HIGH-ACCURACY DIGITAL LC METER
i Inductance from 10nH to 70mH

i Capacitance from 0.1pF to 800nF
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i Automatic range selection
i Accuracy ±1% of reading,
±0.1pF or ±10nH

SHIFT INDICATOR/REV LIMITER FOR CARS
Helps you drive with the best economy or acceleration

TWO-WAY STEREO
HEADPHONE ADAPTOR

A versatile unit for amplifiers
without a headphone socket

Plus

TEACH-IN 2010

Ladder Logic Programming For The PIC Micro

$8.75US $10.25CAN £3.95UK
MARCH 2010 PRINTED IN THE UK
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Atlas DCA - Model DCA55

New Year VAT Busters
...we’re keeping our prices at pre-VAT-increase levels

“

“

for a limited time only...

electronic design ltd

The New Atlas ESR Plus, Model ESR70

Atlas SCR - Model SCR100

Atlas LCR - Model LCR40

Atlas ESR - Model ESR60

Connect Triacs or Thyristors any way round.
Auto part identification and pinout display.
Categorises gate from 100uA to 100mA.
Load conditions regulated at 12V, 100mA,
even for a dying battery.
Measures gate voltage drop.
Long life alkaline battery supplied.
Supplied with premium probes.

Passive component analyser.
Automatically identify and measure
inductors, capacitors and resistors.
Auto frequency selection.
Removable probes.

Special Offer!

1uH - 10H
1pF - 10,000uF
1 Ohms - 2M

Reduced Price!
£79 inc VAT

nc

VAT

Look! New Probes.

Extra VAT Busting Saver!!
This pack saves you £25
Includes the Atlas LCR Passive Component
Analyser (model LCR40), Atlas DCA
Semiconductor Analyser (model DCA55),
premium padded carry case and user guides.
Complete with extra spare battery.
You’re ready to go!

£125 inc

Measure capacitance and ESR!
Capacitance from 1uF to 22,000uF
ESR from 0.01 ohms to 20 ohms
Battery included + Gold plated croc clips

i
75

inc

Atlas Star Pack (LCR/DCA)

Capacitance from 1uF to 22,000uF.
ESR from 0.01 ohms to 40 ohms.
Great for ESR and low resistance
measurements (short tracing etc).
Automatic controlled discharge function.
Audible Alerts (for good ESR, poor ESR,
open circuit and more).
Gold plated croc clips.
User Guide and Battery included.

NEW MODEL

was £97

Darlingtons
MOSFETs
Diodes
Transistors
LEDs
and more...

This new model of the famous Atlas ESR offers
all the great features of the ESR60 but with
extended measurement range and audible alerts.
This is the Atlas ESR Plus!

9
.9 T
8
£8 c VA
in

The famous Peak Atlas, now with
£55
fitted premium probes. Just connect any way
round to identify the type of
semiconductor, pinout and
lots of parameters too.
Complete with battery,
user guide and probes.

VAT

T
VA

£

£79 inc VAT

was £87

Peak Electronic Design Ltd, West Road House, West Road,
Please add £2.75 p&p per order. Prices include UK VAT.
See website for overseas prices.
Buxton, Derbyshire, SK17 6HF.
tel. 01298 70012 www.peakelec.co.uk sales@peakelec.co.uk Special Offer prices for limited period or while stocks last.

www.stewart-of-reading.co.uk
CHECK OUT OUR WEBSITE, 1,000’s of items currently in stock

HP53131A UNIVERSAL COUNTER
WITH OPT 001 (oven)
Unused Boxed 3GHZ
£850
Unused Boxed 225MHZ
£595
Used 225MHZ
£495

HP33120A FUNCTION GENERATOR
100 MicroHZ – 15MHZ
Unused Boxed
£595

ANRITSU MS2601A SPECTRUM
ANALYSER
10KHZ – 2.2 GHZ 50ohm
£750

STEWART of READING

17A King Street, Mortimer,
Near Reading RG7 3RS
T: (0118) 933 1111 • F: (0118) 933 2375
9am – 5pm Monday - Friday

IBC.indd 47

AGILENT E4402B Spectrum Analyser
100HZ – 3GHZ with Option 1DN
Tracking Gen; 1 DR Narrow Res;
A4H GPIB, UKB
£5800
HP 8591E Spectrum Analyser
9KHZ – 1.8GHZ with Tracking Gen
£1500
No Moudlings, No Handle
£1250
HP 35670A FFT Dynamic Signal
Analyser 2 Channel. Unused in
original box
£2500
AGLIENT 83752B Synthesised
Sweeper0.01-20GHZ
£7000
HP83731B Synthesised 1-20GHZ
with Opts IEI Attenuator, IE5 High
Performance Mod Gen, IE5 High
Stab TB
£4500
HP83711B Synthesised 1-20GHZ
with Opt IEI Attenuator
£5000
AGILENT/HP E4431B Signal
Generator 250KHZ-2GHZ Digital
Modulation
£2750
MARCONI 2024 Signal Generator
9KHZ-2.4GHZ Opt 04/11 HPIB
£1250
MARCONI/IFR 2030 Signal
Generator 10KHZ-1.35 GHZ
£995
MARCONI 2032 Signal Generator
10KHZ-5.4GHZ
£MARCONI 2022E Synthesised
AM/FM Signal Generator
10KHZ-1.01GHZ Special price
£325
HP3580A Spectrum Analyser 5HZ-50KHZ
Unused
£500
HP8566A Spectrum Analyser 100HZ-22GHZ
£1950

Used Equipment – GUARANTEED
Most Manuals Supplied
Prices plus carriage and VAT
Please check availability before ordering
or CALLING IN.

HP8568A Spectrum Analyser
100HZ-1500MHZ
AVCOM PSA-37D Spectrum
Analyser 1MHZ-4.2GHZ
IFR 1200S Service Communication
Monitor
HP6624A Power Supply 0-20V
0-2A Twice, 0-7V 0-5A; 0-50V
0.8A Special price
AVO/MEGGAR FT6/12 AC/DC
breakdown tester

£1250
££2000
£350
£-

MARCONI/IFR/AEROFLEX 2025
Signal Gen 9KHZ—2.51GHZ
Opt 04 High Stab Opt 11
High Power etc As New
£2500
SOLARTRON 1250 Frequency
Response Analyser 10uHZ-20MHZ
£HP3324A Synthesised Function
Generator 21MHZ
£500
TEKTRONIX AM503B with
A6302 Probe and TM502A
£750
HP41800A Active Probe 5HZ-500MHZ £750

EXTRA SPECIAL OFFER

MARCONI 2945 RADIO COMMUNICATIONS TEST SET with….
Opt 01 – 600 ohm Matching Unit - Opt 03 – High Stability OCXO Opt 06 – Memory Card Drive with Real Time Clock - Opt 08 – SSB Demodulator Opt 21 Demodulation Filters - Opt 22 POCSAG Decode
Complete with Carrying Bag Only £2,500
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Quasar Electronics Limited
PO Box 6935, Bishops Stortford
CM23 4WP, United Kingdom
Tel: 01279 467799
Fax: 01279 267799
E-mail: sales@quasarelectronics.com
Web: www.quasarelectronics.com

All prices INCLUDE 15.0% VAT.
Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day
Delivery - £4.95; UK Mainland Next Day Delivery - £9.95; Europe (EU) £9.95; Rest of World - £14.95 (up to 0.5Kg).
!Order online for reduced price Postage (from just £1)
Payment: We accept all major credit/debit cards. Make cheques/PO’s
payable to Quasar Electronics.
Please visit our online shop now for full details of over 500 electronic kits,
projects, modules and publications. Discounts for bulk quantities.

Credit Card

Sales
The Electronic Kit Specialists Since 1993

PIC & ATMEL Programmers
We have a wide range of low cost PIC and
ATMEL Programmers. Complete range and
documentation available from our web site.
Programmer Accessories:
40-pin Wide ZIF socket (ZIF40W) £14.95
18Vdc Power supply (PSU120) £19.95
Leads: Parallel (LDC136) £3.95 / Serial
(LDC441) £3.95 / USB (LDC644) £2.95
NEW! USB & Serial Port PIC Programmer
USB/Serial connection.
Header cable for ICSP.
Free Windows XP software. See website for PICs
supported. ZIF Socket and
USB lead extra. 18Vdc.
Kit Order Code: 3149KT - £49.95
Assembled Order Code: AS3149 - £59.95
NEW! USB 'All-Flash' PIC Programmer
USB PIC programmer for all
‘Flash’ devices. No external
power supply making it truly
portable. Supplied with box and
Windows XP Software. ZIF
Socket and USB lead not incl.
Assembled Order Code: AS3128 - £49.95
Assembled with ZIF socket Order Code:
AS3128ZIF - £64.95
‘PICALL’ ISP PIC Programmer
Will program virtually all 8
to 40 pin serial-mode AND
parallel-mode (PIC15C
family) PIC microcontrollers. Free Windows software. Blank chip auto detect for super fast
bulk programming. Optional ZIF socket.
Assembled Order Code: AS3117 - £29.95
Assembled with ZIF socket Order Code:
AS3117ZIF - £44.95
ATMEL 89xxxx Programmer
Uses serial port and any
standard terminal comms
program. 4 LED’s display
the status. ZIF sockets not
included. Supply: 16Vdc.
Kit Order Code: 3123KT - £27.95
Assembled Order Code: AS3123 - £37.95
Introduction to PIC Programming
Go from complete beginner
to burning a PIC and writing
code in no time! Includes 49
page step-by-step PDF
Tutorial Manual, Programming Hardware (with LED
test section), Win 3.11—XP Programming
Software (Program, Read, Verify & Erase),
and 1rewritable PIC16F84A that you can use
with different code (4 detailed examples provided for you to learn from). PC parallel port.
Kit Order Code: 3081KT - £16.95
Assembled Order Code: AS3081 - £24.95
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PIC Programmer Board
Low cost PIC programmer
board supporting a wide
range of Microchip® PIC™
microcontrollers. Requires
PC serial port. Windows interface supplied.
Kit Order Code: K8076KT - £39.95
PIC Programmer & Experimenter Board
The PIC Programmer &
Experimenter Board with
test buttons and LED indicators to carry out educational experiments, such as
the supplied programming examples. Includes a 16F627 Flash Microcontroller that
can be reprogrammed up to 1000 times for
experimenting at will. Software to compile
and program your source code is included.
Kit Order Code: K8048KT - £39.95
Assembled Order Code: VM111 - £59.95

Controllers & Loggers
Here are just a few of the controller and
data acquisition and control units we have.
See website for full details. 12Vdc PSU for
all units: Order Code PSU445 £7.95
USB Experiment Interface Board
5 digital input channels and 8 digital output channels plus two
analogue inputs and
two analogue outputs
with 8 bit resolution.
Kit Order Code: K8055KT - £38.95
Assembled Order Code: VM110 - £64.95
Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security.
4 channels. Momentary or
latching relay output. Range
up to 40m. Up to 15 Tx’s can
be learnt by one Rx (kit includes one Tx but more available separately). 4 indicator LED ’s. Rx: PCB
77x85mm, 12Vdc/6mA (standby). Two & Ten
Channel versions also available.
Kit Order Code: 3180KT - £49.95
Assembled Order Code: AS3180 - £59.95
Computer Temperature Data Logger
Serial port 4-channel temperature logger. °C or °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide
range of free software applications for storing/using data. PCB just 45x45mm. Powered
by PC. Includes one DS1820 sensor.
Kit Order Code: 3145KT - £19.95
Assembled Order Code: AS3145 - £26.95
Additional DS1820 Sensors - £3.95 each

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

4-Ch DTMF Telephone Relay Switcher
Call your phone number using a DTMF
phone from anywhere
in the world and remotely turn on/off any
of the 4 relays as desired. User settable Security Password, AntiTamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastic case. 130 x 110 x
30mm. Power: 12Vdc.
Kit Order Code: 3140KT - £74.95
Assembled Order Code: AS3140 - £89.95
8-Ch Serial Port Isolated I/O Relay Module
Computer controlled 8
channel relay board. 5A
mains rated relay outputs
and 4 opto-isolated digital
inputs (for monitoring
switch states, etc). Useful
in a variety of control and
sensing applications. Programmed via serial
port (use our new Windows interface, terminal emulator or batch files). Serial cable can
be up to 35m long. Includes plastic case
130x100x30mm. Power: 12Vdc/500mA.
Kit Order Code: 3108KT - £64.95
Assembled Order Code: AS3108 - £79.95
Infrared RC 12–Channel Relay Board
Control 12 onboard relays with
included infrared remote control unit. Toggle or momentary.
15m+ range. 112 x 122mm.
Supply: 12Vdc/0.5A
Kit Order Code: 3142KT - £59.95
Assembled Order Code: AS3142 - £69.95
Audio DTMF Decoder and Display
Detect DTMF tones from
tape recorders, receivers,
two-way radios, etc using
the built-in mic or direct
from the phone line. Characters are displayed on a
16 character display as they are received and
up to 32 numbers can be displayed by scrolling the display. All data written to the LCD is
also sent to a serial output for connection to a
computer. Supply: 9-12V DC (Order Code
PSU445). Main PCB: 55x95mm.
Kit Order Code: 3153KT - £34.95
Assembled Order Code: AS3153 - £44.95
Telephone Call Logger
Stores over 2,500 x 11
digit DTMF numbers with
time and date. Records all
buttons pressed during a
call. No need for any connection to computer during operation but
logged data can be downloaded into a PC via
a serial port and saved to disk. Includes a
plastic case 130x100x30mm. Supply: 9-12V
DC (Order Code PSU445).
Kit Order Code: 3164KT - £54.95
Assembled Order Code: AS3164 - £69.95
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Hot New Products!
Here are a few of the most recent products
added to our range. See website or join our
email Newsletter for all the latest news.

4-Channel Serial Port Temperature
Monitor & Controller Relay Board
4 channel computer
serial port temperature
monitor and relay controller with four inputs
for Dallas DS18S20 or
DS18B20 digital thermometer sensors (£3.95 each). Four 5A
rated relay channels provide output control.
Relays are independent of sensor channels,
allowing flexibility to setup the linkage in any
way you choose. Commands for reading
temperature and relay control sent via the
RS232 interface using simple text strings.
Control using a simple terminal / comms
program (Windows HyperTerminal) or our
free Windows application software.
Kit Order Code: 3190KT - £69.95
Assembled Order Code: AS3190 - £84.95
40 Second Message Recorder
Feature packed non-volatile
40 second multi-message
sound recorder module using a high quality Winbond
sound recorder IC. Standalone operation using just six onboard buttons or use onboard SPI interface. Record
using built-in microphone or external line
in. 8-24 Vdc operation. Just change one resistor for different recording duration/sound
quality. sampling frequency 4-12 kHz.
Kit Order Code: 3188KT - £28.95
Assembled Order Code: AS3188 - £36.95
120 second version also available
Bipolar Stepper Motor Chopper Driver
Get better performance from
your stepper motors with this
dual full bridge motor driver
based on SGS Thompson
chips L297 & L298. Motor
current for each phase set
using on-board potentiometer. Rated to handle motor winding currents up to 2 Amps per
phase. Operates on 9-36Vdc supply voltage.
Provides all basic motor controls including full
or half stepping of bipolar steppers and direction control. Allows multiple driver synchronisation. Perfect for desktop CNC applications.
Kit Order Code: 3187KT - £39.95
Assembled Order Code: AS3187 - £49.95
Video Signal Cleaner
Digitally cleans the video
signal and removes unwanted distortion in video
signal. In addition it stabilises
picture quality and luminance fluctuations.
You will also benefit from improved picture
quality on LCD monitors or projectors.
Kit Order Code: K8036KT - £32.95
Assembled Order Code: VM106 - £49.95

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

Motor Speed Controllers
Here are just a few of our controller and
driver modules for AC, DC, Unipolar/Bipolar
stepper motors and servo motors. See
website for full details.
DC Motor Speed Controller (100V/7.5A)
Control the speed of
almost any common
DC motor rated up to
100V/7.5A. Pulse width
modulation output for
maximum motor torque
at all speeds. Supply: 5-15Vdc. Box supplied.
Dimensions (mm): 60Wx100Lx60H.
Kit Order Code: 3067KT - £17.95
Assembled Order Code: AS3067 - £24.95
Computer Controlled / Standalone Unipolar Stepper Motor Driver
Drives any 5-35Vdc 5, 6
or 8-lead unipolar stepper
motor rated up to 6 Amps.
Provides speed and direction control. Operates in stand-alone or PCcontrolled mode for CNC use. Connect up to
six 3179 driver boards to a single parallel
port. Board supply: 9Vdc. PCB: 80x50mm.
Kit Order Code: 3179KT - £15.95
Assembled Order Code: AS3179 - £22.95
Computer Controlled Bi-Polar Stepper
Motor Driver
Drive any 5-50Vdc, 5 Amp
bi-polar stepper motor using
externally supplied 5V levels for STEP and DIRECTION control. Opto-isolated
inputs make it ideal for CNC applications
using a PC running suitable software. Board
supply: 8-30Vdc. PCB: 75x85mm.
Kit Order Code: 3158KT - £23.95
Assembled Order Code: AS3158 - £33.95
Bidirectional DC Motor Speed Controller
Control the speed of
most common DC
motors (rated up to
32Vdc/10A) in both
the forward and reverse direction. The
range of control is from fully OFF to fully ON
in both directions. The direction and speed
are controlled using a single potentiometer.
Screw terminal block for connections.
Kit Order Code: 3166v2KT - £22.95
Assembled Order Code: AS3166v2 - £32.95
AC Motor Speed Controller (700W)
Reliable and simple to
install project that allows
you to adjust the speed of
an electric drill or 230V AC
single phase induction
motor rated up to 700
Watts. Simply turn the potentiometer to adjust
the motors RPM. PCB: 48x65mm. Not suitable for use with brushless AC motors.
Kit Order Code: 1074KT - £14.95
Assembled Order Code: AS1074—£23.95
See www.quasarelectronics.com for lots
more motor controllers

The Electronic Kit Specialists Since 1993

Electronic Project Labs
Great introduction to the world of electronics. Ideal gift for budding electronics expert!
500-in-1 Electronic Project Lab
Top of the range. Complete self-contained electronics course. Takes you
from beginner to ‘A’ Level
standard and beyond!
Contains all the hardware
and manuals to assemble
500 projects. You get 3
comprehensive course
books (total 368 pages) - Hardware Entry
Course, Hardware Advanced Course and a
microprocessor based Software Programming Course. Each book has individual circuit
explanations, schematic and connection diagrams. Suitable for age 12+.
Order Code EPL500 - £179.95
Also available: 30-in-1 £19.95, 50-in-1
£29.95, 75-in-1 £39.95 £130-in-1 £44.95 &
300-in-1 £69.95 (see website for details)

Tools & Test Equipment
We stock an extensive range of soldering
tools, test equipment, power supplies,
inverters & much more - please visit website to see our full range of products.
Two-Channel USB Pc Oscilloscope
This digital storage oscilloscope uses the power of your
PC to visualize electrical signals. Its high sensitive display
resolution, down to 0.15mV,
combined with a high bandwidth and a sampling frequency of up to 1GHz are giving this unit all
the power you need.
Order Code: PCSU1000 - £399.95
Personal Scope 10MS/s
The Personal Scope is not a
graphical multimeter but a complete portable oscilloscope at the
size and the cost of a good multimeter. Its high sensitivity - down
to 0.1mV/div - and extended
scope functions make this unit
ideal for hobby, service, automotive and development purposes. Because of
its exceptional value for money, the Personal
Scope is well suited for educational use.
Order Code: HPS10 - £189.95 £169.95
See website for more super deals!

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

AV SIGNAL
BOOSTER KIT

4 CHANNEL
VERSATILE MIXER KIT

KC-5350 £31.95 plus postage & packing

KC-5448 £28.75 plus postage & packing

You may experience some
signal loss when using
long AV cables.
This kit will boost
your composite,
S-Video and
stereo audio
signals, preserving
them for the highest quality transmission to your home
theatre, projector or large screen TV. Kit includes case, PCB,
silk-screened punched panels and all electronic components
with clear English instructions. Requires 9VAC wall adaptor.

This is an improved version of our popular guitar mixer kit and has a number of
enhancements that make it even more versatile. The input sensitivity of
each of the four channels is adjustable from a few millivolts to over 1
volt, so you plug in a range of input signals from a microphone to a
line level signal from a CD player etc. A headphone amplifier circuit is
also included for monitoring purposes. A three stage EQ is also
included, making this a very versatile mixer that will operate from 12
volts. Kit includes case, PCB with overlay and all electronic components.
As published in EPE April 2009

STUDIO 350 - HIGH
POWER AMPLIFIER

HIGH CURRENT MOTOR
SPEED CONTROLLER KIT
KC-5465 £26.25 plus postage & packing
Controls a 12 or 24VDC
motor at up to 40A
continuous and features
automatic soft-start, fast
switch-off and a 4-digit
display to show settings.
Speed regulation is
maintained even under
heavy loads and the system
includes an overload warning buzzer and a low
battery alarm. Kit contains PCBs and specified
electronic components.

KC-5372 £50.75 plus postage & packing

Delivers a whopping 350WRMS @ 4 ohms, or 200WRMS @
8 ohms. It is super quiet, with a signal to noise ratio of
125dB(A) at full power. Harmonic distortion is just 0.002%,
and frequency response is almost flat (less than -1dB)
between 15Hz and 60kHz! Kit supplied in short form with
PCB and electronic components. 500VA toroidal to suit
MT-2146 £35.00

As published in
EPE Oct/Nov 2006

EMERGENCY 12V
LIGHTING CONTROLLER

KC-5361 £16.00 plus postage & packing

Program both the microcontroller and EEPROM in the
popular gold, silver and emerald wafer
cards that conform to ISO-7816
standards. Powered by 9-12VDC
wall adaptor or a 9V battery.
Instructions outline software
requirements that are freely available
on the Internet. Kit supplied with
PCB, wafer card socket and all
electronic components.
As published in EPE May 2007

KC-5456 £20.50 plus postage & packing

Automatically supplies power for 12V emergency lighting during
a blackout. The system is powered with a 7.5Ah SLA battery
which is maintained via an external smart charger. Includes
manual override and over-discharge protection for the battery.
Kit supplied with all electronic components, screen printed PCB,
front panel and case. Charger
and SLA battery
available separately.
Featured in EPE
November 2009

Enables your car to have the same interior light delay feature
you find in many modern cars, allowing you time to buckle up
and settle in before the light softly fades and finally goes out
after a set time. Upgraded to a much simpler universal wiring
setup, this kit contains PCB with overlay and
electronic components.
As published in EPE
February 2007

KC-5417 £10.25 plus postage & packing
Drives one or two stereo headphones
from any line level (1 volt peak to
peak) input. The circuit features a
facility to drive headphones with
impedances from about 8600Ω. Comes with PCB and all
electronic components.

KC-5441 £29.00 plus
postage & packing

RADAR SPEED
GUN KIT MKII

If you're into any kind of racing like
cars, bikes boats or even the horses,
this kit is for you. The electronics are
mounted in the supplied Jiffy box
and the radar gun assembly can be
made simply with two coffee tins
fitted end to end. The circuit needs
12 VDC at only 130mA so you can use a
small SLA or rechargeable battery pack.
Kit includes PCB and all specified
components. This upgraded version is
now even more stable and accurate
than the popular original.
As published in EPE Janruary 2009

COURTESY INTERIOR
LIGHT DELAY KIT
KC-5392 £6.00 plus postage & packing

STEREO HEADPHONE
DISTRIBUTION AMPLIFIER KIT

Featured in EPE November 2009
Also recommended: Box HB-6012 £2.00
Power Supply Kit KC-5418 £6.00

Featured in EPE Jan 2010

SMART CARD READER /
PROGRAMMER

As published in EPE March 2006

KA-1732 £6.00
plus postage & packing

THE
'FLEXITIMER'

Switches a number of different
output devices on and off at
accurately timed intervals, ranging
from a few seconds to a whole
day. This kit includes PCB and all
components. Requires 12-15VDC recommended mains plugpack MP-3282 £4.25

• Secure on-line ordering
• ALL prices in Pounds Sterling
• Minimum order ONLY £10

ORDER YOUR

FREE

CATALOGUE
TODAY!

As published in EPE September 2007

0800 032 7241
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VOLTAGE
MODIFIER KIT
KC-5490 £23.25 plus postage & packing

This kit intercepts and alters the signal from engine sensors
that supply a voltage signal to the engine control unit (ECU).
Restore correct air/fuel ratios after engine
modifications, prevent
engine boost cuts; or
alter sensor signals
for improved
drivability.
Requires
hand controller for
programming, RS232
cable and a suitable
NEW
input signal. Kit
TO EPE
includes PCB, case
and electronic
components.
Recommended with this kit:
Hand Controller Cat. KC-5386 £19.75
RS232 Cable
Cat. WC-7502 £4.00

IMPROVED LOW
VOLTAGE ADAPTOR
KC-5463 £5.25 plus postage &
packing

A handy regulator to run a
variety of devices such
as CD or MP3 players
from your car cigarette
lighter sockets or even
powered speakers from the
power supply inside your PC. It will supply 3V, 5V, 6V, 9V, 12V
or 15V and (when used with an appropriate input voltage and
heatsink) deliver up to four amps at the selected output voltage.
Kit includes screen printed PCB and all specified components.
Heatsink not included.

KC-5446 £5.00 plus
postage & packing

VOLTAGE
REGULATOR KIT

This handy voltage regulator
can provide up to 1,000mA
at any voltage from 1.3 to
22VDC. Ideal for
experimental
projects or as a mini
bench power supply.
Heatsink may be regulated
depending on output current.
Kit supplied with PCB and
electronic components.

POST & PACKING CHARGES
Order Value
£10 - £49.99
£50 - £99.99
£100 - £199.99
£200 - £499.99
£500+

Cost
£5
£10
£20
£30
£40

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

Note: Products are despatched from Australia,
so local customs duty & taxes may apply.
Prices valid until 31/03/2010

0800 032 7241

Jaycar MARCH2010.indd 2

MARINE ENGINE
SPEED EQUALISER KIT
KC-5488 £11.75 plus postage & packing

Avoid unnecessary noise and vibration in twin-engine boats.
For optimum performance, both motors should run at exactly
the same RPM. You can tune the engine speeds using the
tacho for each engine, however tachos have an error of up to
5%. The Engine Speed Equaliser Kit takes the tacho signals
from each motor and displays the output on a meter that is
centred when both motors are running at the same RPM.
When there's a mismatch, the meter shows which motor is
running faster and by how much. You simply
adjust the throttles to suit. Short form kit
only, requires moving coil panel
meter (Cat. QP-5010
£5.25).
• 12VDC
• PCB and specified
components

NEW
TO EPE

BATTERY
ZAPPER MKIII
KC-5479 £23.25 plus postage & packing

Prolongs the life of your lead acid batteries. Like the original
2005 project, this circuit produces short high level bursts of
energy to reverse the sulphation
effect. The battery condition checker
is no longer included and the circuit
has been updated and revamped to
provide more reliable, long-term
operation. It still includes test points
for a DMM and binding posts for a
battery charger. Not recommended
for use with gel batteries
• PCB with solder mask
and overlay components
• Screen printed machined case
• 6, 12 & 24VDC

SLA BATTERY
HEALTH CHECKER
KC-5482 £23.25 plus postage & packing
Checks the health of your SLA
batteries prior to charging or
zapping with a simple LED
condition indication of fair,
poor, good etc. An ideal
companion to our Battery
Zapper MKIII.

• Overlay PCB and
electronic components
• Silk-screened front panel and
machined case included

HOW TO ORDER
• ORDER ON-LINE: www.jaycarelectronics.co.uk
• PHONE:
0800 032 7241*
• FAX:
+61 2 8832 3118*
• EMAIL: techstore@jaycarelectronics.co.uk
• POST: P.O. Box 107, Rydalmere NSW 2116 Australia
• ALL PRICING IN POUNDS STERLING
• MINIMUM ORDER ONLY £10
*Australian Eastern Standard Time (Monday - Friday
09.00 to 17.30 GMT + 10 hours only)
Expect 10-14 days for air parcel delivery

UHF REMOTE CONTROLLED
MAINS SWITCH KIT
KC-5462 £29.00 plus postage & packing

Commercial remote control mains switches are generally limited
to a range of 20m. This UHF system will operate up to 200m
and is perfect for remote power control systems etc. Including
a handheld controller, this kit is supplied with cases, screen
printed PCBs, RF modules and electronic
components.
Requires
replacement UK
socket, see EPE
January 2010
for details.
Featured in EPE
Jan 2010

FAST NI-MH BATTERY
CHARGER KIT
KC-5453 £12.50 plus postage & packing

Ideal for RC enthusiasts who burn through a lot of batteries.
Capable of handling up to 15 of the same type of Ni-MH or
Ni-Cd cells. Build it to suit any size cells or cell capacity and
set your own fast or trickle charge rate. Features overcharge
protection and temperature sensing. Kit includes solder mask
& overlay PCB, programmed micro and specified electronic
components. Case, heatsink and battery
holder not included.
Featured in
EPE August 2009

KC-5424 £6.75 plus
postage & packing

VOLTAGE
MONITOR KIT

Monitors either the battery voltage, airflow meter or oxygen
sensor in your car. This versatile 12VDC kit features a 10 LED
bar graph that indicates the measured voltage in 9-16V, 0.-5V
or 0-1V ranges. Features fast response time, high input
impedance and auto dimming for night
time driving. Kit includes PCB with
overlay and all electronic
components.
Featured in EPE November 2007

FREE CATALOGUE
Checkout Jaycar’s
extensive range
We have kits & electronic
projects for use in:
• Audio & Video
• Car & Automotive
• Computer
• Lighting
• Power
• Test & Meters
• Learning & Educational
• General Electronics Projects
• Gifts, Gadgets & Just for fun!
For your FREE catalogue log on to:
www.jaycarelectronics.co.uk/catalogue
or check out the range at:
www.jaycarelectronics.co.uk

jaycarelectronics.co.uk
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SUBSCRIPTIONS

AVAILABILITY
Copies of EPE are available on subscription
anywhere in the world (see opposite) and
from all UK newsagents (distributed by
SEYMOUR). EPE can also be purchased from
retail magazine outlets around the world. An
Internet online version can be purchased and
downloaded for just $18.99US (approx £13) per
year, available from www.epemag.com

WORKING DAYS ALARM CLOCK
 Day, date, month, year and BST/GMT
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NEWS

A roundup of the latest Everyday
News from the world of
electronics

LED TV projector technology
emonstrations of competing LED
D
projectors highlight the compromises
designers now face when using the new

solid-state light-emitting technology instead of conventional UHP, or ultra high
performance, mercury arc lamps.  
The UHP system was developed by
Philips in 1995 and generates very high
light output from a small lamp. But life is
limited to a few thousand hours at best, with
many projectors coming with only a three
month warranty on the lamp. Plus, mercury
content makes disposal of dead lamps an
eco challenge.
UHP lamps can take up to an hour after
switch on to give true colour, and cannot be
quickly switched on and off. LED lamps last
around 70,000 hours, are mercury-free for
easy disposal and can be switched on and off
instantly. LEDs convert electricity to light
more efficiently and achieve steady colour
state in 10 seconds, with a wider range of colours. No mechanical iris is needed for near
infinite contrast ratio, and because separate
red, green and blue LEDs are used, there is
no DLP colour wheel, so no risk of ‘rainbow
effect’ – the colour strobing which viewers
may see if they move their head rapidly while
watching the projected picture.  
But LEDs are expensive, light output is
less than for UHP lamps, and extreme cooling is needed if the projector is to fill a large
screen.

Runco’s Holger Graeff, claims its new
QuantumColor 1080p single-chip LED projector, the Q-750 (costing around £18,000),
uses 70% less power than lamp-based projection. Power consumption varies up to 250W,
with 140W for typical use.
“Lampless LED is the future of video
projection” says Planar CEO Gerry Perkel.
“An LED lampless light source is clearly
the next step in front projection” says Joel
Silver, founder and president of the Imaging
Science Foundation.
Runco recommends a screen width of
72 inches to 92 inches, with a maximum
of 108 inches. Graeff told us: “LED is not
perfect yet. LED technology is developing. It’s a beginning. And if you are happy
with 100 inches in a dark room you can be
happy with LED. The colours are so bright
you don’t notice that the picture is not so
bright.”
Room lights were completely dimmed
to show clips from Cars, US football
coverage, Dark Knight and Elton John in
concert on a 92inch screen – with good
results.

Different approach

SIM2, the Italian manufacturer, has adopted a different approach with the 1080p
MICO 50 LED projector (£15,000). Whereas Runco uses conventional fan air cooling

By Barry Fox

for its LEDs, SIM2 uses liquid cooling to
increase power consumption to 370W, while
still claiming a lifetime ‘well above 100,000
hours’.
Demonstrating the SIM2 LED projector on the large screen of the British Film
Institute’s screening room in London,
specialist journalists at first thought UK
Managing Director Alan Roser was joking
when he explained why the single-chip
HD projector was as big as a carry-on
suitcase – “it needs water cool plumbing”,
he said.
But after an  impressive demonstration
of Star Trek, he took off the projector lid
and showed he wasn’t jesting. The three
discrete LEDs (red, green and blue) generate so much heat that a liquid cooling
system, which looks just like a miniature
car radiator with pumps, pipes and fans,
is needed.

Footnote

At the Runco demonstration in a London bar a few days later, Holger Graeff
declined our request to remove the top of
the Runco projector; he attributed the large
size of the unit – similar to the SIM2 projector – to the large optics. The air coming from the side vents  was just pleasantly
warm, with no evidence of high temperatures inside the box.

Robot Base Kit
A Robot Base Kit has been introduced by Parallax. This is a plywood platform kit for the 12V Motor Mount and Wheel Kit (#27971)
and the Caster Wheel Kit (#28971).
This kit allows users to build a
nearly complete robot and then add
on their choice of processor and
sensors (sold separately).
Also from Parallax is the Programming & Customizing the Multicore Propeller Microcontroller:
Official Guide. The book begins
with an introduction to the Propeller chip’s architecture and Spin
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programming language, debugging
techniques, and sensor interfacing.
The remainder of the book introduces eight diverse and powerful
applications, ending with a speech
synthesis demonstration written by
the Propeller chip’s inventor, Chip
Gracey. Numerous illustrations and
example programs accompany each
application. Example source code
and other related resources are available for free download from ftp://ftp.
propeller-chip.com/PCMProp.
More information is available from
www.Parallax.com
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Touchscreen teaching

omputer supplier ASUS wanted to
C
explore the potential of the effective use
and deployment of some of the Eee family of

touchscreen computers within the infant and
primary school environments. And whether
or not this would have any impact on how
younger children play and learn within the
classroom.
The partner schools selected for the trial
were Hobbs Hill Primary and Dulwich Village
Church of England Infants School (DVIS).
Hobbs Hill is the larger of the two, with 476
pupils from reception (age 4) to year 6 (age
11). DVIS has 270 pupils, from reception to
year 2 (age 7).
Each school delivers its ICT (Information and Communication Technologies)
curriculum via computers inside classrooms
and dedicated computer suites. All teaching
staff are involved in ICT teaching to some
extent, and exploring new learning opportunities through ICT is seen as an important area.
As Graham King, ICT coordinator for Hobbs
Hill Primary, explains: “The challenge for
us is to find more innovative ways of using
ICT, rather than just create more impressive
PowerPoint presentations.”
ASUS Eee Top PCs were installed in Dulwich Village Infants’ reception (ages four to
five), year 1 (ages five to six) and year 2 (ages
six to seven) classes. Eee PCs were also placed
into one reception class. ASUS Eee PCs were
provided for every pupil in one year 5 (ages 10
to 11) class at Hobbs Hill Primary, along with
one Eee Top PC. A second Eee Top PC was
also used in a Nursery class.

Much to Dulwich Village Infants’
and Hobbs Hill Primary’s delight, the
ASUS Eee Top PCs
proved to be a huge
hit. Young pupils were
more at ease with using
the Eee Top PC’s touchscreen than a traditional
mouse, and this proved
highly motivating.
“The Eee Tops were so
popular that children were
eager to get into class early
to use them”, says Sheila
Kirrane, ICT coordinator at
Dulwich Village Infants. “The
children seemed to be more confident when
using them and not afraid to make mistakes,
as they were able to rectify them without adult
intervention.”
Hobbs Hill’s nursery also liked the Eee Top
PC’s unique approach. “I can see a lot of potential for having these computers in classes
where mouse control is more difficult”, says
Miss King, Hobbs Hill’s Assistant Nursery
Manager. “Playing maths games or interacting with particular websites in this way would
be a great advantage.”
The Eee Top PC’s touchscreen also offered
one unexpected advantage, as Hobbs Hill
year 6 pupil Laurie, age 6, points out:
“Less arguing about the mouse when
working in pairs!”
Although initially sceptical about
netbooks, Hobbs Hill Primary soon
saw the appeal of the ASUS Eee PCs.
Graham King, ICT coordinator for
Hobbs Hill Primary, explains:
“The Eee PCs were easy to handle and were seen as potentially
becoming a tool just like a calculator. I could see these being
used on school journeys when
we stay at a youth hostel.”
The ease with which very
young children could carry
the lightweight Eee PCs
also meant that they weren’t
confined to use in just one
part of the classroom.
“The fact that they are so manageable
and robust was a big plus, and they can

easily be used outside or transported to
another part of the room”, says Sheila Kirrane. “This encouraged real collaboration
and plenty of ‘on task’ discussion.”
Both schools were taken aback by the extremely positive reactions of their pupils to
the ASUS computers and Dulwich Village was
particularly smitten with the Eee Top PC.
“The Eee Top PCs gave greater independence to our learners and they became
more familiar with touchscreen computers.
The children’s’ enthusiasm seemed to be
reignited!” says Sheila Kirrane.
Ben, age 5, makes his appreciation of the
ASUS Eee Top PC very clear: “I love this
computer! It is easy to switch on and I don’t
need a teacher to help me.”
It was a similar story at Hobbs Hill.
Graham King says: “Perhaps the biggest
impact was the enthusiasm with which the
children responded to them. They saw them
very much as something they could take
ownership of.”
You can follow ASUS on Twitter: http://www.
twitter.com/asusuk
Detailed stockist information can be found
on the following link: http://uk.asus.com/
wheretobuy_new.aspx?sltLanguage=en_
GB&country=1339

USB flash drive kill pill
Kill Pill from Swedish company Cryptzone (www.cryptzone.com) makes it possible for a user or administrator to, at any
time through the Internet, lock or wipe the
contents on a lost or stolen USB flash drive
wherever it is in the world.
Protecting USB flash drives has become a high priority for many companies. With the new version of Secured
eUSB, Cryptzone can offer a new level
of security which meets the current requirements for existing and upcoming

information security laws throughout the
world.
Besides the Kill Pill feature, Secured eUSB
contains a long list of new functionality and
improvements in order to meet the growing
demand for high security for businesses today. Among the new features are ‘Synchronized Login’ to Microsoft Active Directory
and DCR – Data Content Reporting.
Each USB flash drive has built-in intelligence to report in real-time,when the flash
drive was created, what files are on the flash
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drive, where the files came from (path and
computer), what was done with the files and,
most importantly, what user accessed the
drive and what did he/she do with the files.
Additionally, the reports include an asset inventory listing of Active Directory members
that indicates exactly the number of USB
flash drives owned, brand/model of the drive,
when it was created and much more.
The Secured eUSB solution can encrypt
any brand/model of USB flash drive and even
deal with flash drives that already contain data.
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Constructional Project

By JIM
ROWE

High-accuracy

Digital LC Meter
Here’s a handy piece of test gear you can
build for yourself – a Digital LC Meter for
measuring inductance and capacitance over
a wide range. It’s based on an ingenious
measurement technique, delivers surprising
accuracy and is easy to build.

M

ANY modern DMM’s (digital
multimeters) have capacitance
measuring ranges, especially the upmarket models. So it’s not hard to
measure the value of capacitors, as
long as their value is more than about
50pF or so.
Below that level, DMMs are not very
useful for capacitance measurements.
Dedicated digital capacitance meters
are available, of course, and they generally measure down to a few pF or
so. But if you want to measure things
like stray capacitance, they too are of
limited use.
It’s even worse when it comes to
measuring inductors. Very few DMMs
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have the ability to measure inductance,
so in many cases you have to use either
an old-type inductance bridge or a
‘Q’ meter. Both of these are basically
analogue instruments, and don’t offer
either high resolution or particularly
high accuracy.

Micro solution
It’s different for professionals, who for
the last 20 years or so have been able to
use digital LCR meters. These allow you
to measure almost any passive component quickly and automatically, often
measuring not just their primary parameter (like inductance or capacitance)
but one or more secondary parameters

as well. However, many of these instruments carry a hefty price tag, keeping
them well out of reach for many of us.
Fortunately, thanks to microcontroller technology, that situation has
changed somewhat in the last few
years, with much more affordable digital instruments now becoming available. These include both commercial
and DIY instruments, along with the
unit described here.

Main features
As shown in the photographs, our
new Digital LC Meter is very compact.
It’s easy to build, has an LCD readout
and fits snugly inside a UB3-size utility box. It won’t break the bank either
– we estimate that you should be able
to build it for less than £40.
Despite its modest cost, it offers
automatic direct digital measurement
over a wide range for both capacitance
(C) and inductance (L) with 4-digit
resolution. In fact, it measures capacitance from just 0.1pF up to 800nF
and inductance from 10nH to 70mH.
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HOW IT WORKS: THE EQUATIONS
(A) In calibration mode

Fout

(1) With just L1 and C1:

1
F1 = ——————
2.  L1.C1

(2) With C2 added to C1:

1
F2 = ————————
2.  L1.(C1+C2)

(3) From (1) and (2), we can find C1:
2

F2
C1 = —————
 C2
(F12 – F22 )

C2

S1

100k
C1

(4) Also from (1) and (2), we can find L1:
1
L1 = —————
4.2 F12 .C1

47k

RLY

10 F

(B) In measurement mode
CAL

1
(5) When Cx is connected: F3 = ————————
2.  L1.(C1+Cx)
so

C/L

Fig.1: the circuit uses a wide-range test oscillator, the frequency of which varies
when an unknown inductor (Lx) or capacitor (Cx) is connected. This oscillator
is in turn monitored using a microcontroller which accurately calibrates the
unit and measures the change in oscillator frequency. The microcontroller then
calculates the unknown component’s inductance or capacitance and displays
the result on an LCD.

Measurement accuracy is also surprisingly good, at better than ±1% of
reading.
It operates from 9V to 12V DC,
drawing an average current of less
than 20mA. This means that it can be
powered from either a 9V alkaline battery inside the case, or from an external
plugpack supply.

How it works
The meter’s impressive performance
depends on an ingenious measurement technique which was developed
about 12 years ago by Neil Hecht, of
Washington state in the US. It uses
a wide-range test oscillator whose
frequency is varied by connecting the
unknown inductor or capacitor you’re
measuring. The resulting change in
frequency is measured by a microcontroller, which then calculates the
component’s value and displays it
directly on an LCD readout.
So there are basically only two key
parts in the meter: (1) the test oscillator itself and (2) the microcontroller
which measures its frequency (with
and without the component being
measured) and calculates the component’s value.
To achieve reliable oscillation over a
wide frequency range, the test oscillator is based on an analogue comparator
with positive feedback around it – see
Fig.1. This configuration has a natural
inclination to oscillate because of the

very high gain between the comparator’s input and output.
When power (+5V) is first applied, the
comparator’s non-inverting (+) input is
held at half the supply voltage (+2.5V)
by a bias divider formed by two 100kW
resistors. However, the voltage at the
inverting input is initially zero because
the 10mF capacitor at this input needs
time to charge via the 47kW feedback
resistor. So, with its non-inverting input
much more positive than its inverting
input, the comparator initially switches
its output high (ie, to +5V).
Once it does so, the 10mF capacitor
on the inverting input begins charging
via the 47kW resistor and so the voltage at this input rises exponentially.
As soon as it rises slightly above the
+2.5V level, the comparator’s output
suddenly switches low.
This low voltage is fed back to the
comparator’s non-inverting input
via a 100kW feedback resistor. It is
also coupled through the 10mF input
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Cx = C1 

( F1
—–
F3
2

2

–1

)

(6) Or when Lx is connected:
1
F3 = ———————
2.  (L1+Lx).C1
so

Lx = L1 

F1
( —–
F3
2

2

–1

)

NOTE: F2 & F3 should always be lower than F1

capacitor to a tuned circuit formed by
inductor L1 and capacitor C1. This
makes the tuned circuit ‘ring’ at its
resonant frequency.

Oscillation
As a result, the comparator and
the tuned circuit now function as an
oscillator at that resonant frequency.
In effect, the comparator effectively
functions as a ‘negative resistance’
across the tuned circuit, to cancel its
losses and maintain oscillation.
Once this oscillation is established,
a square wave of the same frequency
appears at the comparator’s output
and it is this frequency (Fout) that is
measured by the microcontroller. In
practice, before anything else is connected into the circuit, Fout simply corresponds to the resonant frequency of
L1, C1 and any stray capacitance that
may be associated with them.
When power is first applied to the
meter, the microcontroller measures

Specifications
•
•
•
•
•
•

Inductance Range: from about 10nH to over 70mH (4-digit resolution)
Capacitance Range: from about 0.1pF to over 800nF (4-digit resolution)
Range Selection: automatic (capacitors must be non-polarised types)
Sampling Rate: approximately five measurements per second
Expected Accuracy: better than ±1% of reading, ±0.1pF or ±10nH
Power Supply: 9V to 12V DC at less than 20mA (non-backlit LCD module). Can be operated from an internal 9V battery or an external plugpack.
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Constructional Project
in the measurement mode, when it
calculates the value of Cx or Lx. Each
of these values needs to be calculated
to a high degree of resolution and accuracy. To achieve this, the micro’s
firmware needs to make use of some
24-bit floating point maths routines.

Parts List – High-accuracy Digital LC Meter

*1 PC board, code 745 (Main), size

125 × 58mm
*1 PC board, code 746 (Adpt.), size
36 × 16mm
*1 PC board, code 747 (Bar), size
41 × 21mm
1 UB3-size box, 130 × 68 × 44mm
1 16×2 LCD module (Jaycar QP5515 or QP-5516 or similar – see
panel)
1 5V 10mA DIL reed relay (Jaycar
SY-4030)
1 100mH RF inductor (L1)
1 4.0MHz crystal, HC-49U
1 DPDT subminiature slider switch
(S1)
1 SPST momentary contact
pushbutton switch (S2)
1 SPDT mini toggle switch (S3)
1 18-pin DIL IC socket
1 2.5mm PC-mount DC connector
1 4×2 section of DIL header strip
1 7×2 section of DIL header strip
1 jumper shunt
1 binding-post/banana socket, red
1 binding-post/banana socket, black
2 PC terminal pins, 1mm dia
4 M3 × 15mm tapped spacers
4 M3 × 6mm csk head machine
screws
5 M3 × 6mm pan head machine
screws
this frequency (F1) and stores it in
memory. It then energises reed relay
RLY1, which switches capacitor C2
in parallel with C1 and thus alters the
oscillator frequency (ie, it lowers it).
The microcontroller then measures
and stores this new frequency (F2).
Next, the microcontroller uses these
two frequencies, plus the value of C2 to
accurately calculate the values of both
C1 and L1. If you’re interested, the equations it uses to do this are shown in the
top (Calibration Mode) section of the
box titled ‘How it works: the equations’.
Following these calculations, the microcontroller turns relay RLY1 off again
to remove capacitor C2 from the circuit,
allowing the oscillator frequency to
return to F1. The unit is now ready
to measure the unknown inductor or
capacitor (Cx or Lx).

Into the unknown
As shown in Fig.1, the unknown
component is connected across the test
terminals. It is then connected to the
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1 M3 nut (metal)
2 M2 × 6mm machine screws
(for S1)
4 M3 × 12mm nylon screws
8 M3 nylon nuts
4 M3 nylon nuts with integral
washers
1 9V battery-snap lead
1 10kW horizontal trimpot (VR1)

Circuit details

Semiconductors
1 PIC16F628A microcontroller,
pre-programmed – see text
(IC1)
1 7805 +5V regulator (REG1)
1 1N4148 signal diode (D1)
1 1N4004 1A rect. diode (D2)
Capacitors
1 22mF 16V radial elect.
2 10mF 16V radial elect.
1 10mF 16V tantalum
1 100nF monolithic
2 1nF MKT or polystyrene
(1% if possible) (C1, C2)
2 33pF NPO ceramic
Resistors (0.25W 1% metal film)
3 100kW
2 4.7kW
1 68kW
4 1kW
1 47kW

*Available as a set from the EPE
PCB Service

oscillator’s tuned circuit via switch S1.
When measuring an unknown
capacitor, S1 is switched to position
‘C’ so that the capacitor is connected
in parallel with C1. Alternatively, for
an unknown inductor, S1 is switched
to position ‘L’ so that the inductor is
connected in series with L1.
In both cases, the added values of Cx
or Lx again causes the oscillator frequency to change, to a new frequency
(F3). As with F2, this will always be
lower than F1. So, by measuring F3 as
before, and monitoring the position of
S1 (which is done via the C/L connection at IC1 pin 12), the microcontroller
can calculate the value of the unknown
component using one of the equations
shown in the lower section of the equations box – ie, the section labelled ‘In
measurement mode’.
From these equations, you can see
that the micro has some fairly solid
‘number crunching’ to do, both in the
calibration mode when it calculates
the values of L1 and C1, and then

How this ingenious yet simple
measurement scheme is used to
produce a practical LC meter can be
seen from the full circuit diagram of
the High-Accuracy Digital LC Meter,
shown in Fig.2. It’s even simpler than
you might have expected, because
there’s no separate comparator to
form the heart of the measurement
oscillator. Instead, we’re making use
of a comparator that’s built into the
microcontroller (IC1) itself.
As shown, microcontroller IC1 is a
PIC16F628A and it actually contains
two analogue comparators which can
be configured in a variety of ways. Here
we are using comparator 1 (CMP1) as the
measurement oscillator. Comparator 2
(CMP2) is used only to provide some additional ‘squaring up’ of the output from
CMP1, and its output then drives the
internal frequency counting circuitry.
The oscillator circuitry is essentially
unchanged from that shown in Fig.1.
Note that IC1 controls relay RLY1
(which switches calibrating capacitor
C2 in and out of circuit) via its I/O
port B’s RB7 line (pin 13). Diode D1
prevents the micro’s internal circuitry
from being damaged by inductive
spikes when RLY1 switches off.
In operation, IC1 senses which position switch S1 is in using RB6 (pin 12).
This is pulled high internally when S1b
is in the ‘C’ position, and low when S1b
is in the ‘L’ position. Crystal X1 (4MHz)
sets the clock frequency for IC1, while
the associated 33pF capacitors provide
the correct loading to ensure reliable
starting of the clock oscillator.
The results of IC1’s calculations are
displayed on a standard 2×16 line LCD
module. This is driven directly from
the micro itself, via port pins RB0 to
RB5. Trimpot VR1 allows the LCD
contrast to be optimised.

Firmware and link functions
The firmware in IC1 is designed to
automatically perform the calibration
function just after initial start-up.
However, this can also be performed
at any other time using switch S2.
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Fig.2: The complete circuit for the Digital LC Meter uses a PIC16F628A microcontroller to monitor and calibrate the oscillator and to drive the LCD module.
Note that the analogue comparator shown in Fig.1 is actually built into the microcontroller.
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Pressing this switch simply pulls the
micro’s MCLR pin (4) down, so that
the micro is forced to reset and start
up again, recalibrating the circuit in
the process.
Links LK1 to LK4 are not installed
for normal use, but are used for the
initial setting up, testing and calibration. As shown, these links connect
between RB3 to RB0 and ground
respectively.
For example, if you fit LK1 and then
press S2 to force a reset, the micro will
activate RLY1 (to switch capacitor C2
into circuit) and measure oscillator
frequency F2. This is then displayed
on the LCD.
Similarly, if you fit LK2 and press
S2, the micro simply measures the
initial oscillator frequency (F1) and
displays this on the LCD. This allows
you to not only make sure that the oscillator is operating, but also you can
check its frequency as well. We’ll have
more to say about this later.
Links LK3 and LK4 allow you to
perform manual calibration ‘tweaks’
to the meter. This is useful if you have
access to a capacitor whose value is
very accurately known (because it has
been measured using a full-scale LCR
meter, for example).
With LK3 fitted, the capacitance
reading decreases by a small amount
each time it makes a new measurement
(which is about five times per second).
Conversely, if LK4 is fitted instead, the
microcontroller increases the capacitance reading by a small increment each
time it performs a new measurement.
Each time a change is made, the adjustment factor is stored in the micro’s
EEPROM, and this calibration value is
then applied to future measurements.
Note also that although the calibration
is made using a ‘standard’ capacitor,
it also affects the inductance measurement function.
In short, the idea is to fit the jumper
to one link or the other (ie, to LK3 or
LK4) until the reading is correct. The
link is then removed.
As mentioned above, links LK1 to
LK4 are all left out for normal operation. They’re only used for troubleshooting and calibration.

EXT
9–12V
DC
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Fig.3: follow this layout
diagram to build the Digital
LC Meter, but don’t solder
in the switches or the test
terminals until after these
parts have been mounted on
the front panel. The 2-way pin
headers for links LK1-LK4 are
installed on the copper side
of the board – see text.
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Part of the back of the case lid
before the PC board assembly
is attached, showing the
‘extension leads’ soldered to
slide switch S1’s terminals.

The PC board assembly is attached to the case lid using M3 × 15mm spacers
and M3 × 6mm countersink (csk) machine screws. Make sure that the assembly
is secure before soldering the switch lugs and test terminals.

automatically disconnects the battery
when the plugpack supply is connected.
The incoming DC rail is fed via
reverse polarity protection diode D2
and power switch S3 to regulator
REG1 – a standard 7805 device. The
resulting +5V rail at REG1’s output is
then used to power IC1 and the LCD
module.

Software
The software files are available
via the EPE Library site, accessed
via www.epemag.com. Pre-programmed PICs are available from

Magenta Electronics – see their advert
in this issue for contact details.

Construction
Because it uses so few parts, the unit
is very easy to build. All the parts, except for switches S1 to S3 and the Cx/
Lx input terminals, are mounted on a
PC board, code 745, measuring 125 ×
58mm. This board is available from the
EPE PCB Service.
The LCD module connects to a 7×2
DIL pin header at one end of the board,
and is supported at either end using M3
nylon screws and nuts.

Fig.3 shows the parts layout
on the PC board. Here’s the
suggested order of fitting the
components to the PC board:
1) Fit DC power connector
CON1 and the two 1mm
PC board terminal pins
for the internal battery
connections.
2)	Fit the six wire links, four of which
go under where the LCD module
is later fitted. Don’t forget the link
immediately below switch S1.
3)	Install the 4×2 DIL pin header used
for links LK1 to LK4. Note that this
item must be mounted on the copper side of the board (not on the
top), so that a jumper can later be
fitted to any of the links when the
board assembly is attached to the
box lid).
To install this header, just push
the ends of the longer sides of
the pins into the board holes by
1-2mm, then solder them carefully
to the pads. That done, push the
plastic strip down the pins so that
it rests against the solder joints,

Table 1: Resistor Colour Codes
o  
No.  
o    3  
o    1  
o    1  
o    2  
o    4  
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Value  
100kW  
68kW  
47kW  
4.7kW  
1kW  

4-Band Code (1%)  
brown black yellow brown  
blue grey orange brown  
yellow violet orange brown  
yellow violet red brown  
brown black red brown  

5-Band Code (1%)
brown black black orange brown
blue grey black red brown
yellow violet black red brown
yellow violet black brown brown
brown black black brown brown
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leaving the clean outer ends of all
pins free to take a jumper shunt.
4)	Fit a 7×2 DIL pin header for the LCD
module connections. This header
is fitted to the top of the PC board
in the usual way.
5)	Install the 11 resistors, seven of
which go under the LCD module.
Table 1 shows the resistor colour
codes, but you should also check
each resistor using a DMM before
soldering in position on the board.
6)	Install trimpot VR1, followed by
inductor L1 and reed relay RLY1.
7)	Fit the five non-polarised capacitors, followed by the 10mF
tantalum, the two 10mF radial
electrolytics and the 22mF radial
electrolytic. Note that the tantalum capacitor and the electrolytics are polarised, so take care
with their orientation.
8)	Install DIL relay RLY1, the 18-pin
socket for IC1 and the 4MHz crystal
X1. Follow these parts with diodes
D1 and D2 and regulator REG1.
Note that the regulator’s leads are
bent downwards through 90° 6mm
from the body, so that they pass
through the holes in the board.
Before soldering the leads, secure
the metal tab to the PC board using an M3 × 6mm machine screw
and nut.
9)	Secure the LCD module to the
PC board, using four M3 × 12mm
cheesehead nylon screws and 12
nuts (three on each screw). Fig.4
shows the details.
At each mounting point, two plain
nuts act as spacers between the
module and the PC board, while a
third nut with an integral washer is
fitted to secure the assembly under
the PC board. Note that when you’re
fitting the module to the top of the
board, it should be lowered carefully so that the holes at the lefthand
end slip down over the pins of the
7×2 DIL strip fitted earlier.
10)	Solder the 14 pin connections on
the top of the LCD module using a
fine-pointed iron.
11)	Plug the programmed PIC16F628A
(IC1) into its socket, then fit four
M3 × 15mm tapped spacers to the
PC board mounting points. Secure
these spacers using M3 × 6mm panhead screws.
That completes the board assembly. It
can now be placed to one side while
you work on the case.

Preparing the case
As shown in the photographs, the
PC board assembly is mounted on the
lid of a standard UB3-size box.
If you’re building the Digital LC
Meter from a kit, the plastic case will
probably be supplied with all holes
drilled and with screen-printed lettering for the front panel. If so, it will be
simply a matter of fitting the switches
and binding ‘test’ posts to the lid.
Note that slide switch S1 is secured
using two M2 × 6mm machine screws,
while switches S2 and S3 are mounted
using their own mounting nuts and
lockwashers. The binding posts mount
to the panel in the same way.
If you have to drill the case holes
yourself, you can use a photocopy of
the front panel artwork (Fig.5) as a
drilling template. In addition, you will
have to drill/ream a 10mm diameter
hole in the righthand end of the box
to give access to the DC connector
(CON1). This hole should be positioned 22mm from the front edge of
the case and 9mm down from the lid,
so that it aligns correctly with CON1.
That done, a copy of the front panel
artwork can be attached to the lid using
an even smear of neutral-cure silicone
sealant and the holes cut out using a
sharp hobby knife.
Once all the panel hardware is in
place, the next step is to fit the PC board.
The first thing to note here is that the
rear lugs of switches S2 and S3 will pass
through their PC pads when the board
is mounted on the lid, with just enough
metal protruding to allow soldering.
This also applies to the binding post
terminals. However, slide switch S1’s
lugs are not long enough for this, so
after the switch is mounted on the lid, a
short length of tinned copper wire (eg,
a resistor lead offcut) must be soldered
to each lug to extend its length.
By the way, when you’re fitting
these short extension wires, it’s a good
idea to make a small hook at the end
of each wire and pass it through the
lug’s hole before squeezing it with
needle-nose pliers. The idea here is
to ensure that, once soldered, it’s not
going to fall out when the lower ends
of the wires are later soldered to the
board pads.
Once the extension wires have been
fitted, you should be able to fit the PC
board assembly on the lid so that all
the switch and binding post leads pass
through their matching board holes.
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That done, you can fasten it all together
using four M3 x 6mm countersink head
screws, which pass through the front
of the lid and into the spacers.
The assembly can now be completed
by soldering the switch and binding
post leads and by fitting the battery
snap connector.

Checkout and calibration
Your LC meter is now ready for
testing and calibration. To do this,
first connect a plugpack supply or
a 9V alkaline battery to the unit, set
slider switch S1 to the ‘Capacitance’
position and switch on using S3. As
soon as power is applied, the message
‘Calibrating’ should appear on the LCD
for a second or two, then the display
should change to read ‘C = NN.N pF’,
where NN.N is less than 10pF.
If this happens, then your meter is
probably working correctly, so just
leave it for a minute or two to let the
test oscillator stabilise. During this
time the capacitance reading may vary
slightly by a few tenths of a picofarad as
everything settles down – that’s normal.
Now press ‘Zero’ button S2 for a
second or two and release it. This
forces the microcontroller to start up
again and recalibrate, so you’ll briefly
see the ‘Calibrating’ message again
and then ‘C = 0.0pF’. This indicates
that the microcontroller has balanced
out the stray capacitance and reset its
zero reference.

Troubleshooting
If you don’t get any messages displayed on the LCD, chances are that
you’ve connected either the battery
snap lead or the plugpack lead’s connector with reversed polarity. Check
the supply connections carefully. With
power applied, you should be able to
measure +5V on pin 14 of IC1 with
respect to ground (0V).
Alternatively, if you get some messages on the LCD, but they’re not as
described, it’s time to check that the
meter’s test oscillator is working properly. To do this, switch off, fit jumper
shunt LK2 (ie, at the back of the board),
then apply power and watch the LCD.
After the ‘Calibrating’ message, the
micro should display an eight-digit
number which represents the oscillator frequency F1. This should be between about 00042000 and 00058000,
if your components for L1 and C1 are
within the usual tolerance.
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On the other hand, if F2 is exactly
the same as F1, this suggests that relay
RLY1 is not actually switching C2 in at
all. This could be due to a poor solder
joint on one of RLY1’s pins or you may
have wired it into the board the wrong
way around.
Once you do get sensible readings for
F1 and F2, your Digital LC Meter will
be ready for calibration and/or use. If
you don’t have a capacitor of a known
value to perform your own accurate
calibration, you’ll have to rely on the
meter’s own self-calibration (which relies largely on the accuracy of capacitor
C2). In this case, just remove any jumpers from LK1 to LK4 and fit your meter
assembly into its box, using self-tapping
screws to hold everything together.
The battery sits in the bottom of the
case. It is secured by wrapping it in
foam, so that it is firmly wedged
in place when the lid assembly is
fitted to the case.

Fig.4: here’s how
the assembly goes
together. The LCD
module is mounted
using Nylon screws
and nuts, while
the completed
board assembly is
attached to the case
lidusingM3×15mm
tapped spacers and
machine screws.

(SMALLER COMPONENTS NOT SHOWN, FOR CLARITY)

Reproduced by arrangement
with SILICON CHIP
magazine 2010.
www.siliconchip.com.au

Below: this side view shows
the completed PC-board
and lid assembly, ready for
installation in the case.

Fine-tuning the calibration

If the figure you get for F1 is
‘00000000’, your test oscillator isn’t
working and you will need to switch
off and look for the cause. The possibilities include missed solder joints, a
poor solder joint involving one of the
oscillator components, or perhaps a
tiny sliver of solder bridging adjacent
copper tracks or pads.
If you do get a figure in the correct
range, write the value down, then switch
off and transfer the jumper shunt to the
LK1 position. Re-apply power and check
that the LCD now shows a different

eight-digit number after calibrating. This
will be F2 – ie, the oscillator frequency
when capacitor C2 is switched in parallel with C1.
Because the two capacitors are
nominally the same value, F2 should
be very close to 71% of F1. That’s
because doubling the capacitance reduces the frequency by a factor equal
to the square root of two (ie, 1/√2 =
0.707). If your reading for F2 is well
away from 71% of F1, you may need
to replace C2 with another capacitor
whose value is closer to C1.

DIGITAL LC METER

Cx
ACTIVE

OR

LCD
CONTRAST

Lx
GND

9V
DC
IN

ZERO

CAPACITANCE

INDUCTANCE

POWER

Fig.5: this full-size front-panel artwork can be used as a drilling template for the
front panel.
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If you happen to have a capacitor
of known value (because you’ve been
able to measure it with a high-accuracy
LCR meter), you can easily use it to finetune the Digital LC Meter’s calibration.
First, switch the unit on and let it
go through its ‘Calibrating’ and ‘C =
NN.N pF’ sequence. That done, wait
a minute or two and press the Zero
button (S2), ensuring that the LCD
then shows the correctly zeroed message – ie, ‘C = 0.0 pF’.
Next, connect your known-value
capacitor to the test terminals and note
the reading. It should be fairly close
to the capacitor’s value, but may be
somewhat high or low.
If the reading is too low, install
link LK4 on the back of the board and
watch the LCD display. Every 200ms
or so, the reading will increment as
the PIC microcontroller adjusts the
meter’s scaling factor in response to
the jumper. As soon as the reading
reaches the correct figure, quickly remove the jumper to end the calibration
adjustment.
Conversely, if the meter’s reading
for the known capacitor is too high,
follow the same procedure, but with
the jumper in the LK3 position. This
will cause the micro to decrement
the meter’s scaling factor each time it
makes a measurement, and as before,
the idea is to remove LK3 as soon as
the reading reaches the correct figure.
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Adaptor board for very small capacitors
PLACE SMD CAPACITOR HERE
FOR MEASUREMENT

Fig.6: this is what appears on the
LCD screen after zeroing the unit in
Capacitance mode.

If you are not fast enough in removing
the jumper during either of these calibration procedures, the microcontroller
will ‘overshoot’. In that case, you simply
need to use the opposite procedure to
bring the reading back to the correct
figure. In fact, you may need to adjust the
calibration back and forth a few times
until you’re satisfied that it is correct.
As previously mentioned, the PIC
microcontroller saves its scaling factor
in its EEPROM after every measurement during these calibration procedures. That means that you only have
to do the calibration once. Note also
when you calibrate the meter in this
way using a known-value capacitor,
it’s also automatically calibrated for
inductance measurements.

PIN JACK S

PLUG BODIES
& PIN JACKS
SOLDERED TO
PC BOARD COPPER

BODIES
OF BANANA
PLUGS

The Digital LC Meter is easy to use.
Initially, you just switch it on, set S1
to Capacitance (NOT Inductance), wait
a minute or two for it to stabilise and
then zero it using pushbutton S2. It’s
then just a matter of connecting the unknown component to the test terminals,
selecting ‘Capacitance’ or ‘Inductance’
using S1 and reading the component’s
value off the LCD.
Alternatively, you can zero the
Digital LC Meter on the ‘Inductance’
range by fitting the shorting bar shown
in Fig.7 (since this bar has virtually
zero inductance). This shorting bar
is initially connected between the
test terminals, and switch S2 is then
pressed to zero the reading. That done,

O help measure very small
capacitors – including trimmers and
SMD capacitors – we have designed
a small adaptor board which can be
plugged into the meter’s binding post
terminals. This adaptor board provides
a pair of closely spaced pin jacks,
along with copper pads separated by
a 1mm gap.
The pin jacks make it easier to
measure small leaded capacitors and
very small trimmers, while the copper
pads alongside are for measuring SMD
capacitors.
The adaptor board is easily assembled. It mounts copper-side-up on two
banana plugs, which are soldered to
the copper around the two large holes.
the shorting bar is removed and the
unknown inductor connected across
the test terminals.
Note, if you don’t have S1 (Capacitance/Inductance) in the correct
position, the micro will usually give

3660 2010-02-19 12:53:30

Using A Backlit LCD
Either the Jaycar QP-5515 LCD module (no backlight) or the QP-5516 LCD
module (with backlight) or similar can
be used with this project.
If you intend running the unit from
a plugpack or if battery use will only
be for short periods, then the backlit
version can be used. Alternatively, for
general battery use, we recommend
the non-backlit version – its current
consumption is much lower and so the
battery will last a lot longer.
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Fig.7: the adaptor board (left) is designed to facilitate the
measurement of very small capacitors, including SMD
devices. The ‘shorting bar’ (above, right) allows easier
zeroing of the meter in its inductance mode.

T

Using it

‘SHORTING BAR’ FOR
ZEROING METER IN
INDUCTANCE MODE

That done, the two pin jacks (cut from
a SIL or DIL socket strip) are soldered
into the two smaller holes.
To use this adaptor board, you simply plug it into the top of the Digital LC
Meter’s binding posts and then press
the Zero button (S2) to force the meter to cancel out the additional stray
capacitance. You can then measure
small leaded capacitors, trimmers or
SMD capacitors simply by applying
them to the top of the adaptor.
Finally, we have also designed a
second small adaptor board which
acts as a ‘shorting bar’. It connects
between the two normal binding posts
of the Digital LC Meter, to allow zeroing
of the meter in its inductance mode.
an ‘Over Range’ error message on
the LCD. This will also occur if the
component’s value is outside the
meter’s measuring range – ie, above
about 800nF for capacitors or 70mH
for inductors.
EPE
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Hybrid Heaters
And Nanostuff

Mark Nelson

Few would deny that energy conservation and carbon reduction are key issues
of the moment, even if most politicians display far too little commitment to, or
understanding of, the issues. Our leaders may be doing too little, but we really can
do something, even if our motivation is more on saving money than the planet –
‘every little helps’. Electronics research is playing a vital part too, as Mark Nelson
now explains.

J

ust before Christmas, the politicians
demonstrated their true level of
commitment to combating climate
change. The only people who took comfort
from this weak-willed capitulation were those
who deny the existence of climate change. But
however disappointed, depressed (or bored
stiff) you may be by the argument and counterargument, your wallet must be interested in
the energy conservation measures that will
save you money as well as save the planet.

Hybrid heater has star quality

The word hybrid has always caused me
problems. The concept implies neither fish
nor fowl, and smacks of the same kind of
compromise as a seminar (why not go the
whole hog and settle for an entire ‘nar’?).
Nevertheless, General Electric (US) has struck
a blow against energy wastage with its newtechnology water heater, hybrid or not. This
all-new design provides the same amount of
domestic hot water as traditional heaters do,
but saves users up to $320 (£200) a year on
their electricity bills. That’s a 62% reduction
on monthly utility bills for years to come.
Little wonder that this appliance has achieved
Energy Star rating.
So how does it work? The tank portion of
this electric water heater includes two electric
heating elements, a pressure relief valve, an
internal porcelain-lined tank and an anode
rod. But what truly sets this product apart
sits just above the tank. In a nutshell, this is
a heat pump that draws warmth out of the
surrounding air and transfers it into the tank.
A compressor and evaporator are integrated
into the electric water heater unit and the
evaporator draws in ambient heat from
surrounding air using two variable speed fans.
Condenser coils wrap the tank all the way to
the bottom to transfer this heat into the tank
and heat the water.
There’s a 3-D animation at www.ge
appliances.com/heat-pump-hot-water
-heater/electric-water-heater-features.htm,
where you can also read about the easy-touse control panel and back-lit LCD display
that enable users to select the five different
operational modes that optimise the way the
heater works.
Right now, demand for these heaters is
outrunning production, which is not surprising
as the price at around £1,000 is no more than
an equivalent ‘old-technology’ hybrid heater.
With a payback like this I certainly want one
of these, but like you, I shall have to watch out
for similar products to appear over here in the
not too distant future.
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Scavengers update

A few months back we covered energy
scavenging from the trample of punters’ feet,
the weight of cars driving over treadle plates
in supermarket car parks and even microchips
harvesting radio frequency energy. But there
are other techniques, and there are now
sensor modules on the market that harvest
tiny but useful amounts of energy from their
surroundings using light, temperature change
and rotation, as well as vibration, linear motion
and pressure. The energy is fully adequate to
register detected values and transmit data
wirelessly.
At the forefront in free energy acquisition
is the company EnOcean (www.enocean.
com/en/energy-harvesting), which offers
solutions for powering electronic circuitry by
a choice of either solar, thermal or mechanical
means. Their white paper, Energy For Free,
is a fascinating read, and you can download
it for free from their website, along with
application notes, data sheets and much
more.

Blue skies research

My eyes lit up recently when I saw a
headline referring to microwave fridges and
nano diving boards. It appeared to make sense,
as you can have gas refrigerators as well as
gas ovens. So, logically alongside microwave
ovens why not microwave fridges as well,
especially as these are an international first
developed by our very own National Physical
Laboratory?
‘Now read on’, as they say in the best
serialised stories. And as I read on, I discovered
that the application of these fridges is not in
households, but in quantum physics labs.
Disappointing, but at least they do save a lot of
energy. In fact, NPL scientists are paving the
way for highly accurate measurement of nanoscale matter, by being the first team in the
world to develop a tiny microwave-powered
room-temperature fridge.
This microwave refrigerator cools tiny
devices, called micro or nano-scale mechanical
resonators, to –170°C. Cooling these devices,
which look and behave like tiny diving boards,
down to that level is vital to making accurate
measurements.
Any material that is warmer than absolute
zero (–273°C) will have atoms moving around
inside it, and this makes it very difficult to
measure certain parameters accurately. NPL
has developed a technique that selectively
cools down just the property of a sample that
needs to be measured, saving an enormous
amount of energy.

This technique will be of great use in
nano-scale and quantum physics, as it allows
scientists to detect tiny changes in physical
factors such as mass, force and displacement by
accurately measuring changes in the resonant
frequency of the ‘diving board’. This means
it can be used in applications where highly
sensitive detection is needed, such as bioanalytical screening for viruses (by catching a
virus on the diving board). In the longer term
this technique could lead to development of
even more sensitive ‘quantum’ diving boards
that could be used to examine the really big
questions of quantum physics, such as at what
scale quantum effects break down?

Nonsense

Maybe you find this research into
microwave fridges just far-fetched nonsense,
exactly as you might have thought back in
1946 reading new a book by Miles Henslow
called The Miracle of Wireless.
Radio welding’ used during the war, …
which is really a method of creating and
localising a rapid, intense heat is in use
today in the manufacture of plywood and
plastics. Glues can be hardened and set
within seconds instead of hours. Sausage
and chops can be cooked in half a minute by
the pressing of a switch.
Cooking food by wireless – how utterly
ridiculous! Yet I bet there’s a microwave oven
in your kitchen, so perhaps future science has
a value after all. Check out this too: another
ludicrous prediction by Henslow, in the same
book.
Maybe it will sound a far-fetched idea
today, but the time is surely approaching
when everyone will be able to carry about
with him a small radio telephone. Wartime
development of apparatus to work on very
short wavelengths has opened up many
entrancing possibilities.
Hundred of thousands of ‘radio-telephone
channels’ can be used over short distances
without interference; and the installation of
a network of automatic telephone exchanges
might well be utilized for handling the calls
from a multitude of pedestrian or automobile
telephone subscribers, to sort them out and
pass them by line – or by radio link – to main
exchanges. Certainly it is but a matter of
time before the railway traveller is able to
pick up the phone and dial his office or his
home.
That matter of time was 40 years, but you
should never underestimate the potential of
blue skies research and invention!
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2-Way Stereo
Headphone Adaptor

By Mauro Grassi

Do you have a stereo amplifier without a
headphone socket, but want to listen to your
music via headphones? If so, this versatile
Stereo Headphone Adaptor will do the job.
It connects between your amplifier and
loudspeakers, has several operating modes and
features two output sockets with individual
volume controls.

I

f you built our 20W Class-A Stereo
Amplifier Module described in the
Oct ’08 issue, you will be aware that
it lacks a headphone socket. Similarly,
many hifi valve amplifiers also lack
a headphone socket, the assumption
being that a true hifi enthusiast will
want to listen via good-quality loudspeakers.
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A headphone output was not included in the Class-A Stereo Amplifier
because it would degrade its superb audio performance. Both the wiring paths
and the general circuit layout are critical
factors in the design, and any changes,
however slight, can cause big changes in
the signal-to-noise ratio and harmonic
distortion figures of the amplifier.

Headphone listening
If you do want to listen via headphones, a far better option is to build
the simple Stereo Headphone Adaptor
presented here. It connects directly to
the amplifier’s speaker terminals and
switches the loudspeakers and stereo
headphone sockets using two DPDT
(double-pole, double-throw) relays, so
there’s no chance of it degrading the
audio performance.
As mentioned in the introduction,
you can connect up to two sets of
stereo headphones. These can be
switched on or off at the touch of a
button, and the volume of each can be
individually controlled. In addition,
the loudspeakers can be switched on
or off and there’s also a mute switch,
which turns everything off.
This means that you can operate the
system in one of four modes:
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• Loudspeakers only
• Headphones only
•	Headphones and loudspeakers
operating together
•	Mute (all off). It’s also possible to

mute the system by individually
turning the headphones and the
speakers off.
Perhaps we should clarify the operation of the mute switch, as it doesn’t
function quite like a traditional mute
switch. Pressing it once certainly
mutes the headphones and/or loudspeakers, but pressing it a second time
doesn’t ‘unmute’ the system. Instead,
you have to press either the ‘phones’
button or the ‘headphone’ button (or
both) to restore the sound.

DPDT relays
Because it uses two DPDT relays
to do the switching, the Stereo Headphone Adaptor can be used with
amplifiers with quite high power
outputs. In fact, it’s good for use with
amplifiers with outputs up to about
100W RMS or more, provided you’re
sensible with the Volume control setting on the amplifier.
We’ve also designed the unit to not
only work with solid-state amplifiers,
but also with valve amplifiers as well.
The latter must be taken into account
separately because unlike solid-state
amplifiers, operating a valve amplifier
without a load (ie, a loudspeaker) can
cause problems.
The reason why most valve amplifiers should not be operated without
a load is that they can sometimes

Fig.1: the Stereo
Headphone
Adaptor connects
between your
stereo amplifier
and the loudspeakers. It can
drive two pairs of
headphones.

STEREO
PHONES 1

STEREO
AMPLIFIER

LEFT
OUT

STEREO
PHONES 2

HEADPHONE
ADAPTOR

RIGHT
OUT

oscillate supersonically. Worse still,
they can then produce very high AC
voltages in the primary windings of the
output transformers. These voltages
can be so high that they can cause
flashover across the valves sockets or
even within the valves themselves.
This will not only damage the valves,
but other components as well.
As shown in the photos, the unit
is housed in a low-profile instrument case with the volume controls,
headphone sockets and pushbutton
switches neatly laid out on the front
panel. The miniature pushbutton
switches incorporate integral LEDs,
which indicate the settings – red for
‘power on’, green for ‘phones on’ and
blue for ‘speakers on’.
On the rear panel (see below) is a
DC power socket and nine gold-plated
binding-post terminals. Eight of these
terminals are used to connect the amplifier input and loudspeaker output
leads, while the ninth terminal connects to the amplifier’s chassis and
is the earth return for the headphone
sockets.

LEFT
SPKR
RIGHT
SPKR

Default setting
The default mode setting was an
important consideration in designing this circuit. We opted to have
both the loudspeakers and the
headphones on when the circuit is
unpowered, and this is done using
the normally-closed (NC) contacts
of the relays. The advantage of this
scheme is that the loudspeakers (and
the headphone outlets for that matter) will operate normally when the
unit is switched off (ie, zero power
consumption).
This is also the default setting when
power is first applied to the unit.
After that, it’s just a matter of using
the pushbutton switches to toggle the
loudspeakers and the headphones off
and on.
The leftmost switch is the mute
switch and, as mentioned, this turns
both the loudspeakers and the headphones off (but not on again). This
switch carries a red LED, which is
permanently lit while power is applied – ie, this LED simply serves as
a power on indicator.

The rear panel carries gold-plated binding-post terminals for the loudspeaker and amplifier connections, plus a DC
power socket. Power comes from a 12V DC 400mA plugpack.
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Fig.2: the circuit uses two DPDT (double-pole, double-throw) relays to toggle the loudspeakers and/or stereo headphone outputs when switches S2 and S3 are
pressed. IC1, a 556 dual timer, debounces these two switches and its outputs at pins 5 and 9 each clock one section of dual D-type flip-flop IC2 whenever a switch
is pressed. IC2’s Q outputs (pin 6 and 8) in turn drive transistors Q1 and Q2, which then control the relays.
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The next switch controls the two
headphone sockets, and its green LED
lights when the headphones are on.
Finally, the third switch controls the
speakers and its blue LED lights when
the speakers are on. These latter two
switches toggle their respective outputs
on or off each time they are pressed.
Note that when the loudspeaker
switch is toggled to the off position,
it places dummy 22 loads across
the amplifier’s left and right channel
outputs – ie, these loads appear in
place of the speakers. This is done
to accommodate valve amplifiers, as
these should be loaded at all times as
explained earlier.

Parts List – 2-Way Stereo Headphone
Adaptor
1 PC board, code 748, available
from the EPE PCB Service,
size 172 × 104mm
1 ABS instrument case, size 190
× 140 × 50mm
1 12V 400mA DC plugpack
2 control knobs
2 12V DPDT relays with 10A
230V AC contacts (Jaycar SY4065) (RLY1, RLY2)
2 6.35mm PC-mount stereo jack
sockets
3 3-way heavy-duty PC-mount
screw terminal blocks
1 PC-mount 2.5mm DC socket, or
1 panel-mount 2.5mm DC socket
4 self-adhesive rubber feet
2 M3 × 12mm machine screws
1 M3 × 6mm machine screw
3 M3 nuts
2 M3 × 6mm tapped spacers
4 panel-mount gold-plated
binding posts, red
5 panel-mount gold-plated
binding posts, black
1 1m-length of heavy-duty
speaker cable
1 300mm-length tinned copper
wire for links

Circuit details
Refer now to Fig.2 for the full circuit
details. It’s based on two ICs (IC1 and
IC2), a couple of transistors (Q1 and
Q2) and the aforementioned DPDT
relays (RLY1 and RLY2).
IC2, a 74HC74 dual D-type flipflop, forms the heart of the circuit.
This is wired in toggle mode, with
its D1 and D2 inputs directly connected to their corresponding Q1 and
Q2 outputs. The two set inputs (S1
and S2) are connected to a poweron reset circuit consisting of a 470
resistor and a 1µF capacitor, while the
two resets (R1 and R2) are connected to
ground via the mute (reset) switch S1.
In operation, the D-type flip-flop
toggles its outputs on the rising edges
of the clock signal pulses. When that
happens, the state of the D input (either a logic high or low) is transferred
to the Q output and Q toggles to the
opposite state.
For example, let’s assume that IC2’s
Q1 output (pin 5) is low. This means
that Q1 (pin 6) and D1 (pin 2) will both
be high. When the next clock pulse arrives, the high on D1 is transferred to
Q1 and Q1 and D1 toggle low.
Similarly, on the next clock pulse,
the low on D1 is transferred to the Q1
output, and Q1 and D1 then toggle
high again.
When power is first applied, the two
set inputs (pins 4 and 10) are pulled
low via the 1F capacitor. This sets
IC2’s Q outputs high and so Q1 and
Q2 are both low, and transistors Q1
and Q2 are off.
As a result, the relays also remain off
and the loudspeakers and headphone
outputs are switched on via the NC
(normally closed) contacts. In addition,

Semiconductors
1 NE556 dual timer IC (IC1)
1 74HC74 dual D-type flip-flop (IC2)
LED2 and LED3 both light (since the two
Q outputs are high) to indicate that the
speakers and the headphones are on.

Dual timer
IC1 is a 556 dual timer and is basically two independent 555 timers in one
package. Both sections are configured as
one-shot monostables with pulse widths
of just under 0.5s. They are used to debounce switches S2 (phones on/off) and
S3 (speakers on/off), to provide clean
clock pulses for the D inputs of IC2.
This debouncing circuitry is necessary because the metal contacts in the
switches tend to ‘bounce’ as they close.
As a result, we get a series of short pulses
from the switches instead of just one
pulse. If these pulses were fed directly
to the clock (CK) inputs of IC2, there’s
no guarantee that the flip-flops would
toggle, as the switches are just as likely
to produce an even number of pulses as
an odd number.
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2 BC337 NPN transistors (Q1, Q2)
1 7805 +5V regulator (REG1)
3 1N4004 rect. diodes (D1 to D3)
2 1N4148 signal diodes (D4, D5)
Switches
1 SPST horizontal PC-mount
tactile switch, with green LED
(Jaycar SP-0616)
1 SPST horizontal PC-mount
tactile switch, with red LED
(Jaycar SP-0615)
1 SPST horizontal PC-mount
tactile switch, with blue LED
(Jaycar SP-0617)
Capacitors
2 220mF 25V radial electrolytic
3 10mF 16V radial electrolytic
1 1mF 16V radial electrolytic
3 100nF monolithic
4 10nF ceramic
Resistors (0.25W 1% metal film)
2 39kW
3 470W
4 10kW
4 270W 1W
2 2.2kW
2 100W
2 22W (10W wirewound)
2 1kW dual 16mm log pots
(VR1, VR2)
Reproduced by arrangement
with SILICON CHIP
magazine 2010.
www.siliconchip.com.au

The monostables in IC1 eliminate
this problem. As shown, switches S2
and S3 are connected to the trigger
inputs (Tr1 and Tr2) of the monostables
via 10nF capacitors. When a switch
is pressed, its corresponding trigger
input is briefly pulled low (via one of
the 10nF capacitors) and this triggers
the monostable.
As a result, the monostable’s output
(pin 5 or pin 9) goes high and applies
a positive-going clock pulse to the relevant clock input of IC2. This causes the
corresponding D-type flip-flop to toggle.
For example, let’s assume that the
circuit is powered up and is in the
default state. If switch S3 is now
pressed, pin 5 of IC1 goes high for
about 0.5s and applies a clock pulse
to pin 3 (CK1) of IC2. As a result, the
relevant flip-flop toggles and sends its
Q1 output high.
This turns on transistor Q1 and
relay RLY1, and so the NC (normally
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Fig.3: install the parts on the PC board as shown here. Leave the DC socket out if you intend mounting the board in
a case and note that the two 22W 10W resistors must be mounted 3-4mm proud of the board to allow air to circulate
beneath them for cooling. It is recommended that the two ICs be mounted in IC sockets.

closed) contacts open and disconnect
the loudspeakers. At the same time, the
relay’s NO (normally open) contacts
switch two 22 10W resistors across
the amplifier outputs to provide the
dummy loads. In addition, LED 3 turns
off since IC2’s Q1 output is now low.
Pressing switch S3 again retriggers
the monostable and toggles the flipflop to its opposite state, so that Q1
is low again. This turns off transistor
Q1 and RLY1 and reconnects the loudspeakers via the relay’s NC contacts. In
addition, LED3 turns on (to indicate
that the speakers are on) since IC2’s
Q1 output is now high.
Switch S2 and its following circuitry work in exactly the same fashion to control transistor Q2 and relay
RLY2. This relay, in turn, switches
the signals from the left and right
channel amplifier outputs to the two
headphone sockets (via the volume
controls).
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Both the ring (right channel) and
tip (left channel) terminals of the
headphone sockets are driven via
270 1W resistors and dual 1k log
potentiometers VR1 and VR2, the latter functioning as Volume controls.
Even with the volume wound right
up, the 270 resistors should provide
sufficient attenuation to protect the
headphones from damage.
Note, however, that you should
increase these resistors to 680 or
more if you have high-impedance (say
600) headphones.
The sleeve (ie, earth) terminal of
each headphone socket is connected
to the amplifier chassis to provide the
ground return.
Diodes D4 and D5 are there to ensure
that IC1’s trigger inputs (pins 6 and 8)
cannot go more than 0.6V above the +5V
supply rail. What happens is that when
a switch is pressed, the relevant 10nF
capacitor quickly charges to +5V via

a 10k resistor (ie, one side of the capacitor is pulled to ground and the other
side goes to +5V). When the switch is
subsequently released, the side that was
at ground is immediately pulled to the
+5V rail by another 10k resistor, and
so the other side of the capacitor would
go to +10V if not for the diode – ie, we
would get a brief 10V spike.
Diodes D4 and D5 clip these voltage spikes to +5.6V and thus prevent
damage to IC1.

Muting
Switch S1 is the mute (or Reset)
switch and is connected directly to
the reset inputs (pins 1 and 13) of both
flip-flops in IC2. When this switch is
pressed, the reset inputs are pulled to
ground and the flip-flops are both set
with their Q outputs low and their Q
outputs high.
As a result, transistors Q1 and
Q2 and the relays are on, and so the
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This view shows our completed prototype
PC board. Note that it differs slightly from
the final version shown at left in Fig.3,
particularly with regards to the locations
of the wire links.

headphones and loudspeakers are off.
They can then only be turned back on
again by pressing switches S2 and S3.
Diodes D2 and D3 are used to
quench the high back-EMF spikes
that are generated when the relays
switch off. This is necessary to protect the relay driver transistors from
damage.

Power supply
Power is derived from a 12V DC
plugpack. This supply is filtered using
a 220F electrolytic capacitor, and is
used to directly power the relay driver
transistors and the relays.
The rest of the circuit is powered
from a +5V rail, which is derived from

a 3-terminal voltage regulator, REG1.
Diode D1 provides reverse polarity protection and its output is filtered using
a second 220F electrolytic capacitor
before being applied to the input of the
regulator. A 10F capacitor decouples
the regulator’s output, with additional
100nF capacitors placed close to the
supply pins of IC1 and IC2.
Finally, the power LED (inside S1)
is powered via a 470 current-limiting
resistor. This LED is on whenever
power is applied.

Construction
Construction is fairly straightforward with all the parts mounted on
a single PC board, code 748. This

board is available from the EPE PCB
Service.
Our prototype was housed in a plastic case measuring 190 × 140 × 50mm.
If you intend using this case, it will be
necessary to cut out the front corner
pieces from the PC board in order to
clear the front case pillars.
Fig.3 shows the parts layout on the
PC board. Before mounting any parts,
check the board carefully for etching
defects, then check the hole sizes for
the headphone sockets, screw terminal
blocks and relays by test fitting these
parts into position. Enlarge any holes
if necessary.
Begin the assembly by installing
the 13 wire links in the positions

Resistor Colour Codes
o
No.
o    2  
o    4  
o    2  
o    3  
o    4  
o    2  
o    2  

Value
39kW  
10kW  
2.2kW  
470W  
270W  
100W  
22W  
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4-Band Code (1%)
orange white orange brown  
brown black orange brown  
red red red brown  
yellow violet brown brown  
red violet brown brown  
brown black brown brown  
NA  

5-Band Code (1%)
orange white black red brown
brown black black red brown
red red black brown brown
yellow violet black black brown
red violet black black brown
brown black black black brown
NA

25

27/01/2010 13:30:31

Constructional Project

As shown here, it’s necessary to notch (or cut out) the
front corners of the PC board to clear the case pillars. The
wiring to the binding-post terminals on the rear panel is
run using heavy-duty speaker cable.

indicated. These links should all be
run using tinned copper wire and must
be straight.
To straighten the link wire, simply
clamp one end in a vice and then
stretch the wire slightly by pulling on
the other end with a pair of pliers. Each
link can then be cut to length and its
end bent down at right angles before
installing it on the PC board.
Note particularly that LK4 goes
under IC1, while LK9 runs directly
behind the screw terminal blocks.
That done, install the resistors and
diodes D1 to D5, but leave the 22
10W resistors out for the time being.
Table 1 shows the resistor colour
codes, but you should also check each
one using a digital multimeter.
Take care with the orientation of
the diodes and note that D1 to D3 are
type 1N4004 while D4 and D5 are type
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1N4148. Note also that D4 and D5 face
in opposite directions.
The 7805 3-terminal voltage regulator
is next on the list. As shown, it’s installed
with its metal tab flat against the PC board
and its leads bent down through 90° to go
through their respective holes.
To do this, first position the device
on the board, then use a pair of needlenose pliers to grip the leads at the
appropriate point and bend the leads
down by 90°. The device’s metal tab
can then be fastened to the board
using an M3 × 6mm screw, nut and
lockwasher and the leads soldered.
Do not solder the leads before bolting down the metal tab. If you do this,
you could crack the soldered joints as
the tab is bolted down.
The capacitors are next on the list.
Start with the monolithic and ceramic
types, then install the six electrolytics.

Make sure that the latter are all installed with the correct polarity.
Next, install the two 22 10W resistors. These should both be mounted
3 to 4mm proud of the PC board to
allow air to circulate beneath them
for cooling. A couple of thick pieces
of cardboard can be used to achieve
an even spacing.
Now for the ICs and transistors. Push
the transistors down onto the board as
far as they will comfortably go before
soldering their leads and be sure to use
the correct IC at each location. Make sure
also that each IC is correctly oriented
and be careful not to create unwanted
solder bridges when soldering their
pins. We strongly recommend you use
IC sockets here if you do not wish to
solder IC pins directly to the circuit
board; prolonged heat on the pins can
damage ICs.
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Fig.4: follow this diagram to complete the wiring between the PC board and the rear panel hardware. Note that the
leads to the loudspeaker and amplifier terminals should be run using heavy-duty speaker cable.

Finally, the board assembly can be
completed by mounting the larger
hardware items. These include the two
dual (stereo) log. potentiometers, the
headphone sockets, the relays and the
three 3-way screw terminals blocks.
Cut the pot shafts to about 15mm
long before fitting them and make
sure that each part is seated correctly
against the PC board before soldering
its leads/tags.
The DC power socket should also
be installed unless you are mounting
the board in a case and intend using a
panel-mount DC socket instead.

Testing
Before applying power, go over the
board and carefully check your work.
In particular, check that the correct
part has been used at each location,
that all polarised parts are correctly
oriented and that there are no missed
solder joints or solder ‘bridges’.
Once you are satisfied that all is
correct, connect a 12V DC plugpack,
switch on and check that all three LEDs
in switches S1 to S3 light. Check also
that the relays remain off at switch-on.
Now press the phones switch (S2)
and check that relay RLY2 toggles. At
the same time, the green LED in S2
should go out. Pressing this switch
again should toggle RLY2 off again and
turn the green LED back on.

Finally, check that RLY1 and the
blue LED alternately toggle on and off
each time the speakers switch (S3) is
pressed.
If the module passes all these tests,
then it is working correctly. If not,
then you’re in for a spot of troubleshooting. Here’s what to look for if it
doesn’t work:
1) Symptom: no LEDs light when
power is applied.
Do this: check the supply polarity. If
that’s correct, check the orientation
of diode D1 and check for +5V at the
output of regulator REG1.
2) Symptom: all LEDs initially light,
but one relay refuses to toggle when
its switch is pressed.
Do this: check that the corresponding
Q output from IC2 toggles correctly
(ie, between 0V and about +4.8V) each
time the switch is pressed. If it does,
then check the relevant transistor – its
collector (C) should toggle high or low
each time the switch is pressed.
If the transistor is switching correctly but the relay doesn’t operate,
check that the diode across the relay
coil is correctly oriented.
3) Symptom: a Q output from IC2 does
not toggle when the relevant switch
is pressed.
Do this: check IC2 and IC3 for correct placement and orientation and
check that their pins are all soldered
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correctly. Check also that diodes D4
and D5 are the right way around (note:
these two diodes face in opposite
directions).
If you have a scope, check the relevant output (pin 5 or 9) from IC1 – you
should see a 0.5s positive-going pulse
each time the switch is pressed. Check
that this pulse is being applied to the
corresponding clock input of IC2.
If there are no pulses from IC1, check
the parts associated with the switches
at the trigger inputs to this IC. The IC
itself may also be faulty (unlikely).

Final assembly
Now for the final assembly. If you
are building the unit from a kit, the
case will probably be supplied predrilled with screen-printed front and
rear panels. If not, then you will have
to drill the panels yourself using the
front and rear panel artworks (Fig.5
and Fig.6) as templates.
The best approach is to first centrepunch the hole locations, then drill
each one using a small pilot drill
before enlarging it to the correct size.
The larger holes (ie, for the headphone
sockets, the pots and the DC socket)
should be initially drilled to about
5mm, then carefully enlarged to size
using a tapered reamer.
That done, colour copies of the
panel artworks can be attached to the
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Fig.5 and Fig.6: these two full-size artworks can be used as drilling templates for the front and rear panels.

drilled panels using an even smear of
silicone sealant and the holes cut out
using a very sharp hobby knife.
Next, fit the front panel to the module and secure it by doing up the nuts
for the two headphone sockets. Similarly, fit the panel-mount DC socket
and the nine gold-plated binding-post
terminals to the rear panel.
Now drop the PC board and front
panel assembly into the case and mark
out the locations in the base for the
rear corner mounting holes. Remove
the board and drill these two holes to

3mm, then mount two tapped 6mm
spacers in these positions, securing
them using M3 × 12mm machine
screws which pass up through the
bottom of the case.
That done, solder a couple of 50mm
long medium-duty hook-up leads
to the power supply pads on the PC
board. The board assembly can then be
secured in place and the wiring to the
rear panel completed as shown in Fig.4.
Be sure to use extra heavy-duty
speaker cable (eg, 32/0.20) for all connections between the speaker binding-

The completed 2-Way Stereo Headphone Adaptor, it
can be used with both valve and solid-state amplifiers.
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posts and the screw terminal blocks.
The lead to the amplifier earth terminal
can be run using medium-duty hookup wire. You can then complete the
assembly by fitting the knobs to the
pot shafts and attaching the case lid.

Trying it out
As already mentioned, this unit
connects in series between the amplifier outputs and the loudspeakers, so
disconnect the loudspeaker leads from
the amplifier and connect them to the
Stereo Headphone Adaptor instead.
The outputs from the amplifier then
connect to the left and right channel
input terminals on the adaptor.
Finally, connect a lead from the
terminal marked ‘amp earth’ to the
amplifier’s chassis.
If your amplifier doesn’t have
a ground terminal, then it
may be possible to attach a
solder lug under one of the
case screws. Alternatively,
the earth lead can go to the
‘negative’ terminal of one of
the amplifier output channels
(but not to both, otherwise
you’ll get an earth loop and
lots of hum). This can be done
by connecting an insulated wire
link between the ‘amp earth’ terminal
and the ‘left amp –’ terminal on the back
of the Stereo Headphone Adaptor.
After that, it’s just a matter of switching everything on, plugging in your
headphones and trying it out.
EPE
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By JOHN CLARKE

Shift Indicator and
Rev Limiter For Cars
If you drive your car for optimum performance, you will want
this Shift Light Indicator to indicate just when to change gears.
As a bonus, it incorporates a Rev Limiter which throttles back
the fuel injectors.

I

f you’re interested in driving
your car for best acceleration or
fuel economy, you will know that an
engine’s torque peaks at a lower RPM
than the peak power. You will also
know that when driving for maximum
fuel economy, it is wise to keep engine
revs reasonably low and to get into the
highest gear as soon as possible.

The gear shift and rev limit points
are indicated by four LEDs. The LDR
at far left is part of the dimming
circuit.
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But whether you are driving for best
acceleration or economy, you don’t
want to be watching the tacho to
judge each gear change. That would
distract your attention from the road.
Having a Shift Light Indicator is the
way to go. You will see LEDs light up
without having to divert your eyes
from the road.
Our Shift Light Indicator has three
LEDs to indicate shift points, plus a
fourth LED for the Rev Limiter. How
you set the individual LED RPM
values is up to you. For example,
you could set the three LEDs to give
a ‘ready’, ‘set’ and ‘go’ indication for
each gear change.
Rev limiting can be hard or soft.
Hard limiting simply switches off
power to the fuel injectors and the
engine immediately ‘dies’; power
does not came back until the RPM
falls below a threshold value. Soft
limiting reduces the fuel injector duty

cycle in stages so that the power is
not killed abruptly. Either way, the
engine is protected from damage due
to over-revving.
Note that many cars these days
already have inbuilt rev limiting, so
you may choose not to implement
this feature.

Connections
The Shift Light Indicator (SLI) can
either connect to the tachometer signal
from the car’s ECU (engine control
unit) or to the ignition coil where there
is no ECU. We have catered for just
about every conceivable engine configuration: 1 to 12-cylinder 4-stroke,
1 to 6-cylinder 2-stroke, and 2 and
3-cylinder asymmetrical 4-stroke.
Other connections required are
+12V power, 0V (chassis), ground and
to the fuel injectors.
The SLI unit can be located in a
convenient location under the car’s
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Measuring engine revs
We measure engine revs in RPM
(revolutions per minute) by monitoring the tachometer signal from the car’s
ECU. This delivers one pulse for every
cylinder firing (ie, each spark plug firing). We also need to know the engine
type (2 or 4-stroke) and the number

LIMIT LED4 ON
(HARD LIMIT ON)

SHIFT3 LED OFF

FULL SOFT LIMITING

Each shift point can be set and operates independently from the others.
While the software has them labelled
as Shift1, Shift2 and Shift3, they can
each be set anywhere between 0 and
about 12,500RPM, in 25RPM steps.
Setting shift points is easy and is
done with a trimpot that produces
a voltage directly proportional to
RPM. So, if a shift point is required at
5500RPM, you set the trimpot wiper
to 0.55V. You then press a switch to
store the value.
The Shift LEDs light to indicate
RPM at and above the stored values,
as shown in Fig.1. An adjustment is
provided to prevent them from flickering on and off when the RPM is
hovering around the shift point. This
adjustment causes the Shift LEDs to go
out at an RPM lower than the shift setting. The difference in the thresholds
is called the ‘hysteresis’.

SHIFT2 LED OFF

SHIFT1 LED OFF

Shift points

SHIFT1 LED ON

HYSTERESIS
SHIFT1

SHIFT2 LED ON

HYSTERESIS
SHIFT2

SHIFT3 LED ON

HYSTERESIS
SHIFT3

START OF SOFT LIMITING

dashboard, while the separate display
involving four high brightness LEDs
can be mounted on the dashboard. The
shift LEDs have automatic dimming so
that they will not be too bright when
driving at night, but the Rev Limiter
does not have dimming – so when it
comes on, you will be fully alerted!

LIMIT LED4 OFF
(HARD LIMIT OFF)

Constructional Project

RPM
HYSTERESIS
(LIMITING)

Fig.1: this diagram shows how the shift LEDs light to indicate RPM at and
above the stored values. Note that a degree of hysteresis is built into each shift
point, to prevent LED flicker at the critical values.

of cylinders in order to calculate engine RPM. For example, a 4-cylinder
4-stroke engine has two cylinder firings per revolution, a 6-cylinder has
three firings, a V8 has four firings per
rev, and so on.
A particular problem in measuring
engine RPM is that we cannot just
count pulses over a one minute or even
a ten second period. That would mean
that the SLI just would not react fast
enough. Instead, we could use a 300ms
period, which gives a count of 10 for
a 4-cylinder 4-stroke engine running
at 1000RPM.
But even this period is too long
when you consider how fast engine

RPM could change – it could easily go
from 1000RPM to 6000RPM or more, in
that short time. In addition, a counting
period of just 300ms means that the
RPM cannot be measured accurately.
That previous count of 10 pulses might
mean the RPM is 900 or 1100RPM, a
200RPM uncertainty – not very good.
There is a better way, as shown in
Fig.2, the block diagram of the circuit.
Here the RPM signal from the engine
is filtered to prevent triggering on transient signals and then instead of counting the pulses, we measure the time
between them, using a 2MHz signal.
What happens is that each firing pulse
gates the 2MHz signal to a counter. The

How rev limiting is achieved

T

HIS project achieves rev limiting by
cutting power to the fuel injectors,
and this involves switching the injector
positive (+12V) supply rail. This can
be done using one of two methods –
either by using a relay to switch the
supply for hard limiting, or by pulse
width modulating power MOSFETs
to give soft limiting – ie, a gradual
reduction in engine power.
Fig.7(a) shows the standard fuel
injector setup. As can be seen, the
positive terminals of the fuel injectors
are all connected to a common +12V
supply rail. The engine management
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unit computer (ECU) switches the
negative side of each injector.
Hard limiting is achieved by wiring
the relay in series between the positive
terminals of the fuel injectors and the
+12V injector supply rail. This relay,
which is controlled by the limiter
circuit, switches off the injectors (by
opening its contacts) when the rev
limit is reached and this immediately
cuts engine power. Fig.7(b) shows
this scheme.
Alternatively, soft limiting is achieved
by wiring two parallel power MOSFETs
in series between the fuel injectors

and the +12V injector supply rail.
These MOSFETs are then pulse width
modulated (PWM) by the limiter circuit
when the rev limit is reached, which
means that the injector supply rail is
also pulse width modulated.
The higher the revs go, the lower
the PWM duty cycle. As a result, the
engine power is gradually reduced
when the rev limit is reached. Fig.7(c)
shows this scheme.
Why do we also include the relay
in the soft limiting circuit? It’s there
for added reliability, as explained in
another panel.
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Fig.2: block diagram of the Shift Indicator and Rev Limiter. It measures RPM by using the tacho signal to gate a 2MHz signal
into a counter. The counter value is then divided into the RPM factor, as set by BCD switch S3, to give engine RPM.

next pulse places the count in memory
and clears the counter, which then
proceeds to count again.
For example, if the RPM signal is
33.333Hz, then the counter will reach
60,000 between pulses. This value is
divided into the RPM factor, which
for a 4-cylinder 4-stroke engine is 60
million. So in this case, the result of
the division is 1000RPM.
Each RPM calculation takes 888ms;
well before a new count is available.
This RPM value is then compared
against the settings for shift1, shift2
and shift3.

Circuit description
The full circuit diagram for the Shift
Indicator and Rev Limiter for Cars is
shown in Fig.3. It is based on IC1, a
PIC16F88-I/P microcontroller which
monitors the RPM signal. It then makes
the RPM calculations and comparisons
with the ‘set shift’ and ‘limit levels’,
and drives the associated LEDs and
limiting circuitry. IC1 operates at
8MHz and is powered from a 5V supply derived from a 3-terminal voltage
regulator, REG1.
Two RPM signal input options are
provided: either from the ignition coil
negative terminal (HI) via a 22kW resistor, or the nominal 5V signal from the
ECU (LO). The ignition coil signal is
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filtered using one or two 47nF capacitors (LK1 adds the second capacitor) and
then AC-coupled via a 2.2mF capacitor
to the next stage comprising a 100kW
resistor and 16V Zener diode clamp
(ZD2). Diodes D5 and D6 clamp the
signal between +5.6V and –0.6V before
it is fed to the RB0 input at pin 6 of IC1.
The inputs that connect to the BCD
switch (S3) and to the Select (S1) and
Set (S2) switches are normally pulled
to +5V via internal resistors. When the
respective switch is closed, its input
is pulled low.
Switches S1 and S2 are continuously monitored by IC1.

Engine selection
BCD switch S3 selects the engine
type. This has four switches (at RB4,
RB3, RB1 and RB2) and provides 16
possible combinations, ranging from
all switches open to all closed.
The settings for S3 are checked by
IC1 when it is first powered up; this
sets the required engine type for RPM
calculations.
Trimpot VR1 provides the RPM values for the shift and limit settings. The
series 30kW and 10kW resistors connected to the trimpot’s wiper reduce
the maximum voltage at TP1 to 1.25V.
In practice, VR1 is adjusted to provide the desired RPM voltage at TP1

and 1V is equivalent to 10,000RPM.
So, to set the RPM to 5500RPM, VR1
is adjusted so that the voltage at TP1
is 0.55V.
Trimpot VR2 sets the hysteresis
range for each shift and limit setting.
A 5V setting at TP2 provides 500RPM
hysteresis and 1V gives 100RPM
hysteresis.
Trimpot VR3 sets the ambient light
threshold for dimming the LEDs. The
LEDs are bright enough to be easily
seen in daytime driving, and therefore
need to be dimmed for night-time driving. The ambient light is monitored by
a light-dependent resistor (LDR1) and
it is connected in series with a 10kW
resistor and trimpot VR3 to provide a
voltage at IC1’s AN5 input.
The 10mF capacitor at the AN5 input averages out changes in ambient
light. This prevents the display rapidly
changing in brightness if passing along
a street-lit area at night.
Dimming is achieved by driving the
LEDs with a duty cycle that can be
varied from 1.56% through to 100%
(full brightness) in 63 steps.

Microcontroller outputs
Apart from the three shift LED outputs
at pins 15, 16 and 17, there are two revlimiting outputs at pins 18 and 1 (RA1
and RA2). Pin 1 (RA2) drives transistor
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18V

Q4, Q5

Fig.3: the circuit is based on PIC16F88-I/P microcontroller IC1. This stores the shift and limit settings and compares these against the incoming RPM signal
that’s fed to its RB0 input at pin 6. IC1 then drives shift LED1 to LED3 at its RA6, RA7 and RA0 outputs accordingly. The RA1 output drives the soft-limiting
circuitry (Q1, Q3, Q4 and Q5), while RA2 drives relay RLY1 via Q2 to provide the hard limiting option.

SHIFT INDICATOR AND RPM LIMITER

18V
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Fig.4: install the parts on the PC board as shown on this component layout diagram. You can either mount LED1 to
LED4 and the LDR on the main board as shown, or you can mount these parts on a separate display PC board (shown
at bottom right). The two boards are connected together via a 16-way ribbon cable fitted with IDC line plugs.

Q2, and this in turn drives an external
relay (RLY1) for the hard limiting function. Diode D2 clamps any back-EMF
spikes produced by the relay’s coil when
the transistor is switched off.
Pin 18 (RA1) drives transistor Q1 and
this then drives the gates (G) of P-channel MOSFETs Q4 and Q5 for the softlimiting function. Q4 and Q5 control
the positive supply to the motor’s fuel
injectors, and this can be progressively
reduced by varying the duty cycle of the
pulse width modulation drive.
In operation, P-channel MOSFETs
Q4 and Q5 provide ‘high side’ switching of the injector supply rail. Normally, the RA1 output pin is set high
to turn on transistors Q1, Q4 and Q5
so that the injectors are fully powered.
Above the set RPM limit, IC1’s RA1

output (pin 18) will switch MOSFETs
Q4 and Q5 with a duty cycle which
is reduced gradually until there is no
injector drive once the motor is over
the set limit. The pulse frequency to
the injectors is 30.5Hz.
MOSFETs Q4 and Q5 are driven in
the following way: when Q1 is switched
off, the base (B) of transistor Q3 is pulled
high via a 2.2kW resistor to +12V. This
turns on Q3, and so its emitter (E) pulls
the gates of Q4 and Q5 towards the +12V
supply and switches them off.
However, when Q1 is switched on,
Q3 is switched off, and its emitter is
pulled down to 0V via diode D3. This
pulls the gates of Q4 and Q5 low and
switches them on.
Diode D4 is included to protect Q4
and Q5 from the back-EMF spikes

produced by the injectors when they
turn off.

Power supply
Power for the circuit is derived from
the vehicle’s +12V rail via diode D1.
This provides protection if the supply
is connected the wrong way around.
A 16V Zener diode (ZD1) clamps any
spike voltages which may occur on the
battery supply, and further filtering is
provided by the 100mF capacitor for the
supply to REG1, a 7805 5V regulator.
The 5V rail from REG1 is used to
power IC1.

Software
The software files are available via
the EPE Library site, accessed via
www.epemag.com. Pre-programmed

Table 1: Resistor Colour Codes
o
o  
o  
o  
o  
o  
o  
o  
o  
o  

No.
1  
1  
1  
5  
2  
2  
5  
2  
1  
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Value
100kW  
30kW  
22kW  
10kW  
2.2kW  
1kW  
220W  
100W  
47W 1W 5%

4-Band Code (1%)
brown black yellow brown  
orange black orange brown  
red red orange brown  
brown black orange brown  
red red red brown  
brown black red brown  
red red brown brown  
brown black brown brown  
yellow violet black gold

5-Band Code (1%)
brown black black orange brown
orange black black red brown
red red black red brown
brown black black red brown
red red black brown brown
brown black black brown brown
red red black black brown
brown black black black brown
not applicable
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Fig.5: the mounting details for REG1
and MOSFETs Q4 and Q5. Each
device is electrically isolated from
the case using an insulating washer
and bush (see photo).

Make sure that all polarised parts are correctly oriented when installing them
on the board. The locating slot in the IDC header goes towards the bottom
edge. Don’t install the IC until the supply has been fully tested.

PICs will also be available from
Magenta Electronics – see their advert
in this issue for contact details.

Construction
The Shift Light Indicator is built
on a PC board, code 749 Main (101
× 81mm), while a separate display
board, code 750 Display (42 × 19mm)
carries the display LEDs. Alternatively,
the LEDs can be mounted on the main
board. These boards are available as a
set from the EPE PCB Service.
If you choose to use the separate
display board, it’s connected back to
the main board via a 16-way ribbon
cable fitted with IDC headers (Fig.6).
As usual, begin construction by
checking the PC board for any defects
such as shorted tracks and breaks in
the copper. That done, check that the
hole sizes are correct. The holes for the
four corner mounting screws need to
be 3mm in diameter, while the holes
for the screw terminal blocks need to
be 1.2mm.
Check also that the PC board fits
into the box. If it doesn’t fit, use a
small file to round the corners until
it does.
Fig.4 shows the parts layout on
the PC board. Start the assembly by
installing the wire links, followed
by the resistors. Table 1 shows the
resistor colour codes, but you should
also check each one using a digital

multimeter before installing, as some
colours can be hard to read.
Next, install the PC stakes for ‘test
points’ TP GND, TP1 and TP2. That
done, install the 2-way header for
link LK1.
Follow these with the diodes and
Zener diodes, taking care to install
each with the correct orientation. Once
these parts are in, install a socket for IC1
with its notched end towards Q2. Don’t
install the IC yet – that step comes later.
The capacitors can go in next, again
taking care to ensure that the electrolytics are correctly oriented. That
done, install transistors Q1 to Q5 and
regulator REG1.
Note that REG1, Q4 and Q5 mount
with their leads protruding through
the bottom of the PC board by about
1mm. Later, this will leave sufficient
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DISPLAY BOARD
CONNECTOR

16-WAY IDC
CABLE

lead length to allow the devices to be
fastened to the side of the box.
Now install the trimpots and the
BCD switch (S3). The correct orientation for S3 is with its corner dot to the
lower left – see Fig.4. Switches S1 and
S2 can now be inserted. These two
switches will only fit on the PC board
with the correct orientation.
The next step is to mount the two
6.8mm PC spade terminals, the 16way IDC cable socket and the screw
terminal blocks. Note that the 4-way
terminal block consists of two 2-way
blocks that are joined by sliding their
moulded dovetails together.

Display board assembly
Fig.4 also shows the display board
assembly. It should only take a few
minutes to assemble.
There are a couple of options here
when it comes to mounting the LEDs
and the LDR. One option is to bend the
LED leads at right angles about 8mm
from their bodies, and install them so that
they sit at right angles to the PC board,
as shown in the photo on the first page.
MAIN BOARD
CONNECTOR
GROMMET

PIN 1

LOCATING SPIGOT

SIDE OF
BOX

LOCATING SPIGOT

Fig.6: here’s how to make up the IDC cable that connects the display board to
the main board. The header plugs can be clamped together using a small vice.
Note the positions of the locating spigots on the plugs.
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PC board. That done, fit four 10mm
spacers to the case, then mount the
board in position and secure it using
M3 × 6mm screws and nuts.
Having secured the board, bend the
leads for REG1, Q4 and Q5 so that their
metal tabs sit flat against the sides of
the case. Carefully mark out their tab
mounting holes, then remove the PC
board and drill these holes to 3mm.
Be sure to de-burr each hole using an
oversize drill to give a clean, flat surface
(this is important to prevent punchthrough of the insulating washers when
the devices are secured to the case).
In addition, you will have to drill
three 9.5mm holes in the side of the case
to provide external wiring access. These
holes should be opposite (and slightly
above) the 2-way and 4-way terminal
blocks and the IDC header. Use a small
pilot drill to start these holes, then ream
them to size and de-burr them before
fitting the rubber grommets.
Note: the hole opposite the IDC
header is not required if the LEDs and
LDR are mounted on the main board.
You will, however, have to drill five
holes to accept the LED bodies and to
allow light through to the LDR.

Features and specifications
Features
• Three independent shift indicator LEDs
• One RPM limit LED
• Adjustable hysteresis for each shift setting and at the limit
• Relay switching of injectors at limit (hard limiting)
• Alternative soft limiting using pulse width modulation (PWM)
• Suits most petrol engines, including asymmetrical cylinder types
• Automatic dimming of shift LEDs and adjustable minimum brightness
• Easy adjustment of shift and RPM limit settings
• Easy engine selection – suits all engine types from 1 to 12 cylinders
• Easy adjustment of soft-limiting effect
Specifications
RPM accuracy: typically <2% at 25°C with a 5.0V supply.
Maximum shift and limit settings: 12,500RPM for 1 to 12-cylinder
4-stroke engines (1 to 6-cylinder 2-stroke).
Shift and limit RPM adjustment: 0 to >12,500RPM in 25 RPM steps.
Adjustment for RPM using VR1: 1V = 10,000RPM, 0.5V = 5000RPM
(5.0V supply).
Hysteresis adjustment: 0 to 500RPM in 2RPM steps
Adjustment for hysteresis using VR2: 1V = 100RPM, 5V = 500RPM
(5.0V supply).

Reinstalling the board

Shift and limiting response: RPM dependent (see Table 2). PWM limiting
response is slowed using effects.
Soft-limiting PWM: 100% to 0% with a maximum of 250 steps over the
hysteresis RPM range at a 30.5Hz rate.
Soft-limiting effects: PWM update after 1-16 PWM cycles, RPM
measurement averaging over 1 to 64RPM values.
Dimming of shift LEDs: full range of 63 dimming steps from 1.5625%
to 100% using PWM at 122Hz. The 0% PWM is not included. Minimum
dimming can be adjusted to any one of the 63 settings.

Similarly, the LDR’s leads can be bent
at right angles about 11mm from its
body before installing it on the board.
A 7mm-wide cardboard spacer can be
used to ensure that these parts all sit the
same distance above the board.
Alternatively, you can push the
parts right down onto the board so
that the leads touch the board surface.
Another option is to mount the LEDs
and the LDR on the back of the PC
board. It all depends on how you intend to ultimately mount the display
board on the dashboard.
Whichever option you choose
though, be sure to install each LED
with the correct orientation – the
anode (A) lead is always the longer
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of the two. The LDR can go in either
way around. Once these parts are in,
install the IDC socket.
The other option is to install the
LEDs and the LDR on the main PC
board. In that case, you will have to
later drill matching holes in the side
of the case.

Final assembly
A metal diecast case measuring
111 × 60 × 54mm is used to house the
main board. This makes for a rugged
assembly and provides heatsinking
for regulator REG1 and the two power
MOSFETs (Q4 and Q5).
The first step here is to drill the four
mounting holes in the base for the

The PC board can now be reinstalled
and REG1, Q4 and Q5 secured to the
sides of the case. Note that their metal
tabs must be electrically isolated from
the case using TO-220 insulating
washers and mounting bushes – see
Fig.5. Each device is secured using an
M3 × 10mm screw and nut.
Once these devices have been secured, use a multimeter to confirm that
their metal tabs are indeed isolated
from the case.
The IDC cable can now be installed. This is done by first rolling
up the cable and feeding it through
the hole opposite the IDC socket.
The IDC plug can then be attached,
making sure that the orientation is
correct (see Fig.6). Use a small vice
to clamp the header plugs together
to secure the cable.

Testing the PC board
The first step in the test procedure
is to apply power to the +12V and 0V
terminals on the 4-way terminal block.
That done, check the voltage between
pins 14 and 5 on the IC socket. This
should be close to 5V (a range of 4.8V
to 5.2V is acceptable).
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If the voltage is below 4.8V, check
for a short on the PC board. If there is
no voltage, check that diode D1 is the
right way around.
Assuming that everything is correct,
switch off and install IC1 in its socket.
It must be installed with its notched
end towards transistor Q2.
Next, apply power and adjust trimpot VR3 fully clockwise. Now press
switch S1 and check that LED1 lights.
Repeated pressings should now cause
LED2, LED3 and LED4 to light in
sequence, with only one LED on at a
time. These correspond to the settings
modes for Shift1, Shift2, Shift3 and
Limit respectively.
If S1 is now pressed again, LED4
(Limit) should remain on while LED1
to LED3 should light up in sequence
at a relatively fast rate. This is the
soft limiting setting mode for the
rev-limiting feature.
Pressing S1 yet again should turn
on just LED1, LED2 and LED3. This is
the selection for setting the minimum
dimming level.
Finally, pressing S1 again should
switch all the LEDs off. This returns
the unit to its normal mode, whereby
each LED lights when the incoming
RPM signal reaches its respective
threshold.

Threshold adjustments
As noted already, trimpots VR1 and
VR2 are used to set the Shift and Limit
thresholds and hysteresis values.
The first step is to set these values
for Shift1. The procedure is as follows:
Step 1: press switch S1 so that LED1
lights.
Step 2: attach a multimeter between
test point TP1 and TP GND, and adjust
VR1 to set the desired RPM threshold.
Note that the voltage on TP1 is directly
related to the RPM setting, where
1V represents 10,000RPM. To set a
4000 RPM threshold, for example, adjust VR1 for a reading of 0.4V (400mV).
Note also, due to trimpot resolution, that you may not be able to
adjust the voltage to better than 5mV
(equivalent to 50 RPM) of the desired
value.
Step 3: connect a multimeter between test point TP2 and TP GND.
Step 4: adjust VR2 to set the RPM
hysteresis value. This can be adjusted
from 0-500RPM. Note that 5V at TP2
sets the hysteresis to 500RPM, 4V gives
400RPM, and so on.

The PC board is mounted inside the case on 10mm spacers and secured using M3
× 6mm screws. REG1, Q4 and Q5 are then bolted to the case – see Fig.5. Note that
the wiring to the fuel injectors is not required if you opt for hard limiting.

Step 5: press Set switch S2 to program the RPM threshold and hysteresis
adjustments for Shift1 into IC1. LED1
will now flash five times to indicate
that these settings have been saved.
Note: if you require the highest
possible accuracy, you will have to
scale the adjustment voltages to compensate for REG’s output (ie, if this is
not exactly +5V). In practice, it’s just
a matter of multiplying the threshold
RPM required by the measured supply
voltage and dividing the result by 5V.
For example, let’s say that you want
to set the RPM threshold to 4000RPM
and that the supply voltage is 4.95V.
In that case, the calculation is 4000
× 4.95V/5V, or 3960. So, to adjust for
4000RPM when the supply is 4.95V,
you must set VR1 to give 0.396V at TP1.
Step 6: press S1 so that LED2 lights
and repeat the above steps (through to
Step 5) to set the threshold and hysteresis values for Shift2. Repeat this
procedure to set the values for Shift3,
making sure each time that the correct
LED is selected.
Don’t forget to press S2 to save the
changes each time you adjust VR1 and
VR2 for each Shift setting. This must
be done before moving on to the next
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Shift light, otherwise the settings will
not be saved.

Rev limit adjustments
Now for the rev limit adjustments.
Just follow these steps:
Step 1: press S1 after the Shift3
settings have been saved. This turns
LED4 (Limit) on, while all the other
LEDs are off.
Step 2: monitor the voltage at TP1
and adjust VR1 to set the rev limit.
As before, 1V is equivalent to 10,000
RPM, so to set a limit of 6000RPM,
for example, set VR1 for a reading
of 0.6V.
Step 3: monitor TP2 and adjust VR2
to set the rev limit hysteresis. In this
case, 1V is equivalent to 100RPM.
If you intend using PWM limiting,
so that the engine power drops off
gradually, use an initial value of 500
RPM (5V at TP2). Alternatively, if you
intend using relay limiting, set the
value to 200RPM (2V at TP2).
Step 4: press S2 to save these
settings.
Step 5: press S1 to bring up the
soft limiting adjustment mode – ie,
LED4 lit and LED1 to LED3 lighting
in sequence.

37

27/01/2010 13:11:56

Constructional Project

RLY1

(a) STANDARD INJECTOR WIRING

INJECTOR 4

INJECTOR 3

INJECTOR 2

INJECTOR 1

INJECTOR 4

INJECTOR 3

INJECTOR 2

INJECTOR 1

ECU

NEW
INJECTOR
SUPPLY RAIL

87(NO)

ECU

B

RLY1

C(30)

SHIFT
INDICATOR
& REV
LIMITER

87a(NC)

INJECTOR 4

C(30)
87a(NC)

EXISTING +12V INJECTOR SUPPLY RAIL A

INJECTOR 3

87(NO)

INJECTOR 2

EXISTING +12V INJECTOR SUPPLY RAIL

INJECTOR 1

EXISTING +12V INJECTOR SUPPLY RAIL

ECU

(b) WIRING FOR HARD LIMITING

(c) WIRING FOR SOFT LIMITING

Fig.7: these diagrams shows the standard fuel injector setup (a) plus the modifications required to wire in the limiter
circuit for hard limiting (b), or soft limiting (c). Be sure to use a relay with 30A contacts, as specified in the parts list.
Note that the relay (RLY1) is used in both the hard limiting and soft limiting circuits – see panel.

Trimpot VR1 now adjusts the
number of RPM calculations that are
used in averaging the RPM reading,
while VR2 adjusts the rate at which
the PWM (pulse width modulation)
that provides the soft limiting changes.
Setting VR1 fully clockwise gives
an average of 64RPM calculations,
while setting VR2 fully clockwise
gives 16 PWM cycles before changes
occur. Conversely, fully anticlockwise
settings for VR1 and VR2 give no averaging and a PWM that can change
with each cycle.
Setting both VR1 and VR2 to midway would provide a suitable soft limiting effect for most engines. However,

if the soft limiting subsequently proves
to be too soft, so that the engine RPM
overshoots the desired limit by a large
margin, then the trimpots should be
adjusted further anticlockwise.
Note that VR1 has an effect on both
the soft limiting smoothness and the
response time when it comes to limiting
the engine RPM. Trimpot VR2 only affects the RPM limiting response speed.
Step 6: press S2 to save the soft limiting settings.

Dimming adjustments
Pressing S1 again brings up the dimming adjustment mode (LED1 to LED3
all lit, LED 4 off).

Surround the
base and leads
of diode D4
with neutral
cure silicone

Installation

This view shows how power MOSFETs Q4 and Q5 are bolted to the case and their
tabs isolated using insulating washers and bushes. Voltage regulator REG1 mounts
in a similar fashion – see also Fig.5. Note that diode D4’s leads should be surrounded
with neutral-cure silicone to prevent them from vibrating and breaking.
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It’s now just a matter of covering the
LDR sufficiently (both front and back)
to bring the LED brightness down to
the minimum level you require and
then pressing the Set switch (S2) to
save the setting. The three LEDs will
then flash five times to indicate that
this has now been stored.
Note that the above procedure is
best carried out in a room with a low
ambient light level (but not dark).
That done, adjust VR3 to set the
ambient light level threshold at which
dimming begins (this may take some
trial and error).
By the way, changing the 10mF
capacitor at pin 12 of IC1 to 1mF will
increase the rate at which the LEDs
dim or become brighter in response
to ambient light changes.
The unit is relatively straightforward to install, and requires only a
limited amount of external wiring.
This involves wiring for the +12V
and ground (0V) connections, the rev
signal input and the connections to
the fuel injectors.
The +12V supply can be obtained
from the fusebox and must be
switched on (or off) by the ignition.
Note, however, that this supply rail
must remain on when the engine is
being cranked (ie, when the starter
motor is running). The 0V rail can
be connected to the vehicle’s chassis. These supply connections can be
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Parts List – Shift Indicator and Rev Limiter for Cars
1 PC board, code 749 (Main),
size, 101 × 81mm
1 PC board, code 750 (Display),
size, 42 × 19mm
Available as a set from the EPE

3 M3 × 10mm screws
3 M3 nuts
1 2-way header with 2.54mm
spacing (LK1)
1 jumper plug (for LK1)
3 PC stakes
1 1m length of 16-way IDC cable
1 160mm length of 0.8mm tinned
copper wire
1 1m length of figure-8 20A
automotive wire
1 1m length of red medium-duty
automotive wire
1 1m length of black mediumduty automotive wire

PCB Service

1 diecast case, 111 × 60 × 54mm
1 SPDT 30A horn relay
1 relay base to suit horn relay
(optional)
3 2-way PC-mount screw
terminals (5.08mm spacing)
1 PC-mount 0-F BCD DIL switch
(S3)
2 SPST micro tactile switches
(S1,S2)
2 16-way IDC PC-mount headers
2 16-way IDC line plugs
2 6.8mm PC-mount spade
terminals
2 6.8mm insulated spade crimp
connectors
3 rubber grommets for 6mm
cable diameter
3 TO-220 silicone insulating
washers
3 3mm insulating bushes
4 M3 × 10mm tapped nylon
standoffs
8 M3 × 6mm screws

Semiconductors
1 PIC16F88-I/P microcontroller, preprogrammed – see text (IC1)
1 7805 +5V 3-terminal voltage
regulator (REG1)
2 IRF9540 P-channel MOSFETs
(Q4,Q5)
3 BC337 NPN transistors
(Q1-Q3)
2 1N4004 rect. diodes (D1,D2)
1 UF4003 ultrafast diode (D3)
1 BY229 fast diode (D4)
2 1N4148 signal diodes (D5,D6)
2 16V 1W Zener diodes (ZD1,ZD2)

run using medium-duty automotive
hook-up wire.
The rev signal can be derived from
the coil’s negative terminal, and this
wire connects to the HI input. Alternatively, in a multi-coil car, you can
use the ECU tachometer signal, and
this should go to the LO input.

Resistors (0.25W 1% metal film)
1 100kW
2 1kW
1 30kW
5 220W
1 22kW 0.5W
2 100W
5 10kW
1 47W 1W
2 2.2kW
Trimpots and LDR
2 1kW horizontal mount trimpots
(VR1,VR2)
1 500kW horizontal mount
trimpot (VR3)
1 LDR (50kW light and 10MW
dark resistance) (LDR1)

Strictly speaking, if you elect to use soft rev limiting, the relay shown in
Fig.7(c) is optional. However, we still recommend wiring it into the circuit
for a couple of reasons.
First, by using the relay as shown, its NC contacts take the load off the soft
limiting MOSFETs (Q4 and Q5) during normal engine operation. However, if
the rev limit is reached, the relay quickly opens and the MOSFETs then take
over to provide the soft limiting function – ie, they pulse-width modulate the
new injector supply rail.
Second, the relay’s contacts ensure that the injectors are still supplied
with power during normal running if the MOSFETs become faulty or if a fault
develops in the unit which switches them off. For this reason, we strongly
recommend that you include the relay as shown in Fig.7(c) – it’s a worthwhile
safety and reliability feature.
Note that all wiring to the relay
contacts and to the injectors should
be run using 20A automotive cable.
Note also that, for hard limiting, no
connections are made to points A and
B on the circuit board.
Alternatively, if you are opting for
soft limiting, then you need to wire
the injectors as shown in Fig.7(c). In
this case, the vehicle’s existing injector
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Capacitors
3 100mF 16V radial elect.
2 10mF 16V radial elect.
1 2.2mF 63V radial elect.
2 47nF MKT polyester
1 10nF MKT polyester

Why use the relay with soft limiting?

Injector wiring
Fig.7(a) shows the basic set-up for
standard injector wiring. Note that
the engine management system (ECU)
switches the negative side of the fuel
injectors.
The first step is to disconnect the
injectors from their existing common
positive supply rail. After that, it depends on whether you are opting for
hard limiting or soft limiting.
If you are opting for hard limiting,
it’s simply a matter of wiring in the relay as shown in Fig.7(b). This involves
first connecting the vehicle’s existing
+12V injector supply rail to the relay’s
common (C) contact. The normally
closed (NC) contact is then connected
to the positive injector terminals.

2 18V 1W Zener diodes
(ZD3,ZD4)
1 5mm high-intensity green LED
(LED1)
1 5mm high-intensity yellow LED
(LED2)
2 5mm high-intensity red LEDs
(LED3,LED4)

positive supply rail is connected to
point A on the main PC board. Point
B on the circuit board then becomes
the new injector positive supply rail.
The relay is also wired into the
circuit as before. Once again, be
sure to use 20A automotive cable for
the wiring to the injectors, the relay
contacts and to points A and B on
the PC board.
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Table 2: BCD switch settings and details for various engine types
BCD
switch Cylinders Cylinders
setting (4-stroke) (2-stroke)
(S3)

RPM counter

Frequency/
1000 RPM

Shift light
response
@ 1000
RPM

Shift light
response
@ 2000
RPM

0.5

Between each pulse

8.33Hz

120ms

60ms

Pulses
per RPM

1

1

–

2

2

1

1

Between each pulse

16.66Hz

60ms

30ms

3

3

–

1.5

Between each pulse

25Hz

40ms

20ms

4

4

2

2

Between each pulse

33.33Hz

30ms

15ms

5

5

–

2.5

Between each pulse

41.66Hz

24ms

12ms

6

6

3

3

Between each
fourth pulse

50Hz

20ms

10ms

8

8

4

4

Between each
fourth pulse

66.66Hz

15ms

7.5ms

9

Asymmetric
3-cylinder

–

3 over 2 RPM

Between each
fourth pulse

25Hz

80ms

40ms

A

10

5

5

Between each
fourth pulse

83.33Hz

12ms

6ms

B

Asymmetric
2-cylinder

–

2 over 2 RPM

Between each
fourth pulse

16.66Hz

120ms

60ms

C

12

6

6

Between each
fourth pulse

100Hz

10ms

5ms

Note that this wiring is run to the
main board by feeding it through the
adjacent rubber grommet and terminating it with spade crimp connectors.
These connectors are then plugged
into the A and B terminals.
Make sure that the crimp connections are nice and tight to ensure
reliability and be sure to plug each
into its correct terminal. A proper
ratchet-driving crimping tool is a necessity here.
It’s vital that all wiring is installed
in a professional manner to ensure
reliability. That means using proper

automotive connectors to terminate
the wiring and securing the wiring
with tape and cable ties.

Testing
Once the wiring is complete, set the
BCD switch to the number that suits
your engine – see Table 2.
That done, start the engine and rev it
to check that the shift and limit LEDs
light at their correct RPM values. If
you haven’t programmed the unit yet,
the initial settings are 1000RPM for
shift1, 2000RPM for shift2, 3000RPM
for shift 3 and 4000RPM for the limit.

Determining the shift points
How do you determine the best shift points to program into the Shift
Indicator and Rev Limiter? In most cases, it’s just a matter of driving the car
and noting down a sensible RPM value for each gear change. The values
can then be programmed into the unit, after which it’s simply a matter of
monitoring the LEDs to pick the gear-change points.
Alternatively, as mentioned in the text, you could set the three LEDs to
give a ‘ready’, ‘set’ and ‘go’ indication for each gear change.
The rev limit can simply be set to just under the tacho’s redline value.
Note, however, that many modern cars include rev limiting as part of their
engine management system. In that case, you won’t need the rev limiting
feature provided by this unit, and it’s just a matter of leaving out the wiring
between this unit and the fuel injectors (you can also leave out the relay,
power MOSFETs Q4 and Q5 and transistors Q1-Q3).
If you are modifying a car for racetrack use, then the shift points would be
set much more aggressively – typically at those points that provide maximum
acceleration. In some cases, you might want to set the shift points at close
to engine redline. In other cases, it may be a matter of picking the maximum
engine power points.
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The hysteresis is 200RPM for shift1
and 500RPM for the other thresholds.
If the shift points are incorrect and
you are using the HI input, try installing link LK1 to change the input
filtering. Alternatively, if you are using
the LO input, LK1 has no effect and
no adjustments to the input filtering
should be necessary.
If the LEDs do not light at all, check
that the RPM input signal is correctly
connected.

Peak hold injectors
Finally, note that the soft limiting
option is not suitable for injectors that
operate with a so-called peak hold
drive. This is where an initial high
current is used to close the injector,
but then the current is reduced by
rapidly switching the injector signal
on and off (this keeps the injector
open, but with reduced power to the
injector solenoid).
Note, however, that you can use the
hard limiting option, provided that
the relay contacts can handle the peak
currents that drive this type of injector.
How can you tell if you have a peak
hold injector? It will typically have a
solenoid coil resistance of less than
1W (‘normal’ injectors typically have
a resistance of 4 to 5W).
EPE
Reproduced by arrangement
with SILICON CHIP
magazine 2010.
www.siliconchip.com.au
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Stepping Motor Driver

May 09 EPE. 1/2 1/4 1/8 and 1/16
microstep driver for standard 4 phase
unipolar motors. Up to 46V at 3A.
Adjustable current with efficient
PWM control. Opto isolated inputs and outputs for computer
(LPT)# or logic level control.
SLA7062M driver chip contains
all sequencer logic - Only needs
Step and Direction inputs.
Kit includes PTH circuit board
Chip, and all components.
# Connection details and (Slow
Special Offer - Kit 920 + MD23 speed) demo PC software: free
200 Step motor £31.91
download from website.

KIT 920
£18.76

KIT 914
£11.90
Includes

all parts &
heatsink
for stereo
& mono

20W Stereo Amp.
Low distortion 11W/channel
Stereo/20W Mono. True (rms) Real
Power. High Slew Rate/bandwidth
& low noise. Ideal MP3 booster.
Short Circuit & Overtemp. Protected. STA7360 chip. Needs 8 to 18V
supply. EPE Project May2005.

All Prices Include VAT, Add £3.00 P&P per order, or £7.99 for next
day. Chqs. P.O. & most major cards accepted. Mail Order Only.
135 Hunter Street Burton on Trent Staffs DE14 2ST
Tel: 01283 565435 Fax: 01283 546932
www.magenta2000.co.uk
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Recycle It!
BY JULIAN EDGAR

Using the convex lenses
from fancy car headlights
Good quality convex lenses can be salvaged
for next to nothing from car wrecking yards.
Here’s how to use them to make a really bright
handheld spotlight or a broad-beam bike light.

Want to know something? Those
large glass lenses can be obtained for
nearly nothing from broken headlights
at car breaker’s yards. Want to know
something else? They make excellent
lenses for use in bike lights, torches
and handheld spotlights.

W

Projector headlights

Hen you watch cars go by at
night, you can see a variety of
headlight designs on display. For
example, old cars use sealed beams,
which are often rather yellow in appearance. Then there are the whiter designs with replaceable halogen bulbs,
while recent luxury cars feature high
intensity discharge lights, which have
a brilliant blue/white colour.

There are also lights that, when
viewed at an angle, appear to have
red or blue beams graduating to white
as the car is seen face-on. These
headlights have an abrupt beam cutoff and a very even spread of light
within the beam. They are known
as ‘projector’ headlights, and use a
simple reflector teamed with a large
convex glass lens.

A projector headlight is easily recognised because of its convex glass lens.

42

SalvageIt1106 FROM MATT.indd 42

A typical projector car headlight is
shown in Fig.1. From the front, there’s
a cover plate of glass or plastic. Behind
that is the convex glass lens (normally
used only on low beam), followed by
the bulb and then a simple reflector.
The bulb is masked so that the upper
part of the beam is abruptly cut off, to
avoid blinding oncoming drivers
The single headlight assembly also
contains a high beam, which usually
comprises a conventional halogen
lamp and a reflector. The headlight is
near worthless to car breaker’s if the
cover glass is broken, the high beam
is broken, the low beam is broken or
the rear plastic housing is shattered.
However, if the low beam convex
glass lens is intact, the convex lens
can be bought for next to nothing. For
example, at a major wrecking yard, I
found and salvaged three convex lenses and took them to the front counter.
I made the point that I hadn’t needed
to break any headlights to obtain the
lenses and asked for a price. The man
behind the counter was puzzled: what
on earth did I want these lenses for? I
told the truth – I was making a bicycle
headlight – and he charged me £6 for
all three.
On another occasion, when I was
buying some other car bits, the convex
lens didn’t cost me anything extra.
Many recent cars have projector
headlights; but also some older cars,
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Large convex glass lenses are easily
salvaged from wrecked car headlights
that use a ‘projector’ design. These
lenses use high transmission glass and
are optically accurate.

for example the Mazda 626 and Ford
Mondeo. Some Nissan model’s also
have them, including one car that has
two such lenses each side.
If you are salvaging the lens from a
headlight with a broken cover glass,
be very careful. It is extremely easy
to cut yourself on the shards of glass,
especially if you slip while wielding
a screwdriver.
Incidentally, smaller lenses of a
similar shape can also be salvaged
from old slide projectors.

This photo shows the components needed for a bright, wide-angle light (from left
and then clockwise): convex glass lens salvaged from a projector car headlight;
shortened stainless steel drinking cup and bracket made from aluminium angle; and
a 1W Luxeon LED and narrow angle collimator mounted on a salvaged aluminium
block. Missing from this photo is a cut-down uPVC plumbing cap to hold the lens
in place over the end of the cup.

Using the lens
So you have a bunch of high-quality,
large, convex glass lenses that you’ve
obtained for next to nothing. Now
what? I could get all theoretical and
talk about focal lengths, beam angles
and point sources, but let’s forget all
that. The easiest way of coming up
with the best design for your particular application is to simply play
around with the light source and the
different lenses.
For example, a Luxeon LED makes
an excellent light source because it is
small, very bright and has high efficacy. Power-up the LED (after mounting
it on a suitable heatsink if it’s a 3W or
5W design) and hold the convex lens
in front of it.
Now view the beam pattern on a
wall or the ceiling. By altering the
distance between the lens and the
LED, it’s possible to change the beam
from a broad diffuse beam to a narrow
spot. In the case of the Luxeon, you can
also try matching the glass lens with
the various collimators available for
these LEDs.

Fig.1: this diagram shows a ‘projector’ type car headlight. The main optical
element is a large convex glass lens mounted within the headlight assembly
(1) and this replaces the reflector and flat glass lens used on other headlights.
A shield (2) prevents on-coming driver glare, while (3) is the rudimentary
headlight reflector and (4) is the bulb. [Bosch]

The lenses can also be used with
conventional incandescent bulbs and
reflectors (and incidentally, lots of
working torches with perfectly good
reflectors are thrown away each day).
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Again, it’s a case of trying different
combinations and looking at the results.
If the lens is placed very close to
the light source, it’s possible to get an
extremely broad beam, which greatly
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connect anything to
the metal heatsink of
the Star; this must be
isolated from the power supply terminals.
If you’d like to
test the unit before
connecting your (ex
pensive) LED, temporarily connect a
10W 5W resistor in
its place. Apply 9V to
24V to the input and
measure the voltage
drop across the 10W
resistor; it should
remain constant at about 3.2V.
Note that not all chargers have
an output filter capacitor installed.
Typically, this is a 220mF 10V or
16V electrolytic unit. To save a few
cents, the manufacturers sometimes
leave this component out, relying
on the mobile’s battery to perform
the filtering task.
If the 220F capacitor is missing
from your charger’s PC board, it
should be installed before the supply is used. Use a 25V rated part if
you intend to power the unit from
more than 16V. This allows for accidental disconnection of the LED
with power applied, where the
output voltage will rise close to the
input voltage.
Finally, data on the MC34063 can
be downloaded from www.onsemi.
com and a useful development aid
is to be found at www.nomad.ee/
micros/mc34063

Fig.1: a typical switchmode battery
charger as used in mobile phones.

Cheap 1W Luxeon
LED driver
Step-down switchmode power
supplies are often used in preference to their linear counterparts in
applications where there is a large
input to output voltage differential.
Such is the case when driving Luxeon 1W Stars and their derivatives
from a 12V DC source, which is the
focus of this circuit.
Mobile phone chargers based on
the MC34063 switchmode controller IC are easily modified to operate
as a simple constant-current source,
suitable for powering a single 1W
white or blue LED, or two 1W red
LEDs in series. Defunct mobile
phone chargers are readily available
at local markets and on ebay.com
for a few pounds.
These units are quite easy to pull
apart. First, unscrew the metal nipple from the end and remove the
fuse, then prise off the metal collar
that holds the two halves together.
You can then easily separate the
two halves and extract the circuit
board.
The circuit shown in Fig.1 is
typical of most chargers, with some

Fig.2: how to modify the
charger circuit to drive a 1W
Luxeon Star LED.
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including a few extra components
for indicator LEDs. Resistors R1 and
R2 set the regulated output voltage,
which can be calculated using the
formula VOUT = 1.25(1 + R2/R1).
This will result in a 7.1V output
using the values shown.
Because the MC34063 strives to
maintain a constant 1.25V across
R1, we can replace R2 with our 1W
LED (Fig.2) and select a much smaller value for R1 using the formula
I = 1.25/R1. Using a value of 3.9W,
about 320mA of regulated current
will flow through the LED.
To modify the charger, start by
removing R1 and R2. Note that
the labelling of the resistors on the
circuit board will probably be different; use your multimeter or follow
the tracks on the board to identify
the resistors of interest.
Replace R1 with a 3.9W 1W
resistor and wire the Luxeon Star
into the R2 position using medium
gauge hook-up wire. Keep the wire
length as short as possible
and make sure that you’ve
connected the anode (+)
to the positive output and
the cathode (-) to the junction of R1 and R2. Do not

Dave Sime,
Hughes, ACT.

It’s quite easy to modify a discarded mobile phone
charger to drive a 1W Luxeon Star LED.
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The Luxeon LED, its collimator and the mounting block
are attached to the base of the cup using screws and nuts.
The convex lens fits over the mouth of the cup to provide a
broad, even beam.

enhances its visibility at night. It’s just
the shot for a flashing warning light or
bicycle tail-light.

Building a compact light
I used a convex lens from a car headlight to make a very bright, broad beam,
flashing tail-light for a bike.
First, a stainless steel drinking cup
was shortened in length using a hacksaw and file. This gave a housing with
an opening that matched the diameter
of the lens. A 1W red Luxeon LED and

They’re glass!
The convex lenses salvaged from
car headlights are made from high
quality optical glass. So if you
drop them, hit them or squeeze
them hard enough, they’ll shatter!

Here the lens has been reversed compared to its normal
automotive orientation, with the curved (convex) side facing
the light source. This design is being used as a rear light on
a road-going recumbent pedal trike.

a narrow-beam collimator were then
installed on a small block of aluminium
(a 1W Luxeon doesn’t need a heatsink,
but having one doesn’t hurt), after
which the block was mounted in the
base of the cup.
Next, a uPVC plastic pipe cap to
suit the diameter of the lens was
obtained, and its inner diameter cut
out with a holesaw. This gave a flange
that fitted over the end of the cup,
holding the lens in place. Silicone
sealant was then used to secure the
cap in place and to weatherproof the
opening.
In this application, the best results
were obtained by reversing the lens as
compared to its normal car orientation
– ie, it was mounted with the convex
part of the lens facing the LED.
The Luxeon LED was powered by
a 12V cigarette lighter phone charger
adaptor, which was modified to act as

Rat It Before You Chuck It!
Whenever you throw away an old TV (or
VCR or washing machine or dishwasher
or printer) do you always think that surely
there must be some good salvageable
components inside? Well, this column is for
you! (And it’s also for people without a lot
of dough.) Each month we’ll use bits and
pieces sourced from discards, sometimes
in mini-projects and other times as an ideas
smorgasbord.
And you can contribute as well. If you
have a use for specific parts which can

easily be salvaged from goods commonly
being thrown away, we’d love to hear from
you. Perhaps you use the pressure switch
from a washing machine to control a pump.
Or maybe you have a use for the highquality bearings from VCR heads. Or
perhaps you’ve found how the guts of a
cassette player can be easily turned into a
metal detector. (Well, we made the last one
up but you get the idea . . .)
So, if you have some practical ideas,
do write in and tell us!
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Stainless steel
cup
As detailed in the main text,
a stainless steel drinking cup
makes an excellent housing for
the convex lens.
Single-wall stainless steel
drinking cups can be hard
to find, but a double-wall (ie,
insulated) cup can be used
instead, although it is heavier
and a little more difficult to cut
and drill.
a constant current source (see ‘Cheap
1W Luxeon LED Driver’ on the opposite page).
So why go to all this bother when
LED tail-light flashers are cheaply
available? Well, you’ve never seen
a flasher like this. It is extremely
bright from directly behind and can
be seen at distances of 500 metres
or more.
The convex lens creates a broader
beam than would otherwise be
achieved, allowing the light to be
visible over a much wider angle than
just having the LED on its own. This
effect is further enhanced by reflections from the internal walls of the
stainless steel cup.
EPE
Reproduced by arrangement
with SILICON CHIP
magazine 2010.
www.siliconchip.com.au
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LADDER LOGIC PROGRAMMING
FOR THE PIC MICRO
Part 5: Advanced Programming
and Interfacing Techniques
By Walter Ditch

T

he fifth and penultimate part of
this series begins by exploring
basic concepts related to hardware interfacing, including methods
of connection to input devices such
as switches, and to outputs including
LEDs, 7-segment displays, relays, solenoids and motors. This knowledge
will give you an appreciation of the
hardware design of an actual industrial
PLC – although, of course, the circuits
considered will be rather more basic
than those of a commercially available
product. Hardware design is also important in embedded control applications,
where the PIC becomes an integral part
of an electronic system, adding intelligence and flexibility.
We’ll also use the chosen examples
to demonstrate the use of computerbased electronic simulation software,
as illustrated by Proteus VSM from
Labcenter Electronics. A number of
tips and suggestions will be provided
for those users wishing to combine
PLC-style program development with
use of electronic simulation software.
The article concludes by discussing a range of programming concepts,
which have been grouped together
under the umbrella term of ‘advanced programming’. Topics covered
include:
• Byte-oriented programming
(data transfer, combinational logic,
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numeric comparison and arithmetic
operations).
• Creation of simple state based systems by using the built-in sequencer
feature.
Concepts covered here, and in
previous parts of the series, will be
pulled-together next month, with
the final instalment focusing on the
development of custom extensions to
the software. A number of software
solutions will be developed, making it straightforward to control the
hardware devices discussed here, and
many more besides.

Listings
As usual, all program listings for
this series are available from the Library > Tutorials section of the EPE
website (www.epemag.com). You’ll
also need the header files supplied
with Part 1, which should be ‘unzipped’ into a single folder, together
with the sample files from each part
of the series.
Make sure you have installed
the freely available MPLAB IDE
software, which will be needed to
assemble the example programs.
And of course, in order to actually
test the programs, you will need a
suitable PIC development board,
fitted with one of the supported PIC
microcontroller types, or simulation

software such as Proteus VSM from
Labcenter Electronics.

Hardware design concepts
PIC microcontrollers are often used
in ‘embedded systems’, where the PIC
becomes a flexible and reprogrammable alternative to a hard-wired
electronic circuit. Although sophisticated input/output circuitry is already
provided in the commercial PLC, any
interfacing hardware must be designed
and built wherever a PIC microcontroller is deployed. Hardware design
and software development are best
thought of as two sides of the same
coin, and must be considered together
when any practical solution is being
developed.
An appreciation of hardware interfacing techniques can also greatly
add to the real world relevance of any
ladder logic programs developed. It
surely is more inspiring, for instance,
to control a DC motor from a ladder
logic output, rather than to simply
turn an LED on and off – not least due
to the many practical applications of
motors.
Hardware interfacing concepts
considered here will allow the PIC
micro to be linked to a wide variety of
hardware, including switches, LEDs,
transistors, relays, motors, solenoids
and optocouplers.
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Starting with the data sheet
The definitive source of information for the hardware designer is the
appropriate PIC data sheet, which may
be downloaded from the Microchip
website (www.microchip.com) in PDF
(Portable Document Format) format,
and then viewed using the freely available Adobe Reader software.
PIC devices really do vary, particularly in their current handling
capacity, so make sure that you carefully read the data sheet for the actual
microcontroller being used, prior to
designing any interfacing circuitry.

Connecting input switches
PIC microcontrollers are based internally on CMOS technology, so any
input circuits will draw negligible current, being effectively voltage controlled (input leakage currents of 1A or
less, are defined in the data sheet using
the IIL parameter). Acceptable voltage
ranges for high and low logic levels are
specified in the data sheet using the
VIH and VIL parameters respectively,
typically using a calculation based on
the positive supply voltage VDD.
This can seem complex, but assuming a 5V power supply and standard
input circuitry, a logic 0 will be recognised as a voltage in the range 0V
to 0.75V (0.15 × VDD), while a logic 1
will be any voltage in the range 2.05V
to 5V (0.25 × VDD + 0.8V).
This makes it relatively straightforward to supply input data by using
switches, using nothing more complex

than a switch and a resistor for each
port bit. This is illustrated by Fig.5.1.
(It is assumed here, and in following
interfacing examples, that a simple
ladder logic program is running, copying input port bits from Port A to the
equivalent output port bits of Port B.)
Notice that the circuit shows three
different switch interfacing methods,
and several other circuit variations are
possible. Switch SW1 provides a direct
connection to logic 1 when closed, or a
weak pull-down via resistor R1 when
open. Switch SW2 and R2 provide the
opposite polarity.
A further alternative is shown by
switch SW3 and R3, where a weak
pull-up or pull-down is applied. This
latter circuit may be preferred for a
general experimentation arrangement,
particularly if there is any possibility of the port being configured as an
output, since it avoids the possibility
of an excessive output current.
Why use a 10k resistor? Well the precise value is not critical, but observe
that the current flowing through the
resistor of 0.5mA (or 500A) is considerably larger than the input port’s leakage current of at most 1A, effectively
overcoming any input port loading
effects, and ensuring that input logic
levels are correctly interpreted. The
use of an appropriately sized pull-up/
pull-down resistor also prevents the
input port from acting as an antenna
for stray electromagnetic interference,
thus avoiding false triggering of input
circuits.

Fig.5.1. Methods of connecting input switches
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Note: The supported PIC microcontrollers all have the capability
to enable internal pull-up resistors
connected to Port B. This option is
disabled within the PLC software by
default, but may be a customisation
option in situations where Port B is
configured as an input port (as in the
PIC16F887 model).
While the circuit (Fig.5.1) is fine
where input switches are directly linked
to the PIC, it would not be adequate in
cases where the user was allowed to
make their own connections via input
terminals. Higher voltages or incorrect
polarities would be quite likely to occur,
leading to the likelihood of damage to
the microcontroller, or even the risk of
electric shock to the user.
A more robust input circuit would
be advisable in this case, incorporating some kind of electrical isolation of
the low voltage and (potentially) high
voltage sections. Optocoupler/optoisolator circuits are ideally suited to this
purpose and these will be discussed
shortly, following consideration of
output devices.

Interfacing outputs
According to the PIC data sheet, the
maximum current capacity of a single
output port is 25mA, both at logic 1
(current being ‘sourced’ or flowing
out of the pin), and at logic 0 (current
flowing into the pin or being ‘sunk’).
However, there will also be an overall maximum current limit, either for
the output port or for all output ports
combined – and this is quite device
specific. Some examples are listed
below:
• PIC16F627A/628A/648A – maximum current sunk/sourced by PORTA
and PORTB (combined) = 200mA.
• PIC16F87-88 – maximum current
sunk/sourced by PORTA or PORTB
(separately) = 100mA.
• PIC16F887 – maximum current
sunk/sourced by all ports combined
= 90mA.
Design constraints also exist related to the maximum current sunk
or sourced, plus the overall power
dissipated by the entire device. For
example, the PIC16F627A/628A/648A
data sheet gives the following values:
• Maximum current out of VSS pin
(negative power supply pin) = 300mA.
• Maximum current into VDD pin
(positive power supply pin) = 250mA.
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•

Total maximum power dissipation = 800mW (and the method of
calculating this value is given in the
data sheet).
A second consideration is the
voltages involved, including both the
supply voltage to the PIC itself, and also
the actual worst case voltages likely to
appear when a logic 1 or logic 0 is being outputted (stated as VOH and VOL
respectively in the PIC data sheet). The
minimum output voltage for a logic 1,
VOH, is defined as being VDD – 0.7V,
which for a 5V power supply, would
be in the range 4.3V to 5V.
Similarly, the maximum output
voltage for a logic 0, VOL, is given as
0.6V, so a logic 0 output voltage will be
in the range 0V to 0.6V. (These voltage
levels are stated with output currents
considerably less than the maximum
of 25mA, so slightly worse figures may
be found in practice.)
This gives us the necessary information to design output interface
circuitry, noting that the PIC micro’s
powerful and symmetrical output
drive circuitry provides us with great
design flexibility (Imax = 25mA, both
at logic 0 and also at logic 1).

assumed here, but forward voltages may
vary depending on the colour of the LED,
while the maximum current capacity
will be related to the brightness of the
LED and its power rating. Both voltage
and current values should be obtained
from the appropriate catalogue or data
sheet and then used to calculate the
value of the current-limiting resistor
(R4 and R5).
The preferred value of 270 shown
here will give a current of approximately
10mA, assuming that a voltage of 2.7V
appears across the resistor terminals – or
slightly less in the event of worst case
output voltages of VOH and VOL.

Controlling larger currents
and higher voltages
Where higher voltages and/or higher
currents must be controlled, then

a transistor output circuit is a good
choice. Transistors come in many
forms, including bipolar and field
effect types, and high gain Darlingtonpair composite devices are also available. To keep things simple, a circuit
based on an NPN bipolar transistor
will be considered here, as shown in
Fig.5.3.
The NPN bipolar transistor is a
three-terminal device, which is used
here as a current controlled switch,
with a relatively small current flowing
into the base terminal (B) controlling
a larger current flowing into the collector terminal (C). Essentially, either
current is allowed to flow into the
base terminal and the transistor turns
on (and hence the lamp lights), or no
current flows into the base, and the
lamp and transistor are both off.

Driving LEDs
First, let us consider the interfacing
options for directly connected LEDs,
as shown in Fig.5.2.
As can be seen, the symmetrical
drive capability allows us to connect
the LED either way round, with D1
being illuminated by a logic 0 output,
and D2 by a logic 1.
A typical LED forward voltage of 2V
and a maximum current of 10mA is

Fig.5.3. Controlling a 12V lamp by using a transistor switching circuit

Fig.5.2. LED interfacing options
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The transistor is enabled in the circuit
of Fig.5.3 by outputting a logic 1 to bit
0 of Port B (pin 6), which in turn supplies a current of approximately 5mA
to the base terminal of the transistor, via
current limiting resistor R1. This small
current is multiplied by the current
gain of the transistor (referred to as hFE
or  in data sheets and equal to IC/IB) to
become a much larger collector current.
When the transistor is switched on,
almost all of the 12V supply appears
across the lamp terminals, with only
0.1V to 0.2V across the collectoremitter (E) junction of the transistor
(so VCE = 0.1V to 0.2V, at which point
the transistor is said to be ‘saturated’).
Strange as it may seem, this circuit is best designed by working
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Fig.5.4. A simple multiplexed LED display
back from the output to the input,
beginning with the lamp. To take an
example, assuming the lamp is rated
at 12V and has a resistance of 24.
A simple calculation shows that the
lamp current will be 0.5A, so our first
design conclusion is that we will need
a transistor with a VCE(man) rating
greater than 12V and IC in excess of
0.5A, which is quite straightforward.
Next, the minimum hFE is identified
from the transistor data sheet and this
is used to calculate the required base
current (IB(max) = IC/hFE(min)). So for
example, if hFE(min) = 100 and IC =
500mA, then the required base current
will be 5mA. (Recall that we need to
keep this base current under 25mA in
order to comply with the PIC’s maximum current rating, so a value of 5mA
flowing out of Port B bit 0 will be fine.)
The base-emitter junction of a
conducting transistor is effectively a
silicon diode, so a voltage of approximately 0.7V appears across the baseemitter terminals when the transistor
is switched on. Given that the required
base current is 5mA, a simple calculation provides us with the value of the
current-limiting base resistor:
R1 = VR1/IB
= (VOH – VBE)/IB
≈ 750 (the nearest preferred
value in the E24 / 5% resistor series)

Further transistor switching
applications
The previous transistor switching
circuit is clearly useful in its own right,
allowing larger current devices to be
controlled, and also devices which
have higher operating voltages. Equally
importantly, it may be easily adapted
to control devices such as 7-segment
displays, or inductive loads such as
relays, solenoids or even motors. As a
first example, Fig.5.4 shows a pair of
transistors used to alternately enable
the digits of a multiplexed 7-segment
common cathode display.
Each of the individual segments
within the 7-segment display is a
separate LED with its positive anode
(A) connected via a current-limiting
resistor to an output port bit. The negative cathodes (K) are internally linked
and brought out to a terminal at the
lower end of the 7-segment display
(hence this is referred to as a ‘common
cathode’ 7-segment display).
In a single digit display, the cathode
connection may be simply grounded,
but in a multiple-digit display (as
shown in Fig.5.4), each display is enabled in a rapidly repeating sequence,
giving the illusion that all digits are
simultaneously illuminated. This
‘time division multiplexed’ arrangement is used in order to minimise the
number of output ports bits required
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by multiple-digit displays. (Calculation of the value of the current-limiting
resistors is similar to that already seen
for a single light emitting diode, but
the brightness is normally increased,
since each digit is only illuminated for
a fraction of the time.)
We will revisit this application next
month, when custom macros will be
developed to drive single- and multipledigit 7-segment displays.

Inductive loads
A transistor may also be used to energise the coil of a relay, as illustrated
by Fig.5.5.
In this example, the relay is shown
energising a 24V lamp, but a more
flexible arrangement would be to
bring out the relay contacts to external screw terminals, allowing users
to make their own connections, as
appropriate. The addition of a normally reverse biased diode across
the relay coil enables the energy
stored in the magnetic field of the
coil to harmlessly dissipate when it is
de-energised, ‘quenching’ the momentary high voltage spike which
would otherwise occur.
The same basic circuit may be used
to energise other types of inductive
load, such as a DC motors, stepper
motors, or even solenoids – with
electronic door locks and pneumatic
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Proteus VSM simulation tips
Observant readers may have noticed
that the circuits of Figs.5.1 to 5.6 are
based on screenshots produced by
Proteus VSM software from Labcenter
Electronics. (The annotations for the
transistors, diodes and relay coil have
been added.) This neatly demonstrates
the feasibility of mixed hardware and
software simulation.
If you have access to this powerful
software application, then the following simulation and debugging tips may
prove useful:

Fig.5.5. Controlling a relay using a transistor switching circuit
valves being just two applications of follower, which causes the emitter to
solenoids.
be pulled up to almost 5V each time
Although not considered here, it is the internal LED is illuminated. This
also possible to use transistor circuits also illuminates the external indicator
to provide bidirectional control of LED1 via current-limiting resistor R2,
motors, or to energise the coils of a at the same time supplying a logic 1
bipolar stepper motor with positive or input to the PIC microcontroller at
negative polarity. Such a circuit would pin 17 (RA0).
use two output port bits per controlled
This type of input circuitry has two
device, linked to a ‘H-bridge’ transistor advantages. First, it allows connection
circuit, with a small DC motor requir- of higher input voltages, and second it
ing one bridge (two port bits per motor) provides electrical isolation of potenand a two coil stepper motor being tially dangerous input voltages from
linked to four output port bits.
the relatively expensive processor
Custom software routines to control circuitry.
stepper motors will be developed next
Bear in mind that the input protecmonth, in addition to the 7-segment tion circuitry of an actual PLC is likely
displays already discussed.
to be more complex than that shown
here, offering over-voltage and reverse
Isolating high and low
polarity protection.

voltages

The relay output circuit considered previously has the advantage of
providing a degree of electrical isolation between the low voltage control
circuit, and the potentially higher
voltages connected to the switch
contacts of the relay. This same safety
principle may also be applied to input circuitry, but this time based on
optocoupler technology, as illustrated
by Fig.5.6.
In this example, a 24V DC input is connected via a switch and
current-limiting resistor (SW1 and
R1 respectively) to the LED inside
the optocoupler. Closing the switch
causes the optocoupler LED to light,
thus enabling the photo-transistor
connected to the output.
The transistor within the optocoupler is wired as an emitter
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1. For simple application and viewing of logic levels, the ‘logicstate’ and
‘logicprobe’ components allow logic
0/logic 1 inputs to be applied and
displayed respectively. A momentary
action ‘logictoggle’ input device is also
available, and logic probes are found
in two different sizes.
2. The default oscillator frequency
of 1MHz should be changed to 4MHz
on each inserted microcontroller, thus
ensuring that time-critical programs
operate at the desired speed.
3. Proteus VSM provides a variety of ‘animated’ components,
which may be used to give a visual
indication of circuit operation during simulation. Animated devices
include switches, LEDs, 7-segment
displays, lamps, relays, DC motors
and stepper motors.
4. The ‘virtual instruments’ feature
emulates common measuring instruments such as the ammeter, voltmeter,
signal generator and oscilloscope.

Fig.5.6. Providing input isolation by using an optocoupler
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(Refer back to Part 2 Fig.2.2 to see the
At this stage, you should now have Table 3.1, Listing 3.6, and associated
‘digital oscilloscope’ in action.)
a good appreciation of the hardware text for more details.)
You also have the ability to pause found in a typical PLC, and you should
• Byte logical commands – performthe simulation and click on compo- be able to design simple low volt- ing combinational logic operations on
nents in order to view instantaneous age PIC interface circuitry for use in each bit of a register simultaneously.
parameters, including voltage, cur- embedded control applications. The
• Byte comparison – comparing byte
rent and power dissipation – which next section looks at the byte processvalues
using operators such as ‘less
can often be simpler than placement ing capabilities of the PLC software,
than’,
‘equal
to’, ‘not equal to’, ‘greater
of numerous measuring instruments. which will be used to build a digital
than’,
and
their
combinations.
Dedicated microelectronics instru- comparator, and also an adder/sub•
Byte
arithmetic
– adding and subments are also available, including tracter circuit.
tracting
byte
values
(with subtraction
a multiple channel pattern generator
using
2’s
complement
arithmetic).
and a logic analyser.
Working with bits and bytes
5. Proteus provides a built-in source
Ladder logic excels at the manipulacode editor, plus a number of built-in tion of individual bits – for example Byte logical commands
assemblers, including MPASMWIN. reading inputs, performing simple
Byte logical commands perform
Use of this assembler is an alternative to
combinational
logic operations such
combinational logic operations, and
the MPLAB IDE, which has been used outputting the results. Certain other as AND, OR, and XOR on each bit of a
throughout this series. (Note that the commands already considered may source register, combining the source
MPASM assembler also supplied with be regarded as either bit-oriented with a ‘mask’ to produce a result byte.
Proteus does not recognise PIC16F887 or byte-oriented, depending on the Careful choice of logical operation
source code files at the time of writ- application.
and mask byte allows a variety of
ing, although the MPASMWIN version
This includes counters, timers and operations to be performed, including
seems to have no such problem.)
shift registers, all of which make use setting, clearing, inverting or copying
selected bits.
6. A variety of software debugging of a byte-sized ‘working register’,
Each command offers a matched
features are provided through a pow- which may be optionally used by the
erful integrated development environ- programmer. Recall that commands pair of operations, which is selected
ment (IDE). The ‘watch window’ is have also been introduced which can by the value of the mask bit:
particularly useful for debugging ladder
load a byte-sized value into a register,
• AND with 1 to copy the source
logic programs, allowing the content of or copy a byte from one register to an- bit unaltered. AND with 0 to clear the
selected internal registers to be viewed other (the ‘puti’ and ‘putr’ commands output bit to zero
during run time. (Refer back to Part 3, respectively, first introduced in Part 3).
• OR with 1 to set the output bit to
Fig.3.3 to see this feature used when deUse of byte-oriented commands can 1. OR with 0 to copy the source bit
bugging a low-speed timer application.)
greatly simplify the writing of certain
Other IDE features include single step, programs, and a further advantage is unaltered
• XOR with 1 to invert the source
breakpoints, source code view, plus their efficient coding and high speed of
bit. XOR with 0 to copy the source bit
register and memory view windows.
execution. The only potential downside,
In general, I have found simulation for those new to microelectronics at unaltered.
These possibilities are illustrated
of animated electronic devices to be least, is the greater conceptual difficulty
trouble free, with a couple of minor when working with byte values, com- graphically by the example of Fig.
exceptions. First, the connection of pared with individual bits. This may 5.7, in which a binary source byte
animated DC motors and stepper include the need to work with a variety ‘1010 1010’ at the centre of the figure
motors can give ‘timestep too small’ of numbering systems, such as binary, is combined with a mask byte of ‘1111
errors in mixed simulations. If you octal, hexadecimal and decimal, in addi- 0000’ to produce three different result
encounter this error, then one worka- tion to the representation of signed and bytes by using AND, OR and XOR opround might be to replace the motor unsigned numeric values (2’s comple- erations at the left, right and bottom
byte '1010 1010' at the centre of the figure is combined with
a mask byte of '1111 0000' to produce
respectively.
with an animated lamp of the same
ment arithmetic
example.)
three different
result bytes for
by using
AND, OR and XOR operations
at the
left, rightoffers
and bottom
The
PLC
software
two difrating, in order to demonstrate circuit
The PLC software’s dedicated byte
respectively.
operation.
ferent
versions
of
each
command,
as
processing capabilities fall into the
Second, you may observe transient following categories:
shown in Table 5.1.
oscillation of outputs such as relay
As usual,
command names are
commands.
5.7. Bit masking with byte logical
• Byte data Figure
transfer – using the ‘puti’ supplied in lower case and register
contacts in more complex simulations.
This seems to relate to the method and ‘putr’ commands, as discussed names are upper case. Notice that comabove.
(Please
refer
backversions
to Partof 3,
used by the PIC microcontrollerThe
to PLC
mand names
ending
with5.1.
‘r’ (register)
software
offers two
different
each command,
as shown
in Table
update an output port, in which
Logical
Syntax and Addressing Mode
the output port is first read (ie inOperation
putted), then updated and finally
(Register, Immediate) -> Register
(Register, Register) -> Register
re-outputted. You can avoid this
AND
andi SRC_REG, BYTE, DST_REG
andr SRC_REG1, SRC_REG2, DST_REG
unwanted feedback effect by temOR
ori SRC_REG, BYTE, DST_REG
orr SRC_REG1, SRC_REG2, DST_REG
porarily placing ‘buffer’ compoXOR
xori SRC_REG, BYTE, DST_REG
xorr SRC_REG1, SRC_REG2, DST_REG
nents between appropriate output
Table5.1.
5.1. Byte-oriented
Byte-oriented logic
commands.
ports and any external circuitry.
Table
logic
commands
As usual, command names are supplied in lower case and register names are upper case. Notice that
command
Everyday Practical Electronics, March
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A practical application will be given in the next section when bit masking and byte comparison
commands are combined to make a digital comparator.
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producing three outputs,
‘A > B’ , ‘A < B’ and ‘A =
B’. A possible program is
given in Listing 5.1, written for the PIC16F887
microcontroller.
The program is relatively straightforward,
beginning by masking off
the upper 4 bits of Ports
A and B, storing the
results in auxiliary registers AUX0 and AUX1.
These intermediate values are then compared,
Fig.5.7. Bit masking with byte logical commands with the three possible
comparator results being
combine a pair of registers, while an ‘i’
written
in
order
to bits 0–2 of Port D.
(immediate) combines an immediate

conceptually difficult, due to its use of
2’s complement arithmetic. However,
potential applications might include
control-oriented systems in which a
measured parameter such as temperature, pressure, or speed of rotation is
compared with a set point, with a
subtraction command producing a
deviation value. This feature might, for
example, form part of a PID (proportional, integral, derivative) controller.
The example of Listing 5.2 performs
addition and subtraction of two 4-bit
numbers, outputting the results to two
8-bit registers.
Unfortunately, a full discussion of
2’s complement arithmetic is beyond
the scope of this series, but note that
the program of Listing 5.2 will display
value
with1010'
a register.
In each
case,
theis combined with a mask byte of '1111 0000' to produce
byte '1010
at the centre
of the
figure
Byte arithmetic instructions
result
is written
tobytes
a specified
three different
result
by usingdestinaAND, OR and XOR operations at the left, right and bottom any negative subtraction results in
The PLC software provides the abil- 2’s complement form on Port D. The
respectively.
tion
register.
include "16F887.PLC"
; Defines PLC instructions
ity to perform addition and subtraction
A practical application will be
following information may be useful
of byte PORTA,
values, with
available AUX0
command
b'00001111',
; Mask when
upper interpreting
4 bits of Port
A,
given in the next section when bit andi
displayed
results:
masking options
with byte shown
logical commands.
; placing result in AUX0 (number 'A')
Figure 5.7. Bitcomin Table 5.3.
masking and byte comparison
andiThisPORTB,
b'00001111',
; Mask upper 4 bits of Port B,
is likely
to be one ofAUX1
the lesser
• In an 8-bit representation, positive
mands are combined to make a digital
; placing result in AUX1 (number 'B')
used
features,
and
also
one
of
the
more
2’s complement numbers are allowed
comparator.
The PLC software offers two different versions
of each command,
as shown in Table 5.1.; Test if A = B
eqr
AUX0, AUX1

include
; ;Defines
PLCresult
instructions
out "16F887.PLC"
PORTD, 0
outputting
to bit 0 of Port
Byte
comparison comLogical
Syntax and Addressing Mode
Operation
mands
b'00001111',
AUX0-> Register
; ;Mask
gtr PORTA,
AUX0,
AUX1
Test upper
if A >4B bits of Port A,
(Register, Immediate)andi
-> Register
(Register,
Register)

D

out
PORTD, 1
outputting
result
bit (number
1 of Port'A')
D
; ;placing
result
in to
AUX0
AsAND
their title suggests,
byteBYTE, DST_REG
andi SRC_REG,
andr SRC_REG1, SRC_REG2, DST_REG
andi
PORTB, b'00001111',
AUX1 ; Mask upper 4 bits of Port B,
comparison commands perltr
AUX0,
Test if result
A < B
OR
ori SRC_REG, BYTE, DST_REG
orr AUX1
SRC_REG1, SRC_REG2, DST_REG
; ;placing
in AUX1 (number 'B')
form numerical comparisons
out
PORTD, 2
; outputting result to bit 2 of Port D
XOR
xori
SRC_REG,
BYTE,
DST_REG
xorr
SRC_REG1,
SRC_REG2,
DST_REG
between two values, produceqr endpAUX0, AUX1
; ;Test
A =
Marksifend
of BPLC program
Table 5.1.out
Byte-oriented
logic commands.
ing a logic 1 value if the comPORTD,
0
; outputting result to bit 0 of Port D
Listing 5.1. A 4-bit
comparator program.
parison
true. In fact,
you
As usual,iscommand
names
aremay
supplied in lower case and register names are upper case. Notice that
gtr
AUX0,
AUX1
; Test
if A > off
B the upper 4 bits of Ports A and
The
program
is relatively
straightforward,
beginning
by masking
recall
thatnames
we briefly
command
endingdiscussed
with 'r' (register)
combine
a pair
of
registers,
while an 'i' (immediate)
out
PORTD,
1inresult
; outputting
result
to bit
1 of
B, storing
the case
results
auxiliary
registers
and AUX1. These
intermediate
values
are Port
then D
byte
comparison
commands
in a register.
combines
an immediate
value with
In each
the
is written
to aAUX0
specified
compared,
with
the
three
possible
comparator
results
being
written
in
order
to
bits
0–2
of
Port
D.
Part
3, making
use of the ‘eqi’
destination
register.
ltr
AUX0, AUX1
; Test if A < B
(equal
immediate)
command
PORTD,
2 bit masking and byte comparison
; outputting result to bit 2 of Port D
A practical application will be given inout
the next section
when
to
test an immediate
value
anda digital comparator.
Byte Arithmetic Instructions
commands
are combined
to make
a register, as part of the light
endp
; Marks
of PLC program
The PLC software provides the ability to perform
additionend
and subtraction
of byte values, with
chaser program of Listing 3.9.
Listing
5.1.
A
4-bit
comparator
program.
Listing
5.1.
A
4-bit
comparator
program
(Lst5_1.asm)
available command options shown in Table 5.3.
Byte
Comparison
Commands
The full range of byte comThe program
is relatively
straightforward,
beginning
bytwo
masking off
the upper 4 bits of Ports A and
Arithmetic
Syntax
and
Addressing
Mode
parison
commands
As their title
suggests, and
byte options
comparison
commands
perform numerical
comparisons
between
B,
storing
the
results
in
auxiliary
registers
AUX0
and
AUX1.
These
intermediate
values are then
Operation
values,
producing
a logic
In fact,Immediate)
you may recall
we briefly (Register, Register) ->
are
given
in Table
5.2.1 value if the comparison is true.
(Register,
->that
Register
Register
compared,
with
the
three
possible
comparator
results
being
written
in
order
to
bits
0–2 of Port D.
discussed
byte
comparison
commands
in
Part
3,
making
use
of
the
'eqi'
(equal
immediate)
As an example, we will deAdd
addi SRC_REG, BYTE, DST_REG
addr SRC_REG1, SRC_REG2, DST_REG
command
to test
an immediate
value and a register, as part of the light chaser program of Listing
sign
a digital
comparator
which
Subtract
subi SRC_REG, BYTE, DST_REG
subr SRC_REG1, SRC_REG2, DST_REG
3.9. compare two 4-bit numwill
Byte Arithmetic Instructions
Byte
arithmetic
commands.
Table
5.3.
bers,
referred
as comparison
‘A’ and ‘B’,
5.3. Byte arithmetic commands
The full
range ofto
byte
commands and options are given inTable
Table 5.2.
The PLC
software
thethe
ability
perform
addition
of byte
values,
with 0
This
is likely provides
to be one of
lesser to
used
features,
and alsoand
onesubtraction
of the
conceptually
difficult,
to
bemore
in the
decimal
range
Compare
Syntax
and Addressing
Mode
available
command
options
shown
in
Table
5.3.
due to its use of 2's complement arithmetic. However, potential to
applications
might
include control+127, and
negative
decimal
Operation
(Register, Immediate) oriented
-> Register
(Register,
Register)
-> Register
systems in which
a measured
parameter
such as temperature,
pressure,
speed of rotation
numbers
are orbetween
-1 and
Arithmetic
Syntax and
Addressing
Mode
is compared with a setltrpoint,
with aSRC_REG2,
subtraction
command
producing
aThe
deviation
value.
This feature
Less than
lti SRC_REG, BYTE, DST_REG
SRC_REG1,
DST_REG
-128.
most
significant
bit of
Operation
might, for
example, form
part of a PID
derivative)
controller.
(Register,
Immediate)
->(proportional,
Register integral,
(Register,
Register)
-> Register
the subtracted
result
indicates
Less than or
ltei SRC_REG, BYTE, DST_REG
lter SRC_REG1, SRC_REG2, DST_REG
equal
the sign, with
zero indicating
a
Add
SRC_REG,
BYTE, DST_REG
addr
SRC_REG2,
DST_REG
The example addi
of Listing
5.2 performs
addition and subtraction
of SRC_REG1,
two 4-bit numbers,
outputting
the
positive result and one showing
Equal
eqi SRC_REG, BYTE, DST_REG
eqr
SRC_REG1,
SRC_REG2,
DST_REG
results to twosubi
8-bitSRC_REG,
registers. BYTE, DST_REG
Subtract
subraSRC_REG1,
SRC_REG2,
DST_REG
negative 2’s
complement
value.
Not equal
nei SRC_REG, BYTE, DST_REG
ner SRC_REG1, SRC_REG2, DST_REG
Greater than
Greater than
or equal

include "16F887.PLC"
; Defines
PLC instructions
commands.
Table 5.3. Byte arithmetic
gti SRC_REG, BYTE, DST_REG
gtr SRC_REG1, SRC_REG2, DST_REG
Positive
binary numbers are
AUX0 ;
Mask
4 the
bits
of conceptually
Port A,
This is likelyandi
to be onePORTA,
of the b'00001111',
lesser used features,
and
alsoupper
one of
more
difficult,
converted
to(number
2’s complement
; placing result
in AUX0
'A')
gtei SRC_REG, BYTE, DST_REG
gter SRC_REG1, SRC_REG2, DST_REG
due to its useandi
of 2's complement
arithmetic. AUX1
However,
potential
applications
might
controlPORTB, b'00001111',
; Mask
upper‘negative’
4 bits ofform
Port
byB,include
first inverting
;
placing
result
in
AUX1
(number
'B')
oriented
systems
in
which
a
measured
parameter
such
as
temperature,
pressure,
or
speed
of
Table 5.2. Byte comparison commands.
each bit, and then adding 1 rotation
to the

•

Table 5.2. Byte comparison commands

is compared addr
with a setAUX0,
point,AUX1,
with aPORTC
subtraction command
producing a deviation value. This feature
; Send result A + B to Port C
might, for example,
form
part
of
a
PID
(proportional,
integral,
derivative)
subr
AUX0, AUX1, PORTD
; Everyday
Send result
A - B Electronics,
tocontroller.
Port D March 2010
Practical
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As an example, we will design a digital comparator which will compare two 4 bit numbers, referred

to as 'A' and 'B', producing three outputs, 'A > endp
B' , 'A < B' and 'A = B'. A possible program isMarks
given end of PLC program
The example of Listing 5.2 performs addition and ;subtraction
of two 4-bit numbers, outputting the
in Listing 5.1, written for the PIC16F887 microcontroller. Listing 5.2. Addition and subtraction of two 4-bit numbers.

results to two 8-bit registers.
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Unfortunately, a full discussion of 2's complement arithmetic is beyond the scope of the present
; Defines PLC instructions
27/01/2010
article, but note that the program of Listing 5.2 will display any negative subtraction results in 2's

include "16F887.PLC"

11:42:03

Subtract

subi SRC_REG, BYTE, DST_REG

subr SRC_REG1, SRC_REG2, DST_REG

Sequencer-BasedTable
Systems
5.3. Byte arithmetic commands.

Theisbuilt-in
sequencer
makes
it easy
to create
complex
withdifficult,
user
This
likely to
be one offacility
the lesser
used
features,
and also
one ofanimated
the moresequences,
conceptually
defined
in 2's
EEPROM
memory
being sent
at regular
intervals
to the chosen
destination
register.
due
to its data
use of
complement
arithmetic.
However,
potential
applications
might
include controlSingle shot
or repeating
may
be produced
up to 255 steps,
depending
onofthe
oriented
systems
in whichsequences
a measured
parameter
such with
as temperature,
pressure,
or speed
rotation
of with
the EEPROM
memory
within the chosen
microcontroller.
Typical applications
the
iscapacity
compared
a set point,
with a subtraction
command
producing a deviation
value. Thisof
feature
sequencer
include toys,
shop signs,
running-light
displays,
and many more
might,
for example,
formfestive
part of decorations,
a PID (proportional,
integral,
derivative)
controller.
besides.
The
example
of16F627A
Listing 5.2
performs
addition
and subtraction
4-bit
numbers,
outputtingwhile
the
(Note
that the
and
16F628A
microcontrollers
have of
128two
bytes
of built-in
EEPROM,
results
to
two
8-bit
registers.
the 16F648, 16F88 and 16F887 offer 256 bytes. Please refer back to Table 1.1 for a detailed list of
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result. The inverse process
of subtracting 1 and then
sequencer
basedb'00001111',
programs is a little
to upper
that seen
far, of
since
the user's
program is inverting each bit converts
inWriting
Listing
5.4. PORTA,
andi
AUX0different
; Mask
4 so
bits
Port
A,
; placing
in AUX0
(number
'A')
effectively
with sequencer data ;contained
within
theresult
PLC header
file, during
assembly.
includemerged
"16F627.PLC"
Defines
PLC instructions
and
sequencer
dataThe a negative number back to
andiis normally
PORTB,
; Mask
upper
4
bits header
of Port
first step
to b'00001111',
create a separate;AUX1
folder
both
the
custom
file B,
and
the source positive form.
held to
inhold
EEPROM
- see
org H'2100'
section
; placing result in AUX1 (number 'B')
code file for the sequencer project. Next, the header
file is edited so that it contains the required
The next and final secld_not
SEQFIN,
0
;
Enable
input written
- continuously
running
sequencer
Finally,AUX1,
a suitable
ladder logic program
assembled
addr data.AUX0,
PORTC
; Send is
result Aand
+ B
to PortinCthe normal way. tion introduces the sesubr
AUX0, OSCL,
AUX1, 0PORTD
; Sendwith
result
A - B (0-26)
to Port D
d'27',
; Sequencer
27 light
steps
Forseq
the
sake of
simplicity,
sample sequencer
data
for a running
display
has already been placed quencer feature, which
extends the concept of byte
;
8
Hz
clock
input
(T
=
131.1
ms)
into the
header files supplied with Part 1 of the series.
Theend
onlyofremaining
step
is to write a short
endp
; Marks
PLC program
processing to incorporate
sequencer program,Listing
with a simple
example
shown
in Listing
5.3.4-bit numbers.
5.2. Addition
and
subtraction
of two
putr
SEQ, PORTB
Copy
sequencer
value
to Port
B
Listing
5.2. Addition
and ;
subtraction
of two
4-bit
numbers
(Lst5_2.asm)
simple state-based systems.
include "16F887.PLC"
microcontroller
features.)

; Defines PLC instructions

Unfortunately,
full discussion of 2's complement
arithmetic
is beyond
the scope of the present
include a"16F627.PLC"
Defines
instructions
endp
; ;Marks
end PLC
of PLC
program and sequencer data
article, but note that the program
of
Listing
5.2
will
display
any
negative
in 2's
;
held
in
EEPROM
see
org
H'2100' results
section
Listing 5.4. Producing a repeating display. subtraction
complement form on Port D. The following information may be useful when interpreting displayed
0 finished' status bit,
; Enable
input
- single-shot
In this ld
case, thePORTA,
'sequencer
'SEQFIN,
0' is first
inverted and sequence
then used as the
enable input to the sequencer. At first, the sequencer is enabled (because it is not yet finished), but
seqbit becomes
d'27',
0
; Sequencer
with 27 causing
steps (0-26)
the status
set OSCL,
on completion.
This
resets the sequencer,
the sequencer to restart.

Sequencer-based
systems

The built-in sequencer
facility makes it easy to
create complex animated
; 8 Hz clock input (T = 131.1 ms)
sequences, with user-defined
The sequencer feature is best suited to applications not requiring any great decision making
data in EEPROM memory
putr
; be
Copy
sequencer
value
to Port
capacity,
where aSEQ,
fixedPORTB
output sequence is to
generated
at regular
intervals.
If aBmore flexible
being sent at regular intervals
systemendp
is required then a 'finite state machine'
may beend
a better
choice,
and this type of system will
to the chosen destination reg; Marks
of PLC
program
be exploredListing
as a customisation
the final
part
of the
series.
ister. Single-shot or repeating
Listing
5.3.topic
Producing
a single
shot
sequence
with default
5.3.
Producing
ain
single-shot
sequence
with default
datadata.
(Lst5_3.asm)
in Listing 5.4.
sequences may be produced
This program produces a non repeating output sequence on Port B, which is triggered by an active- with up to 255 steps, dependinclude
"16F627.PLC"
;
Defines
PLC
instructions
and
sequencer
data
Creating
a Custom
Sequence
high enable
input connected
to bit
0 of Port
Thisinenable
input- must
continuously
high
ing on the capacity of the
; A.
held
EEPROM
see be
orgheld
H'2100'
section
duringmastered
the sequence,
causing the
sequencer to
be of
reset
whenthe
it goes
low. is
The
itself is
Having
the sequencer
programming
side
things,
next step
to sequencer
create our own
EEPROM memory within
ld_not
SEQFIN,
0
; display
Enable
input
-incontinuously
running
defined
using the
'seq'Acommand,
having
in
this
casewill
28 be
steps
theansequence
match
thethe
data
custom
sequencer
data.
simple
traffic
light
used
as
example(to
to
illustrate
the chosen microcontroller.
definedinvolved.
in the header file supplied with Part 1 of the series). Output data from the current step in the Typical applications of the
process
seq
OSCL, 0
; Sequencer with 27 steps (0-26)
sequence
is heldd'27',
in the SEQ
register, which
is displayed on output port B by the 'putr' command.
sequencer include toys, fes8 Hz clock
input
(T = 131.1
If you have not already done so, you should;download
the file
containing
zipped ms)
program listings
tive decorations, shop signs,
is quite
to adapt
this program
ordertotothe
create
continuously
sequence,
as shown
forIt Part
5 ofsimple
the series,
as usual
extractinginthese
samea folder
used forrunning
other parts.
You should
running-light displays, and
putr
SEQ, PORTB
; Copy sequencer value to Port B
notice that a sub-folder called 'V1.0.1_Files' has been created. This folder contains an updated set of many more besides.
header endp
files, which have been modified to include
theend
traffic
; Marks
oflight
PLC sequencer
program data, with the relevant
(Note that the 16F627A
sequencer content for the
PIC16F88
microcontroller
being
shown
in (Lst5_4.asm)
Listing 5.5.
Listing
5.4. Producing
a repeating
display.
Listing
5.4.
Producing
a repeating
display
and 16F628A microcontrollers have 128 bytes of
** This 0'section
initialises
In this case, the 'sequencer finished' status bit,; 'SEQFIN,
is first inverted
and thenEEPROM
used asdata
the
built-in EEPROM, while the
enable
input to H'2100'
the sequencer. At first, the sequencer
is enabled
(because
is not
yetby
finished),
but 16F648, 16F88 and 16F887
org
; Put EEPROM
data
here itfor
use
the
the status bit becomes set on completion. This; resets
the sequencer, command
causing the sequencer to restart. offer 256 bytes. Please refer
seq (sequencer)
; Up to 256 bytes are available with the
back to Part 1, Table 1.1 for
The sequencer feature is best suited to applications
not requiring any great decision making
; PIC16F88.
a detailed list of microconcapacity, where a fixed output sequence is to ;beTraffic
generatedlight
at regular
intervals.
If a more
flexible
data
is shown
below:
system is required then a 'finite state machine' may be a better choice, and this type of system will troller features.)
Writing sequencer-based
de
; Step
- Red
be explored
as aB'00000100'
customisation topic in the final
part of0 the
series.
de
B'00000110'
; Step 1 - Red + Amber
programs is a little different
de
B'00000001'
; Step 2 - Green (1 of 5)
to that seen so far, since the
deCreating
B'00000001'
; Step 3 - Green (2 of 5)
a Custom Sequence
user’s program is effectively
de
B'00000001'
; Step 4 - Green (3 of 5)
merged with sequencer data
de mastered
B'00000001'
Step
5 - Green
(4 step
of 5)
Having
the sequencer programming;side
of things,
the next
is to create our own
contained within the PLC
de sequencer
B'00000001'
; Step will
6 -beGreen
(5anof
5)
custom
data. A simple traffic light display
used as
example
to illustrate the
de traffic
B'00000010'
; Step
– time
Amber
A
suitable
light program is given in Listing
5.6, 7this
written for the PIC16F88 with low header-file during assembly.
process
involved.
The first step is normally
Listing
light
sequencer
data.data
voltage programming enabled.
Listing5.5.
5.5.Custom
Customtraffic
traffic
light
sequencer
If you have not already done so, you should download the file containing zipped program listings to create a separate folder
include
Defines
instructions
and sequencer
Notice
that5EEPROM
dataasisusual
specified
as a ;series
of
bytes,
starting
at for
hexadecimal
memory
for Part
of the"16F88_L.PLC"
series,
extracting
these
todata
thePLC
same
folder
used
other parts.
You data
should to hold both the custom
; heldofin
EEPROM
- the
see
'ORG
2100H'
section
location
2100.
The
actual
sequencer
data
consists
8
steps,
with
red,
amber
and
green
traffic
notice that a sub-folder called 'V1.0.1_Files' has been created. This folder contains an updated set ofheader file and the source
lights
assumed
to be connected
the rightmost
sequencer
output
bits.
Assuming
thatwith
eachthe
step
lasts code file for the sequencer
header
files, which
have 0beentomodified
to; include
traffic
light
sequencer
data,
relevant
ld_not
SEQFIN,
Enablethe
continuous
operation
forsequencer
oneand
second,
then
we
can
see
that
the
green
output
will
be
active
for
5
seconds,
with
all
other
project. Next, the header file
PORTA,
0
;
with
a
separate
enable
input
content for the PIC16F88 microcontroller being shown in Listing 5.5.
is edited so that it contains
states lasting one second each. The sequencer will operate in continuous mode, automatically
; ** This
initialises
EEPROM data the required sequencer data.
seqto stated'8',
Sequencer
with
8 steps
(0-7)
returning
0 after OSCL,
the final3 state, thus;giving
an amber
tosection
red
transition.
; 1 Hz clock input
Finally, a suitable ladder
org
H'2100'
; Put EEPROM data here for use by the
logic program is written
;
seq
(sequencer)
command
putr
SEQ, PORTB
; Copy sequencer value to Port B
; Up to 256 bytes are available with the and assembled in the normal way.
; PIC16F88.
endp
; Marks
end of PLC program
; Traffic light data is shown below:
For the sake of simplicListing
5.6.
Theprogram
traffic light
program.
Listing 5.6. The
traffic
light
(V1.01_Files/Lst5_6.asm)
ity, sample sequencer data
de continuous
B'00000100'
; Step
0 additional
- Red
Notice that
operation has been enabled,
and an
enable input has been added,
de
B'00000110'
; Step 1 - Red + Amber
linked
to
bit
0
of
Port
A.
(The
updated
software
supplied
in
Version
1.0.1
turns-off
the sequencer
de Practical
B'00000001'
5)
Everyday
Electronics, March 2010 ; Step 2 - Green (1 of
output when
it
is
disabled,
and
makes
other
minor
corrections,
as
detailed
in
the
release
notes.)
de
B'00000001'
; Step 3 - Green (2 of 5)
de

B'00000001'

53

; Step 4 - Green (3 of 5)

Readersde
with Proteus
VSM simulation software ;may
optionally connect a 'traffic lights' component
B'00000001'
Step 5 - Green (4 of 5)
to the output
port,
as
shown
in
Figure
5.8.
For
others,
the6program
de
B'00000001'
; Step
- Greenmay
(5 easily
of 5)be adapted to run on
Teach-In
Part 5.inddde53
supported
hardware
platforms, in which case the; colour
traffic light LEDs may need to be
B'00000010'
Step of
7 the
– Amber

27/01/2010 11:42:11
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for a running light display has already
been placed into the header files supplied with Part 1 of the series. The
only remaining step is to write a short
sequencer program, with a simple
example shown in Listing 5.3.
This program produces a non repeating output sequence on Port B, which
is triggered by an active-high enable
input connected to bit 0 of Port A. This
enable input must be held continuously
high during the sequence, causing the
sequencer to be reset when it goes low.
The sequencer itself is defined using the ‘seq’ command, which in this
case has 27 steps in the sequence (to
match the data defined in the header
file supplied with Part 1 of the series).
Output data from the current step in
the sequence is held in the SEQ register, which is displayed on output port
B by the ‘putr’ command.
It is quite simple to adapt this program in order to create a continuously
running sequence, as shown in Listing
5.4. In this case, the ‘sequencer finished’
status bit, ‘SEQFIN, 0’ is first inverted
and then used as the enable input to
the sequencer. At first, the sequencer is
enabled (because it is not yet finished),
but the status bit becomes set on completion. This resets the sequencer, causing
the sequencer to restart.
The sequencer feature is best
suited to applications not requiring
any great decision making capacity,
where a fixed output sequence is to
be generated at regular intervals. If a
more flexible system is required then
a ‘finite state machine’ may be a better
choice, and this type of system will be
explored as a customisation topic in
the final part of the series.

Creating a custom sequence
Having mastered the sequencer programming side of things, the next step
is to create our own custom sequencer
data. A simple traffic light display will
be used as an example to illustrate the
process involved.
If you have not already done so, you
should download the file containing
zipped program listings for Part 5 of
the series; as usual, extracting these to
the same folder used for other parts.
You should notice that a sub-folder
called ‘V1.0.1_Files’ has been created.
This folder contains an updated set of
header files, which have been modified
to include the traffic light sequencer
data, with the relevant sequencer
content for the PIC16F88 microcon-

54

Teach-In Part 5.indd 54

troller being shown in Listing 5.5.
Notice that EEPROM data is specified
as a series of data bytes, starting at hexadecimal memory location 2100. The
actual sequencer data consists of eight
steps, with the red, amber and green
traffic lights assumed to be connected
to the rightmost sequencer output bits.
Assuming that each step lasts for one
second, then we can see that the green
output will be active for five seconds,
with all other states lasting one second
each. The sequencer will operate in
continuous mode, automatically returning to state 0 after the final state,
thus giving an amber to red transition.
A suitable traffic light program is
given in Listing 5.6, this time written
for the PIC16F88 with low voltage
programming enabled.
Notice that continuous operation
has been enabled, and an additional
enable input has been added, linked
to bit 0 of Port A. (The updated
software supplied in Version 1.0.1
turns-off the sequencer output when
it is disabled, and makes other minor
corrections, as detailed in the release
notes.)
Readers with Proteus VSM simulation software may optionally connect
a ‘traffic lights’ component to the
output port, as shown in Fig.5.8. For
others, the program may easily be
adapted to run on supported hardware platforms, in which case the
colour of the traffic light LEDs may
need to be imagined!
An interesting exercise for the
reader would be to extend the above
system to control a pair of traffic
lights at a crossroads (north-south
and east-west operation). You may
also like to think of other applications of sequencers, including
electronic toys and decorations.
Development of new systems and
applications can be both interesting
and creative, and will also give you

plenty of opportunities to practise
your hardware design skills.

Summary
We have covered a lot of ground this
month, ranging from hardware design
and the use of computer-based simulation, to byte-oriented programming,
and even simple sequencer-based
systems. Several of these topics will
be expanded in the next and final part
of the series, which will focus on customisation of the software.

Next Month
In the final part of the series we will
add a number of custom extensions
to the PLC software, creating an updated version in the process. This will
greatly extend the range of potential
applications of the software. Topics
considered will include:

• Configuring device options (port
directions, watchdog timer, option and
configuration register settings).
• Conditional subroutines – executing a block of code if a condition is true.
• Using lookup tables for code conversion – converting binary codes to
and from other formats (a technique
with a surprisingly large range of potential applications).
• Finite state machine – creation
of powerful and flexible state-based
systems.

These extensions will enable us
to control devices, including 7-segment displays, DC motors and stepper motors, with the possibility of
digital position measurement using
Gray code.
We will also revisit the traffic light
application one last time, demonstrating that a finite state machine approach
offers increased flexibility compared
to the sequencer-based method considered above.

Fig.5.8. Connecting
a traffic light
component in
Proteus VSM
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Circuit Surgery
Regular Clinic

by Ian Bell

Why Do They Do That?
n Circuit Surgery we usually try
Iquestions,
to answer ‘how do I do that?’ type
but this month, it is more of a

case of ‘why do they do that?’ Where ‘they’
are the designers of the ICs we use, and
the ‘why’ relates to the use of low supply
voltages for modern electronics.
The choice of this topic was prompted
by the following question posted by
Thomas Scarborough on the EPE Chat
Zone (chatzones.co.uk).

My experience of electronics tells me
that it is awkward to try to run anything
off less than about three volts: CMOS,
discrete, and so on. However, take a digital
recorder/player I recently bought: 1.2
volts. Among other things, it has an orange
LED! How do these things ever work?
A number of replies on the forum
suggested the use of voltage step-up ICs,
with epithumia citing the MAX1947 as
an example. This is how LEDs and other
parts of systems which have to have higher
voltages to operate are powered when the
battery voltage is below their working
voltage. However, it is not the whole story.
Many readers will be aware that the supply
voltage (core voltage) of microprocessors,
such as Intel’s Core-2 chips, is typically
in the range of about 0.85V to 1.4V. So, it
is evident that digital circuits can work at
these low voltages. In fact, they have to run
at these low voltages, something we will
return to shortly.

Stepping-up

If a step-up chip is used, then at least one
part of the system must work at the lower
voltage to run the step-up process. The
approach taken by the MAX1947 is quite
interesting in this respect. The datasheet
(see maxim-ic.com) reveals that it uses a
‘bootstrap’ approach. It contains a start-up
oscillator, which can run on the minimum
specified input voltage for the device,
which is about 0.7 to 0.8V.
This oscillator runs a switching conversion which brings the output voltage to
around 1.6V. Once this output level is
achieved, it is used to power the reminder
of the IC’s internal circuitry – the main
DC-to-DC converter, which boosts the
output voltage to the required value.
It is common for modern portable
personal electronic gadgets, such as the
music player Thomas mentions, to run
off low-voltage battery supplies. This is
convenient because a single small battery
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can be used, but often requires other
voltages to be generated. LEDs require
higher voltages because the physics of
their operation determines the ‘forward
voltage’ required for them to emit light.
For an orange LED this is typically about
2.2V, for blue and white LEDs it is higher,
usually at least 3.3V.
Many digital ICs require low voltages,
often in the 1V to 3.3V range, because higher
voltages would destroy the transistors used
in their circuits, and because lower power
consumption (and hence battery life) is
a critical requirement in such gadgets –
using lower supply voltages helps achieve
lower power consumption. The fact that
different parts of such products might
require different voltages is reflected in the
vast number of DC-to-DC conversion and
power management ICs aimed at designers
in this market.

In perspective

The perspective stated by Thomas,
‘that it is difficult to get anything to work
below 3V’ is one based on designing with
discrete components, using traditional
circuit techniques. A bipolar transistor
requires about 0.7V to switch on, so a 1.2V
supply does not give you much headroom.
However, the IC designers working on
modern digital chips will be using circuits
based on MOSFET transistors (CMOS)
with threshold voltages typically below
0.5V, maybe around 0.3V or even lower.
The basic circuit structure of logic gates
remains the same at these low supply
voltages, but analogue circuit designs
may be radically different. Many new
approaches to low-voltage analogue design
have been published over the last twenty
years, but often these designs are based
on silicon (not discrete components) and
some approaches employ special device

structures, such as multi-input floating gate
MOSFETs.
It is developments in digital, rather
than analogue circuits, which have caused
the move to low supply voltages. Digital
circuitry dominates modern products such
as MP3 music players and mobile phones,
and analogue design has adapted to its
requirements. The low power supply voltages
we have today are a direct consequence of the
dramatic increase in performance of electronic
products over the last few decades. This
exponential growth in electronic functionality
was predicted by Gordon Moore in 1965;
known as Moore’s law, it states that the
number of transistors on an integrated circuit
would double approximately every 18 months
to two years.
For example, Intel’s first 8-bit processor,
the 8008, was produced in 1972 and
contained 3,500 transistors. The recent Intel
Core i7 64-bit processor, launched in 2009,
has about 780 million transistors. We need
between 17 and 18 ‘doublings’ to produce
this two-hundred-thousand-fold increase
over 37 years (18.5 two-year periods), so
this is in line with Moore’s Law.
Moore’s Law has held for over forty
years, although it may not continue much
longer due to the fact that transistors are
becoming so small that atomic and quantum
effects may prevent much further progress.
However, other ‘fundamental’ limits have
been predicted before and passed.

Scaling theory

Behind the empirical data of Moore’s
Law lies scaling theory, this is what
has driven the improvement in circuit
performance. The basic idea behind scaling
is that by making transistors smaller you
get faster circuits, which take up less space
on the silicon, or of course you can put
more functions on a chip the same size.
GATE G
(POLYSILICON OR METAL)

WIDTH W

DRAIN D
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LENGTH L
OXIDE
THICKNESS t OX
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Fig.1. Structure of an NMOS transistor
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Powerful issue

An interesting issue with scaling is what
to do with the power supply voltage. Ideally,
it should be scaled by k like everything else,
but that may be inconvenient. If each new
generation of chips uses different supply

voltages, then their logic levels will not be
compatible between generations, possibly
making system design and interfacing
difficult. Not scaling the voltage down also
means that potentially the clock frequency
can be increased by more than 1.43 times
because CMOS delay decreases at higher
supply voltages.
During the 1980s, supply voltages
were not scaled and new chip generations
kept the same supply voltage at 5V. The
consequence of this so called constant
voltage scaling is that the electrical field
strengths (volts per meter) inside the chips
increase. Scaling in which the supply
voltage is reduced proportionately is called
constant field scaling because the electric
field strengths in the chip remain constant.
The increasing field strengths in constant
voltage scaling cause problems such as hot
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Fig.2. Changes in supply voltage (VDD) and MOSFET threshold voltage (VTH) with
IC technology generation. The change from constant voltage scaling (5V supplies)
to constant field scaling at the 0.8µm node is clearly seen
carrier injection (HCI), in which charge
carriers (electrons) are accelerated so
much that they are able to penetrate parts
of the chip where they should not be,
causing damage to the chip and degrading
performance. High field strength in the gate
oxide causes time-dependent dielectric
breakdown (TDDB) and hence transistor
failures.
Another consequence of constant voltage
scaling, is excessive power dissipation and
chip heating. Switching power consumption
in CMOS circuits is proportional to V2fC
where V is the supply voltage, f is the (clock)
frequency and C is the load capacitance
being driven (which in the simplest analysis
is proportional to the transistor gate
capacitance).
For constant voltage scaling, this power
remains constant, or increases by (1/k)
depending on the scaling of the clock
frequency. This means that the power
dissipation per unit area of the chip (power
density) increases significantly (1/k2  to 1/k3).
Use of constant field scaling reduces power
dissipation problems because switching
power is reduced by k2, the same factor as
transistor area, so power density remains
constant from one generation to the next.

No longer viable

The problems with constant voltage
scaling meant that this approach did not
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remain viable after the 1980s (0.8m
technology node) and hence the 1990s
saw a reduction in power supply voltages,
particularly for advanced logic ICs such
as microprocessors. This is illustrated in
Fig.2, which shows supply voltage (VDD)
and MOSFET threshold voltage (VTH)
against technology node.
The scaling theory we just described
is somewhat simplified in a number of
ways. In practice, voltages and transistor
dimensions are not scaled by the same
factor as they should be in pure constant
field scaling. Also, it is not possible to
scale everything by factor k; for example,
MOSFET threshold voltages is one area
in which scaling is difficult. It can be seen
in Fig.2 that the threshold voltage has not
scaled down at the same pace as supply
voltage.

6

VOLTAGE

Doing this is not trivial, because you
have to develop new fabrication technology
which is capable of reliably manufacturing
large quantities of chips using the smaller
transistors. However, scaling theory
does allow you to predict how the next
generation of technology will behave and
what you can achieve with it.
Scaling theory was first developed by
Robert Dennard and his colleagues at IBM
in 1972 and published in a paper in 1974
in the IEEE Journal of Solid-State Circuits.
Dennard is also notable as the inventor of
Dynamic Read Only Memory (DRAM) in
1967 (patented in 1968).
Fig.1 shows a simplified schematic
of an NMOS transistor, showing key
physical dimensions: the channel length,
L, the channel width W, and the gate oxide
thickness, tox. In scaling a technology,
these physical dimensions are reduced by
multiplying by a factor k. So the minimum
transistor channel length changes from Lmin
to kLmin, and similarly the oxide thickness is
reduced to ktox. Other transistor parameters
are scaled in the same way.
The usual value for k is 0.7 (ideally
1/2), that is physical sizes are scaled
down by 30% to go to the next generation
of circuits. Capacitance in transistors
is proportional to their area divided by
the oxide thickness, WL/tox (capacitance
increases if you increase the size of the
plates or bring them closer together). This
means capacitance scales by (0.7×0.7)/0.7
which is 0.7. Circuit delays scale down
by 0.7, which means clock frequency can
increase by a factor of 1.43 (ie 1/0.7).
The area of a chip is proportional to the
area of all the transistors, each of which
has area W×L, which scales by 0.7×0.7,
which is about 0.5. So the circuitry takes
up half the space on the new generation
technology; or to put it another way, you
can have double the number of transistors
on a chip and hence twice the functionality
running 43% faster.
IC technology generations are described
in terms of a characteristic size relating to
the manufacturing process, which is based
on the smallest feature size possible in that
generation. Initially, this was measured
in micrometres (m), but now it is in
nanometres (nm). These values are often
referred to as technology nodes.
Until 2005, this was usually taken as being
the half-pitch of metal interconnections
on DRAM; which was representative
for all types of IC. More recently, as IC
technology and scaling has got more
complex, this single representative node
idea is less meaningful.
Readers interested in the details of IC
technology development should consult
The International Technology Roadmap for
Semiconductors (ITRS). This is a regularly
published assessment of the next fifteen
years of the semiconductor industry’s
future technology requirements, and
contains a large amount of technical data.
Their website is at itrs.net.

Low threshold voltage is a problem
because the transistors do not turn off
very well, resulting in leakage currents.
Although the leakage of each transistor
is small, when it is multiplied millions
of times it represents a significant power
demand and is a serious problem in the
most recent IC generations. Another
complicating factor in scaling is that
developments in circuit design techniques
change the characteristics of circuits (such
as maximum operating frequencies) and
again cause deviations for idealised scaling
theory.
A consequence of the fact that ‘perfect’
constant field scaling has not been possible
is that power density and power dissipation
did not remain constant as technology
developed in the 1990s. This means
that chips such as microprocessors have
continued to produce more and more heat.
Anyone familiar with PC motherboards
as they progressed from using early 386s,  
via various Pentiums, to the latest models
will have been aware of the increasing
importance of the heatsink and cooling fan
for the processor.
Back in the late 1990s, if you had plotted
the trend for the power density of an Intel
processor, and projected it forward to now
you would have predicted processor power
densities approaching that of the surface
of the Sun (which is around 6000 W/cm2).
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in the same way as before was not going to
work. Forced water cooling could probably
handle processors dissipating up to around
several hundred W/cm2, but this would not
be economically viable for everyday office
and home PCs. Thus, power dissipation for
processors has levelled off and increased
performance has been achieved by improvements in processor architecture – moving
to multiple core designs.
In this article, we have just scratched
the surface of a large and complex subject.
However, we hope we have shown the reason
that modern digital (and mixed analogue and
digital) ICs often use very low power supply
voltages and why supply voltages have been
changing over the last couple of decades.
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Fig.3. Intel Processor power dissipation. This graph is usually attributed to Shekhar
Borkar of Intel
This is illustrated in Fig.3, which along
with the Sun’s surface, has a hot plate, a
nuclear reactor and a rocket nozzle as
power density reference points.
This figure is widely reproduced (in
various forms) in technical papers, articles
and presentations. It is often attributed to
Shekhar Borkar, now director of Intel’s
Microprocessor Technology Lab. Borkar
did as we just described, and analysed

the trends, at that time, in processor
development, publishing a paper in the
IEEE’s Micro magazine in 1999. This was a
very real problem for Intel – they cancelled
the 4GHz Pentium 4 in 2001 due to heat
dissipation problems. Subsequently, they
announced dual core processors.
Like the move away from constant voltage
scaling to lower supply voltages, this was
another breakpoint where continuing to scale
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PIC n’ Mix

Mike Hibbett

Our periodic column for PIC programming enlightenment

Easing Software Development

W

hen writing software for a new
project, particularly when using
a new microcontroller in a new
circuit, it’s essential to start with a working
and reliable framework. Creating this each
time you build a new circuit becomes very
time consuming, and you will find yourself
repeating old mistakes, which gets very
frustrating. Wouldn’t it be better to design
a simple framework once, and then reuse it?
We’ve covered this idea before in
assembly language but it’s worth taking a
look at how we can address the issue when
programming in ‘C’, a language we are told
is ‘portable’.

In the frame

Having a flexible, reusable debugging and
development framework that can be easily
reused does require that the language you
have written it in is itself portable between
different processors. Assembly language is
one of the least portable languages around,
and even porting between a PIC16 and a
PIC18 processor will prove a challenge.
Worse, if you design it with the ‘lowest
common denominator’ in mind, then you
will need to make compromises that reduce
the utility of the software, making it hardly
worth the effort. ‘C’ does indeed improve on
this, but does itself suffer from portability
issues. The difference is, however, that in
‘C’ the non-portable aspects can be isolated
into a small portion of the code, with the rest
being easily transferable between processor
types – so long as you take a little care up
front.
Fans of the ‘C’ programming language
will tell you how portable a language it is,
and that is true, up to a point. However, most
PIC processors have a highly unusual ‘nonstandard’ processor architecture, which does
not fit well with the ‘C’ language. ‘C’ was
designed for processors with a common
code and data address bus, and a stack that
exists within the normal address space.
The lower-end PIC processors have a
separate code and data address space, and a
very limited hardware stack. ‘C’ compilers
that target these processors have to be
somewhat imaginative in their application,
and rely on some ‘extensions’ to the
language to work.
The higher-end processors, such as
the PIC32, have a completely different
architecture to the PIC18 or PIC16 families
( the PIC32 is, in fact, not a Microchip core
at all, but a MIPS ) and so do not suffer from
this problem. As most of us will use C on a
PIC18 or PIC24, we will have to take the
differences into account.
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Framework

As with any other project it’s important
to define what you want to achieve before
sitting down and writing code. Here is our
list:

Easy to modify for new projects
Provide a template for source file layout
Provide a stable hardware configuration
Utilise low power operation
Provide a serial interface for debugging
Easy-to-enhance debugging facilities.
The first point is obvious, but the second
may be less so. When you write software,
especially a lot of it, the code can be much
more readable if you use a consistent style.
Comment headers for files and individual
functions help you understand what the
program does when you come back to it
after a long break (or decide to reuse old
code in a new project.)
The debugging features are not essential,
but will prove very useful, if you have a
spare UART interface available. If your
application will require the only UART
present on the chip, then it is still worth
keeping a debugging interface during initial
development until your code is stable. You
should, as a minimum, try to keep a single
I/O pin free for debugging output – even
turning a pin high or low can help solve
problems.
Once you have a serial
port available for debugging
it’s possible to add very
powerful software ‘tools’
into your framework to
inspect variables and read
or write to flash memory.
Every application has its
own particular features that
benefit from inspection
during development, so
having an easy-to-expand
debugging system should
be on our wish list.

de-soldering and resoldering a circuit,
trying to locate a hardware fault, only to find
it’s a software error. Just ask any hardware
engineer.
Investing the time in getting a reliable
system early on means that you can
relax and concentrate on the fun stuff,
progressing easily through the design. The
initial implementation of a framework
requires you to have a clear understanding
of the inner workings of your hardware
and microprocessor – or more specifically,
the nuances of its datasheet – and getting
this done first will mean no surprise circuit
changes later on. Having an existing
framework that you can ‘port’ to your new
design will speed this process up too, and
help you get to the fun stuff more quickly.

Practical example

Although a standard framework may
provide more features than you need or
have code space for, these features can be
removed as your own design progresses.
So let’s not spend any more time talking
about it, and take a look at a practical
example.
We’ve put together a framework based
around the PIC18F45K20. It’s a fairly
standard PIC18F processor, chosen simply
because it’s the part fitted to the PicKit3
Demo Board, and so it is easy to experiment
with. (We’ll be reviewing the PicKit3 in a
later issue.)
The software is available on the EPE
website, in this month’s archive. The file is
called PicNMix-C-framework.zip. We have

Stable setup

The most important
feature of any framework is
to provide a known, stable
setup. Even with a trivial
hardware design, there is
nothing more frustrating
than
spending
hours

Fig.1. Source code layout
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used the Microchip MPLAB integrated
development environment and C18 C
compiler as these are free and very powerful.
Ironically, porting this code to a different
vendor’s compiler could be more difficult
than porting it to another Microchip processor
because different vendors handle the PIC’s C
language extensions in different ways.

Organisation

The source code organisation can be seen
in Fig.1. Including the Microchip .mcw
and .mcp project files, only eight small
files are required for implementation. Your
own source code is placed in main.c, and
you can add further project files as you see
fit. The serial debugging support code has
been isolated in its own subdirectory as it
is completely independent of your project
code.
Your main program source code is placed
in the file main.c, located in the top level
directory with the two MPLAB project files.
You are free to add additional source files and
link them into main.c; this file simply adds
the hardware initialisation and debugging
support. mainconfig.h adds a single location
in which to store the configuration bit settings
for your chosen processor.
The main() function within main.c is
a simple loop, typical of main embedded
application control loops. There are two calls
of interest here: Sleep() and serialDebug().
The sleep call is optional, and is used to place
the processor into a lower power state. The call
effectively halts program execution until an
interrupt has taken place. It’s only of use if you
wish to run the processor at low power.
The serialDebug call is the ‘hook’ into
the debugging support system. It normally
executes just two simple ‘if’ statements and
then returns, so consumes very little of your
processing time. Only if a command has been
entered via the serial port does it activate and
run whatever command you have entered. It
then outputs whatever message your debug
handling routine provides, and then goes
back to ‘quiet mode’.

Debug command

The SerialDebug function is implemented
in the file serialDebug.c. The only other
function in this file, sdRxChar(), is the
routine called by the main application
whenever a character has been received

Fig.2. Debug command selection
for the debugger. You would call this from
whatever method you use for receiving serial
data from the outside world. The main.c file
provides an example interrupt driver receive
function, which calls sdRxChar, but you can
replace it with your own code if you wish
– even a bit-bashed serial receive interface.
A debug command can have parameters
expressed in decimal or hexadecimal,
and enable you to implement complex
commands, such as display regions of flash
or ram memory. The way the commands are
processed by SerialDebug is shown in Fig. 2.
The highlighted line of code in Fig. 2
does all the work. A data structure variable
cmdTable (pointed to by sdp) is defined in
sdTable.c. This variable is a table listing
the commands available with the function
names and a short textual description.
Using a table like this significantly
simplifies adding new functions into a
debugging system. Once your new feature is
implemented, you simply add a single line
to the cmdTable variable and your function
will become available and visible in the list
of commands.

Smaller processors

And what about the PIC16, and smaller
families? C compilers do exist, but the
challenge is greater. Smaller processors
are less complex and so can be mastered
quickly anyway, making a portable
development framework less important.
There may be less code and data space
available for a debug system too. In
cases such as these, you have to rely on a
simulator to debug the code, and perhaps
an LED being controlled by debug
statements at interesting points.

Coming up

Next month, we step away from the
Microchip range of processors for a
change and take a look at a very unusual
one – the humorously named ‘Propeller’
processor from Parallax Inc, the people
who brought us the Basic Stamp. This
processor has on-chip video generation
support hardware, and promises colour
video generation. It looks like it could be
very interesting!
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Practically Speaking
Robert Penfold looks at the Techniques of Actually Doing it!

I first started building electronic
W
projects, which was probably long
before most EPE readers were born,
hen

electronic kits were all the rage. In the
kit’s accompanying instruction leaflet you
were frequently encouraged to handle all
the components to familiarise yourself
with them, and to ensure that you could
accurately identify each one.
This might still sound like a good idea,
and it certainly has some merit, but it is not
advice that you are likely to be given these
days. In fact, you are likely to be warned
against any unnecessary handling of some
components.

Hands-free

I suppose that this change in approach
has been brought about by two changes
in electronics. One is simply that the
components used to be relatively large and
tough. Some of the older valves (tubes)
had glass cases that would almost certainly
break if they were dropped on the floor, but
most components were large by current
standards, and pretty robust. Most modern
components are primarily designed for
automated construction methods, and in
normal use they receive little or no handling.
This is not to say that they will fall apart
in your hands. However, the ‘look but
don’t touch’ approach has some merit with
modern components, and when you do need
to handle them it is usually best to adopt the
‘kid gloves’ approach. In particular, it is not
a good idea to start bending and forming
leadout wires until it is actually time to
fit the components into place. The way in
which the leadout wires are connected to
the body of the component seems to be a
weakness with some modern components.
Pulling the leads can cause problems,
but the more usual source of trouble is
when bending a leadout wire close to the
body of the component, and it is something
that should be avoided as far as possible.
There seem to be a variety of reasons for
this action causing damage, which is often
in the form of a leadout wire breaking off
completely. In less severe cases, it seems to
be a weakness in the body of the component
that results in part of it close to the lead
breaking away.
Glass-cased diodes are perhaps the
most common source of this problem, but
it can occur with resistors and other axial
components (the tubular type that have
a lead at each end). The damage does not
necessarily prevent the component from
working and staying within its specification.
However, a component that shows obvious
signs of physical damage is unlikely to
have good reliability, and it is advisable to
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discard it and obtain a replacement. There
should be nothing to worry about if the
damage is simply damage to the paint.
A drawback of some small resistors is
that the manufacturing process seems to
make the leads quite weak where they enter
the body of the component. This has to be
regarded as a design flaw, and if you obtain
any resistors of this type it is probably
best to avoid buying any more. Again, the
problem comes to a head if the leadout wire
is bent close to the body of the component.
The wire bends at the weak point, and if you
are unlucky it breaks off.
There is often no way of telling whether
a component is one of the more vulnerable
types or one that is relatively tough, so it
is probably best to handle and use all of
them with due care. Avoid any unnecessary
flexing or bending of the leadout wires,
and when forming leadout wires, avoid
any bends very close to the bodies of the
components. A strategically place fingernail
or screwdriver blade makes it easy to
produce a bend at the required point in a
lead, while not placing undue force on the
nearby sections of the lead.

Fig.1. Open construction capacitors like
the one on the left are far less hardy
than the cased type on the right. Any
capacitors that lack a proper casing
should be treated very carefully

Modern PCM capacitors are mostly much
tougher than the early types, which often
lacked a proper casing to give overall strength
to the component. An old PCM capacitor is
shown in Fig.1 (left), and its open construction
is readily apparent. Fig.1 (right) shows a
modern equivalent, which has a fairly tough
plastic case that protects the component and
holds the leads firmly in place.
There are still open-style PCM capacitors
in circulation, and they must be treated with
due care if you use them. It is also worth
bearing in mind that some PCM capacitors
that appear to have a plastic case actually
have something that could more realistically
be regarded as a thick coating of paint.
This type of coating is good at keeping out
moisture and other forms of contamination,
but does not really impart a great deal of
strength to the component. Capacitors such
as these need to be treated with due care,
and are not much tougher than the open
construction type.
It is really non-electrolytic PCM capacitors that tend to suffer from the problem of
dropping leads. PCM electrolytic capacitors
use a different form of construction that
makes them physically quite tough. The
problem is mainly associated with the
larger non-electrolytic components that
have some form of plastic dielectric, which
mainly means the polycarbonate, polyester,
and Mylar types.
These days it is perhaps the physically
tiny capacitors that tend to be the most
vulnerable. Some types, such as ceramic and
tantalum capacitors, seem to be designed
with small physical size as the priority,
and physical strength as an afterthought. In
addition to problems with detached leads,
some ceramic capacitors are quite thin and
brittle. Pieces can break off if they are not
handled and used carefully.

End of a capacitor

Charged atmosphere

Some printed circuit mounting (PCM)
capacitors used to be notorious for the ease
with which one of the leads would part
company from the rest of the component.
Any outward pressure on the leads was
likely to result in one of the leads splitting
away from the body to which it was
soldered. With this type of capacitor it was
not just a matter of avoiding unnecessary
handling. When fitting a component of
this type it was important to make sure
that it dropped easily into place and, where
necessary, to carefully straighten the leads
in order to make the component a proper
fit prior to fitting it onto the circuit board.
Simply squeezing a component into place if
it was a poor fit was likely to result in one of
the leads coming adrift.

A major difference between the
components of today and those of (say)
50 years ago, is that the components of
yesteryear were not vulnerable to high
voltages. They were mostly designed to
operate with potentials of a few hundred
volts, or even a few thousand! By
comparison, modern components seem to be
predominantly designed for use on supply
potentials of just a few volts. Voltages even
slightly higher than this can prove to be
fatal for many modern integrated circuits.
This vulnerability to quite modest
voltages becomes a serious problem when
it is combined with the various MOS
technologies that are used in the manufacture
of many modern semiconductors. The
components are reasonably safe once fitted
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into a completed circuit board, but there is
a real risk of them being zapped before they
actually reach the circuit!
The source of the problem is the voltages
present in a normal environment, some of
which are surprisingly high. Most of the
time you are left unaware of their presence
and these voltages only become apparent
when they reach sufficient magnitude to
grab your attention. This usually means
something like your hair standing on end,
or a spark being generated each time you
stroke the cat.
Semiconductors that are not manufactured
using MOS technology tend to be regarded
as safe from static charges, while MOS
devices are regarded as highly vulnerable.
There is some truth in this belief, but it
is probably not a strictly accurate way
of viewing the matter. The majority
of semiconductor manufacturers now
warn against getting any semiconductor
components close to large static charges.
While semiconductors are mostly
untroubled by short bursts of high current,
excessive voltages, even when extremely
short in duration, tend to damage
components sufficiently to leave them in
an unusable state. Whether the source of
the voltage is a static charge or a normal
power source such as a battery is of no
practical importance. Either way, a suitably
high potential will result in damage to a
semiconductor component.
Therefore, it is advisable to keep all
semiconductor components away from
possible sources of high voltage static
charges. If you have any prolific generators
of static electricity in your home you will
probably be all too aware of them already.
Common sources are TV sets, computer
monitors, carpets, and pets. It is perhaps
worth pointing out that although loose
components are the most vulnerable, it
is still possible for damage to occur once
components have been fitted onto a circuit
board. The components should be safe once
the circuit board has been housed in a case,
but the semiconductors it contains remain
vulnerable until it is protected by some
form of housing.

At risk

Practically all semiconductors are to
some extent vulnerable to static charges, but
it is certainly the MOS types that are at the
greatest risk. It is quite normal for an MOS
device to have an extremely high input
resistance of a million megohms or more.
The equivalent figure for ordinary bipolar
transistors is more like a few kilohms,
which quickly leaks away any static charges
long before dangerously high potentials are
reached. By contrast, the input resistance
is so high for MOS devices that, even over
a period of time, static charges are not
significantly leaked away. Instead, they are
left to build up, possibly reaching such a
high potential that the device breaks down
and is destroyed.
It is important to realise that MOS
components can be damaged by relatively
small static voltages, and that we are
not necessarily talking in terms of a few
hundred volts or more with sparks flying.
Voltages of sufficient magnitude to damage
MOS devices are often found in everyday
environments, but these voltages are often
too low to make their presence obvious. You

can pick up an MOS component and
accidentally zap it without there being
any noticeable sign of a problem. You
only become aware that all is not well
when the completed project fails to
work.

Sent packing

Vulnerable devices should be
supplied in some form of anti-static
packing, and they are completely
safe from static charges while they
are kept in this packaging. There are
several forms of anti-static packing
in common use, including conductive
foam, blister packs, plastic tubes, and
conductive plastic bags. Some typical
examples of anti-static packing are
Fig.2. Three types of anti-static packaging. Blister
shown in Fig.2.
There are two basic approaches to pack (top left), conductive foam (top right), and a
protecting the components, and one of conductive plastic bag (bottom)
these is to ‘short-circuit’ all the pins
or leads of the components together. While
the occasional awkward component that
this does not actually keep high voltages at
requires some straightening of the pins by
bay, it prevents a high voltage from existing
hand before it will fit into the holder.
between two of the component’s terminals.
This has the desired effect because it is not a
Down to earth
high voltage per se that causes the damage.
Although much of the available antiIt is a high voltage between two pins that
static equipment is probably too expensive
‘blows’ one or more semiconductor junctions
for serious consideration by amateur
and destroys the device.
users, there are two items that are practical
The second approach is to insulate
propositions. Both rely on the fact that
components from the outside world, and
static charges can be removed by leaking
this is the one taken with the plastic tubes.
them away to ‘earth’. An earthing wristband
The blister packs that have a conductive foil
almost certainly represents the most costbacking take a ‘belt and braces’ approach,
effective item of anti-static equipment. In
with both types of protection being
addition to the wristband itself, there is an
provided.
earthing plug, and a lead to connect this to
Unnecessary handling of MOS devices
the wristband (Fig.3).
should obviously be avoided, and they
should be left in their anti-static packaging
until it is time for them to be fitted to the
circuit board. Semiconductors sometimes
come complete with various warning notices
which imply that the components have no
chance of survival unless they are handled
in an environment that is protected by some
very expensive anti-static equipment.
These notices tend to exaggerate the
problem though, and it is certainly not
essential to use expensive equipment, even
when dealing with the most vulnerable
components. This is just as well, since a
few simple precautions are the only option
available to most electronic hobbyists.
An important precaution is to keep the
components well away from any known or
Fig.3. An earthing wristband can be
likely sources of static charges. In a similar
obtained quite cheaply these days, and
vein, when building projects do not wear
enables sensitive components to be
clothes that might generate static charges.
handled without fear of zapping them
These days, manmade fibres are normally
The plug looks a bit like an ordinary mains
mixed with natural fibres, and this has made
plug, but it only carries an earth connection,
the problem far less common than it used
and the other two pins are dummies made
to be. However, if you have any clothes
from plastic. There is probably no realistic
that shown any signs of producing static
chance of getting a severe electric shock
charges; do not wear them when building
from one of these devices, but a high value
electronic projects.
protection resistor is included in the lead
Another important precaution is to fit
anyway.
integrated circuits to the circuit board via
An earthing mat can be used on the
sockets. This is definitely advisable with
workbench, and it is simply a mat made
any integrated circuits, MOS or otherwise,
from a conductive material that is earthed in
but it is essential with the MOS variety.
the same way as an earthing wristband. The
Always try to avoid touching the pins
presence of the mat guarantees that there
any more than is absolutely necessary when
can be no build-up of static charges in the
fitting semiconductors to a circuit board.
work area. Anything brought into the work
Unfortunately, it will not usually be possible
area should be placed on the mat, where any
to avoid touching them altogether. It might
static charges will be earthed before they
be possible if you have an integrated
have a chance to cause any problems.
circuit insertion tool, but there will still be
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS
ELECTRONICS PROJECTS

Logic Probe testing

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

ELECTRONIC CIRCUITS & COMPONENTS V2.0
Version 2

Circuit simulation screen

Electronics Circuits & Components V2.0 provides an introduction to the principles and
application of the most common types of electronic components and shows how they are
used to form complete circuits. The virtual laboratories, worked examples and pre-designed
circuits allow students to learn, experiment and check their understanding. Version 2 has
been considerably expanded in almost every area following a review of major syllabuses
(GCSE, GNVQ, A level and HNC). It also contains both European and American circuit
symbols. Sections include: Fundamentals: units and multiples, electricity, electric circuits,
alternating circuits. Passive Components: resistors, capacitors, inductors, transformers.
Semiconductors: diodes, transistors, op amps, logic gates. Passive Circuits. Active
Circuits. The Parts Gallery will help students to recognise common electronic components
and their corresponding symbols in circuit diagrams.
Included in the Institutional Versions are multiple choice questions, exam style
questions, fault finding virtual laboratories and investigations/worksheets.

ANALOGUE ELECTRONICS

Complimentary output stage

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

ROBOTICS &
MECHATRONICS

DIGITAL ELECTRONICS V2.0
Version 2

Virtual laboratory - Traffic Lights

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

ANALOGUE FILTERS

Filter synthesis

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

PRICES

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

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

•
•
•
•

Hobbyist/Student  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . £45
Institutional (Schools/HE/FE/Industry) . . . . . . . . . . . . £99
Institutional 10 user (Network Licence)  .  .  .  .  .  .  .  .  .  .  . £249
Site licence  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . £499

inc VAT
plus VAT
plus VAT
plus VAT

(UK and EU customers add VAT at 15% to ‘plus VAT’ prices)
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PICmicro

TUTORIALS AND PROGRAMMING
HARDWARE

VERSION 3 PICmicro MCU
development board
Suitable for use with the three software packages
listed below.
This flexible development board allows students to learn both
how to program PICmicro microcontrollers as well as program
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and
18 series PICmicro ranges. For experienced programmers
all programming software is included in the PPP utility that
comes with the development board. For those who want to
learn, choose one or all of the packages below to use with the
Development Board.

• Makes it easier to develop PICmicro projects
• Supports low cost Flash-programmable PICmicro devices
• Fully featured integrated displays – 16 individual 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)

£158

including VAT and postage, supplied
with USB cable and programming software

SOFTWARE
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
Includes a C compiler
improves understanding
Includes
for a wide range of PICmicro devices
full Integrated Development Environment
Includes MPLAB software Compatible with most
Includes a compiler for
PICmicro programmers
all the PICmicro devices.

•

•

•

•

•

•

•

•

•

FLOWCODE FOR PICmicro
V4
FREE with Flowcode V4 (student
and institutional versions) ECIO
board – a 28-pin reprogrammable
microcontroller.
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
Produces ASM code
demonstration tutorials
16-bit
for a range of 18, 28 and 40-pin devices
arithmetic strings and string manipulation pulse
I2C. New features of Version
width modulation
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)

•

•

•
•

•

•

•
•

•

•

•
•

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

PRICES

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

(UK and EU customers add VAT at 15% to ‘plus VAT’ prices)
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Hobbyist/Student  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £45
InstItutional (Schools/HE/FE/Industry) . . . . . . . . . . . . £99
Institutional/Professional 10 user (Network Licence) £350
Site Licence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £699
Flowcode Institutional (Schools/HE/FE/Industry) . . .  £149
Flowcode 10 user (Network Licence)  . . . . . . . . . . . . .  £399
Flowcode Site Licence . . . . . . . . . . . . . . . . . . . . . . . . . £799

inc VAT
plus VAT
plus VAT
plus VAT
plus VAT
plus VAT
plus VAT
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SPECIAL PACKAGE OFFER
TINA Pro V7 (Basic) + Flowcode V3 (Hobbyist/Student)
TINA Analogue, Digital, Symbolic, RF, MCU and
Mixed-Mode Circuit Simulation, Testing and PCB Design
TINA Design Suite is a powerful yet affordable software package for analysing, designing and real time
testing analogue, digital, MCU, and mixed electronic circuits and their PCB layouts. You can also analyse RF,
communication, optoelectronic circuits, test and debug microcontroller applications.

DIGITAL WORKS
3.0

£58.V0A0T

inc. &p
and p

Enter any circuit (up to 100 nodes) within minutes with TINA’s easy-to-use schematic editor. Enhance
your schematics by adding text and graphics. Choose components from the large library containing more
than 10,000 manufacturer models. Analyse your circuit through more than 20 different analysis modes or with 10 high tech virtual
instruments. Present your results in TINA’s sophisticated diagram windows, on virtual instruments, or in the live interactive mode where
you can even edit your circuit during operation.
Customise presentations using TINA’s advanced drawing tools to control text, fonts, axes, line width, colour and layout. You can create,
and print documents directly inside TINA or cut and paste your results into your favourite word- procesing or DTP package.
TINA includes the following Virtual Instruments: Oscilloscope, Function Generator, Multimeter, Signal Analyser/Bode Plotter, Network
Analyser, Spectrum Analyser, Logic Analyser, Digital Signal Generator, XY Recorder.
Flowcode V3 (Hobbyist/Student) – For details on Flowcode, see the previous page.
This offer gives you two seperate CD-ROMs – the software will need registering (FREE) with Designsoft (TINA) and Matrix Multimedia
(Flowcode), details are given within the packages.

Get TINA + Flowcode for a total of just £58, including VAT and postage.

An Interactive Guide to Circuit Design

Single User £39.00 inc. VAT.
Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT.
(UK and EU customers add VAT at 15% to “plus VAT’’ prices)

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.

ORDER FORM

 Electronic Projects
 Electronic Circuits & Components V2.0
 Analogue Electronics 			
 Digital Electronics V2.0			
 Analogue Filters			
 Electronics CAD Pack			
 Robotics & Mechatronics		
 Assembly for PICmicro V3
 ‘C’ for 16 Series PICmicro V4
 Flowcode V4 for PICmicro + ECIO
 Digital Works 3.0

Version required:
 Hobbyist/Student
 Institutional
 Institutional/Professional 10 user
 Site licence
Note: The software on each version is the
same, only the licence for use varies.

 PICmicro Development Board V3 (hardware)
 TINA Pro V7 Basic + Flowcode V3 Hobbyist/Student
 Electronic Components Photos; Version 1.1
 Project Design – Single User
 Project Design – Multiple User (under 500 students)
 Project Design – Multiple User (over 500 students)
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)
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Hobbyist/Student £45 inc. VAT.
Institutional £99 plus VAT.
Institutional 10 user £249 plus VAT.
Site Licence £599 plus VAT.

ELECTRONIC
COMPONENTS PHOTOS

Over 150
p
Over 600 ages
images

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

Please send me: CD-ROM

•

•

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

Counter project
Digital Works Version 3.0 is a graphical
design tool that enables you to construct
digital logic circuits and analyze their
behaviour. It is so simple to use that it will
take you less than 10 minutes to make your
first digital design. It is so powerful that you
Software
will never outgrow its capability
Create
for simulating digital logic circuits
your own macros – highly scalable Create
your own circuits, components, and i.c.s
Easy-to-use digital interface
Animation
Vast library of logic
brings circuits to life
macros and 74 series i.c.s with data sheets
Powerful tool for designing and learning.

A high quality
selection of over
200 jpg images
ION
of
electronic
RS
components. This
VE
W
selection of high
NE
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

ORDERING

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

Institutional, Multiple User and Deluxe
Versions – overseas readers add £5 to the
basic price of each order for airmail postage (do
not add VAT unless you live in an EU (European
Union) country, then add 15% VAT or provide
your official VAT registration number).

Send your order to:
Direct Book Service
Wimborne Publishing Ltd
Sequoia House, 398a Ringwood Road
Ferndown, Dorset BH22 9AU
To order by phone ring

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

E-mail: orders@wimborne.co.uk
Online shop:
www.epemag.com
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READOUT

Email: editorial@wimborne.co.uk
Matt Pulzer addresses some of the
general points readers have raised.
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All letters quoted here have previously been replied to directly

 LETTER OF THE MONTH 
Short circuit test warning
Dear Editor
I am concerned at some of the
comments made in the January 2010
issue of EPE in the Ingenuity Unlimited
item ‘Wartbox’ about plug top (‘wallwart’) power supply units (PSU).
The writer suggests shorting the
output to determine the output current.
Depending on the design of the circuit in
the PSU, this is not normally a good idea.
You could damage it and the resulting
current value will be the short-circuit
value, not the normal maximum rated
output current.
These plug-top PSUs come in five
types:
Transformer unit – contains a
transformer only, markings should show
output is AC.
Unregulated unit – contains transformer, rectifier and smoothing capacitor;
output is DC, but is unregulated. With
no load, or a low current load, the output
voltage will be much higher than the rated
output voltage, because the capacitor

•
•

charges up to the peak voltage of the
secondary of the transformer (about 1.4 times
the transformer secondary RMS voltage).
The marked voltage on the unit is normally
the voltage when the rated current is being
delivered. To estimate the voltage at the rated
current, divide the off-load voltage by 1.28.
Regulated unit – transformer, rectifier,
smoothing capacitors and linear regulator
circuit. Provided the unit stays within its
current rating, the voltage is constant and
independent of load.
Switched-mode type that uses a mains
transformer – similar to the linear regulated
unit, but uses a switched-mode regulator
circuit. Again, within its current rating, the
voltage is constant and independent of load.
Switched-mode type that directly uses
the mains voltage. This type does not use a
normal mains transformer (and is therefore
smaller and lighter). Instead, it rectifies the
mains to produce about 330V DC (when
used on 230V AC mains supplies) and then
converts this to a high frequency AC current,
which is fed to a high frequency transformer.
The output is rectified and smoothed. The
result is a regulated DC output.

•
•
•

Soldering advice

Thanks for thanks!

Dear Editor
Having read Alan Winstanley’s soldering
guide on the internet, I have to congratulate
him. Everything I’ve ever read flies straight
into ‘solder this item to that’. This was the
first time I encountered anything sensible
on the art of soldering, and anyone new
to electronics needs to read this prior to
attempting any soldering project.
I have worked with stained glass
extensively over a period of time, so I have
a fair amount of soldering experience,
although of a totally different nature. This
type of fine soldering with limited heat
input is new to me, so thank you again for
providing me with this helpful guide.

Dear Editor
Many thanks for the ‘Honourable mention’
in December’s issue, your comment is most
kind and I must say that I and Chris, my ’tother
half, are really touched (but she’s not surprised
as I’m always trying to help mend things for
people!). I’m sure that if John Becker had
been alive, he’d have approved too.
From the technical point of view, this was a
first-time experience for me because I mended
Terry Buchanan’s exposure meter by remote
control! I never had the physical equipment,
only photographs sent by email. (What Terry

Chris Watkins, South Africa,
by email
We’re glad to be of help! Other readers
can access Alan’s advice at: www.
epemag.wimborne.co.uk/solderfaq.htm
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Some regulated units and switched-mode
types have current-limiting protection, and/
or short-circuit protection. However, the
other PSUs normally only have a thermal
fuse (and some of the really cheap imported
ones don’t even have that). The fuse is part of
the transformer and is not replaceable; once
‘blown’, the unit is scrap.
In the types that don’t have a regulator
circuit to limit the current (until the
thermal fuse ‘blows’), the only component
that provides any limiting factor is
the transformer. But these are cheap
transformers, and by shorting the output you
are putting them under a great deal of stress
– not recommended.
Mark Kinsey,
Weston-super-Mare, by email
Useful advice Mark, and thank you
for the overview of the ‘wall-wart’ types.
Plus, I’d like to reiterate that readers
should only tackle this kind of mainsbased work if they are quite clear they
understand the dangers and correct use
of mains electricity.

lacks in electronic knowledge, he certainly
makes up for in his mastery of photography.)
I did email the manufacturer for circuit
details, but all I got back was a firm refusal
written in polite German.
Ah well, not everyone wants to help.
Godfrey Manning,
Edgware, by email
Again,
well
done
Godfrey!
–
troubleshooting is always tricky, but you
succeeded without having access to the
equipment in question and a polite if
unhelpful brush off from the manufacturer.

IF YOU HAVE A SUBJECT YOU WISH TO
DISCUSS ON THIS PAGE
PLEASE EMAIL US AT:
editorial@wimborne.co.uk
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Readers’ Circuits

Our regular round-up of readers’ own circuits
WIN A PICO PC-BASED
OSCILLOSCOPE WORTH £799

• 200MHz Analogue Bandwidth Dual Channel Storage Oscilloscope
• Spectrum Analyser
• Frequency Meter
• Multimeter
• USB Interface.
If you have a novel circuit idea which would be of use to other readers then a Pico
Technology PC-based oscilloscope could be yours.
After every 20 published IU circuits, Pico Technology will be awarding a PicoScope 3206
digital storage oscilloscope for the best IU submission. In addition a PicoScope 2105
Handheld ‘Scope worth £199 will be presented to the runner up.

We pay between £10 and £50 for all material
published, depending on
length and technical merit. We’re looking for novel
applications and circuit
designs, not simply mechanical, electrical or softw
are ideas. Ideas must
be the reader’s own work and must not have been
published or submitted
for publication elsewhere.
The circuits shown have NOT been proven by
us. Ingenuity Unlimited is
open to ALL abilities, but items for considera
tion in this column should
be typed or word-processed, with a brief circu
it description (between
100 and 500 words maximum) and include a full
circuit diagram showing
all component values. Please draw all circu
it schematics as clearly
as possible. Send your circuit ideas to: Ingen
uity Unlimited, Wimborne
Publishing Ltd., Sequoia House, 398a Ringwood
Road, Ferndown, Dorset
BH22 9AU. Email: editorial@epemag.wimborne.co
.uk.
Your ideas could earn you some cash and a prize
!

Spectra-Lite II – a colourful display

I

n February 1992, EE magazine published the Spectra-Lite, a colourful LED display which enabled one to advertise one’s hobby (electronics) on one’s lapel. This circuit, claimed EE, would have people
‘intrigued and speechless’.
The circuit of Fig.1 accomplishes much the same as the Spectra-Lite,
only in a more simple fashion, continually cycling a tri-colour LED
(LED1/LED2) through red, orange, green, and back again.

+12V

R2
470Ω

IC1c

How it works

The circuit which surrounds IC1a is a simple clock generator, which
produces a slow sawtooth waveform at input pin 1, and a squarewave
waveform at output pin 2. IC1b and IC1c are wired in parallel to boost
output current. This circuit is repeated, except in inverted form, by IC1f.
A sawtooth waveform is produced at the junction of resistor R3 and capacitor C3, while a squarewave waveform is produced at output pin 12.
Again, IC1d and IC1e are used to boost output current. In short, while
the voltage at IC1a input pin 1 rises, so the voltage at IC1f input pin 13
falls, and vice versa.
The resistors which charge and discharge timing capacitors C2 and C3
(R2 and R3 respectively) are of a sufficiently low value to illuminate an
LED, while simultaneously charging and discharging C2 and C3. Zener
diodes ZD1 and ZD2 drop 3V each, so as to adjust the voltage across
LED1/LED2 downward to a suitable level for controlling the brightness
of these two LEDs. If desired, 1N4001 diodes may be wired in series
with Zener diodes ZD1 and ZD2 to tweak the performance of the LEDs.
The circuit requires a number of ‘ground rules’ in order to work. Resistor R1 and R4 should have significantly higher values than R2 and
R3, or capacitors C2 and C3 will fail to charge. R1 and R4, calculated in
series with R2 and R3, should have sufficiently low values to illuminate
the LEDs brightly. Capacitors C2 and C3 should have sufficiently high
values to keep the values of R2 and R3 low, though not too low, so as not
to overload IC1. Components surrounding IC1a and IC1f should ideally
be matched.
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Fig.1. Complete circuit diagram for the Mk2 version of the
Spectra-Lite
After switch-on, C3 requires a few cycles longer than C2 to attain its
full charge and discharge cycle. The circuit has a moderate current consumption at about 20mA. The tri-colour LED is a dual red/green type in
a single package, with a common cathode (k).
Thomas Scarborough
Cape Town, South Africa
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Max’s Cool
Beans
By Max The Magnificent
Book it!

W

ell, I’m a very happy person at the moment, because
my wife – Gina the Gorgeous – presented me with my
first ‘toy’ based on electronic paper as my Christmas present
this year. Much to my surprise, she gave me a Kindle electronic book reader from Amazon (www.amazon.com/gp/product/
B0015T963C). Meanwhile, my 15-year old son gave me a
leather cover for the little rascal (by which I mean my Kindle,
not my wife), and the two dogs and the cat – Henri, Lili, and
Rocket, respectively – surprised me with a clip-on LED-based
night light (at least, that’s what it said on the wrapping paper;
goodness only knows where they got the money).
I’ve been pondering buying one of these little beauties for
ages and ages, but I never took the plunge ... now I’m kicking
myself that I waited so long. At the time of writing, there are
two models available. Gina gave me the smaller version that
is 203mm (8in) tall, 135mm (5.3in) wide, and 9mm (0.36in)
thick, with a 152mm (6in) diagonal display. This really is
amazing. It’s about the same size (area-wise) as a typical paperback book and only as thick as a pencil – see photo. It’s also
incredibly light; even with its leather cover (not shown here), it
weighs only about as much as a regular paperback book.
This version holds about 1500 books and has international
wireless capability that works in about 100 countries around the
globe. The great thing here is that you don’t have to sign up for a
wireless service or anything – it just comes with the Kindle, with
no monthly fees and no annual contracts. Also, you don’t need
to go hunting for a ‘wireless hotspot’ – it works pretty much
wherever you are, just like a cellphone.
Not surprisingly, when the wireless is on, it does tend to drain
the battery faster than when it’s off, but you only need the wireless to be powered-up when you are searching the Amazon store
(or the rest of the web) and when you are downloading a book or
a magazine or whatever. Once you’ve loaded any items you wish
to read onto your Kindle, you can turn the wireless off (I make
a point of deactivating the wireless when I’m not using it). I’ve
been using my Kindle for an average of about one hour a day;
and after two weeks it still shows that the battery is half full from
its original charge, which I think is jolly impressive.
Now, in order to download books you do need to have an account at Amazon, but I already had one (I typically purchase
two or three books a week), so all I had to do was enter my
account details (user name and password) into the Kindle, and I
was ready to ‘rock and roll’ and download my first book.
I decided to dip my toes in the water with a recent science
fiction book, which would have sported a price-tag of around
$10 (£6) as a physical paperback book, but which cost only $6
(£4) in its electronic incarnation. The download took less than a
minute, after which I was up and running.

Good experience

To be honest, the reason I had held back from purchasing
a Kindle in the past was that I wasn’t sure how good the ‘user
experience’ would be. As it happens, I’m delighted to report
that it’s great; plus, there are all sorts of advantages to the electronic version, such as the fact that you can change the size of
the font on the fly. Also there’s an inbuilt dictionary, so if you are
unsure of a word, you can move a cursor over it and an associated
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dictionary definition immediately pops up. Also, you can set electronic bookmarks, add notes, cut out clippings... and the list goes on.
There’s also a larger version of the Kindle – the Kindle DX
(www.amazon.com/Kindle-Wireless-Reading-Display-Generation/dp/B0015TG12Q) – that may be more appropriate for
some folks. This really does look rather tasty; it has a much bigger display screen and it can hold up to 3500 books, periodicals
and other items.
This little beauty also offers some cool features like an
auto-rotating screen, which means that the display autorotates from portrait to landscape as you turn the device,
thereby allowing you to easily view full-width maps, graphs,
tables, and web pages (you have to set this manually on the
smaller model).
I was going to say that the main downside to the Kindle DX
(apart from its substantially higher price-tag) is the fact that
its wireless works only in the US, but I just bounced over to
Amazon and I see that the latest version now has global wireless capability. In fact, I just clicked the ‘Coverage Map’ link
on Amazon, and I see that just about every country I’m every likely to visit is covered for both Kindles, including India,
where I will be presenting a number of papers at a conference
this coming summer (I’ll tell you more about that in a future
column).
Of course, there will always be a place in my heart for real,
physical books printed on paper, but when it comes to travelling to visit my mom in the UK, or jetting around the globe to
‘do stuff’, from this point on I think I will be carrying only my
Kindle.

Check out ‘The Cool Beans Blog’
at www.epemag.com
Catch up with Max and his up-to-date
topical discussions
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Surfing The Internet

Net Work
Alan Winstanley

T

his month, I’ll start with a timely nag about taking backups: a
recent near-total disaster involving a friend’s IBM desktop server
running RAID necessitated a full reinstallation of essential data and
software. She depends entirely on her system for her business, and we
were fortunate enough to recover data from the damaged hard disks.
However, all software had to be reinstalled from scratch: you do keep
serial numbers, log-ins and passwords safely locked away somewhere
for such times, don’t you? So consider off-site backups such as
Carbonite, Netgear ReadyNAS Vault, or F-Secure Online Backup.
When rebuilding systems, a reader has suggested a useful online
tool that helps with downloading and installing useful essential
applications (apps). Ninite from www.ninite.com is a brilliant
Windows fetcher and installer that provides a shopping list of all
the best downloadable applications, including Firefox, AVG Anti
Virus, Skype, MalwareBytes, CCleaner, Google Earth and very many
more. Simply tick the apps. you want and the downloader is created
automatically. Ninite is small, fast and light – not even Ninite is
installed. Check their website for a list of available downloads, and
why not suggest your own apps. too?

A few weeks ago my patience finally ran out with my provider
(Orange) due to poor coverage and I felt the phone wasn’t paying
for itself. I migrated to rival 02, which provides a SIM only with a
so-called unlimited data tariff on a 30-day rolling contract, without
being locked into an 18- or 24-month contract. The data coverage
is far better and now the phone is rapidly becoming indispensable,
unchaining me from my office PC into the bargain as well!
Several weeks elapsed before Orange could unlock my phone,
so a 95p SIM card from Tesco Mobile (which is powered by 02),
dropped into an ancient Nokia phone, helped me over a transition
period.  eBay is a useful source of spares and chargers for such legacy
hardware. I felt that an old Nokia car charger for £1 was also worth
buying as a backup, because you never know when something might
fail, as my IBM-desktop owning friend (above) found to her cost.

Oh no?

So now I have an Orange-supplied HTC Tytn II running on 02. A
variety of websites such as http://xda-developers.com  are dedicated
to the technology of updating or ‘flashing’ phones with the latest
ROM upgrade, but it seems a huge risk to take, just to scrub out an
A flashy smartphone
Orange splash screen and delete some trivial Orange customisation
or other: a job for another day perhaps.
Regular readers will know that I’m a big fan of my HTC Tytn II
The more urgent problem of using 02’s mobile data service then
Windows Mobile phone, which allows me to check email on the move
arose. I needed their network’s Access Point Name (APN) so that
and surf the web with some limitations. This has only become more
my phone could utilise GPRS. Disappointingly, O2 refused to help,
practical in the last year or so as network coverage has increased.
citing an ‘unsupported handset’ and suggesting that I ask the handset
Tariffs seem more generous too, with the networks striving to outdo
manufacturer instead! Once again, the web came to the rescue, and
each other in the scramble to poach customers from rivals.  Despite
I must commend the UK website www.filesaveas.com, which listed
the ‘unlimited’ GPRS or 3G data quotas now on offer, I still only
all the necessary GPRS settings for all UK networks. Armed with
download the first few kilobytes of an email just to get the feel, before
this information, at last my reinvigorated phone sprang into life on
fetching interestingthe new network. I configured the AuthSMTP service settings to send
looking emails in full,
mobile email, and a few test emails confirmed all was well.
individually.
As an extra attraction, my TomTom satellite
navigation and phone now work together perfectly via
Bluetooth, thanks to a TomTom windscreen holder with
built-in microphone scrounged off eBay. Also sourced
via eBay (Argos Clearance Bargains, no less!) was an
in-car ‘safe’ for storing my satnav in an impregnable
box. And I finally had crystal clear hands-free calling
as well.
More websurfing turned up some indispensable
free software for use with my Windows smartphone.
MyMobiler from www.mymobiler.com allows
the phone screen to be viewed on the PC desktop;
just connect via USB, start MyMobiler and the
smartphone’s display appears in a window pane. You
can navigate around the phone using the mouse, play
with the address book and dial out on the mobile with
the keyboard’s numpad. Where necessary, use the
arrow keys instead of the D-pad on the phone.
MyMobiler claims to support Windows Mobile
2003, Mobile 5 and 6, and it worked immediately on
my WM6.1 phone, though connecting it does start
Microsoft Active Sync as well. (Newer versions of
Windows utilise Microsoft Device Stage instead; more
Author’s mobile phone screen
displayed on a Windows desk- details from http://windows.microsoft.com/en-GB/
A hugely useful downloader to help
top using MyMobiler free from windows7/What-is-Device-Stage)
installing essential software is Ninite.com
You can email me at alan@epemag.demon.co.uk.  
www.mymobiler.com
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DIRECT BOOK SERVICE

Electronics Teach-In
CD-ROM

INTRODUCING ROBOTICS WITH LEGO MINDSTORMS
Robert Penfold
Shows the reader how to build a variety of increasingly
sophisticated computer controlled robots using the brilliant
Lego Mindstorms Robotic Invention System (RIS). Initially
covers fundamental building techniques and mechanics
needed to construct strong and efficient robots using the
various “click-together’’ components supplied in the basic
RIS kit. Then explains in simple terms how the “brain’’ of
the robot may be programmed on screen using a PC and
“zapped’’ to the robot over an infra-red link. Also, shows
how a more sophisticated Windows programming language
such as Visual BASIC may be used to control the robots.
Detailed building and programming instructions provided,
including numerous step-by-step photographs.

288 pages - large format

Order code BP901

£14.99

MORE ADVANCED ROBOTICS WITH LEGO
MINDSTORMS – Robert Penfold
Shows the reader how to extend the capabilities of the
brilliant Lego Mindstorms Robotic Invention System (RIS)
by using lego’s own accessories and some simple home
constructed units. You will be able to build robots that
can provide you with ‘waiter service’ when you clap your
hands, perform tricks, ‘see’ and avoid objects by using
‘bats radar’, or accurately follow a line marked on the floor.
Learn to use additional types of sensors including rotation,
light, temperature, sound and ultrasonic and also explore
the possibilities provided by using an additional (third)
motor. For the less experienced, RCX code programs
accompany most of the featured robots. However, the more
adventurous reader is also shown how to write programs
using Microsoft’s VisualBASIC running with the ActiveX
control (Spirit.OCX) that is provided with the RIS kit.
Detailed building instructions are provided for the featured
robots, including numerous step-by-step photographs. The
designs include rover vehicles, a virtual pet, a robot arm, an
‘intelligent’ sweet dispenser and a colour conscious robot
that will try to grab objects of a specific colour.

198 pages

Order code BP902

£14.99

BASIC RADIO PRINCIPLES AND TECHNOLOGY
Ian Poole
Radio technology is becoming increasingly important in
today’s high technology society. There are the traditional
uses of radio which include broadcasting and point to point
radio as well as the new technologies of satellites and
cellular phones. All of these developments mean there is a
growing need for radio engineers at all levels.
Assuming a basic knowledge of electronics, this book
provides an easy to understand grounding in the topic.
Chapters in the book: Radio Today, Yesterday, and
Tomorrow; Radio Waves and Propagation; Capacitors,
Inductors, and Filters; Modulation; Receivers; Transmitters;
Antenna Systems; Broadcasting; Satellites; Personal
Communications; Appendix – Basic Calculations.

263 pages

Order code NE30

A wavetrap to combat signals on spurious responses; An
audio notch filter; A parametric equaliser; C.W. and S.S.B.
audio filters; Simple noise limiters; A speech processor;
A volume expander.
Other useful circuits include a crystal oscillator, and
RTTY/C.W. tone decoder, and a RTTY serial to parallel
converter. A full range of interesting and useful circuits for
short wave enthusiasts.

92 pages

Order code BP304

£4.45

AN INTRODUCTION TO AMATEUR RADIO
I. D. Poole
Amateur radio is a unique and fascinating hobby which
has attracted thousands of people since it began at the
turn of the last century. This book gives the newcomer a
comprehensive and easy to understand guide through the
subject so that the reader can gain the most from the hobby.
It then remains an essential reference volume to be used
time and again. Topics covered include the basic aspects of
the hobby, such as operating procedures, jargon and setting
up a station. Technical topics covered include propagation,
receivers, transmitters and aerials etc.

£28.99

PROJECTS FOR RADIO AMATEURS AND S.W.L.S.
R. A. Penfold
This book describes a number of electronic circuits, most of
which are quite simple, which can be used to enhance the
performance of most short wave radio systems.
The circuits covered include: An aerial tuning unit; A
simple active aerial; An add-on b.f.o. for portable sets;

150 pages

Order code BP257

£5.49

COMPUTERS AND COMPUTING
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.

Electronics Teach-In 2
Using PIC Microcontrollers
FREE
A Practical Introduction
CD-ROM
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 book.
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 free cover-mounted CD-ROM contains all of the
software for the Teach-In 2 series and PIC N’ Mix articles
in this book, 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.

160 pages + CD-ROM

Order code ETI2

224 pages - large format

£9.50
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ANDROIDS, ROBOTS AND ANIMATRONS
Second Edition – John Iovine
Build your own working robot or android using both off-the-shelf
and workshop constructed materials and devices. Computer
control gives these robots and androids two types of artificial
intelligence (an expert system and a neural network). A lifelike
android hand can be built and programmed to function doing
repetitive tasks. A fully animated robot or android can also be
built and programmed to perform a wide variety of functions.
The contents include an Overview of State-of-the-Art
Robots; Robotic Locomotion; Motors and Power Controllers; All
Types of Sensors; Tilt; Bump; Road and Wall Detection; Light;
Speech and Sound Recognition; Robotic Intelligence (Expert
Type) Using a Single-Board Computer Programmed in BASIC;
Robotic Intelligence (Neutral Type) Using Simple Neural
Networks (Insect Intelligence); Making a Lifelike Android Hand;
A Computer-Controlled Robotic Insect Programmed in BASIC;
Telepresence Robots With Actual Arcade and Virtual Reality
Applications; A Computer-Controlled Robotic Arm; Animated
Robots and Androids; Real-World Robotic Applications.
224 pages
Order code MGH1
£16.99
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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.

M

Mike Tooley
A broad-based introduction
to electronics – find out how
circuits work and what goes
on inside them. The CDROM contains the whole
Teach-In 2006 series
(originally published in
EPE) 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 series, plus Flowcode (a limited version) a high
level programming system for PIC microcontrollers based on
flowcharts.
The Teach-In series covers everything from Electric
Current through to Microprocessors and Microcontrollers
and each part includes demonstration circuits to build on
breadboards or to simulate on your PC. There is also a MW/
LW Radio project in the Teach-In series.
The interactive Review tests will help you to check your
knowledge at the end of each part of Electronics Teach-In. You
can take these tests as many times as you like, improving your
score with each attempt.
The final test covers all aspects of Electronics Teach-In
and will provide you with a means of checking your overall
knowledge of electronics. Once again, you can take the test as
many times as you like.
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Order code MGH2

£16.99

Programming 16-Bit PIC
Microcontrollers in C
– Learning to Fly the PIC24 Lucio Di Jasio
(Application Segments Manager, Microchip, USA)
A Microchip insider tells all. Focuses on examples and
exercises that show how to solve common, real-world
design problems quickly. Includes handy checklists to
help readers perform the most common programming
and debugging tasks. FREE CD-ROM includes source
code in C, the Microchip C30 compliler, and MPLAB
SIM software, so that readers gain practical, hands-on
programming experience.
Until recently, PICs didn’t have the speed and memory
necessary for use in designs such as video- and audioenabled devices. All that changed with the introduction
of the 16-bit PIC family, the PIC24. This new guide
teaches readers everything they need to know about
the architecture of these chips, how to program them,
how to test them and how to debug them. Lucio’s
common-sense, practical, hands-on approach starts
out with basic functions and guides the reader step-bystep through even the most sophisticated programming
scenarios.
Experienced PIC users and newcomers alike will benefit
from the text’s many thorough examples, which demonstrate
how to nimbly side-step common obstacles and take full
advantage of all the 16-bit features.

496 pages +CD-ROM

Order code NE45

£38.00
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NEW FULL COLOUR COMPUTING BOOKS
Windows 7 – Tweaks, Tips and Tricks
Andrew Edney
This book will guide you through many of the exciting new
features of Windows 7. Microsoft’s latest and greatest operating system. It will provide you with useful hints, tips and
warnings about possible difficulties and pitfalls. This book
should enable you to get much more out of Windows 7 and,
hopefully, discover a few things that you may not have realised were there.
Among the topics covered are: A brief overview of the
various versions of Windows 7. How to install and use
Upgrade Advisor, which checks to see if your computer
meets the minimum requirements to run Windows 7 and
that your software and drivers are supported by Windows
7. How to use Windows Easy Transfer to migrate your data
and settings from your Vista or XP machine to your new
Windows 7 computer. Exploring Windows 7 so that you
will become familiar with many of its new features and
then see how they contrast with those of earlier versions
of Windows. How to connect to a network and create and
use Home Groups to easily share your pictures, videos,
documents, etc.,with the minimum of hassle. Why Windows Live Essentials is so useful and how to download
and install it. A brief introduction to Windows Media Center. The use of Action Center, which reports security and
maintenance incidents. Windows Memory Diagnostic to
detect the fairly common problem of faulty memory and
Troubleshooting tools.

120 pages

Order code BP708

£8.49

How to Build a Computer Made Easy
R.A. Penfold
Building your own computer is a much easier than most
people realise and can probably be undertaken by anyone who is reasonably practical. However, some knowledge and experience of using a PC would be beneficial.
This book will guide you through the entire process. It
is written in a simple and straightforward way with the
explanations clearly illustrated with numerous colour
photographs.

The book is divided into three sections: Overview and
preparation – Covers understanding the fundamentals and
choosing the most suitable component parts for your computer, together with a review of the basic assembly. Assembly – Explains in detail how to fit the component parts into
their correct positions in the computer’s casing, then how
to connect these parts together by plugging the cables into
the appropriate sockets. No soldering should be required
and the only tools that you are likely to need are screwdrivers, small spanners and a pair of pliers.
BIOS and operating system – This final section details
the setting up of the BIOS and the installation of the Windows operating system, which should then enable all the
parts of your computer to work together correctly. You will
then be ready to install your files and any application software you may require.
The great advantage of building your own computer
is that you can ‘tailor’ it exactly to your own requirements.
Also, you will learn a tremendous amount about the structure and internal workings of a PC, which will prove to be
invaluable should problems ever arise.

120 pages

Order code BP707

£8.49

An Intrduction to eBay for the
Older Generation
Cherry Nixon
eBay is an online auction site that enables you to buy and
sell practically anything from the comfort of your own home.
eBay offers easy access to the global market at an amazingly low cost and will enable you to turn your clutter into
cash.
This book is an introduction to eBay.co.uk and has been
specifically written for the over 50s who have little knowledge of computing. The book will, of course, also apply
equally to all other age groups. The book contains ideas for
getting organised for long term safe and successful trading.
You will learn how to search out and buy every conceivable
type of thing.The book also shows you how to create auctions and add perfect pictures. There is advice on how to
avoid the pitfalls that can befall the inexperienced.

Cherry Nixon is probably the most experienced teacher
of eBay trading in the UK and from her vast experience has
developed a particular understanding of the issues and difficulties normally encountered by individuals.
So, if you are new to computers and the internet and
think of a mouse as a rodent, then this is the book for you!

120 pages

Order code BP709

£8.49

Getting started in Computing for
the Older Generation
Jim Gatenby
You can learn to use a computer at any age and this book
will help you acheive this. It has been especially written for
the over 50s, using plain English and avoiding technical jargon wherever possible. It is lavishly illustrated in full colour.
Among the many practical and useful subjects that are
covered in this book are: Choosing the best computing
system for your needs. Understanding the main hardware
components of your computer. Getting your computer up
and runnning in your home. Setting up peripheral devices
like printers and routers. Connecting to the internet using
wireless broadband in a home with one or more computers.
Getting familiar with Windows Vista and XP the software
used for operating and maintaining your computer. Learning about Windows built-in programs such as Windows Media Player, Paint and Photo Gallery.
Plus, using the Ease of Access Center to help if you
have impaired eyesight, hearing or dexterity problems.
Installing and using essential software such as Microsoft
Office suite. Searching for the latest information on virtually any subject. Keeping in touch with friends and family
using e-mail. Keeping your computer running efficiently
and your valuable data files protected against malicious
attack.
This book will help you to gain the basic knowledge
needed to get the most out of your computer and, if you
so wish, give you the confidence to even join a local
computer class.

120 pages

Order code BP704

£8.49

THEORY AND REFERENCE
ELECTRONIC CIRCUITS – FUNDAMENTALS
& APPLICATIONS
Third Edition
Mike Tooley
A comprehensive reference text and practical electronics
handbook in one volume – at an affordable price!
New chapter on PIC microcontrollers – the most popular
chip family for use in project work by hobbyists and in
colleges and universities.
New companion website: spreadsheet design tools to
simplify circuit calculations; circuit models and templates
to enable virtual simulation; a bank of on-line questions
for lecturers to set as assignments, and on-line self-test
multiple choice questions for each chapter with automatic
marking, to enable students to continually monitor their
progress and understanding.
The book’s content is matched to the latest pre-degree
level courses, making this an invaluable reference for
all study levels, and its broad coverage is combined with
practical case studies, based in real-world engineering
contexts throughout the text.
The unique combination of a comprehensive reference
text, incorporating a primary focus on practical applications,
ensures this text will prove a vital guide for students and
also for industry-based engineers, who are either new to the
field of electronics, or who wish to refresh their knowledge.

400 pages

Order code NE43

£25.99

Bebop To The Boolean Boogie
Third Edition
BOOK +
Clive (Max) Maxfield
CD-ROM
This book gives the ‘big picture’ of digital
electronics. This indepth, 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 ReedMuller logic is and how it’s used. And there’s much, MUCH
more. The author’s tongue-in-cheek humour makes it a delight
to read, but this is a REAL technical book, extremely detailed
and accurate. Comes with a free CD-ROM which contains an
eBook version with full text search plus bonus chapter – An
Illustrated History of Electronics and Computing.
Contents: Fundamental concepts; Analog versus digital;
Conductors and insulators; Voltage, current, resistance,
capacitance and inductance; Semiconductors; Primitive logic
functions; Binary arithmetic; Boolean algebra; Karnaugh
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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.

understanding with end of chapter assignment questions
for which answers are provided. In this new edition, the
layout has been improved and colour has been added. A
free companion website with additional worked examples
and chapters is also available.

500 pages

368 pages

Order code BEB1

£32.99

BEBOP BYTES BACK (and the
CD-ROM
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

CD-ROM

Order code BEB2 CD-ROM

Order code NE47

£21.99

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-torun 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.

288 pages

Order code NE42

£13.99

£21.95

FUNDAMENTAL ELECTRICAL AND ELECTRONIC
PRINCIPLES
Third Edition
C. R. Robertson
Covers the essential principles that form the foundations for
electrical and electronic engineering courses. The coverage
of this new edition has been carefully brought in line with the
core unit ‘Electrical and Electronic Principles’ of the 2007
BTEC National Engineering specification. This qualification
from Edexcel attracts more than 10,000 students per year.
The book explains all theory in detail and backs it up
with numerous worked examples. Students can test their
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PROJECT BUILDING AND TESTING

MUSIC, AUDIO
AND VIDEO
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

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.
Whether you want to stay bang up to date with the latest
music or create your own MP3s and join the on-line digital
music revolution, this book will show you how.

60 pages

Order code PC119

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.

135 pages

138 pages

£7.45

VIDEO PROJECTS FOR THE
ELECTRONICS CONSTRUCTOR
R. A. Penfold
Written by highly respected author R. A. Penfold, this
book contains a collection of electronic projects specially
designed for video enthusiasts. All the projects can be simply
constructed, and most are suitable for the newcomer to
project construction, as they are assembled on stripboard.
There are faders, wipers and effects units which will add
sparkle and originality to your video recordings, an audio
mixer and noise reducer to enhance your soundtracks and
a basic computer control interface. Also, there’s a useful
selection on basic video production techniques to get you
started.
Complete with explanations of how the circuit works,
shopping lists of components, advice on construction,
and guidance on setting up and using the projects, this
invaluable book will save you a small fortune.
Circuits include: video enhancer, improved video enhancer,
video fader, horizontal wiper, improved video wiper, negative
video unit, fade to grey unit, black and white keyer, vertical
wiper, audio mixer, stereo headphone amplifier, dynamic
noise reducer, automatic fader, pushbutton fader, computer
control interface, 12 volt mains power supply.

124 pages

Order code PC115

£10.95 £5.45

RADIO BYGONES

We also carry a selection of books aimed
at readers of EPE’s sister magazine on
vintage radio Radio Bygones. These
books include, the four volumes of our
own Wireless For the Warrior by Louis
Meulstee. These are a technical history
of radio communication equipment
in the British Army and clandestine
equipment from pre-war through to the
1960s.
For details see the shop on our UK web
site at www.epemag.com or contact us
for a list of Radio Bygones books.
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Order code BP392

£5.99

ELECTRONIC PROJECTS FOR EXPERIMENTERS
R. A. Penfold
Many electronic hobbyists who have been pursuing their
hobby for a number of years seem to suffer from the
dreaded “seen it all before’’ syndrome. This book is fairly
and squarely aimed at sufferers of this complaint, plus any
other electronics enthusiasts who yearn to try something a
bit different. No doubt many of the projects featured here
have practical applications, but they are all worth a try for
their interest value alone.
The subjects covered include:- Magnetic field detector,
Basic Hall effect compass, Hall effect audio isolator,
Voice scrambler/descrambler, Bat detector, Bat style echo
location, Noise cancelling, LED stroboscope, Infra-red
“torch’’, Electronic breeze detector, Class D power amplifier,
Strain gauge amplifier, Super hearing aid.
Order code BP371

£5.45

PRACTICAL FIBRE-OPTIC PROJECTS
R. A. Penfold
While fibre-optic cables may have potential advantages
over ordinary electric cables, for the electronics
enthusiast it is probably their novelty value that makes
them worthy of exploration. Fibre-optic cables provide an
innovative interesting alternative to electric cables, but
in most cases they also represent a practical approach
to the problem. This book provides a number of tried and
tested circuits for projects that utilize fibre-optic cables.
The projects include:- Simple audio links, F.M. audio
link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link,
P.W.M. motor speed control, RS232C data links, MIDI link,
Loop alarms, R.P.M. meter.
All the components used in these designs are readily
available, none of them require the constructor to take out
a second mortgage.

132 pages

Order code BP374

£5.45

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.

102 pages

Order code BP239

£5.49

BOOK ORDERING DETAILS
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please
add £3 per book. Surface mail can take up to 10 weeks to some countries. 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, SEQUOIA HOUSE, 398a RINGWOOD ROAD, FERNDOWN, DORSET BH22 9AU.
Books are normally sent within seven days of receipt of order, but please allow 28 days for 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.
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Signature: ........................................................................................................................................

 I enclose cheque/PO payable to DIRECT BOOK SERVICE for £ ..............................................
 Please charge my card £ ....................................... Card expiry date.........................................
Card Number ....................................................................... Maestro Issue No..............................
Valid From Date ................ Card Security Code ................

(The last three digits on or just below the signature strip)

Please send book order codes: .......................................................................................................
..........................................................................................................................................................
Please continue on separate sheet of paper if necessary
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PCB SERVICE

PROJECT TITLE

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.

ORDER CODE

COST

JANUARY ’09

20W Class-A Amplifier
– Preamplifier and Remote Volume Control
1000:1 UHF Prescaler (double-sided)

696
697

£7.93
£12.05

1.3V To 22V Regulated Power Supply

698

£5.39

 LED Tachometer

699		
set
£9.52
700

FEBRUARY ’09

– Control Board
– Display Board

MARCH ’09

Tank Water Level Indicator
 Digital Stereo VU/Peak Meter
– Switch Board

701
– Main Board

APRIL ’09

Versatile 4-Input Mixer
 Oscar Noughts & Crosses Machine
 GPS-Based Frequency Reference
– Main Board
– Display Board

MAY ’09

Infrared Audio Headphone Link
		
Microstepping Unipolar Stepping Motor Driver

JUNE ’09

 Spectacular Bike Wheel POV Display
(double-sided)
 Remote Volume Control & Preamplifier Module
– Main Board
– Display Board
– Power Supply Board

£6.34

702		
set
£8.24
703
704
705
706
707
708
709
710

£10.31
£7.29
set

set

£11.10

£9.20
£7.49

711 (set of 3)

set

£9.20

712
713
717

set

£15.00
£9.50

718
set
719

£6.66

720

£6.66

721
722 (2off)

£7.29
£6.18

723
724

£5.07
£9.51

725
726

£5.71
£5.87

SEPTEMBER ’09
PIC Programmer SOIC Converter
 Random Mains Timer

october ’09
1pps Driver for Quartz Clocks
Minispot 455kHz Modulated Oscillator
Prog. Ignition System for Cars
– Ignition Unit
– Ignition Coil Driver
– LCD Hand Controller

727
728
729

Guitar-To-MIDI System

730

78
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731 set
732
733

£9.99

Digital VFO With LCD Graphics Display
(doubled sided)

734

£13.00

735

£6.66

DECEMBER ’09

Knock Detector		
 12V/24V High-Current Motor Speed Controller
– Main
– Display

JANUARY ’10

 UHF Remote-Controlled Mains Switch
 UHF Remote Mains Switch Transmitter
 Playback Adapter For CD-ROM Drives

FEBRUARY ’10

 Charge Controller For 12V Lead-Acid Batteries
 Working Days Alarm Clock
– Main (double-sided)
– Display (double-sided)
2
Low-cost LPT-To-I C Interface		

MARCH ’10

736
737

set

£7.20

£10.78

738
739
740

£7.93
£6.00
£7.61

741

£6.66

742
set
743
744

 High-Accuracy Digital LC Meter – Main
– Adaptor
– Shorting Bar
2-way Stereo Headphone Adaptor

745
746
747
748

 Shift Indicator and Rev Limiter For Cars – Main
– Display

749
750

set

£25.00
£6.30

£7.93
£10.30

set

£9.04

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
714
715
716

AUGUST ’09
Fast Charger For NiMH Batteries
Rolling Code Keyless Entry System
– Main Board
– Transmitter (2off)

Class-A Headphone Amplifier
– Main (pair)
– PSU
Emergency 12V Lighting Controller

£23.73

July ’09

 Solar Water Heating System Controller
– Main Board
– Display Board
 PIC Probe (double-sided)
 Simple Data-Logging Weather Station
– Main Board
– RS232 Board

COST

NOVEMBER ’09

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., Sequoia House, 398a Ringwood Road, Ferndown, Dorset BH22
9AU. Tel: 01202 873872; Fax 01202 874562; Email: orders@epemag.wimborne.
co.uk. On-line Shop: www.epemag.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.

PROJECT TITLE

ORDER CODE

set

£11.10
£6.66

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
Everyday Practical Electronics, March 2010
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CLASSIFIED ADVERTISEMENTS
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).

Everyday Practical Electronics reaches more UK readers than any other
UK monthly hobby electronics magazine, our sales figures prove it. We
have been the leading monthly magazine in this market for the last
twenty-four years.

All cheques, postal orders, etc., to be made payable to Everyday Practical
Electronics. VAT must be added. Advertisements, together with remittance,
should be sent to Everyday Practical Electronics Advertisements, Sequoia House,
398a Ringwood Road, Ferndown, Dorset BH22 9AU. Phone: 01202 873872.
Fax: 01202 874562. Email: epeads@wimborne.co.uk. For rates and information
on display and classified advertising please contact our Advertisement Manager,
Stewart Kearn as above.

BTEC ELECTRONICS
TECHNICIAN TRAINING

SELLWEB LTD

Supplying electronic components to schools,
colleges, Private & commercial clients.
No Minimum order. Low package charge.
Buy online: www.sellweb.co.uk
Tel: 01827 285750

NATIONAL ELECTRONICS
VCE ADVANCED ICT
HNC AND HND ELECTRONICS
FOUNDATION DEGREES
NVQ ENGINEERING AND IT
DESIGN AND TECHNOLOGY

Electronic Components for
sale

LONDON ELECTRONICS COLLEGE
20 PENYWERN ROAD
EARLS COURT, LONDON SW5 9SU
TEL: (020) 7373 8721
www.lec.org.uk

Large quantity of New/Unused
components ideal for enthusiast or small to
medium business, includes 4 rack cabinets and
1-2 big boxes (over £5K worth).
For more info ring Bob (07757) 651549
(Stevenage Hertfordshire)

Get rid of your
Electrical Gremlins!
Vehicle Electrics

Multi-pin Connectors, Electro/Mechanical
Connections & Terminals

www.partridgeelectronics.co.uk
For The Electronic Components &
Hardware You Have Been
Looking For

Canterbury Windings

UK manufacturer of toroidal transformers
(10VA to 1kVA)
All transformers made to order. No design fees.
No minimum order.

For more information visit

Protectionfor
for all your
Power &&Signal
Protection
our Power
SignalConnections
Connections

www.contralube.com

In
andavailable
availabletoat:
In Stock
stock and
purchase at
www.maplin.co.uk
Tel: Tel:
0844
557 819552
6000
www.autoelectricsupplies.co.uk
01584

CPS Solar

www.canterburywindings.co.uk

01227 450810

Solar panels, solar cells, and many
more alternative energy products for
battery charging etc, please visit our
website for further info or call

Page 1 of 2

Stew - Wimborne Publishing

BOWOOD ELECTRONICS LTD
Suppliers of Electronic Components
Place a secure order on our website or call our sales line
All major credit cards accepted
Web: www.bowood-electronics.co.uk
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield,
Derbyshire S40 2QR. Sales: 01246 200222
Send 60p stamp for catalogue

From:
Sent:
To:

Chris Shorto - C S Technology Ltd [chris@cstech.co.uk]
25 October 2009 11:25

Stew - Wimborne Publishing

Tel: 0870 765 2334.
www.solarpanelsonline.co.uk

Subject: Advertising in EPE magazine
Hi Stewart,

Sorry I havn't replied to your recent email, my wife has been in Hospital and I've been somewhat
distracted as you can imagine.

I would like to run 3 adverts of the same size and type as before but this time promoting our DTMF
decoder kit.

www.cstech.co.uk

Please include a reduced size version of this image plus the text below it:-

-------------------------------------------------------------------------------------------------------

DTMF decoder kit
with 6 outputs and
morse transpond

A TOP FLIGHT GIFT JUST
RELEASED

The official DVD of the now annual Bournemouth
Air Festival, produced by Hallmark Productions, is
now available from www.hallmarkproductions.
com for £14.99. The DVD is packed with extraordinary footage of the aerobatic displays over the
beachfront, plus on-board and in-cockpit action.
Festival highlights, display highlights along with
exclusive display commentary, pilot interviews, and
a photographic gallery are some of the special features included.
A look ahead at the 2010 Air
Festival is also included.
Preview the Bournemouth Air Festival
DVD by visiting www.You Tube.com/
user/BournemouthAirFest or www.hall
markproductions.com.

Everyday Practical Electronics, March 2010

£14.99

DTMF decoder kit with 6 outputs and morse transpond
£14.99
www.cstech.co.uk
-----------------------------------------------------------------------------------------------------Please confirm advert cost and send copy for approval.
Regards,

Miscellaneous

Chris Shorto
C S Technology Ltd
Tel: 01305 786604
Mobile: 07879 200521

VALVES AND ALLIED COMPONENTS
IN STOCK. Phone for free list. Valves,
books and magazines wanted. Geoff Davies
(Radio), tel. 01788 574774.

Email has been scanned by www.emailsystems.com for viruses and SPAM

KITS, TOOLS, COMPONENTS. S.A.E.
Catalogue. SIR-KIT ELECTRONICS, 52
Severn Road, Clacton, CO15 3RB, http://
sir-kit.webs.com

__________ NOD32 4542 (20091026) Information __________
26/10/2009
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Europe’s Largest

Surplus Store

20,000,000 Items on line NOW !

New items added daily
Established for over 25 years, UK company
Display Electronics prides itself on offering a
massive range of electronic and associated
electro-mechanical equipment and parts to
the Hobbyist, Educational and Industrial
user. Many current and obsolete hard to get
parts are available from our vast stocks,
which include:
W









e
Worl Ship
dwid
e

6,000,000 Semiconductors
5,000 Power Supplies
25,000 Electric Motors
Sur
10,000 Connectors
Wanplus
ted
100,000 Relays & Contactors
2000 Rack Cabinets & Accessories
4000 Items of Test Equipment
5000 Hard Disk Drives

MAINS MONITOR

John
Becker has WATER
done it again
– another
original
and satisfying
PIC-based
tank
level
meter
project
from
workbench
of EPE’s
designaccurate,
guru!
Looking
for athe
water
tank level meter
that’sresident
easy to install,
John
to monitor up
to 15sensor?
mains This
power
outlets
but shows
doesn’t you
needhow
a complicated
in-tank
PIC-based
unit uses
a pressure
sensortrack
to monitor
waterthose
level and
it displays
(230V
or 110V)
and keep
of where
increasingly
tank levelelectrons
at the press
a switch.
It can evenand
send
its readings
expensive
areofgoing.
A fascinating
useful
project,to
a
base
station
with
an
LCD
readout
via
an
RF
link.
which covers instrumentation, digital design and software.

USB power injector

AUTOMOTIVE
A portable USB hard TEMPERATURE
drive is a great way to backSWITCH
up data, but what

your USB
ports are unablecircuit
to supply
to power
A ifhandy
thermistor-based
for enough
those of‘juice’
us who
like the
This nifty little
project
will make
surecar.
youYou’ll
can get
the no
data
todrive?
add genuinely
useful
systems
to our
have
flowing.this summer for sitting on the hard shoulder with a
excuse
steaming
radiator! 12V 10A power supply
Alternative

This project is an unusual and useful take on power supplies. There

DC
SYSTEM
are RELAY
many instances
when you need a 12V 3A power supply, but

occasionally
the current
peaks what
much ithigher
thanthe
this.
This
useful circuit
does exactly
says on
tin,Normally,
you would
uprate
theof
whole
supply
match
the peak; but
enabling
yousimply
to switch
tens
amps
with to
under
a milliamp.

with this circuit, the peaks are met from a battery. It can even keep
going if there is a mains failure.

A-V CHANNEL SELECTOR

Telephone

replacement
module
NoLM3909
more scrabbling
around behind
the TV, pulling one
The out
venerable,
useful andanother
easy-to-use
the you
LM3909
cable
and connecting
everyICtime
wantwas
to a
popular an
chipextra
usedcomponent.
for flashing LEDs,
a toneSelector
to a speaker
connect
The delivering
A-V Channel
or triggering a triac. Sadly, it has been discontinued – but now it
solves
the problem with a straightforward, easy-to-build
has been reborn in this handy little module! It does everything and
design.
more that the first version did.

Fax [44] 020 8653 8888

ISSUE
AUG ’08APRIL
ISSUE ’10
ON SALE
JULY 10

www.distel.co.uk

Display Electronics
29 / 35 Osborne Road
Thornton Heath
Surrey UK CR7 8PD

NEXT MONTH
NEXT MONTH

[44] 020 8653 3333

Rechargeable Batteries With Solder Tags
NIMH

NICAD

AA 2000mAh ......................£2.82
C 4Ah ...................................£4.70
D 9Ah ...................................£7.60
PP3 150mAh ..................... £4.95

AA 650mAh ...................... £1.41
C 2.5Ah ...............................£3.60
D 4Ah ...................................£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 protect 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

ON SALE 11 MARCH
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Win a Microchip
mTouch AR1000
Development Kit!

EX
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veryday Practical
Electronics is offering
its readers the chance to
win one of four mTouch AR1000
Development Kits from
Microchip. The kit provides
everything designers need to get
started using AR1000 resistive
controllers and includes the
AR1000 development board, a
seven-inch four-wire resistive
touch screen, a PICkit Serial
Analyzer and all the necessary
interface cables, as well as a
CD containing technical
documentation and all the
necessary software. The
CD also includes an easy-to-use
AR1000 configuration utility, which has a graphical user
interface (GUI) that enables designers to test all user-configurable options
with the AR1000 controllers.
The AR1000 controllers eliminate trial-and-error engineering by providing sophisticated, proprietary
touch-screen decoding algorithms that enable applications to receive fully processed, reliable touch
coordinates. Combining Microchip’s capabilities in microcontroller manufacturing with the recently
acquired Hampshire Company’s 15+ years of experience designing resistive touch-screen controllers,
the AR1000 controllers enable low-risk product development, lower total system cost and shorter
time to market for embedded resistive-touch designs. Popular due to its low cost, acceptance of finger,
glove or stylus-pen inputs, and overall ease of manufacturing and integration, resistive touch-sensing
technology is suitable for applications such as mobile phones, industrial automation, retail point-of-sale,
gaming/entertainment, and automobile navigation systems.
The AR1000 controllers provide universal 4-, 5- and 8-wire support, as well as support
for SPI, I2C and UART communication interfaces, and are available in 20-pin
QFN, SOIC and SSOP packages.

How to enter
For your chance to win a Microchip mTouch AR1000 Development Kit,
visit http://www.microchip-comp.com/epe-mTouchAR1000 and enter
your details in the online entry form.

CLOSING DATE
The closing date for this offer is 30 June 2010

Microchip offer.indd 1

H
WORT
9
$99.9£60.00)
x.

o
(appr

EACH

27/01/2010 11:47:25

GO FASTER WITH
PROTEUS PCB DESIGN
The latest version of the Proteus Design Suite harnesses the power of your computer’s
graphics card to provide lightning fast performance. Together with unique transparency
options it’s now easier than ever to navigate and understand large, multi-layer boards.

PROTEUS DESIGN SUITE

Features:

Hardware Accelerated Performance.
<
Unique Thru-View™ Board Transparency.
<
Over 35k Schematic & PCB library parts.
<
Integrated Shape Based Auto-router.
<
Flexible Design Rule Management.
Polygonal and Split Power Plane Support.
<

Board Autoplacement & Gateswap Optimiser.
<
Direct CADCAM, ODB++ & PDF Output.
<
Integrated 3D Viewer with 3DS and DXF export.
<
Mixed Mode SPICE Simulation Engine.
<
Co-Simulation of PIC, AVR, 8051 and ARM7.
<
Direct Technical Support at no additional cost.

<

<

All levels of the Proteus Design Suite include a world class, fully integrated shape-based
autorouter at no additional cost - prices start from just £150 exc. VAT & delivery

Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA.
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com

Visit our website or
phone 01756 753440
for more details

