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Freeca l l  o rder :  0800 032 7241

AV Booster Kit

KC-5350 £36.25 plus postage & packing

This kit will boost your video and audio signals
preserving them for the highest quality transmission
to your projector or large screen TV. It boosts
composite, S-Video, and stereo audio signals. Kit
includes case, PCB,
silkscreened punched
panels and all
electronic
components.

Voltage Monitor Kit for Cars

Luxeon Star LED Driver Kit

KC-5389 £11.00 plus postage & packing

Luxeon high power LEDs are some of the brightest

Use super-bright and energy
efficient LEDs in your
car, boat, or caravan.

PCB, and all electronic
components.

CREE® LEDs also available:

45 Second Voice Recorder Module

KC-5454 £16.00 plus postage & packing

This kit can record two, four or eight different
messages for random-access playback or a single
message for ‘tape mode’ playback. It provides clean
and glitch-free line-level audio
output suitable for feeding

system. It can be
powered from any

PCB and all electronic components

Full Function Smart Card
Reader / Programmer Kit
KC-5361 £20.00 plus postage & packing

This full function programmer allows you to
program both the microcontroller and EEPROM in
the popular gold, silver and emerald wafer cards. It
hooks up to the serial port of
your PC and can be operated
as a free-standing unit or
installed in a PC drive bay.
Cards used need to conform

includes ones sold by Jaycar.

battery.

electronic components.

Jaycar Electronics and Silicon Chip Magazine will not accept
responsibility for the operation of this device, its related
software, or its potential to be used for unlawful purposes.

3V to 9V DC to DC Converter Kit

KC-5391 £6.00 plus postage & packing

This great little converter allows you to use regular

rechargeable cells, the kit will pay for itself in no-

Imagine the extra capacity
you would have using two

replacement of
a low capacity

and all electronic components.

Stereo Headphone Distribution Amplifier

KC-5417 £12.75 plus postage & packing

Enables you to drive up to two
stereo headphones from

to peak) input. The
circuit features a facility
to drive headphones
with impedances from

Jaycar kit comes with all specified board
components and quality fibreglass tinned PCB.

Throttle Timer Kit for Cars

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.

OCTOBER 2011

Everyday Practical Electronics

FEATURED KITS

Automotive Kits

Audio Kits

KC-5424 £8.50 plus postage & packing

This versatile kit will allow you to monitor the
battery voltage, the airflow meter or oxygen sensor

time, high input impedance and auto
dimming for night time
driving. Kit includes
PCB with overlay,
LED bar graph and
all electronic
components.

KC-5373 £9.25 plus postage & packing

This brilliant design will trigger a relay when the
accelerator is pressed or lifted quickly. Used for
automatic transmission switching of economy to
power modes or trigger electronic blow-off valves
on quick throttle lifts etc. It is
completely adjustable, and
uses the output of a
standard throttle
position sensor. 

all electronic components

Studio 350 - High Power Amplifier

KC-5372 £63.50 plus postage & packing

low signal to noise ratio and
harmonic distortion. This
kit is supplied in short
form with PCB and
electronic components. Kit

power supply as described in instructions.
See website for more specifications.

Balanced to Unbalanced Audio Converter

KC-5468 £12.00 plus postage & packing

This kit will adapt an unbalanced input to balanced
output and vice versa and allows domestic
equipment to be integrated into a professional
installation while maintaining the
inherent high immunity to
noise pick-up on long
cable runs provided by
balanced lines. Kit
supplied with solder
masked PCB and all specified
components.

Programmable High Energy Ignition Kit

KC-5442 £34.50 plus postage & packing

This advanced and versatile
ignition system is suited for
both two & four stroke
engines. Used to modify the
factory ignition timing
or as the basis for a
stand-alone ignition system
with variable ignition timing,
electronic coil control and anti-knock
sensing (available separately).

all electronic components and die cast box

Knock Sensor

KC-5444 £7.00 plus
postage & packing

high energy ignition
system and the unit will
automatically retard the ignition timing if knocking is
detected. Ideal for high performance cars running
high octane fuel. Requires a knock sensor which is
cheaply available from most wreckers. Kit includes
PCB with overlay and all specified components.
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Post & Packing Charges

Order  on l ine :  www. jaycare lect ron ics .co .uk

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

Prices valid until
31/10/2011

Max weight 12lb (5kg)

Heavier parcels POA

Minimum order £10

Order Value Cost
£10 - £49.99 £5
£50 - £99.99 £10
£100 - £199.99 £20
£200 - £499.99 £30
£500+ £40

WEB: www.jaycarelectronics.co.uk
PHONE: 0800 032 7241*
FAX: +61 2 8832 3118*

POST: P.O. Box 107, Rydalmere NSW 2116 Australia 

*Australian Eastern Standard Time 

HOW TO ORDER

Speedo Corrector MkII Kit for Cars

KC-5435 £20.00 plus postage & packing

When you modify your gearbox, diff ratio or change
to a large circumference tyre, it may result in an
inaccurate speedometer. This kit alters the
speedometer signal up or down from 0% to 99% of
the original signal. With this improved model, the
input setup selection can be automatically selected
and it also features an LED indicator to
show when the input signal is being
received. Kit supplied with
PCB with overlay and
all electronic
components.

IR Remote Extender MKII Kit

KC-5432 £10.00 plus postage & 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 PayTV 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. 

Universal Power Supply Regulator

KC-5501 £5.50 plus postage & packing

This is an upgraded version of the original universal

small board and a handful of parts will allow you to

voltage from a single winding or
centre tap transformer (not included). 

components for board,
transformer not included

Clifford The Cricket

KC-5178 £6.25 plus postage & packing

Clifford hides in the dark and chirps annoyingly until
a light is turned on - just like a real cricket. Clifford is

and has cute little LED insect
eyes that flash as it sings. Just
like a real cricket, it waits a few
seconds after darkness until it
begins chirping, and
stops instantly
when a light comes
back on. 

electronic components supplied

12/24VDC 20A Motor Speed Controller Kit

KC-5502 £14.50 plus postage & packing

to 20A. Features optional
soft start, adjustable

reduce motor noise,
and low battery
protection. The speed is
set using the onboard
trimpot, or by using an external potentiometer

electronic components

Universal Voltage Switch

KC-5377 £12.00 plus postage & packing

This is a universal module which can be adapted to
suit a range of different applications. It will trip a
relay when a preset voltage is reached. It can be
configured to trip with a rising or falling voltage, so
it is suitable for a wide variety of voltage outputting
devices eg., throttle position sensor, air flow sensor,
EGO sensor. You could even use it to trigger an
extra fuel pump under high boost, anti-lag
wastegate shutoff, and
much more. Kit
supplied with PCB,
and all electronic
components.

Ultrasonic Antifouling for Boats

KC-5498 £90.50 plus postage & packing

Marine growth electronic
antifouling systems
can cost thousands.
This project uses the
same ultrasonic
waveforms and
virtually identical
ultrasonic transducers
mounted in sturdy
polyurethane housings. By
building yourself (which
includes some potting) you save a fortune!

case, ultrasonic transducer, potting and gluing
components and housings. The single transducer

transducers and drivers. Basically all parts supplied
in the project kit including wiring. 
(Price includes epoxies).

Kits for Electronic EnthusiastsNumber One
KIT OF THE MONTH
Wideband Fuel Mixture Controller Kit 

KC-5486 £29.00 plus postage & packing

Wideband Fuel Mixture Controller Kit 

range from rich to lean. It can be used for precise
engine tuning and can be a permanent installation
in the car or a temporary connection
to the exhaust tailpipe.

Wideband oxygen

components

Hundreds
Sold

Fuel/Air Mixture Display Kit

KC-5485 £21.75 plus postage & packing

Display your car's air-fuel ratio as you drive.
Designed to monitor a wideband oxygen sensor and
its associated wideband controller but could be
used to monitor a narrowband oxygen sensor
instead. Alternatively, it can
be used for monitoring other
types of engine sensors. 

through PCB

"Minivox" Voice Operated Relay

KC-5172 £6.00 plus postage & packing

Voice operated relays are used for 'hands free' radio
communications and some PA applications etc.
Instead of pushing a button, this device is activated
by the sound of a voice. This tiny kit fits in the
tightest spaces and has almost no turn-

with PCB electret mic, and
all specified components.

ULTRASONIC WATER TANK 
LEVEL INDICATOR KIT
KC-5503 £27.25 plus postage & packing

Designed for plastic and concrete tanks, or steel tanks with
modification, this water level indicator kit uses an ultrasonic
assembly that mounts inside the tank and a microprocessor

calibrate, can be pushbutton or permanent display, powered
by a 9V battery or power adaptor (available separately) and
can be used with fluids other than water. Kit includes PCB,

sealant not included. Don’t just sit
there BUILD
SOMETHING!

Jaycar OCT 2011.indd   2 23/08/2011   14:48:41



ESR - JULY2011 - Copy.indd   1 25/05/2011   14:53:24



Editorial Offices:
EVERYDAY PRACTICAL ELECTRONICS 
EDITORIAL Wimborne Publishing Ltd., 113 Lynwood 
Drive, Merley, Wimborne, Dorset, BH21 1UU
Phone: (01202) 880299. Fax: (01202) 843233.
Email: enquiries@wimborne.co.uk
Website: www.epemag.com
See notes on Readers’ Technical Enquiries below 
– we regret technical enquiries cannot be answered 
over the telephone.

Advertisement Offices:
Everyday Practical Electronics Advertisements
113 Lynwood Drive, Merley, Wimborne, Dorset, 
BH21 1UU
Phone: 01202 880299 Fax: 01202 843233
Email: stewart.kearn@wimborne.co.uk

Editor:   MATT PULZER
Consulting Editor: DAVID BARRINGTON
Subscriptions: MARILYN GOLDBERG
General Manager: FAY KEARN
Graphic Design: RYAN HAWKINS
Editorial/Admin: (01202) 880299
Advertising and 
Business Manager: STEWART KEARN 
  (01202) 880299
On-line Editor: ALAN WINSTANLEY
EPE Online
(Internet version) Editors:
  CLIVE (Max) MAXFIELD 
  and ALVIN BROWN
Publisher:   MIKE KENWARD

READERS’ TECHNICAL ENQUIRIES
Email: techdept@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 
technical queries on the phone.

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

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 project 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 undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts.

The Publishers regret that under no circumstances 
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.

ED I TOR IAL

A toast to ingenuity
In what little spare time I have, I do an Open University (OU) degree in 
mathematics. It’s interesting and nicely complements my original degree 
in engineering. Part of my current course involved a week-long summer 
school at the University of Nottingham, where OU students got a taste of 
‘conventional’ university life and the chance to study in depth without 
the usual distractions of day-to-day life.
One of the best aspects of this week was the wonderfully diverse 

waitresses, and 18-year olds to 80-year olds, there was a great cross-
section of people who all share a passion for ‘doing sums’.
One of the most interesting people I met was Alan Kerslake, an engineer 
from Rosyth. He had trained in the navy as an apprentice (in electronics) 
and remembered EPE in it’s former incarnation as Practical Electronics
(PE). Alan had many fascinating stories of navy life, but the one that stuck 
in my memory was a great tale of British ‘make do and mend’ from when 
he was in the South Atlantic during the Falklands campaign.
One of the radar units on his ship developed a serious fault, which was 

spare could be found. This was clearly neither the time nor the place for a 

Alan went down to the ships stores for a good rummage, where he 
spotted some large catering toasters for the galley. Out came the coiled 
elements, and with the help of a rheostat, meter and function generator he 
determined that the coils had the current carrying capacity of the failed 
inductor and a third of its inductance. So, with a bit of ingenuity the radar 

might be a better description, since it’s range was increased from 80 to 115 
miles. Alan, a modest man, who told this story for its amusement value 
and not to blow his own trumpet, did admit that his captain had been 

A great tale of a PE-reading engineer, who had the imagination to see 

humble of components. Alan certainly gets my retrospective vote for 
‘Ingenuity Unlimited’ winner of 1982.
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EPE’s Barry Fox challenges LG Electronics’ 3D TV ad  by Barry Fox

The Advertising Standards 
Authority (ASA), which aims to 

keep adverts ‘Legal, decent, honest 
and truthful’, is formally considering 
a complaint lodged by a competitor 
of LG Electronics, over full-page 
magazine adverts for passive 3D TV, 
placed by LG in early July.

I can report this because I lodged 
a consumer complaint after LG’s 
appointed pres
failed to offer requested press com-
ment on the adverts – on one occa-
sion promising action ‘tomorrow’ 
and then failing to follow through.

LG’s adverts were headed ‘It’s 3D TV 
(but not as we know it)’ and promoted 

1080p enhanced picture quality giving 
you a screen that’s clearer and twice as 
bright as conventional 3D TVs… with 
ultra wide viewing so more of your fam-
ily and friends can get in on the action.’

The adverts went on to explain 
that ‘ultra-wide viewing means 

The new PicoLog CM3 USB/Ethernet 
current data logger is a compact, easy-

to-use instrument for measuring power 
consumption. With three channels, it 
can monitor current in single-phase 
and three-phase AC installations. 
Applications include monitoring three-
phase motors and generators, measuring 
the consumption of heating, ventilation 

and balancing phases in multiphase 
supplies. The logger is supplied com-
plete with three AC current clamps and 
a powerful data acquisition software 
package.

The PicoLog CM3’s measuring 
range is 0 to 200A, with an accu-
racy of ±1% and less than 10mA of 
noise. The conversion resolution is 

Pico Technology launches new three-channel mains current data logger

Pico Technology’s new current data logger 
works with single- and three-phase systems

bright… as conventional 3D televi-
sions’ so ‘being a specialist com-
petitor we would therefore think it 
likely that this is not a problematic 
claim (and) unlikely to materially 
mislead people to their detriment.’

It is unclear why LG’s competitor 
did not complain on these counts. 
The ‘twice as bright’ claim is mathe-

-
fer any quantifying/qualifying expla-
nation or evidence or reference point.

The ASA would surely investi-
gate if a carmaker broadly claimed 
a car that was ‘twice as fast’!

LG’s main competitors in the 
UK are Panasonic, Sony and Sam-
sung, all selling active shutter 3D 
TVs. A spokeswoman for Pana-
sonic UK says ‘As far as I know 
we have not lodged a complaint’. 
Samsung’s press team says ambigu-
ously ‘sorry this is not something 
we know anything about’. Sony has 
so far failed to respond usefully.

you can sit where you want… un-
like other 3D TVs, with LG Cinema 
3D everyone will feel the full ef-
fect of the 3D experience… because 
the ultra-wide viewing angles allow 
you and your family and friends 
to sit where you want in comfort.’

The ASA says that ‘in relation to 
points regarding the advertiser’s claims 
about passive ‘3D ultra wide viewing’ 

we have recently received a competi-
tor complaint and… that complaint 
is currently under investigation.’

Although passive 3D screens may 
have a wide horizontal viewing 
angle, the horizontal strips of pola-
rising material over the screen con-
siderably restrict the vertical view-
ing angle; the strips also reduce 
the picture brightness in 2D mode. 

competitor has not complained 
about ‘the advertiser’s claim that 
their TV is ‘clearer and twice as 

24 bits. It is supplied with ‘PicoLog’ 
data logging software, which runs on 
any PC with Windows XP or later. 
PicoLog can collect data from up to 
20 PicoLog CM3s at programmable 
intervals from 720ms per channel 
up to minutes, hours or even days. 

It displays readings in a monitor 
window with optional limit alarms, 
alongside optional live graph and 
table views of the same data. You 
can export readings in a standard 
text format compatible with other 
spreadsheet and analysis programs.

Priced at £349, the PicoLog CM3 

parts-and-labour warranty and free 
technical support. More information 
can be found at: www.picotech.com

News Oct 2011.indd   8 24/08/2011   15:08:44
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Brunning launches PICs and power courseBrainy chips

The Libstock community – Facebook for coders!

Brunning Software has ann-
ounced the imminent release 

of their new training course for 16F 
and 18F XLP PIC microcontrollers. 
The ‘PICs and Power’ training course 
will be ready for sale at the end of 
September. Unlike their current 
PIC training courses, this latest 
course expects the student to have 
some electronics and programming 
experience and to know a little 
about PIC microcontrollers. A new 
340-page book Experimenting with 
PICs and Power starts easily enough 
for complete beginners, but rapidly 
gathers pace. A multi-purpose 
circuit is also being offered to go 
with the course, although there are 
details in each section of the book 
to enable the reader to build their 
own circuits. The circuit has sockets 
for all the usual PIC sizes, and 
sockets for a 16-character by two-
line display, keypad, audio output, 
thermistor, and experimental 
USB. It also has eight high-current 
MOSFETs onboard, arranged as two 
P+N bridges. These tiny surface-
mount MOSFETs have a maximum 
on resistance of a mere 0.012 , a 
continuous current rating of 12A, 
and a peak rating of 96A. The full 
circuit is conservatively rated to 
drive up to 16V at 5A for motors or 
stepper motors.

IBM has unveiled a new generation 
of experimental computer chips 

designed to emulate the brain’s 
abilities for perception, action and 
cognition. IBM hopes the technology 
may yield many orders of magnitude 
less power consumption and space 
than used in today’s computers.

In a sharp departure from traditional 
concepts in designing and building 

computing chips recreate the phe-
nomena between spiking neurons 
and synapses in biological systems, 
such as the brain, through advanced 
algorithms and silicon circuitry.

Called ‘cognitive computers’, sys-
tems built with these chips won’t 
be programmed the same way tradi-
tional computers are today. Rather, 
cognitive computers are expected to 

-
relations, create hypotheses, and 
remember – and learn from – the 
outcomes, mimicking the brains 
structural and synaptic plasticity.

IBM has two working prototypes. 
Both cores were fabricated in 45nm 
SOI-CMOS and contain 256 neurons. 
One core contains 262,144 program-
mable synapses and the other con-
tains 65,536 learning synapses. The 
IBM team has demonstrated simple 
applications like navigation, ma-
chine vision, pattern recognition, as-

Libstock is a community website 
created by mikroElektronika, 

which allows users to share their 
projects. It lets you stay in touch with 

code changes, discuss code imple-
mentation, and express your wishes 
for new development.

Libstock allows sharing of three 
major code types: libraries, proj-
ects and visual TFT/GLCD projects. 

Microchip announces new analogue resistive USB touch-screen controller

Brits Bing more then 
they Yahoo!

The AR1100 controller is a high-performance, USB 
plug-and-play device that builds on the AR1000 

analogue resistive touch-screen controller series and 
offers advanced calibration capabilities as a USB mouse 
or single-input digitiser. The new controller is available 
as a turnkey chip or board product, supporting all 4-, 5- 
and 8-wire touch screens, with free drivers for most major 
operating systems.

The mTouch AR1100 Development Kit (DV102012), priced 
at $89.99, includes an AR1100 production-ready PCB, with 
a USB cable and a 5-wire analogue-resistive touch screen, 
enabling designers to quickly connect and test this advanced 
touch-screen controller. For further 
information, visit Microchip’s Web-
site at: www.microchip.com/get/08XT

Google may be the search engine 
of choice for most of us, but 

Microsoft’s foray into this all-
important feature of the Internet has 
started to pay dividends – in Britain 
at least. The software giant’s ‘Bing’ 
search engine accounted for 3.84% 
of all UK searches in July, overtaking 
Yahoo! with 3%. That made Bing the 
number two search engine in Britain.

The book is packed with detailed 

high torque DC motor speed control 
and stepper motor control. The last 
chapter covers micro stepping tech-

-
cuit board has sockets for connect-
ing either a PICkit3 or a Brunning 
Software programmer for writing the 
code into the PIC. A software library 
on CD is also provided, along with 
a USB-to-USART adaptor, which is 
needed for the motor control serial 
experiments between PC and PIC.

The course will initially be avail-
able only as fully built and ready 
to go. A low-cost version requiring 
assembly is planned for 2012. For 
more details, see: www.brunning-
software.co.uk/pap.htm; tel: Brun-
ning Software +44 (0)1255 862308.

Within those types, you can share 
whatever is necessary, or whatever 

end user. If you want to share your 
library, you can also provide exam-
ples, connection schematics, help 

-
mentation, and even PCB designs.

But Libstock is much more than 
that. It’s like Facebook for coders! 
See Libstock at: www.libstock.com

A multi-purpose circuit is offered with 
Brunning’s ‘PICs and Power’ course

Microchip has launched 
the AR1100 IC to work 
with touch screens

News Oct 2011.indd   9 24/08/2011   15:10:43
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Constructional Project

WHY would you want to monitor 
the air/fuel ratio as you drive? 

Well, for starters, it will allow you 
to save fuel, since the display clearly 
indicates when the engine is running 
rich.

When used in conjunction with a 
wideband oxygen sensor and control-
ler, the air/fuel ratios shown on this 
unit are more accurate than can be 
obtained from the narrowband sen-
sors that are typically used in cars and 
which are really only accurate close to 
the ‘stoichiometric’ point (ie, the air/
fuel ratio at which there is just enough 
oxygen in the air to ensure complete 
combustion).

Under normal driving, most engine 
management systems operate under 
‘closed-loop’ control. This is where the 
air/fuel ratio from an oxygen sensor is 

This Wideband Oxygen Sensor Display can show your car’s air/
fuel ratio as you drive. It’s designed to monitor a wideband oxygen 
sensor and its associated wideband controller, but could be used 
to monitor a narrowband oxygen sensor instead. Alternatively, it 
can be used for monitoring other types of engine sensors.

monitored and controlled by the car’s 
engine control unit (ECU) to maintain 
a predetermined fuel mixture. This is 
usually stoichiometric, but under light 
cruise conditions the mixture can go 
lean to improve fuel economy.

Conversely, during acceleration, the 
air/fuel mixture in many cars is al-
lowed to go rich to improve perform-
ance and is not under the control of 
the ECU. This is called ‘open-loop’ and 
the richness of the mixture depends on 
other factors, such as the throttle set-
ting and the injector opening period.

Economy drive
By monitoring the air/fuel mixture 
display as you drive, you will quickly 
learn how to obtain the best economy. 
When climbing a hill, for example, the 
car would normally be running rich, 

so you can ease off on the throttle just 
enough to return the ECU to closed-
loop control and run at stoichiometric 
mixtures to reduce the amount of fuel 
used.

In addition, when gear changes are 

earlier or later than normal will keep 
the engine running leaner for longer.

Similarly, when travelling downhill 
without throttle, most cars shut off the 
injectors above a certain RPM limit, so 
that no fuel is used at all. When this 
happens, the display will show a very 
lean air/fuel ratio.

Note, however, that the injectors 
are usually partially open below 
this RPM limit, to ensure a smooth 
engine response when the throttle is 
opened. This means that when trav-
elling downhill, it may be better to 

Monitor your car’s air/fuel ratio as you drive

Wideband Air-Fuel Mixture 
Display By JOHN CLARKE
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drop down a gear to ensure complete 
injector shut-off (and thus reduced 
fuel usage), rather than stay in a higher 
gear with the injectors slightly open.

Diagnosing problems
Once you’ve used this unit for a while, 
you will soon learn what sort of read-
ings to expect in every-day driving. 
Any subsequent variations from ‘nor-
mal’ can then be interpreted as indi-
cating a problem. For example, there 
could be a fault with the oxygen sensor, 
the wideband controller or the engine 
management unit. A problem with fuel 
delivery is another possibility.

Oxygen sensors do wear out even-
tually, due to an accumulation of 
contaminants on the sensor tip. As a 
result, car manufacturers recommend 

number of kilometres (typically around 
100,000km for a heated sensor type). 
A worn-out oxygen sensor becomes 
sluggish in its response and causes a 
number of problems, including exces-
sive fuel consumption, poor engine 
performance, accelerated catalytic con-
verter damage and increased emissions.

By monitoring your car’s air/fuel ratio 
as you drive, you can quickly discover 
abnormal operating conditions and 
have the sensor checked and, if neces-
sary, replaced.

Engine modifications
This unit will also be invaluable if 

It will soon show whether or not the 
mixture is too lean during acceleration 
or too rich under cruise conditions, 
and allow you to make adjustments 
accordingly.

This can be particularly handy if you 
are swapping the ECU chip for an after-
market type, or if you are experiment-
ing with the fuel injectors. It’s all too 
easy to damage an engine if the mixture 
is too lean under certain circumstances.

Oxygen sensor types
In order to monitor the air/fuel ratio, 

vehicles that have fuel injection and 
engine management, although most 
cars use what is known as a ‘narrow-
band’ oxygen sensor.

In practice, the oxygen sensor is lo-
cated in the exhaust system to monitor 
the exhaust gas after the fuel has been 

burnt in the engine. Basically, the fuel 
is mixed with air inside each cylinder 

varied under the control of the ECU 
in order to obtain the desired engine 
(and emissions) performance.

Under light engine-load conditions, 
the engine is usually run with exactly 
the correct proportion of fuel and air 
to ensure complete combustion. When 
this happens, the air/fuel ratio is said 
to be ‘stoichiometric’ and this ratio 

is typically 14.7 for unleaded petrol. 
Putting it another way, 14.7kg of air is 
mixed with each 1kg of the unleaded 
fuel to achieve the stoichiometric ratio.

Note, however, that the stoichiomet-
ric ratio is different for different fuels 
because it depends on the chemical 
composition of the fuel and its com-
bustion characteristics. For liquid pe-
troleum gas (LPG), the stoichiometric 
value is typically 15.5 (ie, 0.8 greater 
than for unleaded petrol).
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Main Features and Specifications

MAIN FEATURES
3-digit LED display plus 7-segment bargraph
Linear display with 0V to 5V wideband range, or 0V to 1V S-curve range
Alternative display switching (A or B readings for wideband values); 
petrol or LPG readings for narrowband S-curve
0V and 5V endpoint value limit adjustments for both A and B displays
Decimal point positioning
Display leading zero suppression
Bargraph can be operated in dot, bar or centred-bar mode for wideband 
range. S-curve set-up allows for dot or centred-bar styles
Display dimming with minimum brightness and dimming threshold 
adjustments
Quieting period used for input measurement to ensure accuracy

SPECIFICATIONS
Power supply: 6V to15V @ 240mA (full display brightness) 
Input current loading: less than ±1 A
Digit update period: 250ms
Bargraph update period: 30ms
Wideband display reading range: 0-999
Narrowband display reading range: 11.8 to 20.6 for unleaded petrol with 
the stoichiometric ratio set for 14.7; 12.6 to 21.4 for LPG with stoichiometric 
at 15.5. The display shows an ‘L’ for ratios below the lowest value and an ‘r’ 
for ratios above the highest value.

Fig.1: here’s how the display unit is used with a wideband sensor and its 
associated controller. The narrowband S-curve output from the controller is 
fed to the engine management computer (see text).
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During acceleration, the engine is 
commonly run with a rich mixture, 
meaning that more fuel is added to the 
air compared to that used in the stoi-
chiometric ratio. As a result, the air/fuel 
ratio becomes lower in value. This rich 
mixture provides more power under 
load – at the expense of fuel economy.

Unburnt hydrocarbons
When the mixture is rich, there is 

-
ture to provide complete combustion. 
As a result, unburnt hydrocarbons are 
present in the exhaust gas.

Conversely, when the engine is 
running in cruise conditions, the 
fuel supplied to the engine can be 
reduced to produce a ‘lean’ mixture, 
so that there is residual oxygen in 
the exhaust. This is done to improve 
fuel economy and results in an air/
fuel ratio that’s slightly higher than 
stoichiometric. 

Another way of specifying the air/
fuel ratio is to ‘normalise’ the stoich-
iometric value, so the ratio is refer-
enced to 1. We call this normalisation 
the ‘lambda’ ( ) value and it has a value 
of ‘1’ at the stoichiometric point.

Basically, the lambda value is simply 
the actual air/fuel ratio divided by 
the stoichiometric ratio. This means 
that lean air/fuel ratios have a lambda 
greater than 1, while rich air/fuel ratios 
have a lambda that’s less than 1.

In practice, air/fuel ratios are a 
compromise between driveability, 
engine power and the production of 
air pollutants. Air pollutants are also 
reduced using a catalytic converter. 
This converts nitrous oxides to ni-
trogen and oxygen, carbon monoxide 
(CO) to carbon dioxide (CO2) and the 
unburnt hydrocarbons into carbon 
dioxide and water.

Oxygen sensor display unit
As shown in the photos, the Oxygen 
Sensor Display unit is housed in a 
small plastic case. It features a 3-digit
LED display to show the air/fuel ratio, 
plus a 7-segment bargraph, which 
indicates the signal trend.

Just three leads are used to connect 
the unit to you car: one for 12V power, 
another for the ground (0V) and the 
third for the signal. In addition, two 
more leads can be wired to switch the 
unit from one set of display values to 
another.

Inside the box are four pushbutton 
switches located along the top edge of 
the PC board. These are used to initially 
set up the way the unit works. However, 
they are not normally used once the 
various settings have been made.

Another feature of the unit is au-
tomatic display brightness. During 
daylight, the displays are driven to 
full brightness so that they can be eas-
ily seen. By contrast, as the ambient 
light dims, the display brightness is 
reduced so that they don’t become 
distracting, particularly at night.

8.8.8.

NARROWBAND
SENSOR

WIDEBAND
DISPLAY

+12V

SET FOR
S-CURVE

S-CURVE OUTPUT
NARROWBAND

HEATER 8.8.8.
RESISTIVE
SENSOR

+12V +12V

INPUT

LED1

LED1

LED1

LED7

LED7

LED7

A
BAR

B

C

CENTRED
BAR

DOT

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

5V

5V

5V

5V

5V

5V

0V

0V

0V

0V

0V

0V

NON INVERTED:

NON INVERTED:

NON INVERTED:

INVERTED:

INVERTED:

INVERTED:

OxygenSensorDisplay (NOT WITH MP CORRECTIONS)1108.indd   12 23/08/2011   14:11:48



Everyday Practical Electronics, October 2011 13

Constructional Project

Fig.1 shows how the unit is used 
with a wideband sensor and its as-
sociated controller. As can be seen, 
the 0-5V output from the controller 
provides the air/fuel ratio signal for 
the Oxygen Sensor Display. In addi-
tion, a wideband controller usually 
has a simulated S-curve output and 
this can be used to replace the sig-
nal from the original narrowband 
sensor for the engine management 
computer.

By using the 0V to 5V signal from 
the controller, the display unit can be 
set up to show the air/fuel ratio over 
a set range. For example, it could be 
set to show air/fuel ratios between 7.4 
and 22.0. These values are set to match 
the 0V to 5V range from the wideband 
controller, with the unit responding in 
a linear fashion.

That’s not all it can do though. Basi-
cally, this unit can be set to display 
whatever values you wish. For example, 

VIRTUALLY all cars come fitted with narrowband oxygen sensors, and 
if you want to save money and accuracy isn’t important, you can use 

the existing sensor with the Oxygen Sensor Display. That said, it’s best to 
substitute the Bosch LSM11 narrowband oxygen sensor, since the display unit 
is calibrated for this sensor in narrowband mode.

Conversely, if you want high accuracy, you must use a wideband 
oxygen sensor such as the Bosch LSU 4.2. This must be teamed with a 
wideband controller that gives a 0V to 5V output. Such controllers include 
the Tech Edge WB02 2J1 (http://wbo2.com/home/products.htm) and 
the Innovate Motosports LC-1 (http://www.innovatemotorsports.com/
products.php).

As far as we are aware, there are only a few vehicles, such as Audi and 
VW, that have factory-fitted wideband sensors, so the chances are that you 
will have to buy a wideband sensor and fit it. In most cases, all you have 
to do is remove the existing narrowband sensor, substitute the wideband 
sensor and team it with a wideband controller. The simulated narrowband S-
curve output from the wideband controller is then connected to the vehicle’s 
engine management computer. This replaces the signal from the original 
narrowband sensor and allows the engine to operate normally – see Fig.1. 

The 0V to 5V output from the wideband controller unit is connected to the 
display unit, which then provides accurate air/fuel mixture readings.

A wideband oxygen sensor also requires the use of a wideband controller 
unit, such as this Tech edge WB02 2J1. It provides a 0V to 5V output which 
is fed to the Oxygen Sensor Display unit, plus a simulated narrowband 
S-curve output that’s fed to the engine management computer.

What type of oxygen sensor to use it could be set to show lambda values 
from say 0.51 to 1.50 instead.

Alternatively, you can set it up to 
display either the air/fuel ratio or the 

that case, there are two sets of values 
labelled ‘A’ and ‘B’, and you select 
between them.

Similarly, for cars that run on both 
unleaded petrol and LPG, it’s possible 
to switch the unit so that it displays the 
correct air/fuel ratio for the selected fuel.

Narrowband sensor 
How the unit is used with a narrowband 
oxygen sensor is shown in Fig.2. In 
this case, the display includes a preset 
response for the standard Bosch LSM11 
narrowband oxygen sensor and shows 
the air/fuel ratio for unleaded petrol from 
11.8 to 20.6 (stoichiometric at 14.7).

For air/fuel ratios below 11.8, the 
display shows an ‘r’ for rich, while 
ratios above 20.6 give an ‘L’ for lean. 
Similarly, for LPG, the range is 12.6 to 
21.4 (stoichiometric at 15.5), with an 
‘r’ shown for ratios below 12.6 and an 
‘L’ for ratios above 21.4.

One option here is to have a dot or 
a centred bargraph display for the 
S-curve narrowband mode. For more 
information on this, refer to the panel 
titled ‘Using the unit with a narrow-
band sensor’.

If the output from the sensor does not 
cover the full 0V to 5V range, then the 
values set at the 0V and 5V end points 
are obtained by extrapolation. This 

to Fig.9 or Fig.10 that shows two points 
that correspond to the output from the 
sensor and their corresponding values. 
The graph is then extended until it 
reaches the 0V and 5V points.

The values that are obtained at the 0V 
and 5V points are the endpoint values 
that need to be entered into the display 
during the setting up procedure. 

Bargraph display
As indicated previously, the LED bar-
graph shows the sensor voltage level 
and is useful for indicating the voltage 
trend. Its response to voltage changes 

digital display, which is deliberately 
slowed down so that the values can 
be easily read.

Fig.4 shows the three bargraph dis-
play options that are available in the 
wideband operating mode. Note that 
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although a 10-LED bargraph display 
is used, only seven LEDs are used in 
these displays.

Fig.4(a) shows the ‘Bar’ display 
mode. Here, the number of LEDs lit 
increases from one to seven over six 
steps in response to a rising sensor 
voltage. Alternatively, it can be set up 
to increase the number of LEDs lit in 
response to a falling sensor voltage (ie, 
an inverted display).

The ‘Centred Bar’ mode is dis-
played in Fig.4(b). In this mode, the 
centre bar is always lit (2.5V sensor 
output), with the bar then extending 
either up or down in response to a 
rising or falling sensor voltage. Once 
again, an inverted display option is 
available.

This option is the most useful when 
showing the air/fuel ratio, with the 
bars indicating as the mixture moves 
into either rich or lean ratios. The 
centre bar is the stoichiometric 
point.

Finally, Fig.4(c) shows the ‘Dot’ 
mode option. In this case, there are 
13 levels, with either one or two 
LEDs being lit as the sensor voltage 

varies. As with the previous two 
modes, an inverted display option 
is available.

Circuit details
Despite its versatility, the circuit for 
the Wideband Oxygen Sensor Display 
is really very simple. Fig.5 shows the 
details.

As shown, it’s based on a PIC16F88-
I/P microcontroller (IC1), with most 
of the clever stuff hidden inside its 

there are the three 7-segment LED 
displays (DISP1 to DISP4), the 10-
LED bargraph display, four driver 
transistors (Q1 to Q4), a 3-terminal 
regulator (REG1) and a few sundry 
bits and pieces.

IC1 monitors the input voltage from 
the sensor, processes the data and 
drives the LED displays to show the 
calculated air/fuel ratio value. Output 
ports RB0 to RB7 drive the display seg-
ment cathodes, while transistors Q1 
to Q4 switch the common display an-
odes, ie, the displays are multiplexed 
so that only one display digit is driven 
at any given time.

Note that all the segments common 
to each display are tied together. For 
example, the ‘a’ segment of DISP1 con-
nects to the ‘a’ segments of DISP2 and 
DISP3. In addition, LED4 within the 
LED bargraph (DISP4) also connects 
to the ‘a’ segments of DISP1 to DISP3.

These ‘a’ segments are driven via the 
RB5 output of IC1 via a 100  resistor. 
As a result, when this output is low, the 
‘a’ segment in one display will light, 
depending on which driver transistor 
is turned on.

The PNP transistors Q1 to Q4 are 
driven by ports RA0, RA1, RA6 and 
RA7 via 2.2k  resistors. For example, 
transistor Q1 is controlled by RA1, 
and when this output is high, Q1 is 
held off. 

Conversely, when RA1 goes low (0V), 
Q1’s base (B) is pulled low via its 2.2k
resistor and so Q1 turns on. As a result, 
any segments within DISP1 that have 
their cathodes pulled low via IC1’s RB 
outputs (and their respective 100
resistors) will now light.

Transistors Q2, Q3 and Q4 are driven 
in a similar manner to Q1 to control 
DISP2, DISP3 and the LED bargraph 
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Parts List – Oxygen 
Sensor Display

1 double-sided PC board, code 
825, available from the EPE
PCB Service, size 80mm × 
50mm

1 plastic case measuring 83mm 
× 54mm × 31mm

1 rectangular piece of red clear 
Perspex 48mm × 18mm

4 SPDT micro tactile switches, 
with a 6mm actuator (S1 to S4)

1 LDR with 48k  light resistance
1 DIP20 IC socket, 0.3-inch 

width
1 DIP18 IC socket
1 DIP16 IC socket
1 DIP14 IC socket
1 M3 x 10mm screw
1M3 nut
5 PC stakes
1 2m length of twin shielded 

wire

Semiconductors
1 PIC16F88-I/P programmed 

microcontroller (IC1)
3 13mm common anode LED 

displays (DISP1-DISP3)
1 10-LED DIL bargraph (DISP4)
4 BC327 PNP transistors (Q1-Q4)
1 LM2940CT-5, +5V low dropout 

regulator (REG1)

Capacitors
1 220 F 10V radial electrolytic
1 470nF MKT polyester
1 100nF MKT polyester 
1 10nF MKT polyester

Resistors (0.25W, 1%)
6 2.2k
1 10k
1 22k
1 5 × 100  individual SIL 

resistor array
1 3 × 100  individual SIL 

resistor array

(DISP4). For example, to light DISP2, 
we switch off Q1, set the required seg-
ment driver outputs required for the 
DISP2 display and then switch on Q2 
by taking RA6 low. A similar process 
is then used to switch on DISP3 and 
DISP4 in turn.

This on-off switching of the displays 
is done at such a fast rate (around 
2kHz) that the displays all appear to 
be continuously lit.

Display dimming
Light-dependent resistor LDR1 is used 
to sense the ambient light to control the 
display dimming. This is connected 
in series with a 22k  resistor to form 
a voltage divider across the +5V rail, 
and its output is fed to IC1’s AN3 port.

When the ambient light is high, the 
LDR has a low resistance and the volt-
age at the AN3 input is pulled down 
close to 0V. Conversely, in low ambient 
light, the LDR has a high resistance 
and IC1’s AN3 input is pulled close 
to the +5V rail via the 22k  resistor. 
At intermediate light levels, AN3 will 
sit somewhere between 0V and +5V.

In operation, IC1 dims the displays 
in response to its AN3 voltage. It does 
this by limiting the amount of time that 
the displays are lit. In bright light, each 
display is lit for almost 25% of the total 
time, but this reduces as the AN3 voltage 
rises in response to falling light levels.

In fact, at very low levels, each dis-
play might only be lit for about 2% 
of the time.

Pushbutton switches
Switches S1 to S4 allow the unit to be 
programmed by providing the Mode, 

Select, Down and Up functions. These 
are connected respectively to the bases 
of transistors Q1 to Q4, while the other 
ends are commoned and connected to 
the +5V rail via a 10k  resistor. This 
commoned end is also connected to 
IC1’s AN2 input, which monitors the 
switches.

If switches S1 to S4 are all open, 
IC1’s AN2 input will be held at +5V 
via the 10k  pull-up resistor. How-
ever, if a switch is closed, AN2 is con-
nected to the base of its corresponding 
transistor. As a result, the voltage 
on the AN2 input will drop to about 
0.6V below the +5V rail (ie, to 4.4V) 
each time that particular transistor 
switches on.

In operation, the microcontroller 
periodically checks the voltage at its 
AN2 input. As a result, it can decide 
if a switch has been closed based on 
the AN2 voltage and then determine 
which switch it is by checking which 
transistor is currently switched on.

The optional external Alternative 
Display Switch is connected in par-
allel with switch S4. This switch can 
be a dashboard toggle switch so that, 
for example, either the air/fuel ratio 
or the lambda value can be shown. 
Alternatively, it can be a relay contact 
that automatically opens or closes de-
pending on the fuel (eg, petrol or LPG).

Note that this switch is not required 
if the display only needs to show one 
set of values.

Input signal
The signal from the sensor is fed to 
the AN4 pin of IC1. IC1 converts this 
input voltage into a 10-bit digital 

value, which is then processed and the 
resulting calculation fed to the display.

A 2.2k  current-limiting resistor and 
internal clamping diodes inside IC1 
protect the AN4 input should the input 
voltage go above the +5V supply or below 
the 0V rail. The associated 10nF capaci-

A feature of the unit is that it switches 
off all the displays for a short period be-

Using it as a general-purpose display

BECAUSE it’s based on a microcontroller, this unit can also be used as a 
general-purpose display to monitor other sensors (ie, you don’t have to 

use it with an oxygen sensor).
Basically, it can display any number ranging from 0 to 999 in response to 
any sensor with a 0V to 5V output signal. You can set it up so that the display 
either increases in value as the sensor output voltage increases, or set it so 
that the display decreases in response to rising sensor voltages. A decimal 
point can also be included and can be positioned after the first or second digit. 
If no decimal point is selected, then the display features leading zero blank-
ing. This means that a value of 007, for example, will be displayed as 7, 
while a value of 021 will be displayed as 21. Similarly, if the decimal point is 
positioned after the second digit, a value of say 00.2 will be shown as 0.2.
This decimal point selection and zero blanking feature also applies when 
displaying air/fuel ratios from a wideband controller.
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❏  No.  Value  4-Band Code (1%)  5-Band Code (1%) 
❏    6  2.2k   red red red brown  red red black brown brown 
❏    1  10k   brown black orange brown  brown black black red brown 
❏    1  22k   red red orange brown  red red black red brown 

  ❏    8  100   brown black brown brown  brown black black black brown

Table 1: Resistor Colour Codes
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fore measuring the input voltage. This 
minimises any voltage drops that could 
occur due to supply current in the 
ground wiring if the displays were lit, 
and ensures accurate measurements.

Timing for IC1 comes from an inter-
nal oscillator running at 4MHz. This 
has an accuracy of about 2%, which 
is close enough for this application, as 
the timing is not critical.

Power supply
Power is derived from the vehicle’s 
fused ignition supply. This +12V rail 
is fed to a low-dropout LM2940CT-5 
+5V regulator. These regulators are 

designed for automotive applica-
tions and are protected against line 
transients and reverse supply voltage 
(if the supply is reversed, the output 
remains at 0V and no damage occurs).

A 470nF capacitor decouples the 
supply for the regulator input, while 
a 220 -
put. This output capacitor supplies 
the transient current required for the 
displays and also prevents the regula-
tor from becoming unstable. 

In addition, the supply rail to IC1 is 
decoupled using a 100nF capacitor at 
pin 14. The 2.2k  resistor between 
IC1’s MCLR input (pin 4) and the +5V 

rail provides the power-on reset signal 
for IC1.

Software
The software program files for the 
Wideband Oxygen Sensor Display will 
be available from the EPE website at: 
www.epemag.com.

Construction
This unit is easy to assemble, with 
all parts installed on a double-sided 
PC board. This board is coded 825 
(80mm × 50mm) and is housed in a 
small plastic case measuring 83mm × 
54mm × 31mm.

Oxygen Sensor Display

DISPLAY CUTOUT

SILICON
CHIP www.siliconchip.com.au

Fig.6: install the parts on the PC board as shown here. 
The alternative display switch is optional (see text).

Fig.7: this full-size artwork can be used as a drilling 
template for the front panel.

This view shows the PC board before the 7-segment LED 
displays and the bargraph are plugged in.

Take care to ensure that all the parts are installed on 
the PC board with the correct orientation. The LED 
bargraph is mounted with its bevelled edge at bottom 
right (see Fig.6).

NOTE: DISP1-DISP4
ALL MOUNTED IN IC 
SOCKETS (SEE TEXT)

S S S
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The PC board is available from the 
EPE PCB Service. Our board does NOT
have plated through holes and will 
require ‘vias’ and some components 
soldered to both sides.

Begin by checking the board for any 
defects and by checking the hole sizes 
for the major parts. Check also that the 
PC board is cut and shaped to size so 
that it clips into the integral side slots 
in the case.

Fig.6 shows the parts layout. Install 

each in its correct position. Table 1 

should also use a digital multimeter to 
check each resistor before installing 
it. Note that the 100  resistors are 
in single in-line (SIL) resistor arrays. 

0.25W resistors here and these can be 

as shown in Fig.8.

installed from the underside of the PC 
board at the three external wiring posi-
tions (the external wiring connects to 
the rear of the board). 

Transistors Q1 to Q4 can go in next 
and these must be installed so that 
their tops are no higher than 12mm 
above the PC board. Follow them with 
the four switches (S1 to S4). These 
switches can only go in with the cor-

REG1 is next on the list. This device 

with its leads cranked down through 
-

responding holes. Secure its metal tab 
to the board using an M3 × 6mm screw 
and nut before soldering its leads.

Note that 220μF electrolytic adjacent 
to REG1 is installed with its leads bent 

in the photo.

PC BOARD

100 1/4W RESISTORS MOUNTED END-ON

ALTERNATIVE TO USING RESISTOR ARRAYS

To set the values for the display, you only need to set the endpoint values at 
0V and at 5V. The internal microcontroller then processes the input signal and 
calculates the correct vales for display.

For example, if the 0V endpoint value is 7.4 and the 5V endpoint value is 22.0, a 
2.5V input will give a display reading of 14.7 for the air/fuel ratio. This is calculated 
by first subtracting the low endpoint value from the high endpoint value to get the 
span value (in this case, 22 – 7.4 = 14.6). This span value is then multiplied by 
the input voltage, divided by the 5V range and finally added to the low endpoint 
value (7.4 in our example). Fig.9 shows this in graphical form.

If the unit is set up so that the 0V endpoint value is higher in value than the 5V 
endpoint value, then the calculation is different (see Fig.10). In this case, the 5V 
endpoint value is subtracted from the 0V endpoint value to get the span value. 
This value is then multiplied by the difference between the input voltage and 
5V, after which the result is divided by 5V and added to the 5V endpoint value. 
Fig.10 shows the equation for endpoint values of 22 and 7.4.

Note that in both cases, the 5V value assumes that the reference voltage used 
in the Oxygen Sensor Display is exactly 5V. However, the reference voltage from 
the regulator that’s used could be anywhere from 4.85-5.15V, so there is an 
adjustment to compensate for this.

If the reference voltage is below 5V, then the Oxygen Sensor Display will not 
show readings for input voltages that are higher than this reference. Conversely, 
if the reference is above 5V, then the unit will show readings for input voltages 
only up to the +5V. By compensating for this reference voltage, the correct value 
will be shown on the display.

In practice, the regulator used for the reference is trimmed during manufacture 
and its output will probably be very close to +5V.

0V VALUE

5V VALUE

SPAN

0V 5V2.5V

22.0

7.4

(EXAMPLE)

(EXAMPLE)

WHEN THE 5V VALUE
IS GREATER THAN THE

0V VALUE:
(22.0 – 7.4) x 2.5

5V
+ 7.4 = 14.7( )

0V VALUE

5V VALUE

SPAN

0V 5V2.5V

22.0

7.4

(EXAMPLE)

(EXAMPLE)

WHEN THE 5V VALUE
IS LESS THAN THE

0V VALUE:
(22.0 – 7.4) x (5V–2.5V)

5V
+ 7.4 = 14.7( )

How the micro calculates the values

Fig.8: separate 100  resistors can 
be used instead of the two resistor 
arrays. Mount them as shown here.

Fig.9: this graph shows how IC1 calculates the display values when the 5V 
endpoint value is greater than the 0V endpoint value. This example uses 7.4 
and 22.0 for the 0V and 5V endpoint values respectively, giving a 2.5V sensor 
output value of 14.7 (ie, stoichiometric for unleaded petrol).

Fig.10: the equation is slightly different when the 0V endpoint value is greater 
than the 5V endpoint value. In this example, 22.0 has been used for the low 
endpoint value, while 7.4 has been used for the high endpoint value.
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Mounting the displays
The 7-segment LED displays and the 
10-LED bargraph are raised up off the 
PC board using IC sockets.

The sockets for the 7-segment dis-
plays are made using a 16-pin DIP 
socket and a 14-pin DIP socket. These 
are cut into strips of two 8-pin and 
two 7-pin SIL sockets using a small 
hacksaw. One 8-pin and one 7-pin 
strip is then installed along the top 
edge of the display positions, while 
the remaining 8-pin and 7-pin strips 
are installed along the bottom edge 
(ie, the sockets form two 15-pin 
strips).

Once these SIL strips are in, install a 
20-pin DIP socket for the LED bargraph 
and an 18-pin DIP socket for IC1. Be 
sure to orientate the socket for IC1 
with its notched end towards the top 
(ie, towards the 2.2k  resistor). Don’t 
plug the displays or IC1 in yet, though.

Finally, install the LDR (either way 
around) so that its top surface is 15mm 
above the top of the PC board.

Testing

over the board carefully and check for 
incorrect component placement and 
for missed or shorted solder joints.

Next, with IC1 out of its socket, apply 
power to the +12V and GND terminals 
and check that 5V is present between 
pins 14 and 5 of IC1’s socket. If this 
is correct, switch off and install IC1 
and the displays. DISP1, DISP2 and 
DISP3 mount with the decimal points 
to bottom right, while DISP4 (the LED 
bargraph) mounts with its chamfered 
edge at bottom right (note: the chamfer 
is quite subtle). IC1 goes in with its 
notched end towards the top.

When power is now reapplied you 
should be greeted with a display on 
the 7-segment digits and the bargraph. 
If not, check the orientation of IC1. If 

THE four pushbutton switches inside 
the case are for Mode (S1), Select 

(S2), Down (S3) and Up (S4).
Pressing the Mode switch initiates 

the Settings mode. Pressing it again 
returns the display to the normal Run
mode so that it shows the values in 
response to the input voltage.

Once in the Settings mode, you 
can alter the way the display operates. 
You can set how the dimming works, 
set the regulator voltage, alter the ‘A’ 
or ‘B’ values selection and alter the 0V 
and 5V endpoint values for each selec-
tion. In addition, you can change the 
bargraph display from dot to bar, or to 
a centred bar.

The bargraph is used to indicate 
which setting is selected. In this mode, 
the lower LED (LED8) is always lit – see 
Fig.11 (note: LED8 is never lit in the 
normal run mode).

The remaining LEDs on the bargraph 
show which setting has been selected 
(see Fig.11). Note that there are 10-
LEDs on the bargraph, but only the 
middle eight (designated LEDs1-8) are 
used. You cycle through the settings 
by pressing the Select switch (S2).

Minimum Display Brightness: when LED7 
is lit, the setting is for the Minimum 
Display Brightness that occurs when 
the LDR is in complete darkness. This 
value is initially set at ‘14’, as shown on 
the display.

When adjusting this value, it’s neces-
sary to cover the LDR so that it does not 

receive any ambient light, either from 
below or above its surface. A black film 
canister is ideal for this; the value is ad-
justed using the Up and Down switches 
to set the desired minimum brightness.

The absolute minimum brightness is 
reached at 0, but typical settings would 
range from 10 to 30. 

Dimming Threshold: pressing the Set-
tings switch again brings up the Dim-
ming Threshold setting, with LED6 lit. 
This is initially set at 200 and determines 
the ambient light level below which 
dimming begins. Increasing the value 
means that dimming begins at a higher 
ambient light level, while decreasing 
the value sets the dimming to begin at 
a lower light level. 

Regulator Voltage: the next setting is 
for the Regulator Voltage (LED5 lit). 
This value is initially set at 5.00V, and 
is normally adjusted (using the Up and 
Down switches) to agree with the actual 
regulator output voltage, as measured 
between its OUT and GND terminals.

A Or B Display: LED4 indicates the A or B 
Display selection. Here, you can select 
between the ‘A’ and ‘B’ display values. 
If ‘A’ is selected, then the normal Run 
mode will show the ‘A values and the 
‘B’ value can be shown by pressing S4 
(Up) or by using the external alternative 
display switch.

Alternatively, if the ‘B’ values are 
selected, the display will show these 
in Run mode and the ‘A’ values will be 

shown if S4 is pressed (or the external 
switch is toggled).

Display Format: the Display Format is 
next in the sequence (LED3 lit). In this 
case, the digital display will show A.AA, 
AA.A or AAA for the ‘A’ selection. You 
can select the decimal point position us-
ing the Up or Down switches. Similarly, 
if the ‘B’ values have been selected, the 
display will show b.bb, bb.b or bbb.

0V Display Value: pressing S1 again to 
light LED2 selects the 0V Display Value. 
This is the value that’s displayed in Run 
mode when the input is at 0V. It can be 
set to any value from 0 to 999. Note that 
this value will be for the ‘A’ display if this 
was previously selected in the ‘A Or B 
Display’ option. Alternatively, this value 
will be for the ‘B’ display if this was pre-
viously selected in the display option.

Note that where the ‘A’ and ‘B’ 
displays both need to be set, it will be 
necessary to temporarily change the 
display option from ‘A’ to ‘B’ or from ‘B’ 
to ‘A’ and also set the required Display 
Format before adjusting the endpoint 
value to suit the alternate display. 

5V Display Value: The 5V Display Value 
setting is indicated when LED1 is lit. 
Again, you can set this to any value 
from 0 to 999 and the same comments 
as above apply to setting values for both 
‘A’ and ‘B’ displays.

It’s important to note here that the 
0V and 5V values must match the 
output from the wideband controller.

Changing the wideband display settings
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that’s correct, check that transistors Q1 
to Q4 are BC327 PNP types.

Final assembly
As mentioned earlier, the PC board is 
designed to simply clip into the speci-

cutout is made in the lid of the box for 

hole is drilled in the lid for the LDR, so 
that it is exposed to the ambient light.

A hole at the rear of the box allows 
the wiring to exit from the case.

The front-panel artwork shown in 
Fig.7 can be used as a template for 

either be scanned or photocopied and 

double-sided tape.
The cutout for the LED displays can 

be made by drilling a series of small 
holes inside the inside perimeter of 
the cutout, and then knocking out the 
centre piece. The cutout is then care-

The hole for the LDR should be 
drilled to 5mm, as should the exit 
hole in the back of the case. This exit 
hole should be positioned near the 
bottom edge of the case, so that it will 
directly line up with the PC stakes on 

LED1

LED1

LED8

LED8

(ALL LIT)

DOT, BAR OR
CENTRED BAR

SETTINGS INDICATOR

SETTINGS INDICATOR

5V DISPLAY VALUE
0V DISPLAY VALUE
DISPLAY FORMAT
A OR B DISPLAY
REGULATOR VOLTAGE
DIMMING THRESHOLD
MIN DISPLAY BRIGHTNESS

(LEDS1–7 INDIVIDUALLY LIT
ACCORDING TO SELECTION)

This means that if you set the wideband 
controller to deliver air/fuel ratios over 
a range of 7.4 to 22.0, then the display 
should also be set to these values.

If you want to have the stoichiometric 
value in the middle of the scale (so that 
the bargraph display is centred), then 
the sum of the 0V endpoint value and 
the 5V endpoint value must be twice 
the stoichiometric value. So, if the 
stoichiometric air/fuel ratio is 14.7, the 
0V endpoint value and the 5V endpoint 
value must add up to 29.4 – eg, you 
could use 7.4 and 22.0 as the endpoints.

If you intend to display the lambda 
value, then the minimum and maximum 
values must add up to 2 (eg, 0.52 and 
1.48 could be used, but other values 
could be used instead).

Bargraph Display Option: the final selec-
tion brings up the Bargraph Display 
Option, and in this case all eight LEDs 

are lit. Again, the options are selected 
using the Up and Down switches and 
are as follows: (1) dot (shown as doT
on the display); (2) bar (shown as bAr
on the display); and (3) centred bar 
(shown as bCn). Note that the ‘T’ in 
the doT lettering has the left-hand side 
of its cross piece located over the ‘o’.

The default setting for the bargraph 
display is to have the LEDs progressing 
upwards with increasing sensor output 
voltage. Conversely, if you want them to 
progress upwards with a falling sensor 
voltage, then it’s just a matter of select-
ing the inverse, as follows.

To invert the ‘A’ curve selection, 
press S2 at power up and the dis-
play will show the current selection. 
Initially, this will show ‘A.ni’(A not 
inverted) and this indicates that the A 
bargraph is not inverted. If S2 is now 
held pressed for four seconds, the 
display will change to show ‘A. i’ (A 
inverted) to indicate that the bargraph 
operation is now inverted.

You simply release the switch when 
the required selection is displayed. 
Holding the switch down will cause the 
display to cycle between the inverted 
and non-inverted options.

Similarly, to set the ‘B’ bargraph 
sense, S3 is pressed when power is 
applied. This will initially indicate ‘b.ni’ 
(B bargraph not inverted) but can be 
changed to ‘b.i’ (B bargraph inverted) 
by holding the switch down for four 
seconds.

It’s easy to check the current selec-
tion by pressing S2 or S3 at power up. 
No changes will occur unless the switch 
is held for more than four seconds and 
the display changes to the next option.

Fig.11: this diagram shows the bargraph 
setting indications for the default 
wideband operating mode.

the back of the board. Alternatively, 
you can drill the hole to 9.5mm and 

rubber grommet.

Making the connections
We used twin-shielded wire for the 
power and input connections, but 
automotive wire could also be used. 
Connect the +12V lead to the fusebox 
in the car so that the Oxygen Sensor 
Display is powered only when the 
ignition is on (ie, be sure to connect 
to the fused side). The ground con-
nection should preferably connect 
to the same ground as the wideband 
controller.

For narrowband use, connect the 
ground to the same ground as the 
sensor. The input lead for the Oxygen 
Sensor Display is connected either to 
the 0V to 5V output from the wideband 
controller or (if you are saving money) 
to a narrowband sensor signal.

Fit a cable tie around the leads on 
the inside of the box, to prevent them 
being pulled out of the hole.

Setting up
For use with a wideband controller, 
the unit is set up as described in the 
panel titled ‘Changing The Wideband 
Display Settings’.

Note that commercial wideband 

adjustable endpoint values. The ad-
justable versions have their endpoints 
set by connecting them to a computer. 
Note also that the endpoint values 
programmed into the display unit 
must match those of the wideband 
controller. This ensures that the unit 
is correctly calibrated and gives ac-
curate air/fuel ratio readings.

 Switching between the ‘A’ and ‘B’ 
display values (eg, between air/fuel 
ratio and lambda values, or between 
unleaded petrol and LPG air/fuel 
ratios) can be achieved by wiring an 
external switch (or NO relay contacts) 

Note that the connections on the 
relay contacts or switch must be 

switch a fuel valve or anything else 
at the same time, use a double-pole 
relay or switch.                                

Reproduced by arrangement 

magazine 2011.
www.siliconchip.com.au
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WHEN used with narrowband sen-
sors, this unit will display air/fuel 

ratios that are calibrated to the S-curve 
output of a Bosch LSM11 narrowband 
oxygen sensor. Note, however, that this 
may not be accurate for other oxygen 
sensors.

In the case of the LSM11, it shows air/
fuel ratios for unleaded petrol from 11.8 
to 20.6, with the stoichiometric ratio set 
for 14.7. For air/fuel ratios below 11.8, 
the unit will show an ‘r’ for rich, while 
for ratios above 20.6 the unit shows an 
‘L’ for lean.
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Using the unit with narrowband sensors

Fig.12: two bargraph options are available when the unit is set to operate 
in narrowband mode – either centred bar mode or a 13-step dot mode. The 
S-curve graph at top indicates which bargraph LEDs light in response to 
the various sensor output voltages. 

For LPG, the range is from 12.6 to 
21.4 with the stoichiometric point at 
15.5. The unit displays an ‘r’ (rich) for 
ratios below 12.6 and an ‘L’ (lean) for 
ratios above 21.4.

For narrowband sensors, the bar-
graph options are as shown in Fig.12; ie, 
either a centred-bar mode or a 13-level 
dot mode. These 13 different levels are 
achieved by lighting either one or two 
LEDs at a time.

For the bar mode, the centre LED is 
always lit and is the only LED that is lit at 
stoichiometric. The bar then progresses 

upwards from the middle LED for richer 
mixtures or below the middle LED for 
leaner mixtures.

Enabling the S-curve response
Enabling the narrowband S-curve 

response is easy: just press and hold 
the Mode switch as power is applied.

The display will then indicate the cur-
rent display mode setting. This can be 
either the Linear (wideband) mode, the 
S-curve unleaded mode or the S-curve 
LPG mode. If the switch is released 
before four seconds, the current display 
mode will not be altered. Conversely, if 
the switch is held down, the mode will 
cycle from one to the other at a nominal 
four-second rate. You simply release the 
switch when the required display mode 
is shown.

It’s also easy to tell which mode the 
unit is in. The display will show ‘Lin.’ for 
the linear mode (or wideband mode), 
while the two S-curve modes are shown 
as S.UL (S-curve unleaded) and S.LP 
(S-curve LPG).

Pressing the Mode switch after power-
up has been applied initiates the Settings
mode. As before, this allows you to alter 
the way the display operates. You can 
adjust how the dimming works, set the 
regulator voltage, alter the unleaded or 
LPG selection and change the bargraph 
display from dot mode to centred bar 
mode.

As in wideband mode, the bargraph 
LEDs are again used to indicate which 
setting has been selected. These settings 
are somewhat different for the narrowband 
S-curve modes, but are altered in exactly 
the same manner.

Fig.13 shows the details. As before, 
only eight LEDs in the 10-LED bargraph 
are used and the lower LED (LED8) 
is always lit in the settings mode. The 
remaining LEDs on the bargraph show 
which setting has been selected and 
you can cycle through these settings by 
pressing switch S2.

Minimum Display Brightness: when LED7 
is lit, the setting is for the Minimum 
Display Brightness that occurs when 
the LDR is in complete darkness. This 
value is initially set at ‘14’, as shown 
on the display.
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LED1

LED1

LED8

LED8

(ALL LIT)

DOT OR
CENTRED BAR

SETTINGS INDICATOR

SETTINGS INDICATOR

UNLEADED OR LPG DISPLAY
REGULATOR VOLTAGE
DIMMING THRESHOLD
MIN DISPLAY BRIGHTNESS

(LEDS4–7 INDIVIDUALLY LIT
ACCORDING TO SELECTION)

When adjusting this value, it’s neces-
sary to cover the LDR so that it does not 
receive any ambient light either from 
below or above its surface. A black film 
canister is ideal for this, and the value 
is adjusted using the Up and Down 
switches to set the desired minimum 
brightness.

The absolute minimum brightness is 
reached at 0, but typical settings would 
range from 10 to 30. 

Dimming Threshold: pressing the Set-
tings switch again brings up the Dim-
ming Threshold setting, with LED6 lit. 
This is initially set at 200 and determines 
the ambient light level below which 
dimming begins. Increasing the value 
means that dimming begins at a higher 
ambient light level, while decreasing 
the value sets the dimming to begin at 
a lower light level. 

Regulator Voltage: the next setting is 
for the Regulator Voltage (LED5 lit). 
This value is initially set at 5.00V and 
is normally adjusted (using the Up 
and Down switches) to agree with 
the actual regulator output voltage, 
as measured between its OUT and 
GND terminals. 

The regulator voltage adjustment 
can also be used to alter the unit’s 
response to the oxygen sensor’s out-
put. For example, setting the regulator 
voltage to a value that’s higher than 
the actual regulator voltage results 
in the unit displaying its full range of 
air/fuel values over a reduced voltage 
range. It effectively lowers the rich end 
of the S-curve, so that rich readings 
are indicated at lower oxygen sensor 
voltages.

Similarly, setting the regulator volt-
age value lower than the real 
regulator voltage increases 
the voltage range. This raises 
the rich end of the S-curve 
and rich readings are shown 
at higher oxygen sensor 
voltages.

Basically, this adjustment 
can be used to provide a more 
accurate air/fuel reading for 
the particular oxygen sensor 
used.

Unleaded Or LPG Display: LED4 
indicates the Unleaded Or 
LPG Display setting. This can 

be toggled using either the Up or Down 
switch between S.UL (for unleaded 
petrol) or S.LP (for LPG). When normal 
mode is resumed, the display will then 
show the air/fuel ratio values for the 
selected fuel.

As before, the unit can be set up for 
both unleaded petrol and LPG, with 
the display reading toggled using an 
external switch wired across S4. When 
this switch is open, the default air/fuel 
readings (as selected in the preceding 
paragraph) are displayed.

Bargraph Display Options: finally, S1 is 
pressed again to bring up the Bargraph 
Display Options (all 8-LEDs are lit). 
Again, these are selected using the Up 
or Down switch and you can choose 
either the centred bar mode (shown as 
bCn on the display or the 13-step dot 
mode (shown as doT).                   EPE

Fig.13: the setting indications for 
the narrowband mode. This mode is 
initiated by pressing and holding the 
Mode switch as power is applied.

The MIAC rugged PICmicro
microcontroller is an industrial grade

controller which can be used to
control a wide range of different

electronic systems: for mains
switching, motor control, sensor

monitoring and much more.

Rugged PIC 18F4455
Programmable from USB -

 download software provided
Compatible with third party

 PICmicro, BASIC and C compilers
Includes free Flowcode 3 graphical

 programming software (no
 upgrade rights)

8 digital or analogue inputs
4 relay outputs - 8A
4 motor outputs with speed

 control - 12V, 500mA
4 line 16 character display
Control keypad
Fully networkable via built in

 CAN bus
Lab View and Visual Basic

 compatible - DLL supplied
In-Circuit Debug over USB with

 FlowKit

Free Flowcode 3
with every MIAC

£120
ex VAT
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B o a r d  a s s e m b l y  d e t a i l s

A high-quality stereo DAC 
for superb sound 
from your 
DVD 
player

Part 2: by NICHOLAS VINEN
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AS SHOWN in the photos, our 
prototype DAC was built into 

a single-unit, high rack case with 
internal rails from Jaycar. However,  
the internal rails (used to secure the 

two main PC board assemblies. In the 
prototype, these boards were mounted 
on the rails but it really is an exercise 

the nuts to the mounting screws.
What’s more, once they are in and 

the case is fully assembled, it’s a big 
job to remove them again – the choice 
is yours!

Another problem is the sub-panel 
that runs just behind the front panel. 
This complicates matters when it 
comes to mounting both the mains 

power switch and the Front Panel 
Switch Board because it means that 
additional cut-outs are necessary.

Finally, making sure that all the 
panels and rails are properly earthed 

PC board assembly
We explained last month that the 
Stereo DAC is built on four PC boards: 
(1) an Input Board, (2) a DAC Board, 
(3) a Front Panel Switch Board and (4) 
a Power Supply Board. They are all 
straightforward to assemble although 
there are two surface-mount ICs (IC3 
and IC6) to consider, one on the Input 
Board and the other on the DAC Board. 
All the above boards are available from 
the EPE PCB Service as a set.

The bad news here is that you will 
have to be extra careful when solder-
ing the two (IC3, IC6) surface-mount 
devices on the reverse side of the PCBs. 
It is possible to reliably hand-solder 
these TSSOP (Thin Shrink Small 
Outline Package) parts. The good news 
is, the article How To Solder Surface-
Mount Devices (EPE July ’10) describes 
how it is done.

Begin PCB construction by carefully 
inspecting all four boards for possible 
defects. Make sure that there are no 
shorted or broken copper tracks and 
check that all the holes have been 
drilled. In particular, pay special atten-
tion to the area immediately surround-
ing the surface-mount ICs on the Input 
and DAC Boards, as these have very 

Having done this, start the assem-
bly by building the Input Board. This 
board is coded 820 and measures 
113mm × 93mm. Fig.5 shows the as-
sembly details. 

is a 28-pin TSSOP SMD, which has a 
0.65mm pin pitch (ie, there is 0.65mm 
between the centres of adjacent pins). 
The clearance between the pins is a 
mere 0.35mm, which means that it is 
almost impossible to manually solder 
the pins one at a time without bridg-
ing them.

Last month, we introduced our new high-
quality Stereo Digital-To-Analogue Converter 
(DAC) and described the circuit. This month, 
we show you how to build the various 
modules and make the header cables.

Jaycar ZL-3003 TOSLINK receiv-
ers were specified for this project in 
the parts list published last month. 
However, some component suppliers 
may supply a 3.3V TOSLINK (optical) 
receivers.

The only problem is that the Jaycar 
units run off 5V, whereas the alternative 
units require a 3V rail. As a result, we 
have slightly modified the PC board so 
that either receiver can be used. This 
involved fitting a 3-pin header near 
TOSLINK1 on the Input Board, so that 
a shorting jumper can be used to select 
between +5V and +3.3V rails (3.3V is 
close enough).

It’s just a matter of fitting the jumper 
to select the +5V rail if you are using 
Jaycar ZL-3003 receivers or fitting it to 
select 3.3V receivers. 

Check carefully if you buy TOSLINK 
receivers elsewhere – not only can their 
supply requirements vary, but they may 
not have the same pinouts.

TOSLINK receivers
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❏  No.  Value  4-Band Code (1%)  5-Band Code (1%)
 ❏   1  1M   brown black green brown  brown black black yellow brown
 ❏   4  47k   yellow violet orange brown  yellow violet black red brown
 ❏   6  22k   red red orange brown  red red black red brown
 ❏   1  10k   brown black orange brown  brown black black red brown
 ❏   3  2.2k   red red red brown  red red black brown brown
 ❏   1  680   blue grey brown brown  blue grey black black brown
 ❏   2  330   orange orange brown brown  orange orange black black brown
 ❏   1  300   orange black brown brown  orange black black black brown
 ❏   2  100   brown black brown brown  brown black black black brown

Table 1: Resistor Colour Codes – Input Board

Fig.6 shows where IC3 is installed. 
This SMD part is mounted on the 
copper side of the board and must be 
oriented with its pin 1 at upper left, 
as shown. It’s easy to identify pin 
1 – it’s adjacent to a small dot in the 
body at one end of the IC. Refer to 
the article referenced on the previous
page for all the details on soldering 
it into place.

Fig.5 shows how the rest of the parts 
are installed. Start by installing the 21 
wire links (use 0.71mm tinned copper 
wire), then install the resistors. Table 
1 shows the resistor colour codes for 
this board, but check each one using 
a digital multimeter before installing 
it, just to make sure.

Follow these parts with the diodes. 
These are all 1N4148s except for D14, 
which must be a 1N4004. Check that 
they are all correctly oriented before 
soldering their leads.

The four IC sockets are next on the 
list. Install these with notched ends 
matching the notches on the overlay. 

solder two pins at opposite corners, 

against the PC board before soldering 
the remaining pins.

The two IDC sockets (14-pin and 
16-pin) go in with their notched sides 
oriented as shown (ie, towards the 
edge of the PC board). Don’t get them in 
the wrong way around. Alternatively, 

you can use DIL pin headers (0.1-inch 
spacing) instead of the IDC sockets, 
although these make it possible to 
plug a connector in backwards, which 
could damage some components.

Once these parts are in, install the 
2-way screw terminal block, then in-
stall all the MKT and ceramic capaci-
tors. If your 33pF ceramic capacitors 
have a 5.08mm (0.2-inch) pin spacing, 

not, use a pair of  thin-nosed pliers to 
carefully bend the legs out at approxi-
mately 45° and then parallel again so 

Follow with the six electrolytic ca-
pacitors (make sure they are correctly 
oriented) and the two BC327 transistors 
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Fig.5: the parts layout on the 
Input Board. Make sure the SMD 

Fig.6) and be sure to select the 
correct supply rail option to suit 
your TOSLINK receivers.

Fig.6: You will have to carefully 
solder IC3 (surface-mount) by 
hand, as shown here.

TOSLINK RECEIVERS
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of the transistors, as shown on Fig.5, 
and you can’t go wrong.

TOSLINK receivers
The two TOSLINK receivers go in at 
top left of the board and can only go 
in one way. They should be installed 
one at a time. In each case, after you 

gently push the module towards the 
middle of the board. This will ensure 
that the plastic feet correctly sit near 
the edge of the board and that the face 
is parallel with the edge.

Solder the two thicker pins closer 

and is correctly aligned. Adjust it if 
necessary before soldering the remain-
ing three pins.

The 3-pin header (near TOSLINK1) 
can now go in. This header allows 
you to select the supply rail for the 
TOSLINK receiver using a shorting 
jumper. Place the jumper in the 5V 
position (as shown on Fig.5) if you 
have the Jaycar ZL-3003 receivers. 

3.3V position if you use the 3.3V type 
receivers.

A black RCA phono socket is used for 
the coaxial input, which can be a little 

fairly hard into the holes to get it to sit 
properly. Note that the six plastic posts 
don’t actually go down very far into the 

pin usually limits this. Adjust it so that 
it is at right angles to the PC board, then 
solder the two pins on either side. That 
done, recheck the orientation before 
soldering the third pin.

Next on the list is the 24.576MHz 
crystal. Once you have soldered its 
leads to the board, cut a length of 
0.71mm tinned copper wire and bend 
it into a U-shape. Insert the ends of 
this wire into the holes on either side 
of the crystal and push it down so that 

crystal case. 
Finally, solder both ends of the wire 

to their PC pads, then solder the top of 
the ‘U’ to the crystal’s case to ensure 
good electrical contact. Doing this 

‘grounds’ the metal case and reduces 
RF interference. 

The Input Board assembly can now 
be completed by installing regulator 
REG4 and by plugging the ICs into their 
sockets. Note that REG4 goes in with 
its metal tab towards diode D4. Push 
it down onto the PC board as far as it 
will comfortably go before soldering 
its leads.

oriented as shown. Also, be careful not 
to get IC1 and IC5 mixed up, they are 
both 14-pin devices.

Table 2: Capacitor Codes

 Value  μF Value IEC Code  EIA Code
470nF  0.47μF 470n 474

 100nF  0.1μF 100n 104
 68nF .068μF   68n 683
 27nF .027μF 27n 273
 10nF  .01μF   10n 103
 8.2nF .0082μF   8n2 822
 4.7nF .0047μF   4n7 472
 2.7nF .0027μF   2n7 272
 2.2nF .0022μF   2n2 222
 1nF .001μF      1n0 102
 33pF   NA   33p 331
 22pF   NA   22p 221

This close-up view shows the fully-assembled prototype Input Board (it differs 

NOTE: THE SUPPLY LEADS TO THE FINAL VERSION OF 
THE INPUT BOARD (FIG.5) ARE REVERSED AT THE TER-
MINAL BLOCK COMPARED TO THOSE SHOWN HERE.
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Building the DAC Board
Refer now to the component layout 
diagram of Fig.7 to build the DAC 
Board. This board is coded 821 
(94mm × 110mm) and is assembled 
in exactly the same manner as the 
Input Board.

Once again, you must be extra 
careful when soldering the SMD IC 
(DSD1796) into place. You will need to 
install it as shown in Fig.8. As before, 
this device is mounted on the copper 
side of the PC board and is installed 
in exactly the same manner as IC3. 
Make sure that it’s mounted with pin 
1 at lower left, as indicated by Fig.8.

That done, install the wire links, 
resistors, IC sockets and capacitors. 
Diode D15 (1N4004) and regulator 
REG5 can then be installed, making 
sure they are oriented as shown.

Follow these parts with the 16-pin 
IDC header and the two RCA phono 
output connectors. Be sure to follow 
convention and use a red socket for 
the right output and a white socket for 
the left output. Check that the sockets 

aligned at right angles to it before 
soldering their leads.

Finally, complete the DAC Board 

sockets. OPA134 op amps are recom-
mended for IC7 to IC12 but you can 
also use NE5534s for slightly reduced 
performance.

Front Panel Switch Board
The Front Panel Switch Board is 
coded 822 (103mm × 34mm) and 
carries only a handful of parts: the 
three pushbutton switches, two 5mm 
LEDs, infrared receiver IRD1, a 100nF 
capacitor and a 14-pin DIL header. 
In addition, you have to install two 
wire links.

It should only take you about 15 
minutes to assemble, but note that the 
switches, IRD1 and the two LEDs are 
all installed on the copper (track) side 
of the PC board. Fig.9 shows the details.

Begin construction by installing 
the two wire links, the IDC socket 
and the 100nF MKT capacitor on the 

non-copper side of the PC board. Be
sure to orient the IDC socket correctly, 
ie, notched side towards the top of 
the board.

Once these parts are in, temporarily 
install an M3 × 10mm tapped spacer 
at each corner, with the spacers on 
the non-copper side and M3 machine 
screws passing through from the 
copper side (you can use the spacers 

DAC boards). This will ensure that the 
assembly will now sit level on your 
workbench and will make it easier to 
install the pushbutton switches.

-
button switches on the copper side of 
the board is the next step. These have 
angled pins at each corner, plus two 
straight pins for the integral blue LED. 
The anode of the LED is longer than 
the cathode, and must go into the hole 
marked ‘A’ on the overlay (ie, towards 
the DIL header).

Once the pins are inserted through 
the holes, press the buttons down 
gently. Because of the way the corner 

The DAC board is mounted in the rear right-hand corner of the case. Use a white phono socket for the left output and  red 

Reproduced by arrangement 
with SILICON CHIP 

magazine 2011.
www.siliconchip.com.au
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❏  No.  Value  4-Band Code (1%)  5-Band Code (1%)
 ❏   1  10k   brown black orange brown  brown black black red brown
 ❏   4  820   grey red brown brown  grey red black black brown
 ❏   4  220   red red brown brown  red red black black brown
 ❏   4  200   red black brown brown  red black black black brown
 ❏   4  180   brown grey brown brown  brown grey black black brown
 ❏   2  100   brown black brown brown  brown black black black brown

Table 3: Resistor Colour Codes – DAC Board

pins are bent, they should not go all 
the way through. If one of the buttons 
doesn’t sit parallel with the board, 
its pins have been bent, so adjust 
them using needle-nose pliers and 
try again.

solder two diagonally opposite pins 

the remaining pins. 
Next, install the two 5mm LEDs. 

-
per side, with the green LED (LED5) 

The tops of the LEDs must sit 11mm 
above the board, so that they will later 
protrude through the front panel by 
about 2mm.

the LEDs 2mm proud of the board 

the left).
The last part to install is the in-

orientated as shown in Fig.9, with its 

of its body should sit about 1mm above 
the PC board.

bend its leads down through 90° about 
2mm from its body, then push it all 
the way down onto the board against 

the height. It’s then just a matter of 

Power Supply Board

-
nent layout is shown in Fig.11. This 

three previous PC board, is available 
from the EPE PCB Service as part of 
a set.

-
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Fig.7: the DAC/output Board is easy to assemble, but make sure 

Fig.8: install IC6 on the copper 
side of the PC board, as shown 
here.
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starting with the single wire link, 
resistors and diodes. To aid heat dis-
sipation, the two 5W resistors should 
be mounted about 2mm proud of the 
board surface.

Take care with the orientation of 
the electrolytic capacitors and be sure 
not to interchange regulators REG1 
and REG2. Note also that they face in 
opposite directions! It’s not necessary 

to the supply in the prototype.
Not shown in Fig.11 is the wiring 

will be covered next month. You can, 
if you wish, drive the supply board 

We understand that Jaycar Electron-
ics will be able to supply a kit (cat. 

Installing REG3
Unlike REG1 and REG2, regulator 

must

verify that the hole in the metal tab 
lines up with its hole in the board. 

thin smear of heatsink compound to 
the mating surfaces.

(270mm LENGTH OF 16-WAY IDC RIBBON CABLE)

(200mm LENGTH OF 14-WAY IDC RIBBON CABLE)

CABLE EDGE STRIPE

CABLE EDGE STRIPE

16-WAY
IDC

SOCKET

16-WAY
IDC

SOCKET

14-WAY
IDC

SOCKET

14-WAY
IDC

SOCKET

Fig.9: the Front Panel Switch Board assembly. Note that the infrared receiver 
(IRD1), switches and LEDs are mounted on the copper (track) side of the 
PC board. The header, links and 100nF capacitor go on the other side. 
Take care with the switch orientation (see text).

Fig.10: it’s important to orientate the header sockets exactly as shown when making up the two IDC header cables. You 
must also leave about 15mm at each end so that it can be looped back and clamped with the locking bar.
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These photos show the completed Front Panel Switch Board. Be sure to 
mount the IDC header with the orientation shown (ie, notch towards the 
edge of the PC board).

Reproduced by arrangement 

www.siliconchip.com.au
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❏  No.  Value  4-Band Code (1%)  5-Band Code (1%)
 ❏   2  1.1k   brown brown red brown  brown brown black brown brown
 ❏   2  100   brown black brown brown  brown black black black brown
 ❏   1  330   orange orange brown brown  orange orange black black brown
 ❏   1  100   brown black brown brown  brown black black black brown

Table 4: Resistor Colour Codes – Power Supply Board

Secure the assembly to the board us-

and nut. Don’t solder the regulator’s 
leads until after the screw has been 
tightened, otherwise the PC board 
tracks or the regulator package (or 
both) could be damaged.

Making the ribbon cables
Now for the two IDC cable assemblies. 
Fig.10 shows the details.

Start with the 16-way cable. First, 
cut this cable to a length of 270mm, 
then clamp a 16-pin IDC header socket 
(rectangular locating tab facing in-
wards) to one end, with the red strip 
going to pin 1. You can do this by 
sandwiching the assembly together in 
a vice, or by using a crimping tool. Be 
sure to leave about 15mm free at this 
end so that it can be looped back and 
clamped with the locking bar.

to the other end. This header must go 
on the opposite side of the cable, with 
the red cable strip again going to pin 
1. As before, its locating spigot should 
again face inwards.

Basically, it’s just a matter of orient-
ing the headers at each end exactly as 
shown in Fig.10. Note that pin 1 on 
the header sockets is indicated by a 
small triangle in the plastic moulding.

The 14-way cable is slightly dif-
ferent – see Fig.10. Begin by cutting 
the cable to 200mm and attaching 
a header socket to one end with its 

the second header socket to the other 

end of the cable on the same side. It 
should be oriented the same way as 

-
ing outwards.

Having completed the cables, it’s 
vital to check that they have been 
properly terminated. If they are not 
crimped correctly, then some of the 
pins may be open circuit because the 
‘blades’ in the header sockets haven’t 
fully pierced the cable insulation.

The best way to check them is to 
connect the PC boards together and 
then use a multimeter to check for 

continuity between the correspond-
ing header pins on each board. If you 

cable should be discarded and a new 
one made up.

This procedure will also reveal if 
any of the header sockets has been 
incorrectly oriented.

That’s it for this month. Next month, 
we’ll show you how to assemble the 
modules into a steel case and get it 
all going. We’ll also show you how to 
customise the remote control codes 
and the various software options.      

The power supply board 
should only take a few minutes 
to assemble. All connections are 
made via screw terminal blocks.

A close-up view of the infrared receiver 
module (the Jaycar version doesn’t have a 
metal shield). Bend its leads down at right 
angles before mounting it on the PC board. 

Fig.11: here’s how to build the Power Supply Board. Don’t get the 3-terminal 
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Microchip® PIC 
Development Kits
From our range of the most popular 
development kits and programmers 
from Microchip®.

Product
Code

Price

Microchip PICkit 1 Flash Starter Kit YA4-010 £29.99

Microchip PICkit 2 Flash Starter Kit YA4-032 £42.99

Microchip PICkit 2 Programmer YA3-025 £29.99

Microchip PICkit 3 Debug Express YA3-046 £53.99

Microchip PICkit 3 Debugger/Programmer YA4-051 £39.99

Microchip Low Pin Count USB Kit YA3-068 £41.99

Microchip Low Pin Count USB + PICkit 2 YA4-077 £58.99

Atmel®

Microcontrollers
Our range of Atmel®
Microcontrollers are designed 
for high performance with high 

package.

ATmega Product Code Price

Atmel ATMEGA48-20PU YG4-014 £1.91

Atmel ATMEGA8-16PU YG3-020 £2.52

Atmel ATMEGA8515-16PU YG4-033 £2.96

Atmel ATMEGA16-16PU YG4-047 £5.02

Atmel ATMEGA168-20PU YG4-058 £3.23

Atmel ATMEGA32-16PU YG4-064 £5.75

Atmel ATMEGA32L-8PU YG4-075 £5.75

ATtiny Product Code Price

Atmel ATTINY13-20PU YF4-012 £1.39

Atmel ATTINY24-20PU YF4-022 £1.85

Atmel ATTINY26-16PU YF4-039 £1.98

Atmel ATTINY2313-20PU YF4-043 £1.98

Microchip® PIC 
Microcontrollers
We stock a large range of popular 
Microchip®

competitive prices, here is just a 
small selection of our range.

Product
Code

Price

Microchip PIC12F675-I/P Microcontroller YC4-061 £0.98

Microchip PIC12F683-I/P Microcontroller YC4-070 £1.07

Microchip PIC16F54-I/P Microcontroller YD4-032 £0.68

Microchip PIC16F628A-I/P Microcontroller YD4-061 £1.72

Microchip PIC16F690-I/P Microcontroller YD4-109 £1.89

Microchip PIC16F84A-04/P Microcontroller YD4-149 £3.89

Microchip PIC16F877A-I/P Microcontroller YD4-175 £4.85

Microchip PIC18F252-I/SP Microcontroller YE4-021 £5.27

Resistors

Film, Carbon Film and Wirewound 

Potentiometers
We have extensive ranges of both 
board-level and chassis mounting 

low prices.

Prices From

16mm Potentiometers £0.57

24mm Potentiometers £0.84

Slide Potentiometers £1.01

Carbon Preset Potentiometers £0.12

£0.24

Vertical Enclosed Presets £0.24

6mm Cermet Trimmer Potentiometers £0.17

1/4” Multiturn Cermet Potentiometers £0.98

3/4” Multiturn Cermet Potentiometers £0.50

Push Button 
Switches
Extensive ranges of all different 

suitable for most applications.

Prices From

Miniature Push Button Switches £0.25

0.5A Square Push Switches £0.46

1A Square Push Switches £0.45

Ultra Miniature Push Button Switches £0.44

Miniature Latching Push Switches £0.71

Push Fit Button Switches £0.98

Panel Mounting Push Switches £1.09

Panel Mounting Latching Switches £1.44

£0.39

Latching Dome Push Switches £0.56

Latching Push Switches with LEDs £1.05

Circular Push-Pull Switches with LEDs £1.40

£0.87

Toggle Switches

We offer ranges of switches for PCB 

Prices From

Standard Toggle Switches £0.59

Miniature Toggle Switches £0.60

Miniature Right Angle Toggle Switches £0.88

Round LED Tipped Toggle Switches £1.98

Metal Tumble Switches £1.12

PCB Prototyping 
Boards

Boards ideal for experimenting, 

electronics projects.

Prices From

Stripboard £0.29

£1.94

Matrix Board £1.53

ABS Project Boxes

Listed are just a few of our wide 
range of enclosures suitable for 

projects.

Dimensions
(L x W x H 

mm)

Product
Code

Price

Black ABS Box 75 x 50 x 25 HQ3-017 £1.43

Black ABS Box 110 x 56 x 20 HQ3-021 £1.98

Black ABS Box 100 x 75 x 40 HQ3-033 £2.12

Black ABS Box 150 x 100 x 55 HQ3-041 £4.17

ABS Project Case 
with LED Cut Out

87 x 59 x 31 HL3-017 £1.77

ABS Project Case 
with Aluminium Lid

83 x 53 x 35 HM3-013 £1.83

Sensors

We offer ranges of sensors from 
basic tip, tilt and vibration sensors 

sensors.

Product
Code

Price

XQ2-019 £0.71

XJ3-014 £0.91

Vertical Movement Sensor XJ2-028 £0.91

Liquid Sensor XM1-016 £3.38

Float Switch XN1-013 £5.52

XP3-016 £8.49

PIR Module XK1-018 £7.89

Equipment Wire

suitable for most interconnection 
applications.

Options Price

1/0.6mm Single Core 
Equipment Wire

Choice of 
11 Colours

£0.56 per 
5 Metres

16/0.2mm Single Core 
Equipment Wire

Choice of 
8 Colours

£0.65 per 
5 Metres

Choice of 
8 Colours

£0.27 per 
Metre

Nickel Chromium (Nichrome) 
Wire

14SWG -  
32SWG

From £0.35 
per Metre

Ribbon Cable

cable for multi-pole interconnection.

Prices From
(per metre)

£0.42

Rainbow Ribbon Cable £1.01

Integrated Circuits

Switches & Relays

PCB, Hardware & Enclosures

Sensors, Sounders & Motors

Cable & Wire

To purchase components for your

visit our dedicated page at... 

spiratronics.com/epe

Logic ICs

We offer extensive ranges of 
standard logic in 4000, 74LS, 
74HC and 74HCT formats.

Prices From

4000 Series Logic £0.18

74HC Series Logic £0.14

74HCT Series Logic £0.19

74LS Series Logic £0.21

Prices From

0.5W Carbon Film Resistors £0.39 pack of 10

0.25W Metal Film Resistors £0.39 pack of 10

0.6W Metal Film Resistors £0.39 pack of 10

2W Metal Film Resistors £0.10 each

Resistors & Potentiometers

EPE Project
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Diodes
We offer most popular ranges of 
signal & power diodes in addition to 

semiconductors.

Transistors

We offer large ranges of both NPN 
and PNP transistors in all power 
ranges.

Prices From

Low Power NPN £0.05

Low Power PNP £0.05

Medium Power NPN £0.13

Medium Power PNP £0.28

High Power NPN £0.22

High Power PNP £0.18

MOSFETs £0.18

Programmable Unijunction Transistor £0.24

PCB Headers & 
Interconnects
From our range of products 
providing a solution to PCB 
interconnection needs.

Prices From

Single Row Headers £0.06

Double Row Headers £0.08

Right Angle Headers £0.07

Single Row Header Sockets £0.06

Jumper Links £0.10

Audio/Video 
Connectors
We offer full ranges of audio 
and video connectors covering 
Phono, DIN, Jack, SCART, XLR.

Prices From

Phono £0.18

Jack £0.18

DIN £0.29

XLR £0.90

SCART £0.69

Standard Diffused 
LEDs
Our standard ranges of diffused 
LEDs offer excellent value for 

required.

Size Product
Code

Price
(Pack of 5)

Red 3mm or 5mm - £0.34

Green 3mm or 5mm - £0.37

Yellow 3mm or 5mm - £0.37

Blue 5mm LC2-046 £0.87

White 5mm LC2-056 £0.87

High Brightness 
LEDs

intensities, viewing angles and 

Prices From

Ultrabright 3mm LEDs £0.13

Ultrabright 5mm LEDs £0.13

Ultrabright 8mm LEDs £0.14

£0.15

£0.90

LED Numeric 
Displays
Our range includes extensive 
options for digit height, digit 

and number of digits.

Prices From

£0.54

£0.70

£0.42

£0.42

£0.96

£0.90

Multi-Colour LEDs

Ranges of bi-colour, tri-colour 
and multi-colour LEDs offered in 
various packages at low prices.

Prices From

Bi-Colour 3mm LEDs £0.19

Bi-Colour 5mm LEDs £0.19

High Brightness Tri-Colour 3mm LEDs £0.44

Tri-Colour 5mm LEDs £0.15

Tri-Colour 8mm LEDs £0.25

Tri-Colour 10mm LEDs £0.25

PCB Mounting Tri-Colour 5mm LEDs £0.24

3mm Red/Blue Flashing LEDs £0.38

RGB Full Colour LEDs £0.41

Ceramic Disc 
Capacitors
We offer a full range of low cost 
Ceramic Disc Capacitors suitable 
for a wide range of applications.

Prices From

Ceramic Disc Capacitors £0.24 pack of 10

High Voltage Ceramic Disc Capacitors £0.06 each

Electrolytic 
Capacitors
We offer ranges of both Axial 

Capacitors in most capacitance and 
voltage ratings.

Prices From

£0.03

£0.15

visit us at...
spiratronics.com
for our comprehensive range

Optoelectronics

Connectors

Capacitors

FREE GIFT
with orders over £25

visit us at...
spiratronics.com

for full details

Spiratronics

Tools
A selection of products from 

Product
Code

Price

IC Extraction Tool TF2-018 £1.09

IC Extraction/Insertion Tool TG3-017 £1.79

IC Straightener Tool TH2-013 £3.79

Antex 18W Soldering Iron TJ2-016 £17.99

Antex 25W Soldering Iron TJ2-028 £17.99

Solder Tube TK1-019 £3.79

Solder Reel (500g) TL2-014 £16.85

Professional Digital 
Multimeter
A ruggedised 3½ digit digital 
multimeter offering unbelievable 

price.
Product

Code
Price

Professional Digital Multimeter CD3-011 £17.99

Tools, Storage & Service Aids

Discrete Semiconductors

Prices From

£0.07

£0.19

500mW Zener Diodes £0.26 pack of 5

1.3W Zener Diodes £0.08

5W Zener Diodes £0.28

£0.38 pack of 10

£0.60

£0.45

£0.41

£0.21

£0.27

£0.35

£0.52

£1.27

Low cost, high quality products

Same day dispatch on orders before 3pm

orders with no minimum order value

Our service...
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MOST power boats over eight 
metres long have two engines, 

typically in-line 4-stroke diesels or 
petrol V8s, each driving its own prop-
ellor via a shaft or stern drive. Nor-
mally both motors should run at ex-
actly the same speed unless the boat is 
manoeuvring up to a jetty or mooring, 
in which case the propellers may run 
at differing speeds and direction.

All boat-owners know how impor-
tant it is to have the motors running at 
exactly the same speed. If the motors 
don’t run at the same speed, there can 
be excessive noise and vibration and 

one prop tries to pull the boat harder 
and the other produces more drag.

At the same time, having the motors 
running at slightly different speeds 
means that you have to provide cor-
rection with the rudder to maintain 
a straight course and that causes fur-
ther drag. In fact, a speed difference 
between motors of as little as 15rpm 
can cause lots of vibration that can 
radiate through the whole boat – most 
unpleasant.

Synchronisation
To explain further, with V8 motors a 
difference of 15rpm will cause a beat 
note of 1Hz. This is because V8s have 

15rpm is equivalent to 60 pulses per 
minute or 1Hz. Apart from being most 

unpleasant to those on board, such low 
frequency vibration also causes lots 
of wear in the engines, gearboxes and 
shafts. So synchronisation of motors 
is highly desirable.

In fact, late model up-market boats 
often do have a facility for synchroni-
sation. There are also electromechani-
cal synchronisers available for older 

So, most boat owners equalise the 
motor speeds as well as possible by 
watching the tacho readings and 
listening for the beat frequency. Trou-
ble is, most boat tachos are not very 
accurate (typically ±3% or worse at 
mid-scale) and they can also be subject 

Avoid unnecessary noise and vibration in twin engine boats by 
using this Twin Engine SpeedMatch Indicator. It comprises a 
meter that is centred when both motors are running at the same 
speed. When the motors are not matched in revs, the meter 
shows which motor is running faster and by how much.

Twin Engine 
SpeedMatch Indicator

By JOHN CLARKE
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TWIN ENGINE
SPEED MATCH

INDICATOR

METER

+12V

PORT
ENGINE

STARBOARD
ENGINE

TACHO
SIGNAL

TACHO
SIGNAL

FREQUENCY
TO VOLTAGE
CONVERTER
(IC2, VR2)

FREQUENCY
TO VOLTAGE
CONVERTER
(IC1, VR1)

BUFFER

BUFFERBUFFER

METER

DIFFERENTIAL
AMPLIFIERVR3 (OFFSET)

IC3a

IC3bIC3c

IC3d

STARBOARD
ENGINE

PORT
ENGINE
TACHO
SIGNAL

TACHO
SIGNAL

to wavering readings. Furthermore, if 
-

bridge in bad weather, it can be very 

exhausts, meaning that it is even more 

And if your hearing is not the best 

Beat indicator

be in sync. 
However, trying to see LEDs on a 

bright sunny day when driving on the 

indicator. That is why most boats tend 

– they are easy to see!
Hence, we decided to base our design 

movement. When the motors are run-

-

-
-

-

-

Signal sensor

-

-

Circuit description

-

-

-

-

Frequency-to-voltage converter

-
age that is ¾

During discharge, C1 is discharged 
to ¼

Specifications

Power consumption: 12V at 20mA
Tacho input range: 0 to 6000rpm
Display range: typically set to 
±200rpm 
Tacho input voltage: 0.83V to 
350V AC

Fig.2: each tacho signal is 
fed to a frequency-to-voltage 
converter. The resulting 
outputs are then buffered 
and fed to a differential 

meter.

Engine SpeedMatch Indicator. 
It compares the tachometer 
signals from each motor and 
displays the difference in RPM 
on a centre-zero meter
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Fig.3: the full circuit for the Twin Engine SpeedMatch Indicator. IC1 and IC2 (LM2917N) are the frequency-to-voltage 

provide an offset voltage for IC3d to centre the meter.

TWIN ENGINE SPEED-MATCH INDICATOR

SpeedMatchingIndicator1109 (NOT WITH MP CORRECTIONS).indd   34 23/08/2011   14:18:14



Everyday Practical Electronics, October 2011 35

Constructional Project

Meter offset
Op amp IC3a buffers the voltage from 
VR3 and provides the offset voltage 
for IC3d. IC3d is offset so the meter 
sits at half-scale (ie, centred) when 
there is no difference between the two 
input frequencies. For this half-scale 
condition for the 1mA meter, 500μA

condition, ie, close to +2.25V.
The meter movement is damped with 

a 100μF capacitor across it. Normal full 

with +4.5V from IC3d. Note that while 
a gross difference in engine speeds can 

of the meter, the resultant overload is 
quite modest since IC3d’s output can 
only go slightly above +4.5V with a 6V 
supply.

We have also included diode D2 
across the meter. If a circuit fault applies 
excessive voltage to the meter, the diode 
will conduct at about 0.6V restricting 
the meter current to 0.6V/200  or 3mA.

Power for the circuit comes from the 
boat’s 12V battery (ie, one of the engine 
batteries) via a fuse (ie, a switched 
accessory supply rail), and is applied 
through diode D1 for reverse polarity 
protection. The 68  resistor and 16V 
Zener ZD3 protect against transient 
voltages, while a 100μF capacitor 
provides supply decoupling. Regula-
tor REG1 then provides the 6V supply 
and its output is bypassed with a 10μF
capacitor. A 100nF capacitor is also 
connected across the supply near IC1.

Construction
The Twin Engine SpeedMatch Indicator 
is constructed on a PC board, code 824, 
measuring 105mm × 63mm. This board 
is available from the EPE PCB Service.
The component layout for the PC board 
is shown in Fig.5. 

The PCB can clip into the integral 
mounting clips within a UB3-size plas-
tic case if required. Alternatively, four 
corner mounting points are provided for 
mounting in a different box or inside the 
dashboard of the boat. Note that if you 
have two helm positions in the boat, you 
will need two SpeedMatch Indicators.

Begin construction by checking the 
PC board for breaks in the copper tracks 
or shorts between tracks and pads. Re-
pair if necessary. Check that the hole 
sizes are correct for each component to 

1.25mm in diameter compared to the 
0.9mm holes for the IC, resistors and 
diodes. The four corner mounting holes 
should be 3mm in diameter.

Begin by inserting the wire links, PC 
pins, diodes and resistors. We used 0
resistors in place of wire links, but the 
latter could also be used. The diodes 
must be mounted with the orientation 
as shown. When inserting the resistors, 
use the resistor colour code table to 
help in reading the resistor values. A 
digital multimeter should also be used 
to check each value.

Sockets are used for all three ICs, and 
these must all be oriented in the same 
direction, with the notches as shown 

-
minal regulator (REG1) and the three 
trimpots, all of which mount with the 
screw adjustment oriented as shown.

The terminal blocks consist of two 
2-way sections which are locked 
together before the are inserted and 
soldered into the PC board.

The capacitors can be mounted next, 
ensuring that the electrolytics are ori-
ented correctly. Finally, the three ICs 
can be mounted in their sockets, again 
ensuring each is oriented correctly.

Testing
The Twin Engine SpeedMatch In-
dicator requires a 12V DC supply or 

CHARGE
PUMP

SCHMITT
TRIGGER

AMPLIFIER

1

2 3 4

5

8

9

10

11

12

7.5V

100k

1M
C2
1 F

C1
10nF

10k

+6V

OUTPUT

INPUT

REFERENCE
VOLTAGE

Parts List

1 PC board, code 824, available 
from the EPE PCB Service,
size105mm × 63mm

1 1mA MU45 moving coil meter 
(Jaycar QP-5010) – see text

4 2-way PC-mount screw terminal 
blocks (5.08mm pin spacing)

3 14-pin IC sockets
2 solder eyelet lugs
2 PC stakes
1 75mm length of 0.7mm tinned 

copper wire (for links)
Silicone sealant, hook-up wire

Semiconductors
2 LM2917N frequency-to-voltage 

converters (IC1,IC2)
1 LM324 quad op amp (IC3)
1 7806 6V regulator (REG1)
2 22V 1W Zener diodes (ZD1, ZD2)
1 16V 1W Zener diode (ZD3)
1 1N4004 1A diode (D1)
1 1N4148 signal diode (D2)

Capacitors
2 100μF 16V electrolytic
1 10μF 16V electrolytic
2 1μF 16V electrolytic
2 100nF MKT polyester
2 22nF MKT polyester
2 10nF MKT polyester

Resistors (0.25W 1%)
2 470k 2 10k  1W
2 100k 1 4.3k
2 33k 1 1k
2 20k 1 68
3 10k
2 1M  multiturn top-adjust 
    trimpots (VR1, VR2)
1 1k  multiturn top-adjust 

trimpot (VR3)

Fig.4: the LM2917N frequency-to-voltage converter consists of a Schmitt trigger, 

1μF
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TWINMOTOR SYNCHRONISE INDICATOR
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anything from 8V to 16V DC at about 
20mA. Apply power and check that 
there is +6V between pin 9 and pin 12 
of both IC1 and IC2, and between pin 
4 and pin 11 of IC3.

If there is no voltage, check for +6V 
at the output of REG1. Note that +6V is 
a nominal value and could range from 
+5.85V to +6.15V, depending on the 
particular regulator. If there is no voltage 
from the regulator, D1 may be reversed 
or there may be a short circuit between 
the +6V rail and 0V on the PC board. 

Marine meter movement
The meter shown in this article is a 

analogue movement. However, depend-
ing on your application, this may or may 
not be suitable. For example, it may be 
OK if used on the helm dashboard inside 
the cabin. However, it almost certainly 
won’t be suitable if used on the helm 

be exposed to the elements.
Most boat owners may want the me-

ter to match the other meters on their 

dashboard and this approach will no 
doubt be far more expensive – as is 
everything associated with boats. On 
the other hand, taking this approach 
will mean that the meter will probably 
include illumination, will be sealed 
against moisture ingress and conden-
sation and incorporate a lens (eg, in 

If you are going to use a matching 
meter, it will probably need to be 
adapted from a voltmeter. In that case, 
you will need to pull the meter apart 
to change the scale. You will also need 
to remove the internal series resistor 

For the purpose of this article, we 
made up a replacement scale for the 

you use this particular meter, you can 
change the scale by carefully prising 
the plastic cover off the meter, undo-
ing the two securing screws for the 
original 1mA scale and then attaching 
the replacement panel.

Fig.6 shows our replacement scale, 
which has maximum readings of 

±200rpm, or rather PORT +200 0 STBD 
+200. Note that this is a relative indica-
tion only and cannot be relied on as 
having great accuracy. All analogue 
meter movements have their best ac-

meter and minimum accuracy at close 

In fact, since the SpeedMatch In-
dicator will be set up by you, it will 
be quite accurate for the centre speed 
match indication.

Setting Up
Connect the unit to the meter’s M+ and 
M– terminals using leads terminated 
in solder eyelets. These eyelets are 
sandwiched between the nuts sup-
plied with the meter. Ensure the 
meter polarity is correct. That done, 
apply power to the PC board and 
adjust trimpot VR3 so that the meter 
is centred.

Further setting up requires either a 
signal generator that can produce at 
least 1V output or by connecting the 
unit to the boat motor itself. 

❏  No.  Value  4-Band Code (1%)  5-Band Code (1%)
❏    2  470k   yellow violet yellow brown  yellow violet black orange brown
❏    2  100k   brown black yellow brown  brown black black orange brown
❏    2  33k   orange orange orange brown  orange orange black red brown
❏    2  20k   red black orange brown  red black black red brown
❏    3  10k   brown black orange brown  brown black black red brown
❏    2  10k   brown black orange brown  NA
❏    1  4.3k   yellow orange red brown  yellow orange black brown brown
❏    1  1k   brown black red brown  brown black black brown brown
❏    1  68   blue grey black brown  blue grey black gold brown

Table 1: Resistor Colour Codes

Fig.5: install the parts on the PC board as shown on this wiring diagram and the photo at right. In particular, make sure that 
all polarised parts are correctly installed and that trimpots VR1-VR3 have their screw adjustments positioned as shown. 
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Tachometer signal
As mentioned earlier, the inputs for the 
Twin Engine SpeedMatch Indicator 
can come from the ignition coil or from 
low-voltage tachometer signals. Where 
these are not available, such as in a 
diesel motor, a signal from a separate 
sensor or the AC from the alternator 
can be used instead. The Twin Engine 
SpeedMatch Indicator will operate 
without any changes using either the 
ignition coil or low-voltage signal.

If the alternator has to be used, then 
this may provide a higher frequency 
than from the other tachometer sourc-
es. The signal from the alternator is an 
AC signal and may be marked as AC, 
AUX, S, R or TACH. 

An idea of how many pulses from 
the alternator per engine rotation can 
be gauged by measuring the diameter of 
the crankshaft pulley and dividing this 
by the alternator pulley diameter. The 
number of poles in the alternator is mul-
tiplied by this pulley ratio. The number 
of poles is usually 4, 6, 8, 10 or 12.

The Twin Engine SpeedMatch In-
dicator was designed for between two 
and four pulses per engine rotation. 
If the alternator signal is higher than 
this, then the 10nF capacitors at pin 
2 of IC1 and IC2 will need changing 
to a different value. The 10nF value 
is reduced by the ratio of 3/number 
of alternator pulses per engine revo-
lution. So, if the alternator produces 
36 pulses per engine revolution, then 
the capacitor will need to be 10nF 
× 3/36 or 820pF, using the nearest 
capacitor value.

A separate tachometer sensor may 
also deliver a higher number of pulses 
per revolution. Again, the 10nF value 
needs to be reduced by the ratio of 
3/number of sensor pulses per engine 
revolution. In addition, for this sensor, 
there may be two leads – one for the 
signal and one at 0V. The 0V connec-
tion is provided on the PC board for 
this purpose if it is needed.

Now connect the tachometer signal 
from one motor to both IN1 and IN2. 
Connect a digital multimeter, set to a DC 
volts range, between test-point TP1 and 
0V on the PC board. With the motor run-
ning, adjust trimpot VR1 for a reading of 
0.8V per 1000rpm, eg, 1.6V at 2000rpm. 
This sets the meter scale to ±200rpm. 

If the voltage cannot be set within the 
range of the trimpot adjustment, then 
the 10nF capacitor at pin 2 will need 
changing. If the voltage is too high, use 
a lower value capacitor and if the volt-
age is too low, use a larger value. As a 
guide, reducing the capacitor value by 
a factor of two will reduce the voltage 
by the same amount.

Having adjusted VR1 so that ‘test 
point’ TP1 is at 1.6V at 2000rpm, set 
trimpot VR2 so that the 1mA meter is 
centred. That is all the setting up requires.

Testing
Now connect the IN1 and IN2 inputs to 
the separate motor tachometer signals 
and test the operation. Note that it is 

when the SpeedMatch is indicating that 
the motors are synchronised, the tacho 
readings may not be exactly the same.

This is to be expected with most 
analogue tachometers, since they are 
not particularly accurate, especially 
those with 270° movements (ie, most 
tachos). For example, a tachometer 
with a mid-scale accuracy of ±4% will 
have an error in the range of ±100rpm 
at an engine speed of 2500rpm. So, it 
is quite possible that the port engine 
tacho might indicate 2400rpm, while 
the starboard engine tacho indicates 

2600rpm when the engines are actu-
ally doing the same speed.

At low engine speeds, the tachos 
may be more inaccurate. For example, 
at 1000rpm, the accuracy may only be 
±10%, which means, again, that the 
readings can be off by ±100rpm.

Why are analogue tachos so bad? It is 
because their basic accuracy of, say, ±2% 

tacho reads to 6000rpm, its reading is 
actually 6000rpm, ±120rpm. It does not 
get any better at lower readings and in 

all analogue meters is generally not good.
Unfortunately, where the tacho sig-

nal is derived from the alternator, as 
in the case of some diesels, the tacho 
signal itself can be inaccurate because 
of variable slip in the drive belt. The 
only cure for this is to install a Hall 
effect sensor, and an accompanying 
magnet on the harmonic balancer, 

Installation
The Twin Engine SpeedMatch Indi-
cator is presented as a bare PC board 
and separate meter. For installation, 
we recommend you seal the meter top 
cover to the body with silicone sealant. 
The meter can be mounted in the boat 
dashboard using a suitable bracket. 

33/8-inch (85.73mm) diameter hole and 
the meter would need to be mounted 
onto a metal plate. 

The PC board can mount inside the 
boat dashboard. If you want to mount 

measuring 130mm × 68mm × 44mm. 
The +12V supply connection should be 
run to a FUSED accessory supply line 
that’s switched by the ignition, while 
the wiring to the ignition coil should 
use mains-rated (230V AC) cable.

For moisture protection use cable 
glands for wire entry and seal the box 
with silicone sealant after calibration.

24V operation
Some boats may have 24V batteries. 
For 24V operation, the 16V Zener 
diode ZD3 should be changed to 33V 
1W and the 100μF 16V capacitor at 
the input to the 3-terminal regulator 
(REG1) should be increased in voltage 
rating to 35V or 50V. In addition, REG1 

Wiring to the ignition coil should use 
mains-rated (230V AC) cable.            EPE

SpeedMatch

0

PORT STARBOARD

200 200
150 100 50

150
100

50
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Fig.6: this full-size meter scale can be 
cut out or colour photocopied
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Mark Nelson

White space and 
taboo channels

Why white space?
White space has been dubbed ‘WiFi on 
steroids’. At the frequencies released by 
FM radio and UHF television, signals 
travel much further and more easily 
through walls than the microwave 
channels used for WiFi. Experts quote 
ranges as far as 10km, compared with 
about 250m for normal WiFi hotspots. 

This would reduce the cost of rolling 
out wireless broadband and avoid 
digging up roads, trees and pavements 
to lay cables. And because the radio 
spectrum would be licence-free, service 
providers would not have to spend 
millions on access licences. 

A standard has already been 
devised that permits both M2M 
communications and local broadband 
delivery, using adaptive frequency 
hopping between 8MHz channels and 
a variety of modulation schemes.  Data 
rates can vary between 10kbit/s to 
16Mbit/s, delivered at distances up to 
10km from the base station.

Pirates go home?
Ed Richards explained that the white 
space solution would safeguard the 
interests of the radio industry by making 

with new commercial and pirate radio 
stations. He stated: ‘White space devices 
offer a creative solution that would not 
only use spectrum to its full capacity, 
but would also work alongside existing 
smaller FM radio stations. This could be 
done without causing interference and 

Nice sentiments, although the FM 
pirates are a tenacious bunch and have 
yielded no ground at all in three decades. 
On this tack, the OFCOM viewpoint 
looks rather like a triumph of optimism 
over experience. That apart, white space 
radio clearly has a lot going for it, and 
could easily become an all-pervasive 
technology, judging by industry support.

Reality check
Trials are already in progress, conducted 
by Microsoft with backing from a 
consortium of big-hitters such as BT, the 
BBC, Sky Television and Nokia. One of 
the locations is Cambridge, where the 
consortium will test streaming high-
quality video and audio content from 
the BBC and BSkyB to a range of mobile 

devices at hotspots, including pubs, 
other leisure venues, and commercial 
and residential premises in and around 
the city.

Cambridge is an ideal testing ground, 
with a dense mixture of buildings, 
including the historic stone buildings of 
its colleges, enabling a comparison of the 
penetration of white space signals with 
microwave WiFi networks. And although 
Cambridge itself has good broadband 
access, some neighbouring villages 
suffer poor broadband service, allowing 
the enhanced range of white space 
communications to be demonstrated. 

Meanwhile, on the Isle of Bute, 
located off the west coast of Scotland, 
the Openreach (retail) division of 
British Telecom has begun testing 
wireless broadband using white space 
technology. It is particularly keen to 
help out householders who have no 
access to broadband at all, or who are 
only able to connect to speeds of lower 
than 2Mbit/s because of the distance 
between their property and the nearest 
telephone exchange. Early indications 
have already returned some ‘very 
promising’ results, says BT, which is 
receiving funding from the government’s 
Technology Strategy Board.

Wait, there’s more
Wirefree broadband is not the only 
application for white space networks, 
however. It is also being promoted 
for machine-to-machine (M2M) com-
munications. A key application is  
smart metering for gas, water and 
electricity, something that has gov-
ernment support. And this is only 
one of some 70 applications that have 

company supporting the White Space 
Consortium’s trials in Cambridge. 
The system would also be ideal for 
road toll collection, asset tracking and  
electronic point-of-sale applications, 
together with home automation, 
home-based healthcare and diagnostic 
monitoring. 

The technology to enable this is 
the easy part, as the trials are already 
demonstrating.  What is needed now 
is the software ‘glue’ that binds the 
various elements, enabling them to 
deliver the coordinated applications 
that users want. 

WHITE space is nothing more 
than a handy term for un-
occupied radio channels, but 

for protagonists of new technology it’s 
an exciting prospect for enabling wider 
and cheaper access to the Internet. 

The idea is that white space app-
lications would work in a similar 
way to WiFi, which uses wireless at 
hotspot locations to enable users of 
wireless devices to hook up to the net. 
White space connectivity operates in 
a more intelligent manner with regard 
to location and device characteristics, 
using geolocation database lookup to 
avoid interference with other devices 
operating in the vicinity.

Making space
The transition from analogue to digital 
broadcasting (already underway on the 
UHF television band in Britain) and 
a similar process for FM radio will 
release spectrum for other users. Just 
under a year ago, OFCOM launched 
a consultation on the technology im-
plications and how new low-cost 
connectivity systems can be made avai-
lable to consumers, using white spaces 
between digital TV channels.

It is now realised that the same access 
technology could exploit white spaces 
in the FM radio band, which OFCOM 

on 6 July. White space devices could 
use frequencies freed up in the VHF FM 
band to deliver innovative applications 
such as wirefree broadband in very 
sparsely populated areas.  

The communications watchdog body 
anticipates that all large-scale radio 
stations will migrate to digital, eventually 
ceasing to broadcast on analogue FM 
radio. Smaller stations are expected to 
remain on FM. This could release up  to 
50 per cent of the capacity currently used 
to deliver FM radio services and has 
raised questions as to what this capacity 
will be used for.

use of the radio spectrum,’ said Mr 
Richards. ‘There must be certainty for 
smaller and community stations, that 
do not move across to DAB. These will 
continue to play their important role, 
and FM is an appropriate technology for 
the scale at which they operate.’

Since the early 1970s, people have exploited gaps between stations in the FM broadcast 
band – illegally. But now the pirates will have to weigh anchor, as communications regulator 
OFCOM is suggesting these and other surplus slivers of spectrum could be used for 
Internet access. This is all part of a global ‘white space’ initiative to make better use of the 
airwaves. Mark puts this move in context.
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Open-USB-IO: 
a universal 
I/O solution
This hardware I/O board will let you drive a host of digital 
and analogue I/O (input/outputs) via the USB interface on 
your laptop or desktop computer. 
Based on an Atmel Atmega32 microprocessor and not much 
else, it works on Windows, Linux and Macs.

IN THE days of Windows 98 and 
DOS, you could directly write to 
the hardware ports on your com-

puter, typically to the parallel printer 
port and serial port. This was great 
for hobbyists and many good projects 
were built around programs which 
directly accessed hardware. 

A very useful logic analyser was built 
that worked at 1MHz just by reading 
the digital inputs of the parallel port. I 
also controlled a bank of relays with C 
code, writing to the parallel port.

Then came Windows XP, a great 
improvement over Windows 98, ex-
cept that it blocked direct access to 
hardware ports. There was a quick 

giveio.sys, but it 
wasn’t always reliable. 

Next, parallel and serial ports started 
to disappear from laptops and even 
desktop PCs. Finally, along came 
Window Vista, which has completely 
blocked I/O access. Thus, hobbyists 
have been deprived of a powerful, sim-
ple, and cheap way to access hardware 
from program code.

This inability to easily control hard-
ware is not just a problem for hobbyists. 

At RMIT University where I lecture, we 
had the same problem with our labs 
and major projects. 

In the computer and networks de-
gree, students need to become familiar 
with hardware, software, networks 
and the interaction between hardware 
and software (optional in electrical 
and electronic and communications 
degrees).

to control hardware we found several 
USB boards that allowed digital input 
and output (I/O), but they were either 
expensive, didn’t do all we wanted, 
didn’t work on Windows and Linux 
and Macs, or needed special drivers 
to be installed. 

our ideal hardware I/O board:

 Cheap.
Lots of digital I/O, analogue inputs 

   and PWM outputs.

Basic I/O: LEDs, a light-dependent 
resistor (LDR) and a trimpot for 
simple analogue work.

An RS-232 serial data port, not    
used for any system function such 

   as programming.

The ability to drive DC motors or 
   stepper motors (at least 500mA 
   and 50V each).

USB-driven, with no special driv-
   ers for Windows, Linux and Mac. 

Hardware I/O can be controlled 
   from the PC via a GUI, command 
   line or program code.

Some prototyping area.

Interface with simple hardware us-
   ing ‘easy-hooks’, or complex hard-
  ware with a cable.

All ICs in sockets, to allow easy 
   repair if they are damaged. 

Users must be able to download 
their own code into a powerful 
microprocessor. Hardware can 
thus be controlled direct from the 
microprocessor with the USB just 
providing power.

By
Dr Pj Radcliffe

Senior Lecturer, School of Electrical & 
Computer Engineering, RMIT University
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  The whole thing should be Open   
Source and GPL for both software   
and hardware. This makes it easy 
for anyone to modify and extend 
the hardware or software, but they 
must release these changes back into 
the public domain. It also keeps the 
price down as no one manufacturer 
can have a monopoly on the board.

The result is the Open-USB-I/O 
board. Let’s look at its key features and 
then see how to drive it.

What’s on the Open-USB-I/O
The compact PC board packs a lot of fea-
tures. Its heart is an Atmel ATMEGA32 
microprocessor with 32KB of code 
memory, 1KB of EEPROM and 2KB of 
RAM. You can do a lot with 32KB of 
code memory!

It also has three timers, four PWM 
(pulse-width modulation) lines, eight 
A-D converter ports with 10-bit accu-
racy, serial data ports, digital I/O ports 
and much more.

Open-USB-I/O makes many of 
these available to the user, but a few 

must be kept to drive the interfaces, 
such as the USB and the program-
ming port.

The board has eight LEDs and eight 
switches, which can also be used as 
eight digital inputs and eight digital 
outputs. In fact, these 16 lines can be 
used as any combination of inputs and 
outputs by reprogramming the data di-
rection registers in the microprocessor.

Above the LED array there is an 
LDR (light-dependent resistor) which 
is read via one of the analogue inputs 
on the microprocessor. The LDR can 
sense the output of nearby LEDs which 
gives interesting possibilities, includ-
ing an optical oscillator. 

The trimpot in the middle of the 
board is connected to another analogue 
port and provides a convenient variable 
analogue input. Near the trimpot is a 
space where the user can add an ad-
ditional 2-pin device, such as a buzzer.

Circuit description
The full circuit of the Open-USB-I/O 
board is shown in Fig.1. Only three 
IC packages are used: IC1 is the Atmel 

Atmega32 microprocessor; IC2 is the 
MAX232ACPE RS232 interface chip 
and IC3 is the ULN2003A Darlington 
array.

The top left shows the USB interface 
where the Zener diodes ZD1 and ZD2 
act as voltage limiters, while the 68
resistors present the correct load to 
the PC USB port. The USB lines carry 
both DC power and high frequency 
data signals. Inductor L1 and the as-

provide the DC rail, VCC.
On a desktop computer, the USB 

port can supply up to 500mA, but 
laptops can provide rather less. The 
VCC supply is clean enough for digital 
circuits, but has too much noise for 
analogue circuitry, so the combination 
of inductor L2 and the 100nF capaci-

AVCC rail, which is used for all the 
analogue circuits in IC1. 

The USB data interface is handled 

which uses interrupt PD2 and pin 
PD7 to receive or drive signals to the 
USB line. 

NEW PIC TO COME

8 SWITCHES 8 LEDS

LDR

ATMEGA32

JTAG ICE
INTERFACE

STK200
PROGRAMMING

PORT

USB TO PC RS232 MOTOR
POWER

RESET

ALL I/O ON IDC 

PROTOTYPE AREA
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Fig.1: the circuit diagram for the Open USB I/O module shows it is primarily based on a programmed ATMEGA32, along 
with several input/output devices and LED indicators. The various input/output and power connectors are labelled 
here as CON1, CON2, etc, as is our normal practice. However, on the PC board overlay and in the text of this article 
they are labelled J1, J2 etc, so we have shown both to avoid any confusion.
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EDITORIAL NOTE: This circuit does
not have any protection for the inputs
to the IC1 processor; voltages of more
than 5V can damage the input.
A series resistor for each input would
provide protection, as the input
clamping diode within IC1 will be
current limited. Also, the power input
for open collector drives at CON1 does
not have reverse polarity connection
protection and a reverse supply can
destroy the IC3 clamping diodes.
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The bottom right of the circuit has S2 to S9, a bank of 
eight switches which can be read by the microprocessor 
(IC1). The microprocessor provides internal 100k  pull-up 
resistors on each port C pin. These set each port C pin to 
logic high when the associated switch is open, and logic 
low then the switch is closed, bringing the external 4.7k
pull-down resistor (resistor array RN1) into play.

These inputs are available on the J4 connector (and the 
J2 holes below the connector). Any external output capable 
of driving the 4.7k  resistor could be connected here and 
be read by the microprocessor. If all the switches were 
set to off, the external input would only have to drive the 
100k  pull-up resistor.

Port B of the microprocessor drives eight LEDs (LED2 
to LED 9) through a 220 resistor array (RN2), and then 
via link J10 to 0V. If the link is removed the LEDs will not 
light. This can be useful if port B pins on connector J5 are 
intended to drive external devices. 

Alternatively, the LEDs may be left connected when 
driving external circuitry, as the ATMEGA32 outputs are 
capable of driving 20mA and the LEDs only take around 
12mA, thus leaving spare drive for external devices. 

The ATMEGA32 should not drive more than 200mA for 
the entire chip as an absolute maximum, but given that the 

Controlling Open-USB-I/O from the command line
[user]$ ousb io PORTB 85
 PORTB = 85
[user]$ ousb io PORTB 0xff
 PORTB = 255
[user]$ ousb io PINC
 PINC = 1
[user]$ ousb -h io PINC
 PINC = 0x1
[user]$ ousb -b io PINC
 PINC = 0b00000001
[user]$ ousb adc 6
 ADC6 = 119
[user]$ ousb adc 5
 ADC5 = 481
[user]$ ousb io PORTB 0
 PORTB = 0
[user]$ ousb pwm-freq 1 7000
 PWM #1 on pin 4 operating at 5859.375000 Hz
[user]$ ousb pwm 1 30
 PWM #1 on pin 4 operating at a duty cycle of 0.301961

2.7k

7.2k 3k

VSUPPLY

LOAD

Fig.2: the internal 
circuit of one ULN2003 
driver. The diode 
connected to VSUPPLY
stops inductive spikes 
from destroying the 
chip when a load is 
turned off.
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chip only requires some 12mA 
for its internal uses this leaves a 
lot of drive for external devices.

The RS232 interface (IC2) at 
the bottom left of the circuit 
uses a standard MAX232 chip 
to interface to the RS232 lines 
and to provide the ±3V power 
supplies needed to drive the 
RS232 outputs. The device 
not only handles transmit and 
receive, but also one status line 
in and one status line out. If 
the RS232 port is not needed 
for serial data, then the two 
output lines can be used as 
general purpose outputs that 
drive around +3V and --3V.

Darlington drivers
The right side of the circuit 
shows IC3,the open-collector 
drive chip ULN2003A, which has 
seven open-collector drivers. 

Fig.2 shows the circuit of one of the 
Darlington drivers. An input of 3V or 
more applied to the 2.7k  resistor will 
turn on the Darlington transistor and 

SUPPLY through 
the load to ground. If the input goes 
to 0V, the Darlington turns off and the 
load current drops to zero.

If the load is inductive, the built-in 
diode connected to the positive supply 
will short-circuit the inductive current 
and ensure there are no large voltage 
spikes that could destroy the chip. 

The VSUPPLY is not tied in any way 
to the board +5V, and can range from 
0V to 50V. The Darlingtons can handle 
500mA, so each of the seven drivers 
can control a small DC motor or a coil 
in a stepper motor.

Students at RMIT university have 

one 6-wire stepper motor (using four 
outputs) and three DC motors or servo 
units. The power for these motors is 
usually connected to the 2.5mm DC 
socket (centre pin positive) which 
corresponds to VSUPPLY above. 

If you use the USB +5V as described 
above and your commands to Open-
USB-I/O start to generate errors, then 
it is likely that the output devices are 
drawing too much current from the 
USB port.

Connectors
The two 20-pin IDC connectors, J4 
and J5, provide access to most of the 

microprocessor pins and all the open-
collector drivers. The back row of these 
pins are all connected to 0V. When a 
cable is connected, this means each 
signal wire has a 0V wire on each side. 
This helps to stop interference both to 
and from the signal wire. Without such 
an arrangement, a signal on one wire 
will usually create glitches on the wire 
next to it in the cable.

The pins on the 20-pin IDC arrays 
can be connected via easy-hooks or 
a proper cable, as can be found in 
older computers (often on the side 
of the road) that use IDE drives. The 
right connector also has seven open-
collector drivers powered from the 
motor power plug (top right of board). 

The RS232 port provides a serial 
data link that is entirely at the user’s 
control; it’s not used for any program-
ming or control function.

The USB socket takes a standard 
USB A-B printer cable, which provides 

+5V power from the PC. Code on the 
microprocessor enables the board 
to act as a standard USB device and 
allows the ousb program on the PC 
to directly control every register in 
the microprocessor and hence every 
hardware interface.

The ISP socket (J7) conforms to the 
older STK-200 programming interface 
standard, which is supported by many 
programmers. Using this you can down-
load your own code into the microproc-
essor or reload our USB interface code. 

The JTAG interface (J8) allows an 
in circuit emulator (ICE) to be con-
nected and provide powerful debug-
ging facilities. Such ICE devices cost 
anywhere from about £35 to many 
hundreds of pounds. 

If you are doing serious develop-
ment work that needs debugging, then 
an ICE can save you a lot of time by 

You won’t need either of these sockets 

BASH script file example
    #!/bin/bash
    #
    #----- BASH script to read the LDR light sensor and 

         write the value to the LEDs.
 set –u          # stop autodeclaration of variables.
 LDR=
 until [ 0 != 0 ]     # A forever loop, control-C from the keyboard to stop.
 do
 sleep 0.3        # pause for 300 ms.
 LDR=$(ousb adc 6)   # get the LDR reading from Open-USB-I/O
 let “LDR = LDR/4”   # scale the 10 bit ADC back to 8 bits.
 ousb io PORTB $LDR   # write the value to the LEDs
done

+

+ ++

+
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if you just want to control the I/O ports 
from your PC.

Lastly, the prototype area is big 
enough to add your own hardware, for 
example a motor, a relay or a number 
of opto-isolators.

Obtaining the software and 
hardware
There are several key resources that 
will help you understand much more 
about Open-USB-I/O and provide all 
the required hardware, programs and 
circuit diagrams. 

The website http://pjradcliffe.word
press.com/ has:

A reference manual, which covers 
   the USB commands in more detail, 
how to program the board from 

.bat under Windows 
or BASH under Linux), how to 
write and download your own C 
programs onto the ATMEGA32 
and a description of various de-
velopment tool chains.

The Windows and Linux programs 
that give the ousb command line 
functionality described later in this 

pre-programmed into the Open-
USB-I/O board, but the website has 

how to program it into the board.
Hardware circuit diagrams for the 
Open-USB-I/O board and a simple 
programming cable which enables 
you to download your own pro-
grams into the board.

The website http://interesting-
bytes.wordpress.com/ supplies the 
Open-USB-I/O boards and also has a 
live-DVD with a huge range of devel-
opment tools. This bootable DVD pro-
vides an excellent and surprisingly 
easy-to-use Linux system running 
straight off the DVD. 

Live-DVDs do not touch the hard 
disk, they run from just your DVD 
drive and the RAM. However, if you 
like the live-DVD then it takes only 15 
minutes to install it as a dual boot to 
the hard drive.

To boot the live-DVD, ensure your 

put in the DVD and restart the computer. 
When the desktop appears, double click 
on the readme.html
the help and how-to information. Key 
features on the live-DVD relating to the 
Open-USB-I/O board include:

Code editors and avr-gcc C com-
piler and assembler for Atmel 
microprocessors.

The VMLAB emulator that enables 
you to simulate your code, includ-
ing hardware, before downloading 
the code to real hardware.

An excellent set of examples, 
which can serve as the basis of 
your own projects. 
A variety of useful documentation, 
including all data sheets for the 
ATMEGA32 and Open-USB-I/O 
board.

The live-DVD has an extensive array 
of other development tools for Linux, 
including the Eclipse IDE for C, C++, java, 
python, Perl, and C for the ATMEGA32. 
Other tools include Apache web server, 
MySQL database server, PHP, web editors 
such as Kompozer, Qt Designer for GUI 
development and much more. There 
is also a whole range of network tools, 

programs, and a few games.

Construction
The Open-USB-I/O is available in 
kit form or built and tested. The pre-
assembled version is only slightly more 
expensive than the kit version and 
available from http://interestingbytes.
wordpress.com/. However, any hobbyist 
with reasonable soldering skills should 
be able to build the board themselves.

The following is for those construct-
ing from a kit. Using the component 

 How to connect your circuitry to 
Open-USB-I/O

with the IC sockets, ensuring that pin 
1 of each is properly orientated. The 
notch at one end of the socket should 
match the notch in the socket outline 
on the board. 

Next, solder in the sockets on 
the back edge of the board, the two 
shrouded IDC connectors, the USB 
connector, the RS-232 connector and 
the DC power connector. Note that 
the notch in the two shrouded IDC 
connectors should face the outside of 
the board.

As you solder in the two 20-way 
IDC connectors, be careful that they 

-

apply heat for too long to any pin as 
the plastic can melt and the pin will 
shift, making it impossible to place a 
plug into the socket. 

Now it is simply a matter of placing 
and soldering in the rest of the compo-
nents, starting on one side of the board 
and moving to the other side. Be espe-
cially careful with all polarised devices 
such as electrolytic capacitors and LEDs. 

polarity) and do a careful visual in-
spection, checking the board against 
the photos and the overlay diagram of 

directly above the LEDs or the LEDs 
will not light!

Power up by connecting the board, via 
a USB cable, to a powered-up computer. 
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The yellow power LED should im-
mediately light. If not, check for shorts 
between +5V and ground on the board.

Start playing
The simplest way to control the Open-
USB-I/O board is via the command line. 

On a Windows computer, copy the 
ousb.exe http://pjradcliffe.
wordpress.com/ to My Documents. 
Start a terminal by clicking the start 
icon, select Run, then type cmd in the 
command box and hit enter. Use the 
command cd ‘My Documents’ (change 
directory) to move to where you have 
saved the ousb.exe

For Linux, copy the ousb
somewhere convenient. The location 
/usr/local/bin is a good place for pro-
grams, as this is in the path. Another 
good place is your home directory.

Check the program works by typing 
just ousb in the command window, 
help information should be displayed 
(if you are using your home directory 
on Linux use ./ousb).

To begin, let’s control the LEDs. 
First, ensure link J10 directly above the 
LEDs is plugged in. Type the command 
ousb io PORT B 85 and every alternate 
LED should be lit. This command is 
writing to PORTB of the microproces-
sor, which is connected to the LEDs. 

Now try ousb io PORTB 0xFF, which 
will light all LEDs and uses a hexadeci-
mal number with all bits set high. To 
turn off the LEDs, use the number 0. 

all switches to ON and try the command 
ousb io PINC. The result should be zero. 
Now try setting any switch and issue 
the command again. The result should 
show a one bit for each switch turned off. 

To view it in hexadecimal try ousb
–h io PINC, to see the result in binary 
try ousb –b io PINC.

The LDR is a slow responding light 
detector. Try the command ousb ADC 
6 to see the light level. Try different 
light levels and turning the LEDs on 
and off, to see changes in the reading.

The trimpot provides a convenient 
analogue input, use the command ousb 
adc 5 to read the setting. Try adjusting 
the pot and note the reading changes.

If you have some easy-hooks and a 
small DC motor then you can use the 
PWM and the motor drivers. PWM 

wave, but varies the ‘on’ period (duty 
cycle). 

A motor responds to the effective 
average voltage, so if the duty cycle 
is 10% then the effective voltage to 
the motor is 0.5V, and the motor will 
probably not even move. However, for 
a duty cycle of 90% (which translates 
to an average voltage of 4.5V), your 
motor will spin freely.

There are two ways to get power for 

power source that plugs into the 2.5mm 
DC socket (centre pin positive) on the 
board – in this case the motor can be con-
nected between pin 27 and pin 37 of J5. 

The second approach is to use 
the +5V supplied by the USB which 
should be OK for a small DC motor. 
If you are using this method you will 
need to link pin 39 and pin 37 of J5.

 The photograph above shows both 
options. Note that the red and black 

while the jumper between pin 39 and 
pin 37 of J5 (inset in red) is only re-

the USB +5V to drive the motor.
-

output is connected to LED3 as well 
as an open-collector driver. 

First set the LEDs to off using the 
command ousb io PORTB 0, and then 

7kHz using the command ousb pwm-
freq 1 7000

values available. 
Now set the duty cycle to 50% with 

the following command: ousb pwm 
1 50. LED2 should now be at half 
intensity. Try other duty cycles to see 
the intensity change, or if you have a 
motor connected then the motor speed 
will vary as the duty cycle changes.

Advanced play
The ousb io command allows the 
user to access any register in the 
microprocessor and so gain full access 
to all the on-chip peripherals, which 
include extra timers, I2C interfaces, 
more PWMs, interrupts, input time 
capture, the RS232 interface and more.

As an example let’s take port B, 
which is an output by default and then 
make it an input. 

First use the command ousb io 
PORTB 255 to turn on all the LEDs. 

Next, the data direction register for 
port B must be altered – use ousb io 

Connections to drive a small motor with the pulse width modulator. Inset top right 
is the J5 37-39 jumper required to drive the motor from USB port +5V.
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DDRB to read the current value, then 
ousb io DDRB 0 to turn all the pins 
to inputs which should turn off all 
the LEDs. Add the command ousb io 
PORTB 0 to turn off the microproces-
sor’s 100k  pull-up resistors, which 
may cause the LEDs to glow dimly. 

Now try the command ousb io PINB
to read the inputs. Use an ‘easy-hook’ 
or similar to connect the J4 pin for port 
B bit 0 (pin 21) to +5V (pin 37) or 0V 
(any even pin). Read the value of the 
pin using ousb io PINB. To restore the 

remove all connections and then hit 
the reset button.

Any ousb command can be placed in 
 .bat

.bat

download a package called cygwin 
(www.cygwin.com). This gives you a 

-
ple, the BASH
the light dependent resistor (LDR) and 
writes the reading to the LEDs.

Starter projects to power 
projects

powerful microprocessor and quite 
amazing things can be done with it. 

software that you can download for free. 

his website http://neil.franklin.ch/
Projects/SoftVGA/ shows how to 

-

Austin Lu and Albert Ren show to 
build an iPod interface (http://dev.
emcelettronica.com/how-to-control-
ipod-atmel-mega32). 

www.
dharmanitech.com/2008/10/adc-
project-with-atmega32.html).

information can be found at www.
avrfreaks.net
data sheets, getting started information 

Low speed activities (below 1kHz) 
can be driven from the PC via command 

line, script, or C/C++ code. Higher speed 
activities need to be programmed direct-

Conclusion
The Open-USB-I/O board is an easy and 

analogue I/O from your laptop or desk-

without the need for special drivers.
The board contains a whole range 

of I/O pins, pulse width modulators, 
analogue inputs, motor drive pins, 
and more. The board also contains the 

and using the live-DVD you can write 
your own assembler or C code, then 

which can serve as the basis of your 

board very useful at the School of 
Electrical and Computer Engineering 

-

year programming activities right up 

that require students to use the full 

and very important to our students 
(employers want evidence that stu-

as we have.

based around Open-USB-I/O includ-

the USB connection. 
Check the websites below in the 

near future to get these tools.

Where do you get it?
See www.interestingbytes.word
press.com to purchase an Open-
USB-IO board and the live-DVD 
which contains development tools 
and example projects.
See www.pjradcliffe.wordpress.
com for a detailed reference manual, 
and all the programs that you will 
need.
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By Robert Penfold

USB-to-serial interface
port, or the 2A that can be supplied 
by a USB 2.0 type. The circuit has a 
built-in 12MHz clock oscillator, and 
although there is provision for using 
an external type, there is normally no 
reason for doing so.

Software driven
Of course, in order to communicate 
with an interface based on the FT245RL 
it is necessary for the PC to have suita-
ble driver software installed. A suitable 
driver is available as a free download 
from the chip manufacturer’s website 
(www.ftdichip.com), but it will often 
install automatically if you are using a 
modern version of Windows. 

An FT245RL-based interface will 
appear in the list of COM ports in 

the USB port, but this link must be 
removed if it will be powered from a 
different source. 

The default settings should be for 5V 
logic levels and for power to be taken 
from the USB port, which are the ones 
that will normally be required in the 
current context. However, as always 
with this type of thing, it is best to 
check that everything is present and 
in the right place.

The basic circuit for the FT245RL 
chip, when it is powered from the 
USB bus, is shown in Fig.3. As the cir-
cuit only consumes about 15mA from 
the power lines of the USB port, there 
is no point in using a separate sup-
ply unless the main circuit exceeds 
the 500mA available from a USB 1.1 

APREVIOUS Interface described 
a circuit based on an FT245RL 
chip that provided an output 

port without the need for a microcon-

the PC. Instead, some simple control 
logic was used to provide a latching 
output port. The control logic also 
provided a pulse each time a fresh 
byte of data became available, which, 
in practice, would be used to indicate 
to the main circuit that new data had 
to be processed.

The FT245RL connects to a USB 
port, but provides what is essentially a 
virtual RS232C serial interface, which 
is, of course, a two-way type. There-
fore, in simple applications it should 
also be possible to have an 8-bit in-
put port based on the FT245RL that 
does not utilise a microcontroller, but 
instead relies on some basic control 
logic.

In some applications it would be 
necessary to integrate the FT245RL 
interface with the control logic of the 
main circuit. In more basic applica-
tions, the interface could be designed 
to periodically read the data bus and 
transmit the data.

Flat out
One slight drawback of the FT245R 
range of chips for electronics experi-
menters is that it is only available in 

mounting, and these have the pins/
pads spaced at a fraction of a millime-

and probably rules them out as viable 
propositions for many potential users. 

version is also available in a develop-
ment module called the UM245R. This 
has the pins at a more manageable 0.1-
inch (2.54mm) spacing (Fig.1). It has a 
standard USB socket, so that the con-
nection to the PC can be made using 
an ordinary lead of the type used with 
printers and scanners. As one would 
probably expect, this is a relatively 
expensive way of using the FT245RL 
chip, but for most people the ease of 
use it provides will more than justify 
the extra cost.

There are two small terminal blocks 
with ‘jumpers’ so that the required 

jumper should be placed across pin 2 
and pin 3 of the J1 block so that the 
input and output lines operate at nor-
mal 5V CMOS logic levels. These lines 
operate at 3.3V logic levels if pins 1 
and 2 are connected. Pin 1 and pin 2 
of the J2 block are connected together 
if the module is to be powered from 

Fig.1. The UM245R development module has 
standard 0.1-inch (2.54mm) pin spacing, which 
is more manageable than the 0.65mm pin 
spacing of the FT245RL chip it contains.

Fig.2. There are two jumper blocks that are used to configure the UM245R. The 
default settings provide input/output lines that operate at 5V CMOS logic levels, and 
connect the unit to the supply output of the USB port
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Windows Device Manager once the 
correct driver software has been in-
stalled. It can then be accessed via 
software in the same way as a genuine 
(non-virtual) COM port, provided the 
software goes via the proper Windows 
approved route. 

Direct access via input/output ad-
dresses is not possible with this type 
of interface, even when using an old 
version of Windows that supports this 
method, since the virtual port does not 
actually occupy any input/output ad-
dresses.

The required baud rate and word 
format can be set via Device Man-
ager in the normal way, and any 8-bit 

needs to be fairly high, such as 9600 or 
19200 baud, since the maximum rate 
at which data can be transferred to the 
PC is governed by this factor, and not 
the usual USB limits.

Bidirectional bus
The FT245RL is effectively a USB-
to-RS232C converter, with a built-
in UART (universal asynchronous 
receiver/transmitter). However, a 
conventional UART has separate in-
put and output busses, whereas the 
FT245RL has a bidirectional 8-bit data 
bus (D0 to D7 in Fig.3). 

This is an important difference, be-
cause a normal UART can send and 
receive data simultaneously via what 
are effectively separate items of hard-
ware. The FT245RL can simultane-
ously send and receive data internally, 
but externally the data bus must be 
devoted to one function or the other.

This normally means using a micro-
controller to deal with the FT245RL’s 
control bus and provide the required 
input and output ports. In a simple 
application it is by no means essen-
tial to use a microcontroller though, 
and some control logic is all that is 
needed. The control logic can be very 
simple indeed in applications where 
it is only necessary to send or receive 
data and a two-way link is not re-
quired.

In fact, things could be kept very 
simple, even if two-way communica-
tion is required. As modern PCs are 
not exactly short of USB ports, hav-
ing separate FT245RL interfaces for 
sending and receiving data would be a 
perfectly viable way of providing a PC 
with 8-bit input and output ports. It 
would not necessarily cost much more 
than using a single FT245RL plus a 
microcontroller or other sophisticated 
control logic circuit.

Anyway, there is one main problem 
to avoid if the interface is only re-
quired for sending data, and this is to 
ensure that the FT245RL never tries to 
place received data onto the data bus 
while the circuit feeding it with data 
for transmission has active outputs. 
Of course, this state of affairs should 
never arise, because data should not 
be sent to the port. 

If no data is received, it will never be 
placed on the bidirectional data bus. In 
practice, there is always a slight risk of 
things not going quite according to plan, 

and ideally the hardware should be de-
signed to deal with an error condition.

The RD and RXF pins are the control 
lines used when reading data, and they 
are an input and an output respective-
ly. RXF is normally high (logic 1), but 
it goes low (logic 0) when a complete 
byte of new data is available to be read. 
The new data is not placed on the data 
bus automatically, and in order to read 
a new byte it is necessary to take the RD 
input low. The data bus is then read, 
after which the RD input is taken high 
again. The RXF output is automatical-
ly returned to the high state once the 
strobe pulse on RD has ended.

The fact that the FT245RL will 
not automatically place data on the 
bidirectional data bus makes it easy 

using the chip solely to send data. 
There is no need to feed data to the 
chip via a tri-state buffer or anything 

of this ilk. Instead, it is merely neces-
sary to hold the RD input in the high 
state, which ensures that any data 
sent to the chip in error will never be 
placed on the bidirectional bus. The 
RXF output can simply be ignored, 
or it could be used to drive an indi-
cator light that would show that an 
error has occurred if it should go to 
the active (low) state.

Flow control
Getting the FT245RL to transmit data 
is fairly straightforward. The TXE 
output is used to indicate whether it 
is all right to transmit a new byte of 
data, and it goes high to indicate that a 
hold-off is required. Even when using 
a high baud rate, the speed at which 
the interface can transfer data is not 
very great, and in some applications 
there could be a risk of data being fed 
to the interface at an excessive rate. 

Fig.3. The basic circuit for using the FT245RL with 5V input/output levels and power 
obtained from the USB port. An external clock can be used, but using the internal 
12MHz clock, as here, is normally sufficient

Fig.4. The basic arrangement used when the FT245RL is used only as an input port. 
Use of the TXE output is optional, but data must not be sent to the interface at an 
excessive rate if it is left unused
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data into the interface is for the con-
trol logic to monitor the TXE output, 
and only transmit new data when it is 
low.

This method is only needed in ap-
plications where data is being sent 
at a rate that could cause problems. 
With something like a temperature 
monitor it might only be necessary to 
send a byte of data a few times per 
second, or perhaps even just a few 
times per minute or hour. Overload-
ing the interface with data will not 
be a problem in applications of this 
type, and the TXE output can then be 
left unused.

The basic circuit for the FT245 
when sending data is shown in Fig.4. 
The RD input is tied to the +5V rail 
in order to prevent any received data 
from being placed on the data bus, and 
the RXF output is just ignored. In or-
der to send the byte of data currently 
on the bidirectional data bus, which 
here effectively becomes just an input 
bus, it is merely necessary to provide 
a pulse to the WR (Write) input of the 
FT245RL.

It is on the falling (high-to-low) 
transition of this pulse that the data is 
latched into the FT245RL, and trans-
mission of the data then commences. 

The pulse width must be at least 50ns.
Where the interface is being fed 

from something like an analogue-
to-digital converter, there may well 
be a suitable pulse already available 
from the converter’s control logic. 
There should at least be a pulse that 
can be used after a certain amount of 
processing, such as an inversion or a 
short delay.

There will not be any control logic 
in a very basic application, such as 
when reading switches or simple sen-
sors. It is then just a matter of using 

WR input low so that the data bus is 
read at the required rate.

The main point to bear in mind here 
is that the rate at which data is fed to 
the interface must be kept below the 
maximum rate that can be handled by 
the particular baud rate in use. There 
are ten bits in total when using a word 
format of one start bit, eight data bits, 
and one stop bit with no parity, giving 
a maximum byte rate that is one tenth 
of the baud rate.

In practice, it is unlikely that the 
full theoretical maximum could be 
achieved, and it is therefore advis-
able to have the oscillator running at 
no more than about one twelfth of the 
baud rate. With the baud rate at 9600 

for example, an oscillator frequency of 
about 800Hz represents a safe upper 
limit.

In many applications, it is merely 
necessary to have readings taken at a 
high enough rate for on-screen read-
ings to be quickly updated when data 
changes. A frequency of around 50Hz 
is more than adequate for this type of 
thing. In data logging applications, 
where only very occasional readings 
are taken, it is likely that the frequen-
cy of the oscillator would be impracti-
cally low. The normal solution in this 
situation is to have a relatively high 
clock frequency with a divider chain 
to give the required one cycle per 
minute, hour, or whatever.

It should be borne in mind that it is 
not good practice to have the hardware 
running while the matching software 
in the computer is not operational. 
The data from the interface will still 
be read by the computer and stored 
in a buffer, which before too long will 
probably become full.

This is unlikely to have major con-
sequences, but it will leave old data 
in the buffer which will be read when 
the software is run. Ideally, the soft-

the buffer before starting to operate in 
earnest.
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Input and output impedance

Circuit Surgery
Regular Clinic by Ian Bell

CHAT ZONE user atferrari posted 
the following question about 

input and output impedance.
I am trying to grasp properly the 

concepts of output impedance and 

the source impedance. 

My questions:

the source impedance? 

do you calculate (or just 

out sig

is the source impedance 

div

Input and output impedance
This month, we will look at the 
concept of input and output 
impedance and answer atferrari’s 
second question (on the divider), 
continuing next month with a look at 

Fig.2 shows a generalised situation 
in a circuit where a source or output 
is connected to a load. This is an 
abstract representation of a vast range 
of possible cases where two electronic 
circuits or devices are connected 
together. 

The source may be the output of 

microphone or photodiode. It could 
also be a power source such as a 
battery. The load may be the input of 

or it may be a transducer such as a 
loudspeaker or motor. 

This general representation of 
interconnected circuits is, of course, a 

on its applicability. 
A source may produce either 

voltage or current (see Fig.2a and 
Fig.2b respectively) internally. If the 
source is ideal then the voltage or 
current produced internally (VS and IS
respectively in Fig.2) will be exactly 

the same as that seen externally (Vx
and Ix respectively in Fig.2). The 
power output available from an ideal 

world. 
All real sources have output 

impedance or internal resistance 
(Zout in Fig.2). The term ‘output 

Use of the term impedance rather 
than resistance implies that the value 
varies, or may vary, with frequency, 
or that the circuit is being analysed 
in terms of frequency response. Put 
another way; output impedance may 
be a mixture of resistive, capacitive 
and inductive qualities, whereas 
output (or internal) resistance is 
simply a resistance.

Voltage source
For a real voltage source 
(Fig.2a) with output 
impedance Zout, some of the 
internal source voltage is 
dropped across Zout due to the 
current, Ix
Thus the output voltage, Vx, is 
less than the internal source 
voltage. The smaller the load 
impedance (or resistance) 
connected across the source 
(Zin or ZL in Fig.2a) the larger 
the current the voltage source 

has to deliver to attempt to provide VS
across the load. 

As ZL decreases Vx decreases and 
a greater proportion of Vs is dropped 
across Zout. The output impedance 
limits the minimum load impedance 
to which a reasonable proportion of 
Vs can be delivered and also limits 
the maximum possible power output.

Current source
For a real current source (Fig.2b) with 
output impedance Zout, some of the 
internal source current is diverted via 
Zout. Thus, the output current, Ix, is 
less than the internal source current, 
Is. The higher the load impedance 
(or resistance) connected across the 
source (Zin or ZLin Fig.2b) the larger 
the voltage the current source has 
to produce to attempt to provide IS
through the load. As ZL increases Vx
increases and a greater proportion 
of Is out. The output 
impedance limits the maximum load 
impedance to which a reasonable 
proportion of IS can be delivered and 
also limits the maximum possible 
power output.

It follows from the previous 
paragraphs that if our signal is a 
voltage and we wish to preserve its 
amplitude it is best to have Zout as 
small as possible, and ZL as large as 
possible. Similarly, if our signal is 

R2
2K7

R1
5K4

C1
0.56μF

C2
0.033μF

Vin

R3

R

R4

R
V

si
g

Vdiv

Vout

op amp CA3140 or TL072
fed with +/– 15V

Fig.1. Copy of atferrari’s circuit diagram

+

–

VS

Source or output

a) Voltage source

Load or input

Zout IX

VX
Zin
(ZL)

Source or output

b) Current source

Load or input

Zout

IX

IS VX
Zin
(ZL)

Fig.2. Generalised representation of 
two electronic circuits or devices con-
nected together – a source or output is 
connected to a load or input. The source 
may be represented as producing either 
a) a voltage, or b) a current internally

impedance’ is usually used for signal 
sources and ‘internal resistance’ is 
used for power sources. However, the 
representation is as shown Fig.2 in 
both cases. 
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equivalent impedance (Zout in Fig.2a) 
is then given by VS/Ish. The Norton 
calculation follows a similar pattern. 

Thus, any circuit or device, where 
we are concerned with a single 
output signal, and which meets the 
above criteria, can be represented 
by a Thévenin or Norton equivalent 
circuit. Here we meet a possible 
objection – most of the circuits we 
are interested in are built using 
devices such as transistors and op 
amps, which are not linear over all 
operating conditions (eg, transistors 
switch off, op amps saturate); but the 
theorem requires a linear circuit.

The concept of equivalent circuits 
is very important in circuit analysis. 
Thévenin and Norton’s theorems 
provide perfect equivalents in terms 
of voltage and current (but not internal 
power dissipation), under the stated 
conditions. However, we do not 
always need a perfect equivalence; 
if we limit the conditions of our 
analysis we can then apply the theory 
more widely and still get very useful 
results.

Small signal analysis
Input and output impedances are 
typically calculated and used in 
the context of what is called small 
signal analysis (even if you do not 
realise it). As the name indicates, 
we implicitly assume a very small 
signal amplitude, which means that 
transistors are staying very close to 
their bias conditions. We can ignore 
the DC bias conditions in our analysis 
because they do not change, and we 
can use linear models of transistors 
etc. because the implied small signal 
amplitudes mean that they will not 
do grossly non-linear things like 
switching off. 

Small signal analysis is used to 
calculate things such as the gain and 
frequency response of a circuit, and 
is the basis of AC analysis (frequency 
response  analysis) in SPICE analogue 
circuit simulators such as LTSpice.

The well known idea of a bipolar 
transistor having a  current 
gain (  or hfe) is an example of small 
signal linearisation. We can multiply 
the base current by the gain to get 
collector current as long as the 
transistor is biased correctly – the 
current gain does not apply if the 
transistor is off, so this view of the 

does not encompass its full range of 
behaviour. Actually, the gain varies 

assume a very small signal we can 

linear transistor.

signal view of the transistor we can 
replace all the transistors in our 
circuit with current sources (eg, to 
produce the collector current) plus 
other basic components such as a 
resistor to represent base-emitter 

a current and we wish to preserve 
its amplitude it is best to have Zout
as large as possible, and ZL as small 
as possible. We see that current and 
voltage sources have opposite or dual 
properties.

Voltage signals
The circuit posted by atferrari uses 
voltage signals, so we will look at 
this in more detail. In Fig.2a the two 
impedances form a potential divider. 
Thus the voltage across the load is 
given by: 

between load power and load 
resistance.

In general, we should be asking 
what is the most appropriate load for 
this source. Matching in the sense of 
Zout = ZL is not always what we want. 
For example, a high impedance input 
(ZL much greater than Zout) may be 
most appropriate for amplifying the 
voltage from a sensor. In fact, in very 
many cases circuits are designed to 
have much larger input impedance 
than the source impedance so that 
loading does not modify the voltage 
at the input. On the other hand, if our 
signal is a current we usually want to 
have low input impedance.

In theorem
We started this article with the rather 
sweeping statement that a large 
range of circuits and interconnection 
scenarios could be represented by 
Fig.2. Where does this come from? 
The idea of representing the output of 

and resistor is based on Thévenin’s 
theorem. The theorem is named after 
Léon Charles Thévenin (1857–1926), 
a French telegraph engineer; although 
the theory was also developed 30 
years earlier, in 1853, by Hermann 
von Helmholtz (1821–1894).

Thévenin’s theorem states that 
a linear electronic circuit that 
comprises any combination of 
voltage sources, current sources and 
resistors, with two output terminals, 
is electrically equivalent to a single 
voltage source, Vs, and a single series 
resistor, Rout (Zout in Fig.2a). The 
theorem also applies to circuits in 
which the sources are AC (sinewave), 
all at the same frequency, and the 
other components are impedances 
(resistance, capacitance inductance).

There is a related theorem, called 
Norton’s theorem, which states 
that a linear electronic circuit that 
comprises any combination of 
voltage sources, current sources and 
resistors with two output terminals 
is electrically equivalent to a single 
current source, Is, and a single parallel 
resistor, Rout (Zout in Fig.2a). This can 
also be extended to single frequency 
AC sources and impedances. 

We can also readily convert from 
a Thévenin to Norton equivalent or 
vice versa if required. The theorem 
dates from 1926, and is named after 
Edward Lawry Norton (1898–1983), 
who was an American engineer.

(our circuit’s output voltage with no 
load connected). This is the Thévenin 
equivalent voltage (VS in Fig.2a). 

current, Ish, that is the current which 

we connected it across our circuit’s 
output terminals. The Thévenin 

We get this equation by using Ohm’s 
law to get the current through the two 
impedances (Vs divided by the total 
impedance) and applying Ohm’s law 
again to get the voltage drop across 
ZL (by multiplying ZL by the current). 

we want Vx to be as large as possible 
then ZL must be much larger than Zout.
If ZL is very much larger than Zout then 
the load voltage is effectively equal to 
the source voltage. 

The current in the load in Fig.2a is 
given by:

Thus, if we want the current in the 
load to be as high as possible we need 
to make ZL much smaller than Zout.

When connecting a source to an 

of (voltage) signal in decibels due to 
loading by the input impedance (load 
loss) can be calculated as follows:

In general, it is a good idea to have 
ZL at least ten times as large as Zout 
if you want to avoid loading. This 
results in a load loss of less than 1dB.

Matching
Discussion of input and output 
impedance often raises the issue 
of matching. Given that the term 
‘matching’ would imply Zout = ZL, the 
two scenarios we have just looked at 
– maximum Vx by making ZL much 
larger than Zout, and maximum IL by 
making ZL much smaller than Zout 
indicate what happens when load 
and source are not matched.

So what happens when the circuits 
are matched with Zout = ZL, and why 
might this be useful? The answer is 
that maximum power is transferred 
from source to load. In order to prove 

the maximum of the relationship 

s
Lout

L
x V

ZZ
ZV

Lout

S
x ZZ

VI

Lout

L

ZZ
ZLoad loss log20
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resistance. The resulting circuit will 
contain just sources and passive 
components (the original resistors 
etc, plus those from our transistor 
equivalent circuits) and therefore can 
be worked on using the Thévenin or 
Norton theorems. Similarly, we can 
produce a small signal equivalent 
circuit for an op amp and analyse op 
amp circuits in the same way.

Fig.3 shows an equivalent circuit 

divider. We have also added a source, 
which produces Vin, but which is 
not shown in Fig.1. We can answer 
atferrari’s questions with respect 
to this equivalent circuit and the 
original schematic. Table.1 provides 
a description of all the symbols in 
Fig.3.

Strickly speaking

source impedance with respect to 

the question cannot be answered 
because no details of the source were 
provided in the question. If atferrari 
means the output impedance of the 

address. However, the fact that the 

makes the situation more complex, so 

we will look at the second question 
ouf.

Strictly speaking the divider does 
not have a full Thévenin equivalent 
circuit because it does not contain 
any voltage sources. However, we can 

output combined with the divider. 

equivalent output circuit (Vf outf
in Fig.3) and combine this with the 
original divider circuit. This is shown 

equivalent circuit for Fig.4, this will 
give us the Thévenin circuit for the 

hence the output (source) impedance 
outd) which atferrari is looking for.
The short circuit output voltage for 

Fig.4 can be found by applying the 
potential divider formula in which 

out + RA) form the upper resistor of 
the potential divider and RB is the 
lower resistor. So we have:

Table 1: Fig.3 symbols
Vs Signal source Thévenin equivalent 

voltage
Zs Signal source output impedance
Vin Filter input voltage = Source output  

voltage 
Iin Filter input current = Source output 

voltage 
Zinf Filter input impedance
Vf Filter output Thévenin equivalent 

voltage
Zoutf Filter output impedance
Vsig Filter output voltage = Divider input 

voltage
Isig Filter output current = Divider input 

current
Rdiv Divider input resistance (impedance)
Vd Divider (plus filter) output Thévenin 

equivalent voltage
Zoutd Divider (plus filter) output impedance
Vdiv Divider (plus filter) output voltage

Dividing Vd by Ish outd

+

–

VS

Source Filter

ZS Iin

Vin Zinf

+

–

Vf

Zoutf Isig

Vsig Rdiv

Divider

+

–

Vd

Zoutd

Vdiv

Fig.3. Equivalent circuit for Fig.1. Note that the source is not shown in Fig.1. Also note 
that Vsig=Vout on Fig.1 when the filter is connected to the divider

Filter plus divider (equiv)

+

–

Vd

Zoutd

Vdiv

+

–

Vf

Filter (equiv) Divider (orig)

Zoutf RAIsig

Vsig RB Vdiv

If we short the output of Fig.4, Isig

f outf and RA and 
then via the short to ground. The short 
circuit output current is therefore:

Fig.4. Filter output equivalent circuit connected to actual divider circuit. We can use 
this to find an equivalent circuit for the filter and divider combination

Readers may notice that this is the 
outf plus RA in parallel 

with RB outf  is very small compared 
with RA (which may be the case, at 
least at low frequencies) then it may 

outd will be equal to 
the parallel resistance of RA and RB.

An alternative way to calculate the 
Thévenin impedance is to replace all 
voltage sources with short circuits and 
all current sources with open circuits 
and then calculate the impedance 
(resistance) between the output 
terminals. For Fig.4 it is straightforward 
to see that this gives us the same result 
as above.

This month we have introduced the 
theory behind the idea of output or 
source impedance and answered one 
of atferrari’s questions. Next month, 
we will look at output impedance in 
the context of op amp circuits and 

f
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A periodic table of electronics
Don’t ask me why, but I was recently looking at some-
thing called The Periodic Table of Contra [Dancing]. 
Apparently Contra is akin to what I used to know as 
barn dancing when I was a lad, where a caller shouts 
out the moves for the dancers to perform. Anyway, it 
seems that the creator of this table – April Blum – had 
seen other novelty periodic tables, and wondered if she 
could create one based on the terms the callers use dur-
ing Contra dancing. The result is really clever. You can 
see a full-size version of April’s table at: www.cdss.org/

there’s no cheating; April used the real chemical sym-
bols and worked really hard to make everything come 
out. From there I started bouncing around the Inter-
net to discover that there are all sorts of funny tables, 
including The Periodic Table of Fruits and Nuts, The 
Periodic Table of Deserts, and The Periodic Table of Fish 
Lures and Flies, to name but a few.

Just a minute – I 
have an idea – and 
I bet you’re think-
ing the same thing 
as me: ‘Could we 
create our own 
Periodic Table of 
Electronics?’ The 
idea would be 
to come up with 
electronic terms 
corresponding to 
all the regular ele-
ment mnemonics. 
For example, ele-
ment 46, symbol 
Pd, could equate 
to ‘pull-down re-
sistor’ (this is just 
an ‘off-the-top-of-my-head’ throwaway thought – I’m 
open to any and all suggestions). I’m thinking that the 
full-up table will be about 17in across and 11in deep. If 
we do this, I’ll make it available as a PDF that anyone can 
download and print.

So, how about it? Can we come up with an electron-
ics item for each of the chemical symbols for elements 1 
through 111? If you email your suggestions to me (

) I’ll create the table. Note that it’s a lot 
easier from my point of view if you give me three things: 
the element number, the mnemonic, and your suggestion. 
Don’t just email me saying something like ‘How about, ‘ho 
= Hold Time?’ Finding things without the element num-

*

You’re never alone with a ukulele
A friend of mine recently told me that ‘It’s hard to be in a 
bad mood while you’re playing or listening to a ukulele.’ 

Max’s Cool 
Beans

By Max The Magnificent

play (grin). In fact, I have never held one of these little 
scamps in my hands, but that is soon to change…

Have you ever heard a rendition of the song ‘Some-
The Wizard of 

Oz by a Hawaiian musician called Israel ‘IZ’ Ka ano i 
Kamakawiwoole (1959 – 1997).  If you aren’t familiar 
with this you really should check it out on YouTube 
( ). I have to 
tell you, this really counts as one of the most beautiful 
things I’ve ever heard. Somehow IZ’s voice and his uku-
lele meld together in perfect harmony (no pun intended). 
Whatever I’m doing, this always makes me pause for a 

Anyway, a few days ago I ran across a really inexpensive 
($40) do-it-yourself ukulele kit (

). In fact, this isn’t 
as hard as it sounds because the main body is already con-
structed. All you have to do is add the supplied neck and 
strings and stuff. I couldn’t help myself; I ordered two – one 
for myself and one for my 16-year old son. I just checked 

the online tracking 
and they are due to 
be delivered tomor-
row as I pen these 
words.

The really cool 
thing is that you 
can paint a de-
sign on it if you 
wish. Originally, I 
was planning on a 
Hawaiian theme, 
but then someone 
who knows my in-
terests said ‘Why 
don’t you give it a 
Steampunk look-
and-feel?’ (This is 
where you make 

something look like it’s sort of Victorian with lots of brass 
and bolts and cogs and suchlike.) I hadn’t even thought 
of this, but my imagination immediately ran away with 
me. I’ve thrown a couple of pencil sketches together and I 
think I can make this look really amazing.

Last but not least, I was pondering how I was going to 
tune the little rascal once I’ve painted and assembled it. 
Well, I recently took the plunge and purchased an iPad 2. 
So I performed a quick search in the iPad app store and 
found a plethora of apps geared up to tuning ukuleles (I 
know, I didn’t believe it either). I just downloaded a free 
app called UkuTune that seems to work really well.

So now I’m aquiver in anticipation. I cannot wait for 
my DIY ukulele to arrive. Once I have it all painted and 
ready to rock-and-roll (as it were) I shall report further in 
a future column. Until next time – have a good one!

* -
ing to Ho (element 67) is that it’s located underneath my 
zoomed-in Pd box, but I think you follow my drift.  
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P928-X PIC Training Course £168
The best place to begin learning about microcontrollers is the PIC16F1827, the 
new, incredible value, 18 pin PIC. All the features of the PIC16F627A plus an 
analogue to digital converter, four times as much memory, and 10% cheaper. Yet 
it is just as easy to programme.

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 318 page book 
teaching the fundamentals of PIC programming, a 304 page book introducing the 
C language, 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.
P928-X PIC Training & Development Course comprising.....

Enhanced 16F and 18F PIC programmer module
+ Book Experimenting with PIC Microcontrollers
+ Book Experimenting with PIC C 5th Edition
+ PIC assembler and C compiler software on CD
+ PIC16F1827, PIC16F1936 and PIC18F2321 test PICs
+ USB adaptor and USB cable. . . . . . . . . . . £168.00

   (Postage & insurance UK £10, Europe £18, Rest of world £27)

Experimenting with PIC Microcontrollers
This book introduces PIC programming by jumping straight in with four 
easy experiments. The first is explained over seven 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 rendition 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 PIC18F2321. In the space of 24 experiments, two projects 
and 56 exercises we work through from absolute beginner to experienced 
engineer level using the very latest 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 
experiments to learn about loops. We use the 8/16 bit timers, write text and 
variables 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

PH28 Training Course £193
PIC PIC training and Visual C# training combined into one 
course. This is the same as the P928 course with an extra 
book teaching about serial communication.
    The first two books and the programmer module are the 
same as the P928. The third book starts with very simple PC 
to PIC experiments. We use PC assembler to flash the LEDs 
on the programmer module and write text to the LCD. Then 
we learn to use Visual C# on the PC. Flash the LEDs, write 
text to the LCD, gradually creating more complex routines 
until a full digital storage oscilloscope is created. (Postage & 
ins UK £10, Europe £22, rest of world £34).

PICs & Power Training Course
Our new PICs and Power course will be ready for sale 
at the end of September. This is the ideal course if you 
are already into PICs and want to expand to learn about 
using the Microchip PICkit3 programmer with the very 
latest 16F and 18F XLP PICs. The new 340 page book 
“Experimenting with PICs and Power”  starts by assuming 
you are a newcomer to PICs and PICkit3. We start with 
4 very simple experiments to control LEDs, then study 
the hardware timers, learn to write to the LCD, to use the 
keypad, study the oscillator, watchdog, sleep mode, ADC, 
and PIC to PIC  and PC to PIC serial communication. The 
P&P circuit board has sockets for 18, 20, 28 and 40 pin 
PICs and 8 power MOSFETs which we use for the motor 
and stepper motor experiments in the last few chapters. 
The P&P board has sockets to connect either a PICkit3 
or a Brunning Software programmer. For details see www.
brunningsoftware.co.uk/pap.htm.

Ordering Information 
Our P928-x course is supplied with a USB adaptor and 
USB lead as standard. All software referred to in this 
advertisement will operate within Windows XP, NT, 2000, 
Vista, 7 etc.
    Telephone for a chat to help make your choice then use 
Google checkout to place the order, or send cheque/PO. All 
prices include VAT if applicable.

PIC Training Course

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

Towards the end of the PIC C book circuits need to be built on 
the 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 PIC16F1827 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 (£31) to build the circuits using the white 
LEDs and the two motors. See our web site for details.

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

Mail order address:
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UK readers you can SAVE 79p on 
every issue of EPE

How would you like to pay £3.46 instead of £4.25 for your copy of EPE ?

45-SECOND VOICE
RECORDER MODULE
� Record two, four or eight different messages

� Clean and glitch-free line-level audio output
� Can feed an amplifier or PA system
� 8-bit recording quality, user-selected bandwidth

PIR-TRIGGERED MAINS SWITCH
Use a domestic PIR system to switch any 
mains-powered device rated up to 10A

WIN A MICROCHIP Microstick Development Board

Teach-In 2011 – Part 6
Logic circuits – Our not-to-be-missed introduction 
to gates and flip-flops 

MULTI-FUNCTION, INTELLIGENT
REMOTE-CONTROLLED DIMMER
The ultimate dimmer project using a 
standard handheld remote

APRIL 2011  £3.95

GPS SYNCRONISED CLOCK
Atomic clock accuracy hanging on your kitchen wall!

NEW, IMPROVED THEREMIN
� Modern update of the classic electronic instrument
� Internal speaker and line out options
� Includes versatile ‘voicing’ controls
� Output over five octaves

Teach-In 2011 – Part 5
Our not-to-be-missed introduction to the classic 
analogue IC – the op amp

Low-cost Digital Audio Millivoltmeter
Displays millivolts,  dBV and dBm

MARCH 2011  £3.95

� 
� 
� 

� 

Well you can – just take out a one year subscription and save 79p an issue, or £9.50 over the year.
You can even save £1 an issue if you subscribe for two years – a total saving of £24.00.

Overseas rates also represent exceptional value.
You also:

SUBSCRIPTION PRICES
Subscriptions for delivery direct to any address in 
the UK: 6 months £21.95, 12 months £41.50, two 
years £78.00; Overseas: 6 months £25.00 standard 
air service or £35.00 express airmail, 12 months 
£48.00 standard air service or £68.00 express 
airmail, 24 months £91.00 standard air service or 
£131.00 express airmail.

Cheques or bank drafts (in £ sterling only) payable 
to Everyday Practical Electronics and sent to 
EPE Subs. Dept., Wimborne Publishing Ltd., 113 
Lynwood Drive, Merley, Wimborne, Dorset, BH21 
1UU. Tel: 01202 880299. Fax: 01202 843233. 
Email: subs@wimborne.co.uk. Also via the Web at: 
www.epemag.com (go to the ‘UK Store’). 

Subscriptions start with the next available issue. 
We accept MasterCard, Maestro or Visa. (For past 
issues see the Back Issues page.)

ONLINE SUBSCRIPTIONS
Online subscriptions, for downloading the magazine 
via the Internet, $19.99US (approx. £13.00) for one 
year available from www.epemag.com.

SUBSCRIPTION ORDER 
FORM

 6 Months: UK £21.95, Overseas £25.00 (standard air 
service), £35.00 (express airmail)

 1 Year: UK £41.50, Overseas £48.00 (standard air service) 
£68.00 (express airmail)

 2 Years: UK £78.00, Overseas £91.00 (standard air service) 
£131.00 (express airmail)

To: Everyday Practical Electronics,
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 

Wimborne, Dorset BH21 1UU
Tel: 01202 880299 Fax: 01202 843233

E-mail: subs@epemag.wimborne.co.uk

I enclose payment of £ .............. (cheque/PO in £ sterling 
only), payable to Everyday Practical Electronics

Please charge my Visa/Mastercard/Maestro

My card number is: .......................................................................
Please print clearly, and check that you have the number correct

Signature ......................................................................................

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

Card Ex. Date ...................................Maestro Issue No. ..............

Name ............................................................................................

Address ........................................................................................

Post code ..................................  Tel. ...........................................

Subscriptions can only start with 
the next available issue.

SAVE 

MONEY WITH A  

SUBSCRIPTION – 

buy now!
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READOUT
Matt Pulzer addresses some of the 
general points readers have raised. 
Have you anything interesting to say?
Drop us a line!

Email: editorial@wimborne.co.uk

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.

The Atlas LCR automatically measures inductance 

from 1mH to 10H, capacitance from 1pF to 

10,000 F and resistance from 1  to 2M  with 

a basic accuracy of 1%. www.peakelec.co.uk

� LETTER OF THE MONTH �
Thinking outside the box

Dear Editor
I run a small company, and was recently 
speaking to a young friend who is in the 
process of setting up his own electronics 
business. In the course of our conversation, 
I warned him to consider enclosures as 
a major hurdle to any new product. Let’s 
face it, many of us can design a PCB on 
a computer and email the design off to a 
manufacturer. For relatively little cost we 
can have a working gadget back in a matter 
of just a week or two. No, the big problem, 
as I explained, is the plastic box!

As I see it, there are two major hurdles 
to overcome. The first is that ‘standard 
enclosure’ manufacturers seem to have 
perilously little imagination and the vast 
majority of their products are all about the 
same shape – they just vary in size. Little 
thought is given to how a designer might 
actually use the box in practice, and if 
anyone is courageous enough to actually 

use one of these monstrosities then it generally 
looks very home made. 

The second hurdle is that the main 
alternative to standard enclosures, ie, injection 
mouldings, is a hideously expensive process 
and is a major inhibitor to small, innovative 
companies. I know – I’ve just spent £6000 
on a small moulding tool that will take a 
large number of sales to pay off. I have tried 
to persuade my suppliers to work on an 
innovative set of enclosures that could be 
built with PCB designers in mind, but I didn’t 
generate much interest.

With all this in mind, I’m afraid my 
attention must now turn to my good friends 
at EPE, who as we all know publish excellent 
projects in every issue. My gripe with this is 
that the enclosure side of things is often left to 
the ‘imagination’ of the constructor. 

Speaking personally, I’d appreciate it if 
all kits were designed to fit in some easily 
available box, ideally ones we can buy in the 
UK from suppliers like Maplin, RS or Farnell. 
I do understand that these articles are often 

On-the-cheap

Dear Editor
Re: ‘Rat it before you chuck it’, one 
might consider buying something new, 
specifically to cannibalise it for its 
constituent parts.

At one well-know supermarket recently, I 
was able to buy 48 white LEDs for £5 (built 
into a battery light), or 72 LEDs for less than 
£7, complete with three magnets, a battery 
holder, a pushbutton switch, and some power 
control electronics thrown in for nothing.

Ken Wood, by email

Top tip Ken – the unnamed supermarket 
wasn’t by any chance Lidl was it? I know 
they often go in for super-cheap items that 
seem to have little to do with their ‘normal’ 

IF YOU HAVE A SUBJECT YOU WISH TO DISCUSS IN READOUT 
PLEASE EMAIL US AT:

editorial@wimborne.co.uk

supermarket offerings. Ultrasounds clean-
ing tanks, angle grinders, garage hoists 
and other tools have all been regularly 
offered at amazingly low prices. 

True, the quality is not always ‘top 
drawer’, but if you just need components 
or the one-off use of an item, they can be 
extraordinarily good value. See ‘Special 
offers’ at: www.lidl.co.uk

Thumbs up for Digital LC meter

Dear Editor
I have just completed the construction of 
the Digital LC Meter featured in the March 
2010 edition of EPE.

I ordered most of the main parts for this 
project from Jaycar in Australia, which 
swiftly arrived. I then proceeded to follow 
the excellent construction information. 

May I now tell your readers how pleased 
I am with the performance of this meter, 
which worked perfectly the first time 
I switched on the power. I have tested 
various mica capacitors on this meter, so I 
know it is giving very accurate capacitance 
readings. I wonder if any more of your 
readers have constructed this excellent 
project?

John Baldwin, by email

Thanks for the ‘thumbs up’ for both the 
project and the component supplier. I do 
occasionally worry that readers are put off a 
project because they need to order parts from 
Australia. Your experience echoes that of others 
– Jaycar are a reliable firm to deal with and it 
takes just a few extra days for their projects and 
components to reach us here in the UK

reprinted from publications based in other 
countries, and if necessary, I for one would 
be happy to go further (eg, Jaycar) to buy the 
right enclosure if it had been specified in the 
instructions.

To summarise, PCBs are easy to make but 
enclosures aren’t, so please ask your project 
designers to take this into account in their work.

Nigel Fraser Ker, Ashtead, Surrey

I completely agree with you Nigel, but as 
you have already discovered, it’s not an easy 
problem to solve. An additional issue is that 
a half-decent enclosure can cost as much or 
even more than the silicon in a project. The 
projects that we share with Silicon Chip do 
need to use the enclosures specified, thereby 
ensuring that the designers’ overall layout, 
in terms of EMC, power supply, thermal 
safety and other considerations is followed. 
However, if you or any other reader manages 
to find a good source of enclosures for other 
projects, then we would be delighted to hear 
from you.
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS

Flowcode 4 is one of the World’s most advanced graphical 
programming languages for microcontrollers. The great advantage 
of Flowcode is that it allows those with little experience to create 
complex electronic systems in minutes. 

Flowcode’s graphical development interface allows students to 
construct a complete electronic system on-screen, develop a 

and then produce hex code for PICmicro® microcontrollers,  
AVR microcontrollers, ARM microcontrollers, dsPIC and PIC24 
microcontrollers.

Design
Flowcode contains standard flow chart 
icons and electronic components that allow 
to you to create a virtual electronic system 
on screen. Drag icons and components onto 
the screen to create a program, then click 
on them to set properties and actions. 

Simulate
Once your system is designed you can use 
Flowcode to simulate it in action. Design  
your system on screen, test the system’s 
functionality by clicking on switches or 
altering sensor or input values, and see how 
your program reacts to the changes in the 
electronic system.

Download
When you are happy with your design click 
one button to send the program directly to 
your microcontroller based target. Targets 
include a wide range of microcontroller 
programmers, upstream E-blocks boards, 
the Formula Flowcode robot, the MIAC 
industrial controller, or your own system 
based on ECIO technology. 

Version PICmicro AVR ARM dsPIC & PIC24 Price

Single user TEFLCSI4 TEVRSI4 TERMSI4 TEDSSI4 £149.00

Student/home TEFLC104 TEVRI04 TERM104 TEDSST4 £39.00

Single user + FlowKit bundle HP277SI4 HP2835SI4 HP3928SI4 HP6958SI4 £175.00

FlowKit
The FlowKit can be connected 
to hardware systems to provide 
a real time debug facility where 
it is possible to step through the 
Flowcode program on the PC 
and step through the program in 
the hardware at the same time. 
The FlowKit can be connected 
to your own hardware to 
provide In-Circuit Debug to 
your finished designs.

Space for further 
information etc......................
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????

Hobbyist/Student . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £45.95 inc VAT
Professional (Schools/HE/FE/Industry) . . . . . . . . . . . . £149 plus VAT
Professional and Flowkit bundle . . . . . . . . . . . . . . . . . £175 plus VAT

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

(UK and EU customers 
add VAT to ‘plus VAT’ 

prices)

engineers to
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PICmicro TUTORIALS AND PROGRAMMING

VERSION 3 PICmicro MCU 
development board

Suitable for use with the three software packages
listed below.

This flexible development board 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 LEDs, quad 

  7-segment display and alphanumeric LCD 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)

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 microcontroller, 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.

‘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-ROM 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.

FLOWCODE FOR PICmicro 
V4

£161 including VAT and postage, supplied 
with USB cable and programming software

HARDWARE

SOFTWARE

Hobbyist/Student . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £45.95 inc VAT
Professional (Schools/HE/FE/Industry) . . . . . . . . . . . . £99  plus VAT
Professional 10 user (Network Licence)  . . . . . . . . . . . £350 plus VAT
Site Licence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £699 plus VAT
Flowcode Professional (Schools/HE/FE/Industry) . . . £149 plus VAT
Flowcode 10 user (Network Licence) . . . . . . . . . . . . . . £399 plus VAT
Flowcode Site Licence  . . . . . . . . . . . . . . . . . . . . . . . . . £799 plus VAT

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

(Order form on next page)

(UK and EU customers add VAT to ‘plus VAT’ prices)

Minimum system requirements for these 
items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 

hard disk space.
Flowcode will run on XP or later 

operating systems

Flowcode is a very high level language programming 
system 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 LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. 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 
16-bit arithmetic strings and string manipulation 

  Pulse width modulation 
  I2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices)
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Version 2 includes 
the EPE PIC 
Tutorial V2 series of 
Supplements
(EPE April, May, 
June 2003)

The CD-ROM con-
tains the following
Tu t o r i a l - r e l a t e d 
software and texts: 

  EPE PIC Tutorial V2 complete series of 
       articles plus demonstration software, 
       John Becker, April, May, June ’03

PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
Oct ’01

PIC Toolkit TK3 for Windows 
(software details), John Becker, 
Nov ’01

Plus 18 useful texts to help you get 
the most out of your PIC programming.

Price £14.75 inc. VAT

EPE PIC 
RESOURCES V2

By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish – even including on-screen testing of the PCB prior 
to construction!

CIRCUIT WIZARD

ELECTRONIC
COMPONENTS PHOTOS

Please send me: CD-ROM ORDER FORM

Assembly for PICmicro V3
‘C’ for 16 Series PICmicro V4
Flowcode for PICmicro 
Flowcode for AVR
Flowcode for ARM
Flowcode for dsPIC & PIC24

PICmicro Development Board V3 (hardware)

Circuit Wizard – Standard
Circuit Wizard – Professional
EPE PIC Resources V2
Electronic Components Photos

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/Maestro: £ . . . . . . . . . .

Valid From: . . . . . . . . . . Card expiry date: . . . . . . . . . . . . .
Card No: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Maestro Issue No.  . . . . . . . . .
Card Security Code . . . . . . . . . . (The last 3 digits on or just under the signature strip)

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

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

ORDERING
ALL PRICES INCLUDE UK 

POSTAGE

Student/Single User/Standard/Hobbyist 
Version  price includes postage to most 

countries in the world
EU residents outside the UK add £5 for airmail 

postage per order

Professional, Multiple User and Site License 
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 VAT at 20% or provide 
your official VAT registration number).

Send your order to:
Direct Book Service

Wimborne Publishing Ltd
113 Lynwood Drive, Merley, Wimborne, 

Dorset BH21 1UU
To order by phone ring

01202 880299.  Fax: 01202 843233
Goods are normally sent within seven days

E-mail: orders@wimborne.co.uk
Online shop:

www.epemag.com

NEW VERSION

Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/

CAM manufacture in one complete package. 
Two versions are available, Standard or Professional.

Version required:
Hobbyist/Student
Professional
 Professional 10 user
Professional + Flowkit
Site licence

This is the software used in our Teach-In 2011 series.
Standard £61.25 inc. VAT

Professional £91.90 inc. VAT

* Circuit diagram design with component library (500 components 
Standard, 1500 components Professional)

* Virtual instruments (4 Standard, 7 Professional)

* On-screen animation

* Interactive circuit diagram simulation

* True analogue/digital simulation

* Simulation of component destruction

* PCB Layout

* Interactive PCB layout simulation

* Automatic PCB routing

* Gerber export

* Multi-level zoom (25% to 1000%)

* Multiple undo and redo

* Copy and paste to other software

* Multiple document support

A high quality 
selection of over 
200 jpg images 
of electronic 
c o m p o n e n t s . 
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).

Now contains Irfan View image software 
for Windows, with quick-start notes 
included.

Price £19.95 inc. VAT
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Surfing The Internet

Net Work
Alan Winstanley

A near miss

ACCORDING to a recent Symantec Intelligence re-
port, the UK is the most targeted geographical area 

for phishing attacks, overtaking even South Africa. One 

times more than in the USA, and one hundred times more 
than in Japan. Spam levels, however, remain at about 78% 

Earlier this year, Microsoft partnered with various 
worldwide agencies to defeat one of the most notorious 
spamming networks, Rustock, which had one million in-
fected PCs under its control in a ‘botnet’ that sent out bil-
lions of junk mails every day.  You can read more of this 
type of Trojan threat, together with Microsoft’s advice for 
protecting yourself, at http://tinyurl.com/3vw6eye

I receive tiresome phishing emails throughout the day, 
and needless to say they are immediately deleted, but 
some efforts at online robbery are so cleverly disguised 
that they almost fool even the author. Online crooks have 
become very sophisticated in their endeavours, and a clear 
trend is emerging of running highly targeted campaigns to 
defraud innocent victims without mercy.

The term ‘spear phishing’ refers to a cunningly focussed 
attempt to defraud victims by social engineering, aimed 

might, for example, have gained the staff listing or member 
database of a corporation, or hacked into a social network-
ing list. The crooks send recipients a phishing email that 
includes, for example, their full name or member ID, to 
give it more credibility. The recipient may be encouraged 
to ‘log in’ on a dubious link, which consequently plants a 

bank logins or keystrokes.

Online vigilance
Vigilance online is more important than ever. A nasty ex-

hand came in the form of an email from a close friend’s Ya-
hoo email address that I recognised instantly. The sender 
said that she had hopped over to Spain for a quick holiday, 
which is exactly the sort of thing that she does, but she 
had been robbed of her cash, wallet and phone at gun-
point. The plane was due to leave for the UK, the email 
claimed, but the hotel manager would not let them check 
out until the bill was paid. Could I help? 

The mail was written in exactly her style, and it barely 
crossed my mind that the whole thing could be a hoax, and 
I treated this as an urgent plea for help from a good friend. 
Then I slapped my forehead: hang on a minute! I phoned 

a relief!). Someone had hacked her Yahoo email and sent 
out a fraudulent email through her address book, she ex-
plained.

I can honestly say that I was fooled initially, and indeed 
a day or two later I got another email from ‘Spain’ togeth-
er with… a Western Union transfer request for £1,200. I
also noted a Reply-To: email address was slightly differ-
ent, so they had baited and switched me to another email 
account. 

Going digital
In the past few months, I highlighted some of the trends in 
home and mobile networking, including the launch of new 
Google OS Chromebooks – these always-on netbook-style de-

access a number of services that are hosted in the ‘cloud’. 
Chromebooks power up in a few seconds and Google claims 
they relieve the users of the need to constantly patch an op-
erating system or guard their hardware against viruses.  Even 

-

based working less than 100% secure.
Documents, mail, presentations, family photos, blogs or 

spreadsheets  can all be hosted in the cloud for free and for 
many, Google’s Gmail has become an indispensable tool. 
We don’t seem to mind that our emails are ‘read’ by Google 
in search of money-spinning keywords – an email I just 
viewed in Gmail for a printing quotation is surrounded by 
Google Ads for banners, business cards and posters.

Network technology is reaching into the home in other 
ways, as an exciting choice of hardware becomes avail-
able. Our enjoyment of digital TV can be enhanced with 

range of satellite and terrestrial PVRs produced by Humax 
www.humaxdigital.com) that use hard disks to record a 

TV programme or series automatically.  Some models con-

or Homeplug adaptors through the mains) or via a Humax 
USB WiFi dongle, enabling online services such as BBC
iPlayer to be accessed. 

They can also connect to a home network media drive 
to display family photos or video clips on a TV, turning 
your TV into a giant digital picture frame. Look for DLNA-
compatible hardware – the logo of the Digital Living Net-

www.dlna.org) which tries to ensure that 
all DLNA-compatible equipment will network together suc-
cessfully, even when manufactured by different brands.

With swathes of the UK still awaiting the changeover to dig-
ital TV in 2011 and 2012, it is worth planning in advance and 
plenty of information is available online.  EPE readers will be 
interested in the hardware changes needed, and it ultimately 

paid-for), or free terrestrial TV through an aerial.  UK readers 
can check www.freeview.co.uk  and www.freesat.co.uk for 
independent advice. Connection diagrams are available on the 
Digital TV Group website at http://www.dtg.org.uk.

This Humax personal video recorder (PVR) has twin tuners 
and hard disk, and includes USB and ethernet ports for con-
necting to your router
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Ready for my own digital changeover I sourced 

cable and a bunch of F-connec-
tors and couplers via eBay 
at an excellent price. 

shop around online 
and you can save your-
self a fortune.

Kindled spirits

society?  Reading a book or magazine 
is a tactile experience – especially 
when your favourite hobby electronics 
magazine is spread out on the work-

newspapers and journals can now be 
digitised and viewed using portable 
slimline readers. Spearheading the current revolution in 

www.amazon.co.uk

by two-to-one.

the ability to back up and store valuable reference books 

hundreds of pounds’ worth of textbooks are no longer re-

and they can easily carry their entire reference library 
around with them. Kindle ebooks are also electronically 

-
able typeface and variable linespacing help those with im-
paired eyesight.  Kindle uses Amazon’s AZW downloaded 

to upload personal documents onto your Kindle account 

built-in text-to-speech feature only works with selected 
titles. Using its QWERTY keyboard you can add notes 
that can also be shared with others – ideal for reading 

circles or students – and you can play a fa-
vourite MP3 as background music.  The de-
vice utilises a 6-inch (diagonal) high contrast 

read in broad daylight. The new generation Kin-

can be purchased and accessed using WiFi; the more 
expensive 3G Kindle enables books to be purchased on 
the move through subscription-free GSM – whenever you 
can get a signal. 

Kindle ebook usage isn’t restricted to the portable reader it-

based devices or Macs can download free apps to enable 
them to read their Kindle library on their preferred device. 

page read across multiple devices.  If you don’t want to lock 

uses a smaller e-ink display (www.bookeen.com). This may 

It is easy to search Amazon’s website for ebook titles 
-

copy of my own website and even included an icon 
-

problem of potential piracy and copyright infringement 
in this market. 

the attraction of ebook readers is broadening all the time.
You can write to the author at alan@epemag.demon.

co.uk or log into our forum at www.chatzones.co.uk
contact the editor directly with your comments for pos-
sible inclusion in Readout editorial@wimborne.co.uk.

The Amazon Kindle read-
er has a paper-like e-link 

display. It uses WiFi and can 
store 3,500 e-books as well as 

personal documents. Free Kindle 
reader apps for PC, Mac and more 

are available
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DIRECT BOOK 
SERVICE

The books listed have been selected by Everyday Practical Electronics 
editorial staff as being of special interest to everyone involved in 
electronics and computing. They are supplied by mail order direct to 
your door. Full ordering details are given on the last book page. 

All prices include UK postage

FOR A FURTHER SELECTION OF BOOKS AND CD-ROMS SEE 
THE UK SHOP ON OUR WEBSITE – www.epemag.com

PROJECT
CONSTRUCTION

IC 555 PROJECTS
E. A. Parr
Every so often a device appears that is so useful that one 
wonders how life went on before without it. The 555 timer 
is such a device. Included in this book are over 70 circuit 
diagrams and descriptions covering basic and general 
circuits, motor car and model railway circuits, alarms and 
noise makers as well as a section on 556, 558 and 559 
timers. (Note. No construction details are given.) A reference 
book of invaluable use to all those who have any interest in 
electronics, be they professional engineers or designers, 
students or hobbyists.

167 pages Order code BP44 £5.49

HOW TO USE OSCILLOSCOPES AND OTHER 
TEST EQUIPMENT
R. A. Penfold
This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, and 
provides advice on buying. A separate chapter deals with 
using an oscilloscope for fault finding on linear and logic 
circuits, plenty of example waveforms help to illustrate the 
control functions and the effects of various fault conditions. 
The function and use of various other pieces of test 
equipment are also covered, including signal generators, 
logic probes, logic pulsers and crystal calibrators.

104 pages Order code BP267 £5.49

COMPUTING FOR THE OLDER GENERATION
Jim Gatenby

Among the many practical and useful ideas for using your 
PC that are covered in this book are: Choosing, setting up 
and understanding your computer and its main components. 
Writing letters, leaflets, invitations, etc., and other word 
processing jobs. Keeping track of your finances using 
a spreadsheet. Recording details of holidays and other 
ideas using a database. Using the Internet to find useful 
information, and email to keep in touch with family and 
friends. Making ‘back-up’ copies of your work and checking 
for viruses. How to use Windows XP to help people with 
impaired vision, hearing or mobility.

RADIO

1

135 pages Order code BP392 £5.99

Electronics Teach-In 3

The three sections of this book 
cover a very wide range of subjects 
that will interest everyone involved in 
electronics, from hobbyists and students to professionals. 
The first 80-odd pages of Teach-In 3 are dedicated to 
Circuit Surgery, the regular EPE clinic dealing with readers’ 
queries on various circuit design and application problems 
– everything from voltage regulation to using SPICE circuit 
simulation software.

The second section – Practically Speaking – covers 
the practical aspects of electronics construction. 
Again, a whole range of subjects, from soldering to 
avoiding problems with static electricity and indentifying 
components, are covered. 

Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 different circuit designs submitted by the readers of 
EPE.

The free cover-mounted CD-ROM is the complete 
Electronics Teach-In 1 book, which provides a broad-based 
introduction to electronics in PDF form, plus interactive 
quizzes to test your knowledge, TINA circuit simulation 
software (a limited version – plus a specially written TINA 
Tutorial), together with simulations of the circuits in the 
Teach-In 1 series, plus Flowcode (a limited version) a high 
level programming system for PIC microcontrollers based 
on flowcharts.

The Teach-In 1 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. There is also a MW/
LW Radio project in the series.

The contents of the book and Free CD-ROM have been 
reprinted from past issues of EPE.

160 pages+CD-ROM Order code ETI3 £8.50

FREE
CD-ROM

ELECTRONICS TEACH-IN 2 
CD-ROM

USING PIC MICROCONTROLLERS A 
PRACTICAL INTRODUCTION
This Teach-In series of articles was originally published in EPE
in 2008 and, following demand from readers, has now been 
collected together in the Electronics Teach-In 2 CD-ROM.

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided.

Also included are 29 PIC N’ Mix articles, also republished 
from EPE. These provide a host of practical programming 
and interfacing information, mainly for those that have 
already got to grips with using PIC microcontrollers.

An extra four part beginners guide to using the C 
programing language for PIC microcontrollers is also included.

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip – the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance Parts 
Selector V2.32; Treelink; Motor Control Solutions; 16-bit 
Embedded Solutions; 16-bit Tool Solutions; Human Interface 
Solutions; 8-bit PIC Microcontrollers; PIC24 Micrcontrollers; 
PIC32 Microcontroller Family with USB On-The-Go; dsPIC 
Digital Signal Controllers.

CD-ROM Order code ETI2 CD-ROM £9.50

CD-ROM

FOR MORE BOOKS 
& CD-ROMS 
CHECK OUT

www.epemag.com

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 started 
in this absorbing and creative hobby. 

AN INTRODUCTION TO RADIO 
WAVE PROPOGATION 
J.G. Lee
Radio wave propogation is one of the more important 
discoveries made in the early 20th century. Although 
technology lagged behind early experimenters pursued this 
newly discovered phenomenon eagerly for, in understanding 
the physics of propagation, they were discovering more 
about our Universe and its workings.

Radio wave propagation has its origins in the world of 
solar physics. The Sun’s radiation provides the mechanism 
for the formation of the ionosphere. How the ionosphere is 
formed, and how it provides long-distance communication, is 
carefully explained. Non-ionospheric propagation, including 
‘moonbounce’ or satellite communications, is covered as well.

This book has been written with the average electronic 
hobbyist in mind. Technical language and mathematics have 
been kept to a minimum in order to present a broad, yet 
clear, picture of the subject. The radio amateur, as well as the 
short-wave listener, will find explanations of the propogation 
phenomena which both experience in their pursuit of 
communications enjoyment.

116 pages Order code BP293 £4.45

308 pages Order code BP601 £8.99

BUILD YOUR OWN PC – Fourth Edition
Morris Rosenthal 
More and more people are building their own PCs. They 
get more value for their money, they create exactly the 

machine they want, and the work is highly satisfying and 
actually fun. That is, if they have a unique beginner’s guide 
like this one, which visually demonstrates how to construct 
a computer from start to finish.

Through 150 crisp photographs and clear but minimal 
text, readers will confidently absorb the concepts of 
computer building. The extra-big format makes it easy 
to see what’s going on in the pictures. The author goes 
‘under the hood’ and shows step-by-step how to create 
a Pentium 4 computer or an Athlon 64 or Athlon 64FX, 
covering: What first-time builders need to know; How 
to select and purchase parts; How to assemble the PC; 
How to install Windows XP. The few existing books on 
this subject, although outdated, are in steady demand. 
This one delivers the expertise and new technology that 
fledgling computer builders are looking for. 

224 pages - large format Order code MGH2 £16.99

COMPUTING
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BEBOP TO THE BOOLEAN BOOGIE
Second Edition
Clive (call me Max) Maxfield
This book gives the “big picture’’ of digital electronics. This 
in-depth, highly readable, guide shows you how electronic 
devices work and how they’re made. You’ll discover 
how transistors operate, how printed circuit boards are 
fabricated, and what the innards of memory ICs look like. 
You’ll also gain a working knowledge of Boolean Algebra 
and Karnaugh Maps, and understand what Reed-Muller 
logic is and how it’s used. And there’s much, MUCH more. 
The author’s tongue-in-cheek humour makes it a delight to 
read, but this is a REAL technical book, extremely detailed 
and accurate.

Contents: Fundamental concepts; Analog versus digital; 
Conductors and insulators; Voltage, current, resistance, 
capacitance and inductance; Semiconductors; Primitive 
logic functions; Binary arithmetic; Boolean algebra; 
Karnaugh maps; State diagrams, tables and machines; 
Analog-to-digital and digital-to-analog; Integrated circuits 
(ICs); Memory ICs; Programmable ICs; Application-specific 
integrated circuits (ASICs); Circuit boards (PWBs and 
DWBs); Hybrids; Multichip modules (MCMs); Alternative 
and future technologies.

470 pages Order code BEB1 £35.99

BEBOP BYTES BACK (and 
the Beboputer Computer 
Simulator) CD-ROM
Clive (Max) Maxfield 
and Alvin Brown
This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information about 
how computers work. It picks up 
where “Bebop I’’ left off, guiding 
you through the fascinating world 
of computer design . . . and you’ll 
have a few chuckles, if not belly 
laughs, along the way. In addition 
to over 200 megabytes of mega-
cool multimedia, the CD-ROM contains 
a virtual microcomputer, simulating the motherboard and 
standard computer peripherals in an extremely realistic 
manner. In addition to a wealth of technical information, 
myriad nuggets of trivia, and hundreds of carefully drawn 
illustrations, the CD-ROM contains a set of lab experiments 
for the virtual microcomputer that let you recreate the 
experiences of early computer pioneers. If you’re the slightest 
bit interested in the inner workings of computers, then don’t 
dare to miss this!

Over 800 pages in Adobe Acrobat format 

THEORY AND REFERENCE

INTERFACING PIC MICROCONTROLLERS
Martin Bates
An essential guide to PIC interfacing techniques, using 
circuit simulation to aid learning.
Explore in detail microcontroller interfacing techniques 
using the popular PIC 16F877. Work through step-by-step 
examples interactively using circuit simulation software, 
supplied as assembly source code. 

Interfacing PIC Microcontrollers provides a thorough 
introduction to interfacing techniques for students, hobbyists 
and engineers looking to take their knowledge of PIC 
application development to the next level. Each chapter 
ends with suggestions for further applications, based on 
the examples given, and numerous line drawings illustrate 
application of the hardware.

Step-by-step examples in assembly language are used 
to illustrate a comprehensive set of interfaces, and these can 
be run interactively on circuit simulation software, used to aid 
understanding without the need to build real hardware.

A companion website includes all examples in the text 
which cam be downloaded together with a free version of 
Proteus’s ISIS Lite.

298 pages Order code NE48 £30.99

GETTING THE MOST FROM YOUR MULTIMETER
R. A. Penfold
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 2 various methods of component checking 
are described, including tests for transistors, thyristors, 
resistors, capacitors and diodes. Circuit testing is covered 
in Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed.

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects.

OPERATIONAL AMPLIFIER USER’S HANDBOOK
R. A. Penfold
The first part of this book covers standard operational amplifer 
based “building blocks’’ (integrator, precision rectifier, function 
generator, amplifiers, etc), and considers the ways in which 
modern devices can be used to give superior performance in 
each one. The second part describes a number of practical 
circuits that exploit modern operational amplifiers, such as 
high slew-rate, ultra low noise, and low input offset devices. 
The projects include: Low noise tape preamplifier, low 
noise RIAA preamplifier, audio power amplifiers, d.c. power 
controllers, opto-isolator audio link, audio millivolt meter, 
temperature monitor, low distortion audio signalgenerator, 
simple video fader, and many more.

120 pages Order code BP335 £5.45

PRACTICAL ELECTRONICS HANDBOOK –
Fifth Edition. Ian Sinclair
Provides a practical and comprehensive collection of 
circuits, rules of thumb and design data for professional 
engineers, students and enthusaists, and therefore enough 
background to allow the understanding and development of 
a range of basic circuits.

Contents: Passive components, Active discrete 
components, Circuits, Linear I.C.s, Energy conversion 
components, Digital I.C.s, Microprocessors and 
microprocessor systems, Transferring digital data, Digital-
analogue conversions, Computer aids in electronics, 
Hardware components and practical work, Micro-controllers 
and PLCs, Digital broadcasting, Electronic security.

440 pages Order code NE21 £32.50

CD-ROM

MUSIC, AUDIO AND VIDEO

QUICK GUIDE TO DIGITAL AUDIO RECORDING
Ian Waugh
Covers:

All modern music recordings use digital audio technology. 
Now everyone with a compouter can produce CD-quality 
recordings and this book shows you how. Written in a clear 
and straightforward style, it explains what digital audio 
recording is, how to use it, the equipment you need, what 
sort of software is available and how to achieve professional 
results.

Computer-based recording is the future of music and this 
book shows how you can join the revolution now.

208 pages Order code PC121 £7.95

QUICK GUIDE TO MP3 AND DIGITAL MUSIC
Ian Waugh
MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you get 
them? How do you use them? Why have they thrown record 
companies into a panic? Will they make music easier to 
buy? And cheaper? Is this the future of music?

All these questions and more are answered in this concise 
and practical book which explains everything you need 
to know about MP3s in a simple and easy-to-understand 
manner. It explains:

How to play MP3s on your computer; How to use MP3s 
with handheld MP3 players; Where to find MP3s on the 
Web; How MP3s work; How to tune into Internet radio 
stations; How to create your own MP3s; How to record your 
own CDs from MP3 files; Other digital audio music formats.

60 pages Order code PC119 £7.45

ELECTRONIC PROJECTS FOR VIDEO
ENTHUSIASTS
R. A. Penfold
This book provides a number of practical designs for video 
accessories that will help you get the best results from 
your camcorder and VCR. All the projects use inexpensive 
components that are readily available, and they are easy to 
construct. Full construction details are provided, including 
stripboard layouts and wiring diagrams. Where appropriate, 
simple setting up procedures are described in detail; no test 
equipment is needed.

The projects covered in this book include: Four channel 
audio mixer, Four channel stereo mixer, Dynamic noise 
limiter (DNL), Automatic audio fader, Video faders, Video 
wipers, Video crispener, Mains power  supply unit.

109 pages Order code BP356 £5.45

MAKING MUSIC WITH YOUR COMPUTER
Stephen Bennett
Nearly everyone with musical aspirations also has a 
computer. This same computer can double as a high 
quality recording studio capable of producing professional 
recordings. This book tells you what software and hardware 
you will need to get the best results.

You’ll learn about recording techniques, software and 
effects, mixing, mastering and CD production.

Suitable for PC and Mac users, the book is full of tips, 
“how to do” topics and illustrations. It’s the perfect answer 
to the question “How do I use my computer to produce my 
own CD?”
92 pages Order code PC120 £10.95

ALL PRICES INCLUDE
UK POST & PACKING

CD-ROM Order code BEB2 CD-ROM £21.95

102 pages Order code BP239 £5.49

FOR MORE BOOKS
& CD-ROMS
CHECK OUT

www.epemag.com
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FAULT FINDING, CIRCUITS AND DESIGN

STARTING ELECTRONICS 
Third Edition
Keith brindley
A punchy practical introduction to 
self-build electronics. The ideal starting point for home 
experimenters, technicians and students who want to 
develop the real hands-on skills of electronics construction.

A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic circuits.
Breadboard layouts make this very much a ready-to-run 
book for the experimenter, and the use of multimeter, 
but not oscilloscopes, and readily available, inexpensive 
components makes the practical work achievable in a home 
or school setting as well as a fully equiped lab.

HOW ELECTRONIC THINGS WORK – AND WHAT 
TO DO WHEN THEY DON’T
Robert Goodman
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 explanations of how things work, written 
in everyday language. Easy-to-follow, illustrated 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

PIC IN PRACTICE (2nd Edition)
David W. Smith
A graded course based around the practical use of the 
PIC microcontroller through project work. Principles 
are introduced gradually, through hands-on experience, 
enabling hobbyists and students to develop their 
understanding at their own pace. The book can be used 
at a variety of levels.

Contents: Introduction to the PIC microcontroller; 
Programming the 16F84 microcontroller; Introductory 
projects; Headers, porting code – which micro?; Using 
inputs; Keypad scanning; Program examples; The 16C54 
microcontroller; Alphanumeric displays; Analogue to 
digital conversion; Radio transmitters and receivers; 
EEPROM data memory; Interrupts; The 12 series 8-pin 
microcontroller; The 16F87X microcontroller; The 16F62X 
microcontroller; Projects; Instruction set, files and registers; 
Appendices; Index.

search of information and guidance, a college student, a 
hobbyist building a project from a magazine, or simply a 
keen self-taught amateur who is interested in electronic 
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 oscilloscope. The treatment is non-
mathematical (apart from Ohm’s law) and all jargon is 
strictly avoided.

274 pages Order code NE22 £41.99

A BEGINNERS GUIDE TO CMOS DIGITAL ICs
R. A. Penfold
Getting started with logic circuits can be difficult, since 
many of the fundamental concepts of digital design tend 
to seem rather abstract, and remote from obviously useful 
applications. This book covers the basic theory of digital 
electronics and the use of CMOS integrated circuits, but 
does not lose sight of the fact that digital electronics has 
numerous “real world’’ applications.

The topics covered in this book include: the basic concepts 
of logic circuits; the functions of gates, inverters and other 
logic “building blocks’’; CMOS logic i.c. characteristics, and 
their advantages in practical circuit design; oscillators and 
monostables (timers); flip/flops, binary dividers and binary 
counters; decade counters and display drivers.

119 pages Order code BP333 £5.45

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 theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples.

A unique hands-on guide for anyone working with 
valve (tube in USA) audio equipment – as an electronics 
experimenter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
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.

368 pages Order code NE40 £29.00

VALVE AMPLIFIERS
Second Edition. Morgan Jones
This book allows those with a limited knowledge of the 
field to understand both the theory and practice of valve 
audio amplifier design, such that they can analyse and 
modify circuits, and build or restore an amplifier. Design 
principles and construction techniques are provided so 
readers can devise and build from scratch, designs that 
actually work.

The second edition of this popular book builds on its 
main strength – exploring and illustrating theory with 
practical applications. Numerous new sections include: 
output transformer problems; heater regulators; phase 
splitter analysis; and component technology. In addition 
to the numerous amplifier and preamplifier circuits, three 
major new designs are included: a low-noise single-ended 
LP stage, and a pair of high voltage amplifiers for driving 
electrostatic transducers directly – one for headphones, one 
for loudspeakers.

288 pages Order code NE33 £40.99

AUDIO AMPS

BOOK + 
CD-ROM

All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please add £3 per book. For the rest of the world airmail add £4 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, or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LIMITED, 113 LYNWOOD DRIVE, MERLEY, 
WIMBORNE, DORSET BH21 1UU.
Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery – 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 880299  Fax 01202 843233. E-mail: dbs@wimborne.co.uk

Order from our online UK shop at: www.epemag.com

BOOK ORDERING DETAILS
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 Please continue on separate sheet of paper if necessary
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288 pages Order code NE42 £15.99

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 techniques needed to 
be a fault finder.

Simple circuit examples are used to illustrate principles 
and concepts fundamental to the process of fault finding. 
This is not a book of theory, it is a book of practical tips, 
hints and rules of thumb, all of which will equip the reader 
to tackle any job. You may be an engineer or technician in 

308 pages Order code NE39 £24.99
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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 to 
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., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU.  
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne.
co.uk. On-line Shop: www.epemag.com. 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.

PCB SERVICE PROJECT TITLE ORDER CODE COST

JUNE ’11
230V AC 10A Full-Wave Motor Speed Controller                  804                £10.69
Precision 10V DC Voltage Reference                          805                £7.77
6-Digit GPS Clock Driver (Pt.2)                          806                £8.16
Musicolour IRDA Accessory                                                    807                £7.38

JULY ’11
Beam-Break Flash Trigger – IR Source 808        

         – Detector 809
Metal Locator                                                  810                £8.56
Multi-Function Active Filter                            812                £10.00
Active AM Loop Antenna and Amp                                         

         – Antenna/Amp                            813                
         – Radio Loop                                814
            (inc. Varicaps)     

AUGUST ’11
Input Attenuator for the Digital                                

Audio Millvoltmeter                          811                £7.58 
SD Card Music & Speech                                
Recorder/Player                             815                £13.61

Deluxe 3-Chan. UHF Rolling Code                                
Remote Control  – Transmitter                                            816                    
                             – Receiver 817

SEPTEMBER ’11
 Digital Megohm and Leakage Current Meter                     818                £9.72

Auto-Dim for 6-Digit GPS Clock                           819                £6.80

OCTOBER ’11
 High-Quality Stereo DAC – 

                                 Input & Control Board                              820                 
                                 Stereo DAC/Analogue Board                  821                
                                 Front Panel Switch                                   822                 
                                 Power Supply Board                                823
Twin Engine SpeedMatch Indicator                          824                £8.75                

 Wideband Air/Fuel Display (double-sided)                         825                £14.38               

EPE SOFTWARE
All software programs for EPE Projects marked with a star, and 

others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com

PCB MASTERS
PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 

to the ‘Library’ section.

EPE PRINTED CIRCUIT BOARD SERVICE
Order Code Project Quantity Price

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

Name  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Address  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

Tel. No.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I enclose payment of £ . . . . . . . . . . . . . .  (cheque/PO in £ sterling only) to:

Everyday Practical
Electronics

Card No.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Valid From  . . . . . . . . . . . . . Expiry Date . . . . . . . . . . . .

Card Security No.  . . . . . . . Maestro Issue No.  . . . . . .

Signature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server:

http://www.epemag.com

set       £20.41

PROJECT TITLE ORDER CODE COST

SEPTEMBER ’10
Ultra-LD 200W Power Amplifier – Power Supply                    768                £10.04  
Low-Voltage Adjustable Regulator                          769                £8.17    
Balanced/Unbalanced Converter                          770                £9.22    
Planet Jupiter Receiver (double-sided)                            771                £18.00    

OCTOBER ’10
Bridge Adaptor For Stereo Power Amps                          770                £9.22  
CDI Module For Small Motors                          772                £7.96    

 LED Strobe and Tachometer – 1                              
– Main Board 775                      
– Switch Board 776                   

NOVEMBER ’10
Railpower   – Main Board 773
      – Display Board 774

LED Strobe and Tachometer – 2
        – Photo-Interrupter 777 
        – IR Reflect Amp 778  

USB Clock with LCD Readout – 1                          779                £9.42

Balanced MIC Preamp for PCs and MP3 Players 780 £10.46

DECEMBER ’10
12V Speed Controller or 12V Lamp Dimmer 781 £8.39

Digital RF Level & Power Meter
        – Main Board 783
        – Head-end Board 784
        – RF Attenuator Board 785

      

JANUARY ’11
Multi-Purpose Car Scrolling Display

        – Main Board 786
        – Display Board 787

USB-Sensing Mains Power Switch 788 £11.72
433MHz  UHF Remote Switch

        – Transmitter 789
        – Receiver 790

FEBRUARY ’11
Time Delay Photoflash Trigger                            791                £11.66
Tempmaster Mk.2                            792                £10.31

MARCH ’11
GPS Synchronised Clock                          793                £9.62  
Digital Audio Millivoltmeter                            794                £13.61  

Theremin                             795                £12.64  
USB Printer Share Switch                         796                £8.16  

APRIL ’11
Multi-Message Voice Recorder                          797                £9.04  
PIR-Triggered Mains Switch                          798                £9.60  

Intelligent Remote-Controlled Dimmer                           799                £8.36  

MAY ’11
6-Digit GPS Clock                             800                £12.83  

Simple Voltage Switch For Car Sensors                          801                £8.16
The Current (double-sided, surface mount)                          802                £13.80

Digital Audio Oscillator (double-sided)                            803                £14.20

set       £12.97

pair      £10.04

pair      £17.80

pair      £8.58

pair      £14.65

pair      £12.14

pair      £9.72

pair      £10.67

pair      £12.43
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If you want your advertisements to be seen by the largest readership at the most economical price our classified 
page offers excellent value. The rate for semi-display space is £10 (+VAT) per centimetre high, with a minimum 
height of 2·5cm. All semi-display adverts have a width of 5.5cm. 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, 113 
Lynwood Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
epeads@wimborne.co.uk. For rates and information on display and classified advertising please contact our 
Advertisement Manager, Stewart Kearn as above.
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MISCELLANEOUS

VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books and 
magazines wanted. Geoff Davies (Radio), tel. 
01788 574774.

BTEC ELECTRONICS
TECHNICIAN TRAINING

LONDON ELECTRONICS COLLEGE
20 PENYWERN ROAD

EARLS COURT, LONDON SW5 9SU
TEL: (020) 7373 8721

www.lec.org.uk

NATIONAL ELECTRONICS
VCE ADVANCED ICT

HNC AND HND ELECTRONICS
FOUNDATION DEGREES

NVQ ENGINEERING AND IT
DESIGN AND TECHNOLOGYBOWOOD 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 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222

Send 60p stamp for catalogue

Spinvent

www.spinvent.co.uk
01603 611 216

Invent with the

Propeller 8-core
32-bit microcontroller

CANTERBURY WINDINGS
UK manufacturer of toroidal transformers 

(10VA to 3kVA)
All transformers made to order. No design fees. 

No minimum order.
www.canterburywindings.co.uk

01227 450810

LCD Displays & 
Controllers from 

£2.50
Serial, I2C, VT100, 
Full Colour, PIC32, 

Touch Screen 

www.byvac.com 

LOOKING FOR 
A MAINS TRANSFORMER

Visit Section 16C
www.partridgeelectronics.co.uk

If you would like to advertise on the Classified page 
then please call Stewart Kearn on:

01202 880299
or email stewart.kearn@wimborne.co.uk
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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

Rechargeable Batteries With Solder Tags

NIMH

AA 2000mAh  ......................£2.82
C 4Ah ...................................£4.70
D 9Ah ...................................£7.60
PP3 150mAh  ..................... £4.95

Instrument case with edge connector and screw terminals

Size 112mm x 52mm  x 105mm tall

This box consists of a cream base  with a PCB slot, a cover plate to pro-
tect your circuit, a black lid with a 12 way edge connector and 12 screw
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream
bases have minor marks from dust and handling price £2.00 +
VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44.

866 battery pack  originally intended to be
used with an orbitel mobile telephone it
contains 10 1·6Ah sub C batteries (42 x
22 dia. the size usually used in cordless
screwdrivers etc.) the pack is new and
unused and can be broken open quite
easily £7.46 + VAT = £8.77

Please add £1.66 + VAT = £1.95 postage & packing per order

JPG Electronics
Shaws Row, Old Road, Chesterfield, S40 2RB.

Tel 01246 211202  Fax 01246 550959
www.JPGElectronics.com

Mastercard/Visa/Switch
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday

NICAD

AA 650mAh...................... £1.41
C  2.5Ah ...............................£3.60
D 4Ah ...................................£4.95
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£25.00 (6 months); £48.00 (12 months); £91.00 (2 years). Express airmail, £35.00 (6 months); £68.00 (12 months); £131.00 (2 years). Payments payable to “Everyday Practical Electronics’’, Subs Dept, 
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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.

Next Month

Content may be subject to change

Digital Capacitor Leakage Meter 
This handy instrument performs a leakage current test on most types of capacitor, 
including ceramic, mica, monolithic, metallised polyester or paper, polystyrene, solid 
tantalum and aluminium electrolytics. There are seven test voltages (10V to 100V) so 
most capacitors can be checked at or near their rated working voltage.

One-of-nine switch indicator
Originally conceived as a track-in-use indicator for model railway layouts, this one-of-nine 
indicator can be used with any selector switch with up to nine positions. But as you will see, 
it has many other uses!
A high-quality stereo DAC for superb sound from 
your DVD player – Part 3
The final article in this series shows you how to assemble the various modules for the 
Stereo DAC into a low-profile steel case. We’ll also tell you how to get the remote control 
working and how to customise the configuration.

Using a wideband O2 sensor in your car – Part 1
Following on from October’s display project, this Wideband Controller is intended to 
be used with a Bosch LSU4.2 oxygen sensor to accurately measure air/fuel ratios. It can 
be used for precise engine tuning and can be a permanent installation in the car or a 
temporary connection to the tailpipe.  

NOVEMBER ’11 ISSUE ON SALE 13 OCTOBER
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HP8563E SPECTRUM ANALYSER
9KHZ - 26.5GHZ Synthesised........ £POA
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