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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

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

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

HB13 Stirling Engine
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

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 oscillation. 
The boiler, uses solid fuel tablets, and is quite safe. All 
critical parts (boiler, end caps, safety vent etc.) are ready 
finished to ensure success. The very detailed instruction 
booklet (25 pages) makes completion of this project 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

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 steel
Available as a kit £97.75 or built £102

www.mamodspares.co.uk

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 steel 
Cylinder brass Rest aluminium, stainless steel.
Available as a kit £140.25 or built £144.50

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

ONLINE ORDERING. PRICES PLUS VAT 
UK DELIVERY £5.50

TEL0870 7707520 FAX 01273 491813 
sales@bullnet.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 5wnav 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 top-of-the-range solar panel 
heat collectors are suitable for heating domestic hot 
water, swimming pools etc - even in the winter! One unit 
is 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 -really! 
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 voltage 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 technology. 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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PIC & ATMEL Programmers
We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site.
Programmer Accessories:
40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU010) £18.95 
Leads: Parallel (LDC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95

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

Kit Order Code: 3149KT - £39.95
Assembled Order Code: AS3149 - £49.95

NEW! USB 'All-Flash' PIC Programmer
USB PIC programmer for all 
‘Flash’ devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows XP Software. ZIF
Socket and USB lead not incl.

ABC Maxi AVR Development Board
The ABC Maxi is 
ideal for developing 
new designs. Open 
architecture built 
around an ATMEL 
AVR AT90S8535
microcontroller. All circuits are embedded 
within the package and additional add-on 
expansion modules are available to assist 
you with project development.
Features
8 Kb of In-System Programmable Flash (1000 
write/erase cycles) • 512 bytes internal SRAM • 
512 bytes EEPROM • 8 analogue inputs (range 0- 
5V) • 4 Opto-isolated Inputs (I/Os are bi­
directional with internal pull-up resistors) • Output 
buffers can sink 20mA current (direct LED drive) • 
4 x 12A open drain MOSFET outputs • RS485 
network connector • 2-16 LCD Connector • 
3.5mm Speaker Phone Jack • Supply: 9-12Vdc

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

4-Ch DTMF Telephone Relay Switcher
Call your phone num­
ber using a DTMF 
phone from anywhere 
in the world and re­
motely turn on/off any 
of the 4 relays as de­
sired. 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 - £54.95
Assembled Order Code: AS3140 - £69.95 

8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 
in a variety of control and sensing applica­
tions. Programmed via serial port (use our 
new Windows interface, terminal emulator or 
batch files). Serial cable can be up to 35m 
long. Includes plastic case 130x100x30mm. 
Power: 12Vdc/500mA.
Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

Assembled Order Code: AS3128 - £44.95
Assembled with ZIF socket Order Code: 
AS3128ZIF - £59.95 

‘PICALL’ ISP PIC Programmer
Will program virtually all 8 
to 40 pin serial-mode AND 
parallel-mode (PIC15C 
family) PIC microcontrol­
lers. Free Windows soft-

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

ATMEL 89xxxx Programmer
Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc.

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

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

Controllers & Loggers
Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU445 £8.95

Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High secu­
rity. 4 channels. Momentary 
or latching relay output.
Range up to 40m. Up to 15 
Tx’s can be learnt by one Rx 
(kit includes one Tx but more 
available separately). 4 indicator LED ’s. 
Rx: PCB 77x85mm, 12Vdc/6mA (standby). 
Two & Ten Channel versions also available. 
Kit Order Code: 3180KT - £44.95 
Assembled Order Code: AS3180 - £54.95

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 

rangeot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Pow­
ered by PC. Includes one DS1820 sensor. 
Kit Order Code: 3145KT - £17.95 
Assembled Order Code: AS3145 - £24.95 
Additional DS1820 Sensors - £3.95 each

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

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

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

Audio DTMF Decoder and Display
Detect DTMF tones from 
tape recorders, receivers, 
two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char­
acters are displayed on a 

16 character display as they are received and 
up to 32 numbers can be displayed by scroll­
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU445). Main PCB: 55x95mm.
Kit Order Code: 3153KT - £24.95
Assembled Order Code: AS3153 - £34.95

Telephone Call Logger
Stores over 2,500 x 11 
digit DTMF numbers with 
time and date. Records all 
buttons pressed during a 
call. No need for any con­
nection to computer during operation but 
logged data can be downloaded into a PC via 
a serial port and saved to disk. Includes a 
plastic case 130x100x30mm. Supply: 9-12V 
DC (Order Code PSU445).
Kit Order Code: 3164KT - £54.95
Assembled Order Code: AS3164 - £69.95

mailto:sales@quasarelectronics.com
http://www.QuasarElectronics.com


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

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

Motor Speed Controllers
Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details.

QUASAR 
electron ics 

Get Plugged In!
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Embedded Engineer's Development Tool 
(Atmel 89S & AVR)
At last the develop­
ment tool kit for 
Atmel 89S & AVR 
devices that engi­
neers have 
dreamed of has 
arrived. The kit
includes a Built-in ISP Programmer, Target 
Section, Interfacing Board, Cables, eBook 
with codes, e-Learning Software with expla­
nation and CD all in one neat package. De­
vices covered include 89S51, 89S52, 
89S8253, mega8515, mega8535, mega8, 
mega16 & mega32.
Features
Designed for working professionals, students 
and product development companies 
You can connect any device like LCD, 7- 
Segment, Sensors, Switches to any desired 
port ofthe microcontroller 
No dedicated connections between microcon­
troller and the interfacing sections. You can 
connect anything, anywhere 
e-Learning Tutorial and Book are included 
Once you start using the kit, you will should 
never feel the need to attend any trainings 
because it is simple to use and all concepts 
are explained in simple language using the 
tutorial and book
Includes 89S51, 89S52, ATmega8, AT- 
mega16, ATmega32 In-circuit Programmer - 
no need to buy a separate programmer! 
No ZIF Sockets. No hassle inserting and 
removing microcontroller to program 
In-circuit programming reduces development 
time as you do not need to move microcon­
troller
Contents

• In circuit programmer for 89S and AVR 
series (supports up to Atmega128)

• 89S51/52 target section
• ATmega8 Target section
• ATmega16/32 Target section
• Switches
• Relays
• LEDs
• 7 Segment Displays
• 16X2 LCD
• ADC
• Motor Driver
• RS232
• EEPROM
• Cables
• Connectors
• Serial Port Lead
• e-Learning Software
• e-Datasheets
• HandyProg Programming software
• IDEs for code writing
• Application source code

Assembled Order Code: EEDT - £89.95

at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H.
Kit Order Code: 3067KT - £13.95
Assembled Order Code: AS3067 - £21.95

PC / Standalone Unipolar
500-in-1 Electronic Project Lab

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

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 - £12.95
Assembled Order Code: AS3179 - £19.95

Bi-Polar Stepper Motor Driver
Drive any bi-polar stepper 
motor using externally sup­
plied 5V levels for stepping 
and direction control. These 
usually come from software 
running on a computer.

Also available - 30-in-1 £16.95, 130-in-1
£39.95 & 300-in-1 £59.95 (details on website)

Supply: 8-30Vdc. PCB: 75x85mm.
Kit Order Code: 3158KT - £17.95
Assembled Order Code: AS3158 - £27.95

Bidirectional DC Motor Controller
Controls the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re­
verse direction. The

range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer.
Screw terminal block for connections.
Kit Order Code: 3166v2KT - £17.95
Assembled Order Code: AS3166v2 - £27.95

AC Motor Speed Controller (700W)
Reliable and simple to 
install project that allows 
you to adjust the speed of 
an electric drill or single 
phase 230V AC motor 
rated up to 700 Watts.
Simply turn the potentiometer to adjust the 
motors RPM. pCb: 48x65mm. Not suitable 
for use with brushless AC motors.
Kit Order Code: 1074KT - £12.95
Assembled Order Code: AS1074—£18.95 
Box Order Code 2074BX - £5.95

Top ofthe 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 circuit 
explanations, schematic and connection dia­
grams. Suitable for age 12+.
Order Code EPL500 - £149.95

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

Professional Digital Multitester (9 Func­
tion inc Temperature)
High quality DMM offering 31 ranges and 9
functions (see table below 
for full details) and adjust­
able LCD screen for easy 
viewing.
Supplied with shrouded 
test leads, K type tem­
perature probe, shock-proof rubber holster, 
built-in probe holder & stand.
Large 36mm digit adjustable LCD display • 
Auto power OFF • Data hold • Automatic 
polarity indication • Low battery indication • 
Audible continuity test^ Transistor hFE and 
diode test
Technical Specifications
DC voltage: 200mV-1000V • AC voltage: 2V-750V • 
DC current: 20mA-10A • AC current: 20mA-10A • 
Resistance: 200Q-200MQ • Capacitance: 2nF-20uF 
• Temperature: 0 - 1000°C • Max display: 1999 

Order Code: DMM225 - Was £31.95
Now on sale at just £21.95!

See website for more super deals!

1g www.QuasarElectronics.com
Secure Online Ordering Facilities • Full Product Listing, Descriptions & Photos • Kit Documentation & Software Downloads
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SHOP ONLINE AT www.compactcontrol.co.uk

Compact Control Design has a range of off the shelf products designed to meet your control, monitoring and acquisition 
needs. All products use the latest technology to provide top performance in a small size and at a low cost. We also 

provide a full hardware and software design service.

P0701 USB PIC
USB 2.0 interface. Can be bus powered 
or self powered.
Powerful PIC18F4580 Microcontroller 
running at 40MHz. Up to 10MIPS 
performance.
All microcontroller I/O pins available 
except RA6, RA7 (oscillator) and RC6, 
RC7 (serial port).
Bootloader pre-programmed and 
download software included, enabling 
quick and easy programming of 
applications.
No need for a separate programming 
device.
Many example applications and 
firmware available, see Compact 
Control Design download page.
Connector has standard 40 pin 
0.1'' pitch 0.6'' wide footprint.
High quality tuned pin connectors 
suitable for most IC sockets and 
prototyping boards.

Compatible with Microchip's 
MPLab 'free of charge' 
programming environment. 
Libraries and linker scripts 
included to support assembler 
programs (MPLab) and 
popular 
compilers.

PRICE:£26.00 
+ VAT

P0704 Developer Board
The P0704 developer board is an 
ideal way to get started with our 
USB-PIC module and motor driver 
modules. All of the USB-PIC module 
I/O signals are available through 
screw terminals making connections 
to sensors, switches, lamps, relays 
etc. easy. Ports B & E (11 I/O 
signals) can also be configured with 
pull- ups and input filtering suitable 
for connection to limit switches, 
home position sensors etc. The 
board supports up to 4 motor driver 
modules, each module position 
accepts either a Stepper motor 
module or a DC motor module. The 
board allows bus-powered or self 
powered operation of the USB-PIC 
module & includes a P0615 mini 
regulator so only a single power 
supply is required for the motor 
driver modules.

All options are configured using 
jumpers, and stepper motor drive 
current can be easily adjusted for each 
module by variable resistors.
All connections are made by high 
quality screw terminals.
The board has been 
designed to 
accommodate 
other driver PRICE:£55.00
modules as they + vat
become available.

P0613 DC Motor
Pulse width modulation control for DC 
motors, electro-magnets etc.
It has a motor supply voltage of 8 to 36V. 
The maximum drive current is 2.5 Amp. 
There are pulse and direction inputs.
The PWM control is up to 100KHz.
Mode input for controlling motor braking 
and sleep input for power saving.
There is built in short circuit and over
temperature protection, a fault output pin 
activates if either of these is detected.
No heat sink is required.
The board has dimensions of 66x30mm and
is 12mm high.
There is an adapter available providing easy 
to use screw terminals for all connections.
All the control inputs are opto-isolated.

PRICE:£14.00 
+ VAT

P0612 Stepper Motor Driver
The unit has a motor supply voltage of 5 to 30V.
The maximum drive current per phase is 
750mA.
It has current mode control.
The drive current is controlled with a resistor.
It has a selectable step size of full, half, 1/4 + 
1/8.
There is a step frequency of 0 to 200KHz and 
reset and sleep inputs for initialization and 
power saving.
It is a compact size with dimensions of 
66x32mm by 12mm high.
The P0612 does not require a heat sink.
There is an adapter available which provides 
easy to use screw terminals for 
all connections.
All the control inputs are opto-isolated.

PRICE:£15.00 
+ VAT

MonCon
MonCon is a product range intended to form the 
intelligence at the heart of any equipment from bench- 
top scientific instruments, production equipment, ATE 
etc. up to large process control systems.
The MonCon range takes a new approach to monitoring 
and control by using modules that encapsulate a 
complete task, such as the stepper motor controller 
module that includes all inputs and outputs necessary 
to form a complete stepper motor controller/driver 
including encoder feedback.
The general purpose modules, such as the Analogue 
input board are designed to be customized at minimum 
cost. We can supply such modules to your 
requirements at little or no additional cost.
The MonCon range is based on a collection of modules, 
each performing specific and well defined tasks. All 
modules plug into a back plane which provides power 
distribution, intercommunication and incorporates the 
necessary connectors linking the MonCon system to 
the rest of the equipment.
The modules and backplane connectors have been 
designed to simplify the interconnection requirements 
within your equipment.

Most devices, such as stepper motors, sensors etc. are wired 
to the MonCon backplane directly with no splices or links so 
the wiring loom is simplified, cheaper to manufacture and 1 
more reliable.
We understand that many manufacturers would want to have 
full control over critical parts of their products, so we are 
happy to allow our customers to manufacture under license. 
The product range currently consists of the following - 
standard back planes with 4, 6 or 8 slots, 
controller modules for stepper and DC motors, 
controller modules for valves and solenoids, pressure control, 
flow control etc.
a USB interface to allow connection to a PC etc.
various I/O modules, Parallel I/O, 
relay output and Analogue 
I/O modules.
The MonCon range has been 
designed with flexibility in 
mind. Backplanes and modules 
to meet your requirements can 
generally be designed & supplied 
within 6 weeks of receiving a full 
specification.

Compact Control Design Limited, 77 Woolston Avenue, Congleton, Cheshire. CW12 3ED, UK
Tel : (+44) 01260 281694, Fax : (+44) 01260 501196, E-mail : sales@compactcontrol.co.uk

http://www.compactcontrol.co.uk
mailto:sales@compactcontrol.co.uk
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SECURITY S 9 S S 5S 5 5 59 539 3S5 
PIC18F97J60Bl a 

Bl a 
Bl B 
■ IB 
Bl B 
■ ■ 
bi a 
bi a 
bi a 
bi a 
bi a 
bi a 
Bl B 
bi a 
Bl B 
bi a

INDUSTRIAL 
CONTROL

PIC18 
MCU Core 
10 MIPS
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Flash
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RAM
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Sx Timer

2x UART

5x PWM
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Monitor, control or re-program your application 
remotely using the integrated Ethernet PIC18F97J60 

Microcontroller family and FREE TCP/IP software.

3 EASY STEPS TO GET STARTED...
1. Learn about our Ethernet devices in 20 minutes

Take advantage of our Ethernet web seminars.

2. Download our FREE TCP/IP software
Our TCP/IP stack is available in source code for 
flexible and optimized code size.

3. Check out our low-cost Ethernet tools
Evaluate the PIC18F97J60 family with the
PICDEM.net™ 2 Demonstration Board (DM163024) 
at www.microchipDIRECT.com.

Device Pins Flash (KB) Features

PIC18F97J60 100 128 10-BaseT Ethernet
PIC18F87J60 80 128 12 KB RAM
PIC18F67J60 64 128 (8 KB dedicated Ethernet)

PIC18F96J65 100 96 5x 16-bit timers

PIC18F86J65 80 96
10-bit ADC, 16 channels 

analog comparators
PIC18F66J65 64 96 2 UART with LIN protocol
PIC18F96J60 100 64 2 SPI, 2 PC™
PIC18F86J60 80 64 Industrial Temperature

PIC18F66J60 64 64 -40° to +85°C

ENC28J60 28 8K RAM MAC, PHY, SPI Interface

MAC PHY
...adding Ethernet to any application with Microchip’s 
ENC28J60 stand-alone Ethernet controller with full 
software support for PIC18, PIC24 and dsPIC® DSCs.

Visit www.microchip.com/ethernet today!

Microchip
www.microchip.com/ethernet

The Microchip name and logo, the Microchip logo, dsPIC and PIC are registered trademarks of Microchip Technology Incorporated in the USA and in other countries. PICDEM.net is a trademark of
Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks mentioned herein are property of their respective companies. © 2007 Microchip Technology Incorporated. All rights reserved. ME176/Eng/07.07

http://www.microchipDIRECT.com
http://www.microchip.com/ethernet
http://www.microchip.com/ethernet
PICDEM.net


PCB Production - Development 
0.1” Copper Stripboard 
Size Tracks/Holes __ _
25 x 64mm 
64 x 95mm 
95 x 127mm 
95 x 432mm 
100 x 100mm 
100 x 500mm 
119 x 455mm

9T / 25H 
24T / 37H 
36T / 50H 

36T / 170H 
39T / 38H 

39T / 199H 
46T / 179H

Stripboard track cutter

Solderless Breadboard
Tie Points & Size Power Rails

£0.24 
£0.87 
£1.41
£4.39 
£1.40 
£6.20
£5.40 
£1.99

390
840
740
640

81 x 60mm 2
175 x 67mm 2
175 x 55mm 1
175 x 42mm 0

£2.75 
£4.86 
£4.03 
£3.08

Many other sizes available, 
also jump wires & matrix board.

PCB Production - Drafting Materials 
A4 Artwork Film (per 10 sheets)
Clear Manual Film £1.20

PCB Production - Processing Equipment
We carry a large range of the photographic & chemical 
processing equipment for PCB production, a full list with 
full technical specifications is available in our catalogue 
or vist our web site.
UV Exposure units 
2 x 8W Tubes, 6 min timer 
229 x 159mm working area 
Model 332-002 £98.75
4 x 15W Tubes, 7^ min timer 
330 x 260mm working area 
Model 332-004 £209.48
Chemical Processing 
Low cost plastic tray £2.30 
Process tanks feature electrically 
operated pumps and/or heaters 
with thermostat control, suitable 
for boards upto 320 x 260mm. 
Universal Tank with heater 
Model 333-007 £169.58
Bubble etch Tank with heater 
& bubble pump.
Model 333-004 £208.48 Any of these items, carriage £5.50

PCB Production - Laminates
Copper clad - paper
Single sided low cost paper composite board
100 x 160mm Board £0.54

Clear Laser Film £1.75.
White HQ Laser Film £4.62
Etch Resist Pens
“Dalo” Pen £3.36
“Staedtler” Fine Pen £0.96
Etch Resist Transfers
Seno mixed DIL pads £2.24
Seno mixed Rnd pads £2.24
Alfac mixed pads £1.84
Transfer Spatular £1.25

We carry the full range of Seno & Alfac PCB transfers, 
see our catalogue for full details.

Soldering Irons
We carry in stock a wide range of soldering iron and 
soldering accessories. Irons from 12 to 100 Watts.
20W 240V Basic £3.74
25W 240V Ceramic £7.14
30W 240V Basic £4.68

Desolder Pumps
Basic 165 x 18mm0£2.85
Antistatic 195mm £3.92
AntexMini 198mm £6.02
Antex Pro 210mm £10.26

Soldering Station
A 48W adjustable temperature .• 
soldering station with a rotary di­
al, LED Temperature metering, on- 
off switch, iron holder and tip clean­
ing sponge. This station features ac­
curate heat sensing for instant 
compensation & stable tempera­
tures. Adjustable temperature 
range of 150 - 420°C, Low volt­
age iron with Silicone cable. » 
Supply: 240V, Iron: 24V 48W

Model 167-540 £41.66

Soldering Station ,
A 48W adjustable temperature (' 
soldering station with a rotary di­
al, Digital Temperature Indication, 
on-off switch, iron holder and tip 
cleaning sponge. This station fea­
tures accurate heat sensing for 
instant compensation & stable 
temperatures. Adjustable tem- Z 
perature range of 150 - 480°C, £ 
Low voltage iron with Silicone 
cable.
Supply: 240V, Iron: 24V48W

Model 167-570 £55.61

Digital Multimeter 
MOdel: 121-120
Price: £11.47
A highly featured digital 
multitester for professional 
use. Offers 30 ranges and 8 
functions including temper­
ature, capacitance, diode, 
continuity and hFE measure­
ment. Large 3.5 digit LCD 
display with automatic po­
larity indicator. Supplied 
with shrouded test leads, K 
type temperature probe and 
shock proof rubber holster.

Technical Specifications 
DC voltage 200mV - 1000V 
(±0.5%)
AC volts 2V - 700V (±0.8%)
DC current 2mA - 20a (±1.2%) 
AC current 200mA - 20A 
(±1.8%) 
Resistance 200 Ohms - 20M 
Ohms (±0.8%) 
Capacitance 2000pF - 20^F (±2.5%) 
Temperature 0°C - 1000°C (±1.5%) 
Frequency 20kHz (±1%) 
Maxdisplay 1999
Power supply 9V (PP3 battery) 
Dimensions 88 x173 x40 mm

100 x 220mm Board 
160 x 233mm Board 
220 x 233mm Board 
8“ x 12” Board

£0.62
£1.02
£1.40
£1.96x oar .

Copper clad - glass fibre
Single & Double 1.6mm 305g/m2 
100x 160mm Single £1.06
Single & Double 1.6m 
100 x 160mm Single 
100 x 220mm Single 
160 x 233mm Single 
220 x 233mm Single 
8“ x 12” Single 
100 x 160mm Double
100 x 220mm Double 
160 x 233mm Double 
220 x 233mm Double 
8“x 12” Double 
Photoresist Coated

£1.49 
£2.29 
£2.88 
£3.98 
£1.09 
£1.25 
£2.30
£2.90 
£4.05

PCB Production - Tools
Drill Bits
HSS parallel shank bits available in sizes from 0.3mm to
2.0mm
0.3-0.95mm in 0.05mm steps £0.60ea £4.00/10
1.0-2.0mm in0.1mmsteps £0.40ea£3.60/10

HSS Reduced shank (2.35mm) bit available in sizes from 
0.6mm to 1.7mm in 0.1mm steps £0.84ea £7.60/10

Reground Tungsten carbide reduced shank available in 
sizes from 0.6 io 1.6mm in 0.1mm steps £1.90

Drilling Machines
Expo Reliant 12V drill, 3.8mm capacity, 8400rpm £12.78
Expo Zircon 12V drill, 3.8mm capacity, 11900rpm £14.20

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

SPECIAL PRICE 
£31.02

Servisol Products 
Aerosols
200ml 
200ml 
400ml
400ml 
75ml
200ml
200ml 
250ml
200ml 
400ml 
Tubes
10g 
25g 
50g

Switch Cleaner 
Freezer
Foam Cleanser 
Cleaner / lubricant 
Vide Head Cleaner 
Aero Klene 
Aero Duster 
Cold Clean 
Label remover 
Isopropyl alcohol

Heatsink Compound 
Heatsink Compound 
Silicone grease

£2.30 
£4.39 
£2.13 
£2.79 
£1.94 
£3.33 
£5.13 
£3.14
£3.52
£3.42

£1.66
£2.60
£3.16

Bench Power Supplies
A range of single output regulated bench power sup­
plies with variable voltage & current limiting. Features: 
Short circuit and “Foldback” ovedoad protection,Metal 
case with on/off switch, outputs via Red, Black & Green 
(Earth) 4mm shrouded sockets

Model: 461-550 
Model: 461-552 
Model: 461-554

0-30 VO-3 A
O-5OV 0-3A
O-3 OV 0-1OA

£70.88 
£81.00
£1 35,0 0

Panel Meters
High quality analogue panel meters, class 2, zero point 

rrection, mirror scale and prewired for panel illumi­
nation. Meter size 46 x 60mm, Cutout size: 38mm0.
Range 
0-50uA 
0-100uA 
0-500uA 
0-1 mA 
0-10mA 
0-50mA 
0-100mA 
0-1A 
0-3A 
0-5A 
0-15A 
0-10V 
0-15V 
0-30V 
±50uA

Int Q 
6k5
1 k0 
430Q 
200Q 
2Q6
1Q2 
0Q65
60mQ 
20mQ 
12mQ 
4mQ 
10k 
15k 
30k 
1 k9

All meters £5.89 each 
6V Lamps £1.23 /pair

1.6mm 35 micron Pre-coated with a high quality photo­
resist layer. Available in low cost paper composite or 
Glass fibre, Single & Double sided. Other sizes also
available.... * ... 1 ) ... „ . .. .

Size
Paper 
Single Double

Glass Fibre
Single Double

4 x 6” £1.47 £1.82 £1.89 £2.17
6x12” £4.20 £5.04 £5.60 £6.23
9x12” £6.30 £7.70 £8.40 £9.38
10x12” £8.19 £10.01 £10.78 £11.83
12x12” £8.26 £10.08 £10.99 £12.25
100 x 160mm £2.38 £2.66
203 x 114mm £3.01 £3.43
220 x 100mm £3.08 £3.71
233 x 160mm £4.83 £5.32
233 x 220mm £6.83 £7.70

PCB Production - Chemicals
100ml Aerosol Photoresist spray, covers 2m2 £4.62
50g Powder developer, makes 1lt £1.09
500g Powder developer, makes 10lt £7.08
250g Ferric Chloride Pellets, makes 500ml £1.68
500g Ferric Chloride Pellets, makes 1lt £3.04
2.5kg Ferric Chloride Pellets, makes 5lt £9.841.1kg Clear Fine etch crystals, makes 5lt £17.58
90g Tin Plating Powder, makes 1lt £11.58
200ml Aerosol Flux spray £3.41
110ml Aerosol PCB Laquer spray £3.54

Tools - Cutters & Strippers
We carry a wide range of specialist tools for the elec­
tronics industry including:Side Cutters Wd>i i -
130mm Lowcost
115mm Draper
115mm Box Jointed 
145mm Long reach 
Wire Strippers
130mm Low cost 
150mm Draper 5mm0

£1.99
£2.38
£4.26
£3.40

£2.30
£5.86

Tools - Ratchet Crimping Pliers
High quality ratchet crimping pliers for various terminals 
including Automotive, Data, Power and Data connections 
Red/Blue/Yellow £15.80
BNC /TNC RF series 
RJ11/12Data Series 
RJ45 Data Series 
RJ11/12& 45 SeriesCK® Tools Crimp Pliers
Green/Red/Blue
Red/Blue/Yellow 
0.24-2.5mm2 crimps 
0.5-6.0mm2 crimps 
Non insulated crimps

£15.08
£22.32
£20.43
£11.83

£24.38
£22.88
£26.01
£26.01
£24.38

Cable - Ribbon
7/0.127mm Grey ribbon cable on a 0.05” 1.27mm pitch 
with a red identifying stripe. Supplied by 305mm (1ft) or 
onfull 30.5m (100ft)reels
Size per 305mm per Reel 
10 Way £0.10 £5.80
14 Way £0.14 £7.50
16 Way £0.16 £8.58
20 Way £0.20 £10.72
26 Way £0.26 £13.94
34 Way £0.34 £18.22
40 Way £0.40 £21.44
50 Way £0.50 £26.80
60 Way £0.64 £33.92
IDC Crimp tool £10.60

CAT5e Networking
UTP Cable
Conforms to CAT5E 
100MHz standard, 
ETA verified TIA/EIA 568-B.2

305m Box 
100m Reel 
exc carriage.

£45.31
£22.28

CKTAh DRAPER

INIC COMPONENTS

(»>JOKARI<«|

Magnifying Desk Lamp
A high quality scratch resistant 
magnifying glass fitted to a bal- g./g g. ill
anced swivel arm and desk 
mount. An integral flourescent 
tube provides illumination.
Magnification: 3x Lens: 120mm0 
Tube: 22W Daylight simulation.

Model:028-205 £28.80

RJ45 Outlet Kit 
Backing Box 
2 Gang Plate
RJ45 Module 
Blank Module 
Coloured id inserts. 
£2.99ea £2.42 (10+)

T k«U* stund&Lghtn“^ 

equipment for the Entertainment Indu 1

Tools
Plastic punch down tool 
& cable stripper 
Professional punch down 
IDC & trim tool :

Outlets
CAT5e Outlet Module :
1Gang Plate (2 Mods) :
2 Gang Plate (4 Mods) :
J4 Module Blank :
1 Module Blank
2 Module Blank

£1.40

£7.38

£1.70
£0.50
£0.75
£0.25
£0.35
£0.45

Other keystone outlets, switches & accessories avail­
able. Patch & Cross-over leads from £0.50

' ustry

Ta|. 01019514363 Station Road ® 69 Prices Exclude Vat @17^%. \ Tel: 01912514363 Station Roa« UK Carriage £2.50 (|ess than 1kg)
Cnv* A1O1 9599906 Cullercoats ■■ £5.50 greater than 1kg or >£30
Fax: 0191 2522296 Tyne & Wear k-JCheques / Postal orders payable to 
sales@esr.co.uk NE30 4PQ ESR Electronic Components.

PLEASE ADD CARRIAGE & VAT TO ALL ORDERS

mailto:sales@esr.co.uk
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Teach-In
Another two years and another Teach-In series starts - this one subtitled Using 

PIC Microcontrollers. It hardly seems more than a few months since Teach-In ’06 
(which is now available in book form, together with a free interactive CD-ROM 
- see our Direct Book Service for ordering details, or pick up a copy at larger 
branches of WHSmith). This new Teach-In ’08 series has been specially written 
by our Consulting Editor John Becker, who draws on his many years of experi­
ence in producing PIC projects and features for EPE. John actually wrote our first 
PIC tutorial series back in 1998 and our first PIC programmer was published in 
Feb 1996, yet somehow microcontrollers still seem like a new concept to some 
readers. Microchip (the manufacturers of PIC microcontrollers) tell us they have 
now supplied over five billion PIC chips.

PIC projects
The new series employs John’s tried and trusted Toolkit TK3 software for PIC 

programming and is based around a series of breadboard projects that take 
readers step-by-step through the development of the software. Starting off with 
control of a single LED and developing the various concepts and techniques 
from there. Progressing through multiple LED control, alphanumeric liquid 
crystal displays for event counting, then frequency counting and a 24-hour 
clock etc.

Other microcontrollers
While we have mainly concentrated on using PIC microcontrollers in our 

projects, as opposed to other types, we do now publish a few microcontroller 
projects that are not PIC-based and we intend to do a brief introduction to AVR 
microcontrollers in a future issue.

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 
$18.99US (approx £9.50) per year, available 
from www.epemag.com

SUBSCRIPTIONS
Subscriptions for delivery direct to any address in the 
UK: 6 months £19.95, 12 months £37.90, two years 
£70.50; Overseas: 6 months £23.00 standard air ser­
vice or £32.00 express airmail, 12 months £44.00 stan­
dard air service or £62.00 express airmail, 24 months 
£83.00 standard air service or £119.00 express airmail. 
To subscribe from the USA or Canada call Express 
Mag toll free on 1877-363-1310
Online subscriptions, for downloading the magazine via 
the Internet, $18.99US (approx £9.50) for one year 
available from www.epemag.com.
Cheques or bank drafts (in £ sterling only) payable to 
Everyday Practical Electronics and sent to EPE Subs. Dept., 
Wimborne Publishing Ltd. Sequoia House, 398a Ringwood 
Road, Ferndown, Dorset BH22 9AU. Tel: 01202 873872. Fax: 
01202 874562. Email: subs@epemag.wimborne.co.uk. Also 
via the Web at: http://www.epemag.wimborne.co.uk. 
Subscriptions start with the next available issue. We accept 
MasterCard, Amex, Diners Club, Maestro or Visa. (For past 
issues see the Back Issues page.)

BINDERS
Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
PVC, printed 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 £ sterling only please. Visa, Amex, Diners 
Club, Maestro and MasterCard accepted. Send, fax or 
phone your card number, card expiry date and card 
security code (the last 3 digits on or just under the sig­
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus­
tomers - your credit card will be charged by the card 
provider in your local currency at the existing 
exchange rate.

Editor: MIKE KENWARD
Consulting Editors: DAVID BARRINGTON 

JOHN BECKER
Business Manager: DAVID J. LEAVER 
Subscriptions: MARILYN GOLDBERG 
General Manager: FAY KEARN 
Editorial/Admin: (01202) 873872 
Advertising Manager:
STEWART KEARN (01202) 873872
On-line Editor: ALAN WINSTANLEY
EPE Online (Internet version) Editors: 
CLIVE (MAX) MAXFIELD and ALVIN BROWN

READERS’TECHNICAL ENQUIRIES
E-mail: techdept@epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a self­
addressed envelope and international reply 
coupons. We are not able to answer techni­
cal queries on the phone.

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

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

ADVERTISEMENTS
Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable that 
advertisements are bona fide, the magazine 
and its publishers cannot give any undertak­
ings in respect of statements or claims made 
by advertisers, whether these advertisements 
are printed as part of the magazine, or in 
inserts.
The Publishers regret that under no circum­
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture.

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

A roundup of the latest 
Everyday News from the world 

of electronics 
___________________________ j

Christmas Innovations
Barry Fox looks at some new products released for the Christmas market

Every August the consumer electron­
ics companies stage ‘Christmas is 
coming’ events to unveil new technol­
ogy that will be in the shops for 
December. This year the two Korean 
rivals, LG and Samsung, staged an 
uneasy truce.

Samsung and LG
Samsung showed in the centre of 

London, and LG took over the Arsenal 
football stadium, inconveniently locat­
ed far away in North London - but LG 
showed later in the day to give jour­
nalists time to get from one event to 
the other. Both events disappointed.

LG showed very little that was new 
and many products were not even 
switched on. The over-priced and 
under-featured MultiBlue dual Blu- 
ray/HD-DVD recorder sat dead under 
a TV and a new sub-£100 portable 
DVD player (which also plays movies 
recorded in DiVX MPEG-4 format 
from burned disc or USB stick) was 
not playing either.

Samsung
Samsung is following the trend cre­

ated by Panasonic, with camcorders 
that record video to SD or MMC mem­
ory card. So there are no moving parts, 
for smaller size, better water and dust 
resistance and less battery drain. The 
camera is ready to shoot in just three 
seconds too. The HMX10 is claimed 
to be the ‘world’s smallest 50fps HD 
camcorder’, and costs £500. It has a 
10x optical zoom lens with image sta­
bilizer but measures only 67.5 x 61.5 x 
117.5mm (with volume of just under 
500cc and weight just 310g).

Samsung claims two hours of 720p 
HD recording on an 8MB card, but the 
camcorder was not on show and there 
was no information available on 
whether Samsung has adopted the new 
AVCHD recording standard developed 
by Sony and Panasonic.

The very slightly smaller MX 10 
camcorder costs £200 and records two 
hours of 576 interlaced Standard 
Definition video in a 4GB card. The 
days of tape are clearly numbered. 
Although Samsung has promised a 
dual standard blue laser disc player 
with fuller features than the LF 
MultiBlue, it was not on show.

Yamaha
Japanese music and electronics com­

pany Yamaha has commercialized the 
DSP (Digital Sound Projector), system 

invented by British startup 1 Ltd. A 
single long box, which sits under a 
widescreen TV, houses several dozen 
tiny speakers that fire beams of sound 
round the room. The beams have 
slightly different signal delays intro­
duced by individual digital amplifiers. 
The delays steer the beams so that the 
listener hears centre sound direct from 
the DSP box and surround sound 
bounced off the room walls. The result 
is a good approximation of surround 
sound, without the need for speakers 
round the room.

The new YSP-500 breaks the £500 
barrier; sixteen 2W beam drivers 
work with two 15W woofers. Larger, 
more expensive DSP models use 21 
or 40 beam drivers. The YSP-40D (at 
£1200) cleverly incorporates video 
up-scaling circuitry which up-con­
verts Standard Definition analogue 
signals to 1080i or 720p HD, while 
converting the analogue to digital 
video for feeding to an HD-Ready 
TV set by HDMI cable. Because the 
speaker box has built-in amplifiers, it 
can also connect to an MP3 player or 
optional iPod dock.

Belkin
Accessory manufacturer Belkin is 

picking up on mounting consumer dis­
quiet over the yawning gap between 
the broadband speeds promised by 
ISPs, and the real speeds they deliver 
down the line. The new N1 Vision 
Router comes in stylish black gloss 
and has an LCD screen display that 
shows the actual data transfer speed on 
the line.

Although computer geeks can 
already use computer software such 
as Network Magic, to analyse line 
speeds, this requires some skill and 
involves using a PC to run a test file 
transfer. The Belkin Router continu­
ally runs its own tests, analyses the 
results and displays them on screen.

The screen displays both download 
and upload speeds. This is useful 
because although ADSL broadband 
(asymmetric digital subscriber line) 
routinely offers slower speeds for 
upload than download, on the princi­
ple that most people are using broad­
band to download files and web 
pages, a crawling upload speed can 
also slow download because the PC 
is continually waiting for handshakes 
and confirmations.

The N1 will make it much easier for 
consumers to complain to their ISPs, 
with hard facts to back up frustration. 

An N1 router with built-in DSL 
modem and WiFi will cost around 
£150.

Company 3
3G cellphone operator 3 will soon 

launch what the world, especially the 
student world, has been waiting for; a 
simple, small USB modem for a laptop 
that has a built-in SIM card for broad­
band data connection. The HSDPA 
(High Speed Downlink Data Packet 
Access) system squeezes 3.6Mbps 
from 3G UMTS, which is faster than 
most fixed line DSL can offer. The 
system will be ideal for students 
whose digs have no broadband line, 
but also useful for business travellers 
who must currently hunt for WiFi 
hotspots and for families who have 
moved house and then have to wait for 
a DSL line to be installed.

The modem is essentially a stripped 
down cellphone, not able to make 
speech calls, and designed solely to let 
the laptop connect to the Internet. But 
of course the laptop can then be used 
with VOIP services like Skype to make 
speech calls.

3 has not yet said how much the 
service will cost. Currently, using a 
SlingBox video streamer, to relay sig­
nals from a home Sky box to a video 
cellphone, costs £10 a month on top of 
the basic £15 a month for speech. A 
spokesman for 3 acknowledges that 
‘£25 a month would indeed be too 
much for students’.

Price Grabber
With so much new gadgetry on offer, 

consumers inevitably shop around for 
the best price. PriceGrabber (www. 
pricegrabber.com/) is one of several 
websites that offer online price com­
parisons. The company has now hit on 
a clever way to exploit the information 
it collects on who is searching for 
which new product. The number of 
people who search for a product gives 
a good indication of the number of 
people who are likely to buy the prod­
uct, from one source or another. This 
data can be used to gauge the likely 
success of a new product even before it 
goes on sale.

PriceGrabber says that data collected 
from price comparison searches ahead 
of the Wii, Xbox 360 and PS3 games 
system launches gave an early insight 
into the runaway success of 
Nintendo’s Wii over the competing 
systems from Microsoft and Sony.
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New Brunning Training 
Course

Brunning Software have announced a new training course 
which combines PIC training and Visual C training into a single 
course. For the new course the Brunning Software PIC program­
mer, as well as being able to programme a test PIC in the ZIF 
socket, has been given the ability to write experimental code into 
its own control PIC.

Previously, the control PIC handled just the programming and tim­
ing requirements but by being able to write Brunning’s code into this 
PIC their programmes have direct access to the serial port, which will 
already be connected to the PC. This creates a very simple system for 
being able to experiment with serial communication between a PC 
and an external circuit.

The new course consists of three full-size text books, the pro­
grammer module, CD of software and four test PICs for the 
experiments. The first book starts at absolute beginner level to 
teach PIC programming in assembler. The second book teaches 
PIC C programming. The third book teaches serial communica­
tion between a PIC circuit and a PC, starting with PC assembler 
then using Visual C#.

The book text of the experimental code and all the software 
needed, except for Visual C#, are on the supplied CD. The third 
book gives details of how to download the free edition of Visual 
C# from the Microchip website. The programmer module is sup­
plied programmed ready to respond to the experimental Visual C# 
programmes, including collecting and sending data to function as 
an audio oscilloscope with sophisticated triggering.

The total price for the PH27 training course is £195.00 plus postage. 
Browse www.brunningsoftware.co.uk or Tel: 01255 862308.

Velleman Kits Cat
If you are looking for a different type 

of project to build or want to add to an 
existing completed one, you need to 
get hold of a Velleman Kit catalogue. 
So say ESR Electronic Components, 
who are now offering the full range of 
kits and modules by Velleman NV

The range of projects in the cata­
logue cater for the experienced 
constructor, or for the complete 
novice. Kits included are amplifiers, 
automotive projects, control/inter- 
face devices, PIC programmers, 
measurement/test equipment, timers 
and power supplies.

With Velleman’s range of mini-kits 
and ready-assembled modules the cata­
logue is certainly worth a look. To 
obtain your free copy, get in touch with 
ESR Electronic Components. Tel: 0845 
2514363. Fax: 0191 2622296. Email: 
sales@TheElectronicsShop.co.uk. Or 
visit website (www.esr.co.uk/vella- 
man) and download your own copy.

ENERGY METER
Following the publication of the 

Energy Meter project in the May and 
June ’07 issues, the supply of the DIL 
version of the special ‘Active Energy 
Metering IC’ (ADE7756AN) dried up 
and Magenta Electronics were unable 
to obtain chips to supply to readers.

Obviously, this prevented the project 
being built, but Magenta have come to 
the rescue by mounting a surface 
mount IC on a specially made carrier 
to form the DIL version shown below. 
It is now available from Magenta - see 
their advert in this issue for contact 
details - for £7.99 including VAT and 
postage.

Linux USB Data Logger
Pico Technology has announced the 

introduction of a, free of charge, Linux 
driver for the uSb TC-08 thermocou­
ple data logger. It is a beta version of a 
Linux driver to allow programmers to 
control the USB TC-08 using their 
own software. As Linux is widely used 
in educational/scientific computing, 
this driver is expected to open up a 
range of new applications for low-cost, 
accurate temperature data-logging.

The USB TC-08 is an 8-channel ther­
mocouple data logger with a USB inter­
face. It is packaged in a robust, compact 
case and draws its power from the USB 
cable, so it requires no external power 
supply. It has standard thermocouple 
connectors that accept all common ther­
mocouple types - B, E, J, K, N, R, S, T 
- allowing you to measure temperatures 
in the range -270 to +1820 degrees 
Celsius with up to 0.5 degree accuracy. 
The TC-08 has automatic cold-junction 
compensation, and conversion time is 
100 milliseconds per channel.

The driver is supplied in source-code 
form to allow compatibility with the 
widest possible range of Linux systems, 
and is accompanied by example pro­
grams in C and C++. It is released under 
an open source licence, which allows it 
to be modified and redistributed.

This beta release is not fully tested. 
It can be downloaded from 
http://labs.picotech.com. All drivers 
and documentation from Pico are free 
of charge.

Enquiries to Pico Technology Ltd, 
The Mill House, 205-207 Cambridge 
Street, St Neots PE19 1QB.

Tel: +44 (0)1480 396 395. Fax: +44 
(0)1480 396 296. Web: www.picotech 
.com.
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TECHNO-TALKMARK NELSON
Witricity: Is Tesla’s Dream Coming True?

The maverick scientist Nikola Tesla claimed he had discovered a means for transmit­
ting electric power on an industrial scale over vast distances. Nobody ever managed to 

replicate his alleged demonstrations, but wire-free power distribution is back in the 
news now. Mark Nelson investigates these new beginnings.

Electricity transmission without wires 
is not a fantasy, as anyone who has 
witnessed a thunderstorm can testify. 
But is it feasible to direct usable electric 

power from one place to another?
For the proponents of ‘witricity’, the 

answer is a resounding ‘yes’. Assuming they 
are not dreaming, is wirefree electricity a 
stunt or are there practical applications for 
mains without the cord?

Bothered by a beep
‘Witricity’ is not brand new. In fact it’s a 

whole year since Marin Soljacic, an assis­
tant professor at Massachusetts Institute of 
Technology, first described the work that he 
and his colleagues had conducted into wire­
less power transmission. According to the 
MIT’s press office, Soljacic was fed up with 
being woken at 3am by the low-battery 
alarm beep of his cellphone. In his words, 
“It occurred to me, wouldn’t it be great if 
this thing charged itself?” and began to won­
der if he could apply known principles to 
make new ways of transmitting energy.

The principle underlying witricity is 
non-radiative and relies on induction. In 
fact, there are already electric toothbrush­
es on sale that use this principle over a 
very short range to recharge their internal 
batteries. To quote MIT once more, 
Soljacic had the same idea and realised 
that the close-range induction taking place 
inside a transformer - or something simi­
lar to it - could potentially transfer energy 
over longer distances, say, from one end 
of a room to the other.

Wireless power
Instead of irradiating the environment 

with electromagnetic waves, a power 
transmitter would fill the space around it 
with a ‘non-radiative’ electromagnetic 
field. Energy would only be picked up by 
gadgets specially designed to ‘resonate’ 
with the field. Most of the energy not 
picked up by a receiver would be reab­
sorbed by the emitter.

The range of non-radiative wireless 
power is fairly restricted, measured in a few 
metres of the power source. Currently, 
Soljacic’s team calculates that you would 
need a separate power source in each room 
to provide coverage throughout your home. 
Even then, the power transfer capability 
would be confined to laptop computers and 
mobile phones, possibly also robot vacuum 
cleaners. But these are early days and this 
might yet be the first step in the quest for a 
power cord-free world.

In June, the team from MIT actually man­
aged to power a 60W light bulb by sending 

energy to it wirelessly from seven feet away 
and announced that it hoped to release tech­
nology for commercial applications in about 
five years’ time (see http://news.bbc.co.uk/ 
2/hi/technology/6725955.stm for detailed 
report).

Going global
If lighting a lamp bulb seven feet away 

sounds a bit puny, how about global power 
transmission? Back in November 2002 a 
worldwide think-tank body predicted that 
wireless energy transmission could be part 
of a clean, abundant energy future. The 
Millennium Project of the American 
Council for the United Nations University 
announced that in order to meet the world’s 
growing appetite for energy without envi­
ronmental damage, electricity should be 
converted to microwaves, beamed over long 
distances by satellite, and then reconverted 
back to electricity.

“Instead of exporting oil in giant tankers, 
Saudi Arabia, Kuwait, Venezuela and other 
oil-producing nations could use their own 
oil and gas that is currently flared away to 
produce electricity locally and then beam it 
by satellite to other countries’ receivers 
attached to local power grids. This has the 
great benefit of reducing potential cata­
strophic oil spills, managing pollution more 
locally, and eventually opening up new 
energy sources such as solar panels in Earth 
orbit”, enthused Jerome Glenn, Millennium 
Project director.

He did not disclose which technology 
would make this feasible, but US space 
research body NASA was collaborating 
with two other bodies to make funding 
available for research into wireless energy 
transmission. National Science Foundation 
Program Director Dr Paul Werbos said the 
long term goal would be to beam down solar 
energy from space to remote sites all over 
the world. This technology would provide 
“an affordable source of base-load electrici­
ty without producing either carbon dioxide 
or nuclear proliferation”, he said.

Spark transmissions?
There is another kind of wire-free 

power transmission that is very effective, 
as medium wave radio station KKOL in 
Seattle, Washington (USA) knows only 
too well. The religious broadcaster, which 
radiates 50kW, faces having its transmit­
ting licence rescinded in what has been 
tagged one of the most unusual NIMBY 
(not in my back yard) cases in the world 
of radio transmission.

The complainant is US Oil, which oper­
ates an offloading facility in the seaport 
about half a mile from the transmitter site. 

It claims KKOL’s signal is strong enough 
to draw electric arcs as workers unload 
crude oil from tankers. The transmissions 
also interfere with sensors at the refinery 
and the refinery’s phone system, it is 
claimed. A spark could ignite fuel vapours 
or the fuel itself being unloaded, the oil 
giant argues.

For its part, the radio station has offered 
to reduce power by 50 per cent whenever a 
tanker is being offloaded and states there has 
never been a case of a radio station causing 
an explosion at a refinery, adding that it is 
not closed down when thunderstorms occur. 
For now the matter remains unresolved.

What’s in a name?
Reverting to ‘witricity’ for a moment, 

who invented this catchy name? The answer 
is Dave Gerding, founder of the online mar­
keting company Versive, who imaginatively 
coined both witricity and etricity in 2005 for 
a different wireless electricity project that 
remains on the drawing board. He was 
shrewd enough to register web domains in 
both of those names, although they have not 
yet found a creative use.

‘With electromotive impulses not greatly 
exceeding fifteen or twenty million volts, 
the energy of many thousands of horsepow­
er may be transmitted over vast distances, 
measured by many hundreds and even thou­
sands of miles’, wrote Nikola Tesla in US 
patent no. 645,576 (www.pat2pdf.org/ 
patents /pat645576.pdf). This document 
from 1900 described an entirely new 
method of transmitting electrical energy 
from a generating station at very high volt­
age by conduction through the earth and air 
for use at a distant point.

It would not be difficult to fill the entire 
page count of this magazine with a disserta­
tion on the feasibility of his scheme, but I’ll 
leave this to others better qualified. One 
such person is Ed Phillips, whose comments 
are listed at www.pupman.com/lista 
rchives/ 2005/Jul/msg00589.html. His 
most telling comment is this: ‘Figuring out 
how to bill correctly and how to disconnect 
non-paying customers ... alone could make 
the difference between a practical system 
and one that was useless.’

Tesla never managed to create wireless 
electricity on this scale, although in a later 
experiment using his ‘magnifying transmit­
ter’ at Colorado Springs he claimed to have 
lit 10,000 watts of Edison lamp bulbs some 
26 miles away.

You can read more on Tesla at 
www.pbs.org/tesla/index.html, in the book 
Radio Tesla by George Trinkaus and in 
countless other publications and websites.
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Batteries
Zinc Chloride, Alkaline, NiMH, 
NiCD & Sealed Lead Acid 
batteries. We carry battery 
packs for racing & radio control. 
We also manufacture the NiCD 
Bot-Pack+, a high performance 
custom made pack with forced 
cooling options for the most 
demanding applications.

Sample pricing:
•GP AA Greencell £0.79 / pk4

•GP AA Greencell £0.13 / cell in trade boxes of 320 
(ideal for schools)

•GP AA Ultra Alkaline £1.20 / pk4
•GP AA NiMH 1300mAh £3.95 / pk4

•Racing packs from £11.95
•12V 2.2Ah to 44Ah SLA from £6.99( Power Supplies / Chargers ]

Power supplies fixed and 
variable voltage to 15V 
40A. Chargers for NiCD, 
NiMH, LiPo & SLA batteries 
to 12V 20A.

13.8V 20A power 
supply with Amps 

display £43.87

Sample pricing:
•GP AA charger with 2 off 1300mAh cells £5.45

13.8V 20A Power Supply from £34.12Motors

As well as motors, we 
have wheels, axles &

Probably the best range 
of DC model motors in the 
UK. From under 0.5W 
to 1000W, 1.5 to 36V.
Geared motors from 0.3W 
to 800W. Ideal for most 
model engineering applica­
tions especially robotics. 
Planetary geared motors 
from just 1.2g to our top 
of the range 750W (that’s 
1HP) weighing in at 6.35kg.

bearings to help complete your project.

Sample pricing:
Visit our website to see over 140 models of motor

•12V 150W Motor £17.95
•Geared motors from £4.70

•750W 36V geared motors from £90.95

Visit our website to see over 2,000 products 
to order on-line. Need advice?, we offer full 

technical support via our FAQ forum.

Technobots Ltd 
The Old Grain Store 

Rear of 62 Rumbridge Street 
Totton, Hampshire, SO40 9DS 

Tel: 023 8086 3120 Fax 023 8086 1534 
Lines open Mon - Thur 0900 to 1330

r Technobots.co.uk^Robotics, Models and Technology Supplies
Established in 2001, Technobots Ltd supply 
a wide range of electronics and engineering 

products to the hobby market, schools, 
Colleges & Universities.Motor Speed Controllers

DC motor speed controllers 
from 1A to 300A. Various 
interfacing options 
including RC, I2C, serial &

analogue voltage. Relay 
reversing and fully solid 
state H-bridge, single and 
dual channel varients.

Sample pricing:
•Dual 1A motor controller £17.09

•10A motor controller kits from £19.87
•75A controllers from £87.50Radio Control

A wide range of radio 
control products including 
transmitters, receivers, 
servos, gyros, crystals, 
interfaces, leads etc.

Sample pricing: 
•4-Channel 40MHz FM 
transmitter / receiver / 
crystals from £34.95Microcontrollers

The ‘PICAXE’ range 
of programmable 
microcontrollers. Write in 
BASIC or Flowchart and 
download straight into 
the microcontroller, so no 

expensive programmers are required. The 8 pin 
version provides 5 i/o pins (1 analogue input). The 
18 pin version provides 8 outputs and 5 inputs (3 
of the inputs have analogue capabilities). The 28- 
pin version provides 9-17 outputs, 0-12 inputs and 
0-4 separate analogue inputs.

Sample pricing:
•8 pin starter kit including software, lead, battery 

holder, PCB & components for £9.94 
•28 pin version pictured above £21.74Robot Kits

We carry a wide range of robot kits from BEAM to 
full combat and includes 
the very popular Robonova 
biped walker. Kits range 
in price from £16.95 to 
£689.05 built by enthusi­
asts & school pupils from 
all over the UK. Many are 
programmable via a PC, 
RC or 
autono­
mous.
Full 
details 
of these

and lots more 
can be found on 
our website.

Mechanical & Hardware
We carry a wide range of 
mechanical products many 
of which are hard to find 
elsewhere. Bearings from 
1mm to 30mm bore. Plastic 
and steel pulleys, plastic and 

steel gears from MOD 0.5 
to MOD 2.0. Steel chain 
sprockets in 6 & 8mm, 3/8” 
& 1/2” pitch. Silver steel, 
EN24T steel, collets & 
shaft couplings. Nuts and 

bolts from M2 to M12, 
springs, clips & Pins. Wide 
range of engineering ma­
terials including aluminium 
(6082 T6 to 12mm thick), 
brass tube, rod, sheet etc..

Polycarbonate sheet from 1mm to 12mm thick, 
PVC sheet, polymorph etc.. Wheels from 9mm to 
250mm diameter.Featured Product

We believe this 
to be the lowest 
retail priced 4- 
channel 40MHz 
FM radio control 
set in the UK. 
The set includes 
the transmitter, 
receiver and 
crystal pair from 
just £34.95. 
Upgrade options 
available.

Sample pricing:
•Transmitter, receiver and xtals £34.95

•As above but with a set of 8 AA batteries £35.95 
or with a set of 8 AA rechargeable batteries £41.49 

•Add a fast charger for an additional £11.46Electrical
Glass, automotive and 
maxi fuses from 1A to 
100A, fuse holders, cable 
from 0.5mm2 to 16mm2.
Pre-stripped wire kits for

breadboards. Connectors from 5A to 300A, wide 
range of crimp connectors bagged in 100’s or
in kits. Circuit breakers 
from 3A to 30A. Cable 
ties, tie bases, spiral wrap 
and heatshrink (1.2 to 
101.6mm diameter).

All prices include VAT
Whilst we are 
an internet 
based 
company, we 
do have a 
shop where 
visitors are 
very welcome 
to browse.

Please check our website 
for opening hours and if 
making a long journey, we 
suggest phoning first to 
ensure stock availability.
If ordering on-line, 90% of 
orders dispatched within 2 
working days.



Vehicle MUM
Want to monitor the battery voltage, the airflow meter or oxygen 
sensor signals in your car? This versatile voltage monitor can do it 
all and includes display dimming so the LEDs are not too bright at 
night. It also makes an ideal monitor for a battery charger.

There are many voltages within a vehicle that can 
be monitored simply by attaching a meter to the 
source of the signal (or voltage) to be measured. 

This can give the driver information about the operation 
of various sensors and voltages within the engine bay.

When monitoring these voltages, it is not usually neces­
sary to obtain a precise value of the voltage but the general 
trend of the voltage is sufficient.

Our Voltage Monitor provides for monitoring some of the 
most common voltages within a car. A 10-step bargraph 
lights LEDs in response to the measured voltage.

With low voltages applied to the Voltage Monitor, the 
low LEDs light and for high voltages, the upper LEDs light. 
Voltages in between are shown by the middle LEDs.

Some sensor voltages will alter simply due to the loading 

of a meter. Therefore, these require a meter that does not 
present any appreciable load on the sensor.

For example, the oxygen sensor that is used to monitor 
the correct burning of the fuel, typically has a voltage output 
between 0 and 1V, with the mid-way voltages indicating 
that the fuel is burnt correctly. A low voltage (near to 0V) 
indicates that the air-fuel mixture is too lean and a high 
value (approaching 1V) indicates a too-rich mixture. The 
voltage from these sensors also changes at a rapid rate, as 
the engine management system continually monitors and 
changes the air-fuel mixture to ensure it is running at the 
correct (stoichiometric) mixture.

The Vehicle Voltage Monitor is easily set up to monitor 
a nominal 0-1V range. It also provides minimal loading on 
the sensor’s output.

Significantly larger than life size, 
this view of the Vehicle Voltage Monitor 
gives you a very good idea of how and 
where things go!
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by John Clarke

A typical response curve of an oxygen sensor for rich, 
lean and stoichiometric mixtures is shown overleaf (Fig.2). 
The curve is very steep at the stoichiometric position and 
covers a voltage range that is typically 0.2V to 0.8V.

The stoichiometric mixture ratio is normally maintained 
by the engine management system to ensure minimum 
exhaust emissions when used in conjunction with a cata­
lytic converter.

When the car is running you will see that the display will 
move rapidly up and down this steep part of the curve, as 
the engine management unit maintains the correct mixture. 
On engine over-run, the mixture may go lean. When the 
engine is loaded, the mixture will go into the rich portion 
of the curve to provide more engine power.

Other sensors
Other sensors within a car have a 0-5V range. These 

include airflow meters, MAP sensors and on some later 
models air/fuel ratio sensors. For these signals, the Volt­
age Monitor can be set to show the full range from 0V 
up to the maximum of 5V. It is also possible to narrow 
the voltage range that is measured and shown on the 
display.

For example, you may wish to monitor between 0.5V 
and 4.5V. To do this, it is just a simple adjustment of the 
upper and lower voltage limits with trimpots.

Other types of voltages that can be measured are those 
that do not normally drop to 0V but vary by a small amount 
from a typical fixed level. An example of this is the car 
battery. This is generally at 12V, but can fall to around 10V 
when the starter motor is starting the engine and rise to 
14.4V when the battery is fully charged.

When measuring this narrow voltage range we are not 
particularly interested in what is happening below, say, 
10V because it should normally never happen.
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VOLTAGE

Fig.2: the voltage output from the oxygen sensor follows 
an ‘S’ curve from 0-1V with the ideal, or stoichiometric, 
mix part-way down the curve. The voltage actually 
varies up and down the curve as the engine management 
system tries to keep the fuel delivery system as efficient as 
possible.

So, in this case it is best to set up the metering so that 
the lower LEDs show down to around 10V and the upper 
LEDs show up to say, 15V. This is called an expanded scale 
meter and is easily set up with the Voltage Monitor.

The Voltage Monitor is set to measure one of the above 
mentioned voltage ranges simply by selecting the correct 
jumper link on the PC board.

The Voltage Monitor also includes display dimming so 
that the display is not excessively bright at night.

LED driver
Circuitry for the Voltage Monitor is based around an 

LM3914 10-LED linear bargraph display driver chip. This 
drives 10 LEDs sequentially from the lowest LED, when the 
voltage measured is low, through to the highest LED when 
the upper voltage range is reached.

The IC gives the option of showing this as single LEDs 
(dot mode), or as a sequentially increasing number of lit 
LEDs as the voltage rises for the bar mode. In dot mode, two 
adjacent LEDs may be alight at the switching threshold.

Refer now to the internal diagram of the LM3914 (Fig.1). 
Ten comparators monitor the voltage applied to pin 5. The 
comparator’s positive inputs are connected to 10 series- 
connected resistors between the RLO and RHI inputs. To 
make measurements of voltage, the RHI input is connected 
to a voltage source, while RLO is either connected to ground 
(0V)or an elevated voltage, if you wish to measure a range 
of voltages that start above ground.

The resistor string sets each comparator at a different 
voltage. For example, if RHI (pin 6) is connected to a 1V 
supply and RLO (pin 4) is set at 0V, then each comparator 
will differ at its positive (+) input by 100mV. So the lowest 
comparator will have 100mV at its positive input, the next 
comparator will have 200mV, the next will have 300mV and 
so on up to the 1V level for the top comparator.

When a voltage is applied to the IC’s input, LED1 will light 
for voltages above 100mV. At 200mV, LED2 will light and so 
on. Finally, LED10 will light at 1V. Whether the lower LEDs 
remain lit, or extinguish as a higher LED lights, depends on 
whether the IC is set to display in bar mode or dot mode.

The LM3914 includes a voltage reference which can be 
used to set the RHI level. This reference has a nominal 1.25V 
between pins 8 and 7. We can derive a 1.25V reference by 
connecting pin 8 to ground.
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Fig.3: this circuit can be set to measure any voltage in a car up to 16V.
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Incidentally, the current through the LEDs is set at about 
10 times the current flow through R1. So if pin 7 is at 1.25V 
and we use a 1kW resistor for R1, there will be a 
1.25mA current through R1. The LED current is 
therefore about 12.5mA. This current determines 
the brightness of the display.

The circuit
All this is shown in the circuit for the Voltage Moni­

tor (Fig.3). RHI and RLO inputs are provided with a 
voltage via trimpots VR1 and VR2 that form a divider 
across the 1.25V reference. The divider can include a 5.6kW 
resistor if link LK4 is not connected, or alternatively, the lower 
end of VR2 connects directly to ground if LK4 is connected. 
Link LK4 gives the option of selecting an RLO voltage that starts 
well above 0V when the link is out or providing an RLO voltage 
that is at 0.63V or lower when the link is installed.

As mentioned, the current from pin 7 to ground sets the 
display LED brightness. We take advantage of this fact to 
include display dimming. Dimming circuitry is made up 
using a Light Dependent Resistor (LDR1), VR3 and the series 
10kW resistor, transistor Q1 and the 680W resistor.

It works as follows: in bright light, LDR1 has a low resist­
ance (around 10kW), so the base of Q1 is pulled toward the 
0V rail. Since the emitter of Q1 is only 0.7V above the base, it 
follows that there will be somewhere around 0.55V across the 
680W resistor (Reference voltage [1.25V]-0.7V=0.55V). This 
sets the current flow from pin 7 to ground at its maximum. 
Therefore, the LEDs are at their brightest in bright light.

At low light levels, LDR1 has a high resistance, so the 
base voltage for Q1 moves substantially higher than it was 
under bright light. As a consequence, Q1 is almost switched 
off. Current through the 680W resistor is therefore minimal 
and the overall current from pin 7 to ground is set by the 
effective resistance still connected. This comprises the 10kW 
resistor and the VR1, VR2 and 5.6kW resistor string.

Trimmer VR3 sets the dimming threshold. At its minimum 
resistance, the base of Q1 will not fall below about 1.25V/2 
because of the voltage divider action of the 10kW resistor in 
series with VR3 and the 10kW light resistance of LDR1. Thus 
dimming will occur even at relatively bright levels. Winding 
VR3 for more resistance will set the base of Q1 lower at the bright 
ambient light levels to increase the brightness. In practice, VR3 
is adjusted to start dimming as the ambient light falls.

Signal for the pin 5 input of IC1 is processed to keep the 
voltage to within the 1.25V maximum range set by VREF at 
pin 7. For the 1V signal from an oxygen sensor, the signal 
is passed through a 1.2MW resistor to provide a high input 
impedance load, filtered with a 100nF capacitor. Pin 5 has 
a very small input current, typically 25nA, so there will 
be less than 30mV across the 1.2MW input resistor. The 
16V Zener ZD1 protects pin 5 from transients that could 
otherwise destroy the IC.

When measuring voltages above the 0-1V range, the input 
needs to be attenuated so that pin 5 still only sees a voltage 
within the 0-1.25V range. When measuring 0-5V, link LK1 
is inserted so that the voltage is reduced using the 1.2MW 
series resistor and the 330kW resistor (R2) to ground. The 
division by these two resistors reduces the 0-5V signal at the 
input to a 0-1.08V range at pin 5. Similarly, when measuring 
the 16V range, link LK2 is installed to reduce the signal at 
pin 5 down to 1.13V. This reduction in voltage is achieved 
with the 91kW divider resistor.

Fig. 4: here’s the component layout diagram with matching 
photograph underneath. Take care when placing the LEDs!

For other voltage ranges, the value of the attenuating 
resistor will need to be calculated. To do this, take 1.25V 
away from the maximum expected input voltage and 
then divide this into 1.25MW. For example a 10V range 
will require a nominal 150k resistor (1.25MW/(10-1.25) 
or 142kW).

The final display range is set using VR1, VR2 and link 
LK4. VR1 sets the point at which the maximum LED lights. 
VR2 sets the point which the input must reach before the 
first LED lights. By removing LK4, this RLO level can be 
raised higher by including the 5.6kW resistor in the series 
string with VR1 and VR2.

Power supply
Power for the circuit is obtained from a 12V supply. This 

would normally be from a car battery, via the ignition switch. 
For other purposes, a supply from 6V-15V will be suitable. 
Diode D1 protects the circuit from reverse connection of the 
supply. The 22W resistor and Zener diode ZD1 help prevent 
transients from damaging IC1. The 100mF capacitor filters 
the supply and also removes transients.

The 22W resistor also acts to dissipate power when IC1 
is connected in bar mode (when link LK3 is in circuit). 
In the bar mode the IC dissipates more power, so some of 
this power dissipation is shared in the resistor instead. It 
is not recommended to use the display in bar mode when 
the ambient temperature is above 40°C and the supply is 
at 15V. This is because the IC could overheat under the 
high temperatures and power dissipation. The IC can eas­
ily drive the display in dot mode, even on the hottest of 
days in a vehicle.
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Parts List - 
Vehicle Multi-Voltage Monitor

1 PC board, code 642, available from the EPE PCB 
Service, size 79 x 47mm

1 3-way PC mount screw terminal block with 5.08mm 
pin spacing

1 LDR with 10kW light resistance (LDR1)
1 7-way pin header (broken into 2 x 2-way and 1 x 3-way)
3 jumper shunts
3 PC stakes
1 50mm length of 0.7mm tinned copper wire
1 plastic box (optional), size 83 x 54 x 31mm
Semiconductors
1 LM3914 10-LED linear driver (IC1)
1 BC327 PNP transistor (Q1)
2 16V 1W Zener diodes (ZD1,ZD2)
1 1N4004 1A rectifier diode (D1)
2 5mm red LEDs (LED1,LED2)
6 5mm green LEDs (LED3-LED8)
2 5mm yellow LEDs (LED9,LED10)
Capacitors
1 100mF 16V PC electrolytic
1 10mF 16V PC electrolytic
1 100nF (0.1 mF) coded 104 or 100n
Resistors (0.25W, 1%)
1 1.2MW 1 330kW 1 91kW 2 10kW
1 5.6kW 1 1kW 1 680W 1 22W 0.5W
1 500kW horizontal trimpot (code 504) (VR3)
2 5kW horizontal trimpot (code 502) (VRi,VR2)

Miscellaneous
Automotive wire, solder.

Construction
The Vehicle Voltage Display is constructed using a PC 

board coded 642 and measuring 79 x 47mm. It can fit into 
a small plastic box measuring 83 x 54 x 31mm if required. 
However, our experience is that many constructors of 
similar projects like to mount the LEDs behind the dash, 
so we are presenting the unit as a bare PC board.

Begin construction by checking the PC board for any 
possible shorts between tracks, breaks in the copper 
and for holes that are not drilled. Start by installing the 
wire link and resistors. The accompanying table shows 
the resistor colour codes, but it’s also advisable to check 

them with a digital multimeter, as some colours can be 
difficult to decipher.

The diodes, transistor Q1, the capacitors and trimpots can 
go in next, along with IC1. Take care to orient the diodes, 
Q1, IC1 and the electrolytic capacitors as shown. Now 
install the 3-way terminal block and the two and three- 
pin headers for the link shorting plugs. Also insert the PC 
stakes at test points TP1, TP2 and TP GND.

Finally, install the LDR and the LEDs. The LDR can go in 
either way, but the 10 bargraph LEDs must all be installed 
with their anodes (the longer of the two leads) to the left.

Depending on how you wish to install the display in 
the car or piece of equipment, you may wish to set the 
LEDs parallel to the PC board. This means that you need to 
bend the LED leads over at 90° so that they are in line with 
the edge of the PC board - see photo. Alternatively, you 
can mount the LEDs vertically so that they later protrude 
through a slot in the lid of a case.

Install the links (LK1 to LK4) according to your applica­
tion. A table showing the link connections for the 0-1V, 0-5V 
and 9-16V ranges is shown on the circuit diagram (Fig.3).

LED colours
Note that our prototype uses red LEDs for LEDs 1 and 

2 and yellow LEDs for LEDs 9 and 10. This because we 
envisage that the most popular use for this project will be 
a fuel mixture meter, monitoring a vehicle’s oxygen sensor. 
In this case, you want lean mixtures to be shown with red 
LEDs, indicating DANGER for your engine.

For other applications though, say monitoring your bat­
tery voltage, you might want to have red LEDs for LEDs 9 
and 10, because in this case a battery voltage up around 15V 
indicates over-charging, another DANGER condition.

Installation
You will need to make three wiring connections to your car. 

It’s easiest to do that at the ECU, so you will need to have a 
wiring diagram showing the ECU pin-outs. The four connec­
tions are: (1) +12V (ignition switched); (2) chassis (0V); and 
(3) sensor or car battery signal. The car battery signal is best 
taken at a point close to the battery for best accuracy without 
incurring voltage drops across the wiring in the vehicle.

Use the car’s wiring diagram to find these connections 
and then use your multimeter to check that they’re cor­
rect (eg, when you find the +12V supply, make sure that it 
switches off when you turn off the ignition).

In addition, you have to confirm that there is a fluctuating 
signal in the 0-1V range on the oxygen sensor lead (the car 
will need to be fully warmed up) or that the signal coming

Resistor Colour Codes
o No. Value 4-Band Code (1%) 5-Band Code (1%)
o 1 1.2MW brown red green brown brown red black yellow brown
o 1 330kW orange orange yellow brown orange orange black orange brown
o 1 91kW white brown orange brown white brown black red brown
o 2 10kW brown black orange brown brown black black red brown
o 1 5.6kW green blue red brown green blue black brown brown
o 1 1kW brown black red brown brown black black brown brown
o 1 680W blue grey brown brown blue grey black black brown
o 1 22W (0.5W) red red black brown red red black gold brown
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Fig. 5: full-size PC board pattern for etching your own 
board or checking a commercial board.

from the airflow meter, or MAP sensor changes when the 
throttle is blipped.

Note that the 0V connection for the Voltage Display 
should be made at the ECU or to a terminal that is secured 
directly to a chassis point.

Setting up for an oxygen sensor
Links LK1 and LK2 should be out and link LK4 installed.
(1) Set trimpot VR1 fully clockwise and trimpot VR2 fully 

anticlockwise.
(2) Start the car, let the oxygen sensor warm up and confirm 

that the LED display changes.
(3) Go for a drive and briefly use full throttle. The end yel­

low LED should light up. Back off sharply - the end 
red LED should light.

(4) Check that the LEDs travel back and forth when the 
engine is at idle.

(5) If the end yellow LED never lights, even at full throt­
tle, adjust VR1 so that it lights when the mixtures are 
fully rich.

(6) In normal driving, the LED should move back and forth 
around the centre LED. If the oscillations are all down 
one end after adjusting VR1, adjust VR2 to centre the 
display.

Setting up for a 0-5V airflow sensor
Link LK1 should be installed and LK4 out.
(1) Set trimpot VR1 fully clockwise and trimpot VR2 fully 

anticlockwise.
(2) Adjust VR2 so that the lowest LED just lights on an 

engine over-run (when you are going downhill in gear 
with the engine slowing the car down).

(3) Adjust VR2 so the top LED just lights on maximum 
acceleration.

(4) Repeat the adjustments, since adjusting VR1 and VR2 
will affect one another to a small degree.

Setting up for a battery monitor
Link LK2 should be installed and LK4 out.
(1) Use a multimeter to measure the battery voltage. Now 

with the engine running fast and with all accessories, 
lights etc off, set VR1 so that the top green LED lights 
at a measured 14.4V.

(2) Now stop the engine and switch on the lights. Wait 
until the battery falls to a measured 12V and set VR2 
so that the lower green LED lights.

(3) Again, the adjustments will affect one another to a small 
extent so you may need to re-check the results at either 
end of the scale.

Adjusting the dimming
Turn the dimmer sensitivity trimpot (VR3) until the dis­

play dimming matches your preferences - clockwise will 
give a brighter display at night (so you need to fully cover 
the LDR to simulate night when you’re setting it!). Note 
that when installing the Voltage Monitor, the LDR must be 
exposed to the ambient light in order for the display to dim. 
The LDR can be mounted off the PC board if necessary.

Note
In some cars, this Voltage Monitor will not work on some 

sensors. For an oxygen sensor, it needs a signal voltage 
from 0-1V, with the higher voltages corresponding to richer 
mixtures. The vast majority of cars produced over the last 
15 years use this type of sensor but there are exceptions, so 
be sure to use your digital multimeter to check the oxygen 
sensor output signal before undertaking this project.

For other sensors, the output signal needs to vary in 
voltage. However, some airflow meters have a variable-fre­
quency output signal and the Voltage Monitor will not work 
with that type of airflow meter. Again, check the output of 
the load sensor with a digital multimeter first.

Also note that some modern cars run stoichiometric air/ 
fuel ratios all the time, so the rich and lean indications un­
der acceleration and engine overrun may not be apparent on 
the display. EPE

PLEASE TAKE NOTE
V2 PC Scope (Aug/Sept 0)7)
Parts List: Note IC15 should be a 79L05 (not 78L05), the circuit is 
correct.

It has come to light that the individual setup of PCs can prevent the 
V2 PC Scope from working with its serial control. This can be cured by 
installing the entire EPE Serial software from our downloads site at: 
ftp://ftp.epemag.wimborne.co.uk/pub/PICS/SerialOCX/”>ftp://ftp. 
epemag.wimborne.co.uk/pub/PICS/SerialOCX/  (Accessible via the 
‘Downloads’ section on our home page at www.epemag.co.uk)

Download all the files into a temporary folder, make sure you have 
no other applications running (including virus checkers, email clients, 
Visual Basic etc) and run the SETUP.EXE and follow the prompts. 
This will install a copy of the OCX; and all its sub-components and 
correctly install and register them. The OCX software has been 
tested with Windows 98, 2000, ME and XP.
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Laser Business Systems Ltd 
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Everyday Practical Electronics 
Featured KITS

Everyday Practical Electronics Magazine has been publishing a series of popular kits by the 
acclaimed Silicon Chip Magazine Australia. These projects are '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.

Voltage Monitor Kit
KC-5424 £6.00 + post & packing
This versatile kit will allow you to monitor the battery 
voltage, the airflow meter or oxygen sensor in your vehicle. 
The kit features 10 LEDs that light up in response to the 
measured voltage, preset 9-16V, 0-5V or 0-1V ranges 
complete with a fast response time, high input impedance 
and auto dimming for night driving. Kit

Recommended box UB5 
(HB-6015) £0.83 each

includes PCB with overlay, 
LEDs, all electronic 
components and clear 
English instructions.
• Requires 12VDC power

Studio 350 High Power Amplifier Kit
KC-5372 £55.95 + post & packing
It delivers a whopping 350WRMS into 4 ohms, or 200WRMS 
into 8 ohms. Using eight 250V 200W plastic power 
transistors, It is super quiet, with a signal to noise ratio of - 
125dB(A) at full 8 ohm power. Harmonic distortion is just 
0.002%, and frequency response is almost flat (less than - 
1dB) between 15Hz and 60kHz. Kit supplied in short form 
with PCB and electronic components. Kit requires heatsink 
and +/- 70V power supply (a , , 
suitable supply is describ 
in the instructions).
• As published in *

Everyday Practical Electronics 
Magazine October & November 2006

Audio Video Booster Kit
KC-5350 £31.95 + post & packing
This kit will boost your video and audio signals preserving 
them for the highest quality transmission to your projector 
or large screen TV. It boosts composite, S-Video, and stereo 
audio signals. Kit includes case with silkscreened and 
punched panels, PCB and all electronic components.
• As published in Everyday

Practical Electronics 
Magazine March 
2006

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

V8 Sounding Doorbell
KC-5405 £25.75 + post & packing
Hear the rumble of a big V8 engine when visitors press the 
button on your doorbell. The kit also features a 
background noise that sounds like tappets and valves 
working away, for an even more realistic effect. There is a 
'V' made from LEDs that light up in sync with the rumble, 
and the large 100mm speaker ensures that it sounds 
genuine. Supplied with silk screened and solder masked 
PCBs, silk screened and machined case, push button bell 
switch, speaker, wire, and 
all electronic components.
• As published in Everyday brJjEf z") 

Practical Electronics /
Magazine October 2007 --J

The Flexitimer Kit
KA-1732 £5.95 + post & packing
This kit uses a handful of components to accurately time 
intervals from a few seconds to a whole day. It can switch 
a number of different output devices and can be powered 
by a battery or mains wall adaptor. The kit includes PCB 
and all components.
• As published in Everyday Practical

Electronics Magazine October 2007

Requires 12-15VDC 
wall adaptor (Maplin 
GS75S £10.99)

Delta Throttle Timer
KC-5373 £7.95 + post & packing
It will trigger a relay when the throttle is depressed or 
lifted quickly. There 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 Magazine 
November 2006

Recommended box UB3 
HB-6013 £1.05

PIC Based Logic Probe
KC-5457 £4.50 + post & packing
Unlike ordinary logic probes, this one is driven by a PIC 
processor and operates over a wide supply voltage of 
2.8VDC to 5VDC. It is extremely compact and uses surface 
mount devices on a PCB only 5mm wide. The probe 
includes a 'pulse stretcher' that will let you see very short 
pulses and a latch function to 'hold' infrequent pulses. Kit 
includes PCB and all specified electronic components 
includingpre-programmed PIC.
You'll need to add your own case 
and probe - a clear ballpoint 
pen and a needle work
well.

Universal Speaker Protection 
and Muting Module Kit
KC-5450 £8.75 + post & packing
Protects your expensive speakers against damage in the 
event of catastrophic amplifier failure such as a shorted 
output transistor. In addition, the circuit also banishes 
those annoying thumps that occur when many amplifiers 
are switched on or off, especially when the volume is set 
to a high level. The design also incorporates an optional 
over temperature heat-sensor that will disconnect the 
speakers if the output stage gets 
too hot. Configurable for 
supply voltages 
between 22VDC- 
70VDC. Supplied with 
a silk screened PCB, 
relay and all electronic 
components.

XI
Qiihin/nnfm* Rnntmllar Kit

KC-5452 £29.00 + post & packing
Using this kit to control your external speaker and 
sub-amplifier can give you loads of bass without taking 
up much space. The kit has all the features you could 
want, including low and high pass filters, parametric 
equaliser and auto-turn on for external equipment. The 
controller is 12 volt DC powered and can also be used in 
automotive applications.
• Kit supplied with silk screened 

PCB and processed panels.

"The Champ" Audio Amplifier
Lead Acid Battery Zapper Kit
KC-5414 £11.75 + post & packing
This simple circuit is designed to produce bursts of high- 
energy pulses to help reverse the damaging effects of 
sulphation in wet lead acid cells.This is particularly useful 
when a battery has been sitting for a period of time 
without use. The effects are dependant of the battery's 
condition and type, but the results can be quite good

> d ith lid

RFID Security Module Receiver Kit
KC-5393 £28.95 + post & packing
Radio Frequency Identity (RFID) is a contact free method 
of controlling an event such as a door strike or alarm etc. 
An "RFID Tag" transmits a unique code when energised by 
the receiver's magnetic field. As long as a pre-programmed 
tag is recognised by the receiver, access is granted. This 
module provides normally open and normally closed relay
nontants for flpvihilitv It ith all EM-4001 complianl

KC-5152 £1.95 + post & packing
This tiny module uses the LM386 audio IC, and will 
deliver 0.5W into 8 ohms from a 9 volt supply making it 
ideal for all those basic audio projects. It features 
variable gain, will happily run from 4-12VDC and is 
smaller than a 9 volt battery, allowing it to fit into the 
tightest of spaces.
• PCB and all electronic components included.

n? S e [Ordering?. 
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Requires 12VDC wall adaptor (Maplin #GSR74R £9.99)

Order Value Order Value Cost

Requires 9VDC wall adaptor 
(Maplin #GS74R £10.99)

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.

Note: Products are despatched from Australia, so local 
customs duty and taxes may apply.

Requires 9-12VDC wall adaptor 
(Maplin #UG01B £13.99)

£10 
£50 
£100

£49.99
£99.99
£199.99

Max weight 12lb (5kg). Heavier parcels POA.
Minimum order £10.

How to order:
Phone: Call Australian Eastern Standard Time Mon-Fri 
on 0800 032 7241
Email: techstore@jaycarelectronics.co.uk
Post: PO BOX 6424, Silverwater NSW 1811. Australia
Expect 10-14 days for air parcel delivery

KC-5361 £15.95 + post & packing
Program both the microcontroller and EEPROM in the popular gold, 
silver and emerald wafer cards. Card used needs to conform to 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. Kit supplied with PCB, wafer card 
socket and all electronic components. PCB measures: 141 x 101mm.
• As published in Everyday Practical Electronics May 2006

4 Channel Guitar Amplifier Kit 
KC-5448 £28.75 + post & packing
This is an improved version of our popular guitar mixer kit 
and has a number of enhancements that make it even 
more versatile. The input sensitivity of each of the four 
channels is adjustable from a few millivolts to over 1 volt, 
so you plug in a range of input signals from a microphone 
to a line level signal from a CD player etc. A headphone 
amplifier circuit is also included for monitoring purposes. 
A three stage EQ is also included, making this a very 
versatile mixer that will 
operate from 12 volts.
Kit includes PCB with 
overlay & all electronic 
components.

Universal Stereo Preamplifier Kit 
KC-5159 £5.25 + post and packing
Based around the low noise LM833 dual op-amp IC, this 
preamp is designed for use with a magnetic cartridge, 
cassette deck or dynamic microphone. It features RIAA/IEC 
equalisation, and is supplied with all components to build 
either the phono, tape or microphone version.
• Measuring only 80 x 78 x 30mm, it is ideal for 

incorporating into existing equipment and is hence 
supplied short form of PCB _.
and specified components ,-i LI

plus PCB standoffs for 
mounting.

• +/- 15VDC required

Component Lead Forming Tool 
TH-1810 £2.00 + post and packing 
Get the hole spacing for your resistors 
and diodes perfect every time. This 
handy forming tool provides uniform 
hole spacing from 10 to 38mm.
Suitable for production assembly, 
education and training. The tool is 
double sided with one side for use with t 
DO47 outline diodes (eg 1N914) and 
1W zener diodes; the other side being I 
suitable for 1/5W resistors, DO41 d
outline diodes (eg 1N4004). An ' )

incredibly handy tool!

Magnifier Headset
QM-3510 £8.50 + post and packing
Minimising eyestrain while leaving your hands free this 
headset gives a wide field 
of vision, can be worn 
over prescription 
eyeglasses and can be 
tilted up out of the 
way when not in use.
Four different 
magnifying multiples, . 
lightweight, excellent for 
close work.

Theremin Synthesiser Kit 
KC-5295 £14.75 + 
post and packing
The Theremin is a weird musical 
instrument that was invented early last 
century but is still used today. _
The Beach Boys' classic hit 
"Good Vibrations" featured a 
Theremin. By moving your 
hand between the antenna and 
the metal plate, you create strange 
sound effects like in those scary movies! Kit includes a 
machined, silkscreened and pre drilled case, circuit board, 
all electronic components, and clear English instructions.

£200 - £499.99 £30 
£500+ £40

PCB Holder with Magnifying Glass 
TH-1983 £3.75 + post and packing
Anytime you need that extra bit of help with your PCB 
assembly, this pair of helping " r -
hands will get you out of ' * ,
trouble. With a 90mm '
magnifying glass, it also \ 
provides an extra pair of eyes.
• Size: Base: 78 x 98mm
• Height: 145mm

IR Remote Control Extender MKII 
KC-5432 £7.25 + post & packing
Operate your DVD player or digital decoder using its 
remote control from another room. It picks up the signal 
from the remote control and sends it via a 2-wire cable 
to an infrared LED located close to the device. This 
improved model features fast data transfer, capable of 
transmitting Foxtel digital remote control signals using 
the Pace 400 series decoder.
Kit supplied with case, 
screen printed front panel, 
PCB with overlay and all 
electronic components.

Resistance Wheel
RR-0700 £5.75 + post and packing 
Convenient resistance selection, jjfff
Select from 36 values from 5 
ohms to 1M ohms.
• Comes complete with leads I 

and insulated crocodile clips. HB

• Uses 0.25W resistors with 5% 
tolerance

Looking for a particular KIT?
Checkout Jaycar’s extensive range.
We have kits and electronic projects for use in:

• Audio & Video AU
• Car & Automotive
• Computer rn
• Learning & Educational
• Lighting
• Power
• Test & Meters f ■
• General Electronics Projects/ (30+ pages - 

- just for fun! IALL prices in PDS

Cost 
£5 
£10 
£20

nly £10
Top Selling AUDIO/VIDEO Kits

Accessories

Smart Card Reader and Programmer Kit

Post and Packing Charges

Check out the Jaycar range in your FREE Catalogue - logon to laucar
E

www.jaycarelectronics.co.uk/catalogue 0800 032 7241
(Monday - Friday 09.00 to 17.30 GMT + 10 hours only) 

For those who want to write: 100 Silverwater Rd

Silverwater NSW 2128 Sydney AUSTRALIA

•ORDER ON-LINE
•ALL PRICING IN 

POUND STERLING
•MINIMUM ORDER

ONLY £10 ,

or check out the range at

www.jaycarelectronics.co.uk

Build-Yourself 
Electronic Project Kits

mailto:techstore@jaycarelectronics.co.uk
http://www.jaycarelectronics.co.uk/catalogue
http://www.jaycarelectronics.co.uk


Teach-In 2008
Using PIC Microcontrollers
Part One - Introduction to PIC 
Microcontrollers and the Development 
Interface Board for this series
JOHN BECKER

TEACH-IN 2008 takes a slightly 
different format to previous 
Teach-Ins. Whereas the earlier 
ones have concentrated on telling you 

about components and how to use them 
in general, Teach-In 2008 takes a specif­
ic component, a PIC microcontroller, the 
PIC16F628, and examines it in detail, 
providing you with information on how 
to use PICs in your own projects.

The series has been inspired by the 
number of readers, many of them new to 
reading EPE, who have been noting the 
emphasis we place on PICs and who wish 
to know more about how to use them.

In the past, we have published PIC 
Tutorials in various forms, and the last 
one, EPE PIC Tutorial V2, is still valid. 
That concentrated on a command-by- 
command examination and explanation of 
various aspects of PIC programming, 
principally in relation to the PIC16F84. 
The text, hardware and softare for it are 
on our PIC Resources CD-ROM, periodi­
cally advertised in our pages.

Constructional examples
This Teach-In 2008 gives constructional 

examples in each part of the series, 
explaining how to program and use a 
PIC16F628 in a variety of circuit types, 
using ‘breadboarded’ circuits you can 
quickly and easily put together yourself.

They could also be assembled on strip­
board, for a more permanent construction, 
although guidance on stripboard assembly 
is not given.

PIC16F628
The PIC16F628 was chosen because it is a 

good compromise between the various PIC 
types available and simplicity of use. There 
are many PICs in the current range which are 
totally unsuited to learning about PICs in 
general, requiring too many concepts to be 
grasped by the newcomer to PICs.

The PIC16F628 is one of the 16F fami­
ly but without a lot of the ‘frills’ now 
found in many PIC families. There are 
other 16Fs that could have been chosen, 
but this one is widely available from many 
suppliers. For this series, the PIC16F627 
could also be used without changes, the 
only difference is that it has a somewhat 
smaller memory capacity.

Once you understand the basics of pro­
gramming a PIC16F628, your knowledge

Prototype of the dual-purpose PIC programming and development interface board 
used in the Teach-In 2008 series

can be readily used to write programs for 
other PICs from the increasing number of 
types available. Most of the commands 
used are similar between types, although 
the method in which they are used can 
vary between PIC families.

Getting started
In this first part of the series we tell you 

about the general nature of a PIC microcon­
troller, and present a simple PIC program­
ming circuit which is assembled on a small 
printed circuit board (PCB). Its controlling 
software is the author’s renowned Toolkit 
TK3 assembler/programmer. This provides 
the essential aspects required for writing and 
assembling PIC software, and programming 
the PIC with the results via a PC’s parallel 
printer port.

There are many text notes built into the 
TK3 program that give information on 
how use it.

The board is also used as the Master 
Control PCB for the Teach In 2008 demon­
stration programs. It will also be of future 
use when writing your own software.

It is recognised that many modern PCs 
do not have a parallel printer port, and use 
a USB serial bus. For those readers who 
cannot use the programming aspects of 
the Master Control PCB to program their 
PICs, it is recommended that a simple PIC 
Programmer such as the PICkit2 pro­
grammer be used, as reviewed by Mike 
Hibbett in the July ’07 issue.

PICkit2 can be used to actually program 
your PIC, and then the PIC can be trans­
ferred to the Master Control PCB for use 
in the demo program examples presented 
in this series.

The Master Control PCB is described 
later, along with its assembly. Details of 
obtaining the PICkit2 hardware and soft­
ware are also given later.

If you already have the PCB designed to 
go with the TK3 software when it was 
originally published, then you may use 
that instead of the Master Control PCB. 
The same applies to the TK3 board avail­
able pre-built from Magenta Electronics.

The TK3 boards have facilities for pro­
gramming a variety of PIC sizes.
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Origin
When the original EPE PIC Tutorial 

was published in March to May 1998, let­
ters and phone calls to EPE had demon­
strated that interest in Microchip’s PIC 
microcontrollers had become intense. 
Many readers were asking for more infor­
mation on how to use these devices in 
designs of their own invention.

In the words of one reader, “Please 
show me how to get to grips with the 
essence of PICs. Tell me, step-by-step, 
how to get started with writing simple 
programs, how to just turn on a single 
light emitting diode, for example. Then 
take me forward from there”.

This Teach In 2008 first takes the gener­
al concept of using a PIC to turn an LED 
on and off, and then progresses to show 
how this concept, and others which follow 
during the series, can be used in practical 
situations. At various stages of the series, 
additional commands and concepts are 
introduced as part of the demos, and they 
are explained in turn.

By the end of the series you will have a 
good grasp of all the commands available, 
and of how to implement the concepts 
presented in your own designs. Many 
thousands of readers have already learned 
to do this via the PIC Tutorials previous­
ly published.

We assume in this series that you have 
no previous knowledge of PICs and their 
programming, although you may find it 
useful if you know a bit about digital 
logic, but this is not essential. It is impor­
tant that you have had some experience of 
electronic component assembly when it 
comes to copying and using the bread­
board layouts, along with assembling the 
Master Control PCB.

What is a PIC?
It’s worth explaining briefly what a PIC 

chip is, before we move ahead. A PIC 
chip, in this context, is a microcontroller 
integrated circuit manufactured by 
Microchip. When asked about the name’s 
origin, Microchip’s Technical Department 
replied, “PIC is not an acronym; it is just 
a trademarked name that General 
Instruments came up with a long time 
ago”. (GI were the originators of PICs.)

A microcontroller is similar to a micro­
processor, but it additionally contains its 
own program command code memory, 
data storage memory, bi-directional 
(input/output) ports and a clock oscillator. 
Many microprocessors require the use of 
additional chips to provide these require­
ments; microcontrollers are totally self­
contained, although they usually need an 
external clock source, such as a crystal 
(but not the PIC16F628, which has its 
own internal source).

The great advantage of microcontrollers is 
that they can be programmed to perform 
many functions for which many other chips 
would normally be required. This not only 
makes for simplicity in electronic designs, 
but also allows some functions to be per­
formed which could not be done using nor­
mal digital logic chips - ie circuits for which 
a microprocessor and peripheral devices 
would be required.

There are many types of microcontroller 
manufactured by various companies, 
including the AVR family from Atmel, but 

for at least 10 years EPE has largely stan­
dardised on PICs, and many readers 
appreciate this emphasis.

Microchip are recognised as one of the 
largest manufacturers of microcontrollers.

PICs are manufactured and supplied 
‘empty’. That is, they are without pro­
gram codes (commands) and cannot con­
trol a circuit until they have been provid­
ed with a program that tells them what to 
do. It is the task of the program writer 
(you) to tell them what that is. The com­
mands are written in a specialised form of 
English, largely consisting of mnemonics, 
known as the ‘source code’.

There are several methods by which the 
souce code can be written, such as assem­
bler, ‘C’ in numerous forms, and varieties 
of Basic. It is assembler we use here. It is 
a very simple programming dialect, and 
utilises Micropchip’s own commands 
without the sophistication of higher level 
dialects such as ‘C’. (Discussion of the 
use of flowcharts is beyond the scope of 
this series.)

An assembly program (such as that sup­
plied for this series, and the PICkit2 sys­
tem referred to earlier) then translates 
(assembles or compiles) the source code 
commands into a numerical form that the 
PIC can understand - the ‘program code’.

This code, which is normally stored on 
a file in hexadecimal, is then sent (loaded) 
in binary format to the PIC by electronic 
hardware, such as the PCB described 
later.

Inside the 16F628
The pinouts for the PIC16F628 are 

shown in Fig.1.1 It is an EEPROM (elec­
trically erasable programmable read only 
memory) device, but perhaps more cor­
rectly described as a ‘flash’ device, hence 
the ‘F’ in its type number. This means that 
it can be rapidly reprogrammed as often 
as you wish (within the limits stated by 
Microchip - but these run into many thou­
sands of reprogramming cycles and 
should not normally concern you).

Note that there are several sub-versions 
of individual PIC types, having suffixes 
such as -04, -10 and -20. The suffix indi­
cates the maximum clock rate at which 
the chip can be used: 4MHz, 10MHz and

Fig. 1.1 Pinouts for the PIC16F628

20MHz respectively. You may use any 
device speed rating for this Teach-In 
series.

The PIC16F628 used here has two 
input/output (I/O) ports, Port A and Port 
B. Port A basically has five pins (RA0 to 
RA4), and Port B has eight pins (RB0 to 
RB7). Port A does have three other pins, 

which may be used for I/O, but their use 
as I/O depends on some other functional 
choices of pin use, and that aspect is best 
ignored at this stage.

The PIC16F628 has several oscillator 
modes, ranging from an internal 4MHz 
clock or external crystal control at differ­
ent speed ratings, through to various 
forms of resistance control. It is only the 
first that will be used in this series. The 
PIC’s datasheet gives details of other 
oscillator types if you wish to know more 
once this series has ended.

Keying-in PIC source code
You must be able to use a word-pro­

cessing program (text editor) in order to 
write your own PIC source code. This 
must produce a text file that is totally 
without formatting and printer com­
mands. That is, it must be able to generate 
a pure ASCII text file (and to input one).

The TK3 assembly/programming soft­
ware available for this series and the 
Master Control PCB, allows access to a 
choice of text editors, ranging from DOS 
Edit to NotePad. You may also provide 
your own links to your own preferred text 
editor if you wish.

Personal ability
Throughout this series we shall examine 

the 35 basic PIC commands in a fair 
amount of detail. It is hoped that this will 
give you all the necessary information to 
enable you to conceive a design in which 
you can use a PIC16F628 to control what­
ever situation you wish, and to write the 
code that will let it do so.

There is, though, much more to writing 
PIC programs than you may at this stage 
fully appreciate. Knowledge about indi­
vidual commands and the way in which 
they can be used is not enough in itself. 
Programming is a way of looking at the 
world in ways that other people may not 
recognise.

You must have the mental ability to see 
each programming situation as a step-by- 
step function, visualising and analysing in 
your mind exactly how it is that you need 
to specify the complete program flow. You 
have to write the sequence of events with 
the correct grammar, with the correct 
spelling and in the correct order. 
Undoubtedly, you will make mistakes 
while you are writing the code, failing to 
see the correct sequence of events and 
using incorrect command structures.

You require the ability to analyse what 
you have done wrong and to correct it. 
You are likely to be confronted with an 
overall task that may, on occasion, take 
you into several days or even weeks of 
dedicated concentration.

Readers have occasionally asked how 
they can be taught to think like a pro­
grammer. There is no easy way in which 
this can be taught. Some people have the 
ability, some do not. The best way to learn 
is by actually writing snippets of code and 
getting those to work, giving you the 
experience and confidence to progress to 
more complex situations.

Programming, to those who have the 
ability to see things ‘as they are’ and not 
‘how they seem to be’, can become 
extremely addictive. You could find your­
self compelled to get back to the keyboard
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and PIC programmer at any conceivable 
hour. You had better have an understand­
ing family!

Readers who have had experience of 
programming in one of the general 
dialects of Basic, or with other types of 
microprocessor or microcontroller, will 
find that once a few commands have had 
their functions explained, using them will 
rapidly become instinctive. Other readers 
without such experience will, it has to be 
said, have to become accustomed to 
understanding programming itself as a 
step-by-step process. An analytical mind 
is required and, as said earlier, there is no 
easy way in which programming can be 
taught to those who lack experience.

Master Control Board
The circuit diagram for the Master 

Control board is shown in Fig.1.2.
It is based on the circuit used by the 

author for the TK3 board referred to earli­
er. It will not be discussed in depth. 
Details of the TK3 board are available on 
the PIC Resources CD ROM, also 
referred to earlier.

The circuit can be run from a 9 V to 12V 
DC power source, such as a battery or 
plugpack which plugs into household 
mains sockets. IC4 regulates the input 
voltage down to +5V, as required by the 
PIC and other ICs. IC1 boosts the +5V to 
around +14V to provide the programming 
voltage required by the PIC, and returning 
that voltage to +5V at the end of pro­
gramming procedures.

Fig. 1.2. Circuit diagram of the dual-purpose PIC programming and development interface (Master Control Board)
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MASTER CONTROL BOARD

RB6 OUT CLK

RB7 OUT DATA

+9VTO + 12V
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(SEE TEXT)

4,4in (111,76 mm)

Fig. 1.3. Assembly and track layout details for the circuit in Fig. 1.2.
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Programming control signals are provid­
ed by the parallel port of a PC (see earli­
er). The input signals, and those fed back 
to the PC during programming, are routed 
via IC5 and IC3 to the PIC, IC2.

PIC reset control is supplied by the PC 
and transistor TR1. Pushswitch S1 allows 
manual control of resetting when desired.

The connections at TB1 are those to and 
from the in-situ PIC’s Port A and Port B I/O 
pins. Additional connections to Port B are 
provided for eight on-board LEDs. There is 
a link wire provided in the common cath­
ode line, following buffer resistors R14 to 
R21, to connect the cathodes to 0V, so 
allowing the LEDs to be brought into ser­
vice when required, and without affecting 
the Port B I/Os when they are not.

Link B may be used to reverse bias the 
LEDs if you wish to do so when they are 
not in use. Never link both links.

Additional connections (TB1) are provided 
on the PCB for connecting an alphanumeric 
liquid crystal display (LCD). Details for the 
LCD will be shown in a future part when its 
use will be discussed.

Also provided is a 4-pin connector point 
(TB2) through which other PICs on other 
boards can be programmed.

Master Control PCB 
assembly

Details of the track and component lay­
outs for the PCB are shown in Fig. 1.3. 
This board is available from the EPE PCB 
Service, code 647.

Note that the board has pin connections 
which can plug into a 0.1in pitch bread­
board, as a convenient securing facility. A 
breadboard will be used throughout the 
series for assembling a few components 
for the various demonstrations.

Assemble the PCB in order of ascending 
component size, starting with the link wires, 
noting that some go under IC positions. Do 
not connect the link A or B wires to the right 
of the PCB - their use will be discussed with 
regard to LED usage in a future part.

Observe the correct orientation for all 
polarity sensitive components, including 
semiconductors and electrolytic capacitors.

Dual-in-line (DIL) IC sockets should 
be used for all ICs. The socket used for 
the PIC may be a zero insertion force 
(ZIF) socket for future convenience. 
When mounting socket SK1, securely 
bolt it to the PC before its connections 
are soldered.

Facilities for checking the assembled 
board functionally are provided by the 
TK3 software, but do not insert any DIL 
ICs until the correctness of the voltage 
output by regulator IC4 has been proved to 
be +5V, within a few millivolts.

PC and PIC software
The TK3 software for controlling the 

Master Control PCB, is available for free 
download from the EPE Downloads site, 
access via www.epemag.co.uk.

Simply save the zip file onto your PC and 
unzip the enclosed files into their named 
folder. They may be copied to a seperate 
folder having a name of your choice. Do not 
attempt to ‘install’ any of the software via 
Internet Explorer or similar, use Window’s 
own copying facility.

The PC software has been proved on 
Window’s platforms up to and including

Parts List - Teach-In 2008 - Master Control PCB

1 PC board, code 647, available 
from the EPE PCB Service, 
size 112mm x 94mm

1 36-way Centronics parallel port 
connector, female (SK1)

1 3.2768MHz crystal (see text) 
(X1) (optional)

1 9V DC power source, eg PP9 
battery (see text)

1 single-pole, PC mounting ‘click­
effect’ pushbutton switch, push- 
to-make (S1)

1 10kQ minature round preset
potentiometer, PC mounting

1 8-pin DIL socket
2 16-pin DIL sockets
1 18-pin DIL socket
2 4-pin DIL 1mm pin-header 

strips (TB1 and TB2)
1 6-pin DIL 1mm pin-header strip 

(TB1)
31 1mm terminal solder pins
4 PCB supports, self-adhesive

Semiconductors
9 5mm red LEDs (D1 to D9)

Fig. 1.4. Main control screen of the TK3 Programmer

XP, where such PCs have a parallel print­
er port included. The main control screen 
in shown in Fig.1.4.

There are numerous on-screen Notes 
click-buttons, which give access to vari­
ous details about the PC sofware’s use. It 
is not discussed here.

Basic PIC16F628 facts
All the commands for the PIC16F628 

are shown in Table 1. Most of them apply 
to other PIC families too, though some

1 BC549 NPN transistor (TR1)
1 MAX662A voltage converter 

(IC1)
1 PIC16F628 PIC micrcontroller

(IC2)
1 4053 3-pole 2-way analogue 

changeover switch/multiplexer 
(IC3)

1 78L05 +5V 100mA voltage 
regulator (IC4)

1 4050 Hex buffer, non-inverting 
(IC5)

Capacitors
2 10pF ceramic disc, 0.2in pitch 

(C7,C8)
2 100nF ceramic disc, 0.2in pitch 

(C4,C6)
2 220nF ceramic disc, 0.2in pitch 

(C1,C2)
2 4^7 radial elect. 63V (C3, C5)

Resistors (0.25W 5% carbon)
8 470Q (R14 to R21)
8 1k (R5 to R11, R13)
1 10k (R12)
4 100k (R1 to R4)

families also have additional commands 
available.

There are also some Special Register 
Files (SFRs) that are frequently used in 
PIC programs. Part of the PIC16F628’s 
memory map is shown in Table 1.2. You 
normally work in Bank 0, but SFRs are 
held in other Banks, and you also have 
acess to additional memory in some oth­
ers too. Again, note that other PIC fami­
lies may have somewhat different 
arrangements.
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Table 1.1. PIC Command Codes For PIC16F62x
Table 1.2 PIC16F628 Memory Map For The First 
Two Banks. (Microchip datasheet)

Command Flags Cycles Description
/Syntax affected

BYTE-ORIENTATED FILE REGISTER OPERATIONS

ADDWF f,d C, DC, Z 1 Add W and f
ANDWF f,d Z 1 AND W with f
CLRF f Z 1 Clear f
CLRW - Z 1 Clear W
COMF f,d Z 1 Complement f
DECF f,d Z 1 Decrement f
DECFSZ f,d - 1 (2) Decrement f, skip if 0
INCF f,d Z 1 Increment f
INCFSZ f,d - 1 (2) Increment f, skip if 0
IORWF f,d Z 1 Inclusive OR W with f
MOVF f,d Z 1 Move f
MOVWF f - 1 Move W to f
NOP - 1 No operation
RLF f,d C 1 Rotate left f through Carry
RRF f,d C 1 Rotate right f through Carry
SUBWF f,d C, DC, Z 1 Subtract W from f
SWAPF f,d - 1 Swap nibbles in f
XORWF f,d Z 1 Exclusive OR W with f

BIT-ORIENTATED REGISTER OPERATIONS
BCF f,b - 1 Bit clear f
BSF f,b - 1 Bit set f
BTFSC f,b - 1 (2) Bit test f, skip if 0
BTFSS f,b - 1 (2) Bit test f, skip if 1

LITERAL AND CONTROL OPERATIONS
ADDLW k C, DC, Z 1 Add literal and W
ANDLW k Z 1 AND literal with W
CALL k - 2 Call subroutine
CLRWDT TO, PD 1 Clear Watchdog Timer
GOTO k - 2 Go to address
IORLW k Z 1 Inclusive OR literal with W
MOVLW k - 1 Move literal to W
RETFIE - - 2 Return from interrupt
RETLW k - 2 Return with literal in W
RETURN - 2 Return from subroutine
SLEEP TO, PD 1 Go into standby mode
SUBLW k C, DC, Z 1 Subtract W from literal

^ORLW k Z 1 Exclusive OR literal withW

The full datasheets for various PICs can be 
downloaded free of charge from Microchip’s 
website at www.microchip.com.

Before we start to look at programming 
PICs next month, there are a few facts to 
remember first.

Floating PIC pins
It is worth noting that PIC pins should

never be left as ‘floating’ inputs. If any 
PIC pins remain unused in a PIC-con­
trolled circuit, they should either be 
biased to one or other power line by indi­
vidual resistors (say 10k to 100k), or set 
as outputs in a logic 0 (low) condition.

Case sensitivity
With some programmers (but not TK3), 

the names used in software are ‘case-sen­
sitive’. In other words, once you have 
allocated a name to a register, further use 
of the name must be in exactly the same 
style as the original with regard to the use 
of upper and lower case letters.

For example, names STORE1 and store1 
cannot be used interchangeably.

However, the commands themselves (as 
opposed to the names) may be in upper or 
lower case without (usually) causing

Teach-In 2008 Demos Parts 2 to 6 - You will Need

1 standard plug-in ‘breadboard’, 64 holes long by 14 holes wide, 
1mm pitch

1 2-line 16-characters (per line) standard alphanumeric LCD
12 single-pole, PC mounting pushbutton switches, push-to-make
1 personal earpiece or miniature 40 ohm (approx) loudspeaker
1 10kQ miniature round preset potentiometer, PC mounting

Semiconductors
14 5mm red LEDs
2 1N4148 signal diodes
1 BC549 NPN transistor

Resistors (0.2W 5% carbon)
7 470Q 1 4k7
1 1k 4 10k

Some additional parts may be needed as the series progresses
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problems. For example, in the Teach In 
2008 demo programs, the commands are 
usually shown in lower case, although 
they could have been in upper case.

True and false
In any logic question, there can only be 

one of two answers, either ‘yes’ or ‘no’ 
(you can never answer ‘maybe’ to such 
questions). In programming (and digital 
electronics too) if the answer is ‘yes’, then 
the answer is said to be ‘true’. If the 
answer is ‘no’, then the answer is said to 
be ‘false’ (not true).

The convention is that if a situation is 
‘true’ then it is represented by logic 1, 
Conversely, if the situation is ‘false’ it is 
represented by logic 0. Logic 1 and logic 
0 are, of course, the two states in which a 
binary bit can be.

Set and clear
The concepts of the terms ‘set’ and 

‘clear’, as frequently used in program­
ming, are important to understand. In 
program terms, to ‘set’ a bit means to 
force it high, ie to logic 1; the term 
‘clear’ is used to mean that a bit is forced 
low, ie to logic 0. Note, however, that in 
textual terms (ie in articles such as this) 
you are likely to come across the mixed 
use of the word ‘set’, in that you might 
be told to ‘set a bit low’.

In such cases, the implied meaning 
should be obvious from the context. In 
this example, ‘low’ is the important word 
and ‘force’ or ‘make’ could have been 
used instead of ‘set’.

STATUS register
Table 1.3 shows the arrange of the STA­

TUS register, which is used for several 
purposes, depending on how its bits are 
set or cleared.

Bit 0 is the bit which indicates whether 
a Carry or a Borrow has occurred during 
some commands. It is, incidentally, com­
mon to refer to such bits as being ‘flags’: 
the flag is then said to be set or cleared by 
any action which affects it. The Carry bit 
is referred to as bit C.

Bit 1 is the Zero flag (Z bit), and indi­
cates whether actioning a command has 
resulted in a value of 0 (Z = 0), or greater 
than 0 (Z = 1).

Other bits will be discussed as we 
progress.

F and W statements in 
commands

Data can be routed either to files or 
retained in the working register. A single 
code, either W or F, determines which 
destination is to be used. This code is 
required following the comma used with 
some commands.

For example, take the commands INCF 
PORTB,F and INCF PORTB,W. With the 
former, the value already held in PORTB 
is incremented and retained in PORTB, as 
instructed by the F. With the latter, the 
value already held in PORTB is incre­
mented but retained in the working regis­
ter, as instructed by the W, so no change is 
made to PORTB itself.

Program counter
Microcontrollers such as PICs keep 

track of which program byte number is 
currently being processed, and there is a 
counter which holds this information - 
the Program Counter (PCL, as it is named 
for the PIC, Program Counter Low). 
Unless told otherwise, when one instruc­
tion has been performed, the program 
counter is automatically incremented (a 
value of 1 added to it) and the next con­
secutive command is performed.

The program address number held by 
the PCL can be changed, either when the 
instruction is one such as GOTO or 
CALL, or by the user telling it to add 
another literal value to itself. The next 
instruction performed is that at the 
address pointed to by the new value. It 
will be seen, then, that if the value of 0 is 
added to the PCL, the next instruction is 
simply the next one on. If, however, the 
value of 1 is added to the PCL, then the

Table 1.3: Status Register (Microchip datasheet)

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
| IRP |RP1 |RP0 |TO |PD |Z |DC |c I R = Readable bit
bit7 bitO W = Writable bit

U = Unimplemented bit, 
read as 'O'

-n = Value at POR reset
-x = Unknown at POR reset

bit 7: IRP: Register Bank Select bit (used for indirect addressing)
1 = Bank 2,3(1 OOh - 1FFh)
0 = Bank 0, 1 (OOh - FFh)

bit 6-5: RP1 :RP0: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh) 
oo = Bank 0 (OOh - 7Fh)

bit 4: TO: Time-out bit
1 = After power-up, clrwdt instruction, or sleep instruction 
0 = A WDT time-out occurred

bit 3: PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution ofthe sleep instruction

bit 2: Z: Zero bit
1 = The result of an arithmetic or logic operation is zero 
0 = The result of an arithmetic or logic operation is not zero

bit 1: DC: Digit carry/borrow bit (addwf, addlw,sublw.subwf instructions)(for borrow the polarity is reversed) 
1 = A carry-out from the 4th low order bit of the result occurred 
0 = No carry-out from the 4th low order bit of the result

bit 0: C: Carry/borrow bit (addwf, addlw, sublw, subwf instructions)
1 = A carry-out from the most significant bit of the result occurred
0 = No carry-out from the most significant bit of the result occurred
Note: For borrow the polarity is reversed. A subtraction is executed by adding the two's complement ofthe 
second operand. For rotate (rrf, rlf) instructions, this bit is loaded with either the high or low order bit of 
the source register.
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next consecutive instruction is bypassed 
(skipped) and the one beyond it is per­
formed instead.

For example, if the program counter is at 
52, then normally it will automatically add 
one to itself and the next instruction will be 
that at 53, and the one after that will be at 54, 
etc. If, somehow, we intervene and add 1 to 
the counter while it’s still 52, then the 
counter will become 53 but will still add its 
own value of 1 to itself, making 54. The pro­
gram will thus jump straight from 52 to 54, 
omitting the instruction at 53. Should the 
value of 0 be added, then, of course, the pro­
gram will go straight from 52 to 53.

Opening ORG commands
In the opening statements of a PIC 

progam, position ORG 0 is known as the 
reset vector (see Table 1.4). It is to this 
address that the PIC jumps when it is first 
run or subsequently reset. The command 
which follows it is then performed.

Position ORG 4 is known as the inter­
rupt vector. It is to this address that the

Table 1.4: Program Memory Map 
And Stack For The PIC16F628

PIC program jumps if an interrupt occurs, 
then actioning the next command, what­
ever that may be, and there are several 
commands that could used. The subject of 
interrupts will be dealt with later. Ignore 
the concept for the moment.

Position ORG 5 is the start of program 
vector, ie it indicates the first available 
position within the PIC at which the actu­
al program can start.

You will notice that locations 1, 2 and 3 
are not mentioned. These are reserved by 
the PIC and are not available for normal 
program use.

Having included the essential first few 
commands, everything else beyond ORG 
5 is up to you.

Next month
In Part Two next month, we will start 

to describe how to program PICs by 
detailing the coding for a simple demon­
stration program that shows how just a 
single LED can be turned on or off, and 
then progress from there.

Get your magazine ‘instantly’ anywhere in the 
world - buy and download from the web. 
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IFA Electronics 
Show Berlin

Barry Fox reports that there were mixed feelings about the show 
and the products

The IFA electronics show in Berlin 
used to be held once every two years; 

now it is annual. Rudy Provoost, Head of 
Consumer Electronics at Philips, 
summed up the industry’s reservations: 
“There are too many fairs and shows. It’s 
too fragmented. In Germany we have 
Domotechnica, Photokina, CeBit, IFA. 
You can’t dictate innovation by fairs. It 
must be very disappointing for con­
sumers and journalists.”

Perfect Pixel
Philips has now sold a million flat 

screens with Ambilight, the system 
which generates soft coloured ambient 
light which is controlled by the averaged 
picture content. The new Aurea 42-inch 
screen has an active transluscent frame 
with 126 LED sources, each with red, 
green and blue components, firing to 
back and front. The bottom part of the 
ring has the Philips name in soft grey 
letters and when the ring lights up 
the name shows as jet dark black. 
Some viewers may find this very 
disconcerting.

The new Aurea set also used the latest 
version of Philips’ image circuitry, which 
processes 249 million pixels per second to 
interpolate picture content and increase 
the display rate from 24/25/30/50/60 pic­
tures per second to 96Hz or 100Hz, while 
eliminating judder on motion. The proces­
sor used to be called Pixel Plus but is now 
‘Perfect Pixel HD Engine’.

Philips head TV designer Danny Tack 
admits: “We are not using the name Pixel 
Plus any more. We had versions 1, 2 and 
3. When I chose the name Perfect Pixel I 
thought, Oh, Oh, I am in trouble here. 
It’s now perfect. We will keep the name 
for a while and then find a new name.”

Sharp demonstrated the 
world’s largest full HD LCD 
screen, a whopping 108 inch­
es; at the other end of the scale 
Sharp also showed a proto­
type of the world’s thinnest 
LCD panel - less than 30mm 
thick. So far there is no super­
thin product to buy.

Hitachi unveiled the first 
camcorder which shoots 
HDTV direct to an 8cm 
Blu-ray disc. JVC has now 
bowed to the market pres­
sure generated by the recent 
launch by Panasonic and 
Samsung of camcorders that 
shoot SD or HDTV direct to 
SD memory card; the latest 
Everio camcorders from 
JVC shoot either to hard 
disc or SD card.

Standards Battle
Most of the excitement in 

Berlin centered on the on­
going standards battle 
between Blu-ray and HD- 
DVD. Both sides presented 
statistics which showed their

Sharp thin screen LCD prototype

sales figures in the best light. The main 
bone of contention is whether sales of 
games consoles with HDTV movie play­
back should be included in total player 
sales figures. The Blu-ray Disc Group says 
Yes, because Sony has already sold 1.3 
million PS3s in Europe, which gives it a 
claimed 94% share of BD-capable players 
in Europe; the HD-DVD Promotion Group 
says No, because Microsoft has done little 
to promote the HD-DVD add-on drives for 
its Xbox 360, and will not give any hard 
sales numbers for Europe.

The HD-DVD Group cited independent 
figures, which showed the attachment 
rate for PS3 (number of movie discs sold 
for each player) as 0.5, or one disc for 
every two PS3s sold; the BD Group 
counters by saying that that BD is selling 
more than twice as many HDTV discs as 
HD-DVD in Europe. But the numbers are 
still very small; 534,000 BD movie discs 
against 231,000 HD-DVD.

The Blu-ray Disc Group had been rocked 
a few days before IFA by the shock 
announcement that Paramount and

JVC Everio Camcorder Hitachi DZ-BD70E Blu-ray disc camcorder
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DreamWorks had jumped ship and com­
mitted to exclusive releasing on HD-DVD. 
The trade rumoured that Toshiba had paid 
$150 million to win exclusive support.

Said Danny Kaye, Fox Home 
Entertainment’s executive vice president 
for technology and research: “Paramount 
said they wanted to support the format 
that gave the best proposition for the 
consumer, but they are now supporting 
the format that has the lower capacity, 
the least studio support, and the least 
hardware support.”

Rudy Provoost, Philips Head of 
Consumer Electronics, laughed when 
asked if he had been surprised at the 
Paramount/Dream Works jump ship: “In 
this business nothing is a surprise any 
more. But I certainly didn’t expect 
Paramount’s decision and I am still puz­
zled as to why.”

Mixed Demonstration
To the surprise of the packed room, 

when the BD Group screened promotional

clips of HDTV movies from the Fox, 
MGM and Sony studios, they were of very 
poor quality. A BD Group spokesman later 
admitted that a ‘series of screwups’ had 
left the clips projected in Standard 
Definition quality, not HD!

The HD-DVD Promotion Group gave 
much more impressive demonstrations of 
HD picture quality but ducked all ques­
tions after Paramount’s Chris Saito read 
an inconsequential statement on his ship 
jumping: “We decided HD-DVD was the 
best value for consumers and studios.”

However, ‘Mr DVD’, Yoshihide Fujii, 
CEO of Toshiba’s Digital Network Co, 
later admitted in personal talks that 
Toshiba had promised Paramount and 
DreamWorks ‘some money’ to cover 
costs ‘to jointly promote’ their titles. 
But talk of $150 million was ‘totally 
wrong’, he insisted. “A studio would be 
stupid to accept money to back the 
wrong product.”

“I love Sony,” Fujii added. “I have a lot 
of friends there. I’m just sorry that Sony-

san made a very big mistake with Blu-ray.” 
He then attacked the press for biased 
reporting of the format war. “It’s just a stu­
pid game,” Fujii said. “Reporters don’t tell 
consumers about the pros and cons of Blu- 
ray and HD-DVD. It’s clear the mass 
media should support my idea.”

Mr Fujii was then asked whether there 
was anything he did like about Blu-ray. 
‘Nothing!’ he said vehemently. “Not a 
thing. HD-DVD beats Blu-ray in every 
single respect.”

Attendance
IFA drew 235,000 domestic and interna­

tional visitors to Berlin. The organisers are 
keen to stress that IFA is now an annual, 
international show that rivals January’s CES 
in Las Vegas; out of 1,212 exhibitors from 32 
countries, 733 companies, or 60 per cent, 
came from outside Germany. Countering 
rumours that IFA may return to its original 
binennial pattern, the organizers also claim 
an increase in the rented display area at the 
IFA 2007, by some twelve per cent.
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Learn About Microcontrollers

P927 PIC Training Course £159

PH27 Training Course £195
PIC training and Visual C# training combined into one 
course. All the features of the P927 course with an 
extra book and enhanced programmer module.

The PIC programmer module has a new control PIC 
fitted which has a huge amount of free memory (as 
PICs go) and it has the ability to write experimental PIC 
code into itself. By writing our experimental code into 
the control PIC we are able to use the RS232 port 
which will already be connected to our PC. This is a 
very convenient way to start our serial communication 
experiments. The control PIC is also programmed with 
a library of useful subroutines. These include subrou­
tines for displaying text on an LCD, for creating a known 
time delay and for digitising an audio waveform to col­
lect data for an oscilloscope trace.

PH27 PIC & Visual C# training Course comprising...
Enhanced 16F and 18F PIC programmer module 
+ Book Experimenting with PIC Microcontrollers 
+ Book Experimenting with PIC C
+ Book Experimenting with Serial Communication
+ PIC assembler, PC assembler 

and PIC C compiler software on CD
+ PIC16F627A, PIC16F88, PIC16F870

and PIC18F2321 test PICs.£195.00 
(Postage UK £10, Europe £20, Rest of world £37)

The best place to begin learning about microcontrollers is the PIC16F627A.This is 
very simple to use, costs just £1.30, yet is packed full of features including 16 
input/output lines, internal oscillator, comparator, serial port, and with two software 
changes is a drop in replacement for the PIC16F84.

Our PIC training course starts in the very simplest way. At the heart of our system 
are two real books which lie open on your desk while you use your computer to type 
in the programme and control the hardware. Start with four simple programmes. Run 
the simulator to see how they work. Test them with real hardware. Follow on with a 
little theory.....

Our PIC training course consists of our PIC programmer, a 300 page book teach­
ing the fundamentals of PIC programming, a 274 page book introducing the C lan­
guage, and a suite of programmes to run on a PC. The module uses a PIC to handle 
the timing, programming and voltage switching. Two ZIF sockets allow most 8, 18, 28 
and 40 pin PICs to be programmed. The programming is performed at 5 volts, verified 
with 2 volts or 3 volts and verified again with 5.5 volts to ensure that the PIC works 
over its full operating voltage. UK orders include a plugtop power supply.

P927 PIC Training & Development Course comprising...
Universal 16C, 16F and 18F PIC programmer module
+ Book Experimenting with PIC Microcontrollers
+ Book Experimenting with PIC C
+ PIC assembler and C compiler software on CD
+ PIC16F627A, PIC16F88, PIC16F870

and PIC18F2321 test PICs................ £159.00

Visual C# Course £88
Visual C# Training Course comprising...  

Book Experimenting with Visual C# 
+ AUX200 latching serial port 
+ liquid crystal display assembly 
+ programme text on CD
+ pack of components......... £88.00

(Postage UK £8, Europe £14, Rest of world £22) 
See:- www.brunningsoftware.co.uk/vcreview.htm

Ordering Information
Both training courses need either a free serial port on 
your PC or a USB to COM adapter (full details on web­
site). All software referred to in this advertisement will 
operate within Windows XP, NT, 2000 or later.

Telephone with Visa, Mastercard or Switch, or send 
cheque/PO. All prices include VAT if applicable.

(Postage & insurance UK £10, Europe £18, Rest of world £25)

Experimenting with PIC Microcontrollers
This book introduces PIC programming by jumping straight in with four 

easy experiments.The first is explained over ten and a half pages assuming 
no starting knowledge of PICs. Then having gained some experience we 
study the basic principles of PIC programming, learn about the 8 bit timer, 
how to drive the liquid crystal display, create a real time clock, experiment 
with the watchdog timer, sleep mode, beeps and music, including a rendi­
tion of Beethoven's Fur Elise. Then there are two projects to work through, 
using a PIC as a sinewave generator, and monitoring the power taken by 
domestic appliances. Then we adapt the experiments to use the PIC16F877 
family, PIC16F84 and PIC18F2321. In the space of 24 experiments, two pro­
jects and 56 exercises we work through from absolute beginner to experi­
enced engineer level using the most up to date PICs.

Experimenting with PIC C
The second book starts with an easy to understand explanation of how to 

write simple PIC programmes in C. Then we begin with four easy experi­
ments to learn about loops. We use the 8/16 bit timers, write text and vari­
ables to the LCD, use the keypad, produce a siren sound, a freezer thaw 
warning device, measure temperatures, drive white LEDs, control motors, 
switch mains voltages, and experiment with serial communication.
Web site:- www.brunningsoftware.co.uk

White LED and Motors
Our PIC training system uses a very practical approach. 

Towards the end of the second book circuits need to be built on 
the plugboard. The 5 volt supply which is already wired to the 
plugboard has a current limit setting which ensures that even the 
most severe wiring errors will not be a fire hazard and are very 
unlikely to damage PICs or other ICs.

We use a PIC16F627A as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to control 
the speed of a DC motor with maximum torque still available. A kit 
of parts can be purchased (£30) to build the circuits using the white 
LEDs and the two motors. See our web site for details.

Mail order address:

Brunning Software 138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308

http://www.brunningsoftware.co.uk/vcreview.htm
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Regular Clinic

Circuit
Surgery
Ian Bell

Inductor Size and SPICE Simulation

We have received a question from
Godfrey (G4GLM) prompted by a 

comment in an earlier article. In that article 
we were discussing the Royer converter, a 
circuit which is typically used to generate 
outputs of hundreds of volts from a low 
voltage DC supply. In recent times, Royer 
converters have been used for generating 
the high voltages needed for display back­
lighting (using CCFL - Cold Cathode 
Florescent Lamps). Godfrey emailed:

I’ve an ignorant question, it’s about 
something well known, but I’ve never seen 
it explained. Ian Bell refers to it briefly in 
Circuit Surgery June ’07 ‘Higher frequen­
cies enable smaller transformers to be 
used’The 400Hz aircraft power transform­
ers in my museum are certainly smaller 
than their 50Hz, counter-parts, indeed the 
reason for choosing this higher frequency 
for on-board generation is to allow for the 
smaller transformers and hence weight 
saving. So, why are they smaller? 
Attempting 50Hz, on a 400Hz, device leads 
to overheating!

It is generally true that using higher fre­
quencies enables smaller transformers or 
other inductors to be used. The simple 
answer is that inductive reactance decreases 
at lower frequencies so if you apply a signal 
of the same voltage but lower frequency the 
current, and hence the power dissipation, 
will be higher. It follows that for a given volt­
age and current, the higher the frequency the 
smaller the inductance value you need. So by 
increasing the frequency you can use less 
inductance, which makes it possible to use a 
smaller transformer. In practice, there are 
some extra complexities, for example relat­
ing to the properties of the core material at 
different frequencies.

Putting a high frequency signal into a 
low frequency transformer, even at appro­
priate voltage levels, will probably not 
work very well. The low frequency trans­
former is likely to be highly inefficient at 
high frequencies and instead of transfer­
ring input power to the secondary windings 
it will tend to cause eddy currents in the 
core, which will heat up the transformer. 
High frequency transformers use core 
materials and winding topologies which 
optimize efficiency at the intended fre­
quency of use.

As might be expected, the frequency/size 
relationship applies to inductors in general 

and not just to transformers. This is an 
important issue for switched mode power 
supplies, which mainly use some form of 
inductor, but not always transformers. The 
last few years has seen a steady increase in 
the operating frequency of switched mode 
regulators. Prior to this, they (buck con­
verters) all tended to operated at frequen­
cies around 100kHz and typically used 
inductors of around 50mH.

The demand for reduced size in many 
electronic systems led IC manufacturers to 
design switching regulators operating at 
higher frequencies, allowing the inductor 
value and size to be reduced. For switched 
mode regulators at 1MHz the typical 
inductor value is 5,mH, at 4MHz it is 
around 1/eH and at 8MHz it reduces to 
around 0.5^H; at which point the inductor 
may be smaller than the regulator IC (fig­
ures from Micrel Semiconductors).

Using SPICE simulation
Computer simulation and other forms of 

Electronic Design Automation (EDA) are 
used extensively by professional electron­
ics engineers. For hobbyists the most com­
mon forms of design software are probably 
for PCB layout and microcontroller pro­
gramming. However, circuit simulators 
such as SPICE are used and occasionally 
produce discussion on the EPE Chat Zone 
forum (via www.epemag.co.uk).

For example, atferrari asks: Using LT 
Spice, how could I simulate a repetitive sig­
nal with 12 levels between +2V and -2V?

For the benefit of readers less familiar 
with simulation tools, we will provide a 
brief introduction before discussing the gen­
eral issue raised by atferrari’s question. This 
boils down to: once you have drawn the 
schematic of the circuit, how do you go 
about setting up the actual simulation?

Your circuit alone is not enough - you 
have to define what happens on its inputs 
and outputs and also what kind of analysis to 
perform. We will be looking at some of the 
principles of using SPICE analogue circuit 
simulation which will be relevant with other 
SPICE simulators, not just LTSpice.

SPICE is an acronym for Simulation 
Program with Integrated Circuit Emphasis. 
It was originally developed in the early 
1970s at the University of California, 
Berkeley (see http://bwrc.eecs.berkeley. 
edu/Classes/IcBook/SPICE/ and http:// 
embedded.eecs.berkeley.edu/pubs/ 
downloads/spice/index.htm).

SPICE is still available from there (the 
latest version is spice3f5). SPICE is now a 
de-facto industrial standard for computer 
aided electronic circuit analysis with many 
commercial versions based on the work 
from Berkeley.

Although Spice was initially developed 
for analysing ICs, it can be applied to any 
electrical network (of resistors, capacitors, 
transistors etc). Spice was originally an 
analogue circuit simulator, but modern ver­
sions allow logic gates, and more complex 
digital functions to be included, allowing 
digital and mixed-signal (analogue and 
digital) circuits to be simulated. However, 
SPICE would not normally be used for 
large fully digital circuits.

Simulators
Integrated circuit designers use simula­

tors because the high cost of manufactur­
ing prototypes means that getting it ‘right 
first time’ is important - making changes 
to fabricated chips is very difficult or 
impossible. Commercial designs also have 
to work correctly every time when you are 
churning them out on a production line. 
This means that the design has to cope with 
variations in component values and manu­
facturing processes. Circuit simulators can 
provide designers with analysis of how 
these factors affect their designs.

These problems do not usually concern 
the hobbyist because they don’t design ICs 
from scratch and usually only make one, or 
a small number of copies, of a circuit. If the 
circuit isn’t quite right it can be trimmed 
and modded until it is. So is it worth using a 
simulator? That decision is up to you, but 
there are several advantages that make it 
worth considering. You can try out more 
challenging designs which you may not 
have confidence to commit to hardware 
without knowing they will probably work; 
you can quickly try ‘what if’ changes to a 
design which would be awkward with real 
hardware; you can make measurements to 
see what is going on inside your circuit 
which would be very difficult or impossible 
without very expensive equipment; and, of 
course, you can gain a deeper understanding 
of circuits and circuit design.

We have to remember that simulators are 
tools and that a good tool does not guaran­
tee good results. The ways in which they 
are used and level of understanding of the 
user are often significant factors in 
achieving useful results. It is important to 
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realise that simulation is not design - it is a 
design aid, not a substitute for thinking.

Simulators can give the wrong answers 
in some circumstances, something which 
has led some people to have the opinion 
that they are not worth bothering with. 
Their extensive use in the electronics 
industry indicates this is not a widely held 
opinion, but, like any powerful tool, you 
will need to make some effort to learn how 
to make good use of it.

Buying design software can be tricky 
because there are often a large number of 
options. Companies often produce suites of 
tools and provide these individually or 
packaged in different combinations. 
Obviously, the more facilities in a particular 
option the more expensive it will be. There 
may also be a choice in terms of the soft­
ware’s performance, for example lower cost 
versions which are limited to smaller cir­
cuits. Low cost or free student editions are 
sometimes available, but you may only be 
able to get these with proof of student status. 
Best of all for the hobbyist on a tight budget 
is the fact that there are a number of free 
simulators available. The LTSpice simulator 
(also known as SwitcherCAD III) to which 
atferrari refers is one of these.

LTSpice
LTSpice is specifically designed for sim­

ulating switched mode power supplies; 
however, it also does a fine job with ‘ordi­
nary’ Spice simulation tasks. LT produced 
the simulator because many other Spice 
simulators struggled with switch-mode cir­
cuits due to the complexity of the wave­
forms involved. It is available in its full 
form from the Linear Technology website,

Fig.1. Circuit schematic in LTSpice - 
this is not sufficient for simulation

Fig.2. Schematic from Fig. 1 with power supply, signal source 
and output load added. This circuit can be simulated

www.linear.com/ 
designtools/soft- 
ware/. It comes 
with a set of mod­
els of LT devices, 
particularly op 
amps (over 200 of 
them) and regula­
tors, but other 
‘standard’ Spice 
models will work 
with it if you have 
them available. 
There are quite a 
few LTSpice enthu­
siasts on line, so 
you can find help­
ful discussions and 
information.

To simulate a cir­
cuit you may need 
models of the basic components from which 
your circuit is built. A model tells the simula­
tor how that component behaves, either in 
terms of mathematics or equivalent circuits. 
These may be provided for you as an external 
library supplied with the simulator, or they 
may simply be built into the simulator itself 
(eg basic resistors and capacitors in SPICE). 
Semiconductor manufacturers supply SPICE 
models for some of their ICs which can be 
added to supplied libraries.

Once you have models for all the com­
ponents you can enter your design, usual­
ly by drawing a schematic on the screen, 
but text descriptions (called netlists in 
SPICE) can also be used. However, you 
have to enter more than just your basic 
schematic. For example, Fig.1 shows a 
simple op amp circuit, which is sufficient 
for showing what your design is, but not 
sufficient for simulation. A simulator is a 
bit like a virtual test bench. You need 
power supplies, signal sources and test 
equipment, as well as the circuit, if any­
thing interesting is going to happen.

In Fig.2 is shown the circuit from Fig.1 
with the extras added. V2 and V3 are two 
5V voltage sources used to model the 
power supply. V1 is a voltage source that is 
being used as the simulation equivalent of 
a signal generator (or other signal source). 
R3 and C1 were added to provide a load 
for the circuit’s output. Simulating the load 
may be critical to getting the right results; 
in other cases it will be less important.

The load components in Fig.2 are just an 
arbitrary example. In practice you will have 

to know what your 
output is being con­
nected to in order to 
decide on how to 
represent the load in 
the simulation. In 
general, the power 
supply, sources and 
loads may be mod­
elled to varying 
degrees of accuracy 
or approximation, 
depending on how 
critical or sensitive 
the circuit is, and 
how much you 
know about the real 
environment the 
circuit will be in. 
Thus atferrari’s 
question is related

Fig.3. Example simulation results showing waveforms for the 
circuit in Fig.2

to configuring sources and we will return to 
this in more detail next month.

Analysis
Once you have entered your full circuit 

description you are ready to start simulat­
ing. SPICE simulators provide a number of 
analysis options, which in effect corre­
spond to using different types of test equip­
ment (multimeters, oscilloscopes, spec­
trum analysers, curve tracers etc) on the 
circuit. These analysis options include:

DC Analysis and Operating Point 
Analysis: Calculates the behaviour of the 
circuit with only DC voltages and currents 
applied. This is usually performed (auto­
matically) prior to other forms of analysis 
to determine bias conditions and operating 
points. This is like switching on the power, 
but not with the signal applied, and using a 
meter to measure the voltages (and cur­
rents) at test points in the circuit.

DC Sweep: Calculates a series of DC 
operating points (large signal transfer func­
tion). Like using a power supply to set a 
DC input and measuring the output (or 
other voltage) with a meter and repeating 
this for many input voltages.

Transient Analysis: Voltages and cur­
rents in the circuit are calculated as a func­
tion of time. Time-varying input signals 
must be applied to the circuit to obtain 
results different from a DC analysis. The 
results are usually displayed as a set of 
waveforms as you might see on an oscillo­
scope. Fig.3 shows a typical result from a 
transient analysis for the circuit in Fig.2.

AC Analysis: Also called small signal 
analysis. This calculates the behaviour of the 
circuit as a function of frequency. This is 
achieved by determining the DC operating 
point then analysing the network elements, 
under these conditions, as a function of fre­
quency. This could be used, for example, to 
determine the frequency response of an 
amplifier.

DC Sensitivity Analysis: Computes 
changes in DC operating point due to com­
ponent value variations.

Monte Carlo Analysis: Performs multiple 
analysis runs using statistical component 
value variations. If you are designing a circuit 
for mass production this will give you some 
idea of how much variation in circuit perfor­
mance you will get between individual units.

Noise Analysis: Analyses noise levels in 
the circuit.

To be continued next month.
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Here’s an easy-to-build project which will let you take your own 
electrocardiogram (ECG) and display it on a PC. You can read, 
display, save to disk and print the electrical waveform generated 
by your heart - or anyone else’s.
It connects to your PC via a 
standard USB cable which 
also provides the low power 
it needs to operate.

An Electrocardiograph is a piece 
of medical equipment used 
to measure and record the 

voltages (ECG) produced as a result 
of heart muscle activity.

By attaching electrodes (or ‘leads’ 
as they are known in the trade) to the 
skin of your wrists, ankle or chest, our 
PC-driven ECG project can display, 
record or print out the same kind 
of ECG waveform on your personal 
computer.

Why would you want to build one? 
Well, looking at the waveforms gener­
ated by your heart can be both fun and 
educational.

You can monitor changes to your 
heart under various conditions, as 
your heart is affected by many factors 
such as emotion, mental and physical 
activity - even breathing.

All of these things have a demonstra­
ble effect on the heart’s ECG waveform.

Being able to show this easily, safely 
and at low cost is an added bonus.

Professional ECG machines can cost 
anything from £2000 up, and while 
this project is not intended to be used 
as a diagnostic device, the displayed, 
recorded and printed waveforms are 
of a quality approaching that of profes­
sional machines.

This PC-based electrocardiogram is 
smarter than previous models because 
its operation is under the control of an 
inbuilt PIC microcontroller. It’s also 
faster and compatible with modern 
PCs, because it’s linked to the PC via 
a standard USB cable - thanks to the 
use of an Elexol USBMOD3 interface 
module.

And finally it’s easier to use, because 
all functions are controlled using a

By JIM ROWE

Windows-based GUI program, written 
in Visual Basic.

Both the PIC microcontroller’s 
firmware program and the Visual Basic 
PC program are available on the EPE 
website (www.epemag.co.uk).

The PIC program (ECGSAMPL. 
HEX) is in hex code form ready for PIC 
programming, while the VB program 
(ECGCONTR.ZIP) is in the form of a 
zipped-up installation package.

You’ll also need a special USB virtual 
COM port driver which the PC needs 
to communicate with the ECG via a 
USB cable. This is also available on the 
EPE website, as R9052154.ZIP. Both the 
latter items can be installed directly on 
a PC running Win98SE or newer USB- 
compatible operating systems. Note 
that it won’t work with Win NT-based 
systems - not through any shortcoming 
in the design, but the simple fact that 
NT doesn’t recognise the USB port.
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How it works
The muscles of your body are controlled by electro­

chemical impulses. These impulses are distributed to 
the muscles by the nervous system.

On reaching their destination, the nerve impulses 
cause the muscles to contract and produce much larger 
electrical voltages. A small proportion of these voltages 
is conducted out through to the surface of the skin where 
they can be detected using sensitive equipment, like an 
ECG (often also called EKG).

Because the heart is a large and rather complex 
group of muscles, which contract cyclically in a preset 
sequence (see sidebar panel), it is possible to study the 
overall condition of the heart by measuring the ampli­
tude, timing and waveform of the heart muscle voltage 
components found on the skin. This is the reason for 
capturing ECG waveforms, which are obtained using 
two or more electrodes (pads) attached to the skin via 
conductive saline gels or paste.

Capturing ECG waveforms is really quite a challenge, 
because the voltage components found on the surface of 
the skin are quite small in amplitude: around 1mV peak- 
to-peak, depending on the positions of the electrodes

A ‘screen grab’ using this project on a live human. We make 
no comment on the condition of his/her heart from this graph: 
perhaps a cardiologist out there might care to?
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The complete ECG setup using our Electrocardiograph, a laptop PC (with USB) 
and home-made electrodes. You can also use commercial ECG pads.

and the resistance between them and 
the skin. So to display or record these 
voltages we need to feed them through 
a high gain amplifier.

To make the job that much harder, 
the tiny voltages we want to measure 
are usually completely swamped by 
50Hz hum, picked up by our bodies 
from the fields surrounding 
the AC wiring in our homes 
and offices, etc.

Luckily, we are only 
interested in the voltage 
differences between the 
two electrodes being used 
at any time, whereas the 
50Hz hum picked up by 
the electrodes is virtually 
the same regardless of their 
position on the body. In 
other words, the 50Hz 
hum is a ‘common mode’ 
signal, while the tiny ECG 
voltages are ‘differential 
mode’ signals.

By using a highly balanced differ­
ential amplifier as the input stage of 
the ECG amplifier, we can cancel out 
most of the common-mode 50Hz hum 
before the differential ECG voltages 
are amplified.

By the way, the connections be­
tween the electrodes and your skin 

Fig.2: a simplified look inside the heart of the 
project, an Analog Devices AD623 instrumentation 
amplifier. It’s essentially three op amps in one.

play an important role in this hum 
cancellation, because if one connec­
tion is poor this can upset the balance 
of the input amplifier.

Most of the remaining 50Hz signals 
are removed by low-pass filtering in 
the later stages of the amplifier. As a 
result, the output of the amplifier pro­
vides relatively clean amplified ECG 
signals, with very little 50Hz hum.

We then use a simple PIC-driven 
ADC (analogue-to-digital converter) to 
sample the amplified signals to be sent 
to the PC for display and recording.

Circuit description
Let’s see how the circuit works. It is 

shown in Fig.1.
The shielded electrode leads are 

brought into the Electrocardiograph 
via connectors CON1 and CON2 and 
fed through 1mF coupling capacitors 
and series 3.9k resistors to the in­
puts of IC1. This is an Analog Devices 
AD623AN device, a specialised instru­
mentation amplifier offering precision 
balanced differential inputs and hence 
very high common-mode signal rejec­
tion, combined with high gain.

A simplified version of the circuitry 
inside the AD623 is shown in Fig.2. It 
is essentially three op amps in one: two 
matched-gain input stages feeding a 
balanced ‘subtractor’ output stage.

The overall AD623 gain for differ­
ential-mode signals is set by the single 
external resistor Rg (between pins 1 
and 8), which gives a gain of 1000 
times (60dB) using a value of 100W.

Returning to the main circuit, to 
ensure that IC1 can deliver maximum 
undistorted output level and also that 
the ADC used for sampling the ampli­
fied signals can handle the largest sig­
nal swing, we connect IC1’s reference 
signal input (pin 5) to a low impedance 

source of +2.5V DC (ie, half the 
supply voltage).

This is provided by the voltage 
divider formed by the two 3.0kW 
resistors and it thereby sets the 
zero-signal output level of IC1 
to +2.5V DC. The two 220kW 
input bias resistors for IC1 are 
also returned to the same +2.5V 
point, as you can see.

As IC1 is being operated with 
such a high gain, we also need 
to prevent it from amplifying any 
stray RF signals, which may be 
picked up by the electrode leads 
(or the subject’s body). This is 
the purpose of the 1nF bypass
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capacitors on each input of IC1 and 
also the 47nF capacitor between the 
two inputs. All three capacitors form 
a balanced low-pass filter, in conjunc­
tion with the two 3.9kW input series 
resistors.

The rest of the Electrocardiograph’s 
amplifier and filter circuitry is based 
around IC2, an LM358 dual low-power 
op amp. The output from IC1 is fed 
to the input of IC2a via a passive RC 
low-pass filter formed by the series 
8.2k and 1.8kW resistors and the 
1mF capacitor, which give a corner 
frequency (-3dB point) of about 17Hz 
and an attenuation of about -9dB at 
50Hz.

IC2a is used to give additional 
fixed amplification to the ECG sig­
nals, of either two or four times as 
set by switch S1, which determines 
the negative feedback ratio. So in 
the LO position of the switch the 
amplification in IC2a is 2, while in 
the HI position it gives a gain of 4. 
The overall ECG signal gain for the 
two switched positions is therefore 
2000 and 4000 respectively.

IC2b is used to provide additional 
low-pass filtering, to further reduce 
any remaining 50Hz hum. With the 
R and C values shown this filter stage 
has a corner frequency of about 15Hz, 
providing further attenuation of about 
-21dB at 5 0Hz. At the s ame time it has 
unity gain for the low frequency ECG 
signals. So at the output of IC2b (pin 
7) we end up with relatively clean and 
hum-free ECG signals, amplified by 
either 2000 or 4000 times depending 
on the setting of switch S1.

A/D conversion
The rest of the circuit is involved 

in performing analogue-to-digital 
conversion (ADC) of these signals, 
and sending them back to the PC via 
the USB cable and port. Both of these 
functions are controlled using IC5, a 
PIC16F84A microcontroller operating 
at 4MHz.

Analogue-to-digital conversion is 
done using comparator IC3 to compare 
the amplified ECG signals with a pro­
grammed reference voltage generated 
by IC5 and IC4, an octal transceiver 
containing eight digital buffers. IC4 
drives the binary ladder network 
formed by the 10kW and 20kW resis­
tors. The combination of IC4 and the 
ladder network forms a simple digital- 
to-analogue converter (DAC), whereby 
IC5 can generate any of 256 different

Looking straight 
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board, mounted 
inside the bottom 
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Note the earth 
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right-hand side of 
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voltage levels between 0V and 5V at 
the positive input (pin 2) of IC3, by 
providing 8-bit values on the outputs 
of its I/O port B (pins 6-13).

The output of comparator IC3 is con­
nected to pin 3 of IC5, which is bit 4 of 
the micro’s I/O port A, configured here 
as an input. This allows the micro to 
monitor the output of IC3 and perform 
a simple ‘successive approximation’ 
ADC algorithm. It generates a sequence 
of voltages at pin 2 of IC3 and changes 
the sequence according to the compa­
rator output (which indicates whether 
the DAC voltage is higher or lower than 
the ECG voltage on pin 3). As a result, 
the micro can quickly ‘zero in’ on the 
ECG voltage during each sampling 
sequence, arriving at its 8-bit digital 
equivalent in only 48ms.

When each digital sample has been 
taken, the micro then sends it out in 
serial format (38,400bps) from bit 1 
of its I/O port A1 (pin 18) to pin 27 
(RxD) of the USB-MOD3 interface 
module. This module then reformats 
the sample and sends it back to the PC 
via the USB cable and port.

The micro is programmed in 
firmware to take a sequence of 8192 
of these samples at a time, at any of 
three rates: 500, 1000 or 2000 per 
second. The rate is controlled by the 
Visual Basic software running in the 
PC, which sends a control code out to 
the micro when you click on the ‘Start 
Sampling’ button.

The control code is sent out via the 
USB cable, received by the USB-MOD3 
module and then sent to the micro via 
the module’s pin 28 (TxD), connected to 
bit 0 of the micro’s I/O port A.

Two inverse-parallel connected di­
odes (D1 and D2) at the inputs of IC3 
are used to limit the voltage swing be­
tween the comparator inputs to +/-0.6V, 
regardless of the real difference between 
the amplified ECG and DAC reference 
voltages. This limiting prevents the com­
parator from being saturated and allows 
it to respond faster when the difference 
voltage changes in polarity.

The USB-MOD3 module is powered 
from the PC via the USB cable and it 
provides +5V DC from its +VBUS pins 
(pins 4 and 13), to power the rest of the 
circuitry. IC3, IC4 and IC5 are powered 
from it directly, while IC1, IC2 and the 
analogue circuitry are fed via a low- 
pass filter formed by RF choke RFC1 
and the 100mF bypass capacitor. These 
remove any digital switching noise 
from the ‘analogue’ 5V rail.

Your Heart & Its Electrical Activity
R

Most people are aware that your 
heart is basically a pump, which 
pushes your blood around your body 
via your arteries and veins.

The typical human adult heart is 
about the size of a clenched fist, and 
weighs about 300 grams.

It is a popular misconception that 
the heart is located in the left side of 
the chest. It’s not: the heart is located 
near the centre (although its apex 
points to the left) and is virtually sur­
rounded above and at the sides by 
the lungs.

In a normal adult it pumps about 
once per second although this can 
vary dramatically due to a large 
number of causes (age, fitness, cur­
rent activity and health/disease being 
just four).

The pumping action is triggered 
mainly by a nerve centre inside the 
heart, called the sino-atrial or ‘SA’ 
node. Each pumping cycle is initi­
ated by a nerve impulse which starts 
at the SA node and spreads down­
wards through the heart via preset 
pathways.

The heart itself is made up of 
millions of bundles of microscopic

CHEST 
CROSS-SECTION

SINOATRIAL

STANDARD 
CONNECTION

POINTS 

muscle cells, which contract when 
triggered. The muscle cells are elec­
trically polarised, like tiny electrolytic 
capacitors (positive outside, negative 
inside), and as the trigger pulse from 
the SA node passes through them, 
they depolarise briefly and contract.

So with each beat of the heart, a 
‘wave’ of depolarisation sweeps from 
the top of the heart to the bottom. 
Weak voltages produced by this wave 
appear on the outside surface of your 
skin, and can be picked up using elec­
trodes strapped to your wrists, ankles 
and the front of your chest.

It’s these voltages (about 1mV 
peak-to-peak) which are captured and 
recorded as an electrocardiogram or 
‘ECG’.

The actual shape and amplitude 
of the ECG waveform depends upon 
the individual being examined and the 
positioning of the electrodes but the 
general waveform is shown above.

The initial ‘P’ wave is due to the 
heart’s atria (upper input chambers) 
depolarising, while the relatively larger 
and narrower ‘QRS complex’ section 
is due to the much stronger ventricles 
(lower output chambers) depolarising. 
Finally, the ‘T’ wave is due to repo­
larisation of the ventricles, ready for 
another cycle.

Doctors are able to evaluate a 
number of heart problems by measur­
ing the timing of these wave compo­
nents, and their relative heights. They 
can also diagnose problems by com­
paring the way the wave components 
change with the various standard 
electrode and lead connections (as 
shown below).

(SA)NODE^ HEART

V1 V2 V3

LEAD NAME ELECTRODE 1 ELECTRODE 2
LIMB LEAD 1 L R
LIMB LEAD II F R
LIMB LEAD III F L

LEAD aVR R L + F
LEAD aVL L R + F
LEAD aVF F R + L

PRECORDIAL (x6) V1 — V6 R + L + F
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Here’s the bottom of the case, which has become the top, 
showing the end cutouts for the electrode leads and the 
switch. Below right is the top of the case, which has 
become the bottom, showing the end LED and USB 
connector cutouts... Confused? All is explained in the text!

When it is transmitting or receiv­
ing data via the TxD or RxD lines, the 
USB-MOD3 interface module pulls 
down its TXLD (pin 17) or RXLD (pin 
15) pins. LED1 and LED2 indicate bus 
activity.

Although the complete Electrocar­
diograph is housed in a metal box to 
provide shielding, the metal box is not 
connected directly to the signal earth 
as you might expect.

Instead, it’s connected via a parallel 
combination of a 33kW resistor and a 
100nF capacitor, to provide current 
limiting in the (unlikely) event of the 
earth connection of your PC becoming 
broken and the signal earth of your 
computer and the Electrocardiograph 
becoming ‘live’.

Even if you are touching a good earth 
and the Electrocardiograph box at the 
same time in this situation, you should 
be safely protected from receiving any­
thing more than a small ‘tingle’.

Construction
All of the Electrocardiograph 

circuitry, except slider switch S1, is 
mounted on a PC board which meas­
ures 107 x 81mm and is coded 643.

The board assembly fits inside a 
standard diecast aluminium box meas­
uring 119 x 93 x 34mm. The box is 
used upside down, with the PC board 
assembly mounted component-side 
down inside the main part of the box 
via four 6mm long M3 tapped Nylon 

spacers, with eight 
6mm long M3 ma­
chine screws (four of 
them with counter­
sink heads, passing 
through matching 
holes in the box).

The two RCA 
phono connectors, 
used for the ECG 
electrode leads, are 
accessed through 
two 12mm diameter 
holes in one end of 
the box, with mini­
ature slider switch 
S1 mounted in a 5 
x 10mm rectangular 
hole at the same end, 
fixed in the case via 
two 6mm long M2 
machine screws.

At the other end 
of the case are two 
3.5mm holes for the 
indicator LEDs, plus 

a 13 x 11.5mm rectangular hole for 
access to the USB connector.

Assembling the components on the 
PC board is quite straightforward, as 
the only surface-mount parts used 
are in the Elexol USB-MOD3 module, 
which comes prebuilt and tested.

It’s in the form of a 32-pin DIL 
package with machined pins on 
standard 0.6in x 0.1in spacing, which 
drop straight into matching holes 
on the main PC board and are then 
soldered.

To protect it from possible damage 
however, the module shouldn’t be 
mounted on the board until you’ve 
fitted all of the other components. The 
component overlay diagram for the PC 
board is shown in Fig.3.

Board assembly
You can begin 

assembly by fitting 
the single wire link, 
which goes in the 
centre of the board 
just above the loca­
tion for IC3. Then 
fit the PC pins: two 
for the connections 
to switch S1 and 
one for the ‘earth’ 
wire to the metal 
box itself.

Then fit the two 
board-mounting 
RCA connectors

CON1 and CON2. You may need to 
enlarge the slots in the board pads 
with a small jeweller’s needle file, 
before the connector lugs will pass 
through them to allow the connectors 
to mount down against the top of the 
board. Then the lugs are soldered to 
the board copper underneath to hold 
them securely in place.

Next, fit the 18-pin IC socket for 
the PIC (IC5) which should be fitted 
with its notch end facing to the left, 
where the USB-MOD3 module will 
ultimately be fitted. Use a socket with 
machined pins, for higher reliability.

Fit the resistors next, taking care 
to fit each one to the board in its cor­
rect position as shown in the overlay 
diagram.

Then fit the multilayer monolithic 
and ceramic capacitors, again using 
the overlay diagram as a guide. The 
MKT capacitors and the 6.8mF non­
polarised electrolytic capacitor and 
the 4MHz crystal can be installed 
either way around. The remaining 
electrolytic capacitors are polarised, 
so make sure that you fit these with 
the orientation shown in the overlay 
diagram.

Note that the 220mF electrolytic at 
the lower left corner of the PC board 
must be a low leakage type (RBLL).

The two 1N4148 diodes (D1 and D2) 
go in almost the exact centre of the 
board, with opposite polarities. Next, 
fit IC2, IC3 and IC4, all of which solder 
directly into the board. Make sure you 
fit them the correct way around, as 
shown in the overlay diagram. Then 
fit IC1, taking even more care, as it’s 
rather more expensive.

The two LEDs are fitted next. Their 
leads are left straight, and introduced 
to the PC board holes with the longer 
anode leads towards the right (as seen 
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in the overlay diagram) and the ‘flat’ 
side of the LED bodies towards the left. 
The leads are then soldered to the pads 
under the board, with the LED bodies 
held directly above and about 15mm 
above the board. This allows them to 
be bent outwards by 90° afterwards, so 
the bodies will protrude out through 
the matching holes in the box.

Finally, you can drop the USB- 
MOD3 module into place and solder 
its pins to the pads underneath. You 
don’t have to solder all of its pins; just 
those where the main PC board pad is 
connected to a track or the earth cop­
per. These will be sufficient to make 
all necessary connections and hold the 
module securely in place.

Preparing the box
There aren’t very many holes to cut 

in the aluminium box, but those there 
are should be located and cut accu­
rately so that the PC board assembly 
and slider switch S1 will mount inside 
it without problems and the complete 
assembly can be connected easily to 
the ECG electrode leads and the USB 
cable. The location and size of all holes 
needed in the box are shown in the 
drilling diagram of Fig.4.

Final assembly
Use four countersink-head M3 

screws to attach the four M3-tapped 
Nylon spacers to the inside of the box. 
Tighten these screws fairly tightly, 
because their heads become inacces­
sible when the dress front panel is 
attached later.

Now fit the PC board assembly into 
the box. You’ll find it necessary to push 
the RCA connectors further through 
their box holes than their final posi­
tion, to allow you to swing the USB 
module/LEDs end of the board down 
into the box. Once the board is sitting 
on the spacers you can slide the board 
back until its mounting holes are cor­
rectly aligned over the spacers. Then fit 
the four remaining M3 x 6mm screws, 
to attach the board assembly securely 
inside the box.

Once this is done you should be 
able to push the two indicator LEDs 
out through their matching 3.5mm 
holes, so they’ll be visible when the 
box is closed.

The next step is to prepare the box 
‘earthing’ connection.

This is done by passing a 9mm x 
M3 countersink-head machine screw 
through the single hole on the side of

Parts List - USB Electrocardiograph
1 PC board, code 643, available from the EPE PCB Service, size 107 x 81 mm
1 diecast aluminium box, 119 x 93 x 34mm
1 Elexol USBMOD3 USB interface module ( ), available 

from Active Robots ( ) in the UK
www.elexol.com

www.active-robots.com
2 RCA (phono) sockets, PC board mounting (CON1,2)
1 1mH choke (RFC1)
1 4MHz crystal (X1)
1 miniature DPDT slider switch (S1)
1 18-pin DIL socket, with machined pins
2 6mm x M2 machine screws, round head
4 6mm x M3 tapped Nylon spacers
4 6mm x M3 machine screws, countersink head
4 6mm x M3 machine screws, round head
1 9mm x M3 machine screw, countersink head
1 M3 nut with two star lockwashers
1 solder lug
3 1mm PC pins
Semiconductors
1 AD623 instrumentation op amp (IC1)
1 LM358 dual op amp (IC2)
1 LM311 comparator (IC3)
1 74HC245 octal transceiver (IC4)
1 PIC16F84-04 microcontroller (IC5) programmed with ECGSAMPL.hex
1 3mm green LED (LED1)
1 3mm red LED (LED2)
2 1N4148 diodes (D1,D2)
Capacitors
1 220mF 50V RBLL low leakage electrolytic
2 100mF 16V PC electrolytic
1 10mF 16V PC electrolytic
1 6.8mF NP electrolytic
4 1mF MKT polyester
8 100nF multilayer monolithic
1 47nF multilayer monolithic
2 1nF NPO disc ceramic
2 33pF NPO disc ceramic
Resistors (0.25W 1% metal film)
2 220kW 1 100kW 1 33kW 11 20kW
1 11kW 9 10kW 1 8.2kW 2 3.9kW
2 3.0kW 1 2.7kW 1 1.8kW 1 1.2kW
1 1kW 2 220W 1 100W 1 82W
For making two ECG electrodes:
2 insulated RCA plugs (1 red, 1 black)
3 metres of figure-8 shielded stereo cable
2 50 x 30mm rectangles of blank PC board (see text)
4 Nylon cable ties
2 40mm lengths of 20mm wide Velcro hook strip
2 350mm lengths of 20mm wide Velcro felt strip
2 25mm lengths of 4mm diameter heatshrink sleeving

the box, close to the terminal pin on 
that side of the mounted PC board. 
Then, to the inside of the screw, fit 
a star lockwasher, a solder lug, an­
other star lockwasher and finally an 
M3 nut. The screw and nut should 
then be tightened up very firmly, so 

the solder lug becomes a good and 
reliable electrical connection to the 
box metalwork. The lug is then con­
nected to the nearby PC pin, using a 
short length of tinned copper wire or 
a resistor lead offcut. Make sure both 
ends are soldered properly.
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Reproduced by 
arrangement with 

SILICON CHIP 
magazine 2007. 

www.siliconchip. 
com.au

HOLE DETAILS:

A: 3.5mm diam (CSK)
B: 3.5mm dlémi
C:
D: 2.5mm di rann

Fig.4: drilling 
details for the 
diecast aluminium 
box. The hole and 
cutout positions 
must be accurate 
to accommodate 
the PC board.
Inset below: a pair 
of commercial 
ECG pads. These 
are self-adhesive 
and really, really 
stick!

NOTE: ALL DIMENSIONS 
IN MILLIMETRES

CASE OUTSIDE DIMENSIONS 
92x119x35 INCLUDING LID

Mount slider switch S1 in the end of 
the box, using two M2 x 6mm screws and 
connect the centre and leftmost switch 
lugs to the PC pins immediately behind 
them, using short lengths of tinned cop­
per wire or resistor lead offcuts.

Now plug your programmed PIC mi­
cro IC5 carefully into its socket up near 

the top of the board and then attach the 
box lid via the four screws provided.

The final step is to apply the front 
panel to the bottom of the box, which 
then becomes the top.

The artwork for the dress front panel 
is reproduced in this article, actual 
size (see Fig.5).

It can be photocopied onto a sheet 
of A4 self-adhesive label paper and 
then covered with clear ‘Contact’ or 
similar adhesive film, before being cut 
out along the outline border. Then the 
backing paper on the back of the label 
can be peeled off, allowing the dress 
panel to be stuck on the top of the 

42 Everyday Practical Electronics, November 2007

http://www.siliconchip


Electrocardiograph box. The adhesive 
film covering will protect the panel 
from finger grease and dirt.

You might also want to fit four small 
adhesive rubber feet to the lid/base of 
the box, so it won’t scratch any surface 
it’s placed on.

The electrodes: buy or make?
It goes without saying that the best 

electrodes you can use with this device 
are those intended for the purpose. 
Unlike the adhesive electrode pads 
made for TENS machines, ECG pads 
are disposable items and are therefore 
relatively cheap (only a pound or so 
each) but like TENS pads, are fairly 
difficult to find and usually have high 
minimum order quantities (eg, 50 
minimum).

ECG pads are almost always remov­
able from their leads - they usually 
use a press-snap type of fitting. If you 
can get them, we suggest you obtain 
pads with the male snap on them, as 
this gives you a convenient ‘nipple’ 
on which to clip a small alligator 
connector.

If you don’t want to (or can’t) buy 
pads, or find it inconvenient, there is 
an alternative ‘pad’ or electrode which 
you can make yourself. It’s not as ef­
ficient nor convenient but once made, 
should last perhaps indefinitely.

It’s made from a small rectangular 
piece of blank PC board. The details 
are shown in Fig.7.

Note that the shield braid wires of 
each lead are bent back away from the 
centre conductor and then insulated 
with a sleeve of 4mm OD heatshrink 
sleeving so they can’t come into con­
tact with either the centre wire or the 
human subject.

The centre wire is passed through 
the small hole in the electrode and 
soldered to the copper underneath, 
after which the end of the lead is firmly 
secured to the electrode using two 
small Nylon cable ties, each of which 
passes through one of the 3mm holes 
on the side.

As you can see from the circuit of 
Fig.1, the electrode leads are made 
from shielded microphone cable. The 
two leads should be of equal length, 
to maintain the balance of the ECG 
Electrocardiograph’s input stage.

The home-made electrodes are held 
against the subject’s skin with Velcro 
strips. A 40mm length of 20mm wide 
Velcro hook strip is attached to the top 
of each electrode using a small amount 

of epoxy adhesive (eg, Araldite).
One end of a 350mm length of the 

matching felt strap is attached to one 
half of the hook strip. The strap can 
be run around the subject’s forearm 
or ankle, pulled reasonably tight and 
then pressed into the ‘other half’ of 
the hook strip to hold the electrode 
in place.

It’s very simple but it works surpris­
ingly well. By the way, you need to 
make sure that the copper side of the 
electrodes is kept clean and bright, so 
it can form a good electrical contact 
with the skin.

Each time the electrodes are applied 
to a subject you also need to apply 
some conductive liquid or paste to 
both the electrode copper and the 
skin underneath - again to ensure a 
good contact. This normally applies 
to commercial pads too.

A convenient liquid to use is sodium 
chloride or saline solution, which is 
available at low cost from most phar­
macists. Just wet a small piece of cot­
ton wool with this and use it to apply 
a fairly generous amount to both the 
electrode and the subject’s skin where 
it’s being placed.

Installing the software
As mentioned earlier, there are two 

pieces of software which need to be 
installed on your PC before it will be 
able to communicate with and control 
the Electrocardiograph.

There’s the Electrocardiograph con­
trol program itself, written in Visual 
Basic 6.

There’s also a special ‘USB virtual 
COM port driver’ which allows Win­
dows and the control program to com­
municate with the Electrocardiograph 
via its USB-MOD3 interface module 
and one of the PC’s USB ports. The 
VCP driver has been written by the 
makers of the main USB interface con­
troller chip in the Elexol USB-MOD3 
module, an FT232BM device made 
by Scottish firm Future Technology 
Device International (FTDI).

A copy of FTDI’s VCP driver is 
available for downloading on the EPE 
website (www.epemag.co.uk). It’s also 
available directly from the FTDI web­
site (www.ftdichip.com) and updated 
versions of it may be available there 
as well in the future. The actual driver 
file is included in the download file 
(R9052154.ZIP) which also contains 
a PDF document explaining how to 
install and configure it.

SAFETY WARNING
The circuit of this USB ECG is 

directly connected to the PC which 
controls it, via the USB cable.

Although no optical isolation is 
fitted, the electrodes which con­
nect to the skin of the human sub­
ject are capacitively coupled and 
also have significant resistance 
connected in series with them.

This means that even if the PC’s 
earth connection becomes broken 
and its power supply also develops 
a direct short circuit to active 230V 
AC (a very unlikely chain of events), 
the potential current which could 
flow through the body between the 
electrodes is very small and highly 
unlikely to cause injury.

If you are concerned about this 
small safety risk, there are two 
steps you can take to ensure that 
the USB/ECG project is used with 
virtually complete safety:

(1) . Always ensure that the human 
subject to which the ECG elec­
trodes are connected is insulated 
from earth and unable to contact 
any earthed (or ‘live’) metalwork.

(2) . If insulation of the subject can­
not be achieved, connect and use 
the USB ECG only with a laptop 
computer running from batteries 
- rather than a desktop or laptop 
PC running from 230V AC.

Basically, the procedure is to down­
load the ZIP file and unpack it using 
Winzip or PKUnzip onto a suitable 
subdirectory on your PC’s hard disk. 
Then when you first connect the 
hardware box up to your PC via a USB 
cable, and Windows comes up with 
its ‘Found New Hardware Wizard’ di­
alog box, you direct the wizard to the 
subdirectory where the driver package 
was unpacked, and tell it to refer to the 
file FTDIBUS.INF. It will then install 
the VCP driver for you.

After this is done it’s a good idea 
to open up the Device Manager panel 
to set the port settings. The method 
is different for different versions of 
Windows. As we mentioned before, 
Windows NT is a no-go, as is Win95 
(for the same reason).
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Under Windows 98SE, open Control 
Panel (-> System Properties -> Device 
Manager), where you’ll find a USB Se­
rial Port device listed under USB High 
Speed Serial Converter. Select this port 
device, and click on Properties.

Then under the Port Settings tab 
select 38,400 bits per second, 8 data 
bits, None for parity, 1 stop bit and 
Xon/Xoff for flow control.

Finally, click on the Advanced 
button, and select COM5 as the port 
number. This forces the VCP driver to 
make its USB virtual COM port COM5, 
so there shouldn’t be any clashes with 
any existing COM ports.

If you’re using XP, go to Control Panel, 
->System -> Hardware ->Device Man­
ager, -> Ports (COM & LPT) where you 
should find the ‘USB Serial Port’ (prob­
ably set to COM4). Click on this and then 
‘Port Settings’ and proceed as per Win98 
(including the Advanced tab).

Now let’s turn to the Visual Basic 
control program for the USB Elec­
trocardiograph. This is available for 
downloading from the EPE website as a 
zipped-up installation package called 
ECGCONTR.ZIP. Inside this package 
are the CAB files for the program and 
its various support components and 
an installation program Setup.exe 

together with its ‘instruction sheet’ 
SETUP.LST.

Download the package and unpack 
it on a TEMP directory. Then double­
click on the Setup.exe file so that it in­
stalls everything to a suitable subdirec­
tory of your Program Files directory. If 
you wish you can also create a shortcut 
on your Desktop, called EPE ECG or 
similar. The shortcut simply needs to 
be linked to the installed VB program 
itself, called ECGSampler.exe.

Taking an ECG
Apart from the gain - which is 

set to either LOW (2000) or HIGH 
(4000) using slider switch S1, all 
other functions of the Electrocar­
diograph are controlled using the 
ECGSampler program. This is very 
easy to use because when you fire 
it up it provides a GUI window (see 
screen grab) which allows you to set 
the configuration or to start taking 
an ECG recording and then display, 
save and print it.

There are three drop-down menus 
at the top, with the labels ‘File’, ‘Set­
tings’ and ‘About’. The first menu is 
for saving, reloading or printing ECG 
records, while the second is for chang­
ing various USB port and settings: 

the virtual COM port, the COM port 
settings (bit rate, parity, stop bits etc.), 
the sampling rate (500, 1000 or 2000 
samples/second) and also for advising 
the software on which position the 
gain switch has been set (Low/2000 
or High/4000).

The third drop-down menu displays 
a small dialog box showing the version 
number of the software itself.

Once you have made sure that the 
software is set up correctly to suit the 
USB port and the Electrocardiograph, 
taking an ECG is then simply a matter 
of choosing which lead configuration 
you want, applying the electrodes to 
your subject (or yourself), and then 
clicking on the ‘Start Sampling’ but­
ton on the left-hand side of the GUI 
window.

A graphical ‘progress bar’ will then 
appear along the bottom of the GUI 
beneath the main display window, 
to show you the progress as the ECG 
samples are taken.

When all of the 8192 samples are 
received back from the Electrocardio­
graph, the progress bar will display 
again more briefly, as the ECG record 
is plotted in the display window.

The display window is calibrated in 
terms of both ECG voltage and time, as 

Fig.5: the full-size front panel, along with Fig.6, the PC board pattern (also full size).
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shown in the screen grab. The same cali­
brations are reproduced when the record 
is printed out, along with the date and 
time - and when you save the record to 
your hard disk (or a floppy), the calibra­
tion info is saved with it as well.

So once you’ve taken an ECG record, 
it’s easy to work out such things as the 
subject’s current heart rate or other 
aspects of the ECG waveform.

Lead configurations
Finally, which lead configuration 

should you use, just to take a basic 
look at your own ECG or that of some­
one else?

We suggest you use the ‘Lead II’ limb 
configuration, with lead 1 connected 
to the subject’s left ankle and lead 2 
connected to their right wrist or inside 
forearm. This usually gives the largest 
waveform amplitude, providing your 
electrode-skin connections are good. 
(See the diagram in the sidebar panel, 
Your heart and its electrical activity.)

If you get weak waveforms with a 
relatively large amount of hum, this is 
usually a sign of poor electrode contact. 
So take them off, apply a bit more sa-

Fig.7: if you want 
to make your own 
electrodes (pads) 
here’s how to do it 
from a couple of 
scraps of PC board.
The advantage - 
they’re dirt cheap. 
The disadvantage: 
they get dirty 
(tarnished) very 
easily and need to 
be cleaned before
use.

ALL DIMENSIONS IN MILLIMETRES
HOLE A: 1mm DIA. HOLES B: 3mm DIA.

line solution and try again. The exact 
positioning of the limb electrodes is not 
critical, as the limbs are really being 
used as convenient ‘conductors’ joined 
to the four ‘corners’ of the subject’s 
trunk. The main thing is to get the best 
possible contact to the skin.

If you want to try some of the chest 
positions for the lead 1 electrode, 
the electrode positions are then fair­
ly critical. You really need medical 
knowledge to know the right chest 
electrode positions, so it’s best to leave

¿3. SOLDER 
CENTRE —— 
CONDUCTOR 
TO COPPER 
(UNDERNEATH)

1 . REMOVE 10mm 
OF OUTER 

INSULATION
& BEND SHIELD 

BRAID BACK

2. FIT HEAT 
SHRINK 

TO COVER 
- BRAID

4. SECURE 
CABLE 
USING 
NYLON 
CABLE 

TIES

CABLE TO RCA 
PLUG & ECG

SAMPLER -

these to the professionals. Note that 
when lead 1 is being used with a chest 
electrode, lead 2 should be connected 
to electrodes in all three of the limb 
positions so that it provides a ‘whole 
body’ reference signal.

So you’ll need to make up at least 
two more electrodes, and connect 
these all in parallel - by connecting 
them to the Electrocardiograph’s 
CON2 input socket via leads of the 
same length as the original two elec­
trode leads. EPE

www.stewart-of-reading.co.uk
Check out our website, 1,000s of items in stock.

PM3082 - £195 HP34401A- £500 to £550 HP33120A- £575 to £700 HP 8563A - £6,000

DIGITISING/STORAGE 
OSCILLOSCOPES

HP 54616B Digitising 500MHZ 2GS/S 2 
Channel.................................................................................. £1,100
TEKTRONIX TDS520 Digitising 500MHZ 500MS/S 
2 Channel................................................................................£800
TEKTRONIX TDS360 Digitising 200MHZ 1GS/S 
2 Channel.................................................................................£650
TEKTRONIX 2232 Dual Trace 100MHZ 100MS/S.......... £325
HP 54600B Dual Trace 100MHZ 20MS/S with RS232; 2HP
Probes, Ops Manual, Pouch & Front Cover................... £325
TEKTRONIX TDS224 Digitising 100MHZ 4 Channel 
1GS/S.......................................................................................£750

SCOPEMETERS

FLUKE 97 Dual Trace 50MHZ 25 MS/S............................£295

OSCILLOSCOPES

TEKTRONIX 2465B 4 Channel 400MHZ Delay Cursors etc 
incl. Tek Probes.......................................................................£750
PHILIPS PM3082 2+2 Channels 100MHZ Delay TB etc
Autoset..................................................................................... £195
TEKTRONIX 2445A4 Channel 150MHZ Delay Sweep
Cursor etc.................................................................................£375
GOULD OS300 Dual Trace 20MHZ......................................£75
PHILIPS PM3217 Dual Trace 50MHZ Delay Sweep.......£125
FARNELL DTV12-14 Dual Trace 12MHZ.............................£40
TEKTRONIX P6139A 100MHZ Probes - Unused.......... £140

STEWART of READING 
17A King Street, Mortimer, Near 

Reading RG7 3RS 
Telephone: (0118) 933 1111 

Fax: (0118) 933 2375 
www.stewart-of-reading.co.uk 

9am-5.00pm Monday to Friday

MARCONI 2024 - £1,250 to £1,500

SPECTRUM ANALYSERS

HP 8563A 9KHZ-22GHZ Synthesised.............................£6,000
HP 8560A 50HZ-2.9GHZ Synthesised Various opts...£1,900- 
.................................................................................................£3,250
HP 8590A 10KHZ-1.5GHZ.................................................£1,400
HP 3580A 5HZ-50KHZ.......................................................... £295
ADVANTEST TR4132 100KHZ-1000MHZ......................... £750

SIGNAL GENERATORS

HP 83731A Synthesised 1-20GHZ.................................. £5,000
Marconi 2032 Sig Gen. 10KHZ-5.4GHZ Opt 01/02/06 -
Avionics..................................................................................£3,250
HP8648ASig Gen 0.1-1000MHZ.......................................£750
Gigatronic 7100 Synth 10MHZ-20GHZ (internal sweep/mod -
130 to +15dBM)................................................................... £3,000
Marconi 2024 9KHZ-2.4GHZ - HPIB used/unused.....£1,250­
.................................................................................................£1,500
Marconi 2022E Synthesised AM/FM 10KHZ-1.01GHZ ..£500
Marconi 2019/ASynthesised AM/FM 80KHZ- 
1040MHZ........................................................................£150-£195
HP33120A Function Gen. 100 microHZ-15MHZ 
used/unused.................................................................. £575-£700
T.T.I TG210 Function Gen 0.002HZ-2MHZ TTL etc.......... £70
R&S APN62 Synth Function Gen 1HZ-260KHZ Bal/Unbal
Output LCD...............................................................................£195
Metrix GX5000 Pulse Gen 50MHZ Programmable......... £150
HP 3325A Synthesised Function Gen 21MHZ.................£295

HP 3312A Function Gen 0.1HZ-13MHZ AM/FM 
Sweep/Tri/Burst etc.................................................................£175
HP 8112A Pulse Gen 50MHZ...............................................£350
HP 8116 Pulse/ Function Gen 50MHZ...............................£750
Gould J3B Sine/Sq Osc. 10HZ-100KHZ Low 
Distortion..............................................................................£50-£75

FREQUENCY COUNTER/ 
TIMERS

HP 5350B Counter 20 GHZ.................................................. £750
Marconi 2440 Counter 20 GHZ.......................................... £500
Racal 1998 Counter 10HZ-1.3GHZ................................... £225
Racal 1991 Counter/Timer 160MHZ 9 Digit......................£150
HP 53131A Universal Counter 3GHZ Opt. 001 oven 
unused/used................................................................. £995/£750
HP 53131A Universal Counter 225MHZ Oven-In original 
boxes - unused/used.................................................. £700/£600

DIGITAL MULTIMETERS

HP/Agilent 34401A 6 1/2 Digit................................... £500/£550
Solartron 7150Plus 6 1/2 Digit True RMS IEEE with tem 
measurement............................................................................£75
Fluke 77 series 2 3 1/2 Digit Handheld...............................£45
AVO 8 Mk6 In Ever Ready Case with Leads etc................£75
AVO 8 Mk5 with Leads etc.................................................... £50
Goodwill GVT427 Dual Ch AC Millivoltmeter 10mV in 12 
ranges 10HZ-1MHZ. Unused................................................ £60

MISCELLANEOUS

MARCONI 2955A Radio Communications Test Set.... £1,000 
MARCONI 2955 Radio Communications Test Set......... £625 
MARCONI 6960B RF Power Meter with head.................£500 
MARCONI 893C AF Power Meter Sinad Measurement 
Unused.........................................................................................£50
HP 4192A Impedance Analyser with 16047A
Text Fixture etc.................................................................... £3,500
HP 8902A Measuring Receiver 150KHZ-1300MHZ.....£4,500
HP 85032A Calibration Kits.................................................. £400
SEAWARD Nova Pat Tester...............................................£195
BIRD 43 Wattmeter - Many Elements Available................. £75
HUNTRON 1000 Tracker......................................................... £75
RACAL DANA 9343M LCR Databridge Digital Auto 
Measurements of RCL QD......................................................£95
RACAL 9008 Automatic Modulation Meter 
1.5MHZ-2GHZ........................................................................... £60
MEGGER PAT2 Tester..............................................................£95

POWER SUPPLIES

FARNELLAP60/50 0-60V 0-50A 1KW Switch Mode......£400 
FARNELLH60/250-60V 0-25A............................................£400
THURLBY PL320QMD 0-30V 0-2ATwice Digital............£160
H.P. 6626A Precision High Resolution 4 Outputs............ £500 

0-7V 0-15MA or 0-50V 0-0.5A Twice 
0-16V 0-0.2A or 0-50V 0-2ATwice

FARNELLXA35.2T 0-35V 0-2ATwice Digital.....................£95
FARNELLB30/1030V 10AVariable No Meters................. £55
FARNELL LT30-1 0-30 0-1ATwice........................................ £60
FARNELL L30.2 0-30v 0-2A................................................. £50
THURLBY PL3300-32V 0-3A Digital (Kenwood badged).£75
THURLBY PL3200-30V 0-2A Digitial.................................. £55
TAKASAGO GM035-2 0-35V 0-2A 2 Meters....................... £35

Used Equipment - GUARANTEED. 
Most Manuals supplied 

Please check availability before ordering 
or calling.

Prices plus carriage and VAT
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PIC N' MIX MIKE HIBBETT
Our periodic column for your PIC programming enlightenment

Using Flowcharts

For many of us hobbyists, or more 
accurately, for the majority of the 
microcontroller programs we hobby­
ists write, the code size is small enough 

that the process of developing the code is a 
straightforward task. We think about the 
overall design for a number of days, 
mulling it over in our heads, and then sit 
down and write code into an editor. It 
might take many days, but we hold the 
overall design in our heads and it slowly 
leaks out through the keyboard onto the 
screen.

Sometimes, however, we take on bigger or 
more complex projects, ones that can’t be 
designed in our heads. Sometimes these 
projects can appear insurmountable, and we 
abandon them for other ideas. The problem 
is simply that ‘designing in one’s head’ 
doesn’t scale to larger problems. We need an 
alternative method, a technique that can cope 
with bigger and more complex projects.

Program planning tools
Fortunately for us, the professional soft­

ware development community recognised 
this problem decades ago and has developed 
a number of techniques and tools to deal 
with it. Software tools (computer programs 
that assist us with writing programs) have 
been developed and are continuing to be 
refined and improved. It’s a big business, 
with companies spending hundreds of thou­
sands of pounds to buy tools to help their 
developers write software more effectively.

Not all of the ‘software tools’ are pro­
grams; many are techniques that can be 
used with pen and paper. Programs have 
been developed to simplify the process of 
using these techniques but are not essen­
tial. We will discuss some of these tools 
later on.

Flowcharting
One of the oldest techniques used by 

programmers is flowcharting, which uses 
simple drawings to show the flow of pro­
grams or subroutines. Flowcharts have 
found uses in many different areas, 
including manufacturing instructions, 
fault finding and business process 
descriptions. They are very good for 
showing decisions and structure in a pro­
gram or subroutine.

Flowcharts consist of symbols, small 
pictures that represent a defined function. 
There is a small set of symbols to choose 
from and the symbols are easily understood 
which makes them ideal for explaining 
your program to other people, and to help 
you remember what you meant when you 
revisit the design at a later date.

The level of detail 
shown on a flowchart is 
entirely up to you. It can 
be very high level, per­
haps showing the opera­
tion of an entire program 
on a single page, or very 
detailed, showing the 
intricate flow of a small 
section of code. Typi­
cally, you would generate 
a number of different dia­
grams starting at a high 
level and drawing dia­
grams for parts of the 
program that you feel are 
complicated enough to 
benefit from being shown 
on a diagram. This proc­
ess of using a technique 
like flowcharting on parts 
of your program design is 
what is known as analy­
sis , exploring and refin­
ing your ideas before 
committing them to actu­
al code. For larger pro­
grams it’s an essential 
step.

Flowcharting was 
invented in 1946 by John 
Von Neumann, the father 
of modern computer the­
ory. By 1985 the symbols available for use 
had been formalised in a world wide indus­
try standard called ISO5807. There are a 
number of variations in the type of symbols 
that are used across different business 
areas, but for modern day microcontroller 
software development a very small, simple 
subset of symbols can be used to express 
software designs.

Popularity
Flowcharts were a popular design tool up 

until the early 1990s. Until then it was pos­
sible to buy flowcharting stencils in the UK 
from high street stores like WHSmith. On a 
recent shopping trip to see if they were still 
available, the author was met by a blank 
stare to the request for design stencils, and 
eventually pointed in the direction of a 
home decorating store. How times have 
changed. Flowcharts have recently become 
so unpopular that they have even been 
ridiculed by some popular IT websites. It’s 
quite ironic considering that the current 
‘hot’ design language, UML, uses diagrams 
that are simply extensions of flowcharting 
symbols. Von Neumann was no fool, and his 
ideas persist today, if glossed up a little in 
tools like UML.

Entry or Exit mark. Tells 
where the diagram starts 
and ends.

Basic Process, describes 
a single action or simple 
sequence of code.

A Subroutine. Indicates a 
call to a procedure or 
function.

Connector. This is used as 
a "continuation label" to 
point to another page.

Decision. Indicates a point 
in the program where a 
branch may occur.

Input or Output action. 
Indicates when the 
program interacts with 
something (or someone).

Flowline. Joins the various symbols 
together showing the direction 
and order of execution.

Add 1 to 
DaylnMonth

Fig 1: Flowchart symbols

Flowcharts are simple, easy to draw, 
easy to understand and offer a very useful 
way to explore different program designs 
without having to think about the nuances 
of the programming language you intend to 
use. Flowcharts don’t assume that you will 
use any particular language and are, in fact, 
language neutral - you can convert a flow­
chart into any programming language you 
like, as will become clear shortly. They are, 
however, of particular use when using 
assembly language because so much of the 
structure of your program can get lost in 
the long lists of assembler instructions.

While the 1985 standard for flowchart­
ing describes a large number of diagrams, 
many of these have only a historic value 
and can be ignored for modern day use. For 
us, writing programs for small microcon­
troller systems, the set of useful symbols is 
very small, and are shown in Fig.1.

With just those seven simple symbols on 
one or more diagrams you can accurately 
describe and design your program. 
Anything you can write in assembly code 
or a high level language like BASIC or C 
can be accurately represented in one or 
more flowcharts using those six basic sym­
bols and the flow line.
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Using flowcharts encourages a ‘top 
down’ approach to designing software 
because you start with a top-level view of 
your design and gradually build up the 
detail with additional diagrams. This is 
quite a sensible approach to writing pro­
grams when only one person (you!) is 
involved in the process. Commercial 
software development, involving many 
engineers, requires a more complicated 
‘component’ based approach, where a great 
deal of effort goes into splitting a design 
into independent sections that can be 
developed concurrently - one of the rea­
sons why flowcharting has lost favour in 
professional environments. For the hobby­
ist, however, the ‘top down’ approach using 
flowcharts remains a valuable way of 
developing those more challenging 
projects.

Drawing flowcharts
So how do we draw flowcharts? Being 

such simple symbols they are easy to draw 
using pen and paper, for even the most 
artistically challenged of us. There are, 
however, many drawing programs avail­
able that can simplify the process, from 
simple drawing tools to programs that will 
actually create full source code automati­
cally. Some of these programs are free to 
download from the Internet, and we will 
discuss one of these later. First, let’s 
explore how to use them.

Let’s look at how the flowcharting sym­
bols relate to a real program. Each flow­
chart starts with either an Entry symbol or 
a Connector. The Entry symbol repre­
sents, unsurprisingly, the beginning of a 
program or subroutine. Typically this 
would be equivalent to a label in your code 
at the beginning of the reset routine or sub­
routine. The Connector is simply a page 
continuation marker - you use this when 
your flowchart ‘spills over’ from one page 
to another. Try to use the Connector spar­
ingly, since it can make flowcharts difficult 
to read.

The Basic Process is used to represent 
a short section of code, something that 
doesn’t have any complicated loops or 
branches. Inside the picture of the symbol 
you would write a short explanation of 
what that section of code does. The level 
of detail that you write depends on the 
level of detail you are trying to express on 
the particular diagram. For a high level 
diagram you might write ‘Increment date 
by one day’, in a more detailed diagram 
this might expand to several symbols, one 
of which might say ‘Add 1 to 
DayOfWeek’.

Always keep the level of detail on a dia­
gram consistent: when you are drawing a 
high level diagram, avoid the temptation to 
drill into more detail when you start draw­
ing a part of the program you understand 
better than others. Leave that for the next, 
more detailed diagram. Mixing levels of 
detail on a diagram is one of the more typ­
ical errors made when learning how to 
write flowcharts.

The Subroutine symbol is used to indi­
cate a call to a subroutine, exactly equiva­
lent to the ‘call’ instruction in assembler.

Fig 2: Program constructs

Inside the symbol you would write the 
name of the subroutine and any parameters 
that you would pass to it, for example 
‘DelayMs(10)’ or ‘Move(x, y)’. It’s normal 
to use a language-independent style when 
describing the parameters that you pass, 
but at the end of the day use whatever sys­
tem that suits you, something that you will 
understand at a later date.

Decision time
The Decision symbol is used to repre­

sent a branch within the program. One of 
the nice things about using flowcharts is 
that you are not forced to think about the 
actual mechanics of how branches are 
made (‘do I test the carry flag, or the zero 
flag? Have I coded it the right way 
round?’) Such questions can be left for 
much later.

Typically, Decision symbols have two 
exit points, with the ‘normal’ path follow­
ing below, and the exceptional path leaving 
to the right. It’s normal to have flowcharts 
start at the top of a page and work down­
wards, with branches heading off to the 
right. Sometimes it is sensible to have three 
exit points from a Decision symbol (such 
as when testing a variable for zero, nega­
tive or positive) but in most cases it is best 
to represent multiple decision branches as a 
series of Decision symbols, one below 
another.

The text within a Decision symbol is 
always phrased as a question, with the 
answers (representing the possible exit cri­
teria) labelled on the flowlines that leave 
the symbol. Try to keep these labels brief 
or you will clutter the diagram.

The final symbol, Input or Output is 
really just a specialisation of the Basic 
Process symbol. It signifies an action in the 
program that requires some external inter­
action - such as a button press, displaying 
something on a screen or some exchange of 
information over a communication device 
- anything that involves the outside world 
as far as the program is concerned. You 
could use the Basic Process symbol to rep­
resent this if you wish, but using a different 
symbol for input/output activities draws 
one’s attention to the point.

The full ISO flowcharting standard pro­
vides over a dozen different symbols for 
such ‘special actions’, but, in the author’s 
opinion, the six symbols presented in Fig.1 
provide enough detail for small microcon­
troller designs. You can, of course, explore 
the other symbols, or even invent your own - 
but those in Fig.1 provide a useful minimum.

There is one more symbol in Fig.1, the 
flowline. This is really the ‘glue’ that joins 
the symbols together. You draw a line 
from one symbol to another, indicating 
the direction of program flow with an 
arrowhead at the ‘bottom’ of a line to 
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show the destination. While the flow is 
normally from the top of a page to the 
bottom, program loops always require a 
return up to a previous symbol and so the 
arrow head is important.

Program constructs
The next step in explaining how to use 

flowcharts is to explain some common pro­
gramming constructs, the basic building 
blocks of any program. We are all used to 
these constructs, but perhaps we are not 
familiar with their names. Some of the 
main constructs are shown in Fig.2.

The Sequence construct shows the typi­
cal, linear series of operations, one follow­
ing another from top to bottom. The If - 
Then construct is a typical feature available 
in high level languages like BASIC and C; 
the ‘Do something’ block is skipped if the 
question inside the decision symbol is false. 
The If - Then - Else construct is a simple 
expansion of the previous example.

RS232RxByte 
movlw 0x08 
movwf bitCount 
clrf hostByte

re002
btfsc PORTRXPIN, RX_PIN_BIT 
bra re002

call waitHalfBit

re003
bsf STATUS, C
btfss PORTRXPIN, RX_PIN_BIT 
bcf STATUS, C
rrcf hostByte, F
call waitBit
decfsz bitCount. F 
bra re003
return

Fig.3: Comparison between a subroutine and its flowchart

You might be thinking ‘But what if my 
decision has multiple outcomes?’ This is 
what language statements like ‘Case’ in 
BASIC are used for. These are handled as 
shown in Multiple Choice, with each pos­
sible outcome handled by a single decision 
symbol. It might look drawn out, but in 
reality this is how code created by a high 
level language would look. For people 
used to coding in assembly language it 
should look very familiar.

The final diagram in Fig.2 shows how 
the various Do - Until, For, and While 
loops are constructed. When the ‘exit’ test 
fails, a flowline points back up to an earli­
er symbol in the diagram - essentially a 
‘goto’ in lower level languages.

The diagrams in Fig.2 show simple 
examples of the various programming con­
structs for clarity. Where a single block is 
shown on our diagrams, in real flowcharts 
you would often have several blocks, and

perhaps even multiple decision blocks. Just 
be careful to avoid getting into too much 
detail on higher level drawings.

Other constructs, such as ‘for’ and 
‘while’ loops used in BASIC and C are just 
as easy to construct using the decision 
symbol and basic process blocks.

A real example of a flowchart, with the 
corresponding code, is shown in Fig.3. 
The code is for a ‘bit bashed’ RS232 
receive routine (actually lifted from a 
previous article on Bootloaders). While 
the flowchart is clearly much larger than 
the source code, it’s a lot easier to read; 
especially if you don’t understand PIC 
assembly language! The diagram is at a 
relatively detailed level, especially as it 
makes reference to using the ‘Carry’ flag 
to store temporary information. On a 
higher level diagram this entire flowchart 
would be simplified to a single 
‘Subroutine’ block, probably labelled 
‘RxByte’.

Drawing tools
Drawing flowcharts by hand is quite 

easy for even the most artistically chal­
lenged, but correcting errors or inserting 
symbols is, of course, rather difficult. If 
you are going to be drawing lots of dia­
grams, or would like to produce something 
with a professional look, then there has to 
be another way.

Fortunately, there are many programs 
available now to help you draw flowcharts. 
Some are designed specifically for the pur­
pose; others are simple drawing tools that 
can be used as an alternative to pen and 
paper. Fortunately for us, some of the bet­
ter ones are completely free, available on 
the Internet.

The simplest option is to use a program 
available on all computers running 
Microsoft Windows - the humble ‘Paint’ 
program. You can draw the six flowchart­
ing symbols, and simply copy them onto a 
blank page. For the most trivial of dia­
grams this can be quite acceptable, result­
ing in diagrams that you can save, print or 
incorporate into other documents.

The drawback with doing this is that the 
images are simply pictures - when you 
type in text, if there is insufficient space for 
the text you want to type, you have to re­
draw the symbol. Much better are spe­
cialised drawing programs like Visio from 
Microsoft, or Dia, the latter being available 
for free on the Internet. Their features are 
very similar and since Dia is completely 
free, we will describe its use. Dia is the 
personal preference of the author for draw­
ing flowcharts so there is a certain amount 
of bias here!

Using Dia
Installing Dia is simple. Simply down­

load the setup program from the Internet 
address shown in the references at the end 
of this article, run it and the program will 
install in a few seconds. The setup program 
is a reasonable size, so it is only suitable 
for download by users with broadband 
Internet access. If you don’t have broad­
band access, find someone who has - it’s 
well worth the effort.
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It’s beyond the scope of this article to 
provide a tutorial on how to use Dia, but it 
is simple enough to pick up by trial and 
error. The program provides a set of tem­
plate symbols for flowcharts, which you 
can drag and drop onto your diagram. 
Unlike the ‘Paint’ application, the symbols 
are designed to allow you to type text into 
them, and they re-size automatically as the 
text overfills the original shape. Drawing a 
diagram like that in Fig.3 takes just a few 
minutes (with practice).

Some programs take flowcharting to 
another level - they enable you to create 
programs automatically from the diagram. 

One such program is Flowcode - available 
from EPE and, reviewed by Robert 
Penfold in the Aug ’07 issue. Programs 
like this are commercial offerings and also 
tie you in to writing software in a particu­
lar way, which you may find too restrictive. 
With a simple, free program like Dia, you 
can create diagrams as they were original­
ly intended - to help you design your pro­
gram, making the task of writing code 
more pleasant!

Summary
It’s not uncommon when writing a pro­

gram to spend 80% of the effort designing 
with tools like flowcharts, and only 20% on 

actually writing code. A flowchart provides 
an accurate, easy-to-read representation of 
how your software works and if created at the 
beginning of the project it will help you keep 
focused. With luck and practice, your designs 
will be good ones, ones to be proud of.

References
Dia - http://dia-instaUer.de/index_en.html
Flowcode - http://www.matrixmulti 

media.com/product.php?Prod=Flowcod 
e%20V3

http://www.richardrandall.com/busi 
ness/flowcharting.html

http://www.hci.com.au/hcisite2/toolk 
it/flowchar.htm

Radio 
Bygones

The leading UK 
magazine for vintage 
radio enthusiasts

Articles on restoration and repair, history, circuit techniques, personalities, reminiscences and just plain nostalgia -
you’ll find them all. Plus features on museums and private collections and a full-colour photo-feature in every 
issue.
It’S mostly about valves, of course, but ‘solid-state’ - whether of the coherer and spark-gap variety or early 
transistors - also has a place.
From the days of Maxwell, Hertz, Lodge and Marconi to what was the state-of-the-art just a few short 
years ago . .
There is also a selection of free readers’ For Sale and Wanted advertisements in every issue.

Radio Bygones covers it all!
The magazine is published six times a year, and is only available by postal subscription. It is not available 
at newsagents.
To take out a subscription, or to order a sample copy, please contact:
Radio Bygones, Wimborne Publishing Ltd.,
Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU.

Now Also 
Available to

Tel: 01202 873872. Fax 01202 874562.
Web sites: www.radiobygones.co.uk

BUY ONLINE 
www.radiobygones.com 
Log on, pay by credit card 

and download the magazine to 
your PC 

ONLY $9.99 (US dollars) 
FOR 6 ISSUES 
A free issue is 

available
www.radiobygones.com

ElmScan 5 USB Scan Tool
• Diagnose any car with EOBD
• Based on the ELM327 IC
• Supports all EOBD and OBD-II 

protocols
J ISO15765-4 (CAN)
JISO14230-4 (Keyword 2000)
J ISO9141-2
J J1850 VPW
J J1850 PWM

• 9600 or 38400 baud
•

•
•
•
•

•

Supported by more software than 
any other OBD interface 
Inexpensive
Full Speed USB 1.1
Automatic protocol detection 
Package includes cables, software 
CD, and Quick Start Guide 
Buy from your local UK distributors!

www.ElmScan5.com/epe
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS
ELECTRONICS PROJECTS

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; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM.

ELECTRONICS 
CAD PACK

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.

Virtual laboratory - Traffic Lights

DIGITAL ELECTRONICS V2.0
Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen.
Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables - including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors - architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venn diagrams, displays and chip types have 
been expanded inVersion 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

Filter synthesis

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 op.amp filters.

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

(Order form on third page)

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

ROBOTICS & 
MECHATRONICS

Case study of the Milford 
Instruments Spider

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

all calculations are explained
• Clear circuit simulations

Hobbyist/Student................................................................£45 inc VAT
Institutional (Schools/HE/FE/Industry)............... £99 plus VAT
Institutional 10 user (Network Licence)...........£249 plus VAT
Site Licence........................................................................£499 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT” prices)
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PICmicro TUTORIALS AND PROGRAMMING
------------------------------------------------------------- HARDWARE ---------------------------------------------------------------

VERSION 3 PICmicro MCU 
DEVELOPMENT BOARD

Suitable for use with the three software packages 
listed below.

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

quad 7-segment display and alphanumeric l.c.d. display• Supports PICmicro microcontrollers with A/D converters• Fully protected expansion bus for project work• USB programmable• Can be powered by USB (no power supply required)
£158 including vat and postage, supplied with usb cable and 
programming software

£40 OFF Buy the Development Board together with any Hobbyist/Student or Institutional versions of 
the software CD-ROMs listed below and take £40 off the total (including VAT) price.

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.

SOFTWARE
‘C’ FOR 16 Series PICmicro

VERSION 4
The C for PICmicro microcontrollers CD­
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PICmicro devices - 
including a full C compiler for a wide range 
of PICmicro devices.
Although the course focuses on the use of 
the PICmicro 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 • Compatible with most 
PICmicro programmers • Includes a 
compiler for all the PICmicro devices.

Minimum system requirements 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 systems in a matter of minutes. A 
Powerful language that uses macros to 
facilitate the control of devices like 7-segment 
displays, motor controllers and l.c.d.’s. The 
use of macros allows you to control these 
devices without getting bogged down 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 allows 
you to program chips in minutes.• Requires no programming experience • 
Allows complex PICmicro applications to be 
designed quickly • Uses international 
standard flow chart symbols • Full on­
screen simulation allows debugging and 
speeds up the development process.• Facilitates learning via a full suite of 
demonstration tutorials • Produces ASM 
code for a range of 18, 28 and 40-pin 
devices • 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, I2C, new 
ADC component etc. The Hobbyist/Student 
version is limited to 4K of code (8K on 18F 
devices)

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 LicenceFlowcode 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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SPECIAL PACKAGE OFFER
TINA Pro V7 (Basic) + Flowcode V3 (Hobbyist/Student)

DIGITAL WORKS 3.0

TINA Analogue, Digital, Symbolic, RF, MCU and 
Mixed-Mode Circuit Simulation,Testing and PCB Design £50.00
TINA Design Suite is a powerful yet affordable software package for analysing, designing and real including VAT
time testing analogue, digital, MCU, and mixed electronic circuits and their PCB layouts.You can also and p&p 
analyse RF communication, optoelectronic circuits, test and debug microcontroller applications.
Enter any circuit (up to 100 nodes) within minutes with TINA’s easy-to-use schematic editor. Enhance your schematics 
by adding text and graphics. Choose components from the large library containing more than 10,000 manufacturer 
models. Analyse your circuit through more than 20 different analysis modes or with 10 high tech virtual instruments. 
Present your results in TINA’s sophisticated diagram windows, on virtual instruments, or in the live interactive mode 
where you can even edit your circuit during operation.
Customise presentations using TINA’s advanced drawing tools to control text, fonts, axes, line width, colour and layout. 
You can create, and print documents directly inside TINA or cut and paste your results into your favourite word- 
procesing or DTP package.
TINA includes the following Virtual Instruments: Oscilloscope, Function Generator, Multimeter, Signal Analyser/Bode 
Plotter, Network Analyser, Spectrum Analyser, Logic Analyser, Digital Signal Generator, XY Recorder.
Flowcode V3 (Hobbyist/Student) - For details on Flowcode, see the previous page.

This offer gives you two seperate CD-ROMs in DVD style cases - the software will need registering (FREE) with 
Designsoft (TINA) and Matrix Multimedia (Flowcode), details are given within the packages.

Get TINA + Flowcode for a total of just £50, including VAT and postage.

Counter 
project

PROJECT DESIGN WITH CROCODILE TECHNOLOGY

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 plusVAT.
Institutional 10 user £249 plusVAT. 
Site Licence £599 plusVAT.

An Interactive Guide to Circuit Design ELECTRONIC
An interactive CD-ROM to guide you through the process of circuit design. Choose from an extensive range of input, 
process and output modules, including CMOS Logic, Op-Amps, PIC/PICAXE, Remote Control
Modules (IR and Radio), Transistors, Thyristors, Relays and much more.

COMPONENTS PHOTOS

Click Data for a complete guide to the pin layouts of i.c.s, transistors etc. Click More Information 
for detailed background information with many animated diagrams.
Nearly all the circuits can be instantly simulated in Crocodile Technology* (not 
included on the CD-ROM) and you can customise the designs as required.
WHAT’S INCLUDED
Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch 
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers, 
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output 
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment Displays. 
Data sections with pinouts etc., Example Projects, Full Search Facility, Further 
Background Information and Animated Diagrams.
Runs in Microsoft Internet Explorer
*All circuits can be viewed, but can only be simulated if your computer has Crocodile 
Technoloy version 410 or later. A free trial version of Crocodile Technology can be 
downloaded from: www.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)

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

Price£19.95 inc. VAT
Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser.

Please send me: CD-ROM ORDER FORM
□ Electronic Projects
□ Electronic Circuits & Components V2.0
□ Analogue Electronics
□ Digital Electronics V2.0
□ Analogue Filters
□ Electronics CAD Pack
□ Robotics & Mechatronics
□ Assembly for PICmicro V3
□ 
□ 
□

‘C’ for 16 Series PICmicro V4 
Flowcode V3 for PICmicro 
Digital Works 3.0

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

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

□ PICmicro Development Board V3 (hardware)

□ TINA Pro V7 Basic + Flowcode V3 Hobbyist/Student
□ 
□ 
□ 
□

Electronic Components Photos
Project Design - Single User
Project Design - Multiple User (under 500 students) Note: The software on each version is

- —— 1 ' * ■ frio corno orili/ Trio lioonoo for i ico i/oriooProject Design - Multiple User (over 500 students) the same, only the licence for use varies.

Full name:
Address:

Post code: .Tel. No:
Signature: .........................................................................................................
□ I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
□ Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £
Valid From: .Card expiry date:
Card No: Maestro Issue No.
Card Security Code (The last 3 digits on or just under the signature strip)

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%% 
VAT or provide your official VAT registration 
number).

Send your order to: 
Direct Book Service 

Wimborne Publishing Ltd 
Sequoia House, 398a Ringwood Road 

Ferndown, Dorset BH22 9AU
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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For more information, manuals and downloads on this and 
other interesting products see WWW.audon.CO.llk

Build Your Own 
Weather Station

UIMIH Electronics
www.audon.co.uk | 444 (0)115 925 8412 | Fax 444 (0)115 925 9757

► Measure Wind 
Speed

► Measure Wind 
Direction

► Measure 
Temperature

► Easy Build Kit
► FREE Software
► USB or RS232
► Optional

Humidity Module
► Optional 

Pressure Module
► Optional Rainfall 

Gauge
► Simple 1-wire® 

connection
► Build and add 

your own devicesPrices exclude VAT and delivery

Weather Starter Kit 
RS232 Interface 
USB Interface 
Humidity Module 
Pressure Module 
Rainfall Gauge

£59 
£25 
£29 
£39 
£49 
£59

SHERWOOD ELECTRONICS
PLEASE NOTE NEW MAIL ORDER ADDRESS

Buy 10 x £1 Special Packs and choose another one FREE
SP1 15 x 5mm Red LEDs
SP2 12 x 5mm Green LEDs
SP3 12 x 5mm Yellow LEDs
SP5 25 x 5mm 1 part LED clips
SP6 15 x 3mm Red LEDs
SP7 12 x 3mm Green LEDs
SP8 10 x 3mm Yellow LEDs
SP9 25 x 3mm 1 part LED clips
SP10 100 x 1N4148 diodes
SP11 30 x 1N4001 diodes
SP12 30 x 1N4002 diodes
SP18 20 x BC182B transistors
SP20 20 x BC184B transistors
SP23 20 x BC549B transistors
SP24 4 x CMOS 4001
SP25 4 x 555 timers
SP26 4 x 741 Op.Amps
SP28 4 x CMOS 4011
SP29 3 x CMOS 4013
SP33 4 x CMOS 4081
SP34 20 x 1N914 diodes
SP36 25 x 10/25V radial elect. caps.
SP37 12 x 100/35V radial elect. caps.
SP38 15 x 47/25V radial elect caps
SP39 10 x 470/16V radial elect. caps.
SP40 15 x BC237 transistors
SP41 20 x Mixed transistors
SP42 200 x Mixed 0^25W C.F. resistors
SP47 5 x Min. PB switches
SP49 4 x 5 metres stranded core wire
SP101 8 Metres 22SWG solder
SP102 20 x 8-pin DIL sockets
SP103 15 x 14-pin DIL sockets
SP104 15 x 16-pin DIL sockets
SP109 15 x BC557B transistors
SP112 4 x CMOS 4093
SP115 3 x 10mm Red LEDs
SP116 3 x 10mm Green LEDs
SP118 2 x CMOS 4047
SP124 20 x Assorted ceramic disc caps
SP126 6 x Battery clips - 3 ea.

PP3 + PP9
SP130 100 x Mixed 0^5W C.F. resistors
SP131 2 x TL071 Op.Amps
SP133 20 x 1N4004 diodes

RESISTOR PACKS - C.Film
RP3 5 each value - total 365 0^25W £3.40
RP7 10 each value - total 730 0-25W £4.65
RP10 1000 popular values 0^25W £6.60
RP4 5 each value-total 345 0^5W £4.30
RP8 10 each value-total 690 0^5W £6.95
RP11 1000 popular values 0^5W £8.95

SP134 15 x 1N4007 diodes
SP135 5 x Miniature slide switches
SP136 3 x BFY50 transistors
SP137 4 x W005 +5A bridge rectifiers
SP138 20 x 2^2/63V radial elect. caps.
SP142 2 x CMOS 4017
SP143 5 Pairs min. crocodile clips

(Red & Black)
SP144 5 Pairs min.crocodile clips

(assorted colours)
SP146 10 x 2N3704 transistors
SP147 5 x Stripboard 9 strips x

25 holes
SP151 4 x 8mm Red LEDs
SP152 4 x 8mm Green LEDs
SP153 4 x 8mm Yellow LEDs
SP154 15 x BC548B transistors
SP156 3 x Stripboard, 14 strips x

27 holes
SP160 10 x 2N3904 transistors
SP161 10 x 2N3906 transistors
SP164 2 x C106D thyristors
SP165 2 x LF351 Op.Amps
SP166 20 x 1N4003 diodes
SP167 5 x BC107 transistors
SP168 5 x BC108 transistors
SP171 8 Metres 18SWG solder
SP172 4 x Standard slide switches
SP173 10 x 220/25V radial elect. caps
SP174 20 x 22/25V radial elect. caps
SP175 20 x 1/63V radial elect. caps.
SP177 10 x 1A 20mm quick blow fuses
SP178 10 x 2A 20mm quick blow fuses
SP181 5 x Phono plugs - asstd colours
SP182 20 x 47/63V radial elect. caps.
SP183 20 x BC547B transistors
SP189 4 x 5 metres solid core wire
SP192 3 x CMOS 4066
SP195 3 x 10mm Yellow LEDs
SP197 6 x 20 pin DIL sockets
SP198 5 x 24 pin DIL sockets
SP199 5 x 2^5mm mono jack plugs
SP200 5 x 2^5mm mono jack sockets

2007 Catalogue 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, 
10 NEWSTEAD STREET, 

MANSFIELD, NOTTS. NG19 6JJ

com

Our

students. These include:

•
•
•
a
a
a
•
a ore tnlotmail

contains 
expanding 
products 
engineers,

online
an

store 
ever

variety of 
designed fc 

hobbyists

•

ARM Development Systems 
Ethernet Modules 
RF Modules
Graphic LCD Displays (With example software!) 
Home Automation
Power Conversion
Components & Connectors 
And Much More!
Educational Discounts Available

Full product support with reference 
software and secure online ordering 
to kickstart your development.

www.componentbm.com
+44 (0) 1354 778224
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The Power of 
Mechatronics

Part Six - A Simple Approach to RF Networking by Colin Greaves

C
onnectivity is a hot subject in 
the electronics world. Intelligent 
products controlling other intelli­
gent products seem to be all around us. Not 

too many of us own, or see the need for an 
internet capable refrigerator, but products 
which can communicate security informa­
tion, or state of repair are not only being 
developed right now, but are out there - 
talking to each other.

Wire-free communication is one of the 
factors required to make such develop­
ments possible, and radio is probably the 
most flexible medium to provide this. 
Point-to-point radio modules have been 
successfully used by the million in every­
day products, such as key-fob car entry 
systems, toys, and other simple cable 
replacement applications. Using radio for 
connecting several devices together needs a 
bit more thought though, and more control. 
Thankfully, a lot of this work has been 
done for us, and what we are left with can 
be delightfully simple to use!

So, you plan to put together a radio-based 
monitoring system in your house, a temper­
ature sensor in the greenhouse, a rain detec­
tor outside, and a flood warning device in 
the basement! What are the first considera­
tions? Power consumption? Radio range? 
These may be your first thoughts, but with 
some understanding of what types of radio 
network configurations are available, a suit­
able solution can be found.

Another consideration will be what fre­
quency to operate on. Popular ISM bands 
at 868MHz (915MHz Americas) and 
2.4GHz both have benefits and drawbacks. 
Generally, when people look at networking 
with radio, with protocols like ZigBee or 
MiWi, they are drawn to the globally 
accepted frequency of 2.4GHz, with 16 
channels available for network selection.

Topologies
When considering the use of a network, it 

is necessary to decide how the nodes on the 
network will work together, what communi­
cation paths will be used. The simplest net­
work arrangement is a star topology. In this 
configuration, a central hub, or coordinator 
is used to communicate to all of the sub­
nodes on the network, as in Fig.1.

This arrangement has advantages - the 
sub-nodes, or end devices can all be func­
tionally very simple with small memory 
requirements, and be capable of low power

Fig. 1. Star and cluster tree arrangement

(sleep) modes. A major disadvantage is 
robustness - if the central coordinator 
should fail, then the whole network will fail.

This type of network is also limited in 
radio range to twice the distance of the 
radio transceiver range. This can be 
addressed by using another type of device 
in the network; a router. Using this type 
of node, the network can be extended 
from a simple star, to a cluster tree of star 
networks (Fig.1), talking to each other 
via a central trunk.

The failure of a single coordinator node 
in a cluster tree can also devastate network 
operation, so a third kind of network topol­
ogy is sometimes used, a mesh network. In 
this type of arrangement, all of the nodes 
can talk to each other, without having to 
rely on one central device to get messages 
onto the network. This is a robust configu­
ration, but has a large overhead in terms of 
resources, such as network traffic, memory 
requirements of the units, and also, power 
consumption.

Reliability
With so many radio transmissions flying 

about, collisions between messages are 
going to be a real problem. In a typical net­
work, several devices will be in radio range 
of each other, so we need a way to avoid 
corruption of messages by collision. Two 
types of message collision which are often 
employed in networks are Carrier Sense 
Multiple Access - Collision Avoidance 
(CSMA-CA) and Collision Detection 
(CSMA-CD).

A radio network is usually not able to detect 
collisions in the message transmissions, as the 
units are not normally able to talk and listen at 
the same time. They are either in transmit or 
receive mode, and so Collision Detection is 
not normally an option, which is why 
Collision Avoidance is used.

In practice, CSMA-CA is just a matter of 
listening for active transmitters before you 
make a transmission yourself - in much the 
same way people do, they listen for a pause 
in the conversation before they speak. Well, 
at least most people do!

As our radio network is unable to detect 
a collision, a good idea is to request an 
acknowledgement that the message was 
received. In fact, the IEEE 802.15.4 layers 
require that every transmission is followed 
by an acknowledgement of receipt. This 
handshaking forms the basis of reliability 
that most applications require. A message 
originating from a node will be acknowl­
edged by the receiving node, then that node 
in turn will receive an acknowledgement as 
it passes the message on.

Security
Some applications might need to protect 

their transmissions from prying eyes, or 
ears! A radio mouse or a gamepad/console 
arrangement would probably not require 
their transmissions to be secure by encryp­
tion, but a keyboard or a security system 
certainly would.

The addition of a 128-bit Advanced 
Encryption Standard (AES) into the IEEE 
802.15.4 protocol opens up the use of radio 
networking to the security conscious mar­
ket. AES is the replacement for the very 
popular Triple-DES which is still very pop­
ular with the electronic payment industry. 
This level of security is considered suffi­
cient for the vast majority of secure com­
munication requirements.

A practical implementation
Looking at the above information, it 

would appear that the IEEE 802.15.4 stan­
dard is a good basis for a radio network, 
and it does in fact provide a good platform 
to construct a network. The standard OSI
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Application Layer

Fig.2. The lower three layers are used to implement a radio network - it is not 
normally required to use all seven layers of the OSI model for any network solution

Network model 802.15.4 provides the two 
lower-most layers (Fig.2) and requires a 
further layer to open up the networking 
features we have discussed.

One such option for the network layer is 
ZigBee. This protocol has been in the elec­
tronics press quite a lot lately, and is the 
brainchild of the ZigBee Alliance, a group 
of companies from all over the world. The 
outcome of their efforts is a suite of com­
munication protocols which can be used to 
address large, complex networks, and will 
also provide interoperability between dif­
ferent manufacturers’ products using the 
ZigBee protocol.

Given the complexity of a ZigBee net­
work, a simpler networking solution was 
sought by many designers, and Microchip 
developed the much simpler MiWi net­
work protocol. Let’s have a look at some of 
the features of this protocol.

MiWi - a simple network 
solution

A MiWi network is constructed from two 
types of device. The first is a Full Function 
Device (FFD) and is given the task of coor­
dinator function. The FFD will provide an 
entry point onto the network for the second 
type of unit, the Reduced Function Device 
(RFD).

The RFD is the type of unit that is battery 
powered, and sits on a wall monitoring a 
switch or thermistor, or sensing movement. 
It conserves power by just activating its 
transceiver when it needs to, very quickly 
joining the network, reporting, then shutting 
down again. This low duty cycle of opera­
tion is how it can achieve months or years of 
battery life from primary type cells.

In order that the RFD messages are 
received when it eventually transmits, the 
FFD must be awake and listening, and will 
therefore normally be a fully powered 
product. The FFD will also buffer mes­
sages for its own RFDs from other units, to 
be passed on to them when they wake.

Addressing
When a MiWi network is initialised, the 

first coordinator to come online will assume 

the role of the whole network coordinator, 
called the PAN coordinator (Personal Area 
Network). The PAN coordinator will choose 
a suitable channel from the 16 available (at 
2.4GHz) and establish a network address. It 
will then assign a number between 1 and 7 
for all subsequent coordinators that join the 
network, address 0 being reserved for the 
PAN coordinator itself.

The group of coordinators will form the 
backbone of the network, and will provide 
a host function for the suite of RFD end 
devices which want to join the network. 
Each RFD will be given a number by its 
parent coordinator, from 1 to 127. A MiWi 
network can therefore support up to eight 
lots of 127 nodes, plus the coordinators, 
giving 1024 nodes. This is somewhat less 
that the 64k nodes supported by ZigBee, 
but is more than sufficient for the majority 
of applications.

One of the requirements of a ZigBee 
router is to store routing tables for the 
nodes on the network. This needs quite a 
chunk of memory to achieve, and so 
eliminating this would be desirable.

MiWi has a much smaller memory 
requirement than ZigBee, the RFD need­
ing a minimum of only 4kB, and the FFD 
being achieved in less than 16kB. By 
comparison, a ZigBee RFD needs some­
thing like 32kB and the FFD in the order 
of 64kB. This minute footprint of MiWi 
is down to a simplified approach, and the 
clever way in which routing and address­
ing is achieved.

Two types of addressing are implemented 
on the network — long addressing and short 
addressing. The IEEE protocol 802.15.4 
requires that a unique 64-bit address is allo­
cated to each product that is manufactured, 
and in fact sells them in blocks of several bil­
lion, in much the same way as Ethernet 
addresses are distributed. This unique 

Fig.3. Structure of the MiWi short address

address is the long address of the unit, and 
can be used within a MiWi network to 
address a message to an individual unit. This 
might be sufficient for some applications, 
but it doesn’t actually contain any informa­
tion on the location of the unit within the net­
work, or how to route messages to it.

Short addressing
The second addressing mode, short 

addressing, is the preferred way to send 
messages. This is a 16-bit address, con­
structed to identify the position of the unit 
on the network.

Looking at the structure of the MiWi short 
address in Fig.3, we can see that the parent 
coordinator number and the child number 
form the basis of the address. In this way, 
each node on the network can be given a 
unique address with respect to its location.

The first five bits of the short address are 
unused (and available for user definition if 
needed). The three parent bits define the 
coordinator number, and the last seven the 
child number of that coordinator. The single 
RxOffWhenIdle bit informs the network of 
the low power mode status of the device 
being addressed - a 1 in this location signi­
fying that the device has a sleep mode.

To understand the construction for short 
addressing, we must take a look at how 
devices are numbered on a MiWi network. 
A coordinator assigned the number 1 
might have 12 child devices, child number 
5 being a light bulb controller. The short 
address for the coordinator itself would be 
0 1 0 0 (0x0100 hexadecimal). Note that 
the last byte set to all zero is an indication 
of no child number, ‘I am a coordinator 
unit’. Shown in Fig.4, the light bulb child 
would have short address 0x0105 meaning 
the 5 th child of coordinator number 1.

Fig.4. The 5th child of coordinator 
number 1

One of the addressing modes of ZigBee 
and MiWi requires units to have multiple 
pathways, and not just rely on a single join 
point into a network. We mentioned this as 
mesh networking MiWi permits this multi­
ple pathway access by allowing each end 
device to talk to multiple coordinators, or 
to all of them if required.
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Fig.5. End device, child 5, connected to a second coordinator

Fig.5 shows the same end device now 
connected to a second coordinator, in this 
case, the PAN coordinator itself. The PAN 
coordinator has a number 00, and therefore 
short address 0x0000. Our light bulb con­
nects to this device as its first child, and is 
given child number 01, so the light bulb 
unit has a second short address of 0x0001.

It now has two short addresses on the net­
work - which is correct? Well, they both 
are. Either short address can be used to 
reach the device, allowing redundancy in 
case of unit failure. It seems then, that 
sending messages around a MiWi network 
might be pretty straightforward. How does 
the software, the MiWi stack actually 
enable this?

MiWi stack
The stack is basically the software which 

runs the network on top of the 802.15.4 
MAC layer. This network layer is accessi­
ble by the user with a set of function calls.

The following list of function calls are 
the basics of what are needed to open a net­
work, join it, communicate and so on. These 
are some of the functions we have dis­
cussed, and are listed in much more detail in 
the Microchip applications note AN 1066, 
downloadable from their website.

DiscoverNetwork( );
FormNetwok( );
JoinNetwork( );
SendReportByShortAddress( ); 
SendReportByLongAddress( );

Note that the messages sent across the net­
work are called ‘reports’ and can contain 
user application data, or status information.

The MiWi stack can also be downloaded 
from the Microchip website; type 
www.microchip.com/miwi into your 
browser to find the page. With the down­
load, you get a very useful tool, called 
Zena. This is Microchip’s front end soft­
ware for their network analyser board - 
very useful for monitoring the messages 
being sent around your network. They are 
displayed on a PC screen in real time, and 
allow the developer to see all of the infor­
mation contained in their MiWi (or 
ZigBee) network messages.

Zena

what type of PIC 
we have chosen to
use, what I/O we 
want to use, low 
power modes, 
whether it is an 
FFD or an RFD, 
what channels to Fig.6. The Zena configuration tool for MiWi and ZigBee 

stacksuse, and so on. All 
of these options 
are entered into a wizard using checkbox­
es or values, and are used to build your 
MiWi stack file MIWIDefs.h. This makes 
the setting up of a MiWi project very sim­
ple (Fig.6).

Device selection, RF operation, security 
options and other configuration data are set 
using Microchip’s front end wizard to 
quickly generate project header files. Once 
all of the options have been ticked in the 
boxes, the Generate Files button at the bot­
tom is pushed.

Hardware
The MRF24J40 is the 802.15.4 trans­

ceiver used as a basis for Microchip’s 
MiWi and ZigBee platforms. The hard­
ware is identical for each platform, and is 
available as a demo kit. Let’s have a look 
at the transceiver (Fig.7).

Microcontroller■=l
Piotocol

■ Physical Driver ■

As shown previously, the MRF24J40 
contains both the MAC and the PHY levels 
of the communications stack. Tx and Rx 
buffers and the security engine is also 
included in hardware - this is how the 
MiWi memory footprint can be so small, 
even with encryption turned on. The MAC 
will also handle your re-transmits for you, 
should the acknowledgements not be 
received - the hard jobs are all done in 
hardware!

The interface to the host PIC controller is 
through a synchronous serial port, or SPI 
interface. The communication into the 
transceiver is all taken care of by the stack, 
the user doesn’t need to worry about this 
function. However, like other Microchip 
solutions, the full MiWi and ZigBee stack 
source code is given in the download, and 
all such functions are available for user 
inspection.

Another useful point is that MiWi is com­
pletely proprietary to Microchip. The us er 
doesn’t have to worry about modifying the 
code to their own needs, they are perfectly 
free to do so. ZigBee, on the other hand, is 
carefully regulated by the ZigBee Alliance, 
so making changes to the ZigBee stack can 
invalidate your approvals process.

MAC Aichitectiue PHY Aichitechite

SPI 
Interface Registers Security

PHY TX/RX 
Control

MRF24J40

Transmit 
Buffers M TMMC TXPHY

Zena also has another useful feature. It 
allows us to set up the stack according to Fig. 7. Transceiver block diagram
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Fig.8. The Microchip MRF24J40 transceiver supports a simple SPI 
type interface

SO SI

SI SO

SCK SCK

G PIO RESET

INTO INT

Fig.9. PICDEM Z 2.4GHz demonstration board

The actual user application is all that 
remains to be written and compiled into the 
PIC. At this point, you look at your hardware 
peripheral requirement (do I need USB? 
Ethernet? ADCs?) then choose your PIC to 
host the MiWi stack. This may be a simple 
PIC16F, the popular PIC18F series with their 
multitude of peripheral functions or one of the 
high performance PIC24F parts depending on 
your application requirements - MiWi will 
run on most of the range of devices.

The Microchip MRF24J40 transceiver 
supports a simple SPI type interface. Many 
of the PIC range have this type of synchro­
nous serial capability, and will happily 

support the device. The rest of the interface 
is simple chip control and interface (Fig.8).

The next step
Have a look at the MiWi page on the 

Microchip website. Download the apps 
notes, and the free stack, and start playing. 
The stack source code is well documented 
and supported with applications notes, and 
is easy to follow.

Also available is the PICDEM-Z develop­
ment kit (part number DM163027-4), Fig.9, 
which provides the developer with two 
MRF24J40 transceiver boards, two develop­
ment boards to run the stack on, and a Zena 

network analyser board which plugs into the 
USB port of your PC. This is a good kick-start 
to get your project up and running! EPE

References:
Microchip MiWi stack - www.micro

chip.com/miwi
Microchip ZigBee hardware tools - 

www.microchip.com/ZigBee
Microchip MRF24J40 - www.microchip 

.com/MRF24J40
Colin Greaves will be delivering a MiWi 

workshop at the Microchip European 
MASTERs event in Munich from 6th to 
8th November.
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By STEF NIEWIADOMS

Experimenter’s 
Audio . 
System’ll

Audio preamp, filters, power amplifier and 
power supply for radio experimenters

IF you like to build radio receivers 
and experiment with ‘front ends’, 
it can be very useful to have a unit on 

the bench which takes the low level 
audio from the front end, then ampli­
fies, filters and boosts it to loudspeaker 
or headphone volume.

Another useful piece of gear to 
have is a stabilised power supply unit 
(PSU), capable of generating different 
DC voltages to power the receiver 
front ends.

The unit described here combines 
these useful functions, and consists of 

a high gain audio preamp, switchable 
audio filters and power amplifier, as 
well as having three different stabi­
lised DC voltage outputs. The empha­
sis of the unit is to achieve high quality 
and low noise, while keeping the cost 
low and, of course, using easy-to-get 
components.

The unit is powered from a cheap 
external 12V PSU, and this saves the 
cost and complexity of an in-built mains 
powered supply. It also has the advantage 

Fig.1: Block schematic diagram showing the signal inputs and outputs to the preamp, filters and PA amp
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that the risk of mains-induced hum can 
be kept out of the unit.

The design can be used as a self­
contained bench unit, or alternatively 
the printed circuit boards can be incor­
porated into a new receiver you might 
be working on, taking away most of 
the audio and PSU design work, and 
allowing you to concentrate on the 
all-important front-end and detector 
stages.

Inputs and outputs
The circuit diagram in Fig.1 illus­

trates the signal inputs and outputs 
as connected to a block diagram 
representing the preamp, filters and 
power amplifier, which are shown 
separately later.

The audio input to the preamp 
comes via phono socket SK1 and is 
then filtered of any RF (radio frequen­
cy) content by resistor R14, RF choke 
L7 and capacitor C25. The network 
formed by these components has very 
low impedance at audio frequencies, 
but an attenuation of more than 70dB 
at 455kHz, which is a typical interme­
diate frequency (IF) used in receivers. 
There is increasing attenuation at 
higher frequencies.

Potentiometer VR1 acts as an input 
level control, the wiper of which 
feeds the signal to the preamp. The 
output paths will be discussed as we 
progress.

Fig.2: General layout of front panel components

Preamp circuit
The circuit diagram for the audio 

preamp and audio filters is shown in 
Fig.2. IC1 forms a conventional invert­
ing op amp, the gain of which is defined 
by resistors R3 and R5. With the values 
shown, the gain is 100, or 40dB.

Components R1, R2, R4 and C2 form 
a decoupled mid-rail supply for the 
non-inverting input of the op amp, 
which means that a split-rail supply 
does not have to be provided. This con­
siderably simplifies the power supply 
design for the unit, as described later. 
RF choke L6 and capacitors C3, C4 de­
couple and filter the supply rail to IC1, 
preventing any RF or lower-frequency 
noise from influencing it.

During development, several 
pin-for-pin compatible devices 
were tried for IC1 and the effect 
on overall output noise was sub­
jectively checked. Suitable devices 
for IC1, in order of low-to-high cost 
and performance would be: TL071, 
OP07, NE5534N then the OP27. If 
you are willing to pay the price for 
a superbly low-noise op amp, then 
go for an AD797.

Via capacitor C5 and resistor R6, the 
output of IC1 drives a 6kHz cut-off fre­
quency five-stage elliptic lowpass filter 
comprising L1, L2 and capacitors C6 to 
C10. L1 and L2 are ready-wound Toko 
inductors, so no difficult inductor 
winding is necessary.

Fig.2: Circuit diagram for the audio preamplifier and filters. With the values shown, the gain is 100, which is 40dB
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The value of C5 has been chosen to 
add a mild highpass response to this 
filter, thereby flattening the low fre­
quency response. Resistor R6 matches 
the low impedance output of the op 
amp to the drive impedance of the 
filter. The filter is terminated with an 
impedance of about 1kW, formed by 
the parallel combination of resistor 
R8 and, as shown in Fig.1, the volume 
control VR2. This filter can be used for 
listening to relatively wideband AM or 
FM broadcast stations.

The communications-class filter 
stage in Fig.2 consists of a 300Hz 3- 
pole highpass filter, comprising capac­
itors C11 and C12, plus inductor L3. 
It is cascaded with a 3kHz five-stage 
elliptic lowpass filter, comprising 
capacitors C13 to C17, plus inductors 
L4 and L5. This filter is for use when 
receiving SSB/CW transmissions, 
cutting out low and high frequency 
interference.

This filter reduces the audio band­
width of the received signal, but great­
ly improves intelligibility, especially 
under difficult listening conditions. 
It is driven via resistor R7 and ter­
minated by the parallel combination 
of R9 and, as in Fig.1 again, volume 
control VR2, with switch S1 selecting 
which filter is used.

The responses of the wideband and 
communications-bandwidth filters are 
shown in Fig.3. The rapid roll-off of 
the filters can be seen, plus the troughs 
of attenuation in the stopband, both 
of which are characteristic of elliptic 
filters.

Care has been taken to choose Toko 
inductor values which are easily avail­
able for the filters, as these components 
are getting more difficult to obtain.

Referring to Fig.1, toggle switch S1 
selects the output of one of the audio 
filters, and whichever one is selected 
feeds the audio power amplifier, IC2, 
via the volume control VR2.

Power Amplifier
From volume control VR2, the signal 

is fed to the power amplifier, whose 
circuit diagram is shown in Fig.4.

A TDA2003V has been chosen as 
the amplifier device, IC2, as it has 
more than adequate power output 
(10W maximum, designed for use in 
car radios), and is cheap and easy to 
obtain. It has very low harmonic and 
crossover distortion.

The components surrounding IC2 
are taken straight from the data sheet.

RELATIVE

Fig.3: Graph showing response of the wide and communications bandwidth 
audio filters

Capacitor C18 blocks any DC voltage 
on the audio input, while capacitors 
C20 and C21 decouple IC2’s supply 
from noise and prevent oscillation 
caused by supply current peaks. Ca­
pacitor C23 couples IC2’s output to the 
load, again removing the DC compo­
nent, which would otherwise damage 
the phones or loudspeaker.

Capacitor C22 and resistor R13 
set the upper cut-off frequency of 
the amplifier. The network formed 
by resistors R10, R11 and capacitor 
C19 sets the gain of the amplifier 
and supply ripple rejection. Finally, 
capacitor C24 and resistor R12 form 
a Zobel network, commonly seen 
on the outputs of integrated circuit 
audio amplifiers, which prevents 
oscillation at high frequencies with 
inductive loads.

Referring back to Fig.1, the audio 

Fig.4: Circuit diagram for the power amplifier section

output feeds the headphones socket, 
SK2, which cuts the connection to 
loudspeaker socket SK3 when the 
phones are plugged in.

CW audio filter
The circuit diagram for an 800Hz 

CW (continuous wave) filter is shown 
in Fig.5. This filter can be built in place 
of the wide-band filter in Fig.2, with 
no PCB tracking changes. Simply sub­
stitute the CW filter component values 
shown in the schematic for resistor R6 
and inductors L1, L2, and capacitors 
C6 to C10.

Note that resistor R8 is not fitted 
for the CW filter, the 10kW resistance 
of potentiometer VR2 provides the 
only termination for this filter. This 
results in less insertion loss for this 
filter and less ‘sag’ in the response 
close to cut-off.
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Power supply
The circuit diagram for the stabi­

lised power supply is shown in Fig.6. 
An external 12V DC supply source is 
connected via socket SK4 and fuse 
FS1. The supply is filtered by RF 
choke L8, plus capacitors C26 and 
C27. These components are included 
because the low-cost switched-mode 
power supplies suitable for using with 
this unit have a few millivolts of high- 
frequency ripple on their DC output 
line. It is best to remove this as close 
as possible to the input of any unit 
being powered.

Diode D1 helps to protect the circuit 
from incorrect connection of the sup­
ply polarity. If the external supply is 

Fig.5: Circuit diagram for an 800Hz CW filter. This filter can be built in place of 
the wide-band filter (Fig.2), without any PCB changes (see text)

connected correctly, the diode never 
conducts and all is well. However, if the 
supply is reversed, D1 conducts heavily 
with only about 0.7V across it, and suf­
ficient current flows to blow fuse FS1 
within a few hundred milliseconds, 
hence disconnecting the supply and 
protecting the unit from damage.

The filtered 12V rail feeds directly to 
socket SK5, and also supplies voltage 
regulators IC3 and IC4, which produce 
stabilized +9V and +6V outputs on 
sockets SK6 and SK7, respectively.

Although not strictly necessary, 
LEDs D2 to D4 indicate the presence 
of the three voltage levels. Resistors 
R15 to R17 limit the current through 
the LEDs to 10mA.

Socket SK8 is connected to the 
metal ground of the unit, to which 
the 0V planes on the boards and the 
negative side of the external supply 
are connected.

Construction
The unit is built on two printed 

circuit boards, whose component 
and track layout details are shown in 
Fig.7 (Audio) and Fig.8 (PSU). These 
PCBs are available from the EPE PCB 
Service, codes 645 (Audio) and 646 
(PSU).

Mount the components in ascend­
ing order of size, taking care to cor­
rectly orientate the semiconductors 
and electrolytic capacitors. Use a DIL 
(dual-in-line) socket for IC1, but do 
not insert IC1 until the power supply 
and general construction has been 
fully checked.

Amplifier IC2 comes with its leads 
already formed and is mounted verti­
cally on the board. It should not be 
possible to mount it incorrectly. Before 
soldering IC2, mount it loosely on its 
heatsink (which needs to be drilled 
to suit, see Fig.9) and check that the 
holes in the PCB and those in the 
heatsink line up. Ensure that IC2 is 
not put under any mechanical stress 
when assembled on the heatsink and 
soldered on the board. Its metal tab is

Fig.6: Circuit diagram for the stabilised power supply stage of the Experimenter’s Audio System. An external 12 V DC
supply ‘plugpack’ is connected via socket SK4 and fuse FS1
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connected to its ground pin (0V) and 
so an insulating kit is not needed.

Insert 1mm terminal pins for all 
off-board connections.

The leads of IC3 and IC4 need to be 
bent through 90 degrees and the mid­
dle lead offset from the outer ones, so 
that the regulators project horizontally 
from the PCB for mounting on a com­
mon heatsink. This heatsink is made

regulators IC3 and IC4

from two pieces of aluminium angle 
bolted together and drilled appropri­
ately (see Fig.10). Some juggling of 
the heatsink position and the height 
of the PCB above the chassis may be

Parts List - Experimenter’s Audio System

2 PC boards, code 645 (Audio) 
and 646 (PSU), available from 
the EPE PCB Service, sizes 
133 x 53mm (Audio) and 73 x 
35mm (PSU)

1 aluminium two-piece case, size 
200 x 150 x 75mm

1 20mm chassis-mounting fuse­
holer, plus 1A fuse (FS1)

1 SPST min. toggle switch (S1) 
2 phono sockets (SK1, SK3) 
1 switched jack socket, size to 

suit headphones (SK2)
3 ‘banana’ sockets/screw termi­

nals, red (SK5 to SK7)
1 ‘banana’ socket/screw termi­

nal, black (SK8)
1 2.5mm DC power input socket 

(SK4)
1 12V DC power plugpack - see 

text
1 8 ohm min. loudspeaker - see 

text
3 LED mounting clips (D2 to D4) 
2 plastic knobs (VR1, VR2) 
1 8-pin DIL socket

Aluminium angle strip for IC2 to 
IC4 - see text and Figs.9 and 10; 
0.56mm (24s.w.g.) enamelled cop­
per wire - see text; earth solder tag; 
screened audio cable; single-core, 
or multistrand, insulated hook-up 
wire; 1 mm solder terminal pins, 26 
off; nuts and bolts; solder, etc.

Inductors
1 18mH, Toko 10RB (L1) 
1 12mH, Toko 10RB (L2) 
1 330mH, Toko 10RBH (L3) 
1 27mH, Toko 10RB (L4) 
1 22mH, Toko 10RB (L5) 
1 1mH RF choke (L6) 
1 4.7mH RF choke (L7)
1 10QmH RF choke - see text (L8) 
1 FT50-43 toroid ring-core for l8 

- see text

Semiconductors
1 1N4001 50V 1A rect. diode 

(D1)
1 5mm red LED (D2)
1 5mm yellow LED (D3)

needed to ensure that IC3 and IC4 are 
not stressed in the final assembly.

Rather than using an off-the-shelf 
inductor for choke L8, the author 
wound his own. The reason for this

1 5mm green LED (D4)
1 NE5534N op amp - see text 

(IC1)
1 TDA2003V power amp (IC2)
1 7809 +9V 1A voltage regulator 

(IC3)
1 7806 +6V 1A voltage regulator 

(IC4)

Capacitors
1 15nF polyester (C7)
1 22nF polyester (C14)
2 33nF polyester (C9, C22)
3 68nF polyester (C6, C10, C16)
6 100n ceramic disc, 5mm pitch 

(C4, C21, C25, C26, C28, C29)
2 100n polyester (C8, C24)
2 150nF polyester (C13, C17)
1 220nF polyester (C15)
2 470nF polyester (C11, C12)
1 2.2mF radial elect. 16V (C5)
3 10mF radial elect. 16V (C1, C2, 

C18)
2 100mF radial elect. 16V (C3, C27)
2 470mF radial elect. 16V (C19, C23)
1 1000mF radial elect. 16V (C20)

Resistors (0.25W 5% carbon or better)
1 1W (R12)
1 2.2W (R11)
1 39W (R13)
2 220W (R10, 

R14)
1 390W (R17)
1 560W (R7)

Potentiometers
2 10kW panel mounting, log 

(VR1, VR2)

2 680W (R6, R16)
4 1kW (R1 to R3, R15)
2 1.2kW (R8, R9)
1 10kW (R4)
1 100kW (see text) 

(R5)

CW Audio Filters - Fig.5
(Alternative values - see text)
2 330mH inductors, Toko 10RBH 

(L1, L2)
1 15nF polyester capacitor (C7)
1 33nF polyester capacitor (C9)
3 330nF polyester capacitor (C6, 

C8, C10)
1 820W resistor, 0.25W 5% car­

bon or better (R6)
Note: resistor R8 is not used 

- see text
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was that all the current consumed by 
the circuits in the unit, and the ex­
ternal current supplied via the +12V, 
+9V and +6V outputs, flows through 
this choke and there was concern that 
the resistance of a typical off-the-shelf 
inductor (typically 10W) would drop 
too much voltage and waste power.

Winding L8 is very straightforward. 
Simply cut a 30cm length of 0.56mm 
(24 s.w.g. or similar) enamelled copper 
wire and wind about 14 turns on an 
FT50-43 toroidal core. This will give 
the 100mH inductance needed with a 
very low series resistance. Trim the 
ends of the winding, scrape off the 
enamel insulation, tin the leads and 
solder onto the PSU board.

Enclosure
The whole assembly is housed in a 

two-piece screened aluminium case, 
size 200mm x 150mm x 75mm. The 
general arrangement in the case of the 
boards and chassis-mounted compo­
nents is shown in Fig.11

The front panel has been shown 
‘bent down’ so that the wiring to its 
components can be seen. Screened 
audio cable should be used for the 
audio connections.

Drilling requirements for the front 
and rear panels can be seen in the 
photographs. Make sure you have all 
the dimensions for panel-mounted 
components before you start drilling.

In the prototype, the socket used for 
SK4 did not have a tag connected to 
the negative outer of the supply’s plug. 
This negative outer was connected 
directly to the metal case of SK4, and 
is therefore automatically connected
to the metal case of the unit.

The author used a speaker like the ones 
supplied with PCs, which typically have 
a phono plug fitted to the audio lead. 
Alternatively, a separate speaker could 
be fitted to the lid of the unit if desired.

Setting up and checking
Thoroughly check the locations and 

polarity of the components on the two 
boards and check that all the solder 
joints are good, with no solder bridges 
or shorts on their underside copper 
tracks. Double-check the inter-board 
wiring, especially the power wiring.

Before plugging in the external 
power supply, check that it is set to 
+12V DC and that the same +12V is 
present on the inner part of the plug 
that will be plugged into SK4.

Now plug in the external 12V supply 
and check that LED D2 lights and that 
the +12V output on SK5 is also at +12V. 
If this voltage is correct but the LED does 
not light, check that you have wired it 
the correct way round. Similarly, check 
the voltages at sockets SK6 and SK7, and 
that their LEDs D3 and D4, also light. 
If the voltages at SK6 and SK7 are not 
correct (within a few millivolts), switch 
off and re-check the wiring. Because the 
two regulators are fixed-voltage, no set­
ting up or trimming is required.

If you have an audio signal genera­
tor available, set it for a sine wave at 
about 1kHz and 1V peak-to-peak and 
connect it to socket SK1. Connect a 
loudspeaker to SK3 or phones to 
SK2. Adjusting potentiometers VR1 
and VR2 should adjust the output 
volume level.

Check that the wiring to SK2 is correct 
by ensuring that audio to a loudspeaker
plugged into SK3 is disconnected 

when headphones are 
plugged in.

The frequency re­
sponse of the two fil­
ters can be roughly 
checked by varying the 
frequency of the signal 
generator in the two 
positions of switch S1. 
The communications 
filter should start to 
strongly attenuate the 
audio above about 3kHz 
and the wideband filter 
above about 6kHz.

If an audio signal 
generator is not avail­
able, connect the unit 
to an audio source, 
maybe the Record or

Tape output of a receiver and make sure 
VR1, VR2 and S1 behave as expected.

In use
With the prototype, a 1.2A-rated 

12V power supply was used, although 
the unit itself certainly does not con­
sume this amount of current.

The unit is very simple to use. If 
you have an external circuit that needs 
power, simply feed it with the required 
power from SK5, SK6 or SK7 as ap­
propriate, and connect its common 
(0V) side to SK8. If there is no short­
circuit in the external circuit, then the 
appropriate LED will remain lit.

Connect the audio output from the 
external circuit to SK1 and adjust VR1 
and VR2 until you can hear a com­
fortable audio level from the external 
speaker or phones. Adjustment of VR1 
and VR2 is somewhat iterative to get 
the correct settings. VR1 is intended to 
be set at a level that prevents overload­
ing of the preamp stage, whereas VR2 
sets the volume level from the unit.

Typically, the wide bandwidth setting 
via switch S1 is used when listening to 
broadcast stations, whereas the comms 
bandwidth is used for listening to SSB 
(single sideband) and CW signals in 
the amateur bands. Of course, if the 
CW audio filter has been included, this 
should only be used for listening to CW 
transmissions, and is not wide enough 
for listening to voice transmissions.

Finally
The audio board can be incorporated 

into a new receiver you might be work­
ing on. In this case, VR1 would not be 
fitted and the overall gain of the op 
amp stage would be set by adjusting 
the ratio of resistors R3 and R5. EPE
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PRACTICALLY SPEAKING
Robert Penfold looks at the Techniques of Actually Doing It!

s___________________________________________________________________________________ /

T ONE time the world of electronics 
was dependent on high voltages, and 

circuits would not work properly without 
them. A low voltage circuit was one that 
used special valves and required a supply 
potential of about 30 to 45 volts! This 
changed when semiconductors replaced 
valves, with many of the ‘new’ compo­
nents perishing if they were even briefly 
subjected to more than a few volts. Later 
semiconductors were a little hardier, but 
apart from a few special devices intended 
for use in television receivers, they could 
only withstand quite modest potentials.

The situation is not really much different 
with modern semiconductors, and it is 
probably worse in the case of integrated 
circuits. Many of these devices are intend­
ed to operate at supply potentials of a few 
volts, and can be damaged by anything 
more. In the normal course of events this is 
unlikely to be of any practical conse­
quence. The circuit designer knows the 
requirements and limitations of the com­
ponents he or she uses, and the circuit is 
designed accordingly. On the face of it, 
nothing can go wrong.

Potential problems
A major problem with modern semicon­

ductors is not a likelihood of failure when 
they are connected into a circuit, but is 
more one of them being zapped before 
they reach the circuit! There are voltages 
present in a normal environment, some of 
which are surprisingly high. Most of the 
time there is no obvious sign of these volt­
ages, and you are left unaware of their 
presence. They only become apparent 
when of sufficient magnitude to make your 
hair stand on end, produce a spark each 
time you stroke the cat, or something of 
this nature.

Some semiconductors tend to be regard­
ed as safe from static charges, while others 
are regarded as highly vulnerable. 
Apparently, this is not a 
strictly accurate way of 
viewing the matter, and 
most semiconductor 
manufacturers now 
warn against getting 
any semiconductor 
components close to 
large static charges. 
Semiconductors are 
mostly quite tolerant of 
brief bursts of high cur­
rent, and will often sur­
vive substantial over­
loads provided they are 
brief and no overheat­
ing occurs.

The situation is dif­
ferent with voltages, 
where even brief over­
loads tend to cause 
damage that often 
leaves components in 

an unusable state. It does not really make 
much difference whether the source of the 
voltage is a static charge or a normal power 
source such as a battery. In either case, it is 
likely that even a very short exposure to a 
suitably high potential will result in dam­
age to a semiconductor component.

Consequently, it is essential to keep any 
semiconductor components away from 
possible sources of large static charges. 
You are probably all too aware of any pro­
lific generators of static electricity in your 
home, such as television sets, computer 
monitors, carpets, and pets. Components 
are most vulnerable when they are loose, 
but damage is still possible when they have 
been fitted onto a circuit board. A board 
should be safe once it has been housed in a 
case, but the semiconductors it contains 
have to be regarded as slightly vulnerable 
until it has been properly installed in some 
form of housing.

Big build-up
While practically all semiconductor 

devices are to some extent vulnerable to 
static charges, some are in far more danger 
than others. Components such as discrete 
transistors, rectifiers, and diodes are not at 
great risk, and the same is true of some 
integrated circuits. The components at 
most risk are those manufactured using 
some form of MOS (metal oxide semicon­
ductor) technology. This vulnerability is 
largely due to the ultra-high input imped­
ance of these components.

An input impedance of a million 
megohms or more is quite normal for a 
MOS device. Ordinary bipolar transistors 
have quite low input impedances, which 
usually results in any static charges being 
leaked away long before dangerously high 
potentials are reached. With MOS devices 
the input impedance is so high that static 
charges are not leaked away, and are left to 
build up until the device breaks down. This 

Fig. 1. Four types of anti-static packing. Clockwise from top left-hand corner 
they are: conductive foam, blister pack (with conductive backing), plastic 
tube, and conductive plastic holder

removes the static charge, but the device is 
likely to be destroyed in the process.

Few discrete MOS transistors are used in 
modern electronic circuits, but this is not 
to say that MOS technology is not used 
much these days. In fact, the opposite is 
true, with many integrated circuits being 
based on some form of MOS technology. 
This includes all CMOS logic devices, 
such as the 4000 series components and 
the 74HC00/74HCT00 series. There has 
been increasing use of MOS technology in 
recent years, and many other digital chips 
are built using CMOS or some other form 
of MOS technology. This includes most of 
the more complex devices, including mem­
ory chips and microcontrollers.

It is less common for things such as 
radio and audio chips, but MOS technolo­
gy is used for the manufacture of some lin­
ear devices. It is used in some operational 
amplifiers (op amps) for example. The 
world of digital electronics is not totally 
dominated by MOS components. The orig­
inal 7400 series of logic chips are based on 
ordinary bipolar transistors, as is the popu­
lar 74LS00 series. For the beginner it can 
be difficult to determine which semicon­
ductors require the ‘kid gloves’ approach, 
and which are less vulnerable to static 
charges.

Fortunately, any components at risk 
should be clearly identified as such in the 
article, and component catalogues usually 
point out any devices which can be easily 
damaged by static charges. This informa­
tion should always be available from the 
data sheet. The data sheet for practically 
any semiconductor component can be 
found on the Internet by entering the type 
number and ‘data sheet’ into a search 
engine. If in doubt, always assume that a 
device is one that is vulnerable to static 
charges.

It is worth pointing out that MOS compo­
nents can be damaged by 
relatively small static 
voltages, and it is not 
necessary for sparks to 
fly in order to zap one of 
these components. With a 
MOS component it is 
quite possible to pick it 
up and accidentally zap it 
without there being any 
noticeable signs of trou­
ble. This would result in 
your new project failing 
to work, but you would 
not know why there was 
a problem.

Having identified the 
faulty component there 
would be no way of 
knowing the cause of its 
demise. It could have 
been destroyed by static, 
but you could not rule out 
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some other cause such as it being 
damaged during construction, or it 
simply being faulty as supplied - 
although that is much less likely. 
Voltages of sufficient magnitude 
to damage MOS devices do not 
necessarily make their presence 
felt, but such voltages are often 
found in everyday environments.

Sent packing
MOS devices should be sup­

plied in some form of anti-static 
packing, and they are not at risk 
from static charges while they are 
in this packaging. An obvious 
precaution is to leave devices in 
their anti-static packaging until it 
is time for them to be fitted to the 
circuit board. While it is tempting 
to remove the components from 
their packing and have a look at 
them, this is something that 
should definitely be avoided.

Anti-static packing comes in 
several different forms, includ­
ing conductive foam, blister 
packs, plastic tubes, and conductive plastic 
bags. Some typical examples of anti-static 
packing are shown in Fig.1.

Most anti-static packing provides protection 
by short-circuiting all the pins or leads of the 
components together, which does not actually 
keep high voltages at bay. This method works 
because it is not a high voltage per se that 
causes the damage, but a high voltage between 
two pins or leads that ‘blows’ some of the 
semiconductor junctions. With the leads or 
pins connected together, no significant voltage 
differences can be produced between them. A 
different approach is taken with the plastic 
tubes, which are designed to insulate their 
contents from static charges.

Keeping components in their protective 
packaging for as long as possible helps to 
avoid problems, but obviously at some point 
it becomes necessary to remove them so that 
they can be fitted to the circuit board. 
Semiconductors are sometimes supplied in 
packaging that has warning notices which 
suggest that the components have little 
chance of survival unless they are dealt with 
using some very expensive anti-static equip­
ment. Fortunately, the reality is rather differ­
ent, and it is by no means essential to use 
expensive equipment when dealing with even 
the most sensitive of components. Some sim­
ple precautions are the only practical option 
for most electronic hobbyists, but these 
should be perfectly sufficient.

The most obvious precaution is to keep 
components well away from any obvious 
sources of static charges. This is something 
that you should always do anyway, but it is 
especially important once static-sensitive 
components have been removed from their 
anti-static packing.

If there are any known sources of static 
charges in your home, keep semiconductors 
well away from them, and do not undertake 
project construction anywhere near them. At 
one time most people had at least one or two 
items of clothing that exhibited a tendency to 
produce static charges, but these days man­
made fibres are normally mixed with natural 
fibres, and this largely eliminates the problem. 
However, if you have any clothes that show 
any signs of producing static charges, do not 
wear them when dealing with semiconductors.

Fig.2. A conductive wristband connects to the mains earth via a 
lead that has a high series resistance, and a special (safe) form 
of mains plug

Sockets
When fitting semiconductors to a circuit 

board, always avoid touching the pins or 
leadout wires any more than is absolutely 
necessary. Unfortunately, it will not usually 
be possible to avoid touching them altogeth­
er. It might be possible if you are equipped 
with an integrated circuit insertion tool, but 
even then it is likely that there will be the 
occasional awkward component that requires 
some straightening of the pins by hand 
before they will fit into the circuit board.

It is important that MOS devices are fit­
ted in holders and are not soldered direct to 
the circuit board. Actually, it is advisable 
to use holders for all DIL integrated cir­
cuits. In addition to avoiding the risk of 
overheating the components when solder­
ing them in place, it also makes it easy to 
correct a mistake if one of them is acciden­
tally fitted the wrong way round. 
Desoldering multi-pin components from a 
circuit board without damaging anything 
can be very difficult, even if you have the 
right tools. By contrast, removing a device 
from a holder and refitting it correctly is 
pretty straightforward.

Do not fit the integrated circuits into 
place until the circuit board and all the 
wiring has been completed. Holders are 
less important for discrete transistors and 
are little used in practice. Where semicon­
ductors are fitted direct to the circuit board 
they should be the last components to be 
soldered into place. And the soldering iron 
used should have an earthed bit.

Down to earth
When dealing with inexpensive compo­

nents, it is probably not worthwhile going 
beyond the simple procedures outlined 
previously. When dealing with more 
expensive devices it might be prudent to 
take further measures, and there is plenty 
of equipment available that can help to 
keep static charges at bay.

The main problem with most of this 
equipment is that it is not particularly 
cheap, and it is not a realistic option for 
most amateur users. Upmarket equipment 
that is well worthwhile for professionals 
dealing with thousands of pounds-worth of 
components is probably not going to be 

viable for a typical amateur 
user. The equipment is likely to 
cost more than the total value of 
the components it will be used 
to protect, while providing only 
a slight reduction in the risk of 
damage occurring.

It might be worthwhile invest­
ing in some of the lower cost anti­
static equipment if you are likely 
to use a lot of relatively expensive 
semiconductors. An earthing 
wristband probably represents the 
most cost effective item of anti­
static equipment. A device of this 
type comprises of three pieces, 
which are the wristband itself, an 
earthing plug, and a lead to con­
nect the two (Fig.2). Its purpose is 
to earth the user to the mains earth 
so that static charges leak away to 
earth instead of building up in 
their body.

If the earth lead should become 
‘live’ it would be difficult for 
someone to remove the wrist­
band, so for safety reasons the 

earthing lead includes a high value series 
resistor. The series resistor has a value of sev­
eral megohms so that the current flow would 
be far too low to cause any injury if anything 
should go seriously wrong. The currents 
involved with static charges tend to be quite 
small, so the resistors do not prevent any 
charges from rapidly leaking to earth.

While it is possible to improvise earth­
ing equipment of this type, it is best to 
either buy the genuine article or not bother 
at all. Improvising something that protects 
the components but leaves the user at risk 
is definitely not a sensible way of going 
about things, and the cost of a proper anti­
static wristband is not particularly high.

The best low-cost alternative to using a 
proper wristband is to periodically touch 
something that is earthed, which should 
remove any charge from your body well 
before dangerous voltages can build up.

Practically any item of mains powered 
equipment that has an earthed metal chassis 
should make a good earthing point. 
Workshop power supplies, oscilloscopes, and 
PCs are suitable, but you must touch bare 
metal such as a fixing screw and not paint­
work or plastic coatings. The equipment 
must be plugged into the mains supply in 
order to provide a proper earthing point, but 
it does not have to be switched on.

Mat finish
Taking things a stage further, an earthing 

mat can be used on the workbench. This is 
a mat made from a conductive material that 
is earthed in the same way as an earthing 
wristband. Its presence more or less guar­
antees that there can be no build-up of sta­
tic charges in the user’s body, the compo­
nents and tools on the mat, or anything 
within the vicinity of the mat.

It is possible to improvise something if a 
ready-made earthing mat is deemed too 
expensive. A piece of aluminium foil glued 
to a thin sheet of plywood or MDF pro­
vides a cheap but reasonably durable con­
ductive mat. It can be earthed via a plug 
and lead of the type sold for use with anti­
static wristbands. Over a period of time the 
foil surface might become damaged and 
have to be replaced, but the cost of doing 
this should be minimal.
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Virtually all the parts for the Inductance 
& Q-Factor Meter are mounted on a single 

PC board, so building it is easy. Here’s 
how to assemble it, check it out and 

use it to make inductance and 
Q-factor measurements.

Pt.2: By LEONID LERNER

BUILDING THE INDUCTANCE &
Q-Factor Meter is quite straight­

forward. Fig.9 shows the parts layout 
on the single PC board.

Begin construction by installing the 
wire links. All of the links except one 
can be formed from 0.7mm tinned cop­
per wire or similar. The link situated 
to the right of Q1 must be fashioned 
from light-gauge insulated wire.

Follow up with the resistors and 
then continue with all remaining 
components in order of height. Note 
that the high-profile components 
must be mounted as far down on the 
PC board surface as possible, so as 
not to interfere with the keypad and 
LCD when they are installed in the 
case later.

In fact, the tip of REG3’s metal tab 
had to be removed on the prototype, 
to clear the rear of the keypad. This 
can be done using a hacksaw (with 
the device held in plastic vice jaws) 
and then carefully filing the job to a 
smooth finish . Alternatively, you may 
be able to bend the regulator to achieve 
sufficient clearance.

When installing the IC sockets, be 
sure to align the notched (pin 1) ends 
as indicated in the overlay diagram. 
Also, check that you have the banded 
(cathode) ends of the diodes (D1-D8) 
and the positive leads of the four polar­
ised capacitors the right way round.

The keypad and LCD are connected 
via lengths of 7-way and a 10-way 
ribbon cable respectively. On the pro­
totype, an 8-way header is used at the 
keypad end, while two 6-way headers 
are soldered to the first six and last six 
contacts of the LCD module.

We’ve not included these headers in 
the parts list because there are several 
ways the keypad and LCD ends of the 
cable can be terminated, as well as 
several types of LCD modules with 
varying pinouts. You could even sol­
der the ribbon cables directly to the PC 
boards, leaving out the connectors.

Trial fit the assembly in the enclo­
sure first to gauge the required ribbon 
cable lengths. Wire up in accordance 
with the circuit diagram (Fig.5, last 
month), noting that the pins of the 
LCD and keypad will not be in the 

same order as the wires on the ribbon 
cable.

Finally, in preparation for testing, 
temporarily fit the three binding posts 
directly to the PC board in the large 
holes marked ‘A’, ‘B’ and ‘E’ on the 
overlay. The posts must be removed 
after testing and installed in the top 
of the case as described later.

Basic checks and programming
The unit requires a 7.5V to 9V DC, 

200mA power supply. Care needs to be 
taken here as some 9V DC plugpacks 
supply much higher voltages when 
lightly loaded. This extra voltage trans­
lates to power dissipation in the 7805 
regulator, which may cause it to over­
heat and shut down. If you’re using an 
unregulated plugpack, with selectable 
output voltages, you may find that the 
6 or 7.5V setting is sufficient.

As the first step, apply power and 
check that the +5V and 15V sup­
plies are present on pins 7 and 4 of 
the AD8055 (IC4) respectively. Also, 
check for 11.8V on pin 2. Next, adjust 
the potentiometer (VR1) for optimum
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Fig.9: follow this diagram when assembling your meter. In particular, make sure that all the 
high-profile components are seated as close to the board as possible.

contrast on the LCD screen. All 
you’ll probably see at this point 
are faint grey blocks of pixels, as 
the micro is yet to be programmed; 
simply adjust the pot to get the dark­
est possible pixels.

An ISP programmer can now be 
connected and the program files LQ- 
Meter128.HEX and LQMeter128.EEP 
loaded into the Flash and EEPROM 
memories respectively. These files are 
available from the EPE website in a file 
named ‘LQMeter.ZIP’.

The microcontroller program oc­
cupies most of the available memory 
space. It is quite complicated but 
should you have the inclination, you 
can follow its operation in detail in the 
documented source code included in 
the download. You can get a top-level 
understanding of program operation 
from the flow chart in Fig.10.

Operation
Power up and assuming all is well, 

the data entry screen should appear 
on the LCD. To make measurements, 
using an external tank capacitor, first 
remove the link between the ‘A’ and ‘B’ 
terminals if installed earlier. Next, con­
nect a capacitor of a few nF in parallel 
with an inductor of a few mH between 
the ‘A’ and ‘E’ terminals.

You can now enter the capacitance

This view shows the fully assembled prototype PC board. Note that the final 
version shown in Fig.9 differs slightly from this unit.
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Above: the LCD is glued in place behind the display window and is connected to 
the PC board via ribbon cable - see text. Note that the diode shown connected to 
the DC socket here is on the PC board in the final version (D9 in Fig.9).

value. For example, if you’ve chosen an 
8.2nF capacitor, press ‘8’ and then ‘2’. 
The display will show ‘8.2’ followed by 
‘100pF’, which is the default multiplier. 
Pressing any key except ‘*’ has the ef­
fect of rotating the choice between the 
100pF, 1nF, 10nF, and 100nF multipli­
ers. As we’re using an 8.2nF capacitor 
in this example, press any key once to 
select the 1nF multiplier.

Value pF Code EIA Code IEC Code
100nF 0.1 pF 104 100n
82nF 0.082pF 823 82n
8.2nF 0.0082pF 822 8n2
4.7nF 0.0047pF 472 4n7
1nF 0.001 pF 102 1n
820pF NA 820 820p
680pF NA 680 680p

press ‘*’ once you’re satisfied with 
the two parameters. If you make a 
mistake, pressing ‘*’ at any stage lets 
you enter a choice or abort a measure­
ment. The display should now show 
the inductance, Q factor and test 
frequency.

To make measurements using the 
internal capacitor bank, insert a link 
between the ‘A’ and ‘B’ terminals. 
Repeat the procedure above, but 
note that only choices of 1.0 x (1nF 
or 10nF or 100nF) make sense here, 
since only these values are present 
internally.

The Accuracy of Q readings using 
the internal capacitors are degraded 
by the 0.5W (approx.) dynamic series 
resistance of the transistors, which 
do the bank switching. This mode is 
to be used if you’re not interested in 
Q and just want to make inductance 
measurements.

After the range is chosen, the micro 
starts sampling at the maximum rate. 
The first few acquisitions are used to 
optimise the sampling rate and set a 
sampling delay if required. The lat­
ter occurs when the ringing saturates 
the input amplifier in the immediate 
aftermath of the pulse.

After a valid sample is acquired, the 
micro performs an FFT and the centre 
frequency is estimated. During a period 
of eight cycles, centre frequency and 
bandwidth measurements are per­
formed and the average taken. Finally, 
the inductance, Q factor and centre 
frequency are calculated and displayed 
on the LCD. A complete acquisition, 
averaging and display period takes 
about 0.1s for the 10MHz micro.

You may find that the large binding 
posts are useless when testing physi­
cally small inductors. This is easily 
addressed by making up two short test 
leads to plug into the binding posts. 
Each lead consists of an uninsulated 
crocodile clip soldered to a 4mm ba­
nana plug via a very short length of 
large diameter single-strand copper 
wire or similar.

Housing
The completed meter will fit neatly 

into a console-style instrument case. 
This should be done after it has been 
tested and found to be operating cor­
rectly, as the keypad and LCD are 
glued in place and will be difficult to 
remove later.

An opening for the keypad must be 
cut out and holes for the DC socket and 
binding posts should be drilled as shown 
in the various photographs. Note that the 
binding post holes must be positioned 
accurately, otherwise it will be impos­
sible to assemble the unit later. This can 
be achieved by using the PC board as a 
template when marking out the holes.

o No. Value 4-Band Code (1%) 5-Band Code (1%)
o 1 10kW brown black orange brown brown black black red brown
o 10 4.7kW yellow violet red brown yellow violet black brown brown
o 2 1.2kW brown red red brown brown red black brown brown
o 3 1kW brown black red brown brown black black brown brown
o 1 130W brown orange brown brown brown orange black black brown
o 1 120W brown red brown brown brown red black black brown
o 8 100W brown black brown brown brown black black black brown
o 1 82W grey red black brown grey red black gold brown
o 1 56W green blue black brown green blue black gold brown
o 2 47W yellow violet black brown yellow violet black gold brown
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This close-up view shows how the 
three 10mm tapped spacers are 
fitted to the binding posts (after first 
snipping off the non-threaded tips). 
The PC board is secured to these 
spacers using M3 x 6mm screws and 
star washers (see text).

To give the finished unit a profes­
sional appearance, a faceplate can be 
cut from thin aluminium sheeting and 
fitted around the keypad. The easiest 
way to achieve this is to lightly mark 
out the contour of the keypad on the 
aluminium sheet using a scribe or 
needle and then drill four 8.5mm holes 
at the corners.

Next, use a straight edge and Stanley 
knife to score the sheet front and 
back, joining the four holes at their 
perimeters. Cut away the centre of 
the piece to be removed, then place 
the sheet in a vice and bend along the 
scored marks.

Work the metal back and forth at 
the bend and it will break off, leaving 
a clean edge.

The LCD, keypad and faceplate 
can then be glued to the case using 
two-part epoxy adhesive. To achieve

Fig.10: this diagram gives a very basic idea of how the microcontroller 
program works.

Update: improving 
the performance

To improve meter performance 
when measuring certain combina­
tions of L and Q, install two pairs of 
series diodes (D10-D13) in parallel 
with the test terminals, as shown 
in the diagram at right. The diodes 
can be fitted on the copper side of 
the PC board (see photo) and must 
be 1N4148 small-signal types.

These diodes act as dampers, 
serving to lower the peak of the

ringing waveform to below 1.2 V as 
quickly as possible.
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Another view inside the completed prototype. The keypad and LCD are secured to the case using epoxy adhesive.

Fig.11: check your 
PC board against 
this full-size 
etching pattern 
before installing 
any of the parts.
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Parts List - Inductance & Q-Factor Meter

1 PC board, code 644, available 
from the EPE PCB Service, 
size 139.7mm x 86.4mm

1 150mH miniature ferrite choke 
(L1)

1 black 4mm binding post
1 blue 4mm binding post
1 green 4mm binding post
1 6-way 2.54mm pitch header (for 

ISP connection)
1 2.1mm or 2.5mm panel-mount 

DC socket
1 20-pin IC socket
1 16-pin IC socket
2 14-pin IC sockets
2 8-pin IC sockets
1 16-character x 2-line LCD 

module
1 numeric keypad
1 console style plastic case, size 

150 x 95 x 28.5/49.5mm
1 ribbon cable (see text)
1 miniature 10kW trimpot (VR1)
3 M3 x 10mm tapped metal spacers
3 M3 x 6mm screws and star 

washers

Semiconductors
1 AT90S2313-10 microcontroller 

(IC5), programmed with LQ- 
Meter128.HEX and LQ-Me- 
ter128.EEP

1 74HC00 quad NAND gate (IC1)
1 74HC390 dual decade counter 

(IC2)
1 74HC4066 quad analogue 

switch (IC3)

a good bond to this plastic, the mating 
surfaces should first be sanded to a 
rough finish. Make sure that the LCD 
is centred left to right when you glue 
it, otherwise some of the characters 
will not be visible.

Note that even when centred, the 
entire display width is not visible 
through the case cutout. This isn’t a 
problem, as the program uses only 12 
of the available 16 characters.

Binding posts
The binding posts are first attached 

to the case using the supplied nuts and 
spring washers. Next, snip off the very 
tip of the binding posts, leaving just the 
threaded portion. The non-threaded part 
is not needed and would otherwise ob­
struct the PC board mounting screws.

1 AD8055AN high-speed op amp 
(IC4)

1 MAX635ACPA switching regulator 
(IC6)

2 2N4250 or PN4250 PNP 
transistors (Q1, Q2)

6 2N2222A or PN2222A NPN 
transistors (Q3-Q8)

1 40MHz crystal oscillator module 
(OSCI)

1 LM334Z adjustable current source 
(REGI)

1 7805 +5V regulator (REG2)
1 LM337 adjustable negative 

voltage regulator (REG3)
1 1N60 germanium diode (D1)
7 1N4148 signal diodes (D2-D8)
1 1N4004 rectifier diode (D9)

Capacitors
2 470mF 16V PC electrolytic
1 220mF 10V PC electrolytic
1 47mF 6.3V tag tantalum
11 100nF 50V monolithic
1 82nF 50V MKT polyester
2 8.2nF 50V MKT polyester
1 4.7nF 50V MKT polyester
1 1nF 50V MKT polyester
1 820pF 50V ceramic disc
1 680pF 50V ceramic disc

Resistors (0.25W 1%)
1 10kW 1 120W
10 4.7kW 8 100W
2 1.2kW 1 82W
31kW 1 56W
1 130W 247W

Now remove the two small M3 nuts 
and replace them with M3 x 10mm 
tapped metal spacers, tightening 
firmly. The PC board can then be held 
in place by attaching it to the three 
spacers using M3 x 6mm screws and 
star washers. Note that the screws 
and washers must also make good 
electrical contact with the copper on 
the PC board.

If there is a problem attaching the 
PC board to the spacers on the binding 
posts, check for interference between 
the components and the rear of the 
keypad.

Final word
As well as L and Q measurements, 

some interesting physical phenomena 
can be investigated with this meter.

First, wind a small choke with a few 
turns of enamelled copper wire around 
a Philips screwdriver and check its 
inductance and Q factor with the 
meter.

Next, insert a small HF ferrite bead 
into the coil and observe that the 
inductance and Q factor increases, 
as expected. Now replace the bead 
with the blade of the screwdriver and 
observe that the inductance hardly 
changes and may even decrease, while 
the Q drops markedly.

Ordinary iron is not a useful core 
material at RF. This is because its mag­
netic domains cannot keep pace with 
the fast changing RF field. Rather they 
vibrate ineffectively and generate heat, 
introducing nothing but losses into the 
tuned circuit. EPE
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Thrill everyone by at long last getting your instrument properly 
tuned!
Versatile PIC Flasher
An attractive display to enhance your Christmas decorations or 
your child’s ceiling

pen

VAT and P&P

Order on-line from 
www.epemag.wimborne.co.uk/shopdoor.htm 

or www.epemag.com (USA $ prices) 
or by Phone, Fax, Email or Post.

NOTE: The PDF files on this CD-ROM are suitable to use on any PC with a 
CD-ROM drive. They require Adobe Acrobat Reader.

EPE PIC PROJECTS CD-ROM 
ORDER FORM

Please send me......(quantity) EPE PIC PROJECTS VOL 1 CD-ROM
Price £14.45 each - includes postage to anywhere in the world.

Name ................................................................................

Address ............................................................................

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

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

.............................................. Post Code .....................

□ I enclose cheque/P.O./bank draft to the value of £ ..............

□ Please charge my Visa/Mastercard/Amex/Diners Club/Maestro 

£.......................................................................................

Card No..............................................................................

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

Start Date ...........Expiry Date ................. Maestro Issue No. . . .

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

Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU.
Tel: 01202 873872. Fax: 01202 874562.
Email: orders@epemag.wimborne.co.uk

Payments must be by card or in £ Sterling - cheque or bank draft 
drawn on a UK bank.

Normally supplied within seven days of receipt of order. 
Send a copy of this form, or order by letter if you do not wish to cut your issue.

BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE!

78 Everyday Practical Electronics, November 2007

http://www.epemag.wimborne.co.uk/shopdoor.htm
http://www.epemag.com
mailto:orders@epemag.wimborne.co.uk


READOUT
Email: editorial@wimborne.co.uk

John Becker addresses some 
of the general points readers 

have raised. Have you anything 
interesting to say?

Drop us a line!
All letters quoted here have previously been replied to directly.

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 1^H to 10H, capacitance 
from 1pF to 10,000^ F and resistance from 

1Q to 2MQ with a basic accuracy of 1%.
www.peakelec.co.uk

SMS Controller and Flowcode

Dear EPE,
I read the response in Readout of 

August ’07 regarding visualizing cod­
ing at a high level and the use of 
Flowcode and thought my recent expe­
rience may be of some interest.

I built the SMS Controller in the 
March and April ’07 issues and had 
some difficulty once it was up and run­
ning. I used the less preferred Nokia 
3210 and found that the phone would 
randomly switch off, after which I 
would have to manually switch the 
phone back on, or occasionally a send 
error would occur, after which I would 
need to reset the controller by removing 
power.

Murphy’s law dictated that this 
would happen when I was not around to 
reset the device but either way it meant 
that I would not always receive SMS 
alerts. I assumed that the phone was in 
good order as it did not switch off when 

not connected to the SMS controller, 
but I needed a solution to solve this 
problem.

I built a circuit using a PIC which 
monitored two of the pins connected 
to the relevant LEDs on the ATMEL 
chip in the controller. I took a risk in 
opening the phone and soldering two 
wires to the on/off switch which I con­
nected to the switching contacts of a 
small relay. I also connected a transis­
tor to the Reset pin on the controller’s 
ATMEL chip.

When the problems mentioned earli­
er occurred, the PIC either switched 
the phone back on or reset the con­
troller circuit. Although I never did 
find the cause of the problem, the con­
troller is now happily sending me SMS 
thanks to my modification.

The reader referred to in the August 
’07 issue mentioned that Flowcode 
does not explain how to do the Global 
structure of the program. I used it to 
program the PIC in my circuit and 

some advice that I can offer using 
Flowcode is to set up switch inputs and 
output LEDs first, then program some 
simple tasks and run a simulation 
before getting too bogged down in the 
more complicated actions.

I believe that it is always beneficial 
to see code written by others but I 
have only ever found one other 
Flowcode file on the internet as it 
seems not to be widely used just yet. 
If any readers are aware of any sites 
that share Flowcode projects, other 
than the Matrixmultimedia site, these 
would be welcomed.

I would also be interested to know if 
any other readers experienced similar 
problems with the SMS controller circuit.

Thanks for an interesting magazine.

James Cells, 
via email

Thanks for that James. Readers, any 
comments?

SMD Board Repair
Dear EPE,
In response to the inquiry in Readout 

Aug ’07 by Edward Chase regarding 
SMD board rework/repair, I have the fol­
lowing information he may find helpful.

Having been involved in the teaching of 
soldering/desoldering techniques on 
through-hole and SMD devices for sever­
al years now, its important to understand 
that there are several different ways of 
removing SMD components, and that 
some devices, such as ball-grid arrays 
(BGAs), which are the types of chip 
where you cannot see the connecting pins, 
require very specialised equipment using 
focused hot air or infra-red heat.

Gull-wing, J-leaded and chip compo­
nents can be easily removed using a spe­
cial low-melting point alloy supplied by 
Chip Quick. The following link gives 
details of the product and an example of 
how to use it: www.chipquik.com/ 
store/prod_template.htm.

Replacing SMD devices is pretty 
straightforward and it’s advisable to use 
magnification equipment to align the 
component with the pad. The following 
link has some tutorials:

www.dynamixtechnology.com/docs/ 
ipc-7711amend1.pdf.

Tom Connelly 
(Lecturer in Electronic Engineering, 

Cardonald College, Glasgow.), 
via email

Lead Acid Battery Zapper

Dear EPE,
On studying the Lead Acid Battery 

Zapper (July ’07), I note that the 3A fuse

Fig.1. Circuit modification to the 
Lead Acid Battery Zapper

can blow due to a circuit malfunction ... 
fair enough. However, as the Zapper is 
connected across the battery (say, via the 
cigar lighter), there is no indicator to 
show a blown fuse condition. One might 
imagine that all is well and assume the 
battery is beyond recovery.

A simple circuit across fuse F1 will put 
things right, see Fig.1. The LED shows if 
power is reaching the circuit via the fuse 
(LED off), or if there’s a blown fuse (LED 
on). The 1N4148 signal diode protects the 
LED in the event of an incorrect battery 
connection.

P.G. Diestler, Middleton, 
Manchester

Thanks for that. A worthwhile amend­
ment it would appear.

Printing Problems
Dear EPE,
Your readers may be interested to know 

that there is no need to use any additional 
software to get older DOS-based pro­

grams to print in a Windows environment. 
I am running Win XP and I have many 
older EasyPC PCB designs that I easily 
coax directly to my USB printer. I print 
straight onto transparencies for use in an 
exposure box. This is how it is done, 
taken from
http://geekswithblogs.net/dtotzke/arti- 
cles/26204.aspx) - I am not taking credit 
for this - only for telling you!

1. Install a Microsoft Loopback Adapter
a. In Control Panel, double-click on 

Add Hardware
b. Click Next
c. When the scan finishes, select ‘Yes, I 

have already connected the hardware’ 
d. Click Next
e. Scroll to the bottom of the list and 

select ‘Add a new hardware device’
f. Click Next
g. Select ‘Install the hardware that I 

manually select from a list 
(Advanced)’

h. Click Next
i. Select ‘Network Adapters’
j. Click Next
k. Select ‘Microsoft’ under the 

Manufacturer list
l. Select ‘Microsoft Loopback Adapter’ 

in the Network Adapter list
m. Click Next
n. Click Next
o. Click Finish

2. Configure the Adapter
a. The loopback adapter is a virtual net­

work adapter and can be configured 
the same as a regular network card

b. Set the adapter to have a static IP 
address such as 192.168.1.1/ 
255.255.255.0
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3. Share the printer
a. I recommend you use a share name 

that you will remember. I used 
‘Printer’ in the new machines that are 
already deployed

4. Capture the printer port
a. NET USE LPT1: \\[Computer 

Name]\Printer /PERSISTENT:YES

I stick the last line in a .bat batch file 
that I run before I load EasyPC in a DOS 
shell. You can also add it to the startup 
sequence in Windows.

There you have it. No extra software. It 
works very well!

EPE’s a great mag. I have been reading 
it for years.

Elemer Nyiry, 
via email

Thanks Elemer, that’s a very detailed 
response which I hope will help others.

Techno Talk and Eco Lamps
Dear EPE,
Mark Nelson’s Techno Talk of July has 

an error in it. Like all the articles I have 
read on this topic, the writers forget that 
most light bulbs are in rooms! When a 
light bulb is in a room it is part of a sys­
tem. For most of the year switching on a 
light makes no difference to the energy 
input to the room, because the room is 
heated.

Consider a temperature controlled elec­
trically heated room. When you switch on 
a 100W light the temperature controller 
will cause the electric heater to give out 
100W less energy to maintain the same 
temperature (a 100W light bulb produces 
100W of heat). The energy supply to a 
room is constant for a constant room tem­
perature. The illumination is free in this 
situation. Note that the same logic applies 
to switching on a TV in a heated room. 
The energy input to the room does not 
change, so it costs no more energy to have 
the TV on.

Switching off a light, or changing to a 
more efficient one, is only energy saving if 
one of these statements is true:

* The light is outdoors

* The room it is in is unheated

* The room it is in is heated by a wood 
fire

* The room it is in is heated, but not 
temperature controlled, either by a 
thermostat, or manually

I hope you find this interesting and 
helpful.

Alan J. Munday, 
Southampton, via email

Mark replies:

Alan has a point that the heating effect 
of a 100W incandescent lamp bulb is a 
means towards heating the room but it’s 
not an efficient method of raising the tem­
perature. And in summer you don’t want 
this extra heat.

Mark Nelson, 
via email

I would comment that I often turn down a 
room’s temperature control, if lighting etc is 
making it too warm. It can also be of benefit 
at times if it’s so cold that the central heating 
does not reach a particular room soon 
enough, especially the workshop.

Suck or Blow Fans?
Dear EPE,
Many readers will no doubt remember 

the Readout discussions about whether 
fans should suck or blow. After many 
years away from the HF bands, I’ve just 
bought a transceiver (secondhand). The 
power amplifier (PA) contains valves, 
which are more resilient than transistors in 
this application and I stand some chance 
of mending it if it goes wrong! But, they 
do get hot.

Another part of the equipment is a 
screened enclosure containing the variable 
frequency oscillator (VFO), the principal 
frequency-determining section of the 
whole transceiver. VFOs are invariably 
temperature sensitive to some extent, but 
you don’t want to be drifting all over the 
band and interfering with other people’s 
contacts.

The cooling fan is an add-on unit, fortu­
nately present on my example. It draws air 
directly out from the screened PA com­
partment, venting to the surrounding 
atmosphere. If it blew inwards, the 
airstream would heat up on passing the PA 
valves and, next, would find its way into 
the body of the set and gently warm the 
VFO, causing drift.

Diffuse room-temperature air (hopeful­
ly constant temperature in the short term) 
is pulled into the equipment case and 
drifts slowly through the large volume 
containing solid-state circuitry, before 
picking up speed into the small PA com­
partment and finally being concentrated 
into a fast stream that is ejected through 
the small aperture of the fan. Analogy: a 
river flows slowly and diffusely at a wide 
point (or the delta) but speeds up when 
forced through a narrow culvert, the total 
current in litres/second being the same in 
each case.

So, to blow or to suck? Depends on the 
route that you want the hot air to take after 
passing over whatever needs to be kept cool.

Godfrey Manning G4GLM, 
Edgware, via email

Thank you Godfrey

Historic Equipment
I know we all squirrel away stuff against 

some future time when we might need it - 
it seems to be the defining feature of an 
engineering mind!

Where it gets tricky is a friend’s late 
dad’s workshop, which particularly 
includes electrical/electronic stuff. He 
apparently was a bit of an inventor - he ran 
a small engineering business for a while.

Instead of the couple of shelves in the 
garage that most of us get, this guy had a 
workshop the size of two average sitting 
rooms and about 15ft high in which to 
squirrel stuff - as a result, it’s got stuff 
piled floor to ceiling everywhere. There’s 
EPEs and other old magazines going back 
to the 80s, plus loads of workshop manuals 
and old databooks, some going back to the 
60s. There’s old voltmeters, ammeters, 
ohmmeters, frequency counters, oscillo­
scopes, etc. There’s components varying 
from brand new to years old.

There’s tubes and other old stuff still in 
their original packaging (my friend says 
she forgot to show me the 1920s Osram 
light bulb in its original box). There’s 
PCBs going back years and years. There’s 
old 4-tracks, TVs and radios and record 
decks. There’s various jigs for unknown 
purposes, some of them with motors 
attached, or drive-belts and pulleys. All of 
it is in a completely unknown state of 
repair.

As much as I’d love to provide a home 
for this historical archive, there’s no way I 
can do it. I don’t even have the time to sort 
through it properly - there’s a phenomenal 
amount of stuff in there. So does anyone 
know of any place which would be inter­
ested in keeping any of this stuff as histor­
ical artifacts, or is there actually anyone 
here who collects stuff like this, or who 
would be interested in looking through it 
to see what they could use?

It seems criminal to throw all this stuff 
into a skip, but equally, I’ve no idea what 
we could do with it. Just working through 
it all to put it on eBay would take ages, 
and anyway, the friend doesn’t know any­
thing about electronics and I don’t have 
the spare time to do it.

The friend is particularly keen for this 
stuff to go to people who’d use it or to col­
lectors, rather than to a dealer (if there is 
such a thing as an historical electronic 
component dealer). The place is just out­
side Kettering.

Graham Bartlett (‘Grab’ on CZ)

Thanks Graham, If any reader is inter­
ested, or knows someone else who’s might 
be, drop EPE a line, either by post or 
email, as on the Readout heading, marked 
for my attention.

Best SMT Soldering Equipment
Dear EPE,
What would you say would be the best sol­

dering equipment I could purchase for hand 
soldering SMT products onto prototype 
boards. I don’t necessarily want the cheapest 
but I don’t want to go over the top either. In 
the past I’ve used both Antex and Weller 
irons/stations for standard soldering, but I’m 
now getting confused with terms like 
‘rework’, ‘hot air flow’ and many other 
strange terms associated with SMT/SMD.

Basically what I’m asking is, ‘If I want to 
do prototype work with SMT products what’s 
the best choice of soldering equipment I 
should purchase to do the job efficiently?’

Glynne Hewlett, 
via email

Alan Winstanley’s our soldering expert. 
He replied to Glynne:

Probably the best place to ask would be 
in our forum at www.chatzones.co.uk/ 
EPE Chat Zone, there are plenty of users 
with practical experience who I’m sure 
will be happy to help. Also, Antex has a 
wide variety of fine tips and devices 
designed for hand-soldering SMDs on 
their web site, see www.antex.co.uk.

It is possible to spend a fortune on hot-air 
reworking tools but this could be overkill for 
all but the most serious work and it might be 
hard to justify the cost. A reader has previ­
ously recommended the Skil heat gun as it’s 
thermostatically controlled, for desoldering 
and removing SMT chips and has a suitably 
fine reducer nozzle. Browse:

www.lawson-his.co.uk/scripts/prod- 
ucts.php?cat=Heat%20Gun&source= 
froogle.

Alan Winstanley, 
EPE On-Line Editor

READERS
You are very welcome to air 

any point of view through 
Readout - drop

\ us a line! J
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ELECTRONICS MANUALS ON CD-ROM £29.95 EACH
ELECTRONICS SERVICE MANUAL THE MODERN ELECTRONICS MANUAL

Electronics Manual

Everything you need to know to get 
started in repairing electronic equipment

SPECIAL 
OFFER

Order both Manual 
together and

v SAVE £10
/The essential reference work for 
everyone studying electronics

• 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.

• 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 • 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., Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU. Tel: 01202 873872. Fax: 01202 874562.

r please’ send me

□ THE MODERN ELECTRONICS MANUAL CD-ROM
□ ELECTRONICS SERVICE MANUAL CD-ROM
I enclose payment of £29.95 (for one Manual) or £49.90 for both Manuals (saving £10 by 
ordering both together).

FULL NAME..................................................................................................................................
(PLEASE PRINT)

ADDRESS ....................................................................................................................................

ORDER FORM
Simply complete and return the order 

form with your payment to the 
following address:

Wimborne Publishing Ltd, 
Sequoia House, 398a Ringwood 

Road, Ferndown, Dorset BH22 9ND 
Price includes postage to anywhere in 

the World
.............................................................................................POSTCODE ....................................

SIGNATURE..................................................................................................................................

□ I enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd.
□ Please charge my Visa/Mastercard/Amex/Diners Club/Switch/Maestro

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.

Card No .............................................................................. Maestro Issue No........................

Valid From .......................... Expiry Date............................

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

Your CD-ROM(s) will be 
posted to you by first class 

mail or airmail, normally 
within four working days of 

receipt of your order
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Surfing The Internet

Net Work
Alan Winstanley
Anti-virus software

This month’s Net Work discusses some of the current anti-virus 
and security offerings available to Internet users.

Viruses and ‘malware’ arrive on a computer in many ways, 
including via certain websites that drop all sorts of malicious code 
onto a visitor’s machine without their knowledge. I never cease to 
be amazed by the number of people who run their machines with­
out any form of anti-virus protection. This is very poor and anti­
social ‘PC hygiene’ because not only can it cause valuable data to 
be lost, but it can also contribute to their machines being hijacked 
in order to, for example, generate spam or attack other websites 
with excess traffic.

‘Any protection is better than none’ and a number of free 
anti-virus solutions are available that will help protect users 
online. In previous editions of Net Work I suggested the free 
Avast! anti-virus package (from www.avast.com) for home use. 
This has been in regular use on the author’s home machines and 
laptops, but it has gradually started to look dated and the time 
eventually arrived to compare it with some new and more pol­
ished rivals. A trial of an alternative product also revealed a 
number of unwanted viruses residing on a system that the cur­
rent software had apparently let slip through, so the time for 
change was ripe.

Some products arrive in fancy retail packaging but many, both 
free and paid-for, are downloadable for use straight away. So- 
called ‘total Internet security’ products have a suite of features 
that can prove a heavy workload for a modest PC specification, so 
there is no substitute for testing a program over a period, looking 
not only at its effectiveness in catching virus-laden emails, files 
and possibly blocking spyware, but also assessing usability, fre­
quency of updates and ease of use, without slowing down a PC too 
much. Hence, if a trial mode product is available, eg for 30 days, 
I strongly recommend readers take advantage of it to see how 
usable it is.

It is unwise to run two anti-virus products side-by-side and an 
installer will often detect and un-install existing anti-virus pro­
grams first. Therefore, ensure that existing program CDs and 
serial numbers etc. are available in case you change your mind 
and re-install them later.

Some of the best known names 
in anti-virus include Norton 
Antivirus 2008 which can be pur­
chased in downloadable form for 
$39.99 per user per year. Norton 
2008 is Vista compatible and it 
checks for spyware and rootkits 
as well. See www.symantec.com 
for details. For users of older 
Windows machines, legacy ver­
sions of Norton 2006 products 
can be installed on Windows 
XP/2000/98/Me. Meantime, 
Norton 360 is an all round 
Internet security package with a 
dazzling array of features to pro­
tect your privacy and your data. I 
have not tested this product, but it 
is compatible with Windows XP 
and some versions of Vista. More 
from www.symantec.com/nor 
ton360/ F-Secure 2007 is a discrete and easy to use anti-virus program

McAfee is another established brand and their anti-virus range 
starts with VirusScan Plus, costing £39.99 ($80) per user per year. 
It includes anti-spyware protection, together with firewall 
enhancements. Further information is online at 
www.mcafee.com. As with other major packages, no demo down­
load is available.

Anti-virus trials and tribulations
AVG Anti Virus from Grisoft (http://free.grisoft.com/) is one 

of the most popular free packages for consumer use. The free ver­
sion of this software offers basic levels of protection only with no 
technical support, and its version 7.5 onwards is said to be Vista 
compatible. Grisoft also offers a free downloadable Anti Rootkit 
program that helps detect malware hidden deeply in an operating 
system.

The author tested another popular paid-for anti-virus package, 
Kaspersky Anti Virus 7.0. After an intensive 15 hour overnight scan, 
Kaspersky Anti Virus found no less than 90 trojans. In use, though, the 
product frequently launched intrusive popups at almost every stage of 
every operation for no apparent reason (and seemingly unstoppable too). 
Although it appeared to be very thorough, the constant and obtuse popups 
interrupted even trivial Windows tasks.

Kaspersky did have a useful Pause control but was found to be 
incompatible with pre-installed Spyware Doctor (from 
www.pctools.com). Its complexity and its objectionable ‘pig 
squeal’ sound effects meant that it was removed from the system 
after just a few days. Although there was no doubt about its 
strengths and effectiveness, its usability was a let-down: download 
a trial from www.kaspersky.com and try it yourself. At the time 
of writing it was on offer at $27.96 per year, usually $39.95. 
Incidentally, Kaspersky also offers a free online scanner tool at 
www.kaspersky.com/virusscanner

The final stop was at the website of F-Secure, which offers a 
range of effective anti-virus programs and Internet security 
suites. A free demo download of F-Secure Anti Virus 2007 from 
www.f-secure.co.uk came as a breath of fresh air compared with, 
say, the over-complicated and nagging popups of Kaspersky. 
F-Secure’s program detects both viruses and spyware and was 

much easier to get along with, 
though it has fewer options 
than many other programs. 
Although there is no Pause 
control to suspend lengthy 
scans and it has basic logging 
facilities only, the program 
was self-explanatory and ran 
seamlessly in the background 
with no annoying popups.

In fact, F-Secure Anti Virus 
2007 seemed to be the most dis­
crete anti-virus package without 
being over-elaborate, but for a 
subscription-based service the 
best part is the price: £27.50 
($55) covering up to three 
machines per year. By the time 
you read this, the new 2008 ver­
sion may be available: check 
their website for details. For 
now, F-Secure replaces Avast! as 
my anti-virus product of choice.
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DIRECT BOOK SERVICE
NOTE: ALL PRICES INCLUDE UK POSTAGE

Electronics Teach-In 
+ Free CD-ROM

Circuits and Design
Mike Tooley

A broad-based introduc­
tion to electronics - find out 
how circuits work and what 
goes on inside them. Plus 
15 easy-to-build projects. 
The 152 page A4 book 
comes with a free CD-ROM 
containing the whole 
Teach-In 2006 series (orig­
inally published in EPE) in 
PDF form, interactive 
quizzes to test your knowl­
edge, TINA circuit simula­
tion software (a limited ver­
sion - plus a specially writ­
ten TINA Tutorial), together 
with simulations of the cir­

A BEGINNER’S GUIDE TO TTL DIGITAL ICs 
R. A. Penfold
This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic inte­
grated circuits. The devices covered include gates, oscilla­
tors, timers, flip/flops, dividers, and decoder circuits. Some 
practical circuits are used to illustrate the use of TTL 
devices in the “real world’’.

142 pages Order code BP332 £5.45

cuits in the Teach-In series, plus Flowcode (a limited ver­
sion) a high level programming system for PIC microcon­
trollers based on flowcharts.

The Teach-In series covers everything from Electric 
Current through to Microprocessors and Microcontrollers 
and each part includes demonstration circuits to build on 
breadboards or to simulate on your PC.

In addition to the Teach-In series, the book includes 15 
CMOS-based simple projects from the Back-To-Basics 
series by Bart Trepak, these are: Fridge/Freezer Alarm, 
Water Level Detector, Burglar Alarm, Scarecrow, Digital 
Lock, Doorchime, Electronic Dice, Kitchen Timer, Room 
Thermometer, Daily Reminder, Whistle Switch, Parking 
Radar, Telephone Switch, Noughts and Crosses Enigma 
and a Weather Vane. There is also a MW/LW Radio pro­
ject in the Teach-In series.

PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE
F. A.Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E., F.B.I.M.
Bridges the gap between complicated technical theory, and 
“cut-and-tried’’ methods which may bring success in design 
but leave the experimenter unfulfilled. A strong practical bias 
- tedious and higher mathematics have been avoided where 
possible and many tables have been included.

The book is divided into six basic sections: Units and 
Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems, 
Measurements.

The books listed have 
been selected by Everyday 
Practical Electronics edi­
torial 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 
on the last book page.

256 pages Order code BP53 £5.49

MICROCONTROLLER COOKBOOK
Mike James
The practical solutions to real problems shown in this cookbook 
provide the basis to make PIC and 8051 devices really work. 
Capabilities of the variants are examined, and ways to enhance 
these are shown. A survey of common interface devices, and a 
description of programming models, lead on to a section on 
development techniques. The cookbook offers an introduction 
that will allow any user, novice or experienced, to make the 
most of microcontrollers.

FOR A FURTHER 
SELECTION OF BOOKS 

SEE THE NEXT TWO 
ISSUES OF EPE

All prices include UK 
postage

152 pages + CD-ROM Order code ETI £8.50 240 pages Order code NE26 £23.50
EASY PC CASE MODDING

Computing & Robotics
WINDOWS XP EXPLAINED
N. Kantaris and P. R. M. Oliver
If you want to know what to do next when confronted with 
Microsoft’s Windows XP screen, then this book is for you. It 
applies to both the Professional and Home editions.
The book was written with the non-expert, busy person in 
mind. It explains what hardware requirements you need in 
order to run Windows XP successfully, and gives an 
overview of the Windows XP environment.
The book explains: How to manipulate Windows, and how to 
use the Control Panel to add or change your printer, and con­
trol your display; How to control information using WordPad, 
Notepad and Paint, and how to use the Clipboard facility to 
transfer information between Windows applications; How to 
be in control of your filing system using Windows Explorer 
and My Computer; How to control printers, fonts, characters, 
multimedia and images, and how to add hardware and soft­
ware to your system; How to configure your system to com­
municate with the outside world, and use Outlook Express 
for all your email requirements; How to use the Windows 
Media Player 8 to play your CDs, burn CDs with your 
favourite tracks, use the Radio Tuner, transfer your videos to 
your PC, and how to use the Sound Recorder and Movie 
Maker; How to use the System Tools to restore your system 
to a previously working state, using Microsoft’s Website to 
update your Windows set-up, how to clean up, defragment 
and scan your hard disk, and how to backup and restore your 
data; How to successfully transfer text from those old but 
cherished MS-DOS programs.

the floor. Learn to use additional types of sensors includ­
ing rotation, light, temperature, sound and ultrasonic and 
also explore the possibilities provided by using an addi­
tional (third) motor. For the less experienced, RCX code 
programs accompany most of the featured robots. 
However, the more adventurous reader is also shown 
how to write programs using Microsoft’s VisualBASIC 
running with the ActiveX control (Spirit.OCX) that is pro­
vided with the RIS kit.

Detailed building instructions are provided for the fea­
tured robots, including numerous step-by-step pho­
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 
specific colour.

298 pages Order code BP902 £14.99

R.A Penfold
Why not turn that anonymous grey tower, that is the 

heart of your computer system, into a source of visual 
wonderment and fascination. To start, you need to change 
the case or some case panels for ones that are transpar­
ent. This will then allow the inside of your computer and it’s 
working parts to be clearly visible.

There are now numerous accessories that are relatively 
inexpensive and freely available, for those wishing to cus­
tomise their PC with added colour and light. Cables and 
fans can be made to glow, interior lights can be added, and 
it can all be seen to good effect through the transparent 
case. Exterior lighting and many other attractive acces­
sories may also be fitted.

This, in essence, is case modding or PC Customising as 
it is sometimes called and this book provides all the prac­
tical details you need for using the main types of case 
modding components including:- Electro luminescent (EL) 
‘go-faster’ stripes: Internal lighting units: Fancy EL panels: 
Data cables with built-in lighting: Data cables that glow with 
the aid of ‘black’ light from an ultraviolet (UV) tube: Digital 
display panels: LED case and heatsink fans: Coloured 
power supply covers.

268 pages Order code BP514 £7.99

INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the bril­
liant Lego Mindstorms Robotic Invention System (RIS). 
Initially covers fundamental building techniques and 
mechanics needed to construct strong and efficient 
robots using the various “click-together’’ components 
supplied in the basic RIS kit. Explains in simple terms 
how the “brain’’ of the robot may be programmed on 
screen using a PC and “zapped’’ to the robot over an 
infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC 
may be used to control the robots.

Detailed building and programming instructions pro­
vided, including numerous step-by-step photographs.

THE PIC MICROCONTROLLER
YOUR PERSONAL INTRODUCTORY COURSE - THIRD 
EDITION John Morton
Discover the potential of the PIC micro­
controller through graded projects - this book could 
revolutionise your electronics construction work!

A uniquely concise and practical guide to getting up and 
running with the PIC Microcontroller. The PIC is one of the 
most popular of the microcontrollers that are transforming 
electronic project work and product design.

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
- you start work with the PIC straight away.

The revised third edition covers the popular repro­
grammable Flash PICs: 16F54/16F84 as well as the 
12F508 and 12F675.

270 pages Order code NE36 £18.50

192 pages Order code BP542 £8.99

NEWNES PC TROUBLESHOOTING
POCKET BOOK - SECOND EDITION
Howard Anderson, Mike Tooley

All the essential data for PC fault-finding and upgrading. 
This book provides a concise and compact reference that 
describes, in a clear and straightforward manner, the prin­
ciples and practice of fault-finding and upgrading PCs and 
peripherals. The book is aimed at anyone who is involved 
with the installation, configuration, maintenance, upgrad­
ing, repair or support of PC systems. It also provides non­
technical users with sufficient background information, 
charts and checklists to enable the diagnosis of faults and 
help to carry out simple modifications and repairs. In order 
to reflect rapid changes in computer technology (both 
hardware and software) this new edition has been com­
pletely revised and rewritten.

256 pages Order code NE41 £20.50

288 pages - large format Order code BP901I £14.99

MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold

Covers the Vision Command System

Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some simple 
home constructed units. You will be able to build robots 
that can provide you with ‘waiter service’ when you clap 
your hands, perform tricks, ‘see’ and avoid objects by 
using ‘bats radar’, or accurately follow a line marked on

INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION
John Crisp
If you are, or soon will be, involved in the use of 
microprocessors and microcontrollers, this practical intro­
duction is essential reading. This book provides a thor­
oughly readable introduction to microprocessors and micr- 
controllers. Assuming no previous knowledge of the sub­
ject, nor a technical or mathematical background. It is suit­
able for students, technicians, engineers and hobbyists, 
and covers the full range of modern micros.

After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects 
which have proved difficult, for example 2’s complement, 
are clearly explained. John Crisp covers the complete 
range of microprocessors from the popular 4-bit and 8-bit 
designs to today’s super-fast 32-bit and 64-bit versions 
that power PCs and engine management systems etc.

NEWNES INTERFACING COMPANION
Tony Fischer-Cripps

A uniquely concise and practical guide to the hardware, 
applications and design issues involved in computer inter­
facing and the use of transducers and instrumentation.

Newnes Interfacing Companion presents the essential 
information needed to design a PC-based interfacing sys­
tem from the selection of suitable transducers, to collection 
of data, and the appropriate signal processing and 
conditioning.

Contents: Part 1 - Transducers; Measurement systems; 
Temperature; Light; Position and motion; Force, pressure 
and flow. Part 2 - Interfacing; Number systems; Computer 
architecture; Assembly language; Interfacing; Ato D and D 
to A conversions; Data communications; Programmable 
logic controllers; Data acquisition project. Part 3 - Signal 
processing; Transfer function; Active filters; Instrumentation 
amplifier; Noise; Digital signal processing.

222 pages Order code NE31 £22.00 295 pages Order code NE38 £31.00
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Testing, Theory and Reference
THE AMATEUR SCIENTIST 
CD-ROM
The complete collection of The Amateur 
Scientist articles from Scientific America 
magazine. Over 1,000 classic science pro­
jects from a renowned source of winning 
projects. All projects are rated for cost, dif­
ficulty 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

Simple circuit examples are used to illustrate principles and concepts fun­
damental to the process of fault finding. This is not a book of theory, it is a

SCIENTIFIC 
AMERICAN

book of practical tips, hints and rules of thumb, all of which will equip the read­
er 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 amateur who is interested in electron­
ic fault finding but finds books on the subject too mathematical or specialised.

The fundamental principles of analogue 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 multimeter and an oscil­
loscope. The treatment is non-mathematical (apart from Ohm’s law) and all

resource ever assembled for hobbyists, and profes­
sionals looking for novel solutions to research problems.
Includes extensive Science Software Library with even more science 
tools.

jargon is strictly avoided.
274 pages Order code NE22 £28.99

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 Order code AS1 CD-ROM £19.95

ELECTRONIC TEST EQUIPMENT HANDBOOK
Steve Money
In most applications of electronics, test instruments are essential for checking 
the performance of a system or for diagnosing faults in operation, and so it is 
important for engineers, technicians, students and hobbyists to understand 
how the basic test instruments work and how they can be used.

BEBOP BYTES BACK (and the Beboputer Computer Simulator) CD-ROM
Clive (Max) Maxfield and Alvin Brown
This follow-on to Bebop to the Boolean Boogie is a 
multimedia extravaganza of information about h 
computers work. It picks up where “Bebop I’’ left 
off, guiding you through the fascinating world of 
computer design . . . and you’ll have a few 
chuckles, if not belly laughs, along the way. In 
addition to over 200 megabytes of mega-cool 
multimedia, the CD-ROM contains a virtual 
microcomputer, simulating the motherboard 
and standard computer peripherals in an W 
extremely realistic manner. In addition to 
wealth of technical information, myriad nuggets of 
trivia, and hundreds of carefully drawn illustrations,

The principles of operation of the various types of test instrument are 
explained in simple terms with a minimum of mathematical analysis.The book 
covers analogue and digital meters, bridges, oscilloscopes, signal generators, 
counters, timers and frequency measurement. The practical uses of these 
instruments are also examined.
206 pages Order code PC109 £9.95

the CD-ROM contains a set of lab experiments for the
virtual microcomputer that let you recreate the experiences of early comput­
er pioneers. If you’re the slightest bit interested in the inner workings of com-
puters, then don’t dare to miss this!
Over 800 pages in Adobe Acrobat format Order code BEB2 CD-ROM £21.95

DIGITAL GATES AND FLIP-FLOPSIan R. Sinclair
This book, intended for enthusiasts, students and technicians, seeks to estab­
lish a firm foundation in digital electronics by treating the topics of gates and 
flip-flops thoroughly and from the beginning.

Topics such as Boolean algebra and Karnaugh mapping are explainend, 
demonstrated and used extensively, and more attention is paid to the subject 
of synchronous counters than to the simple but less important ripple counters.

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 concludes with an explanation of micro­
processor techniques as applied to digital logic.
200 pages Order code PC106 £9.95

UNDERSTANDING ELECTRONIC CONTROL SYSTEMS
GETTING THE MOST FROM YOUR MULTIMETERR. A. Penfold

Owen Bishop
Owen Bishop has produced a concise, readable text to introduce a wide range

This book is primarily aimed at beginners and those of limited experience of
electronics. Chapter 1 covers the basics of analogue and digital multimeters, 
discussing the relative merits and the limitations of the two types. In Chapter

of students, technicians and professionals to an important area of electronics. 
Control is a highly mathematical subject, but here maths is kept to a minimum, 
with flow charts to illustrate principles and techniques instead of equations.

2 various methods of component checking are described, including tests for 
transistors, thyristors, resistors, capacitors and diodes. Circuit testing is cov­
ered in Chapter 3, with subjects such as voltage, current and continuity

Cutting edge topics such as microcontrollers, neural networks and fuzzy 
control are all here, making this an ideal refresher course for those working in

checks being discussed.
In the main little or no previous knowledge or experience is assumed. Using

Industry. Basic principles, control algorithms and hardwired control systems 
are also fully covered so the resulting book is a comprehensive text and well 
suited to college courses or background reading for university students.

these simple component and circuit testing techniques the reader should be 
able to confidently tackle servicing of most electronic projects.

The text is supported by questions under the headings Keeping Up and Test 
Your Knowledge so that the reader can develop a sound understanding and

96 pages Order code BP239 £5.49 the ability to apply the techniques they are learning.
228 pages Order code NE35 £22.50

OSCILLOSCOPES - FIFTH EDITION Ian Hickman
Oscilloscopes are essential tools for checking circuit operation and diagnos­
ing faults, and an enormous range of models are available.

HOW ELECTRONIC THINGS WORK - AND WHAT TO DO WHEN THEY DON’T 
Robert Goodman

This handy guide to oscilloscopes is essential reading for anyone who has to 
use a ’scope for their work or hobby; electronics designers, technicians, anyone
in industry involved in test and measurement, electronics enthusiasts ... Ian 
Hickman’s review of all the latest types of ’scope currently available will prove 
especially useful for anyone planning to buy - or even build - an oscilloscope.

The contents include a description of the basic oscillscope; Advanced real­
time oscilloscope; Accessories; Using oscilloscopes; Sampling oscilloscopes;
Digital storage oscilloscopes; Oscilloscopes for special purposes; How 
oscillocopes work (1): the CRT; How oscilloscopes work (2): circuitry; How 
oscilloscopes work (3): storage CRTs; plus a listing of Oscilloscope manufac-
turers and suppliers.
288 pages Order code NE37 £24.00

You never again have to be flummoxed, flustered or taken for a ride by a piece 
of electronics equipment. With this fully illustrated, simple-to-use guide, you 
will get a grasp on the workings of the electronic world that surrounds you - 
and even learn to make your own repairs.

You don’t need any technical experience.This book gives you: Clear expla­
nations of how things work, written in everyday language. Easy-to-follow, illus­
trated instructions on using test equipment to diagnose problems. Guidelines 
to help you decide for or against professional repair. Tips on protecting your 
expensive equipment from lightning and other electrical damage. Lubrication 
and maintenance suggestions.

Covers: colour TVs, VCRs, radios, PCs, CD players, printers, telephones, 
monitors, camcorders, satellite dishes, and much more!
394 pages Order code MGH3 £21.99

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 tech­
niques needed to be a fault finder.

VINTAGE RADIOS - COLLECTING • SERVICING • RESTORING
Tony Thompson
The essential guide to collecting, repairing and restoring vintage valve radios.
These receivers are becoming ever more popular as collectibles, this is a
good thing because it means that a very large piece of technological history 
is being reclaimed when at one time many thought it lost forever. If you look
around, you will find plenty of valve radio sets just waiting for a loving restora- 
tion.They may not yet be the most highly prized, and they are unlikely to be
in top condition, but they can be yours and, if you develop the skills outlined 
in this book, you will possess radio receivers to be proud of.

The book covers radio history, styling, faultfinding, chassis and cabinet
restoration, types of set.
124 pages spiral bound Order code TT1 £13.50

All prices include UK P&P
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Project Building
ELECTRONIC PROJECT BUILDING
FOR BEGINNERS
R. A. Penfold
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following 
topics:

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting “problem’’ projects to 
work, including simple methods of fault-finding.

In fact everything you need to know in order to get start­
ed in this absorbing and creative hobby.

ELECTRONIC PROJECTS FOR EXPERIMENTERS
R. A. Penfold
Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the dread­
ed “seen it all before’’ syndrome. This book is fairly and 
squarely aimed at sufferers of this complaint, plus any 
other electronics enthusiasts who yearn to try something a 
bit different.

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, Voice 
scrambler/descrambler, Bat detector, Bat style echo loca­
tion, Noise cancelling, LED stroboscope, Infra-red “torch’’, 
Electronic breeze detector, Class D power amplifier, Strain 
gauge amplifier, Super hearing aid.

STARTING ELECTRONICS,THIRD EDITION 
KEITH BRINDLEY
A punchy practical introduction to self-build electronics. 
The ideal starting point for home experimenters, tech­
nicians and students who want to develop the real 
hands-on skills of electronics construction.
A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to 
the functions of the main component types, their uses, 
and the basic principles of building and designing elec­
tronic circuits.

138 pages Order code BP371 £5.45

Breadboarding layouts make this very much a ready-to­
run book for the experimenter, and the use of multime­
ter, but not oscilloscopes, and readily available, inex­
pensive components makes the practical work achiev­
able in a home or school setting as well as a fully 
equiped lab.

135 pages Order code BP392 £5.49

BUILDING VALVE AMPLIFIERS
Morgan Jones
The practical guide to building, modifying, fault-finding and 
repairing valve amplifiers. A hands-on approach to valve 
electronics - classic and modern - with a minimum of the­
ory. 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 experi­
menter, audiophile or audio engineer.
Particular attention has been paid to 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.

PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold
While fibre-optic cables may have potential advan­
tages over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide 
an innovative interesting alternative to electric cables, 
but in most cases they also represent a practical 
approach to the problem. This book provides a number 
of tried and tested circuits for projects that utilize fibre­
optic cables.

The projects include:- Simple audio links, FM. audio link, 
PW.M. audio links, Simple d.c. links, PW.M. d.c. link, 
PW.M. motor speed control, RS232C data links, MIDI link, 
Loop alarms, R.PM. meter.

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage.

288 pages Order code NE42 £11.50

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 con­
structed, and most are suitable for the newcomer to project 
construction, as they are assembled on stripboard.

There are faders, wipers and effects units which will add 
sparkle and originality to your video recordings, an audio 
mixer and noise reducer to enhance your soundtracks and a 
basic computer control interface. Also, there’s a useful selec­
tion on basic video production techniques to get you started.

Circuits include: video enhancer, improved video enhancer, 
video fader, horizontal wiper, improved video wiper, negative 
video unit, fade to grey unit, black and white keyer, vertical 
wiper, audio mixer, stereo headphone amplifier, dynamic 
noise reducer, automatic fader, pushbutton fader, computer 
control interface, 12 volt mains power supply.

132 pages Order code BP374 £5.45 124 pages Order code PC115 £5.45

368 pages Order code NE40 £22.50

Theory and 
Reference

THE EMERGENCE OF BROADCASTING
IN BRITAIN
Brian Hennessy
The beginning of any great enterprise should be recorded 
for posterity. Few knew that the Children's Hour “Uncles”, 
Arthur, Jeff and Caractacus, were also the engineers who 
struggled by day to develop technical equipment - and 
would soon become Assistant Controller, Station Director 
and Organiser of Programmes for the BBC.

This is a very human account, from the dawn of radio to 
the attainment of a Royal Charter in the late 1920s. It tells 
of the struggles and frustrations of engineers in develop­
ing innovative equipment and of the great John Reith who 
battled with everyone to bring the BBC from a staff of four 
up to a Corporation of several hundred.

Brian Hennessy’s book also describes the devlopment 
of broadcasting equipment, the search for premises and 
looming bankruptcy before ending with the emergence of 
a firmly established Chartered Corporation - the BBC.

Meticulous research over many years, over a hundred 
photographs, plans and diagrams as well as interviews with 
many of those who were there at the time, make this a valu­
able and original work for those involved in media studies, 
for radio enthusiasts or simply for those interested in radio 
and the fascinating story of the emergence of broadcasting.

436 pages Order code EBB £26.00

COIL 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 Temporarily out of print

PRACTICAL ELECTRONIC FILTERS
Owen Bishop
This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in simple 
terms how each type works and how it is used.

The book also presents a dozen filter-based projects 
with applications in and around the home or in the 
constructor’s workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ.

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples.

BOOK ORDERING DETAILS
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices include 
VAT and/or postage to anywhere in the world. Send a PO, cheque, international money order 
(£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, Amex, 
Diners Club or Maestro to:

DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LTD., 
SEQUOIA HOUSE, 398A RINGWOOD ROAD, FERNDOWN, DORSET BH22 9AU.

Books are normally sent within seven days of receipt of order, but please allow 28 days for deliv­
ery - more for overseas orders. Please check price and availability (see latest issue of Everyday 
Practical Electronics^ before ordering from old lists.

For a further selection of books see the next two issues of EPE.
Tel 01202 873872 Fax 01202 874562. Email: dbs@wimborne.co.uk

Order from our online shop at: www.epemag.co.uk

BOOK ORDER FORM
Full name:....................................................................................................................................................

Address:........................................................................................................................................................

................................................ Post code:........................... Telephone No:...............................................

Signature:.....................................................................................................................................................

□ I enclose cheque/PO payable to DIRECT BOOK SERVICE for £....................................................

□ Please charge my card £.....................Card expiry date.........................Valid from date..................

Card Number..................................................................................Maestro Issue No..................................

Card Security Code..........................................(the last three digits on or just under the signature strip)

Please send book order codes:..................................................................................................................

Please continue on separate sheet of paper if necessary
If you do not wish to cut your magazine, send a letter or copy of this form

188 pages Order code BP299 £5.49
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PCB SERVICE
Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list.These are fabricated in glass fibre, and are fully drilled and 
roller tinned. Double-sided boards are NOT plated through hole and will require ‘vias’ 
and some components soldering both sides. All prices include VAT and postage and 
packing. Add £1 per board for airmail outside of Europe. Remittances should be sent 
to The PCB Service, Everyday Practical Electronics,Wimborne Publishing Ltd., 
Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU. Tel: 01202 
873872; Fax 01202 874562;Email: orders@epemag.wimborne.co.uk. On-line 
Shop: www.epemag.wimborne.co.uk/shopdoor.htm. Cheques should be crossed 
and made payable to Everyday Practical Electronics (Payment in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
- overseas readers allow extra if ordered by surface mail.
Back numbers or photocopies of articles are available if required - see the Back 
Issues page for details. We do not supply kits or components for our projects.

Please check price and availability in the 
latest issue. A large number of older boards are 
listed on, and can be ordered from, our website.
Boards can only be supplied on a payment with order basis.

¿ PROJECT TITLE Order Code Cost
Power Up MAR ’06 557 £6.82
Video/Audio Booster (double-sided) 558 £12.00
★Telescope Interface 559 £6.50

‘Smart’ Slave Flash APR ‘06 560 £6.18
Programmable Continuity Tester 
PortaPAL

561 £5.87

- Microphone Board 562 £6.18
- Auxilary Board 563 £5.87
- Main Board 564 £8.56
- Charger Board 565 £6.66

Omni Pendulum 566 £6.34

Smart Card Reader/Programmer MAY ’06 567 £7.61
LED Lighting For Your Car (set of 15 boards) 568 £14.75
Digital Reaction Timer 569 £7.13

Poor Man’s Metal Locator JUN ’06 570 £5.71
★ Digital Instrument Display for Cars
- Micro Board
- Display Board 572}pair

£7.77

Widgy Box 573 £7.29
Phone Ring & Test 574 £6.82

★Sudoku Unit JUL ’06 575 £6.66
PC Power Monitor 576 £6.50

Home Theatre Sound Level Checker AUG ’06 577 £6.66
Adjustable DC-DC Converter For Cars 578 £6.50
★Telephone Dialler For Buglar Alarms 579 £6.97
★ High Intensity Torch 580 £5.39

★ Low Cost 50MHz Frequency Meter SEP ’06
Version 1 581 £6.66
Version 2 582 £6.66
Version 3 583 £6.66

Smart Mixture Display for your Car 584 £6.50
Water Level Gauge - Sensor 

- Display
585 Ì •
586}pair £6.98

Fridge Door-Open Alarm OCT ’06 587 £5.71
Linear Supply For 1W Star LEDs (Pair) 588a & b £6.50
Through-Glass Alarm 589 £7.61

Quick Brake NOV ’06 590 £6.50
Studio 350 Power Amplifier 591 £9.51
Micropower Battery Protector 592 £5.71
★Giant LED Message Display - Master 594 £5.55

- Slave 595 £6.50
Lapel Microphone Adaptor DEC ’06 593 £6.18
RGB To Component Video Converter (double sided) 596 £12.69
USB Power Injector 597 £5.87
★ Mind Trainer 598 £6.50

Balanced Microphone Preamp JAN ’07 599 £6.82
High-Efficiency Power Supply for 1W Star LEDs 600 £6.19
Jumping Spider 601 £5.71

★ Programmable Robot FEB ’07 602 £6.50
Courtesy Light Delay
★ Deep Cycle Battery Charger

603 £5.87

Power Board
Control Board 
Display Board

604 Ì
605 >set
606 J

£11.10

★ PIC Digital Geiger Counter (double sided) 607 £12.53

IR Remote Checker MAR ’07 608 £6.35
★SMS Controller 609 £7.93
★ Lap Counter For Swimming Pools 610 £7.14
★ PIC Polyphonium - Main Board 611 £8.25V J

PROJECT TITLE Order Code Cost
PIC Polyphonium - LED Display Interface APR ’07 612 £7.13
Students’ Amp - Amplifier 613 £6.02

- PSU 614 £6.02
Star Power 615 £6.50
Bass Extender MAY ’07 618 £5.87
Caravan Lights Check 619 £6.18

★ Energy Meter - Main Board JUN ’07 616 1 .
617}pair

£9.83
- Display Board

3V to 9V Converter (PCB plus TL499A IC) 620 + chip £7.53
Bat Sonar 621 £6.03

MiniCal 5V Meter Calibration Standard JUL ’07 622 £6.82
Lead-Acid Battery Zapper 623 £6.50
Video Reading Aid 624 £6.50
Digi-Flash Slave 625 £5.55

TwinTen Stereo Amplifier AUG ’07 626 £9.83
Printer Port Hardware Simulator 627 £6.66
★ RFID Security Module 628 £6.02
★V2 PC Scope - Control Board 629 £7.13

Analogue Board 630 £6.50

★ Flexitimer - Main Board
- Display Board 1

SEPT ’07 631 £7.29
632 £7.29

- Display Board 2 633 £7.29
- Display Board 3 634 £7.29

Pocket Tens Unit 635 £6.35

★Simple Seismograph
★V8 Doorbell '

OCT ’07 636 £6.66

- Main Board
- Display Board

6371 •
638}pair £11.42

★Standby Power Saver
- Transmitter 639 £6.34
- Receiver
- PSU 64?}p*ir £6.97

Vehicle Voltage Monitor NOV ’07 642 £6.34
★ USB Electrocardiograph 643 £7.61
★ Inductance & Q-Factor Meter 644 £7.93
Experimenter’s Audio System - Main Board 

- PSU 646}pair £7.61

★Teach-In ’08 - Master Control Board 647 £7.93^

z1 5
EPE SOFTWARE 1

★ All software programs for EPE Projects marked with an asterisk, and 
others previously published, can be downloaded free from our Downloads 
site, accessible via our home page at: www.epemag.co.uk.

PCB MASTERS
PCB masters for boards published from the March ‘06 issue onwards can 
also be downloaded from our UK website (www.epemag.co.uk); go to the 
‘Downloads’ section. j

r EPE PRINTED CIRCUIT BOARD SERVICE
Order Code Project Quantity Price

Name
Address.........................................................................

Tel. No.............................................................................

I enclose payment of £.............. (cheque/PO in £ sterling only) to:

Everyday 
Practical Electronics

MasterCard, Amex, Diners 
Club, Visa or Switch/Maestro

Card No.....................................................................................
Valid From........................ Expiry Date................................
Card Security Code............... Maestro Issue No...........
(The last 3 digits on or just under the signature strip)

Signature..................................................................................

NOTE: You can also order p.c.b.s by phone, Fax, Email or via the shop 
on our website on a secure server:

http://www.epemag.co.uk
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Everyday Practical Electronics reaches more UK 
readers than any other UK monthly hobby elec­
tronics magazine, our sales 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 readership at the most economical price our classified and semi-display pages 
offer the best value. The prepaid rate for semi-display space is £10 (+VAT) per single column centimetre (minimum 2^5cm).The prepaid rate 
for classified adverts is 40p (+VAT) per word (minimum 12 words).
All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together with 
remittance, should be sent to Everyday Practical Electronics Advertisements, Sequoia House, 398a Ringwood Road, Ferndown, Dorset 
BH22 9AU. Phone: 01202 873872. Fax: 01202 874562. Email: epeads@wimborne.co.uk. For rates and information on display and 
classified advertising please contact our Advertisement Manager, Stewart Kearn as above.

UK & International Suppliers of Electronic Components & Kits 
New Look Website - Extended Ranges - Lower Prices 

Capacitors Resistors Transistors Optoelectronics PCBs Breadboard 
Solder Switches Cable Batteries Tools CMOS ICs Potentiometers
P&P£2.50 (orders over £25 free P&P) No Min Order. No VAT 

ORDER ONLINE AT OUR ALL NEW WEBSITE: 

www.rshelectronics.co.uk

BTEC ELECTRONICS 
TECHNICIAN TRAINING
NATIONAL ELECTRONICS 

VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 

FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY

LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 

EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 

www.lec.org.uk

BOWOOD ELECTRONICS LTD
Suppliers of Electronic Components 

Place a secure order on our website or call our sales line 
All major credit cards accepted

Web: www.bowood-electronics.co.uk
Unit 1, McGregor’s Way, Turnoaks Business Park, 

Chesterfield, S40 2WB. Sales: 01246 200222
Send 60p stamp for catalogue

N.R. BARDWELL Ltd - est 1948 
Electronic Component Supplies

LED’s, Semis, IC’s Resistors, Caps, etc 
send 44p for lists. 1000’s bargains at our 

secure site: www.bardwells.co.uk 
288, Abbeydale Rd. Sheffield. S7 1FL 

0845 166 2329 (local rate)

■CLOhocolatelabrador
Fantastic new Microchip PIC® based training modules 

Unique and exclusive designs

P&P just £4.95. All UK post sent 1st Class.
Visit our website for great gift ideas
www.choclab.eu

VALVES AND ALLIED COMPO­
NENTS IN STOCK. Phone for free list. 
Valves, books and magazines wanted. 
Geoff Davies (Radio), tel. 01788 574774.

FOR % PRICE VALVE CLEARANCE 
catalogue send £1.00 in 1st or 2nd class 
stamps FOR COMBINED VALVE & 
COMPONENT CLEARANCE list send 
£1.50 in 1st or 2nd class stamps. W. 
Burcher, 676 Foxhall Road, Ipswich, 
Suffolk, IP3 8NQ. Tel: 01473 272218.

KITS, TOOLS, COMPONENTS. S.A.E 
catalogue. SIR-KIT ELECTRONICS, 52 
Severn Road, Clacton, CO15 3RB. 
www.geocities.com/sirkituk

WE WOULD LIKE TO MAKE 
CONTACT with an enthusiastic electron­
ics person wishing to earn extra cash help­
ing to develop an exciting project in the 
field of renewable energy.
Initial requirement is to design and build a 
prototype monitoring system although 
further projects are in the pipeline. 
Knowledge of analogue and digital data 
acquisition, data logging, PC interfacing 
and displays will be needed. Know-how 
more important than qualifications so we 
would be willing to work with a capable 
hobbyist/amateur. Remuneration, condi­
tions, future royalties etc. all negotiable. If 
you think you have the knowledge and 
have a few hours a week to spare please 
mail us on hydro@claptonmill.co.uk

Mechatronics-online.co.uk
Suppliers of Mechanical and Electronic 

Components & Kits 
To the Hobbyist, Student, and Professional

Technical@mechatronics-online.co.uk
Sales@mechatronics-online.co.uk

Tel 01442 247040
Visit our website

www.Mechatronics-online.co.uk

THIS SPACE COULD BE 
YOURS FOR JUST £25
Contact Stewart on 01202 873872
stewart.kearn@wimborne.co.uk

CPS Solar
Solar panels,solar cells,and many more 
alternative energy products for battery 
charging etc,please visit our website 

for further info or call
Tel: 0870 765 2334.

www.solarpanelsonline.co.uk

Get your magazine ‘instantly’ anywhere 
in the world - buy and download from 

the web.

TAKE A LOOK, A FREE 
ISSUE IS AVAILABLE 

A one year subscription 
(12 issues) costs just $18.99 (US) 
Back issues are also available
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Europe’s Largest 
Surplus Store

20,000,000 Items on line NOW
New items added daily

Established for over 25 years, UK company 
Display Electronics prides itself on offering a 
massive range of electronic and associated 
electro-mechanical equipment and parts to 
the Hobbyist, Educational and Industrial 
user. Many current and obsolete hard to get 
parts are available from our vast stocks, 
which include:
♦ 6,000,000 Semiconductors
♦ 5,000 Power Supplies ^^*****»^
♦ 25,000 Electric Motors
♦ 10,000 Connectors
♦ 100,000 Relays & Contactors
♦ 2000 Rack Cabinets & Accessories
♦ 4000 Items of Test Equipment
♦ 5000 Hard Disk Drives

www.distel.co.uk

NEXT MONTH
MIDI DRUM KIT
OK, all you budding Phil Collins and Ringo Starrs out there ... 
Here’s your chance to own a low cost ‘drum kit’ which can 
produce just about any musical sound you can think of - and 
there’s not a drumskin in sight! You don’t even need to buy a 
pair of drumsticks!

iPOD/MP3 CHARGER
This charger can be used to charge your iPod or MP3 player 
without connecting to your computer’s USB port. It can be 
powered using a DC plugpack or from 12V DC in your car, and 
it can also be used to power any other accessory normally run 
from a USB port.

PIC SPEECH SYNTHESISER
Add speech to your PIC projects. This design allows a speech 
phrase or two to be added to PIC projects, thus punctuating 
some software occurance or external event. The project uses 
a set of pre-recorded phonemes (sounds that make up 
speech) and allows their recall to make up words when 
desired, outputting the audio to an existing amplifier.

DECEMBER ’07 ISSUE ON SALE NOVEMBER 8
Display Electronics 
29 / 35 Osborne Road 
Thornton Heath 
Surrey UK CR7 8PD

Telephone
[44] 020 8653 3333

Fax [44] 020 8653 8888

Rechargeable Batteries With Solder Tags
NIMH NICAD

AA 2000mAh ...................... £2.82 AA 650mAh....................... £1.41
C 4Ah..................................... £4.70 C 2.5Ah.................................£3.60
D 9Ah..................................... £7.60 D 4Ah.....................................£4.95
PP3 150mAh ...................... £4.95

Instrument case with edge connector and screw terminals

Size 112mm x 52mm x 105mm tall

This box consists of a cream base with a PCB slot, a cover plate to pro­
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 
VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44.

ADVERTISERS INDEX
AUDON ELECTRONICS.......................................................53
BETA-LAYOUT .....................................................................53
BRUNNING SOFTWARE .....................................................30
BULL GROUP ...........................................................Cover (ii)
COMPACT CONTROL DESIGN.............................................4
DISPLAY ELECTRONICS ..................................................88
ESR ELECTRONIC COMPONENTS .................. 6, Cover (iii)
JAYCAR ELECTRONICS.................................................18/19
JPG ELECTRONICS ...........................................................88
LABCENTER.............................................................Cover (iv)
LASER BUSINESS SYSTEMS.............................................17
LEKTRONIX LTD .................................................................57
MAGENTA ELECTRONICS .................................................33
MIKROELEKTRONIKA...........................................................5
NURVE NETWORKS LLC ...................................................75
PEAK ELECTRONIC DESIGN .............................................33
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QUASAR ELECTRONICS...................................................2/3
SCANTOOL .........................................................................49
SHERWOOD ELECTRONICS .............................................53
STEWART OF READING.....................................................45
TECHNOBOTS.....................................................................11
TSIEN...................................................................................53

866 battery pack originally intended to be 
used with an orbitel mobile telephone it 
contains 10 1-6Ah sub C batteries (42 x 
22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and 
unused and can be broken open quite 
easily £7.46 + VAT = £8.77

Please add £1.66 + VAT = £1.95 postage & packing per order

JPG Electronics
Shaws Row, Old Road, Chesterfield, S40 2RB.

Tel 01246 211202 Fax 01246 550959 
www.JPGElectronics.com

Mastercard/Visa/Switch
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday

ADVERTISEMENT OFFICES:
SEQUOIA HOUSE, 398A RINGWOOD ROAD, FERNDOWN, DORSET BH22 9AU
PHONE: 01202 873872 FAX: 01202 874562
EMAIL: epeads@wimborne.co.uk

For Editorial address and phone numbers see page 7

Everyday Practical Electronics, ISSN 0262 3617 is published monthly (12 
times per year) by Wimborne Publishing Ltd., USA agent USACAN Media 
Dist. Srv. Corp. at 26 Power Dam Way Suite S1-S3, Plattsburgh, NY 12901. 
Periodicals postage paid at Plattsburgh, NY and at additional mailing Offices. 
POSTMASTER: Send address changes to Everyday Practical Electronics, 
c/o Express Mag., PO Box 2769, Plattsburgh, NY, USA 12901-0239.

Published on approximately the second Thursday of each month by Wimborne Publishing Ltd., Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22 9AU. Printed in England by Apple Web Offset
Ltd., Warrington, WA1 4RW. Distributed by Seymour, 86 Newman St., London W1T 3EX. Subscriptions INLAND: £19.95 (6 months); £37.90 (12 months); £70.50 (2 years). OVERSEAS: Standard air
service, £23.00 (6 months); £44.00 (12 months); £83.00 (2 years). Express airmail, £32.00 (6 months); £62.00 (12 months); £119.00 (2 years). Payments payable to “Everyday Practical Electronics’’, Subs Dept,
Wimborne Publishing Ltd. Email: subs@epemag.wimborne.co.uk. EVERYDAY PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent
of the Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold,
hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.

http://www.distel.co.uk
http://www.JPGElectronics.com
mailto:epeads@wimborne.co.uk
mailto:subs@epemag.wimborne.co.uk


V ELLEMAN® is a major European distributor of high quality electronic 
p roducts. They have been trading for more than 35 years and operate 
fr om Gavere, Belgium. With a network of over 17,000 dealers in more 
th an 80 countries.
We are now able to offer you the complete range of their 
e lectronic kits, modules and PC based development products. If you 
w ould like a copy of the latest 80 page catalogue please phone, fax or 
e mail your name and address. www.esr.co.uk/velleman

Audio Amplifier
2 x 15Wrms (4 ohm) or 2

er & smoothing, 
required.
K4003 Kit

x 10Wrms 
cir- 

for rectifi- 
AC supply

PIC Programmer
For Microchip® FLASH 3
PIC™ microcontrollers sup- I
ports 4 different 300 mil. HBI^^^^B
PICs: 8p, 14p, 18p and 28p
test buttons and LED indicators. Supplied with program­
ming examples & easy connection to a PC through the 
serial port. Supplied with a PIC16F627 and software to 
compile and program your source code.

Remote Control Receiver
Two relay contact outputs for use 
with K8059 and VM108 two chan­
nel RF codelock transmitters, tog­
gle or pulse function selectable 
per output, can learn a unique 
32-bit code from the transmitters,
store up to 31 transmitters, LED indicators for outputs 
and functions.
K8057 Kit £10.95

load & short-circuit protected.
K8060 Kit
VM100 Assembled with heatsink
Audio Amplifier
Stereo 2 x 50Wrms or a^H
Mono 100Wrms ampli- H 
fier. Three input

£12.95
VM113 Assembled £14.75

Audio Amplifier
100Wrms @ 4ohm DC sup­
ply circuit on board with 
LED indication ideal for ac­
tive speaker system or sub­
woofer, guitar amp, home 
theatre systems, etc. Over-

K8048 Kit
VM111 Assembled
USB Interface
A interface board with 5 digital 
input & 8 digital output chan­
nels. In addition, there are two 
analogue inputs & two ana-

£18.45
£24.95

Remote Control Transmitter

B
 Compact 2-button IR keychain remote compati­
ble with most Velleman IR receivers, 2 powerful 
IR LEDs for a range of up to 15m, 16 channels 
(allow use of multiple transmitters in one room), 
easy channel configuration, no jumpers required.

£11.95
£25.95

sensitivity settings.
Overload & short-cir­
cuit protection, protection against incorrect power supply 
polarity. Speaker transient suppression.
K4004 Kit
Digital

£39.95
Storage Oscilloscope

PC based using supplied windows software. All standard 
oscilloscope functions are available. Its operation is just 
like a normal oscilloscope. Connection is through the 
computer's parallel port, the scope is completely optically 
isolated from the computer port.
K8031 Kit
PCS100A Assembled

£71.95
£85.00

PC Function Generator
0.01Hz to 1MHz crystal-based, op­
tically isolated from the PC. Sine, 
square & triangle. Includes Win­
dows™ '95/'98/NT/2000/XP inte­
grated software for the function 
generator.
K8016 Kit £76.95
PCG10A Assembled£98.95

PIC Programmer
Suitable for a wide range 
of Microchip® PIC™ mi­
crocontrollers, onboard 
configurable 40 pin. ZIF 
socket, Microcontroller 
selection using patch 
jumper, easy to use pro­
gramming PICprog2006™ software included, SUBD con­
nector set included.
K8076 Kit £16.45

1A Power Supply
Low cost universal symmetric power supply just add a 

suitable transformer and a heatsink, 
... trimmers can be replaced by po­
tentiometers to allow continuous ad­
justment of output, LED output 
indicators.
K8042 Kit £8.45

logue outputs with 8 bit resolution. All communication 
routines are contained in a Dynamic Link Library (DLL).
You may write custom Windows (98SE, 2000, Me, 
applications in Delphi, Visual Basic, C++ Builder or 
other 32-bit Windows application development tool
supports calls to a DLL.
K8055 Kit
VM110 Assembled
USB Interface Board
With a total of

£16.90
£27.95

33

XP) 
any 
that

MK162 Mini Kit
Remote Control Receiver
Two channels with relay output 
(24VAC/DC 1A max.) ultra compact 
channel and reception 
through LEDs toggle / pulse selec­
tion for each channel learn mode 
for channel ID all settings 
stored in EEPROM compatible with 
most Velleman Kit IR remotes.
MK161 Mini Kit
3-30V 3A Power Supply

indication

are

£6.25

£6.85

input/outputs: including ana- 1
logue / digital and + 1PWM
output. Connection to the ' W 3^
computer is galvanically op- W*
tically isolated, so that dam­
age to the computer is not 
possible thus providing a high level of secure implementa­
tion. Supplied with test software & examples.

Suitable as a power supply for all 
common Velleman kits using a sta­

i bilised DC voltage between 3 and
l| 30V, 3A max. Of course this pow­

er supply unit can also be used 
for other purposes. By replacing the 

trimmer by a potentiometer, it may even be used as an 
adjustable power supply unit. Supplied with heat sink.

K8061 Kit £44.85 K7203 Kit £17.95

High Power LED Driver
Power up to four 1W or two 3W high-power LEDs (not 
incl.) Delivers accurate constant current required by most 

... high-power LEDs, built-in rectifier for easy 
• connection to AC source, compact size,

.<7/■ _ short-circuit protected, no heatsink re­
quired.

Sound to Light Unit 
Low, mid and high 
Sensitivity adjustment 
channel. LED indication 
channel. Attractive translu­
cent enclosure. Microphone includ­
ed. Noise suppressed according to EN55015

per 
per

K8071 Kit £4.45 K8017 Kit £24.95

xJSJf VM143/1W for 1W LEDs £6.95
VM143/3W for 3W LEDs £7.35

Remote Control by Telephone
Turn up to three devices on or off over the telephone. It is 
also possible to check the condition of a switch (open or 
closed). A major advantage of this circuit lies in the fact 
that audio signals are used 
to tell whether a specific 
output has been turned on or 
off. Operation is protected 
by a user defined code,-- 
which is simply keyed in WjOjC 
from the telephone keypad.

Clap On/Off Switch
Operate your lighting simply by clapping 
your hands. Good immunity against sur­
rounding noises, '1-clap' or '2-clap'-mode 
selection, '2-clap'-mode features built-in 
safety turn-off timer (approx. 5h), output relay 'pulse' or

K6501 Kit £26.95

USB DMX Interface

Supplied with case, lead & CDROM
K8062 Kit
VM116 Assenbled
Remote Control Transmitter

Control DMX fixtures using a PC 
and USB interface, test software 
and "DMX Light Player" soft­
ware is included, a DLL is pro­
vided to write your own 
software. Stand-alone test func­
tion that outputs all 512 channels 
at a time, with adjustable levels.

'toggle' selection. 
MK139 Mini Kit
Voice Changer
Make your voice sound like 
a robot, add vibrato effect, 
use the 'pitch'-buttons and
make your voice sound lower or 
higher, built-in microphone and 
power amplifier with volume con­
trol, just add a speaker.
MK171 Mini Kit

£7.35

£6.95

Ultrasonic Radar Module
Buzzer output: fast / slow / con­
tinuous distance indication with 
3-LED-bar adjustable alarm. 
LED alarm indicator, dry contact

£43.45
£49.95

NO/NC relay
VM125 Assembled £16.45

For use with the K8057/VM109 2-channel RF receivers. 
Generates unique 32-bit code more than 
1,000,000,000 unique codes code can 
easily be changed for safety purposes 
choose continuous or 'burst' transmission 
LED indicator.

IR Light Barrier
Audible (85dB) and visible 
(LED) alert, range: 1 to 4m,
on/off
power 
holder 
cluded

switch provided, 
supply: 9V battery, 
and adapter jack in-

K8059 Kit £7.85
MK120 Mini kit

300 KiHt Mini Kita, K hhodults - huh AvfaiiaLlfc
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TIME FOR A CHANGE

DESIGN

NEW IN DESIGN SUITE 7
NEW: Redesigned User Interface includes modeless 
selection, modeless wiring and intuitive operation to 
maximise speed and ease of use.

NEW: Design Explorer provides easy navigation, 
design inspection tools and cross-probing support to 
improve quality assurance and assist with fault 
finding.

NEW: 3D Visualisation Engine provides the means to 
preview boards in the context of a mechanical design 
prior to physical prototyping.

NEW: Simulation Advisor includes reporting on 
simulation problems with links to detailed 
troubleshooting information where appropriate.

NEW: Trace capability within both MCU and 
peripheral models provides detailed information on 
system operation which allows for faster debugging 
of both hardware and software problems.

NEW: Hundreds of new device models including 
PIC24, LPC2000, network controllers and general 
purpose electronic components.

Electronic Design From Concept To Completion
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