for
another year or two. But what about
when replacing the battery doesn’t fix
it or one or two of the buttons seem to
have stopped working? Then it can get
abit tricky and you want to be sure the
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Fig.1: the complete circuit for the IR Remote Checker. Infrared pulses from the remote are picked up by sensor receiver
IRR1 and fed to gate IC1a. IC1a then drives gates IC1b & IC1c which in turn activate the piezo transducer and LED1.

fault is in the remote rather than in the
equipment it’s supposed to control.

Unfortunately, most of the remotes
made in the last few years don’t seem
to be made for easy access to the
insides, without damaging the case.
They’re clipped together using a series
of tiny lugs, moulded into the inside
edges of the case top and bottom. The
lugs can be hard to find from the out-
side and even harder to unclip without
breaking one or more of them. So you
don’t want to open up a remote unless
it’s absolutely necessary.

The little IR Remote Checker de-
scribed here is designed to help in
such cases, letting you quickly find out
whether or not any suspect buttons are
sending out codes from the remote’s IR
LED. This will let you decide whether
the fault is in the remote or in the
equipment itself.

You simply point the remote’s in-
visible output beam at the Checker’s
sensor window and then press the
various buttons. If the sensor picks
up any codes, it gives you immediate
confirmation by flashing a visible LED
and sounding a small pieza beeper.

The Checker can be operated from
an internal 9V battery or an external

Evervday Practical Electronics, March 2007

DC plugpack power supply. As a bo-
nus, it also provides an electrical copy
of the control code pulses received
from the remote, so you can feed them
to a scope or logic analyser for further
analysis. This would also make the
Checker a handy tool for anyone de-
veloping custom remote controls.

The Checker uses only a handful of
low-cost parts, all mounted on a small
PCboard which fits into a small plastic
box. You should be able to assemble it
in a couple of hours.

How it works

Fig.1 shows thecircuit diagram of the
IR Remote Checker. The infrared pulse
trains from the remote are picked up
by sensor/receiver IRR1, which strips
them from their supersonic carrier sig-
nal (usually about 38kHz}and provides
them as negative-going electrical pulses
from its output pin 1. We feed these
pulses to pin 1 of gate IC1a, used here
as an inverting buffer. The output of
IC1a then drives ane input each of two
further gates, IC1c and IC1b.

IC1c is also used as an inverter, to
drive transistor Q1. Q1 is then used to
switch current to LED1, so it flashes for
the duration of each code pulse.

IC1b is used as an oscillator which
is gated on by the pulses from IC1a.
The oscillator’s frequency is depend-
ent on the 22nF capacitor and the
total feedback resistance, so trimpot
VR1 allows it to be adjusted over a
reasonable range.

The output from the oscillator is
used to drive transistor Q2, which in
turn drives the piezo transducer with a
5V peak-to-peak waveform. The 4.7kQ
resistor across the transducer is used
to provide a DC load for the transistor,
and also to discharge the piezo trans-
ducer’s capacitance between pulses.
The idea of including trimpot VR1 is
so that you can adjust the oscillator’s
frequency to match the transducer’s
resonant frequency, for maximum
‘beep’ output.

IC1’s fourth gate (IC1d) is used as
another inverting buffer, driven di-
rectly from the output of IRR1. The
output of this inverter is then fed to
output socket CON1, via a series 4.7kQ
resistor, to provide the IR Remote
Checker’s output pulses so they can
be measured by an oscilloscope.

All of the IR Remote Checker’s
circuitry operates from +5V DC and
draws very little current, even when
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Fig.2: install the parts on the PC board as shown here, taking care to ensure that all polarised components go in
the right way around. Note the mounting details for IRR1 and the 470uF electrolytic capacitor.

responding to IR pulses. The 5V sup-
ply is provided by regulator REG1, a
low-power 78L05 device.

The raw input for REG1 is controlled
by power switch S1 and comes from the
internal 9V battery or from an external
9V DC plugpack. Diode D1 ensures that
the circuit cannot be damaged if the
plugpack’s polarity is reversed.

Construction

Apart from the 9V battery, all of the
components used in the Checker are
mounted on a small PC board measur-
ing 112 x 57mm and coded 608. The
component overlay diagram is shown
in Fig.2.

The board is designed to fit inside
a standard size plastic box (130 x 67
x 34mm) and mounts on the rear of

46

the box lid using four 15mm x M3
tapped spacers with eight M3 x 6mm
long screws (4 x countersink head).
The 9V battery is held in the bottom
ofthe box using a length of gaffer tape.
Both external connectors are accessed
by holes in the end of the box, when
it’s assembled.

You should be able to see the loca-
tion and orientation of all the compo-
nents on the PCboard from the internal
photos and the overlay diagram of
Fig.2. Note that the piezo transducer
is attached to the top of the board near
the centre, using M2 machine screws
and nuts.

Begin the board assembly by fitting
the two connectors to one end, see
Fig.2. Then fit the four PC terminal
pins, two of which go on the far end of

|

the board for the battery lead connec-
tions. The other two go near the centre,
for the piezo transducer leads.

Next, fit toggle switch S1, which
mounts with its connection lugs
passing down through the matching
slots in the board as far as they’ll go,
before soldering underneath. After
this, fit trimpot VR1, near the battery
terminal pins.

The resistors come next; all fit hori-
zontally. Diode D1 fits in the same way
just behind CON2, with its banded
cathode end towards switch S1.

Now fit the capacitors. These all
mount in the usual vertical fashion,
except for the largest 470uF electro-
lytic, which is fitted lying on its side,
with its leads bent down at 90° about
2mm from its body. Make sure you
bend them the right way, so the posi-
tive lead ends up closer to switch S1
as shown. Watch the polarity of the
other electrolytics too, as they are

all polarised.

Regulator REG1 and the two
transistors are fitted next, with
all three having their leads
cranked outwards to mate with

the board holes. That done, fit the
IR sensor device.

As shown in the photos and dia-
grams, this mounts with all three leads
bent carefully downwards by 90°,
about 2.5mm from its body. The very
ends of the leads are then passed down
through the matching board holes and
soldered, so the sensor ends up facing
directly upwards and with the top of
its hemispherical lens 15.5mm above
the board.
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The PC board is secured to the lid of the case using 15mm ta

Constructional Project

pped spacers and

M3 screws. Note that a prototype board is shown here (the wire link is not

necessary on the final version).

Next fit the IC, making sure that it
is mounted the correct way around
as shown in Fig.2. Because it is a
CMOS device, make sure you use
an earthed soldering iron and earth
yourself when you solder its pins to
their pads, to avoid damage due to
static discharge.

Mounting the piezo device

Now cut the two leads of the piezo
transducer to abou! 50mm long, as-
suming you’ve already mounted the
transducer itself to the board in the
right position using the M2 screws
and nuts. Then bare about 4mm of
wire on the end of both leads, and
carefully solder them to the two PC

jlableNiHResistodColoudEoues

4 No. Value

J 2 10kQ

d 3 4.7kQ
| 1 220Q
d 1 47Q

terminal pins just to the left of the
470uF electrolytic capacitor. The red
positive lead should connect to the pin
nearest to the 4.7k resistor.

The LED can also be fitted at this
stage, but not with both leads soldered.
Solder only cne lead to its pad with a
bare minimum of solder, so it will be
held in place temporarily until final
positioning when the board is attached
to the box lid.

The last step at this stage is to solder
the battery-snap leads to the terminal
pins on the end of the board, making
sure that the red positive lead solders
to the upper pin near IRR1.

Now prepare the box lid by cutting
the various holes in it, as shown in the

4-Band Code (1%)

brown black orange brown
yellow violet red brown
red red brown brown
yellow violet black brown

Parts List

\

1 PC board, code 608, available
from the EPE PCB Service,
size 112 x 57mm

1 plastic utility box, 130 x 67 x
34mm

1 mini toggle switch, SPDT (S1)

1 PC-mount RCA socket (CON1)

1 PC-mount 2.5mm DC socket
(CON2)

1 9V battery, 216 type

1 9V battery-snap lead

1 piezo transducer, 30mm dia. x
5mm high

4 PC board terminal pins, 1Tmm
diameter

4 M3 x 15mm tapped spacers

4 M3 x 6mm machine screws,
countersink head

4 M3 x 6mm machine screws,
round head

2 M2 x 10mm machine screws,
round head

2 M2 nuts with star-lock washers

1 10kQ mini horizontal trimpot
(VR1)

Semiconductors

1 IR receiver, RPM7138 or
IS1U60 (IRR1)

1 4093B quad Schmitt NAND
gate (IC1)

1 78L05 low power +5V voltage
regulator (REG1)

2 PN200 PNP transistors (Q1,
Q2)

1 3mm red LED (LED1)

1 1N4004 power diode (D1)

Capacitors

1 470uF 16V PC electrolytic

1 100uF 10V PC electrolytic

1 47uF 10V PC electrolytic

1 100nF (0.1uF) multilayer
monolithic (code 100n or 104)

1 22nF (.022uF) MKT polyester
(code 22n or 223)

Resistors (0.25W 1%)
2 10kQ 1 220Q
34.7kQ 147Q

5-Band Code (1%)

brown black black red brown
yellow violet black brown brown
red red black black brown
yellow violet black gold brown
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I'ig.3: this full-size artwork can be photocopied onto an adhesive label
and covered with clear ‘Contact’ film for a professional finish.

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

drilling diagram of Fig.5. Note that the While vou’re preparing the box lid
four outermost 3mm holes should be  vou can also cut the two holes in the
countersunk to allow for the heads of  end of the box as well, for the access

any burrs which are left on the inside
and outside of all holes in the box and
lid to make a tidy job.

Once the lid has been prepared, at-
tach the four board mounting spacers to
the rear of it using the four countersunk-
head M3 screws. Tighten these up quite
firmly, so the top of cach screw head
is flush with the top surface of the lid
itself. This will then allow vou to stick
on a front panel. made by photocopy-
ing the artwork (I'ig.3) we've provided,
onto an adhesive-backed label.

With the front panel attached, you
can cover it with a piece of clear
‘Contact’ or similar adhesive film for
protection. It is then just a matter of
neatly cutting out holes in this double-
layer panel escutcheon using a sharp
hobby knife, to match the holes already
cut in the lid underncath.

Mounting the PC board

The PC board assembly is mounted
on four 15mm-long tapped M3 spacers
behind the front panel, with the
threaded ferrule of switch S1 pass-
ing through a matching 6.5mm hole.
Check that IRR1's lens just touches
the rear of the front panel and that
it is in line with its 6.5mm ‘viewing’
hole. Once everything is in position,
fasten the board to the spacers using
four round-head M3 screws.

Now you can unsolder the tempo-
rary joint holding the LED in place on
the board. This will allow you to slide
it forward until its body just passcs
through the 3.5mm hole in the box
lid/front panel immediately above.
That done, you can solder both leads
to their board pads permanently. Trim

the hoard-mounting spacer screws. holes for CON1 and CON2. Remove  off any excess leads.
3.5mm DIA. ===
/ 3.5mm DIA. 9 nC“gK \
D @ ®
8 | 23
14 3.5mm
DIA.
11mm DIA.
6.5mm DIA.
14
18 —» —— AllL 3.5mm 22
DIA. }
13.5 | 1 @
3.5mm 5 7mm DIA.
HrO— 00— ——P b
69 6.5mm
14 14 8.5
et s L0 W S [ o B
® & |
65 9 3.5mm DIA.
N CSK - —

Fig.5: this diagram shows the drilling details for the case lid and for the end panel of the base.
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Checkout time

Your IR Remote Checker should now
be complete, apart from fitting it into
the box and screwing it all together us-
ing the lid attachment screws. Before
you do this, connect a 9V battery to
the snap lead (or plug the output of
a 9V DC plugpack into CON2, if you
prefer).

That done, turn on switch S1, and
you should notice a very brief flash of
light from LED1.

Now bring an IR remote control (one
that you know is working!) within
a couple of metres of the IR Remote
Checker, pointing it roughly at the IR
sensor ‘window’. Then try pressing
any of the buttons on the remote and
you should be rewarded with a series
of flashes from LED1 and simultaneous
beeps from the piezo transducer.

The pattern of flashes and beeps
may change with the various buttons
or they may all seem very similar — it
depends on the coding used by the
remote control concerned. But you
should get a series of flashes and beeps

Constructional Project

when each button is pressed, if the
remote is working correctly.

So if this is what you get, all that’s
left to do is the final assembly of the
IR Remote Checker. Fit the 9V battery
into the bottom of the box using a
length of gaffer tape to hold it down,
then manoeuvre the lid/PC board as-
sembly into position by sliding the
RCA phono connector (CON1) into its
matching 11mm hole before swinging
the assembly down into position.

Fit the four small self-tapping screws
supplied with the box to hold it all
together. Your IR Remote Checker will
then be complete and ready for use.

Finally, you might want to adjust
trimpot VR1 using a small screwdriver,
with its shank passing down through
the ‘Beep Freq Adjust’ hole in the front
panel. As explained previously, this
sets the Checker’s oscillator frequency
to match the resonant frequency of the
piezo transducer, to give the loudest
and clearest beeps. This adjustment
can be done at any time and is basi-
cally a matter of taste.

Troubleshooting

Of course, if you are NOT rewarded
with any flashes and beeps when you
send IR codes to the Checker from a
known good remote, you must have a
fault in the Checker itself. In this case,
you’ll have to unscrew the PC board
assembly from the box lid and start
searching for the fault.

You may have fitted one of the
polarised components (diode D1,
electrolytic caps, transistors Q1 or Q2,
LED1, REG1, IRR1 or IC1) the wrong
way around, or accidentally left a com-
ponent lead unsoldered. Or perhaps
you've left a solder bridge shorting
between two pads or tracks on the
board, when you were soldering one
of the component leads. It’s really just
a matter of searching for whatever your
fault happens to be and then fixing
it. EPE

Reproduced by arrangement with
SILICON CHIP magazine 2007.
www.siliconchip.com.au

-

PIC Digital Geiger
Counter PCB

Unfortunately the PCB overlay
for the PIC Digital Geiger Counter
in the February 2007 issue, page
14 Fig.2., is incorrect (it was an
early version, not the final cor-
rected artwork). The overlay
shown opposite is correct as far
as we are aware. The EPE PCB
is not a plated through hole type
so all the ‘vias’ need connecting
through the board with short off-
cuts of wire, soldered both sides;
some components also need
soldering both sides. Provision
has been made on the PCB for
different size crystals and GM
tube connections.

We apologise for any confusion
caused by the artwork error.

-

PLEASE TAKE NOTE

G-MTUBE

- EDx1e)

Cx cz@@ *

(®c7®

Everyday Practical Electronics, March 2007

49



EVERYDAY PRACTICAL
+ELECTRONICS

THE No1 UK MAGAZINE FOR ELECTRONICS TECHNOLOGY
AND COMPUTER PROJECTS

We can supply back issues of EPE by post, most issues fr
www.epemag.co.uk or see order form below. Alternatively,
back issue a photocopy of any one article (or one part of a series

BACK ISSUES

om the past five years are available. An EPE index for the last five years is also available at
indexes are published in the December issue for that year. Where we are unable to provide a
) can be purchased for the same price. Issues from Jan. 99 are available on CD-ROM -

see next page — and back issues from recent years are also available to download from www.epemag.com.
Please make sure all components are still available before commencing any project from a back-dated issue.

————— DID YOU MISS THESE? m———

NOV '05 Photocopies onl

PROJECTS e Speed Camera Watch Mk2 @ PIC
Chromatone ® Multi-Function R/C Switch @ Noughts
and Crosses Enigma @ Weather Vane Repeater
FEATURES e Teach-In 2006 — Part 1 @ Circuit
Surgery ® Back To Basics — 8 @ Techno Talk
Practically Speaking ® Ingenuity Unlimed ¢ PIC
‘N' Mix ® NetWork — The Internet Page

DEC '05 Photocopies o

PROJECTS e Vehicle Frost Box Mk2 e Propeller
Monitor @ Solid-State Hammond e Solid State Valve
Power Supply

FEATURES e Teach-In 2006 — Part 2 ¢ Techno Talk
® Viewing The Future @ Circuit Surgery @ Interface ®
PIC ‘N’ Mix ® NetWork - The Internet Page

JAN '06 Photocopies onl

PROJECTS e A “Tiptronic-Style” Gear Indicator ®
Sunset Switch @ PIC Ambilux @ Current Clamp
Adapter For Multimeters

FEATURES e Teach-In 2006 — Part 3 @ Circuit
Surgery ® Techno Talk ® Practically Speaking ®
PIC ‘N’ Mix @ NetWork — The Internet Page

FEB ’06 Photocopies onl

PROJECTS e Highly Flexible Keypad Alarm e
Active 3-way Crossover @ Status Monitor @ Jazzy
Heart.

FEATURES e Teach-In 2006 — Part 4 e Techno
Talk ® Circuit Surgery o Interface ® PIC "N’ Mix ®
Network — The Internet Page

MAR '06 Photocopies only

PROJECTS e PortaPAL Public Address Amplifier
— Part 1 @ Telescope Interface @ Power Up @ Video
— Audio Booster

FEATURES e Teach-In 2006 — Part 5  Practically
Speaking @ Circuit Surgery @ Techno Talk @ PIC

JUL '06 Photocopies onl
PROJECTS e PIC Sudoku Unit @ A Dirt Cheap
High Current Bench Supply @ PC Power Monitor
e Digital Instrument Display For Cars — Part 2.
FEATURES e Teach-In 2006 — Part 9 e Ingenuity
Unlimited @ Practically Speaking @ Circuit Surgery
e Techno Talk ® PIC ‘N' MIX @ Net Work — The
Internet Page

PROJECTS e Loudspeaker Level Meter e
Telephone Dialler for Burglar Alarms e Adjustable
DC-DC Converter for Cars ® High Intensity Torch
FEATURES e Circuit Surgery @ Techno Talk e
Teach-In 2006 - Part 10 e PIC 'N' Mix e Interface ®
Ingenuity Unlimited ® Net Work — The Internet Page

SEPT '06

PROJECTS e Low Cost 50 MHz Frequency Meter @
Smart Mixture Display for Your Car e Human
Powered LED Torches @ Water Level Gauge
FEATURES e Teach-In 2006 — Part 11 e
Ingenuity Unlimited e Circuit Surgery ® Techno
Talk ® PIC 'N' Mix e Practically Speaking @ Net
Work — The Internet Page

b1

SIAUTAL KEARTION 1)
heid e bhe e i

AT SMITIUA/RRATE
+ riar s vians
[Pt

PROJECTS e Studio 350 Power Amplifier - Part 1 @
Fridge Door-Open Alarm @ Through-Glass Alarm e
Linear Supply for 1W Star LEDs
FEATURES e Ingenuity Unlimited e Circuit
Surgery @ Techno Talk @ PIC 'N' Mix e Interface ®
Net Work — The Internet Page

NOV '06
PROJECTS e Giant LED Message Display e
Micropower Battery Protector ® Quick Brake @ Studio
350 Power Amplifier — Part 2
FEATURES o C For PICs — Part 1 e Ingenu:g

Unlimited ® Circuit Surgery ® Techno Talk e P
"N’ Mix @ Practically Speaking ® Net Work — The
Internet Page

DEC '06
PROJECTS e USB Power Injector ® RGB To

Component Video Converter ® Lapel Microphone
Adaptor For PA Systems @ Mind Trainer
FEATURES e C For PICs — Part 2 e Circuit
Surgery e Interface ® Ingenuity Unlimited e
Techno Talk ® PIC ‘N' Mix ® Net Work — The
Internet Page

JAN '07

PROJECTS e Balanced Microphone Preamp e
Jumping Spider @ High Efficiency Power Supply
For 1W Luxeon Star LEDs e Charger For Deep-
Cycle 12V Batteries — Part 1

FEATURES e C For PICs — Part 3 e Circuit
Surgery ® Practically Speaking @ Techno Talk e
PIC ‘N"Mix ® Net Work — The Internet Page

FEB '07

PROJECTS e PIC Digital Geiger Counter e
Courtesy Light Delay ® Programmable Robot
e Charger for Deep Cycle 12V Batteries — Part 2
FEATURES e C For PICs — Part 4 @ Techno Talk
® PIC ‘N' Mix e Interface ® ISngenuity Unlimited @
Circuit Surgery ® Net Work — The Internet Page

BAcK IssuEs ONLY £4.00 each inc. UK p&p.
Overseas prices £4.75 each surface mail, £5.75 each airmail.

We can also supply issues from earfier years: 2001 (except Feb, May, Aug. o Nowv,), 2002 (except Feb, June, Aug. 1o Nov), 2003
{except June), 2004 (except June, July, Oct and Dec.), 2006 (except Feb., Nov., Dec:), 2006 (except Jan., Feb,, Mar., Apr.and
July). Where we do not have an issue a photocopy of any one article or one part of a series can be provided at the same price.

APR 06

Photoco

PROJECTS ¢ A Programmable Continuity Tester @
Omni Pendulum e PortaPAL Public Address Amplifier
— Part 2 @ ‘Smart’ Slave Flash Trigger

FEATURES e Teach-In 2006 — Part 6 ® Consumer
Electronics Show e E-Chip Review ® Techno Talk e
PIC-'N'-Mix ® Net Work — The Internet Page

MAY '06
PROJECTS e LED Lighting For Your Car ® Smart
Card Reader and Programmer ¢ Nail Sniffer and
Volts Hound @ Digital Reaction Timer.

FEATURES e Teach-In 2006 — Part 7 @ Practically
Speaking eingenuity Unlimited ® Circuit Surgery ®
Techo Talk ® PIC 'N' Mix ® Net Work — The Internet
Page

JUN '06

PROJECTS @ Poor Man's Metal Locator @ Widgy
Box Distortion Effects For Your Guitar ® Phone
Ring & Test e Digital Instrument Display For Cars
- Part 1.

FEATURES e Interface o Circuit Surgery ® Ingenuity
Unlimited @ Techno Talk @ PIC ‘N’ Mix ® Teach-In
2006 — Part 8 @ Net Work — The Internet Page

50

[J1enclose cheque/P.O./bank draft to the value of £

ORDER FORM — BACK ISSUES - PHOTOCOPIES- INDEXES
[Jsend back issues dated .. .........oeevvennnnnn.

[ send photocopies of (article titie and issue date) .. ..

E] Send copies of last five years indexes (£4.00 for five inc. p&p — Overseas £4.75 surface, £5.75 airmail)

E] Please charge my Visa/Mastercard/Amex/Diners Club/Maestro £ ...t

....... Card Security Code . .........

SEND TO: Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road East, Femdown, Dorset BH22 9ND.
Tel: 01202 873872. Fax: 01202 874562,
E-mall: orders @epemag.wimborne.co.uk On-line Shop: www.epemag.wimborme.co.uk/shopdoor.htm
Payments must be in £ sterling - cheque or bank draft drawn on a UK bank. Normally supplied within seven days of receipt of order.
Send a copy of this form, or order by letter if you do not wish to cut your issue.

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

M03/07

Everyday Practical Electronics, March 2007




STORE YOUR BACK ISSUES ON CD-ROMS

06~ P/ LTHICLE FRosT gox s

ley road warnin,

sitest  SO1ID STATE v

Algy

-2\ including VAT
and p&p

= a ig‘ﬁ;‘,’;- ol £1 4-45 each

A great way to buy EPE Back Issues — our CD-ROMs contain back

issues from our EPE Online website plus bonus articles, all the rele-

vant PIC software and web links. Note: no free gifts are included.
All this for just £14.45 each including postage and packing.

VOL 1: BACK ISSUES - January 1999 to June 1999

Plus some bonus material from Nov and Dec 1998 Order on-line from
VOL 2: BACK ISSUES - July 1999 to December 1999 www.epemag.wimborne.co.uk/
VOL 3: BACK ISSUES - January 2000 to June 2000 shopdoor.htm

. _ or www.epemag.com (USA $ prices)
YOL 4: BACK ISSUES - July 2000 to December 2000 & o PG, o B My B
YOL 5: BACK ISSUES - January 2001 to June 2001

VOL 6: BACK ISSUES - July 2001 to December 2001 foo }
VYOL 7: BACK ISSUES - January 2002 to June 2002 1 BACK ISSUES CD-ROM ORDER FORM
VOL 8: BACK ISSUES - July 2002 to December 2002 ! J
VOL 9: BACK ISSUES - January 2003 to June 2003 : Please send me the following Back Issue CD-ROMs. Volume :
VOL 10: BACK ISSUES - July 2003 to December 2003 ! Numbers: -

VOL 11: BACK ISSUES - January 2004 0 June 2004 I I
VOL 12: BACK ISSUES - Juiy 2004 to December 2004 | T e e i
VOL 13: BACK ISSUES - January 2005 to June 2005 f 1o e e e e el s el e e alae el e s e e e I
VOL 14: BACK ISSUES - July 2005 to December 2005 : Price £14.45 each — includes postage to anywhere in the world. :
VOL 15: BACK ISSUES - January 2006 to June 2006 | 1

NOTE: These CD-ROMs are suitable for use on any PC with a QUNAMEL e e ot el el e e e o e el e e e
CD-ROM drive. They require Adobe Acrobat Rzader (available free I 1
from the Internet - www.adobe.com/acrobat) P ADDTeSS ... e 1

WHAT IS INCLUDED |
All volumes include the £PE Online editorial content of every listed 1
issue, plus all the available PIC Project Codes for the PIC projects !
published in those issues. Please note that we are unable to answer : Tt PostCode ............. :
technical queries or provide data on articles that are more than five ] []1 enclose chegue/P.O./bank draft to the value of £ ... ......

years old. Please also ensure that all components are still available I [ Please charge my Visa/Mastercard/Amex/Diners
before commencing construction of a project from a back issue

Note: Some supplements etc. can be downloaded free from the 1 Club/Maestro

Library on the EPE Online website at www.epemag.com. I

No advertisements are included in Volumes 1 and 2; from Volurme 5 T T P |

onwards the available relevant software for Interface articles is ! !

also included. 1 CardNO. L. i
EXTRA ARTICLES - ON ALL VOLUMES ! Card Security Code . ... ... .. (The last 3 digits on or just under

BASIC SOLDERING GUIDE - Alan Winstanfey's internationally the signature strip)

acclaimed fully illustrated guide. UNDERSTANDING PASSIVE COMPO-
NENTS - Introduction to the basic principles of passive components.
HOW TO USE INTELLIGENT L.C.Ds, by Julyan 'lett — An utterly practi-
cal guide to interfacing and programming inielligent liquid crystal display
modules. PhyzzyB COMPUTERS BONUS ARTICLE 1 - Sigred and
Unsigned Binary Numbers. By Clive "Max" Maxfield and Alvin Brown.
PhyzzyB COMPUTERS BONUS ARTICLE 2 - Creating an Event

1
1
1
1 Valid From ........... Expiry Date ... .. ..
1
1
1
1
1
1
Counter. By Clive “Max” Maxfield and Alvin Brown, INTERGRAPH :
1
1
1
1
1
1
1
1
1

SEND TO: Everyday Practical Elecironics,
Wimborne Publishing Ltd.,

COMPUTER SYSTEMS 3D GRAPHICS — A chapter from Intergraph's QS il aiel 2 [RIEEL) 26 (A ST, (Vo] B g3 Al

book that explains computer graphics techrology. FROM RUSSIA WITH
LOVE, by Barry Fox — Russian rockets launching American Satefites.
PC ENGINES, by Ernest Flint — The evolution of Intel's microprocessors.
THE END TO ALL DISEASE, by Aubrey Scoon — 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.

Note: Some of the EXTRA ARTICLES require WinZip to unzip them.

Tel: 01202 873872.  Fax: 01202 874562.
E-mail: orders @epemag.wimborne.co.uk

Payments must be by card or in £ Sterling — cheque or bank
draft drawn on a UK bank.
Normally supplied within seven cays of receipt of order.

Evervday Practical Electronics, March 2007 51




Readers’ Circuits

Ingenuity Unlimited

Storage
= Spectrum
o o 50MHz

Ansie

[ J
« [z o3 @ - OFMW"WM‘“‘
3‘*:?" o USB ntrfce.
: i If you have a no\
.-'\ \ V.N-‘immch
& ¥ would be of use t0
. e o O . . .  otherreadersthend
i osciloscoe couC TRl
P‘ce:w1zmom,Pi°°T°°:';c“’.‘°°”"‘“:, best IU
digital storage Logger/Scope
Pmsm:n?l:glsonm In addm‘“'nmmmmmliwp.
SUDTIE. vorth £59 will be presented 10

2-Wire LEDs Driver
— Colourfully Simple

N this circuit, multiple pairs of LEDs are independently con-

trolled and driven with just two wires. The author had a
number of LEDs in different locations in a building, driven by
the same pair of wires from his system. The time came when
he needed to indicate two different states by means of two
LED:s in each location, when either, neither. or both would be
on. But he only had one pair of wires.

Circuit details

In Fig.1, an oscillator, formed from two NOR gates, IC1b
and IClc, provides anti-phase square waves at around 130Hz,
These are used to gate the non-inverting inputs to twp op amps.
IC2a and IC2b, chosen for their high output current handling

Our regular round-up of
readers’ own circuits.

We pay between £10 and
£50 for all material pub-
lished, depending on length
and technical merit. We're
looking for novel applications and circuit designs, not simply mechani-
cal, electrical or software ideas. |deas must be the reader’s own work
and must not have been published or submitted for publication else-
where. The circuits shown have NOT been proven by us. Ingenuity
Unlimited is open to ALL abilities, but items for consideration in this
column should be typed or word-processed, with a brief circuit,
description (between 100 and 500 words maximum) and include a full
circuit diagram showing all component values. Please draw all circuit
schematics as clearly as possible. Send your circuit ideas to:
Ingenuity Unlimited, Wimborne Publishing Ltd., 408 Wimborrie Road
East, Ferndown, Dorset BH22 9ND. (We do not accept submissions
for 1U via email.) Your ideas could earn you some cash and a prizel

2 +12v

OSCILLATOR
APPROX 160Hz

capabilities.

When input A is low, the output of ICla at pin 11 will be
high when input pin 12 is also low, the op amp output at IC2a pin
1 will then be high. However, when ICla pin 12 is low, so IC1d
input pin 8 will be high. and IC1d output pin 10 will be low. This
will make op amp IC2b pin 7 low. Therefore, the red LED of the
bi-colour LED pairs, D1 etc. will be on.

Conversely, if input B is taken low, the green LEDs will illumi-
nate. Because the oscillator frequency is around 130Hz, no flick-
er will be seen.

Two possible schemes for driving the inputs are shown in the
circuit diagram, The transistor also could be replaced by a digital
output (for example, from a PIC), while the switch might be either
a toggle switch, or a relay. It was chosen not to use transistors
instead of the op amps because the op amps provide protection
against short-circuits on their outputs.

If such a high current is not required, a more common dual op
amp may be substituted in place of the OP279.

Steve Roberts, Bude, Cornwall

Fig.1. Circuit diagram and waveforms for the 2-wire LEDs Driver
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Switched-Capacitor Sinewave Generator — Sine of the times

HIS circuit converts a square wave into a sinewave, which is at 1/100th

of the original frequency. The output frequency ranges from 0.1Hz to
30kHz using the popular MF10 switched-capacitor fiiter device, or 0.1Hz
to 50kHz using the LMF100 chip.

A square wave can be converted into a sinewave by a low pass filter
tuned to the same frequency. Unfortunately, if the square wave frequency
is changed then the filter must be retumed as well. Using a traditional
active filter this is prohibitively complicated because the values of a large
number of resistors and capacitors need to be tuned simultaneously.

A neat solution is a switchedcapacitor filter device such as National o
Semiconductor’s MF10 integrated circuit (IC). In this chip, traditional
op amp integrators are replaced by on-chip capacitors and clocked switch-
es as shown in Fig.2.

When the analogue switch is in position “a’ the input capacitor charges
to the input voltage. When the switch changes to position *b’ the charge is
transferred to the op amp capacitor. The result is an integrator whose
speed is determined by the clock frequency. This allows several integra-
tors to be tuned by the same
variable clock rather than by

— - ——1—

o

_I

1

(o]
g
8___
=

Fig.2. Traditional op amp integrator (left) and its
capacitor/clocked switched filter (right)

changing many resistors and 'QI]
capacitors. s o B
The MF10 contains two sepa- = [0 = o AN— v IR
rate second-order filters. In Fig.3 | | cowen L T
the two filters are connected in v 3 3 i
series in the datasheet’s Mode 1 ' 3158 -—W—l_ jy P I S NS R
to provide a 4th order filter with e . % —ipe L e
a centre frequency 1/50th of the u couren | @2 e FW— 1. nae ———AAA—
clock frequency on pins 10 and i < B - ':: e
11.ICl, a 74HC390 dual decade e St s s o wim
counter. divides the MF10 clock g L:. e - T
by 50 to give a square wave at Lo ol nw:: =
the centre frequency. This is fed . L M ca I
into the MFI0 via resistor R, s o ' raled l_ —|
which has a higher value than i " el
the other resistors in order to VT o
avoid over-driving the filter, - b ot B
leading to clipping. s
A spare section of ICI chﬂn 1 ,_.(] en [
divides the input clock by two ]
to give a 50% mark-space ratio .
clock for the MFIO0. giving a .
divide-by-100 overall. The sine e
VO

wave is available at pins 19 and
20 of 1C2. Here pin 19. the
Bandpass Output, is used
because this filters out the DC
offset from the input clock.

An oscilloscope will show

Fig.3. Complete circuit diagram for the Switched Capacitor Sinewave Generator

the sinewave to have discrete switching steps
caused by the clock. Resistor R7 and capaci-
tor C3 filter out the clock frequency to give a
smooth waveform. However. the switching
noise will be more apparent at lower frequen-
cies, so it may be desirable to ‘ncrease the
value of C3 in low frequency applications.

Several variations on the theme are possi-
ble. Tying IC2 pin 12 to OV changes the cen-
tre frequency to 1/100th of the clock.
Adjusting the IC1 divider likewise would give
a finer quality sinewave, but a lower maxi-
mum frequency. Also, the MF10 can operate
from a single 10V supply instead of split 5V

supplies. Readers are referred to the chip's
datasheet for details, obtainable via National
Semiconductor’s site at www.national.com.
The CCN suffix in the type number for
1C2 refers to the dual-in-line package nor-
mally preferred by hobbyists.
Rob S, Kenilworth
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Regular Clinic

lan Bell

N the past, Circuit Surgery received a

large number of letters from readers, but
this is no longer the case as it is now more
common for readers to post queries on the
EPE Chat Zone (www.chatzones.co.uk).
As you may have noticed, most recent
Circuit Surgery articles have been based on
Chat Zone questions. However, we do still
occasionally get letters and have recently
received a query from Edward Bibby of
Warrington on the subject of the CD4029
CMOS counter IC. This had been recom-
mended to him for a project he was working
on. He described how he was not able to get
it to operate correctly in all its modes.

Edward did not provide many details, so
we cannot provide a definite reason for
this, but we will discuss some general rea-
sons why digital ICs may fail, or seem to
fail, to work as expected when tried out on
a breadboard. We will then have a look at
counter circuits in general, with particular
reference to the 4029 (but much of the dis-
cussion in this section applies to numerous
counters IC and not just to the 4029).

Datasheet websites
One reason why a device may appear to
fail is that you simply do not know
enough about it to use it correctly. With
basic logic devices such as 4000 series
counters, it is often possible to guess the
operation and suitable circuit configura-
tion just by looking at the pinout details,
but this may not work, particu-
larly if your source of the
pinout did not accurately define
if the inputs and outputs are
active high or active low.
When experimenting with a

Loqic

A Brief Guide To Counters

National Semiconductor www.national
.com

Maxim www.maxim-ic.com
Analog Devices www.analog.com
Linear Technology www.linear.com
ST Microelectronics www.st.com

For 4000 series devices try searching for
just the number (e.g. 4029 or with com-
mon prefixes such as CD4029 or
HEF4029). If this does not work. manufac-
turers” websites often have ‘product trees’
where you can click on links to narrow
down your choice, or enter required speci-
fication via a form.

You can also try searching using
Google or other search engines using the
IC’s number and the word ‘datasheet’ in
the search box. It is often possible to get
more than one different datasheet for the
same device from different manufac-
tures. This is often worth checking as
some datasheets are better than others in
terms of detail, and even accuracy — as
discussed recently on the Chat Zone
forum.

Device status

Another thing that is worth checking on
manufacturers’ websites is the status of the
device, that is, whether it is regarded as
obsolete or not. Of course, this is far less

Counters parametric filter

Paramaetric Filter (2)

Subcategory « BCD (2)
new device you should always Family (L) 39)
try to get a copy of the datasheet Bit Width ¥ 2
first. These are available from Eman TYPICA! (2
various manufacturer’s websites. Vee ¥ :‘; ‘x’)’ l‘)“ @

For ‘generic’ and commonly

Logic I/0 Levels o CMDS (2)

second-source ICs, such as basic Tpp Tyvicel ¥ ns (2)
logic and some op amps. it is 3-state Outputs — No (2
worth trying the following sites :W:"’""I': :z:
o Y oL Typcal 3
(try the first three in particular o - > - w

for 4000 series digital and simi-
lar devices). For single-source
components you obviously need
to go to the specific manufactur-
er’s website.

Parametric Matches

Reset

& & HEF45188 « Duel BCD Counter

Texas Instruments www.ti.com

NXP (previously Philips Semi-
conductor) ww.nxp.com
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e o e e @

5 & 74HC160 SV Presottable Synchronous BCD Decade Counter, Asynchronous

Fig.1. Using on-line product selection to find the right IC. This
is a screenshot of part of a page from NXP's site.

important for the hobbyist than a commer-
cial designer (particularly if you have plen-
ty of the devices in your ‘junk box'!).
However, it is worth bearing in mind that
obsolete devices may be (or become) diffi-
cult to get hold of, which may affect you if
you want to build another copy of your
project, pass the idea on to others, or even
publish it. The 4029 has an active status
from Texas Instruments but it has been dis-
continued or made obsolete by National
Semiconductor and NXP (Philips). So it
looks like the 4029 may be on the way out
and alternatives should be considered for
new projects.

L

D +5V

CD4049 >

Fig.2. Circuit for experiment. (see text)

The product selection systems on manu-
facturers” web sites can be used to find
alternatives to obsolete devices, or simply
to identify the best device for a project
idea. Fig.1 illustrates this process. This is a
screen shot from the excellent (easy to use)

product selector for NXP’s web
site. Here we have used the
parametric filter to identify
BCD CMOS counters. Two
devices meet these criteria, the
74HC160 and the HEF4518B.

To get to this page select
‘Logic® from the ‘Products’
menu on the NXP home page
and then click on the ‘counters’
link under the list of product
functions. This will take you to
the selection filter and you start
to narrow in on the appropriate
device.

Breadboarding

Once you have the datasheet
and understand how to use the
device you may want to try out
some circuit ideas, probably
using a solderless breadboard.
There are some potential pit-
falls here even with very simple
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logic chips. The following experiment can
demonstrate the apparently erratic behav-
iour of CMOS digital ICs which can occur
if unused inputs are not connected, or if
flying leads™ are used to investigate a
device using a breadboarded circuit.

Use a CD4049 inverter chip with an LED
connected directly to one of its output pins
as shown in Fig.2. Wire this up on a solder-
less breadboard. Note that for the LED to be
on (the inverter output low), the appropriate
inverter’s input must be high. If you operate
this circuit at much more than +5V (4000-
series CMOS will run at up to +15V) then
you would need an LED series resistor. We
can exploit the output V-1 characteristics of
the 4049 to obviate the use of a series resis-
tor with the LED at +5V.

Connect a flying lead to the inverter's
input so that the other end stands out in
‘mid-air’. Two more flying leads connect to
the breadboard. at +5V and OV. so that there
are three wires sticking out from the bread-
board. Grasp the insulation of the +5V fly-
ing lead and briefly touch it to the inverter
input wire. Release it, then do the same with
the OV lead, touching this briefly to the
inverter input lead. For best results, keep
your own hand well away from the inverter
input wire, and obviously avoid connecting
the +5V and OV wires together.

You should hopefully find that when you
connect the OV flying lead to the inverter

D +5V

)

CD4049 >

10k

o
Q
<

Fig.3. Circuit for experiment — adding a
pull-down resistor (see text)

input wire, the LED will extinguish (indi-
cating logic 0). and when you touch the
+5V lead to it, the LED will glow (indicat-
ing logic 1). However, when neither lead is
connected, the LED will remain in the state
it was prior to disconnecting the flying
leads. It may not be as bright, or it may
flicker ‘on its own’.

Now set the LED oft (OV wire) and dis-
connect both OV and +5V flying leads.
Touch the inverter lead with your hand. and
the LED may illuminate. We're not being
definite about what happens here because
the behaviour of CMOS with ‘floating’
(unconnected) inputs can be unpredictable!
Experiment a bit to see what effect touch-
ing the input lead has. (But discharge stat-
ic electricity from your body first, by
touching the bare-metal (unpainted) sur-
face of a grounded item of equipment.)

Now connect a 10k€2 resistor as shown
in Fig.3. You will find that the circuit will
now behave completely predictably.

Pitfalls

Not all digital ICs suffer from this prob-
lem, as some have internal pull-up or pull-
down resistors. Datasheets will often
inform you if unused inputs have to be tied
to a particular logic level. If in doubt, it is
best to tie unused logic inputs to ground
or supply (depending on the logic

PRESET M INPUTS
ENABLE ",”Ll Voo
CARRYIN 1y 41414 JwT
(CLOCK
ENABLE) 5 8
ENABLE) o atf—"
BINARY/
DECADE 9 i
C—> o > |
i
|
P/DOWN 10 14
UP/DOWN & »
CLOCK
15 2
—_— —d
Q4 .|
7 I
— CARRY OUT
B‘
V‘S

Fig.4. Pinout connections for the
CD4029 counter IC (from Texas
datasheet, 2003)

requirements). Usually, you can wire the
pins directly, but if they are bidirectional
(that is they can be outputs too, as is com-
mon on microcontrollers such as PICs), or
if you may change your mind later and
want to use the signzl, use a pull-up or
pull-down resistor.

Another possible cause of strange behav-
iour in CMOS ICs is powering through the
logic inputs. This can nappen if the supply
pin is not connected, but at least one input
is at logic 1. Obviously, this is far from
ideal and if all the inputs happen to go to
logic 0 the device will switch off and reset,
losing its current memory (e.g. current
count value).

While on the subject of power it is also
worth mentioning supply decoupling capac-
itors (typically 100nF across the supplies
physically close to the chip). Failure to
include these may cause problems, particu-
larly if you are clocking your circuit at high
speed or you have lcng wires from your
bench power supply to the breadboard.

4049 Up-Down counter

The CMOS 4029 (e.g. CD4029, see
Fig.4) is a presettable up/down counter
which counts in either binary or decade
mode depending on the logic value at its
binary/decade input. When this input is at
logic 1, counting is in binary, otherwise
counting is in decades. Of course, the out-
put is in binary numbers for both modes,
but decade counting refers to binary coded
decimal, or BCD. This is illustrated in
Fig.5 which shows the count sequences for
up counting in the two modes. Note that in
both cases when the counter reaches its
maximum value the next count operation
returns the output to zero.

The binary/decade mode selection is an
unusual feature (possibly unique to the
4029), however, there are probably not
many applications which would require
dynamic switching between these modes —
the mode selection would probably be
hardwired. If this is the case an alternative
binary BCD up/down counter should not
be too difficult to find, if necessary.

If the up/down input is at logic 1 the
counter counts up (as shown in Fig.5a). If
this input is low the counter counts down
(in the reverse order to Fig.5a).
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No. Counter Output
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111
0 0000
1 0001

Fig.5a. Counter output sequence for
binary up counting.

z
°

Counter Output

0000
0001
0010
0011
0100
0101
0110
o111
1000
1001
0000
0001

- O WO NOOOOUHEWN-=O

Fig.5b. Counter output sequence for
decade up counting.

0 0 0
'SR

0 0 J@

0 1 0
~——
4 A

0 1
N—

1 0 0
~—

Fig.6. When all lesser significant bits
are 1, the next significant bit will toggle
at the next clock input.
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Fig.7. Toggle/Hold (toggle enable) flip-
flop symbol

TE O~

CLK O

LOGIC 1

) (L

Fig.8. Forming a toggle/hold flip-flop
from a JK or D-type flip-flop

If you look at Fig.5a you should be able
to see a pattern in the binary sequence.
Notice that a bit toggles whenever all less-
er significant bits are 1 (see Fig.6). The
least significant bit always toggles.

Toggle/Hold Flip-flops

From this observation we can derive the
logic for a synchronous binary up counter.
We can build the counter from toggle/hold
flip-flops which either toggle their output
or stay the same depending on the value of
a Toggle Enable (TE) input. The symbol
for a (negative-edge triggered) toggle/hold
flip-tlop is shown in Fig.7. The 4029 uses
toggle/hold tlip-tlops.

We can use JK flip-flops with J and K
connected together, or a D-type with an
OR gate to obtain a toggle/hold function,
as shown in Fig.8. Other toggle tlip-tlop
circuits are possible too.

With a series of such flip-flops, the first
stage always toggles so the first flip-flop has
its toggie/hold wired to logic 1. The second
bit (Q2) toggles if the first bit (Q1) is 1, so
we connect QI to toggle/hold the second

Fig.9. A 3-bit synchronous up counter using toggle/hold flip-flops

CARRY IN I::

CLOCK I::

CARRY
ouT
’Uj
i) ) o
at Q2 Q3

Fig.10. Carry-in and carry-out added to the circuit in Fig.9.

flip-flop. The third bit (Q3) toggles when
both QI and Q2 are 1 so we use an AND
gate to obtain this function, connecting its
output to the toggle/hold of the third flip-
tlop. We arrive at the circuit shown in Fig.9.
This circuit is a synchronous counter
because all the tlip-flops are clocked togeth-
er. The inverting clock buffer means that the
counter is positive-edge triggered (opposite
to the flip-flops). This is similar to the 4029.

We can derive similar toggle control cir-
cuits for down counting. Up/down counters
such as the 4029 use their up/down inputs
to determine whether the up-count or
down-count toggle control signals reach
the flipflops’ TE inputs.

Carry-In and Carry-Out

In common with many other counter ICs,
the 4029 has carry-in and carry-out signals
which allow several devices to be connect-
ed together to form a larger counter. The
4029 will count if its carry in input is at
logic ), but not if it is at logic |. The carry
out signal is normally at logic 1 but goes to
logic 0 when the counter reaches its

maximum count in the up mode, or the
minimum count in the down mode, provid-
ed the carry input is at logic 0.

Fig.10 shows how similar carry signals
could be added to the basic counter from
Fig.9. When carry-in is at logic 1 it forces
all the flip-flop TE inputs to logic O to pre-
vent counting. Larger counters can be
made by connecting the carry-out of one
circuit to the carry-in input of another.

A further relatively unusual feature of the
4029 is an asynchronous preset function. A
logic 1 on the preset enable input allows
information at the JAM inputs to preset the
counter to any state asynchronously with the
clock (and inhibits counting). For counting to
take place, Preset Enable must be at logic 0.

It is more common for presettable coun-
ters to have synchronous load facilities, that
is, it the Load control is active the preset
value is loaded into the counter by the next
active clock edge. The 4029 does not have a
reset pin. To implement a reset connect all
the JAM inputs to logic 0. The Preset
Enable then behaves as an active high
asynchronous reset.
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Paltronix Limited

www.paltronix.com

Microcontroller Development Tools

PICmicro Starter Pack now with ICD—still £99

e High-quality development board
with on-board USB programmer
and built-in 1/0 devices.
| e Supports 8, 14, 18, 20, 28 and 40-

pin PICs in 10F, 12F, 16F and 18F

e families.

E ® Now features mikrolCD in-circuit
debugger.

e Supplied with PIC16F877A.

The new EasyPIC4 davelopment board now supports even more PICs
includirg 8, 14, 18, 20, 28 and 40-pin devices from the 10F, 12F, 16F :
and 18F families. Witn its on-board USB programmer, mikrolCC in- {
circuit debugger and useful I/O devices, the EasyPIC4 must be the |
best-value devetopment board on the market. Our Starter Pack in-
cludes the EasyPIC4 board, USB cable, 16x2 LCD, 128x64 GLCD,
DS1820 temperature sensor and a starter’s guide with example pro-
grams in assembly language, BASIC, C and Pascal.

PICmicro BASIC, C and Pascal Compilers—from £59.50

Py =gy

T Easy to use with user-friendly IDE.

E “. e Features simulator and mikrolCD

in-circuit debugger.

, e Plentiful ready-written routines and
example programs.

) - ® 30% discount for customers pur-

=k chasing EasyPIC4/BIGPIC4 devel-

opment boards.

ram bas -

MikroElektronika's popular mikroBASIC, mikroC and mikroPascal
compilers now include the mikrolCD in-circuit debugger for use with
the EasyPIC4 and BIGPIC4 development boards—programs can now
be executed on a target PIC with variable values, special function
registers, memory and EEPROM viewed on the PC screen. Great
value at £85 each for mikroBASIC/mikroPascal and £145 for mikroC,
or when bought with an EasyPIC4/BIGPIC4 only £59.50 each for
mikroBASIC/mikroPascal, and £101.50 for mikroC.

We also stock deveiopment tools for 8051, ARM, AVR, dsPIC, PICmicro, PSoC and other devices—please see our website for details

PICmicro Microcontroller Training System—£99

® Teaches both assembly language
programming and interfacing.

e Based on the popular PIC16F877A.

® Includes USB programmer.

e Features built-in I/O devices and
solderless breadboard.

® Supplied with tutorial and program
examples.

The PICmicro Microcontroller Training System is an ideal platform for
students and hobbyists alike to learn about PIC microcontrollers. The
experiment board features a range of built-in /O devices and a solder-
less breadboard on which experiments may be conducted. Circuits are
connected using the provided jumper wires. A USB programmer is
also supplied and connects to the experiment board to program the
PIC. Also included are a mains power adapter, 16x2 character LCD,
connecting leads and a tutorial with example programs.

Educational Products

Digital Logic Training System—£99

® |deal for learning about and experi-
menting with digital logic devices.

' e Built-in logic and pulse switches,
LEDs, 7-segment displays, piezo
speaker, pulse generator, logic
probe and solderless breadboard.

e Supplied with useful range of ICs,
jumper wire and mains adapter.

The Digital Logic Training System makes learning about digital logic
and experimenting with discrete logic ICs easy. The experiment board
features a range of buiit-in /O devices and a solderless breadboard on
which experiments may be conducted. Circuits are connected using
the provided jumper wires and the system includes features such as a
power supply, puise generator and logic probe. Also included is a
mains power adapter, selection of ICs and a tutorial with example
circuits.

We also stock other trainers, circuit labs and solderless breadboards—please see our website for details

|
|
|

Robots and Accessories

Robo BOX 3 0 Robot Kit 99

e Complete robot kit including con-
troller, programming software and

j } all mechanical parts.
' o Build different robot configura-
: tions from one kit, including
w wheel-based and track-based.
*‘ ® Program intelligence to follow
.2 light, detect collisions and trace

lines.

Learn about, experiment and have fun with robotics with Rebo-BOX
3.0—an increditly easy-to-build yet adaptable and expandable robot.
Various wheel-based and track-based robots can be built from the
standard kit including light-following, collision-detecting and line-
tracing models. Programming is carried out in graphical Logo. A range
of low-cost options allow for easy expansion and the devetopment of
more sophisticatea robots. We also stock similar robot kits based on

PICmicro, 3051 and 68HC11 microcontrollers.

Tel: 0845 226 9451

All prices exclude UK delivery (£5 standard/£10 next-day) and VA1.

Fax: 0845 226 9452

Test Equipment
PoScope USB Oscilloscope/Logic Analyser—only £99

e Low-cost PC-based instrument
featuring oscilloscope, spectrum
analyser, logic analyser, pattern
generator, and chart recorder.

® Decodes serial buses including
UART, SPI, 12C and 1-wire.

e Supplied with logic analyser test
lead set, two oscilloscope probes,
USB cable and software.

PoScope has to be one of the best-value pieces of test equipment
available and features a dual channel oscilloscope (100Hz to 200kHz
sample rate), 16 channel logic analyser (1kHz to 8MHz sample rate),
and 8-channel pattern generator (1kHz to 1MHz). What makes the
PoScope really useful to those working with microcontrollers is its
ability to decode serial communications including RS-232, 12C, SPI
and 1-wire. Priced at only £99, the PoScope comes with a USB cable,
logic analyser test lead set, two oscilloscope probes and software.

Email: sales @paltronix.com

Major credit and debit cards accepted.

Secure online ordering.




ELECTRONICS SERVICE MANUAL

ELECTRONICS MANUALS ON CD-ROM £29.95 EACH

THE MODERN ELECTRONICS MANUAL

R Y » ”
ESM 1=
ELECTRONICS 3

SERVICE MANUAL

A practicai reference manual on
electronics servicing techniques

Mo 1+ o Lt Sars 8 )

Everything you need to know to get
started in repairing electronic equipment

® 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 @ Clear and simple layout
® 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 Multimeter 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.

Order both Manuals
together and

SAVE £10

v aas @ s L s oI nis mas
P .

4

The Modern
Electronics Manual

The essential reference work for
everyone studying electronics

® Over 800 pages ® In-depth theory ® Projects to build @
Detailed assembly instructions ® Full components
checklists @ Extensive data tables ® Manufacturers' web
links ® Easy-to-use Adobe Acrobat format e Clear and
simple layout ® Comprehensive subject range
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.

PLEASE send me E

[] THE MODERN ELECTRONICS MANUAL CD-ROM
[] ELECTRONICS SERVICE MANUAL CD-ROM

ordering both together).

(PLEASE PRINT)

[[] Please charge my Visa/Mastercard/Amex/Diners Club/Switch/Maestro

i e s

FULL NAME . ... it ittt it e e

ADDRESS . ... e e e

SIGNATURE ...t it i et e sttt e st cnee e

[J1 enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd.

T T T T IS ————— -

Iears b
brenan ol

| enclose payment of £29.95 (for one Manual) or £49.90 for both Manuals (saving £10 by

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-ROMs 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
mail or airmail, normally

Valid From ............. ExpiryDate ............... within four working days of
L Card Security Code ............ (The last 3 digits on or just under the signature strip) recelpt of b LS order d
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How would you like to pay £2.96 instead of £3.50 for your copy of EPE?
Well you can — just take out a one year subscription and save 54p an issue,
or £6.50 over the year

You can even save 75p an issue if you subscribe for two years
— a total saving of £18.00

Overseas rates also represent exceptional value
You also:

] Avoid any cover price increase for the duration of
your subscription

L Get your magazine delivered to your door each month

L Ensure your copy. even if the newsagents sell out
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Do you swim laps of the pool to keep in shape? It is a great
form of exercise but you’ll know how easy it is to lose count
of the number of lengths you have done. This PICAXE-
powered counter will keep track of the number of lengths
completed, leaving you to get on with the swimming.
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‘ OSE FORTUNATE ENOUGH
‘ to swim in a 50-metre pool

3 . -

don’t have to count very many
lengths in order to cover a reasonable
distance.

For example, just 20 lengths means
that you have swum a kilometre. But
even then, as you plough up and down
the pool, it is pretty easy to get distract-
ed and lose count. Some people cope
with the problem by swimming five
lengths freestyle, five breast-stroke,
five back-stroke and so on.

The problem is worse it vou’re
swimming in a 25-metre pool (as many
top-level swimmers regularly frain in)
and niuch worse if you’'re swimming
in a small pool, which may be only 10
or 15 metres long. For a 10-metre pool,
you need to do 100 lengths to cover a
kilometre.

Believe us, trving to keep track of
that many lengths in a small pool while
you swim back and forth is practically
impossible.

This is where our Pool Lap Counter
comes to the rescue. It will display
the number of lengths you have com-
pleted on a 2-digit or 3-digit readout,
so you can let your mind wander, do
mental arithmetic or compose your
new symphony while you swim up
and down.

The Pool Lap Counter consists of
two small plastic boxes. One, the
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‘main’ box, contains the Picaxe coun-
ter circuit and 2-digit readout, while
the other contains a large air-switch
pushbutton which connects to the
main box via a thin air hose and actu-
ates amicroswitch when pressed. This
is to avoid an electrical connection
(even in a battery-powered, low volt-
age device) around the very damp(!)
chemical-laden pocl environment.

If you swim more than 99 lengths,
vou will have to add 100 to the count
or add the third 7-segment LED
display.

Two ways of counting

The way it works is as follows. You
place the air-switch at the farend of the
pool (from where you normally start).
You then dive in (or gingerly wade
in), swim to the other end and push
the button, whereupon the display
indicates ‘01’. Congratulations, you
have completed one length. When you
swim up and back and press the button
again, the display will indicate ‘03’.

In other words, the display incre-
ments by two each time the button is
pressed.

As an alternative, because this Pool
Lap Counter uses the intelligence of a
Picaxe, you can start and finish your
lengths at the same end of the pool. In
this case, you push the button to start
and it displays '00’. You then swim

up and back, press the button and it
displays ‘02’ and so on, until you are
exhausted!

Eight AA cells (12V) power the
counter. To obtain a reasonable battery
life, the 7-segment displays are lit for
just five seconds each time the button
is pressed.

Of course, the counter ICs are pow-
ered whenever the unit is switched
on but this amounts to only a couple
of milliamps.

How the circuit works

Looking at the circuit of Fig.1, IC2
isa 4553 3-digit counter (normatlly, we
only utilise two digits) with a multi-
plexed output. IC2 internally selects
digit one, two or three and places the
BCD data for this digit on outputs Q0-
Q3. These feed IC3, a 4511 7-segment
decoder, which energises the segments
of the two digits, corresponding to the
BCD code. At the same time, output
DS1 or DS2 {pin 2 or pin 1) of IC2
turns on transistor Q4 or Q5 to power
the corresponding LED display.

The 10uF capacitor and the 100k
resistor on pin 13 of IC2 reset the count
to zero when power is applied. The
1nF capacitor between pins 3 & 4 sets
the display multiplexing frequency.

All this is fairly straightforward.
The tricky bits are carried out by 1C1,
a Picaxe-08 microcontroller. Among
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other things, the Picaxe needs to cater
for people wko place the Lap Counter
at their start end or at the far end. As
noted earlier, if you place it at the far
end, the Lap Counter should count to
one the first time you touch the button
and then increment by two for each
subsequent touch.

We cover poth contingencies by
fitting jumper J2 for odd increments
and omitting it for even. CON1 is ar-
ranged to allew programming of the
chip ‘in circuit’. Jumper J1 has to be
removed to do this although with the
47kQ base resistor for Q1, itis probably
unnecessary.

This method means you must re-
move jumper J1 (thus removing any
load from pin 7) before you can re-
program the chip.

We also use IC1 to debounce the
pushbutton microswitch S1. This
achieves two things. First, it stops
multiple counts from being recorded
because of contact bounce within the
microswitch itself.

Second, it prevents a miscount
if you accidentally push the button
twice within five seconds. You could
easily do this if you come to the end
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Here’s what it looks like close up. The box at left is merely the lap sensor
- hit the switch and it sends a burst of air via the clear hose to the main

box, right. This actuates a microswitch which in turn increments the count
by two. You can set the count for odds or evens, depending on which end
of the pool you mount the unit. The air hose can be quite long.

of a lap, touch the button (or plate or
whatever) and then press it again as
you push off for another length.Each
time the Picaxe registers the closing of
the microswitch, it generates two clock
pulses to increment counter IC2.

If you look at the Picaxe listing
(LAPCOUNT.BAS), you will probably
be able to glean what it does but let’s
just briefly outline the procedure. Each
time you push the button, several
things happen. First, (2 is increment-
ed by two counts (or one count if it is
the first time) and then it is disabled,
preventing it from registering multiple
counts. At the same time, the display
is unblanked for five seconds so that
you can see the count.

Three outputs from IC1 are used to
achieve this procedure. Pin 6 disables
the counter by going high (for five sec-
onds) to turn on transistor Q2 which
then pulls pin 11 (DIS) of IC2 low.
Pin 5 of IC1 provides the clock pulses
which are inverted by transistor Q3
before being fed to pin 12 (CLK) of
IC2. Finally, pin 7 of IC1 unblanks
the display by turning on transistor
Q1 to pull pin 4 (BL) of IC3 low for
five seconds.

(Left) the air-powered switch we
used to actuate the counter. It's
normally used in spas and should
be available from pool shops,
similar switches are available from
electronic component supplies like
RS Components, Farnell etc.

(Right): the switch fitted in an open
case. The switch just fits in this
case, The length of 5mm plastic air
hose can be as long as required.

The three transistors (Q1-Q3) also
provide level translation between the
5V signals from IC1 and IC2 & IC3
which run from the full 12V provided
by the eight AA cells. Regulator REG1
is fitted to provide the 5V rail for the
Picaxe.

Asnoted last month, there is a great
deal of confusion over the way the
Picaxe ports are numbered, for what
they call pin 3 is actually pin 4 on the
ICand so on. We have taken the liberty
of renaming them in the more conven-
tional manner as P0, P1, P2, etc. We
have used the decimal point (pin 8) of
the units display as a power indicator
to remind you to turn the Lap Counter
off. This stays illuminated even when
the lap count is blanked.

Air-switch

S1 is an all-plastic ‘air-switch’
which is normally used in areas where
water and electricity don’t mix.

We use it here mainly because any
electrical switch put near a pool with
salt and chlorine would not last very
long.

When the air-switch button is press-
ed it compresses small bellows which
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IC3 45118

Fig.2: the component
overlay shows

the position of all
components. Note
that the sockets for
the LED displays are
mounted on the track
side of the PC board.

check the board for open circuit
tracks and etching faults, particu-
larly where the tracks go between IC
socket pins.

The first components to mount are
the LED display sockets which mount
on the copper (ie, solder) side of the
PC board.

This is the completed ‘main box’ immediately before the PC board is folded over
and mounted upside down on the four tapped pillars. The battery holders are
held in place with our highly technical (and patented) battery holder holder.
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To get the spacing exact, we use the
displays themselves to hold the pins
while we ‘tack’ the pins in. Cut the pin
strip into four pieces of five pins and
carefully align the LED pins with the
strips and push them on.

Now place the LED sockets on the
track side of the PC board — not the
component side — in the DS1 and DS2
(units & tens) positions. That done,
place the PC board on a flat surface
and solder the outside pins on each
pin strip on both the top and bottom
of the display. There is no need to
worry about the display orientation
at this stage.

Now carefully remove the displays
and solder the remaining pins. A
pointed tip on your soldering iron
will make the job easier but we man-
aged with the usual spade tip and a
lot of care.

Cut about 2mm off each pin on each
display so that it fits flush against the
pin strip.

Now turn the board over to the
component side and fit the eight
links, then the resistors, followed by
the IC sockets, jumper, transistors,
electrolytics and the three polarised
connectors. Make sure you insert the
electrolytics with the correct polarity
— and note that the 10uF electrolytic
must lie flat on the PC board to prevent
it fouling the batteries.

The 3-pin header must also lie flat
on the PC board. As right-angle con-
nectors are rare, put a dob of glue on
the flange and use cut-off resistor leads
to connect it to the board. Only the
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Fig.3: there’s not !
much wiring required
- most is on the PC
board and what’s

left uses plugs

and sockets for
convenience. Power
is switched between
the batteries simply
to make the wiring
simpler - this way
there are only two
wires to go to the PC
board.

outside pins need to be connected. The
mating header has pin 1 marked on it
when you come to connect wires.

Next, fit the mini-shunts ta J2, but
not pins 3 & 4 of CON1.

Power switch S2 is wired between
the two AA batterv holders to simplify
the wiring. Solder one lead from each
battery holder to the switch (one red,

4 x AA CELL HOLDER

4 x AA CELL HOLDER

one black) and then the other battery
wires go to connector PL3: black to pin
3 and red to pin 1. Plug PL3 in.

Now fit the batter-es, turn the switch
on and measure the voltage between
pins 16 & 8 on both IC2 & IC3 (the
meter’s red test lead goes to pin 16
in cach case). It should be slightly
more than +12V. Similarly the voltage

ResistordColonREdeS:

between pins 1 & 8 of IC1 shouid be

within 10% of 5V.

Once these voltages are correct,
turn off the power, insert the three 1Cs
and then program the PIC. Then fit J1

hetween pins 3 & 4 of CONT1.

Turn the power on and after a
second, the decimal point on the
righthand display should light. So far

Q No. Value
a 1 100kQ2
W] 6 47«Q
Q 1 22k
] 3 10kQ
Q 1 1.5kQ
Q 7 220Q

4-Band Code (1%)

brown black yellow brown
yellow violet orange brown
red red orange brown
brown black orange brown
brown green red brown
red red brown brown

5-Band Code (1%)

brown black black orange brown
yellow violet black red brown
red red black red brown

brown black black red brown
brown green black brown brown
red red black black brown
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Raris]llistEiSwimmingjRooljLfapiCounter,

1 PC board, code 610 available from the EPE PCB
Service, size 141 x 83mm
1 plastic case, 158 x 95 x 53mm
1 plastic case, 130 x 67 x 43mm
2 16-pin IC sockets
1 8-pin IC socket
1 air-switch, including microswitch (S1)
1 SPST miniature toggle switch (S2)
2 flat battery holders to suit 4 AA cells
8 AA cells
20/32 of IC socket strip
1 2-pin strip 0.1inch spacing (J2)
2 mini-shunts
1 2-pin polarised male connector
1 2-pin header (with pins)
1 3-pin polarised male connector
1 3-pin header (with pins)
1 4-pin polarised male connector
(for PIC programmer cable)
4 25mm threaded hex spacers
1 10mm threaded hex spacer
2 3mm x 20mm countersunk head bolts (air-switch)
5 3 x 6mm countersunk head bolts
1 3 x 10mm countersunk head bolt
4 3 x 6 mm cheese head boits
7 3mm nuts
6 3mm star washers
1 65 x 20mm aluminium or fibreglass (battery clamp)
Suitable length hookup wire for air switch

Semiconductors

1 Picaxe PIC-08 (IC1)programmed with LAPCOUNT.
BAS available from the ‘Downloads’ section of the
EPE website. For Picaxe chips, free programming
software etc see www.rev-ed.co.uk

1 4553 3-digit counter (IC2)

1 4511 BCD to 7-segment decoder (IC3)

3 BC549 NPN transistors (Q1-Q3)

2 BC327 PNP transistors (Q4-Q5)

1 BC327 PNP transistor (Q6 optional)

1 78L05 5V regulator (REG1)

2 70mm 7-segment displays (DS1-2)

1 70mm 7-segment display (DS3 optional)

Capacitors
1 100uF 16V PC-mount electrolytic
1 10uF 50V RB low leakage electrolytic
1 100nF (0.1uF) 50V monolithic ceramic
(code 104 or 100n)
1 1nF (0.001uF) MKT polyester (code 102 or 1n0)

Resistors (0.25W, 1%)

1 100kQ 6 47kQ 1 22kQ
3 10kQ 1 1.5kQ 7 220Q
66

; PICAXE-08 CODE for LAP COUNTER

using 4553 and 4511 to drive 2 ZD1850 displays

;Define inputs and outputs
symbol msin = pin4
symbol evenodd = pin3
symbol blankdisp =0
symboi addcount =2
symbol odd =1

;Set output states

high  blankdisp
high  odd
low addcount

wait 3 -allow IC2 to reset

init: if evenodd > 0 then initeven ;if jumper missing start at 0 & inc
by 2
if msin = 0 then initodd
goto it ;

initodd:low  odd ;else jumper fitted, 1G2 pin 11 high
pause 10 ;hold high for 10 mS
high  odd ;then take tow, 1 clocked into counter
goto  unblank :(Q2 inverts logic)

initeven:if msin = 0 then inccount ;wait for microswitch to close
goto initeven

inccount:high addcount ;2 counts must be added to the display

pause 10 :take IC2 pin 12 low for 10mS (Q3 inverts)
fow  addcount  then high for 2 mS

pause 2 ;

high  addcount  ;then fow for another 10 mS

pause 10 ;

low  addcount ;then high again
goto  unblank ;now show the new count

unblank:low blankdisp  ;take IC3 pin 4 high for 5 seconds
wat 5 ;(Q1 inverts logic)
high  blankdisp  ;turn display off
goto initeven ;wait for next closure of microswitch

so good. Run two twisted wires from the microswitch
NO and C(ommon) contacts to the 2-pin header (PL2).
The polarity is immaterial.

Plug it in and, after connecting the tubing from the
air-switch pushbutton to the microswitch connector,
each push of the button should advance the counter by
two counts. After five seconds, the count should blank.
Note: the count will only advance after the 5-second
delay when the display is blank.

If everything is operating correctly, you can drill
the holes in the plastic case and fit the four 25mm
spacers, first fitting a 3mm nut on each of the counter-
sunk screws. The nut brings the front of the displays
flush with the rear of the Perspex, thus holding them
firmly in place.

Mount the microswitch and power switch, fit the
batteries into the battery holders and drop them into
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Left: this view shows the PC board mounted inside the case before the 7-segment LED displays are fitted. Note that the
display sockets are fitted to the track side of the PC board. At right is the same shot but with the displays inserted, The

decimal point goes to the bottom, as shown here

the case, then sit the PC board on the spacers. Adjust
the spacers until the four of them align with the bhoard
holes. Place the clamp strip on top of the batteries
to prevent them moving, then secure the PC board
using four cheese-head machine screws and star
washers.

The front panel cutout may prove a challenge. We
obtained a small piece of 3mm neutral tint Perspex from
a plastics supplier and cut it to size with a chamfer on
all four sides. We carefully cut the hole in the case lid
with the reverse chamfer, thus allowing the Perspex to
almost sit flush with the lid. A few drops of superglue
held it firmly in place.

The lap ‘sensor’

The pushbutton switch we used is great for keep-
ing water and chemicals away from the ‘works’ but is
not particularly convenient as far as the swimmer is
concerned. Our swimmer found it a real drag {no pun
intended) to have to stop at the end of each lap and
press the button. With a little thought, we’re sure you
can come up with a much better arrangement.

One possibility is to use a reasonably-sized hinged
flap which the swimmer merely has to make slight
contact with at the end of each lap. Given the mechani-
cal advantage such an arrangement could preduce,
a small movement of the flap could translate into a
very positive movement against the air-switch via a
suitable actuator.

Such an arrangement could also be used for swim-
mers making ‘tumble-turns’. As long as the flep was
anchored securely at the end of the pool, the swimmer’s
feet could do all the switching as he/she pushed off
at the end of each second lap. Whatever you do, just
make sure that it is suitably anchored so that there is
no danger of injury to the swimmer.

You could run a much longer air hose than the length
our photos show (merely for a convenient phota!}). The
pressure system is quite sensiive, so we assume several
metres would not be a problem.

That’s it: a iap counter that will keep track for you
whether youareswimmingforfitness...orintrainingforthe
London Olympics. EPE
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Surfing The Internet

Alan Winstanley

The casual browser

Several months have elapsed since Microsoft’s latest version of
their web browser — Internet Explorer 7 — escaped into the main-
stream marketplace. The upgrade is available to owners of vali-
dated Windows software, as part of Windows Automatic Update.
Many non-skilled users will doubtless have sleep-walked into hav-
ing the upgrade foisted onto their system.

As if the Windows XP SP2 update wasn’t challenging enough,
IE7 introduces some worthwhile and long overdue improvements
as well as some serious annoyances that now just interrupt the flow
of work. In particular. its security settings — as deemed appropriate
by Microsoft — are downright obstructive and bordering on the
paranoid, and as time goes by the author is finding them ever more
infuriating. Turning off some security settings results in permanent
*Are you sure”” reminder bars popping up, with the browser nag-
ging that your security settings are at risk; 1IE7 won’t shut up unless
you allow it to ‘fix the problem’. Even expert users struggle to
silence this pestilence using the arcane options available in
Security Settings.

Another major usability niggle noted by the author is that IE7
is somewhat slow to load, even on a fast machine. Or rather, some
third party toolbars such as
Google and Roboform no
longer load for several seconds
after the main browser has
opened. So just as the user starts
to type a URL into the address
bar, the browser resizes itself
and loses focus. What appears
in the address bar is just the tail-
end of the URL, such as
el borne.co.uk’. Countless ..
times the URL has to be retyped
in full. A fully-loaded Internet
Explorer 7 is not for fast

[

¥ zeomm  cwl+
w44 Zoom Out Ctrl-

© Your current securty seftings put your computer 3t rsk Chek he 4 to change your securty sertmgs

a Your security setting tevel puts your computer at risk
7

We recommend that you do not browse the web wih your current security settings.

(Above) Internet Explorer 7 is
almost paranoid about security

works, and the makers of the program don't seem to be interested
in fixing it. By and large, with all these wonderful new all singing
and dancing programs all you seem to end up with is a much larg-
er slice of your hard disk taken up.”

It is deeply frustrating when working programs are damaged by
system upgrades. And who should we blame? We may cuss
Microsoft, but rightly or wrongly, pressure is then heaped on the
software vendors such as Sonic Solutions and Ipswitch to fix a pro-
gram that worked perfectly previously. They may be tempted to
refuse to patch an old product, forcing a new version onto their
users instead, as some Sonic users fear may happen with their
favourite CD burning program.

The IE7 upgrade is not a waste of time though, as the web brows-
er does finally implement tabbed browsing, although it eats into valu-
able pixel real estate, especially on a smaller laptop screen. The useful
Zoom feature lets you expand the web page (text and images), which
is brilliant for those with lesser vision capabilities. I mentioned before
how [ welcome the improved web printing feature (consider using
Primo PDF and print to a PDF instead of using paper, and help save
the planet). If nothing else, those dratted IE7 security settings protect
neophyte users by default, and there is support for RSS (Really Simple
|[News] Syndication) feeds. You
can subscribe to RSS news feeds
wherever you see the distinctive
orange symbol on web sites such
as BBC News (Google for ‘BBC
RSS newsfeed for details). Your
RSS newsfeed subscriptions
will be found on the IE7 Favorites
toolbar.

Hasta La Vista?

As if an IET upgrade isn’t hard
enough, what about an entire
operating syslem upgrade? The
big news in personal computer

(Left) The browser has a zoom
control that enlarges both text
and images for easier viewing

circles is, of course, the arrival of
Windows Vista, Microsoft’s
most ambitious OS yet, and one
that is destined to appear on

workers. :gg::
Last month I mentioned how | .
to turn off the built-in Phishing 125%
Filter, and regular Ner Work ® 100%
reader Glynne Hewlett says: Ui
“the Phishing Filter in IE7 can 0%
be nuisance if downloading, say, Custom By
a book from the Internet. The «100%

filter thinks that I'm download-

145700 BOVE 23:58

ing an altered Web page, which

should not have been altered or which may be a security risk. I've
found that the only way to download page after page of ar online
book is to turn the Phishing Filter off then back on when I've com-
pleted my work.”

Problems, Problems

Other problems have started to emerge after upgrading to IE7.
For example, apart from damaging the writer’'s WSFTP program
installation, a bug is introduced with Sonic Solution’s Roxic
Digital Media burning program. After installing IE7, Roxie gener-
ates a string of error messages when it closes, which suddenly
became evident on the author’s brand new laptop. Reader G. S.
Chatley says: "1 switched to IE7 and have mixed feelings because
an excellent freebie program I had called Winclean, which used to
clear out all the rubbish that Windows XP collects, no longer
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almost every new Windows PC being sold from the end of January
206Y7. More details at http://www.microsoft.com/windowsvista/ .
Vista is claimed to offer enhanced security and a radically
improved graphical interface. One embittered computer expert
looked at a Vista machine, sniffed ‘so what?" and declared that XP
is perfectly good enough for the time being.

Beware the Vista hype, as far as there is any: if Windows XP
works for you today then there is no reason to splash out on an
upgrade, unless you are the sort of computer user who enjoys
throwing money at computers for the sake of it and wrestling with
problems afterwards. Windows Vista is not guaranteed to be com-
patible with your current hardware or software. Instead, watch out
for XP Service Pack 3 (SP3) some time this year. The hidden run-
ning costs of PCs can be extraordinary, and we will now enter
another round of pressure to update our systems, because that’s
what hungry manufacturers need us to do. There are many years of
life left in Windows XP though.

In the coming months I'l] be looking at various interesting hard-
ware and software applications to help make your Internet life eas-
ier. You can e-mail me at alan@epemag.demon.co.uk
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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!

WIN AN ATLAS LCR ANALYSER )
WORTH £79

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 1uH to 10H, capacitance
from 1pF to 10,000uF and resistance from

1Q to 2MQ with a basic accuracy of 1%.

M\ AN

Many thanks for a great mag, I've
been an avid reader since the mid 70’s.
I’m especially grateful to you for your
PIC introduction course published in
1998. I'd just recently started program-
ming the Z80 by writing the program by
hand, looking up the opcode and then
entering this into EPROM byte-by-byte
which took hours. The concept of the
PIC seemed too good to be true. I
ordered the PIC Toolkit kit with software
from Magenta and I was away, the Z80
became history instantly.

Initially, PIC programming was a
hobby used for gadgets around the
house, but lately the company 1 work for
have seen the immense capabilities of
the PIC and my job now involves
designing electronics revolving around
PICs.

I notice that the 18F series of PICs
seem to be appearing in more and more
projects and articles, How about doing
another introduction course but this time
Cpeciﬁca]ly for the 18F series. | feel that

\AII letters quoted here have previously been replied to directly. www.peakelec.co.uk )
f $o #o )
PIC Articles the USB capabilities of certain 18F  Feb '07 issue. The USB peripheral is

series devices would also be useful to  extremely complex and 1 feel it is well
Dear EPE, explore, how about an article on these? worth simply picking up the example

I now use a Microchip ICD2 program-
mer to program PICs so the PIC Toolkit
has become redundant, but what does
frustrate me is the use of bootloaders in
some of your application examples allevi-
ating the need for a programmer. Perhaps
an article on bootloader implementation
would help me and others understand
them.

Many thanks again, that initial course
started off a new hobby for me which has
now resulted in a new career avenue.

Dave Gillery, via email

Thanks for that Dave. I also sent it on to
Mike Hibbett for his info. The I8F series,
Malc Wiles and I covered as much as we
intend to, maybe 18 months ago. Mike
Hibbett will be looking at bootloaders
again soon (I'm in discussion with him).
Mike also replied to Dave:

I picked up on the USB interface of the
I8F devices in Part 4 of my C for PICs
programming tutorial, which was in the

firmware driver supplied free by
Microchip — that way you can save your-
self a large headache!

In relation to the bootloader, its use
doesn’t make programming hardware
redundant yet — you still need to program
the bootloader into the PIC in the first
place! I do find, however, that a boot-
loader is invaluable during code develop-
ment, because it speeds up the process. If
you are doing a lot of small code changes,
it is really nice to be able to download the
code to vour hardware quickly and with-
out having to plug in additional hardware
or pop chips out. I don’t know about you,
but 1 have destroved several PICs as a
result of wrongly inserting them into a
board when I have been in a hurry.

The bootloader that I use in many of my
articles was described in a PIC N’ Mix
article in the December 2005 issue;if you
get a chance to read it, we would be inter-
ested to hear vour thoughts on whether
this covered it in enough detail.

Mike Hibbett via email)

November °06 Issue

Dear EPE,

I have some comments about the
November "06 issue. I know I'm late but I
bought the November issue at a USA
bookstore in early December. (I don’t have
the December issue at the time of writing,
but hope to purchase it shortly. 1 probably
will get an online subscription soon.)

I like several of the articles.
Micropower Battery Controller looks
quite useful. The constructional articles
Studio 350 Power Amplifier Module (Oct
and Nov) look good.

However, I have one comment regard-
ing the latter. The power supply capaci-
tors (Fig.6, Nov) are shown as 8000uF
75V. I think the voltage rating should be
a little higher. If the mains voltage is
10% high, the voltage on the capacitors
will be about 77V. I see in the Jaycar
advertisement that they are selling a kit
(without power supply) for this amplifi-
er. Their RU-6710 capacitor is 8000uF
80V, which allows a little voltage safety
factor. I like a little more safety factor,
and I might use their RU-6712 (10000uF
100V). The RU-6712 has a much higher
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ripple current rating (8.1A compared to
3.47A for the RU-6710). A higher ripple
current rating indicates a lower ESR,
which would indicate lower internal heat
and longer life for the capacitor, with
slightly lower ripple voltage. The only
problem with the RU-6712 is that the
price is twice that of the RU-6710.
Bill Stiles, Hillsboro, USA, via
email

Thanks for the comments Bill. We've
no problem with you increasing the safe-
tv margin if you feel happier.

Battery Genie

Dear EPE,

Could you ask on your page if any-
body else has experience of using these
things called battery genie and the like
for recharging zinc/magnesium torch
batteries, etc.

My criteria for testing after they have
been recharged is to use an AVO set to
the 10A range and anything showing
over 1A is a good one. However, it’s
been my experience that if you buy any
of these Panasonic batteries from the
street markets, I think they have a very

marginal spare capacity of chemicals
inside to allow for muck of a recharge.
Usually I just get about one tiny short
lived boost and the next time round you
boil the battery for about eight hours and
never actually achieve anything. Keep it
up for a couple of days and you will be
told that the battery is spent.

By the way, in the street markets we
have had the Panasonic four Pack AA
batteries on sale for 60p for about two
years, and now suddenly, magically, as
Christmas approached the price shot up
to a pound. I never did understand the
pricing policy where a pack of the small-
er AAA batteries was more expensive
than a pack of AA ones.

Ages ago I read that we paid over £1000
per kilowatt for batteries and I guess now
that is a serious underestimate. Then we
get the story that purchasing printing ink in
those tiny containers is more expensive
than the best quality champagne per litre.
Well, as far as I'm concemed both of them
are undrinkable!

George Chetley, via email

Thanks George — consider your ques-
tion asked!
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TK3 vs The Rest

Dear EPE,

I believe you like suggestions, and as
a longstanding reader and sometimes
contributor I have one to make.
Teaching us all about PICS has been
excellent, and no doubt kept up the cir-
culation. But 1 do not think that in-
house programmers like TK3 can
possibly compete with the ongoing out-
put of Microchip. Indeed, you yourself
added a note to this effect to Mike
Hibbett's article in the September issue.

Microchip now produce about 500
different PICs, as can be seen on their
website. The sensible thing to do is
clear- if you can’t beat them, join them.

Your website has on it a very old
MPASM programmer that goes no fur-
ther than C devices, not reaching the F
= Flash gadgets like 16F84 even. So
those of us that did not follow TASM
but picked up elsewhere early MPASM
programmers need some help. (Yes I
know TK3 will do MPASM, but it’s too
late for those of us who went the
MPASM way, and anyway it cannot
keep up with Microchip’s output.)

Microchip MPLAB offers everything,
including simulators, programmers,
etc, for the said 500 chips, and on their
website there is some help in using it.
But it is quite complex compared with
some of their earlier programmers. On
the other hand they do keep it up to
date, and will continue to do so. I can
use MPLAB in a basic manner, but |
know I am missing a lot.

So my request is for a short series from
one of your professionally trained occa-
sional contributors who now appear in
EPE, leading us simpletons step by step
through MPLAB. A good method would
be to use as an example a simple 16F84
program. Then anyone could advance to
a more complex program (it's not pro-
gramming that’s the difficulty) or to
another processor, once they have seen
how to steer MPLAB towards it.

The current C for PICs leaves me
standing, although I do write programs
that fill two 16F84s. I think my need is
for basic MPLAB before tackling C -
and if I feel that, so perhaps do others.

Michael McLoughlin, via email

Hi again Michael, thanks for the useful
comments.

I share vour views that TK3 has run its
effective course, und I shall not attempt
to upgrade it further for additional PICs,
unless I also feel the need to use one of
those PICs.

TK3 has successfullv fullfilled an ear-
lier need — ua simple assembler/program-
mer with a lot of facilities that helps the
dedicated  programmming  reader
(including myself) to develop code more
readily. It also filled an earlier need for
translating between TASM (through
which EPE was first introduced to PICs a
decade ago) and MPASM, the nearly uni-
versal standard now.

For those readers for whom TK3
does not offer the facilities for the

newer PICs so frequently being intro-
duced, I have no hesitation in recom-
mending that they use a commercial
design of assembler/programmer, such
as Microchip’s own for example. Their
facilities will enable any of the PIC
range to be handled.

The idea of covering MPLAB certainly
has merits, but it too is not universal, and
various suppliers of PIC programmers
and assemblers also provide their own
programming software extras. It seems
appropriate for us to wait and see what
readers might say about the idea after
they have read your letter, along with this
reply.

Using a 16F84 for any such tutorial
would be inappropriate, though, as it is
effectively an obsolete device, but there
are other PICs that could be chosen.

Thoughts please readers ...

Finding FTP Files

Dear EPE,

I find it a tedious task to find the
code mentioned in an EPE article. For
example, Nov '06 issue, page 20,
author references to Joe Farr’s Serial
Interface software, but I cannot find it.

Also, the RESOURCES box says
‘software, including source code, is
available’, yet, I am unable to locate
it. My point is that the directory
structure of the FTP site needs to be
overhauled.

Charles Newberry, USA, via email

Webmaster Alan replied to Charles:

I understand and can agree how the
file area must be a bit frustrating to use
at times. Unfortunately, it’s due to the
way it evolved over a decade or more.
The FTP file area dates from the mid
1990s when we started to give away
our PIC source codes. The site pre-
dates the web site by many years, and
we have to ensure that the file area
information is retro-compatible with
all the EPE back issues that are still in
circulation. So even if we redesigned it,
we have the probiem of tallying with
the information that is still out there in
print.

Unfortunately, it wasn’t possible to
see how it would develop at a time
when the web didr’t even exist, so in a
way we are handicapped by the need
to handle an expanding number of
FTP files, along with the need to keep
it all backwards-compatible. We try to
be consistent, and the Downloads page
of the web site www.epemag.wim-
borne.co.uk/downloads.html was
developed as a friendlier web interface
to the FTP site. You may have more
success there.

We support the file downloads fully
and in case of difficulty all that is needed
is a quick email to us or check what other
users are doing via the EPE Chat Zone
Jorum. Also, Joe Furr generously sup-
ports users in our CZ forum, so there is a
good chance of receiving further help
that way.
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The Serial software is available via the
Downloads page, under the heading ‘All
PIC Microcontroller Source Codes’ ->
‘PICS’, -> Serial Interfuce for PICS and
VB6 which points to ftp://ftp.epemag.
wimborne.co.uk/pub/PICS/SerialOCX/.

The EPE Chat Zone forum is hosted at
www.chatzones.co.uk.

Alan Winstanley,
On-line Editor

C for PICs

Dear EPE,

I received my November issue and
read with interest Mike Hibbett’s
articles as well as John B’s amazing
moving message implementation. Mike
certainly has a broad range of PIC-
related interests.

I programmed mainframes and PCs in
various implementations of C for quite a
few years, but never PICs, so I decided to
give it a try. Mike’s use of Microsoft C18
seems very appropriate, but his sugges-
tion of HiTech PICC Lite as a compiler
does not appear reasonable. This compil-
er only compiles for eight PICs (actually
five different PICs) under very strong
limitations on RAM use, among other
things. However, the ‘MikroC’ compiler
from Mikroelectronika (www.mikro-
electro nika.co.uk) compiles for almost
all PIC 12C, 12F, 16C, 16F and 18F
MCUs (except Baseline — 12-bit instruc-
tion — PICs). The registered (free) ver-
sion is limited only by restriction to 2K
commands in the .hex file. PICC Lite
never allows more than 2K instructions,
and usually less.

I find MikroC has a very attractive
interface, and the fact that it it does not
integrate with MPLAB is no real disad-
vantage, particularly if you use PICkit
2 as a programmer, as 1 do (MPLAB
only integrates with PICkit 2 for one
PIC). Just send the hex files to your
PICs with whatever programmer that
you use.

Ed Grens, via email

Ed’s email was sent on to Mike
Hibbett, who replied:

Thanks for your comments Ed. On
the subject of compilers | hadn’t
intended to endorse any one particular
compiler, just indicate that there is
more than one available. Although by
selecting the Microchip offering for
the tutorial I guess I am demonstrating
some bias!

I hope people will note vour comments
and give the MikroC compiler a trv.
While I would find the 2K limit too limit-
ing, others may not.

I'm hoping to produce an objective
evaluation of a number of compilers
(both free and commercial) sometime in
the near future in EPE when I can
arrange the loan of the software from the
vendors. It will be interesting to compare
how efficient the products are, since con-
verting C to PIC assembly is no simple
task.

Mike Hibbett, via email
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Car Air Conditioner Controller Kit
KC-5437 £11.75 + post & packing
This kits stops the air conditioner in your car from
| taking engine power under acceleration. It will
allow the compressor to run with low throttle
even when the cabin temperature setting has
. been reached and will automatically switch the
N compressor off at idle. It also features an override
" switch, an LED function indicator. Kit supplied
with PCB with overlay and all electronic
' components with clear English instructions.

y Al

Recommended ‘?4 - N -
box UB3 iy I 8

HB-6013 £1.05 b

DC Relay Switch
KC-5434 £4.50 + post & packing
' An extremely useful and versatile kit that enables
. youto use a tiny trigger current - as low as
4 400pA at 12V to switch up to 30A at
'_‘“ 50VDC. It has an isolated input,
and is suitable for a variety of
- triggering options. The kit
inctudes PCB with overlay
v *# and all electronic
4 components with

t i clear English

instructions,

Al

N |

Radar Speed Gun /
KC-5429 £29.00 + post & packing

This Doppler radar gun reads speed in km/h or
mph up to 250 km/h or 155 mph. It has a

| resolution of 1 km/h or 1 mph with an accuracy of
1%, and also has a hold switch so you can freeze
the reading. There's a jiffy box to
mount the electronics in, and the
enclosure for the radar gun

, assembly is made from 2 x
coffee tins or similar. Details
included. Kit includes PCB and
all specified components with
clear English instructions.
* Requires 12VDC power.

v

\.//

N ImPrOVQd
Speedo Corrector Mkll "2, Mogey,
KC-5435 £14.50 + post & packing Vaa~—~
When you modify your gearbox, diff ratio or
change to a large circumference tyre, it may result
in an inaccurate speedometer. This kit alters the
speedometer signal up or down from 0% to 99%
of the original signal. With this improved
model, the input set-up selection -9
can be automatically selected i e -
and it also features an LED P <.

indicator to show when 4 .“% « - & &
the input signal is @ [ A O
being received. Kit \\(\

supplied with PCB
with overlay and all
electronic components
with clear English
instructions.

Battery Zapper MKII
KC-5427 £29.00 + post & packing
This kit attacks a common cause of failure in wet
lead acid cell batteries: sudphation. The circuit
produces short bursts of high level energy to
reverse the damaging sulphation effect. This new
improved unit features a battery heaith checker
with LED indicator, new circuit protection against
badly sulphated batteries, test points for a DMM
and connection for a battery
charger. Kit includes case
with screen printed fid, PCB
with overlay, all
electronic components
and clear English
instructions.
Suitable for 6, 12 and
24V batteries
» Powered by the
battery itself V!

A Y
> Improved
= Mocel! —

A SR L

Magnetic Cartridge Pre-amp
KC-5433 £11.75 + post & packing

This kit is used to amplify the 3-4mV signals
from a phono cartridge to line level, so you can
use your turntable with the CD or tuner inputs on
your Hi-Fi amplifier - most modern amps don't
include a phono input any more. Dust off the old
LP collection or use it to record your LPs on to
CD. The design is suitable for 12" LPs, and also
allows for RIAA equalisation of all the really old
78s. Please note that the input sensitivity of this
design means it's only suitable for F\
moving-magnet, not moving-coil §
cartridges. Kit includes PCB with
overiay and all electronic
components.

* Requires 12VAC
power

-
L

POST AND PACKING CHARGES:
Order Value Cost Order Value  Cost
£20 - £49.99 f£5 £200 - £499.99 £30
£50 - £99.99 £10 £500+ £40
£100 - £199.99 £20

Max weight 12Ib (5kg). Heavier

parcels POA, Minimum order £20.

Note: Products are dispatched from Australia,
so local customs duty and taxes may apply.

Galactic Voice Kit

KC-5431 £13.25 + post & packing
Be the envy of everyone at
the next Interplanetary
Conference for Evil /
Beings with this galactic
voice simulator kit.
Effect and depth
controls allow you to
vary the effect to
simulate everything from
the metallically-challenged
C-3PO, to the hysterical
ranting of Daleks hell-bent on exterminating
anything not nailed down. The kit includes PCB
with overlay, enclosure, speaker and all
components. For those who really need to get out
of the house a lot more. Take me to your leader.
* Requires 9V battery

IR Remote Control

o <
Extender MKII im ‘
KC-5432 £7.25 + post & packing ., Ploveq -
Operate your DVD player or digitaltl I‘Wode”
decoder using its remote control from AR
another room. It picks up the signal from the
remote control and sends it via a 2-wire cable to
an infrared LED located close to the device. This
improved model features fast data transfer,
capable of transmitting Foxtel! digital remote
control signals using the Pace 400 series
decoder. Kit supplied
with case, screen
printed front panel,
PCB with overlay
and all electronic
components.
Requires 9VDC
wall adaptor
(Maplin #GS74R
£10.99)

Theremin Synthesiser MKII
KC-5426 €£43.50 + post & packing
By moving your hand between the metal Model!
antennae, create unusual sound effects! The  *
Theremin Mkll improves on its predecessor by
allowing adjustments to the tonal quality by
providing a better waveform. With a multitude of
controls, this instrument's musical potential is only
limited by the skill and imagination of its player.
Kit includes stand, PCB with overlay, machined
case with silkscreen printed lid, loudspeaker, pitch
antennae, all specified electronic components

and clear English instructions.

&
i

4 :
:‘ Improved'd

wall adaptor
(Maplin #UG01B |
£13.99) /

Requires 9-12VDC /




around o0t Cm ue!

Everyda

Practical Electronics Feature Kits

\

Over the last 12 months and continuing into the New Year, Everyday Practical Electronics Magazine has been publishing a \
series of popular kits by the acclaimed Silicon Chip Magazine Australia. These projects are brilliantly designed 'bullet proof' |
and already tested down under. All Jaycar kits are supplied with specified board components, quality fibreglass tinned
PCBs and have clear English instructions. Watch this space for future featured kits.

SMS Controller Module Kit
KC-5400 £15 95 + post & packing
Controi appliances or receive alert notification from
anywhere. By sending plain text messages

this kit will allow you to control up to M
eight devices. it can also monitor four 2
digital inputs. It works with old Nokia
handsets such as the 5110, 6110, 3210,

Speaker Bass Extender Kit
KC-5411
Most audiophiles know that loudspeaker enctosures have a natural
frequency rolloff which is inherent in their design. The bass
extender kit boosts the level of the bass to counteract the

£6.00 + post & packing

natural rolloff of the enclosure, producing rich, natural
bass. It gives an extra octave of response, and is sure to
please even the most

and 3310, which can be bought “ ay A avid audiophiles. Kit |
N . ‘}\A qu 2cS " .

inexpensively i you do not already own one. */_DS “'5 ‘o“\C >~ supplied with PCB,

Kit supplied with PCB, pre-programmed ™ - Mo \ E\ec‘- _—— andall

microcontroller and all electronics components ad\Ca ﬂ“e- electronic - .
with dear Engﬁsh. instructions. P" 395 components with

* Requires a Nokia data cable which can be readily «~ clear English instructions.

found in mobile phone accessory stores.

Delta Throttle Timer Kit
KC-5373 £7.95 + post & packing
It will trigger a relay when the throttle is
depressed or lifted quickly. Thete is a long list of
uses for this kit, such as automatic transmission
switching of economy to power modes,
triggering electronic blow-off valves on quick
throttle lifts and much more. It is completely
adjustable, and uses the output of a standard
throttle position sensor. Kit supplied with PCB
and all electronic components.
* As published in Everyday
Practical Electronics
November 2006

Automotive Courtesy

Light Delay
KC-5392 £5.95 + post & packing
This kit provides a time delay in your
vehicle's interior light, for you to buckie-up
your seat belt and get organsied befere the
light dims and fades out. It has a 'soft’ fade-
out after a set time has elapsed, and has
universal wiring. Kit supplied with PCB with
overlay, all electronics components and
clear English instructions.
* As published in Everyday Practical
Electronics February 2007

Recommended
box UBS5 HB-5015
£0.83

Recommended
bax UB3 HB-6013
£1.05

2 Amp DC-DC Converter Kit
KC-5358 £13.75 + post & parking
This kit will step-up 12V to between 13.8 and
24VDC. Use it to charge 12V sealed lead acid
batteries (6.5Ah or larger), run your laptop and
many other devices from a 12V supply. It uses
an efficient switchmode design, features fuse
and reverse polarity protectior, and an LED
power indicator. Kit includes P ZB, all electronic
components, and sifksereened front panel.
* As published in Everyday Practical Electronics
August 2006

50MHz Frequency Meter Kit

KC-£369 £22.50 = post & packing

This meter is autoranging and displays the

frequency in either hertz, kilohertz or

megahertz. Features compact size (130 x

67 x 44mm), 8 digit LCD, high and low

resolution modes, 0.1Hz resolution up to

150Hz, 1Hz resolution maximum up to
150Hz and 10Hz resolution above 16MHz.

Kit includes PCB, case with machined and

silkscreened lid, pre-programmed PIC and

all electronic components with clear English
instructions.

* As published in Everyday Practical
Electronics September 2006
Requires 9¥DC wall

adaptor (Maplin

#GST4R £10.99). .
£
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KC-5372 £55.95 + post & packing

It delivers a whopping ..

Studio 350 High Power Amplifier Kit \

350WRMS into 4

ohms, or

200WRMS into

8 ohms.

Using eight

250v 200W .

plastic power transistors, v v "

It is super quiet, with a signal

to noise ratio of -125dB(A) at full 8

ohm power. Harmonic distortion is just

0.002%, and frequency response is almost flat (less

than -1dB) between 15Hz and 60kHz. Kit supplied in

short forn: with PCB and electronic components. Kit

requires heatsink and +/- 70V power supply (a

suitable supply is described in the instructions).

* As published in Everyday Practical Electronics
October & November 2006

Smart Card Reader and Programmer Kit
KC-3361 £15.95 + post & packirg i
Program both the microcontroller and EEPROM in the
popular gold, silver and emerald wafer cards. Card used
needs to conform to ISO-7816 standards, which includes |
ones sold by Jaycar. Powered by
9-12 VDC wall adaptor or a 9V
battery. Instructions outline
software requirements that are
freely available on the internet.

£y

Kit supplied with PCB, wafer ) a2
card socket and all electronic : - v

. 2009ES8 -~ 8 0 -
components. PCB measures: A & gt o)

141 x 101 mm. -
» As published in Everyday e ! i: ;
Practical Electronics May 2006 == i -

=My .
Requires 9-12VDC - . l
walt adaptor (Maplin T I d"

l
; ;l

#UGO1B £13.99)

Jaycar cannot accept responsibility for the operation of
this device, its related software, or its potential to be
used in relation to illegal copying of smart cards in |
cable TV set top boxes.

- Log on to
www.jaycarelectronics.co.uk/catalogue
for your FREE catalogue!

0800 032 7241

{Monday - Friday 09.00 to $7.30 GMT + 10 hours on'y).

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



FREE Two booklets (Identifying Electronic
Components and Understanding Active
Components) and a Circuit Surgery CD-ROM
with Teach-In 2000 CD-ROM

-~

B =

EPE TEACH-IN
2000 CD-ROM

The whole of the 12-part Teach-In 2000 series by John
Becker (published in EPE Nov "99 to Oct 2000) is now
available on CD-ROM in PDF form. Pius 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 electron-
ics from Ohm’s Law to Displays, including Op.Amps, Logic
Gates etc. Each part has its own section on the interactive
software where you can also change component vatues 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
simple 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

THE AMATEUR SCIENTIST 3.0

CD-ROM

The compiete collection of The Amateur Scientist arti-
cles from Scientific American magazine. Over 1,000
classic science projects from a renowned source of
winning projects. All projects are rated for cost, difficul-
ty and possible 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 assembied for
hobbyists, and professionals looking for novel solutions
to research problems.

Includes extensive Science Software Library with even
more science tools.

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM
minimum, Netscape 4.0 or higher or Internet Explorer
4.0 or higher.

Over 1,000 projects
CD-ROM Order code ASICD-ROM £19.95

PROJECT
CONSTRUCTION

IC 555 PROJECTS

E. A. Parr

Every so often a device appears that is so useful that
one wonders how life went on before without it. The 555
timer is such a device. Included in this book are over 70
circuit diagrams and descriptions covering basic and
general circuits, motor car and mode! railway circuits,
alarms and noise makers as well as a section on 556,
558 and 559 timers. (Note. No construction details are
given.) A reference book of invaluable use to all those
who have any interest in electronics, be they profession-
al engineers or designers, students or hobbyists.

167 pages Order code BP44 £5.49

POWER SUPPLY PROJECTS

R. A. Penfold

This book offers a number of power supply designs,
including simple unstabilised types, and variable voltage
stabilised designs, the latter being primarily intended for
use as bench power supplies for the electronics work-
shop. The designs provided are all low voltage types for
semiconductor circuits. The information in this book
should also help the reader to design his own power
supplies. Includes cassette PSU, Ni-Cad charger, volt-
age step-up circuit and a simple inverter.

91 pages Order code BP76 £5.49

HOW TO USE OSCILLOSCOPES AND OTHER TEST
EQUIPMENT

R. A. Penfold

This book explains the basic function of an oscilloscope,
gives a detailed explanation of all the standard controls,
and provides advice on buying. A separate chapter
deals with using an oscilloscope for fault finding on
linear and logic circuits, plenty of example waveforms
help to illustrate the control functions and the effects of
various fault conditions. The function and use of various
other pieces of test equipment are also covered, includ-
ing signal generators, logic probes, iogic pulsers and
crystal calibrators.

Order code BP267 £5.49

104 pages

74
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~C T BOOK
“RVI[CE

on the last book page.

The books listed have been selected by Everyday Practical
Electronics editorial staff as being of special interest to every-
one involved in electronics and computing. They are supplied
by mail order direct to your door. Full ordering details are given

FOR A FURTHER SELECTION OF BOOKS

SEE THE NEXT TWO ISSUES OF EPE.

All prices include UK postage

ELECTRONIC PROJECT BUILDING

FOR BEGINNERS

R. A. Penfold

This book is for compiete beginners to electronic project
building. it provides a complete introduction to the practi-
cal side of this fascinating hobby, including the following
topics:

Component identification, and buying the right parts;
resistor colour codes, capacitor value markings, etc; advice
on buying the right toois for the job; soldering; making easy
work of the hard wiring; construction methods, including
stripboard, custom printed circuit boards, plain matrix
boards, surtace mount boards and wire-wrapping; finishing
off, and adding panel labels; getting “problem” projects to
work, inciuding simple methods of fault-finding.

In fact everything you need to know in order to get start-
ed in this absorbing and creative hobby.

Order code BP392 £5.49

TEST EQUIPMENT CONSTRUCTION

R. A. Penfold

This book describes in detail how to construct some simple and
inexpensive but extremely useful, pieces of test equipment.
Stripboard layouts are provided for all designs, together with
wiring diagrams where appropriate, plus notes on construction
and use.

The following designs are inciuded:-

AF Generator, Capacitance Meter, Test Bench Amplifier, AF
Frequency Meter, Audio Muliivoitmeter, Analogue Probe, High
Resistance Voitmeter, CMOS Probe, Transistor Tester, TTL
Probe. The designs are suitable for both newcomers and more
experienced hobbyists.

104 pages Order code BP248 £4.49

135 pages

COMPUTING

COMPUTING FOR THE OLDER GENERATION

Jim Gatenby

Especially written for the over 50s, using pilain English
and avoiding technical jargon. Large clear type for easy
reading.

Among the many practical and useful ideas for using
your PC that are covered in this book are: Choosing, set-
ting up and understanding your computer and its main
components. Writing letters, leaflets, invitations, etc., and
other word processing jobs. Keeping track of your
finances using a spreadsheet. Recording details of holi-
days and other ideas using a database. Using the Internet
to find useful information, and email to keep in touch with
family and friends. Making ‘back-up’ copies of your work
and checking for viruses. How to use Windows XP to help
people with impaired vision, hearing or mobility.

Provides the basic knowledge so you can gain enough
confidence to join the local computer class.

Order code BP601 £8.99

THE INTERNET FOR THE OLDER GENERATION

Jim Gatenby

Especially written for the over 50s. Uses only clear and
easy-to-understand language. Larger type size for easy
reading. Provides basic knowledge to give you confidence
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, photographs,
etc., so that you can keep in touch with family and friends
all over the world. Searching for and saving information on
any subject. On-line shopping and home banking. Setting
up your own simple web site.

228 pages Order code BP600 £8.99

308 pages

RADIO

SETTING UP AN AMATEUR RADIO STATION
i. D. Poole
The aim of this book is to give guidance on the decisions
which have to be made when setting up any amateur
radio or short wave listening station. Often the experience
which is needed is learned by one’s mistakes, however,
this can be expensive. To help overcome this, guidance is
given on many aspects of setting up and running an effi-
cient station. It then proceeds to the steps that need to be
taken in gaining a full transmitting licence.

Topics covered include: The equipment that is needed;
Setting up the shack; Which aerials to use; Methods of
construction; Preparing for the licence.

Order code BP300 £4.45

EXPERIMENTAL ANTENNA TOPICS

H. C. Wright

Although nearly a century has passed since Marconi's first
demonstration of radio communication, there is still
research and experiment to be carried out in the field of
antenna design and behaviour.

The aim of the experimenter will be to make a measure-
ment or confirm a principle, and this can be done with
relatively fragile, short-life apparatus. Because of this,
devices described in this book make liberal use of card-
board, cooking foil, plastic bottles, cat food tins, etc.

Although primarity a practical book with text closely
supported by diagrams, some formulae which can be used
by straightforward substitution and some simple graphs
have also been included.

Order code BP278 £4.00

25 SIMPLE INDOOR AND WINDOW AERIALS
E. M. Noll
Many people live in flats and apartments or other types of
accommodation where outdoor aerials are prohibited, or a
lack of garden space etc. prevents aerials from being
erected. This does not mean you have to forgo shortwave-
listening, for even a 20-foot length of wire stretched out
along the skirting board of a room can produce acceptable
results. However, with some additional effort and experi-
mentation one may well be able to improve performance
further.

This concise book tells the story, and shows the reader
how to construct and use 25 indoor and window aerials that
the author has proven to be sure performers.

Order code BP136 £2.25

TICKLING THE CRYSTAL Domestic British Crystal Sets
of the 1920's

lan L. Sanders

The first book dedicated to the topic of British crystal sets
to be published in the last 25 years. For a very brief peri-
od during the early 1920's, these simple receivers played
a crucial role in the expansion of domestic wireless
throughout the United Kingdom. For many families, rich
and poor, the crystal set provided an introduction to the
new pastime of listening-in to broadcast programmes.
Rapidly made obsolete from homes as suddenly as it had
arrived, but not without leaving its mark on the history of
wireless.

Written by a long-time authority and enthusiast, Tickling
the Crystalis the most comprehensive work on the subject
ever assembled. Containing almost two hundred excellent
quality photographs and a wealth of previously unpubtished
material, it cannot fail to be an invaluabile reference for any-
one interested in the history of early wireless receivers.

Order code TC1 £34.00

86 pages

72 pages

50 pages

256 pages hardback
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THEORY AND REFERENCE

BEBOP TO THE BOOLEAN BOOGIE
Second Edition
Clive (call me Max) Maxfield

This book gives the “big picture” of digital slectronics.
This indepth, highly readable, up-to-the-minute guide
shows you how electronic devices work and how tey're
made. You'll discover how transistors operate. how print-
ed circuit boards are fabricated, and what the innards of
memory ICs look like. You'll also gain a working knowl-
edge of Boolean Algebra and Karnaugh Maps. and
understand what Reed-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.

Contents: Fundamental concepts; Analog versus digi-
tal; Conductors and insulators; Voitage, curent, resis-
tance, capacitance and inductance; Semiconductors;
Primitive logic functions; Binary arithmetic; Boolean alge-
bra; 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; Multichpp modules
(MCMs); Alternative and future technologies.

Order code BEB1

o

470 pages ~ large format £26.95

BEBOP BYTES BACK (and the
Beboputer Computer Simulator)
CD-ROM

Clive (Max) Maxfield and Alvin
Brown

This foliow-on to Bebop to the

Boolean Boogie is a multimedia

extravaganza of information

about how computers work. It
picks up where “Bebop 1" left off,
guiding you through the fascinating
world of computer design . . . and you'll

have a few chuckles, if not belly laughs, along the way. In
addition to over 200 megabytes of mega-cool multimedia,
the CD-ROM contains a virtual microcomputer, simulating
the motherboard and standard computer peripherals in
an extremely realistic manner. In addition to a wealth of
technical information, myriad nuggets of trivia and
hundreds of carefully drawn illustrations, the CD-ROM
contains a set of lab experiments for the virtuat
microcomputer that let you recreate the experiences of
early computer pioneers. If you're the slightest bit
interested in the inner workings of computers, then don't
dare to miss this!

Over 800 pages in Adobe Acrobat format

kS

fl

CD-ROM Order code BEB2 CD-ROM £21.95

RADIO! RADIO! (Third Edition)
Jonathan Hill

A celebration in words and pictares of the development
of the British wireless set from it's experimental begin-
nings in Victorian England, to the foundation of a domes-
tic wireless manutacturing industry and the inception of
broadcasting in the early 1920’s. The story continues on
throught the design-conscious 1930's (where the radio
really came into it's own as a piece of furniture), to the
war-torn and austere days of the 1940's

The first transistor radios began to appear in the second
half of the 1950s and in this new edition, this rather neglect-
ed area has been fully covered by a section all of it's own
which includes a directory listing of nearly 3,000 different
transistor models. The book ‘inishes after the 1960s, by
which time our long established and once great ratho
industry had all but been destroyed by foreign imports.

Now with 320 pages and over 1,000 illustrations, infor-
mative captions and carefully researched text Radio!
Radio! is the first and still the enly truly comprehensive
book of its kind ever to be puolished.
GETTING THE MOST FROM YOUR MULTIMETER
320 pages (A4 Hardback) Order code RR1 £40.95

R. A. Penfold

This book is primanlty aimed at beginners and those of
limited experience of electronics. Chapter 1 covers the
basics of analogue and digital murtimeters, discussing the
relative merits and the limitations of the two types. In
Chapter 2 various methods of component checking are
described, including tests for transistors. thyristors, resis-
tors, capacitors and diodes. Zircuit testing is covered in
Chapter 3, with sudjects such as voltage, current and
continuity checks being discussed.

in the main little or no previous knowledge or experi-
ence is assumed. Using these simple component and cir-
cuit testing techniques the reader should be able to con-
fidently tackle servicing of most electronic projects.

96 pages Order code BP239 £5.49

DIGITAL 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 fip-flops thor-
oughly and from the beginning.

No background other than a basic knowledge of
electronics is assumed, and the more theoretical topics
are explained from the beginning, as also are many
working practices. The book conciudes with an expia-
nation of microprocessor techniques as applied to

digital logic.
Order code PC106 £9.95

OPERATIONAL AMPLIFIER USER'S HANDBOOK

R. A. Penfoid

The first part of this book covers standard operational
amplifer based “building blocks™ (integrator, precision
rectifier, function generator, amplifiers, etc), and consid-
ers the ways in which modern devices can be used to give
superior performance in each one. The second part
describes a number of practical circuits that exploit mod-
ern operational amplifiers, such as high slew-rate, ultra
low noise, and low input offset devices. The projects
include: Low noise tape preampiifier, low noise RIAA pre-
amplifier, audio power amplifiers, d.c. power controliers,
opto-isolator audio link, audio millivolt meter, temperature
monitor, low distortion audio signalgenerator, simple
video fader, and many more.

120 pages ss.45

PRACTICAL ELECTRONICS HANDBOOK -~
Fifth Edition. lan Sinclair

Provides a practical and comprehensive collection of
circuits, rules of thumb and design data for professional
engineers, students and enthusaists, and therefore
enough background to allow the understanding and
development of a range of basic circuits.

Contents: Passive components, Active discrete
components, Circuits, Linear I.C.s, Energy conversion
components, Digital 1.C.s, Microprocessors and
microprocessor systems, Transferring digital data,
Digital-analogue conversions, Computer aids in elec-
tronics, Hardware components and practical work,
Micro-controllers and PLCs, Digital broadcasting,
Electronic security.

Order code NE21

200 pages

440 pages £24.50

MUSIC, AUDIO AND VIDEO

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.
Order code PC119 £7.45

60 pages
ELECTRONIC PROJECTS FOR VIDEO ENTHUSIASTS
R. A. Penfold
This book provides a number of practical designs for
video accessories that will help you get the best results
from your camcorder and VCR. All the projects use
inexpensive components that are readily available, and
they are easy to construct. Full construction details are
provided, including stripboard layouts and wiring dia-
grams. Where appropriate, simple setting up procedures
are described in detail; no test equipment is needed.
The projects covered in this book include: Four channel
audio mixer, Four channel stereo mixer, Dynamic noise
limiter (DNL), Automatic audio fader, Video faders, Video
wipers, Video crispener, Mains power supply unit.

109 pages Order code BP356 £5.45

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 important 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 whase early death during the darkest
days of World War Two led 0 a shroud of secrecy
which has covered his life and achievements ewer
since.

His 1931 Patent for a Binaural Recording System was
so revolutionary that most of his contemporaries regard-
ed it as more than 20 years zhead of its time. Even years
after his death, the full macnitude cf its detail had not
been fully utilized. Among his 128 patents are the princi-
pal electronic circuits critical to the development of the
world's first elecronic television system. During his short
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working life, Blumlein produced 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 development and
contributed enormously to the system eventually to become
'H25' - blind-bombing radar. Tragically, during an experi-
mental H2S flight in June 1942, the Halifax bomber in which
Blumlein and several colleagues were flying, crashed and
all aboard were killed. He was just days short of his thirty-

ninth birthday.
Order code NE32

420 pages £23.00

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 specially
designed for video enthusiasts. All the projects can be
simply constructed, and most are suitable for the new-
comer to project construction, as they are assembled on
stripboard.

There are faders, wipers and effects units which will
add sparkie 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, shop-
ping lists of components, advice on construction, and guid-
ance 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, pushbut-
ton fader, computer control interface, 12 volt mains power
supply.

£19:95
£5.45

124 pages
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FAULT FINDING, CIRCUITS AND DESIGN

PIC BASIC PROJECTS - 30 PROJECTS BOOK +
USING PICBASIC AND PICBASIC PRO CDROM
Dogan Ibrahim
Covering the PICBASIC and PICBASIC PRO compliers,
this thoroughly revised edition, previously entitled PICBA-
SIC Programming and Projects, provides an easy-to-use
tootkit for developing applications with PICBASIC.
Numerous simple projects give clear and concrete exam-
ples of how PICBASIC can be used to develop electronics
applications, while larger and more advanced projects
describe program operation in detail and give useful insights
into developing more invotved microcontroller applications.
Packed with simple and advanced projects which show
how to programme a variety of interesting electronic
applications using PICBASIC. Covers the new and pow-
erful PIC16F627 and PIC16F73, and the popular
PIC16F84 and PIC16F877 models. The CDROM includes
program source files, HEX code, data sheets of devices,
sensors and schematics of the circuits used in the book.

358 pages £2150

DISCOVERING PICS BOOK + CDROM
W.D.Phillips + HARDWARE
A good introduction to PIC pro-

gramming, covering everything you need to know to get
you started. No previous knowledge of microcontrollers is
required, but some previous experience with electronic cir-
cuits is assumed. Covers the basic concept of a microcon-
troller, 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 Gamnes Timer and a Puise 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.
Those that wish to programme their own PICs will require a
PIC programmer.

In addition a p.c.b. based hardware kit is aiso availabie that
makes up into the Wavy Wand which will spell out a short
message via a line of .e.d.s when waved through the air.

190 pages, A4 spiral bound
Book + COROM Order code DOC1 g##Xiu]

Book + COROM + Hardware Order code DOC2»1:X0]

PRACTICAL OSCILLATOR CIRCUITS

A. Flind

Extensive coverage is given to circuits using capacitors
and resistors to control frequency. Designs using
CMOS, timer i.c.s and op.amps are all described in
detail, with a special chapter on “waveform generator”
i.c.s. Reliable "white” and “pink” noise generator circuits
are also included. Various circuits using inductors and
capacitors are covered, with emphasis on stable low

frequency generation. Some of these are amazingly sim-
ple, but are still very useful signal sources.

Crystal oscillators have their own chapter. Many of the circuits
shown are readily avaitable special i.c.s for simplicity and relia-
bility, and offer several output frequencies. Finally, complete con-
structional details are given for an audio sinewave generator.

133 pages Order code BP393 £549

PIC IN PRACTICE (2nd Edition)

David W. Smith

A graded course based around the practical use of the PIC
microcontroller through project work. Principies are intro-
duced gradually, through hands-on experience, enabling
hobbyists and students to develop their understanding at
their own pace. The book can be used at a variety of levels.
Contents: Introduction to the PIC microcontrolier;
Programming the 16F84 microcontroller; Introductory pro-
jects; Headers, porting code — which micro?; Using inputs;
Keypad scanning; Program examples; The 16C54 microcon-
troller; Aiphanumeric displays; Analogue to digital conversion;
Radio transmitters and receivers; EEPROM data memory;
Interrupts; The 12 series 8-pin microcontroller; The 16F87X
microcontroller; The 16F62X microcontrolier; Projects;
Instruction set, files and registers; Appendices; Index.

308 pages Order code NE39

COW. DESIGN AND CONSTRUCTIONAL MANUAL

B. B. Babani

A complete book for the home constructor on “how to
make” RF, IF, audio and power coils, chokes and trans-
formers. Practically every possible type is discussed and
calculations necessary are given and explained in detail.
Although this book is now twenty years old, with the
exception of toroids and pulse transformers little has
changed in coil design since it was written.

96 pages Order code BP150 £4.49

PRACTICAL ELECTRONIC FAULT FINDING AND
TROUBLESHOOTING

Robin Pain

To be a real fault finder, you must be able to get a feel for what
is going on in the circuit you are examining. In this book Robin
Pain explains the basic techniques needed 1o be a fault finder.

Simple circuit examples are used to illustrate principles and
concepts fundamental to the process of fault finding. This is
not a book of theory, it is a book of practical tips, hints and
rules of thumb, all of which will equip the reader to tackle any
job. You may be an engineer or technician in search of infor-
mation and guidance, a college student, a hobbyist building a
project from a magazine, or simply a keen self-taught ama-
teur who is interested in electronic fault finding but finds books
on the subject toc mathematical or specialised.

The fundamentai principles of anatogue and digital fault
finding are described (although, of course, there is no such
thing as a “digital fault” - all faults are by nature analogue).
This book is written entirely for a fault finder using only the
basic fault-finding equipment: a digital muttimeter and an
oscilloscope. The treatment is non-mathematical (apart from
Ohm's law) and all jargon is strictly avoided.

274 pages Order code NE22

£19.50

£28.99

A BEGINNERS GUIDE TO CMOS DIGITAL ICs

R. A. Penfold

Getting started with logic circuits can be difficult, since many
of the fundamental concepts of digital design tend to seem
rather abstract, and remote from obviously useful applica-
tions. This book covers the basic theory of digital electronics
and the use of CMOS integrated circuits, but does not lose
sight of the fact that digital electronics has numerous “real
world" applications.

The topics covered in this book include: the basic
concepts of logic circuits; the functions of gates, invert-
ers and other logic “building blocks"; CMOS logic i.c.
characteristics, and their advantages in practical circuit
design; oscillators and monostables (timers); flip/flops,
binary dividers and binary counters; decade counters
and display drivers.

Order code BP333 £5.45

119 pages

AUDIO AMPS
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Al prices include UK postage. For postage to Europe (air) and the rest of the world (surface)
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BUILDING VALVE AMPLIFIERS

Morgan Jones

The practical guide to building, modifying, fault-finding
and repairing vaive amplifiers. A hands-on approach to
valve electronics ~ classic and modern — with a minimum
of theory. Planning, fault-finding, and testing are each
illustrated by step-by-step examples.

A unique hands-on guide for anyone working with valve
(tube in USA) audio equipment — as an electronics exper-
imenter, audiophile or audio engineer.

Particuiar attention has been paid o answering questions
commonly asked by newcomers to the world of the vacu-
um tube, whether audio enthusiasts tackling their first
build, or more experienced amplifier designers seeking to
learn the ropes of working with valves. The practical side
of this book is reinforced by numerous clear illustrations

throughout.
Order code NE40

368 pages £22.50

Audig amplifier
Projects

AUDIO AMPLIFIER PROJECTS

R. A, Penfold

A wide range of useful audio amplifier projects, each
project features a circuit diagram, an explanation of the
circuit operation and a stripboard layout diagram. All
constructional details are provided along with a shop-
ping list of components, and none of the designs
requires the use of any test equipment in order to set
up properly. All the projects are designed for straight-
forward assembly on simple circuit boards.

Circuits include: High impedance mic preamp, Low
impedance mic preamp, Crystal mic preamp, Guitar and
GP preamplifier, Scratch and rumble filter, RIAA pre-
ampiifier, Tape preamplifier, Audio limiter, Bass and treble
tone controls, Loudness filter, Loudness control, Simple
graphic equaliser, Basic audio mixer, Small (300mW) audio
power amp, 6 watt audio power amp, 20/32 watt power
amp and power supply, Dynamic noise limiter.

A must for audio enthusiasts with more sense than
money!
116 pages Order code PC113 £30:95 £5.45
VALVE AMPLIFIERS
Second Edition. Morgan Jones
This book allows those with a limited knowiedge of the
field to understand both the theory and practice of valve
audio amplifier design, such that they can analyse and
modify circuits, and build or restore an amplifier. Design
principles and construction techniques are provided so
readers can devise and build from scratch, designs that
actually work.

The second edition of this popular book builds on its
main strength — exploring and illustrating theory with
practical applications. Numerous new sections include:
output transformer problems; heater regulators; phase
splitter analysis; and component technology. In addition to
the numerous amplifier and preamplifier circuits, three
major new designs are included: a low-noise single-
ended LP stage, and a pair of high voltage amplifiers for
driving electrostatic transducers directly — one for head-
phones, one for loudspeakers.

Order code NE33

288 pages £34.00
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€imScan 5 USB Scan Tool

* 9600 or 38400 baud

* Supported by more software than
any other OBD interface

* Inexpensive

* Full Speed USB 1.1

* Automatic protocol detection

* Diagnose any car with EOBD
* Based on the ELM327 IC
* Supports all EOBD ard OBD-It
protocols
v I1S015765-4 (CAN)
v 1SO14230-4 (Keyword 2000)

v 1S09141-2 * Package includes cables, software
v 1850 VPW CD. and Quick Start Guide
v [1850 PWM * Buy from your local UK distributors!

www.ElmScan5.com/epe

Laser Business Systems Ltd
http://www.laser.com
http://www.cbus-shop.com
Tei: +44 (0) 20 8441 9788

Fax: +44 (0) 20 8449 0430
Emall: info@laser.com

50 == bv

C-Bus Shop

HCUPSAL C-Bus
New C-Bus Wireless
coming soon

CI’I' “nl;}nll

We are an authorised distributor of C-Bus intelligent lighting and
control system from Clipsal Integrated Systems with an extensive
range of home automation related products. We also stock Barix
Ethernet based MP3, communications and controt products and
CAT5e based KATS AV transmission and IR control system.

Why tolerate when you can automate?

w208

(
A FVERYDAY PRACTICAL

s ELECTRONICS

To advertise your company in

EPE Magazine

Please contact Stewart Kearn
Tel: 01202 873872

Email: stewart.kearn@wimborne.co.uk

_J

\-

PLEASE ENSURE YOU TELEPHONE TO CHECK AVAILABILITY OF

EQUIPMENT BEFORE ORDERING OR CALLING.

OSCILLOSCOPES

TEKTRONIX 2247A 1006+

Counter/Time £275
TEKTRONIX 2335 Dual Tsace 100MHz Delay Sweep .. £125
TEKTAONIX 485 Dual Trace 350MHz Delay Sweep £300
IWATSU $S5711 4 Channel 100MHz Delay Sweep £150
PHILIPS 3065 2+1 Channel 100MHz Dual TB/Delay - Autoset £200
PHILIPS 3055 2+1 Channel 60MHz Dual TBDelay - Autoset €10
PHILIPS PM3217 Dual Trace S0MHz Delay Sweep £195
KIKUSUI COS6100 5 Trace 100MHz Delay €150
TEKTRONIX 475A Dual Trace 250MHz Delay Sweep . £175

SPECIAL OFFERS

HP 182T with B557A 10kHz-350MHz £300-£400
HP 140T with B555A 10MHz-18GHz £500
ADVANTEST TR4131 10kMz-3 5GHz £950
WAYNE KERR SSA1000A 150kHz- 1GHz £950
MARCONI 2382 200Hz-400MHz High Resolution £1250
(AARCONI 2370 30Hz-110MHz £500
4P 8754A Network Analyser 4-1300MHz £500
MAARCONI 6500A Ampitude Analyser with head £750
HP 3344 Distortion Anatyser SHz-600kHz £100

NAL GENERATORS

TEKTRONIX 475 Dual Trace 200MHz Delay Sweep €150 HP 83508 Sweeper with 835928 10MHz-20GHZ £1500
TEKTAONIX 4658 Dual Trace 100MHz Delay Sweep . €125 HP 8350A Sweeper with 835324 10MHz-20GHz £1250
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep £35 HP 83508 Main Frame Only £125
PHILIPS PM3209 Dual T-ace 40MHz Delay €125 HP 835258 AF Plugn for 8350 001-8 4GHz €500
PHILIPS PM3215 Dual Trace 50MHz €75 HP 835904 RF Plug-in for 8350 2-20GHz £800
KENWOOD C€54035 Dual Trace 40MHz £50 HP 8660C Sig Gen 1.3GHz £450
PANASONIC VP5564A Dual Trace 40MHz €50 HP 8660C Sig Gen 2.6GHz €750
HITACHI V525 Dual Trace 50MHz Cusors €95 P 86603A AF Piugin for 8660C 1-2600MHz £
HITACH V523 Dual Trace 50MHz Delay +80 HP86631B Axillary Section for 8660C £
HITACHI V425 Dual Trace 40Mrz Cursors £75 HP85632B Modulation Section tor 8660C €
HITACHI V422 Oual Trace 30MHz 160 MARCONI 2017 0 01-124MHz Low Phase Noise £500
HITACHI V223 Dual Trace 20MHz Oelay 2 MARCONI 2019 Synthesised AMIFM 80kHz-1040MHz . .£325
HITACHI V222 Oual Trace 20MHz £50 FLUKE 60608 AMFM Syn Sig Gen 10kHz-1050MMHz €300
HITACHI V212 Dual Trace 20MHz £50 LEADER LSG221B Sig Gen 25-950MHz £200
FARNELL DTV12-14 Dual Trace 12MHz £40 HP 86568 Synthesised 0.1-990MHz £50C
HP B656A Synthesised 0.1-990MHz £40C
STORAGE HP 8640A AMFM 500kHz-512MHz €150
PHILIPS PM3320 Dual Trace 200MHz 250Ms/S £300 HP 8620C Sweep Osc with 862908 218 6GHz £500
LECROY 9400 Dual Trace 125MHz 5325 HPB620C Sweep Osc with 862228 001-2 4GHz £300
TEKTAONIX 468 Dual Trace 100MHz Delay Sweep Digdal HPB620C/B/A with any of the foliowing plug-ins £150-£200
Storage £200 HP 862204 Piug i 10-1300MHz
VELLEMAN HPS5 tMHz 5MHz Sampiing. Handhekd Unused £60 HP 862308 Plug in 1 5-4GHz
HP B6235A Plug in 17-4 3GHz
HP 86240A Plug in 2-8 5GHz
LY SERS HP 86240C Pnlg in 36-8 6GHz
HP 862454 Plug n 59-12 4GHz
ADVANTEST R3265A 100Hz-8GHz £2500 HP862508 Piug In 8-12.4GHz
TEKTRONIX 492P 50kH2-21GHz £2250 HP 862500 Phig in 812 4GHz
HPB560A 50Hz-2 9GHz Buil In Tracking Gen 3250 HP 862604 Plug in 12 4.18GHz
HP B560A 50+z-2 9GHz 295 MARCONITF2015 AMFM 10-520MHz 585
HP 85694 10MHz-22GHz £950 MARCONI TF2016 AMFM 10kHz-120MHz £95
HP 85654 10MHz-22GHz £750 PHILIPS PM5328 100'Hz-180MHz with
HP 8534 with B559A 100kHz-21GHz 1100 200MHz Freq Counter IEEE £205
HP 1827 with B559A 100kHz-21GHz €750 PANASONIC VP8117A AM/FM 100kHz-110MHz
HP182T with 85588 100kHz- 1500MHz €600 FM 0-100kHz D'gtal Display etc. Unused £22%
17A King Street, Mortimer, Near Reading RG7 3RS _VIS A

Telephone: (0118) 933 1111. Fax: (0118) 933 2375

www.stewart-of-reading.co.uk
Open 9arn-5.00pr Monday to Fricay (Other tires by arrangernent)
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HP 8165A Programmable Signal Source HP 5316A Unwersal Counter 0-100MHz HPIB £95
1MHz-50MHz (Pulse/ Function) £325 THANDAR TF810 Frequeacy Counter 5Hz-200nHz Bariery  £60
HP 33254 Synthesised Function Gen 21MHz £350 THANDAR TF200 Frequency Meter 10H2-200MHz 8 dgit €40
HP 33124 Function Gen 0 1Hz 13MHz AM/FM BLACK STAR Metear 100 Counter 5Hz-100MHz £50
Sleep/TrBurst etc. £200 BLACK STAR 1325 Courter Timer 1300MHz £150
WAVETEK 21 Stabilised Functon Gen 11MHz £225 BECKMAN UC10A Unwversal Counter 120MHz £60
WAVETEK 23 Synthesised Function Gen 12MHz £275 LEADER LDC9043 Dxgrtat Counter 100MHz 2125
EXACT 529 AMFM Function Gen 20Mhz £150

ANALOGUE 2030 Synthessec Multi Function Waveform QSO

THANDER TG503 Puise Funct'on Gen 5SMHz £19 DI

THANDER TG502 Sweep/Function Gen SMHz 2195

KRON-HITE 52004 Sweep Furc Gen 0 00003Hz-3MHz EISO

HP 33108 Info as 3310A + etc £12

HP 3310A Func Gen 0 005Hz-50Hz &ne/SdTvVRarrWPulse mo
£95

SOLARTAON 7150 6% cigit True AMS IEEE £75
SOLARTRON 7150Plus As Above « Temp Measurement €100
DATAON 1065 5% digit Autacal AC/OC Resistance IEEE 5

PHIUPS PM5132 Funcbon Gen 0.1Hz-2MHz FLUKE 77 3% digt Hanchetd €35
PHILIPS PM5131 Function Gen 0.1Hz-2vHz €75 FLUKE 77 Series 2 3' digt Handheld £45
FEEDBACK FG801 Func Gen C: 001Hz-1MHz £60 FLUKE B060A 4'; digit True AMS Handheld £75
HP 81124 Pulse Gen 50MHz £750 BECKMAN HD110 3'z a.g Handneld in Carry Case £30
HP 81114 Pulse Generalor 200MHz £400 TTE 19054 5 digt Bench £60
LYONS PG73N Pulse Gen 20MHz £50 SOLARTRON 7045 4% digt Bench £30
LEADER LAG120B Sine/Sq Auto Generator 10H2-1MHz . £60 AVO DA116 3'2 digt with Batteres & Leads £20
FARNELL LFM4 SnerSq Osc *0Hz-1MH2 Low Distortion AVO 8 &6 in Ever Ready Case with Leads etc €75
Amp'tutde Meter £60 AVO B MKS with Leads etc £50
GOULD J3B Sine’Sq Osc 10H:-100kHz Low Drstorbon . £50-€75 RACAL 93014 True AMS 3F Millvoltmeter €125
FARNELL LF1 Sne/Sq Oscllatr 10Hz-1\MHz £50 RACAL 9300 True AMS M I'voltmeter SHz-20MHz
MARCONI SANDERS 6055C ‘3gnal Source 850-2000MHz  £125 usable to 60MHz £30
MARCONI SANDERS 60558 ignal Source B50-21501Hz  £125 RACAL 93008 as 9300 £45
MARCONI SANDERS 60568 Sgnat Source 2-4GHz £125 GOOOWILL GVT427 Dual Chan AC Millvottmeler 10mV in
MARCONI SANDERS 60578 Sgnal Source 458 5GHz -~ £125 12 ranges 10Hz-1MHz Unused €75
MARCONI SANDERS 60594 Signal Source 12-18GHz £125 KENWOOD VT176 Dual Chan Miliroltmeter £40
MARCONI SANDERS 60704 Sgnal Source 400-1200MHz - £125
FLUKE 6011A Syrthessed 1TMHz £125
PHILIPS 5514V Cokour Bar Generalor Video £195 POWER SUPPLIES
BLACK STAR ORION Colour Bar Gen £50
BLACK STAR ORION Later Version Metal Case 75 FARNELL XA35.2T 0-35V (-2A Twice Digital £95
FARNELL LT30-2 0-30V 3-2A Twice £110
FARNELL B30:20 30V 20A Vanable No Meters £110
FREQUENCY COUNTERS, FARNELL B30/10 30V 10A Vaniable No Meers €55
FARNELL LT30-1 0-30V 0-1A Twice €75
EIP 371 Source Locking Microwave Counter 10H2-18GHz FARNELL L30.2 0-30v (-2A €55
EIP 331 Autohet Microwave Counter 825MHz- 18GHz £195 FARNELL L30.1 (-30V (-1A £40
HP 5386A Counter 10Hz-3GHz £350 FARNELL E350 0-350V 0-200mA €125
FEEDBACK SC230 Counter 4 3GHz €75 FARNELL 030-2T 0-50V 0-2A Twnce Digdal £95
RACAL 9916 Couner 10Hz-120MHz €75 THURLBY PL330 0-32V 0-3A Drgital (Kenwood badged) €75
RACAL 9906 Unwversal Courter 200MHz £95 THURLBY TS3021S 0-30V 0-2A LCD €65
RACAL 9904 Counter Timer 50MHz £50 THURLBY PL320 0-30V 0-24 Drgial €55
RACAL 1991 CounterTimer 160MHz 9 digt £195 TAKASAGO GMO35-3 0-35V (-34 2 Meters £45
MARCONI 24314 Frequency Meler 200MHz £50 TAKASAGO TMO35-2 0-35V (-2A 2 Melers £35
MARCONI 2437 Counter/Timer 100MHz £75 ISOLATING TRANSFORMER - Yellow - 500VA with
HP 53404 Automet Microwave Counter 10Hz-18GHz £250 13amp Socket £

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

CARRIAGE alfl units £16. VAT to be added to Total of Goods and Carriage
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é PROJECT TITLE Srder Code | Cost )
% Low Cost 50MHz Frequency Meter
Version 1 581 £6.66
Version 2 582 £6.66
Version 3 583 £6.66
Printed circuit boards for most recent EPE constructional projects are available from Smart M'X“I"e D'SPIaVSfO’ your Car 584 £6.50
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and Water Level Gauge — Sensor 585} pair| £6.98
roller tinned. Double-sided boards are NOT plated through hole and will require 'vias’ - Display 586
and some components soldering both sides. All prices include VAT and postage and : 9
packing. Add £1 per board for airmaif outside of Europe. Remittances should be sent fr idge goor'o;::en Axrg; LEDs (Pai 58:87& b gg;;
to The PCB Service, Everyday Practical Electronics, Wimborne Publishing Ltd., inear Supply For 1W Star LEDs (Pair) a :
408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 B73872; Fax Through-Glass Alarm 589 £7.61
01202 874562;Email: orders@epemag.wimborne.co.uk. On-line Shop: Quick Brake 590 £6.50
www.epemag.wimborne.co.uk/shopdoor.htm. Cheques should be crossed and Studio 350 Power Amplifier 591 £9.51
made payable to Everyday Practical Electronics (Payment in £ sterling only). Micropower Battery Protector 592 €571
NOTE: While 95% of our boards are held in stock and are dispatched within Gi pt LED M y Disol Mast 594 5 55
seven days of receipt of order, please allow a maximum of 28 days for delivery * Gian essagelisplayiliasten .
— overseas readers allow extra if ordered by surface mail. — Slave 595 £6.50
Back numbers or photocopies of articles are available if required — see the Back Lapel Microphone Adaptor m 593 £6.18
Issues page for details. We do not supply kits or components for our projects. RGB To Component Video Converter (double sided) 596 £12.69
. s e . USB Power Injector 597 £5.87
Please check price and availability in the A Mind Traine, 508 £6.50
latest issue. A large number of older boards are |4 i ione Freamp = 00 T
listed on, and can be ordered from, our website. High-Efficiency Power Supply for 1W Star LEDs 600 £6.19
Boards can only be supplied on a payment with order basis. Jumping Spider ik AT
s ~\ +# Programmable Robot B '0 602 £6.50
PROIJECT TITLE Order Code | Cest Courtesy Light Delay 603 £5.87
- - % Deep Cycle Battery Charger
All-Band Radio — Full Version 523 £5.71 Power Board 604
- Mini Version 524 £5.23 0
+ Multicore Cable Tester - Main 525 £6.19 g?sr:lg gg:;g ggg}set Cll=
- Active 526 £5.55 Ao N .
Back-To-Basics 6 — Daily Reminder 527 £6.19 % PIC Digital Geiger Counter (double sided) 607 £12.53
— Whistle Switch 528 £5.87 AR
#Model Railway Signai Control 529 gg.1g | |7 Remote Checker - o R
“# Snooker/Darts Scoreboard 530 £8.72 # SMS Controller o 609 £7.93
- - “ Lap Counter For Swimming Pools 610 £7.14
Photic Phone — Transmitter OCT '05 531 . % PIC Polyphonium — Main Board 611 £8.25
N pair| £6.98
- Receiver 532 _
Back-To-Basics 7 — Parking Radar 533 £5.71
— Telephone Switch 534 £5.55 e
+ Haloween Howler 535 £6.02
A b hases GaB merce EPE SOFTWARE \
*PIC Chromatone 537 £6.82 1
Back-To-Basics 8 — Noughts and Crosses Enigma 538 £6.66 % All software programs for EPE Projects marked with an asterisk, and
— Weather Vane Repeater 539 £6.18 others previously published, can be downloaded free from our Downloads
+ Multi-Function R/C Switch 540 £5.87 ¥sne. accessible via our home page at: www.epemag.co.uk.
+* Speed Camera Watch Mk2 541 £6.35
Solid-State Valve Power Supply m 542 £6.35
% Vehicle Frost Box Mk2 543 es71 | (1 PCB M ASTERS )
+ Propeller Monitor 544 £6.02
Salid-StateiHammond 45 SSE PCB masters for boards published from the March ‘06 issue onwards can |
# PIC Ambilux 546 £5.71 also be downloaded from our UK website (www.epemag.co.uk); go to the
Sunset Switch 547 £6.98 k“Downloads" section. )
Current Clamp Adaptor for Multimeters 548 £5.39
+ Tiptronic-Style Gear Indicator r ~
- Micro Board 549
T e 550}53; ee1 | [ EPE PRINTED CIRCUIT BOARD SERVICE
- Hall Speed Board 551 . " .
= Order Code Project Quantity  Price
* Keypad Alarm 552 £6.02
3-Way Active Crossover 553 £9.20
Jazzy Heart 554 BEEA || [ [ 5000000000000 00 0000000 OO OO0 OO B0 OO OO BaRnas
Status Monitor— Transmitter 555\ .
- Reciever 556} Rall] (7 P! NaAME ..o
Power Up 557 £6.82
Video/Audio Booster (double-sided) 558 £1200 | | AAArESS ..oeenieieiiiieee s
+* Telescope Interface 559 £6.50
St Siave Flash = moe [ | e
Programmable Continuity Tester 561 £5.87
PortaPAL Tl NO. oo
- Microphone Board 562 £6.18
~ Auxilary Board 563 £5.87 I enclose payment of £................ cheque/PO in £ sterling only) to:
- Main Board 564 £8.56 pay Gt Qs 9 y)
- Charger Board 565 £6.66
Omni Pendulum 566 £6.34 W Everyday £
- H Bwornaixnal
Smant Card Reader/Programmer 567 w761 || ===  Practical Electronics
LED Lighting For Your Car (set of 15 boards) 568 £14.75 ~—— ;
Digital Reaction Timer 569 €713 MasterCard, Amex, Diners m
— S0 06 QSRR £d  ciub, Visa or Switch/Maestro
+ Digital Instrument Display for Cars
— Micro Board 571} air| €777 (07 1o [ 1o TS TR
~ Display Board 572 = . a
Widgy Box 573 £7.29 Valid From .......c.ccovvuieneine Expiry Date ........ccevvviiniiinnnns
FhorETEy g & Test ors £6.82 1 | card Security Code ............... Maestro Issue No ...........
4 Sudoku Unit 575 £6.66 (The last 3 digits on or just under the signature strip)
PC Power Monitor 576 £6.50
Home Theatre Sound Level Checker 577 £6.66 SIGNAUNE ...ocviiiiii e e e e s
Adjustable DC-DC Converter For Cars 578 £6.50 .
+* Telephone Dialler For Buglar Alarms 579 £6.97 NOTE: You can also order p.c.b.s by phone, Fax, Email or via the
# High Intensity Torch 580 £5.39 shop on our website on a secure server:
J http://www.epemag.co.uk
\ - J
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CLASSIFIED ADVERTISEMENTS

EVERYDAY PRACTICAL

ELECTRONICS

Everyday Practical t.lectronics reaches more UK

readers than any other UK monthly hobby elec-
tronics magazine, our sa.es figures prove it. We
have been the leading monthly magazine in this
market for the last twenty-two years.

If you want your advertisements to be seen by the largest readersh.p 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 2.5¢m). 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.

Versatile Programma

»_ demo
= code

| p *, : ‘ - / 2
BTEC ELECTRONICS s fmmmc
TECHNICIAN TRAINING ‘ compatible [~
S PIC 16F628 microcontrolier

NATIONAL ELECTRONICS 28 by 11 character screen
VCE ADVANCED ICT 3 Fully programmable |
HNC AND HND ELECTRONICS :gaex; gg@:;xﬁlgfgo \
FOUNDATION DEGREES ¥ Free 1/O for sensors or buttons
NVQ ENGINEERING AND IT www.STV5730A.

DESIGN AND TECHNOLOGY

LONDON ELECTRONICS COLLEGE
20 PENYWERN ROAD

\ BN
TEXT,

1GPS or
DAT.

blePIC ( Miscellaneous D)

On Screen Display System VALVES AND ALLIED COMPO-
ROLB\ ! ; Free _ e NENTS IN STOCK. Phone for free list.

& D Valves, books and magazines wanted.

= il Geoff Davies (Radio), tel. (1 788 574774.

I
WANTED OLD HALF INCH FERRITE

|
=1 RODS. Must be half inch (12.7mm) in
7/ - ‘,\M diameter and be six inches long or more. will
7 e | pay very good money for the rods. Contact
” Peter Tankard on 0114 2316321 between
<t 9am and 10pm.

| FOR Y2 PRICE VALVE CLEARANCE

| | catalogue send £1.00 in Ist or 2nd class

stamps  FOR COMBINED VALVE &

COMPONENT CLEARANCE list send

£1.50 in Ist or 2nd class stamps. W.

co uk Burcher, 676 Foxhall Road, lIpswich,
* Suffolk. IP3 8NQ. Tel: 01473 272218.

KITS., TOOLS, COMPONENTS. S.A.E
catalogue. SIR-KIT ELECTRONICS.

EARLS COURT, LONDON SW5 9SU

52 Severn Road, Clacton, COI5 3RB.

TEL: (020) 7373 8721 N.R. BARDWELL Ltd — est 1948 www.geocities.com/sirkituk

www.lec.org.uk

send 44p for lists. 1000's barga
secure site: www.bardwells
BOWOOD ELECTRONICS LTD 288, Abbeydale Rd. Sheffield.
Suppliers of Electronic Components 0845 166 2329 (local ra

Place a secure order on our website or call our sales line

Electronic Compcnent Supplies
LED's, Semis, IC’s Resistors, Caps, etc

ins at our e ™\

.co.uk &

S7 1FL  i—  /
te) - /
| [ —

All major credit cards accepted
Web: www.bowood-electronics.co.uk
Unit 1, MeGregor’s Way, Turnoaks Business Park,
Chesterfield, 540 2WB. Sales: 01246 200222

e Electronic Components and Services.

Saffron House, 16 Field Street, Cannock, Staffs. WS11
5QPTelephone: 0845 166 2314 (local rate)

Sen 609 samp o catloe ' HEROS TECHNOLOGY LTD |

SAFFRON ELECTRONICS LTD *RF Components.
Suppliers of High Qsl,{:ggygl;;:rmmc Components #PIC microcontollers practical applications never been | i n th e wor ' d — b u y
Resistors, Caps, Batteries, Chargers, Semiconductors, so simple with our Modules Boards and Software [
LED's, IC's, PCB's, Switches, Solder, Cable, Wire, Etc. ePerpheral modules for all microcentrollers an d d own I oa d fro m
Online Catalogue and Shop available at eSolution for Developers, Pre-production, Educational
www.SaffronElectronics.co.uk and Hobby applications t h e we b e

Get your magazine
‘instantly’ anywhere

TAKE A LOOK, A
FREE ISSUE IS

Evervday Practical Electronics, March 2007

E | EVERYDAY PRACTICAL e D ORE AVAILABLE
Solar panels. solar cells, and many s 4.
-&E[EC’RON/CS more alternative energy products for A one year SUbSCI’IptIOﬂ
VISIT OUR ONLINE battery charging ete. please visit our (12 issues) costs just
website for further info or call $1 5.99 (US)
Sggg:gggggn Tel: 0870 765 2334, '
'ww.solarpanelsonline.co.uk .
CDROMS BOOK,S www.solarpaneisoniine.co.u Back |ssues are a'so
] ] -
PCBS, AND available
MANUALS Your own complete '
eCommerce 24/7 site ” it
www.epemag.co.uk for only £10 per week! ¢, * - N
Domain, secure hosting, emails, — LOITTTS
VoA % m shopping basket, etc, included. WWW.EDEM3aq. C
details: www.eConcept.co.uk BN )




; 8 24 EVERYDAY PRACTICAL
FHHANA el | = ECTrONICS

O —————————— e e ——
20,000,000 Items on line NOW !
' I\’Jew items added dail NH" MﬂNTH
E_stabllshed for over 2_5 years, UK company STUDENTS’ AMP
Display Electronics prides itself on offering a A 20W RMS audio amplifier module that sounds great, is cheap
massive range of electronic and associated and dead-easy to build. The article also describes a simple

matching power supply.

electro-me_chanlcal eguupment and parts to * Signal-to-noise ratio 10508
the Hobbyist, Educational and Industrial * Total harmonic distortion <0.04%
user. Many current and obsolete hard to get * Frequency response 14Hz to 100kHz

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

STAR POWER

A high-efficiency supply for 1W and 5W ultrabright Luxeon Star
LEDs. It's easy to build, runs off 12V DC and is ideal for use in
boats, caravans and cars.

PIC POLYPHONIUM -2
An LED interface for the PIC Polyphonium. It uses a block of
LEDs arranged in 12 columns, seven LEDs high, to show which

¢ 2000 Rack Cabinets & Accessories note and its octave is being played. ,
. As well as being useful, it also illustrates how the Polyphonium
¢ 4000 Items O'f Test Equipment can be used to control external facilities, making use of the note,
¢ 5000 Hard Disk Drives length and octave data.
y
APRIL '07 ISSUE ON SALE MARCH 8
Display Electronics Telephone \__ _/

29 / 35 Osborne Road
350, [44] 020 8653 3333
;:cr’re;oUKHgaRt;IBPD Fax [44] 020 8653 8888 ( ADVERTISERS INDEX )

ANTEX . e e 25
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SERIAL COMMUNICATIONS SPECIALISTS

Solutions

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

CANUSB and CAN-232 are small adapters that plug into any PCUSB / RS232
Port respectively to give instant CAN connectivity. These can be treated by
software as a standard Windows COM Port Sending and receiving can be
done in standard ASCII format. These are high performance products for

much less than competitive solutions.

Bronze Prize Winner
NASA Tech Briefs 2004
Products of the Year 16 channel logic analyzer
- probe set extra

£195 00

2 channel 1MS/s PC scope, y

signal generator & data logger ' Y
/ '

USB Instruments - PC Oscitloscopes & Logic Analyzers

Our PC Instruments may be budget priced but have a wealth of features

normally only found in more expensive inrstrumentation. Our oscilloscopes
have sophisticated digital triggering including delayed timebase and come
with application software and DLL interface to 3rd Party apps. Our ANT8 |
and ANT16 Logic Analyzers feature 8/16 capture channels of data at a IU

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

ow le Versio

also ava

4 Port UPCI RS232 Serial Card
Spider Cable or COMBOX IO

£65 00 ( extra )

UPC! Serial Cards from £15 ( uPCI-100L )

Discover our great value for money range of multi-port uPCI serial cards.
Supporting from one to eight ports, the range includes RS232, RS422,
RS485 and opto-isolated versions. Our 4 port and 8 port models can connect

through external cables or the innovative wall mounting COMBOX

** NEW LOW PRICE **

Quality USB to RS232 converter
cable with detachable 10cm
extender cable. FTDI Chipset
and Drivers for superior
compatibility and O.S. support.

£36.00

2 Port Industrial USB RS232 Serial
with wall mount bracket and 5V
DC auxitiary output

1 to 16 port USB to Serial Adapters from £12.50

With over 20 different models available, we probably stock the
widest range of LSB Serial Adapters availabte anywhere. We offer
converter cables, multi-port enclosure style models in metal and
plastic, also rack mount units with integral PSU such as the USB-
16COM-RM. Serial interfaces supported include RS232, RS422 and
RE485. We also supply opto-isolated RS422 and RS485 versions for
reliable long distance communications. All our USB Serial products
are based on the premium chipsets and drivers from FTDI Chip for
superior compatibility, performance and technical support across
Windows, MAC-0S, CE and Linux platforms.

—_—
e

8 Port Industrial Ethernet RS232
/ RS422 / RS48%5 Serial Server
with wall mount bracket and
PSU.

Single Port high performance
Industrial Wireless Ethernet
RS232 / RS422 / RSA8S Serial
Server with PSU and wall mount
bracket. Connects wired also.

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

One to eight port industrial strength Ethernet and Wireless ethernet
serial RS232/RS422/RS485 Servers. Connect to your serial device
remotely over your Wireless network, Ethernet or via the Internet.
Based on the 32-bit ARM CPU these systems offer powerful serial
connectivity and a wealth of features. WLAN models comply with IEEE
802.11b/g, max. 54 Mb/s and also offer a 10/100Mbps secondary
ethernet conneczion. All models come complete with PSU.

Frices start at only £85.00 ( NetCOM 111 ).

EasySync Ltd

373 Scotland Street
Glasgow GS 8QB U.K.

Tel: +44 (141) 418-0181  Fax: +44 (141) 418-0110
Web : http://www.easysync.co.uk

E-Mail: sales@easysync.co.uk

* Prices shown exclude carriage and VAT where applicable
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— IS§I§ SCHEMATICCAPTURE = s

A powerful capture package tailored for todays engineer and designed to allow rapid
entry of complex schematics for simulation and PCB Layout.

L—

A customised implementation of the industry standard Berkeley SPICE 3F5 engine
with extensive optimisations and enhancements for true mixed mode simulation
and circuit animation.

—— VSM VIRTUAL SYSTEM MODELLING = 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.

—— ARESPCBDESIGN .

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.

~LARCENTER ELECTRONICS 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
abcenter www.labcenter.co.uk E::-,n: info@labcenter.co.uk

Electronics
Labcenter Electronics Ltd., 53-55 Main Street, Grassington,
North Yorks, BD23 5AA. Registered in England 4632454
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