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The UK’s number 1 source of
VELLEMANP® products.
b MK146  Pocket VU Meter Minikit (with Enclosure) 7.44
4.34 MK147  Dual White LED Stroboscope Minikit 5.20
6.95 4 V 81.45 MK148 Dual Super Bright Flashing Red Lights 4.43
11.30 K8041 Fan Tlmer Klt 10.57 MK149 Love Tester Minikit 11.15
9.42 K8042  Symmetric 1A Power Supply Kit 7.78 MK150  Shaking Dice Minikit 8.49
7.95 K8044 12V 10-Channel Light Effect Generator Kit  21.44 MK151  Digital LED Clock Minikit 15.09
8.00 K8045 Programmable Message Board with LCD 32.92 MK152 Wheel of Fortune Minikit 3.95
6.76 K8046  User-Definable 8-Channel Touch Panel Kit  40.63 MK153  Jumbo Single Digit Clock Minikit 12.53
10.90 K8047  4-Channel Recorder/Logger Kit 29.01 MK154 5in 1 Emergency Tool Minikit 11.84
13.14 K8048  PIC Programmer and Experiment Board 24.65 MK155 Magic Message Minikit 11.84
8.12 K8049  15-Channel IR Transmitter Kit 25.73 MK157  LCD Mini Message Board Minikit 15.96
9.32 K8050  15-Channel IR Receiver Kit 18.38 MK158 LCD Mini Message Board with Backlight 21.14
ac 23.64 K8051 15-Channel IR Remote Stick Kit 14.35 MK159  Brain Game Minikit 10.47|
K2633 y i 1428 K8055 USB Experiment Interface Board Kit 24.80 MK160 Remote Control via GSM Mobile Phone 8.93
K2634 Swi 13.36 K8056  8-Channel Relay Card Kit 30.45 MK161  2-Channel IR Remote Receiver Minikit 9.95]
K2636 1; "on 16.23 K8057  2-Channel RF Remote Receiver 17.19 MK162 2-Channel IR Remote Transmitter Minikit 8.49
K2639 12.69 K8058  8-Channel RF Remote Control Kit 25.73 MK163  Electronic Stereo Volume Control Minikit 10.90
K2644 8.31 K8059  2-Channel RF Code-Lock Transmitter Kit 11.52 MK164 IR Electronic Volume Control Minikit 14.79
K2649 32.73 K8060 Discrete Power Amplifier 200W Kit 12.85 MK165 Crawling Bug Minikit 13.89
K2651 19.31 K8061 Extended USB Interface Board Kit 66.48 MK166  Animated Ghost Minikit 9.09
K2655  Electronic Watchdog 22.13 K8062  USB Controlled DMX Interface Kit 47.90 MK167  Electronic Candle Minikit 3.81
K2661  Dual Input Amplifier Module | 16.55 K8063 2 Modular Lights with Serial Interface Kit ~ 21.60 MK168  Alarm Sensor Simulator Minikit 5.95
K3400  Dual Electronic Dice Kit 10.91 K8064  DC Controlled Dimmer Kit 15.93 MK169R Flashing LED Star (Red) Minikit 6.20
K3500  Multifunction car Courtesy Light Kit 10.01 K8065  Pocket Audio Generator Kit 13.41 MK169Y Flashing LED Star (Yellow) Minikit 6.20
K3502 Parking Radar Kit 27.35 K8066 3W Mono Amplifier Kit 6.86 MK170 60 LED Multi-Effect Star Minikit 10.98
K3504  Car Alarm Kit 13.41 K8067  Universal Temperature Sensor Kit 10.82 MK171 Voice Changer Minikit 6.71
K3505  Car Light Warning Alarm Kit 9.18 K8068  Dimmer for Electronic Transformers Kit 13.98 MK172  Sound LED Star Minikit 7.83
K4001 7W Mono Amplifier Kit 6.90 K8070 1-Channel RF Receiver (for K8058) Kit 16.85 MK173  Mini 6-LED Chaser Minikit 8.50
K4003 2 x 30W Audio Power Amplifier Kit 16.96 K8071 1W/3W High Power LED Driver Kit 5.30 MK174  Single-Message Record/Playback Minikit ~ 11.87
K4004B  200W Mono/Stereo Amplifier Kit 46.25 K8072  DMX Controlled Relay Kit 17.47 MK175  Animated LED Smiley Minikit 7.45
K4005B  400W Mono/Stereo Amplifier Kit 62.85 K8074  USB to Remote control Transmitter Kit 18.95 MK176  LED Chevron Arrow Minikit 8.49
K4006  Power Supply for K4004B and K4005B Kit 10.45 K8075 Power Saver/Timer Kit 11.52 MK177 Ding Dong Minikit 4.90
K4010  300W Mono Mosfet Amplifier Kit 138.19 K8076  PIC Programmer Board Kit 24.95 MK178  3rd Brake Light Flasher Minikit 6.30
K4040  Stereo Valve Amplifier/Chrome Kit 765.92 K8077  Subwoofer Kit 84.80 MK179  Proximity Card reader Minikit 14.25
K4040B  Stereo Valve Amplifier/Black Kit 809.94 K8081 Powerblock Kit 59.15 MK180 2 Channel Hi-power LED Flasher Minikit 10.50
K4102  Guitar Preamp with Headphone Output 19.85 K8082  Safe Style Codelock Kit 16.56 MK181  AC Power voltage indicator LED Minikit 2.43
K4301 Pink Noise Generator Kit 8.31 K8084  Volume & Tone Control Pre-Amplifier Kit 13.60 MK182 Digital Echo Chamber Minikit 11.43
K4304  Mono VU Meter 10 LEDs Kit 9.95 K8086  Telephone Ring Detector & Relay Output 11.08 Velleman Modules - Assembled

K4305 Stereo VU Meter 2 x 10 LEDs Kit 15.95 K8087  Telephone Ring with Buzzer and LED Kit 10.83 VMI100 200W Power Amplifier Module 38.54
K4306  Precision Stereo VU Meter 2 x 15 LEDs Kit  24.95 K8088  RGB Controller Kit 15.15 VMI101  Multifunctional Dimmer Module 34.90
K4307  Audio Power Meter Kit 15.35 K8089 Big Digital Clock, Temp Display Kit 40.75 VM103  Blinking Module 34.43
K4401 Sound Generator Kit 15.95 K8090 8 Channel USB Relay Card Kit 39.95 VM105 AC Power Slave Module 34.43
K4600  Video and RGB Converter/Processor Kit 95.61 K8091 LED Clock with Light Dimmer Function Kit ~ 22.49 VM106 Video Signal Cleaner Module 30.44
K4601 Audio/Video TV Modulator Kit 25.89 K8092 Optical proximity switch Kit 17.45 VM107  Multifunctional Counter Module 38.91
K4700  2-Channel Loudspeaker Protection Kit 13.70 K8095  SD/HCSD MP3 Player Kit 39.99 VM110  USB Interface Card Module 34.90
K4701 Loudspeaker DC-Protection Kit 10.00 K8098  Audio Analyser Kit 31.65 VM111  PIC Programmer and Experiment Module 32.60
K4900  Telephone Amplifier Kit 8.50 K8099  Nixie Clock Kit 64.96 VM112  Personal Animated Badge Module 19.95
K5200 4-Channel Multi-Function Running Light Kit  18.08 K8100 Video Digitiser Card for PC Kit 113.69 VM113  Stereo Amplifier Module 2 x 30W 19.25
K5201  Light Computer Kit 29.94 Velleman Mini Kits VM114  7W Mono Audio Amplifier Module 7.95
K5203  Dual Function Strobe Kit 18.29 MK100  Electronic Christmas Tree Minikit 5.63 VM116  USB Controlled DMX Interface Module 67.15
K5600R  Advertisement LED Display (Red) Kit 42.63 MK101  Flashing LED Sweetheart Minikit 6.25 VM118  8-Channel RF Remote Control Set Module  68.77|
K6001  Temperature Sensor (for K6002) Kit 13.75 MK102  Flashing LED's Minikit 2.99 VM118R 8-Channel RF Remote Transmitter Module ~ 36.02
Ké002  Temperature Controller Kit 50.11 MK103  Sound to Light Minikit 421 VM119  One Channel Dual Output Receiver 19.40]
Ké003  Temperature Sensor with LED Display Kit 46.40 MK104  Electronic Cricket Minikit 6.73 VM120  10-Channel Light Effect Generator 32.02
K6200 0 to 60 Hours Start/Stop Timer Kit 12.17 MK105  Signal Generator Minikit 421 VM121  15-Channel Infrared Transmitter Module 36.02
K6400  Code Lock Kit 20.37 MK106 Metronome Minikit 6.90 VM122  15-Channel Infrared Receiver Module 29.62
K6501 Remote Control by Telephone Kit 38.22 MK107  LED Running Light Minikit 4.75 VM124 1A Power Supply Module 6.50
K6600  Multitone Chime Kit 11.95 MK108  Water Alarm Minikit 3.74 VM125  Ultrasonic Radar Module 26.54
K6712 IR Remote Controlled Dimmer Kit 29.15 MK109  Electronic Dice Minikit 4.45 VM129  8-Channel Relay Card Module 33.29
Ké6714  Universal Relay Card (8 Relay's) Kit 36.34 MKI110 Simple One Channel Light Organ Minikit 5.84 VM130 2-Channel RF Remote Control Set Module  35.45
K6714-16 Universal Relay Card (16 Relay's) Kit 51.79 MKI11 Interval Timer Minikit 4.60 VM130T 2-Channel RF Remote Control Transmitter ~ 12.90)
K7000  Signal Tracer/Injector Kit 9.27 MK112  Brain Game Minikit 5.95 VM131 Dimmer for Electronic Transformers 24.04
K7101  Mains Voltage Detector Kit 7.07 MK113  Siren Sound Generator Minikit 5.40 VM132  Universal Temperature Sensor Module 13.04
K7102 Metal Detector Kit 7.62 MK114  Low Voltage Light Organ Minikit 7.53 VMI133 Energy Saver Module 18.15
K7105  Handheld LCD Osciloscope Kit 135.28 MK115  Pocket VU Meter Minikit 425 VM134  PIC Programmer Board Module 36.90
K7203  3-30V 3A Power Supply Kit 25.10 MK116 Riding Santa Minikit 12.45 VMI135 Magical Dimmer Module 13.58
K7300  Universal Battery Charger/Discharger Kit ~ 13.84 MK117  Delux Xmas Tree Minikit 12.68 VM136 Interval Timer Module 6.30
K7302  Low Cost Universal Battery Charger Kit 6.35 MK118  FM Radio Minikit 14.73 VM137  Thermostat Module 5° - 30°C Module 7.95
K8000  PC Interface Board Kit 74.95 MK119  Roulette Minikit 11.82 VM138 DMX Controlled Relay Module 21.74
K8004  DC to Pulse Width Modulator Kit 9.95 MK120 Light Barrier Minikit 6.90 VM139 IR Remote Checker Module 7.64
K8005  Stepper Motor Card Kit 25.90 MK121PAL Classic TV Game Minikit 10.70 VM140  Extender USB Interface Board Module 79.95
K8006  Domotica Light System - Busprint Kit 25.52 MK122  Animated Bell with 83 LED's Minikit 8.25 VMI141  Start/Stop Timer Module 12.95
K8008  Multifunction Relay Module Kit 12.90 MK123  Rolling Clock Minikit 14.79 VM142  Mini-Pic Application Module 26.00
K8009  Multifunctional Clock Kit 53.10 MK124 Rolling Message Minikit 11.91 VM143/1W 1W High Power LED Driver Module 9.85
K8011 Mono 95W Valve Power Amplifier Kit 345.90 MK125  Light Sensitive Switch Minikit 3.95 VM143/3W 3W High Power LED Driver Module 9.95
K8012  Lead Acid Battery Charger/Conditioner 27.98 MK126  Car Alarm Simulator Minikit 4.22 VM144  Telephone Ring Detector & Relay output 14.65
K8015  Multifunction Relay Switch Kit 14.94 MK127  Running Microbug Minikit 9.02 VM145 Digital Panel Thermometer Min/Max 23.35
K8016 PC Function Generator 0 - 1MHz Kit 99.98 MK128  Kitchen Timer Minikit 11.55 VM146 RGB Controller Module 22.52
K8017  3-Channel Sound Light with Microphone 33.80 MK129  Crawling Microbug Minikit 11.48 VM147  Panel Counter Module 23.35
K8020  Valve Control Amplifier Kit 207.93 MK130 3D Xmas Tree Minikit 7.69 VM148  Panel Thermostat Module 26.80
K8021 High-End Control Amplifier Kit 155.37 MK131  Traffic Light Minikit 6.85 VM150 RGB LED Dimmer for DIN rail (Due July) 31.00
K8023 10-Channel, 2-Wire Remote Control Kit 24.41 MK132  Cable Polarity Checker Minikit 5.05 VM151 RGB Controller Module & remote control 26.35
K8026  Suppressed 3.5A Dimmer Kit 9.94 MK133  Quiz Table Minikit 6.85 VM152  LED Dimmer with RF Remote Control 29.53
K8027  Relay Output Module (for K8006) Kit 9.95 MK134  Steam Engine Sound Generator Minikit 7.47 VM154  Fan Timer Module 17.55
K8028  Multifunction Dimmer Kit 22.20 MK135  Electronic Decision Maker Minikit 3.38 VM156 Pocket Audio Generator Module 20.00
K8029  Slow On-Off Dimmer Kit 13.60 MK136  Super Stereo Ear Minikit 7.44 VM160 4 Channel RF Remote Control Set 47.50
K8031  One Channel Digital PC Scope Kit 100.99 MK137 IR Remote Checker Minikit 4.43 VM160DT 4 Channel RF Desktop Transmitter 46.28
K8032 4 channel Running Light Kit 20.58 MK138  Thermostat Minikit 4.95 VM160T 4 Channel RF Replacement transmitter 17.05
K8033  Power Blinker Kit 13.04 MK139  Clap On/Off Switch Minikit 10.80 VM161 RGB LED Strip Colour controller Module 22.75
K8035  Multifunctional Up/Down Counter Kit 17.85 MK140  Karaoke Minikit 8.67 VM162 RGB LED Strip Colour dimmer Module 30.86
K8036  Video Signal Cleaner Kit 20.58 MK141  SMD Happy Face Minikit 4.17 VM163  Panel Clock Module 2517
K8037  Bus Dimmer for Home Light System Kit 12.70 MK142  SMD Xmas Tree Minikit 5.29 VM164  Mini Dimmer, Push button control (Due July) 14.78
K8038  Power Dimmer, Push-Button Controlled Kit ~ 14.80 MK143  White LED Flashlight Minikit 7.07 VM165 0-10V DC Controlled Dimmer (Due June) 48.95
K8039 1 Channel DMX Controlled Power Dimmer  29.95 MK144  Flashing Heart Minikit 5 29 VM179  Proximity Card Reader Module 25.65
MK145  Halloween Pumpkin Minikit 3 VM8090 8 Channel USB Relay Card (Due July, 58.40
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WARNING!

The materials and works contained within EPE Online — which are made available
by Wimborne Publishing Ltd and TechBites Interactive Inc — are copyrighted. You
are permitted to make a backup copy of the downloaded file and one (1) hard
copy of such materials and works for your personal use.

International copyright laws, however, prohibit any further copying or
reproduction of such materials and works, or any republication of any kind.
TechBites Interactive Inc and Wimborne Publishing Ltd have used their best
efforts in preparing these materials and works. However, TechBites Interactive Inc
and Wimborne Publishing Ltd make no warranties of any kind, expressed or
implied, with regard to the documentation or data contained herein, and
specifically disclaim, without limitation, any implied warranties of merchantability
and fitness for a particular purpose. Because of possible variances in the quality
and condition of materials and workmanship used by readers, EPE Online, its
publishers and agents disclaim any responsibility for the safe and proper
functioning of reader-constructed projects based on or from information
published in these materials and works. In no event shall TechBites Interactive Inc
or Wimborne Publishing Ltd be responsible or liable for any loss of profit or any
other commercial damages, including but not limited to special, incidental,
consequential, or any other damages in connection with or arising out of
furnishing, performance, or use of these materials and works.
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Projects and Clreults

USB-SENSING MAINS POWER SWITCH by Jim Rowe and Mauro Grassi 10
Monitor PC USB ports and automatically turn equipment on/off as required.
433MHz UHF REMOTE SWITCH by John Clarke 24
Ideal for wireless remote control of practically anything in a range of 200m.
AM (MW) BROADCAST BAND PORTABLE LOOP ANTENNA
by Stan Swan 34
A simple medium wave tunable loop that works well indoors.
MULTI-PURPOSE CAR SCROLLING DISPLAY - PART 2
by Mauro Grassi 38
Construction and installation of the software for PC communication via USB.
TECHNO TALK by Mark Nelson 22
New Year, New Futures
MAX’S COOL BEANS by Max The Magnificent 46
How do mirrors work?... Collision course
TEACH-IN 2011 by Mike and Richard Tooley 48
Part 3: Diodes and Power Supplies
CIRCUIT SURGERY by lan Bell 58
LED drive circuits
PIC N’ MIX by Mike Hibbett 62
Microchip’s ICD 3 in-circuit debugger
PRACTICALLY SPEAKING by Robert Penfold 64
Taking the plunge... and troubleshooting mistakes
NET WORK by Alan Winstanley 72
The total cost of upgrading... Keeping you on track... The BuddyWay
EDITORIAL 7
Where does the time go?
NEWS - Barry Fox highlights technology’s leading edge 8
Plus everyday news from the world of electronics
PIC PROJECTS CD-ROM 56
A plethora of handPICed projects
PIC RESOURCES CD-ROM 57
EPE PIC Tutorial V2, plus PIC Toolkit Mk3 and a selection of PIC-related articles
BACK ISSUES Did you miss these? 67
SUBSCRIBE TO EPE and save money 68
CD-ROMS FOR ELECTRONICS 69
A wide range of CD-ROMs for hobbyists, students and engineers
READOUT Matt Pulzer addresses general points arising 74
DIRECT BOOK SERVICE 75
A wide range of technical books available by mail order,
plus more CD-ROMs
© Wimborne Publishing Ltd 2010. Copyright in all EPE PCB SERVICE 78
drawings, photographs and articles published in PCBs for £PE projects
EVERYDAY PRACTICAL ELECTRONICS is fully
protected, and reproduction or imitations in whole or ADVERTISERS INDEX 80
in part are expressly forbidden.
Our February 2011 issue will be published on Readers’ Services ° Editorial and Advertisement Departments 7

Thursday 13 January 2011, see page 80 for details.

Everyday Practical Electronics, January 2011



Quasar Electronics Limited
PO Box 6935, Bishops Stortford
CM23 4WP, United Kingdom
Tel: 01279 467799

Fax: 01279 267799

QUASAR
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Electronic

Project Labs
An electronics course
in a box! All assume no
previous knowledge
and require NO solder.
See website for full
details

Robot Sensor -£21.95
Order Code EPLR20KT

Digital Recording
Laboratory - £34.95

30 in ONE - £19.95 Order Code EPLDRKT

Order Code EPLO30KT
Solderless
Electronic
Projects

130 in ONE - £49.95
Order Code EPL130KT

AM-FM Radio Kit - £11.95

Order Code ERKAFKT

300 in ONE - £89.95
Order Code EPL300KT

Short Wave Kit - £11.95
Order Code ERKSWKT

Crystal Radio Kit - £8.95

500 in ONE - £199.95 Order Code ERKCKT

Order Code EPL500KT

E-mail: sales@quasarelectronics.com
Web: www.quasarelectronics.com

01279
%%Ho' Ho';bghristm

All prices INCLUDE 17.5% VAT.
Postage & Packing Options (Up to 1Kg gross weight): UK Standard 3-7 Day
£11.95; Europe (EU) -

Delivery - £4.95; UK Mainland Next Day Delivery -

£10.95; Rest of World - £12.95 (up to 0.5Kg).
10rder online for reduced price UK Postage!
Payment: We accept all major credit/debit cards. Make cheques/PO’s

Electronic Bell - £8.95
Order Code EAKEBKT

Electronic Motor - £8.95
Order Code EAKEMKT

Generator - £8.95
Order Code EAKEGKT

Room Alarm - £4.95
Order Code EAKRAKT

Hand Held Metal
Detector - £9.95
Order Code ELMDX7

& HE'EAL@ETECR)R

Metal Detector - £9.95
Order Code ELMDKT

Credit.Card
Sales

(and older)

payable to Quasar Electronics.
Please visit our online shop now for full details of over 500 kits, projects,
modules and publications. Discounts for bulk quantities.

467799

%ﬁ way bugg
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Mechanical
Motorised
Wooden Kits

Future engineers can
learn about the opera-
tion of transmissions
steered through gears

or pulleys. Easy to
build, no glue or sol-
dering required.

Automech - £13.95
Order Code C21-605KT

Coptermech - £13.95
Order Code C21-604KT

Trainmech - £13.95
Order Code C21-606KT

Running Microbot - £12.95
Order Code MK127
(soldering required)

www. QuasarElectronics.com

Stegomech - £12.95
Order Code C21-602KT

- L ey

o, g

Tyrannomech - £12.95
Order Code C21-601KT

Festive Fun
Electronic

Project Kits
250 different educa-
tional electronic Kits.

Soldering is required.

Musical LED Jingle
Bells - £17.95
Order Code 1176KT

Flashing LED Christ-
mas Tree - £7.95
Order Code MK100KT
See our website
for even more
great gift ideas!

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



KA-1811 £11.00 plus postage & packing

Turn your computer into an oscilloscope, audio monitor or spectrum analyser! Plug the kit

into your computer's soundcard and by using software available over the Internet, measure
or monitor just about any audio signal. Most PC sound card inputs have a limited dynamic

range, relatively low input impedance and poor overload protection - this kit will eliminate
these limitations and allow tiny signals, like those from op-amps, to be measured without
degradation. Power is derived from the soundcard's D15 Joystick output socket.

- Kit includes case, silk-screened front panel, PCB, and all electronic components

+ Optional CRO probe to suit - use our QC-1902 £14.00

« Or use it for amplifying a high quality microphone for sampling

KC-5489 £32.75 plus postage & packing

Host your own website on a common SD/MMC card with
this compact Web server In a Box (WIB). Connecting to
the Internet via your modem/router, it features inbuilt
HTTP server, FTP server, SMTP email client, dynamic DNS
client, RS232 serial port, four digital outputs

and four analogue inputs. Requires a SD

memory card, some SMD soldering

and a 6-9VDC adaptor. Kit
includes P(B, case and
electronic components.

n %2

+ PCB Dimensions:
123 x 74mm

KC-5399 £12.00 plus postage & packing

A power boost for your USB port!

If you have a lot of peripheral devices running from your
computer, they may be trying to draw more current than
your USB port can provide. This project will allow full

KC-5361 £20.00 plus postage & packing
Program both the microcontroller

and EEPROM in the popular gold, g
silver and emerald wafer cards. 8
Card used needs to conform to
1S0-7816 standards. Powered by

9-12 VDC wall adaptor or a 9V

battery. Instructions outline

software requirements that are

freely available on the internet.

Kit supplied with PCB, wafer card
socket and all electronic

components. o

« PCB measures: 141 x 101Tmm

Jaycar Electronics will not accept responsibility for
the operation of this device, its related software,

or its potential to be used for unlawful purposes.

ming:Kits=

af‘:__\

Remote Control Digital Timer Kit

KC-5496 £14.00 plus postage & packing
Remote-controlled digital timer with a bright 20mm-high
7-segment red LED display. It can count up or down from
one second to 100 hours in 1-second increments. Its
timing period can either be set and controlled using the
remote control or it can be automatically controlled via
external trigger/reset inputs. An internal relay and buzzer
activate when the unit times out. The relay

contacts can be used to switch devices __ r\".
rated up to 30VDC or 24VAC N2 s
and the project can be \ ) "i-“\_\/"‘ =
powered from a plugpack ) g
or 3 battery. Short form kit

only - you'll need to add

your own universal remote,

power supply and enclosure.

* 9-12VDC @300mA
+ PCB and components

High Power Ultrasonic Cleaner Kit

KC-5499 £69.50 plus postage & packing

Most people would know that you can get small ultrasonic
cleaners for jewellery and similar small items, so why not
a much larger version? It would be ideal for cleaning
automotive and other mechanical parts, fabrics which
can't be machine washed, ornate bric-a-brac and a host of
other hard-to-clean items. You can use a variety of
receptacles for a tank, such as an old cistern or laundry
tub. It can also be used with solvents such as kerosene or
just water and detergent. The kit includes the transducer,
case, cable and electronics and can be powered from a
2.5A 12VDC plugpack. Everything is included in the kit
except for a housing for the transducer and sealant. For
sealant you can use any neutral cure silicone suitable for
wet areas. You'll also need epoxy resin such as Araldite or
JB Weld, and for a housing, a short piece of 65mm PVC
plumbing pipe and a drain, waste and vent end cap
available from any plumbing supplier will do the job.

Power requirements: 12V, 2.5A

Transducer voltage: 250VAC square wave
Frequency range:
Main mode 19kHz '35 -

to 42kHz

current draw no matter how many peripheral devices you
are running. It uses an

external power supply to

tap into the existing line,

effectively boosting the

available current. Kit

supplied with PCB, case

with silk screened and

punched panels, and all

electronic components.

KC-5323 £8.50 plus postage & packing

This quick and easy kit plugs into your motherboard to
provide IR support for external devices such as notebook
computers, PDAs, digital cameras, data samplers - and the
list goes on!

.nd: -
ULTRASONIC

GLEANER
components

‘351--‘ ®
"ﬁ_‘
- 12uDC

“KIT OF THE MONTH

DAB+/FM Digital Radio Kit ‘
| KC-5491 £144.50 plus

Timeout
adjustment:
30s to 10m

« PCB and

- Kit includes PCB and all specified electronic
components

WIND AND SOLAR POWERED RC CARS

K)-8838 & KJ-8839 £17.50 each plus postage & packing
These mini remote controlled cars will surely entertain and E
educate curious minds about the concept of wind and solar
power. The kits are very simple to build and come with 3
manual that provides construction details and explains how
alternative energy can

generate electricity.

Car size: 60(L) x 30(W)mm

K)-8838 - Wind Powered
| KJ-8839 - Solar Powered

ir system and want function and sound quality
ﬁ“ , gl “ glleer bills and whistles. It is designeq to complement|

u ol P ' an existing home hi-fi system by adding DAB+
R | tuning, and just sits neatly atop your existing hi-fi
| receiver in the a 430mm wide hi-fi component case

as if it were a brand name model. It covers DAB+
| and FM, has analogue and optical audio outputs, IR
“ remote (optional extra), an external antenna
' connector and is powered by a l'ow-cost mains
| plugpack. The kit is complete with everything,
| including the case. See website for full specs.
J

Happy New Year From
the JAYCAR Team

HOW TO ORDER

Order Value

£10 - £49.99
£50 - £99.99
£100 - £199.99

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

£200 - £499.99 « All pricing in

£500+ Pounds Sterling

Max weight 12Ib (5kg) ® Minimum order £10
Heavier parcels POA Prices valid until

Minimum order £10 31/1/20m

WEB: www.jaycarelectronics.co.uk
PHONE: 0800 032 7241

FAX: +61 2 8832 3118

EMAIL: techstore@jaycarelectronics.co.uk « RCA and optical audio output

POST: P.0. Box 107, Rydalmere NSW 2116 Australia | - External antenna connection
| - Station memory presets

\ - Requires mains plugpack

B Digital station info display

“Australian Eastern Standard Time
(Monday - Friday 09.00 to 17.30 GMT + 10 hours)
Expect 10-14 days for air parcel delivery




4000 Series  74HC157  £0.22 7415368  £0.21 OP495GP £8.49 Diodes 'I‘hgrislors BC225 £0.15 BU208A  £1.53 NOW ONLINE
40008 £0.27 74HC158  £0.23 7415373  £0.43 RC4136 £1.00 1N914 £0.05 2N5060  £0.19 BC237B  £0.11 BU326A  £1.40 | Take Control !
40018 £0.16 74HC161  £0:27 7415374  £0.38 SG3524N  £0.82 1N4001 £0.04 2N5061 £0.19 BC2388  £0.11 BU500 £154| " New range of
40028 £0.19 74HC162  £0.45 7415378  £0.62 £6.88 IN4002  £0.05 BT151-500R £0.65 BC250A  £0.15 BU508A  £1.40| contol knobs
4006B £0.65 74HC163  £0.26 7415390  £0.34 SSM2141P  £3.21 1N4003  £0.03 POT02AA  £0.30 BC261B  £0.30 BUS08D  £0.98
4009UB  £0.23 74HC164  £0.20 7415393  £0.33 SSM2142P £6.16 1N4004  £0.04 TICI06D  £0.60 BC262B  £0.24 BU80S £1.06
40108 £0.23 74HC165  £0:26 7415395  £0.26 SSM2143P £378 1N4005  £0.04 TIC116D  £0.66 BC267B  £0.36 BUTTTAF  £1.14
40118 £0.16 74HC173  £0:38 74 Series TBAiI20S  £1.04 IN4006  £0.04 TIC126D  £0.77 BC319C  £0.13 BUX84 £0.78 |
0128 £0.16 74HC174  £0.27 AB00 £0.75 1N4007  £0.03 yyq I !
4 327 £0.08 BUZ90! £7.68
7407 £0.40 Triacs
4013B £0.24 74HC175  £0.35 /7 “*Y TBAS20M  £0.53 1N4148 £0.03 pT136.500 £0.58 BE327-25  £0.08 BUZ90OP  £5.7 .
40148 £0.30 74HC193  £0.39 Linear ICs TDA1170S £4.80 1N4149 £0.07 BT136300 £0.30 328 £0.09 BUZ90: £7.68 IS e
4015B £027 74HC195  £032 AD524AD £23.04 TDA2004  £2.24 1N5400  £0.08 20 BC337-16  £0.10 BUZ905P  £555| o 5
BT137-600 £0.58 i
4016B £0.20 74HC240  £0.32 AD548JN  £2.48 TDA2003V £1.25 1N5401 £0.08 BT137-000  £0-38 BC337.95  £0.08 IRF530 8075 | e v @
40178 £0.26 74HC241  £0.37 AD590JH  £5.28 TDA2030AV £1.24 1N5402  £0.08 p11357200 £7.00 BC348 £0.14 IRF540 £0.80 | (@i
i ol 30 AD395AQ £13.9 24 1N3404  £0.09 : 20 BC357 £0'25 IRF630  £042 @
40188 £0.25 74HC244  £0.40 TDA2050V  £2.51 BTA08-600B £0.84 p RF31 1
40198 £0.25 74HC245  £0.34 AD620AN  £9.88 TDA2611A £1.88 1N3406  £0.10 s1A08"200swE0.76 Bg}g? 58‘7”3 RF%S ggg )
40208 £0.31 74HC251  £0.30 AD625JN  £16.20 TDA2822A £0.79 5485 £8-18 BIAQ8-600C £0.96 BS401 Amal ez I Hi qh Quality
40218 £022 74HC253  £0.25 AD3ZIN €581 TDA2653A £2.99 |Nod £0-19 BTA08-6005w£0.93 B4 2055 IRFBI0 2068 let Fixing
40228 0.38 74HC25/  £025 ADG48IN  £2.57 TED3/18DP £5.03 9A0° £0-27 BTA0B-600M£0.93 Be47% 2035 IRFa4 £0:58| Control Knobs
40238 £023 74HC259  £0.29 ADGSAIN €251 TEAST1S~ £3.11 AL 5039 BIA12-6008w£0.92 ez £05T Mi5985  £0.60 | Vawwesr.co.uk
40248 £022 74HC273 €032 ADZITIN  £1.97 TI061CP  £021 §42 5054 BIA16.600cwE1 .45 gE215 20774 MI2507 £140
40258 £020 74HC295 €081 AD/36IN  £5.80 TI062CP  £021 $0¢ £0:55 BTA16-600B £1.28 5E2448  £0.04 MI300 2184 on the WEB
40268 £0.67 74HC365  £0:28 AD797AN  £7.25 TLOG4CN  £0.29 §h8 £0730 BTA26-6008 £2.78 peBiéC €008 MIT1015  £245 [Check ourour web
4027B £0.21 74HC367 £0.3: 811 £6.00 TLO71CN £0.30 &AT0 £0.35 TIC206D 0.84 BC547A £0.09 MJ1101% 978 site with more
4028B £0.21 74HC368  £0.29 AD8IZAN  £6.32 TL0729CN  £0.20 A1z~ £0.07 TIC206M £o.75 BC547B £0.09 MIE340 £0:33 | products than ever
40298 £0.38 74HC373  £0.35 AD820AN  £3.41 TLO7ACN  £0.25 20 £095 TIC226D  £0180 RE237¢  £010 MIE3S0 S0 efore.
4030B £0.17 74HC374  £0.34 AD822AN  £4.27 TLO8ICN  £0.17 BATA] §0'12 TIC226M  £1.00 gE5A8A £0.08 MPSAO5 074 Ccomponems
40358 £0:31 74HC390  £037 AD829IN  £6.41 T[082CN  £0:32 BAT4) 5007 TIC246D  £1.00 BE2488  £0.09 MPOAT3  £0.09 E ol lons
4040B £0.24 74HC393 £0.36 AD830AN  £5.44 TL084CN £0.37 BAT46 £012 TIC246M £1.00 BC548C £0.08 MPSA42 £0.14 %T\?
4041B £0.31 74HC563 £0.56 AD847IJN  £5.95 TL7705ACP £0.82 BATS5 £0.09 TIC236D £1.12 gE5498 £0.09 MPSA55 £0.13 Endi
40428 £0.19 74HC573  £0.27 AD9696KN - £7.73 TLC71 £0.63 gAy9] £0.07 D& BC549C  £0.09 MPSABS  £012| Famc'gslies,
40438 £0.35 74HC574  £0.30 ADEL2020A £3.06 T3272CN  £0.57 gAW62  £0108 DB3. 32v  £0.08 BC50C  £011 STPIANFI0 £0149 | " “"ins o
40468 £0.42 74HC595  £0.27 A H £3.55 T5274CN  £0.50 Bax7g £0105 0% % BC556A  £0.08 STWSONE-10£3.80 s
40478 £0.25 74HC597  £0.22 ADMOIIAN £33 1SB85CN  £0:26 BY127 £0.18 Transistors BC5568  £0.10 TIP29A £032|  Hordes
40488 £0.34 74HC488  £0.46 ADM485IN £2.97 [ O s i £0.10 2N2222A  £0.20 BC557A  £0.09 TIP29C £0.33 Tameare
40498 0.29 74HCA002  £0.31 ADMGEEAN £2.72 UA741CN  £0.18 HAQ] £0'32 9N2646  £1.02 BC557B  £0.09 TIP30A £0.47 [E50S
4049UB £0.17 74HC4017  £0.24 ADME90AN £5.13 ULN2003A £0.38 Sa200 £0.56 2N2904A  £0.35 BC55/C £0.09 TIP30C £0.27 | PCB Equipment
0508 0.20 74HC4020 £0.36 ADME91AN £6.48 ULN2004A £0.44 jF4001 £0.08 2N2905A  £0.30 BC558A £0.08 TIP3TA £0.23| power Up s
4051B £0.23 74HC4040 £0.29 ADME9SAN £6.48 ULN2803A £0.45 (JF4002 £0.08 2N2907A  £0.28 BC558B £0.09 TIP31C £0.3 Relo’
4052B £0.32 74HC4049  £0.31 ADMG99AN £3.58 ULN2804A £0.41 (JF4003 £0.09 2N3053 £0.34 BC559A £0.08 TIP32A £0.29 50|dery,ng
40538 £0.20 74HC4051  £0.50 CA3130E  £1.2] gppromrs UF4004 £0.08 2N3054 £0.85 BC560B £0.13 TIP32C £0.30|  3ounders
4054B £0.56 74HC4052 £0.34 CA3140E  £0.63 24LC085P £0.73 UF4005 £0.10 2N3055 £0.82 BC636 £0.10 TIPATA £0.32 S Ees
4055B £0.34 74HC4053 £0.22 CA3240E  £0.91 575557900 £3.99 UF4006 £0.10 2N3439 £0.62 BC637 £0.19 TIPA1C £032 | Test Equipment
40608 £0.17 74HC4060 £0.23 DG211CJ  £1.25 5 7C6 A-15F £3.99 UF4007 £0.14 2N3440 £0.50 BC638 £0.21 TIP42A £0.4 TR
4063B £0.41 74HC4075 £0.27 DGAIID)  £2.00 57956 15FE9.42 Zeners 2.7 to 33V 2N3702 £0.09 BC639 £0.09 TIP42C 20143 | Transformers
40668 £0.22 74HC4078 £0.32 ICL7106CPL £2.21 27c1oo1 15. £3.98 500mW £0.06 2N3703 £0.10 BC64 £0.12 TIP50 £0.28 and more
AL N RS e RE NI AR A Rl
y 27C4001-10F£5.98 i ifi ] | L
g’ dhachs g plbea BaR Tk et 2B BET BBVATRS
. . 8 - ite, Re
40728 £0 ICL7S80sCP £080 a8, £3.60 1AJ00V  S0320N3819 €022 BDI3S  £022 TIPI25  £0.31| Green, Yeliow,
4073B £0.17 74LS Series ICM7555 £0.48 1A 400V £0.40 2N3903 £0.11 BD136 £0.21 TIP126 £0.31 Blue & RG
4075B £0.17 74LS00 £0.28 ICM7556  £1.04 A/D Converters 70500y 095 ON3904  £0.05 BD137 £0.23 TIP127 £03
4076B £0.30 74L50] £0.14 L165V £2.26 Data Acquisi- LB 2079 2N3905  £0110 BD138 £0.19 TIP132 £0.50
4075B £0.15 74LS02 £0.38 L272M c1.21 AD420AN £2538 15A 100V 2011 2N3906 £0.08 BD139 £0.19 TIP137 £0.64
4077B £0.28 74LS03 £0.21 [293E £4.20 9 AD7528IN £11.42 1.5A 200V £0.19 2N4401 £0.08 BD140 £0.14 ;]4] £0.93
4078B £0.30 74LS04 £0.30 L297 £5.12 A 0 1.5A 400V £0.20 2N4403 £0.09 BD150C £0.82 142 £0.93
40818 £0.13 74LS05 £0.14 298N £3.80 AD7545AK £14.04 120 0oV £0'94 2N5296 £0.57 BD201 £0.40 TIP147 £1.07 | v osr co.vk
40828 £0.21 741508 £0.19 14960 £2.81 AD7BIBKN £20.38 158 800V £0:26 2N5401 £0:12 BD202 £0.70 TIP2955  £0.46 | Www.esr.co-ux
4085B £0.28 74LS09 £0.15 16219 £4.48 ICL7109CPL §7°72 15A 1kV £0.18 2N5551 £0.07 BD232 £0.50 TIP3055 £0.46 Quality
40838 £0.33 74L510 £0.27 LF347N £0.41 75 JRF00V  £0:34 2N§A91 £1.58 BD237 £0.32 ZVNZI06A £040| g Meality
10938 £0.27 74L511 £0.17 LF351N £044 uControllers  5xo00v  £034 2N7000  £0772 BD238 £0/44 ZVN3306A £0.30 Komponents
40948 £0.29 741512 £0.25 [F353N £0.40 AT89C2051 £6.38 5A 400V £0'35 25B548 £0.30 BD240C  £037 ZVN4206A £0:52| No surplus or
4098B £0.40 74LS14 £0.36 LF356 £0.52 PIC Series 2A 800V £0.36 AC187 £0.68 BD245C £1.10 ZVN4210A £0.56 PN
40998 £0.35 74LS15 £0.24 LF411CN  £1.00 12C508A04P £0.78 2A 1000V  £0.45 ACY17 £4.84 BD246C £1.18 ZVN4306A £0.86 Bk 9
4502B £0.32 741520 £0.27 LM311N8  £0.17 12C509A04P £0.83 3A 200V £0.34 AD161 £0.73 BD283 £0.61 ZVN4310A £0.88 | manutactures.
4503B £0.40 74LS21 £0.20 LM319N14  £0.90 14C54C04P £1.49 3A 400V £0.40 AD162 £0.95 BD284 £0.61 ZVP2106A  £0.42 Quality
45088 €140 741936 £0I7LM324 0 £0.20 (6csamw g7.60 3A 600V £0:33 BEIOZ, KO8 BDA0 2075 ZVEZLION  £045|  Servies
45108 £0.45 741577 £0.23 LM3357 - £1.12 1 2ERon oup 61156 3A 1000V £0733 BEIOZB £0.14 BDA3Z £B.07 ZVPSR06A  £097 | sameday des-
45118 £0.30 741330 £0-20 LM33ON  £0.18 1050 0up £374 4A 100V £078 BE108, £0.18 BRIS 5037 51%4%0  £0.15 [pateh on all stock
45128 £097 741835 £037 LM34BN  £0.36 (L oop £a1s 4A200V  £080 BGIB8B B0 BBEST  £O047 ZTX43]  £021 | ems Friend!
45158 £0.99 74LS37 £0.31 (M35DZ  £1.37 = 16 4ng00v  £0.86 BEIO8 £0.18 BD23¢ £0-47 21331 021 | Mo as
45148 £0.44 74LS38 £0.18 LM358N  £0.15 16F627-04P £1.95 47 600V £0.90 BC109C 5057 BDade 5020 51X520 205 P
4518B £0.42 74LS40 £0.14 | M380N £0.90 16F627-201P £2.10 4A 100V £0.49 BC114 £0.19 BDé48 £0.52 ZTX551 £0.33 | Fast Delive:
45208 £0.34 74LS51 £0.24 LM386 £0:61 17F628-20IP £2.40 6A 200v  £064 BE 017 BBed A el A |k ry
45218 £0.68 741583 £0.38 LM392N  £1.10 16F867-04SP£5.10 6A 400V £0.53 Bc 15 £O-41 BB%3%c  EDAR SRXERD,  ED33| heoxaday service
45268 £0.40 741585 £048 LM3IN  £0.17 16F877-20p £4.80 6A 600V £067 BE113 036 BDXIIC  £033 71XC05.  £038 | o exira o
yio2s £0.40 701388 G042 tMassly £330 Voltage SABOOV  £037 8130 £03¢ BDXBAC  £030 ZTXes]  £033| "o e <hares
45298 S044 70ER97  ED43 LMZSOIN. 2010 Regulators  8AN00V  R088 pe13s 0036 BFIS0 €031 Z1X633  £0337| N Mimi
4538 £0.24 741593 £0:44 LM2917N8  £1.98 7508 097 8A 200V £1.00 B33 £0-3¢ BF189 2031 S1%%30s  £0:a0 | N© Mimimum
45368 £1.00 7413107 £0.30 LM3900N £0.72 7805 £0.29 BA 400V £1.20 5150 5017 BF2458  £0.40 ZTX490B  £0'37 | Order when
45388 £0.26 7415109 £0.21 [M3914  £2.07 7808 g0y 8A 600V  £1.33 B&1oa,  £B17 Jrses 5039 518842 £0:30 | Goder vhat you
prrif 203374313 8023 IV 39 7812 £023 SAIO0OV  £105 Be177°  £0'25 BF259 €033 ZTX750  £0.25 | quantitios or i
avoo8  £0.52 703N EO-23 IMIIO0 | 5138 7815 foa3 asaloov €14z BClZ 023 BB G078 SRGRD B0 |avenifies or min
45568 £0.40 7415114 £0.36 LMC66OCN £1.37 78105 £0:22 224200V £1.34 BE179 £0'27 BFA22 S015 ZIX733  £o4g| oraervelve.
avgas  H033 70122 S0 [MGEQRAN £158 7eioe 057 0400V 128 BCIg7s  £009 BFA23  £0.15 ZIX7B9A  £041|  Quant
- i -/ 78L08 £0.22 '£2 BC182L £0.11 BF459 £0.33 ZTX790A  £0.41| D
7248 0.94 7413126 £025 LP32UN  £0.75 78112 016 A 100V E127 BC183L €009 BF469  £0.35 ZIX851  £00| Available
401068 ‘19 7415132 £0.47 [P339N £0.59 ‘04 35A 200V £1.80 d 3 &l i Available
401098 27415133 £0.36 LTIDIaCNe £ 28 f035 3oAcoov - £190 BCIS4 S0 BEXZP  £029 2TER 0301 We offer dis.
401748 £04g 7413136 £0.23 Mi4- £0.30 78505 £0.53 35A 1000V £2.32 gEoneg  £0'72 BFX8B £0'27 ZIX1048A £0:48 | ;coun's for a
401758 £0.41 7415138 £0.33 M 8512 £042 €508 £0.72 BFY50 5030 ZIX105]A  £0.46 | "ems subject to
741314 £054 MAxa02CPE £2 90 7812 £0.32 BC209A  £0.72 BFY51 £022 ZTX1033A  £0.45 [avantity required,
74HC Series 7415148 £0.64 MAX208CN 99 7905 £0.23 BCAIIL £0.05 BFY52 £0.39 phone, fax or
74HCO0 — £0.16 74LS15 €029 MAXIIOCPE £5.06 2913 £0.24 [ Potty about | BCH14 €011 BS107 €021 email for a
74HC02 £0.17 74LS156 £0.36 MAX222CPE £5.06 7915 £0.22 'm ts! BC214L £0.10 BS170 £0.15 quote.
74HC03  £0.21 74L5157  £0.22 MAX232CPE £1.30 7924 £0.38 | We now carry in i
74HC04  £0.14 7415158 £0.21 MAX483CP £3 13 79105 £0.20 | stock a wide
74HC08  £0.17 74LS160  £0.48 MAX485CP 3 79012 £0.2 range of ®
74HC10 £0.21 7415161 £0.32 MAX63]ACP £4 99 79L]5 £0.28 posmve posmon
74HC11 £0.21 74[5162  £0.44 MAX635ACP £4.99 79L £0.30
74HC14  £0.18 74LS163  £0.32 MAX1232CP £2.80 ADM666AN £374 | With S with
74HC20 £0.28 7415164 £0.43 MC1458N  £0.29 L200CV £1.67 | a centre click or
7A0C30 80257415178 £030 MEIHR  E040 LS iocTs £108 | ans Cs PSS
. .30 MC1489 £0.35 L d tions. Log, Lin
;ﬁﬂgi% ggég ;jﬂ:g}g]z %826 MC4558P £018 Mg};TZ gggz Single OI’gDUGl The UK’s number 1 source of VELLEMAN® producis.-
g g K484 £0. L. b an i
JAHCTS £0:48 F4re1o 5050 {\\IAE5281N gggg 3 7K 5978 gang. We are the only current UK supplier able to offer the full range of
74HC74 £0.15 74LS195 £0.24 NE555N £0.79 LM323K £2.40 & Velleman - Mini Kits - Kits - Modules & Test Equipment. All the
74HC75  £0.31 74[5240  £0.32 NE556N  £0.33 LM334Z  £0.96
74HC85 £0.23 7415241 £0.32 NE5532N  £0.48 LM337T £0.64
74HC86  £0.2] 7415243  £0.30 NE5534N  £0.54 LM338K  £5.31
74HC107  £0.40 7415244  £0.41 NE5539N  £4.35 LM338T  £1.38
74HC123  £0.33 74LS245  £0.45 OP27C £033 LM723 £0.40
74HC125  £0.26 7415247  £0.60 OPOOGP  £2.51 LP2950CZ5.0£0.72
74HC126  £0.46 7415251 £0.24 OP97FP £1.84 REFOICP  £2 3
ag BRASE Engiler SU LY e
24 OP176GP  £2.09
74HC137  £030 7413286 €014 Op177GP  £1.76 Mixed Component Packs
74HC138  £026 7415273 £0.32 OP200GP  £5:40 150 Electrolytic Radil Caps
74HC139  £0131 7415279  £0:24 OP275GP  £257 130 Diode Red,f,ers
74HC151  £0.33 7415283  £0.47 OP282GP  £227 80 38 Benr Mixad L
74HC153 £0.30 74LS365 £0.21 OP283GP £5.20 410 E12 ¥W Reslstors
e o . Ya esistors
74HC154  £0.94 7415367  £0.21 OP290GP £428 480 E3UW R
0oP297G £4.64 100 . Transistors

INIC COMPONENTS

www.esr.co.uk

2 Tel:

0191 2514363
* Fax: 0191 2522296

Prices Exclude Vat @17.5%.
UK Carriage £2.50 (less than Tkg

Station Road ) i

Cullercoats = P £5.50 greater than kg or >£30
Tyne & Wear Cheques / Postal orders payable to
NE30 4PQ ,."-,:.):. VISA ESR Electronic Components Lid.

PLEASE ADD CARRIAGE & VAT TO ALL ORDERS
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See notes on Readers’Technical Enquiries below — we regret
technical enquiries cannot be answered over the telephone.
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anywhere in the world (see opposite) and
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SEYMOUR). EPE can also be purchased from
retail magazine outlets around the world. An
Internet online version can be purchased and
downloaded for just $19.99US (approx £13) per
year, available from www.epemag.com
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SUBSCRIPTIONS

Subscriptions for delivery direct to any address in the UK:
6 months £19.95, 12 months £37.90, two years £70.50;
Overseas: 6 months £23.00 standard air service or £32.00
express airmail, 12 months £44.00 standard air service or
£62.00 express airmail, 24 months £83.00 standard air
service or £119.00 express airmail.

Online subscriptions, for downloading the magazine via
the Internet, $18.99US (approx £13) for one year available
from www.epemag.com.

Cheques or bank drafts (in £ sterling only) payable to
Everyday Practical Electronics and sent to EPE Subs.
Dept., Wimborne Publishing Ltd. 113 Lynwood Drive,
Merley, Wimborne, Dorset BH21 1UU. Tel: 01202
880299. Fax: 01202 843233. Email: subs@epemag.
wimborne.co.uk. Also via the Web at: www.epemag.
com. Subscriptions start with the next available issue. We
accept MasterCard, Maestro or Visa. (For past issues see
the Back Issues page.)

BINDERS

Binders to hold one volume (12 issues) are available from
the above address. These are finished in blue PVC. Price
£7.95 plus £3.50 p&p (for overseas readers the postage
is £6.00 to everywhere except Australia and Papua New
Guinea which cost £10.50). Normally sent within seven
days, but please allow 28 days for delivery — more for
overseas.

Payment in £ sterling only please. Visa, Maestro and
MasterCard accepted. Send, fax or phone your card
number, card expiry date, valid from date and card security
code (the last 3 digits on or just under the signature strip),
with your name, address etc. Or order on our secure
server via our UK website. Overseas customers — your
credit card will be charged by the card provider in your
local currency at the existing exchange rate.

Advertising and Business Manager:
STEWART KEARN (01202) 880299

On-line Editor: ALAN WINSTANLEY

EPE Online (Internet version) Editors:

CLIVE (Max) MAXFIELD and ALVIN BROWN
Publisher: MIKE KENWARD

READERS’TECHNICAL ENQUIRIES

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

PROJECTS AND CIRCUITS

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

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

COMPONENT SUPPLIES

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

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

ADVERTISEMENTS

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

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

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

ruly innovative audio and video equip-

ment is hard for the maker to describe,
so it can be difficult to get across to the
‘gadget mag’ press, which is mostly inter-
ested in the colour of the box, how many
gigabytes it hides and the price.

British high-end hifi company Arcam’s
rCube is a good example. It’s an iPod dock
with built-in Kleer — the Canadian system
for sending 16-bit CD quality audio over the
same frequencies as Bluetooth, but without
the compression delay and lip-sync-destroy-
ing ‘latency’ introduced by the standard
Bluetooth stereo system called A2DP (Ad-
vanced Audio Distribution Profile with Sub
Band Coding)

rCube is a black box, smaller than a foot-
ball, but with four built-in speakers driven
by a 90Wrms digital amplifier. Although
mains-powered, rCube can run for eight
hours on a lithium-ion battery.

In addition to the standard iPod 30-pin
physical connector, the built-in Kleer trans-
ceiver with diversity antennae can receive
streamed audio from a PC or Mac, or MP3
player, iPod, iPhone or iPad when fitted
with a Kleer dongle. Kleer claims one tenth
the power drain of Bluetooth, so longer bat-
tery life for portables.

Kleer works in the same ISM (Indus-
trial, Scientific and Medical) band as

Bluetooth — 2.4GHz — but carries an overall
data stream of 2Mbps, which is sufficient
for the 1.4Mbps needed for uncompressed
CD-quality stereo plus the data that has to
be re-sent because of interference; for ex-
ample, from microwave ovens, which also
work in the 2.4GHz band. Kleer slots a
2.37Mbps data stream in a 3MHz channel,
continually scanning the ISM band for clear
spaces and hopping in. The scanning is so
fast that latency is less than 20ms.)

Arcam rWave — Amplified USB Kleer wire-
less dongle for Mac / PC / Laptop. Trans-
mits high-power lossless Kleer signal to
rCube and rDac, approx 100m range

The rCube can also stream lossless audio
from one rCube to a mesh of up to seven
others round a house or garden; or rCube
can stream to headphones from TDK,
Sennheiser or Opera that have a built-in
Kleer receiver.

Because it is the Kleer dongles that pair,
rather than the audio devices, party-goers

can swap dongles to play their own music
from their own players through a com-
mon shared rCube, or mesh of rCubes. The
rCube costs around £500.

The new family of 3D video devices
from Viewsonic are also hard to describe
simply. Three basic components are sold
separately, but work hand-in-hand; the
V3D241 3D 24-inch 3D monitor costing
around £330, the 3DVS5-E 3D DV Cam-
corder costing around £150, and the simi-
larly priced 3DPF8-E 8-inch autostereo-
scopic no-glasses 3D digital photo frame
with a built-in battery.

The camcorder captures HD movies in 2D
or 3D at 720p, or 5 megapixel stills, on an
SD card. A built-in 2.4-inch autostereoscopic
no-glasses viewfinder previews and plays in
2D or 3D, albeit with fairly coarse resolution.

The captured footage can then be shown
in high resolution 2D or 3D on the 24-inch
LED-lit, full HD monitor. 3D display is one
of either two modes: as red/blue anaglyph or
NVidia frame sequential images at 120Hz for
viewing with shutter glasses. The set comes
with one pair of shutter glasses. The monitor
can also display 3D video or games.

The captured footage can also be shown
in medium resolution 2D or 3D on the
8-inch touch screen photo frame. The moni-
tor and frame also show normal 2D.

High performance blade SSDs

oshiba has announced an innovative new

form factor in high capacity solid-state
storage, thin, blade-shaped solid-state drive
(SSD) modules: the ‘Blade X-gale’ series.
The new drives cover 64GB, 128GB and
256GB capacities and are ideally suited for
integration into space-sensitive products,

Cutting-edge storage — Toshiba s new SSDs

8

including mini-mobile and netbook PCs,
and are claimed to give product developers
greater freedom and flexibility in product
design. The new drives are now available.

As mobile devices gets smaller and lighter,
yet ever more feature packed, the SSDs inside
them must be even smaller, and much thin-
ner. Toshiba’s new 64GB and 128GB SSDs
are the thinnest yet, only 2.2mm thick, 42%
thinner than that of a typical mSATA form
factor. Advanced wiring technology has
assured optimised wiring layouts and data
transfer rates in this new form factor. Toshi-
ba’s base design technology also minimises
board warpage during thinning, yielding a
256GB capacity when memory is mounted
on both sides, the largest density in the in-
dustry for small type modules.

The devices use the SATA 2.6 (3Gps) in-
terface; operate at 3.3V and have a transfer
rate of: 220MBps (read), 180MBps (write).

Take the next left, luvvie

Drivers can
now have
the boom-

ing voice of
Brian Blessed
as their per-
sonal map
reader.  After
a  Facebook
campaign at-
tracted 25,000
supporters,
| the king-sized
Yorkshireman
agreed to re-
cord  driving
instructions in his distinctive stentorian
tones — and the Brian Blessed sat nav voice
has been released by TomTom.

‘Why have a boring old computer voice
when you can have a beardy old me,’
laughed Brian.
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New Parallax Propeller devices

arallax has launched two new interest-
ing products for fans of their innovative
Propeller system.

Spinneret web server

The Spinneret Web Server may be small —
at less than 1%2 by 4 inches — but it is a
feature packed development platform. The
built-in MicroSD card socket and real-time
clock allow ample room for time-stamped
file and data storage, and the oversized EE-
PROM can store non-volatile data for use
when there is no MicroSD card present.

As an open-source hardware device, all
design data, including layout, schematics,
and firmware are available under licenses
that allow free distribution and reuse. This
means that the Spinneret Web Server’s de-
sign can be incorporated into new applica-
tions royalty free and without a non-disclo-
sure agreement.

The Spinneret Web Server is an Ethernet-
based development board for the Propeller
microcontroller. Web page content, files, and
logs can be stored on a MicroSD card. The se-
rial EEPROM has 32KB for storing a Propel-
ler program and 32KB for non-volatile data
storage, independent of the MicroSD card.

There is a real-time clock controller for time
stamping files and events, and a backup capac-
itor that will keep the clock running through
extended power outages. There is a serial pro-
gramming header and two auxiliary I/O con-
nections, one for level-shifted open-collector
communications over a three-pin data/power/
ground cable, and the second is a 12-pin sock-
et for direct 3.3V I/O connections.

There are eight status LEDs on the PCB,
plus two that are repeated on the Ethernet
jack. One of the status LEDs is user control-
lable and shares a line with a button that can
be read under user control. A second button
resets the Propeller to reload the firmware
from the EEPROM.

Propeller Platform USB

Combining a 64KB EEPROM, 5MHz re-

movable crystal, 1.5A power regulation,

USB, and a microSD card slot on a com-

pact, breadboard and protoboard friendly

module, the Propeller Platform USB is an

easy-to-use development tool for the mul-

ticore Propeller microcontroller. All 32

Propeller I/O are available via pin sockets,

along with 5V and 3.3V regulated power.
Other features include:

® 80MHz 8-Core Parallax Propeller
P8X32A with removable SMHz crystal

® Ultra-LDO voltage regulators accept
5.5V minimum power input

® USB-to-serial interface for loading and
communication

® 2.8 x 2.5-inch footprint with pin sockets
to add additional Platform modules or
connect to a breadboard.

Both devices have a retail price of $49.99,

see: www.Parallax.com.

The fastest chips in the East

Xeon® 5600

Intel has revealed that its Intel Xeon 5600
series processors, announced earlier this
year, are at the heart of the world’s most
powerful supercomputer, the Tianhe-1A.
Located at the National Supercomputing
Center in Tianjin, China, Tianhe-1A con-
tains 14,396 Intel processors accompanied
by accelerator cards, and has demonstrated
groundbreaking performance of 2.57 pet-
aflops (1012, or quadrillions of calculations
per second).

In partnership with Inspur, a computer
manufacturer in China, Intel worked with the
National Supercomputing Center and its tech-
nology partners to achieve this performance.

The 36th edition of the TOP500 list
of supercomputers, as announced at
supercomputing event ‘SC10’°, in New
Orleans, shows that nearly 80 percent
of the world’s top 500 systems have
Intel processors inside. Such machines
are increasingly featured in computers
designed for geophysics, financial cal-
culations and scientific research focus-
ing on mainstream applications, such as
improving the safety of football players
and enhancing medical imaging.

According to the list, Intel chips
now power four of the top six sys-
tems — in addition to the No. 1 system.
Xeon 5600 series processors are a
key building block in the No. 3 sys-
tem (Shenzhen), and the newly listed
No. 4 system at the Tokyo Institute of
Technology. The New Intel Xeon Processor
7500 series is featured in the Bull Super-
node system at CEA, newly listed at No. 6.
Overall, 398 new systems on the list feature
Intel processors. According to the list, Intel
processors are in 90 percent of the systems
newly listed in 2010.

The semi-annual TOP500 list of super-
computers is the work of Hans Meuer of the
University of Mannheim, Erich Strohmaier
and Horst Simon of the US Department of
Energy’s National Energy Research Scientif-
ic Computing Center, and Jack Dongarra of
the University of Tennessee. The complete
report is available at: www.top500.org.
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Fluke’s new iFlex high-
current AC/DC clamp

d

luke have introduced their new ‘376

clamp meter’, which offers improved
performance for a wide range of current
measurement situations. With true-rms volt-
age and current measurements, the Fluke
376 can read up to 1000V and 1000A in
both AC and DC modes.

Additionally, the Fluke 376 includes the
new iFlex flexible current probe, which ex-
pands the measurement range to 2500A AC,
while providing increased display flexibility,
ability to measure around awkward sized
conductors and improved wire access.

E Ink gets colour

anvon Technology, based in Beijing,

has launched the world’s first large-
screen high-resolution color E Ink display.
‘E Ink’ screens have two important advan-
tages over traditional LCD versions — they
use far less battery power and they are
readable in the glare of direct sunlight. The
downside is that the new colour E Ink dis-
plays are not as sharp or saturated as LCD.
The colours resemble a faded colour pho-
tograph. Plus, at the moment, E Ink cannot
handle video well.

The most popular E Ink applications are
in e-book readers such as Amazon’s Kindle,
but these are black and white. It remains to
be seen whether the attractiveness of colour
will transfer this new technology to the Kin-
dle and other E Ink devices, but competition
from the more expensive Apple iPad, which
uses a colour LCD display and includes an
e-book application will be hard to ignore.

breaking news you

would like to share
with our readers,
then please email:

editorial@wimborne.co.uk
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Mains Power, Switch

ANY early PCs had an IEC-type

240V outlet socket on the back
of the box that was switched by the
PC’s own on/off switch. This allowed
you to automatically switch power to
the computer’s monitor, printer and
other peripherals when the PC itself
was switched on or off.
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All you had to do was plug a power
distribution board into this outlet
and then plug the peripherals into
this board. The power switch on the
front of the PC then controlled every-
thing —all very neat and convenient.

Unfortunately, this handy
switched power outlet disappeared

when the PC manufacturers changed
over to software-controlled power
supplies. So with most new PCs,
you’re now forced to use a power
distribution board with its own
master power switch if you want to
control all your peripherals with a
single switch.
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Of course, that means you have to
remember to manually switch on the
peripherals when you switch on your
PC, and vice versa. And that can be a
real nuisance. If you forget to turn the
peripherals on, the computer won'’t
recognise the monitor or any USB
peripherals when it boots and may
have to be restarted.

Apart from that, having to manually
switch everything on and off at the
wall socket can be areal nuisance. Not
only that, it can also be impractical if
the wall socket is inaccessible because
it’'s hidden behind a desk or some other
piece of furniture.

That’s where this USB-Sensing
Power Switch comes in. It connects
to one of your PC’s USB ports and
when it detects activity on that port,
itautomatically switches mains power
through to a socket on its front panel.
By connecting a powerboard to this
socket, you can automatically switch
on all your peripherals (including
the monitor) when the PC itself is
switched on, and then off again when
the PC is powered down.

This not only relieves you of having
to manually switch gear on and off,
but also means that the wall socket
can be left on.

Life ain’t easy

At first glance, the circuitry re-
quired to do the job should be quite
simple — just monitor the USB port’s
+5V line and use it to turn a transistor
on when the PC is switched on. This
transistor could then turn on a relay
to switch the mains power through to
the outlet socket each time the PC was
switched on.

Unfortunately, it’s not that easy in
practice, unless you use a laptop (more
on this later). The reason is very sim-
ple — most desktop PCs maintain +5V
standby power on their USB ports,
even when they are powered down.
And that would mean that our USB
Sensing Power Switch would never
switch off if we simply sensed the
+5V USB rail.

In fact, the only way to ‘kill’ the +5V
standby power on the USB ports is to
switch the PC off at the wall socket
(or at the back of the computer itself),
hardly the most convenient solution.

So why do desktop PCs do this?
Well, there are a couple of reasons.
First, by maintaining power to the
USB ports, it allows the computer to

Constructional Project
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MONITOR PC

POWER DISTRIBUTION
BOARD FOR PERIPHERALS

USB SWITCH

USB KEYBOARD

(USB KEYBOARD CABLE)

\ USB EXTENSION CABLE

Fig.1: how the unit is used. All peripherals plus the monitor are plugged into
the power distribution board. Note that a USB keyboard or mouse must be
connected to the USB Switch if you are using a desktop PC.

be booted simply by double-clicking
a USB mouse or by typing a password
into a USB keyboard. This is set up
in the PC’s BIOS (eg, ‘Power On By
Mouse’ or ‘Power On By Keyboard’)
and is a very convenient way of start-
ing the machine if the computer is
tucked away under a desk.

Second, it allows you to recharge
the batteries in a range of devices via
a USB port, even when the computer
is off. These devices include MP3
players, iPods, some GPS units and
cordless keyboard/mouse receiving
stations.

Laptops are different

By contrast, laptop computers do
shut down the standby power to their
USB ports when they are powered
down. Presumably, this is done to
conserve the battery. Our tests on a
number of laptops indicate that power-

ing them via a mains adaptor makes no
difference either — the USB ports are
still powered down when the machine
is switched off.

For laptops then, simply monitor-
ing the +5V USB line is valid and our
circuit has an option to do just this.
That means that laptops are easy to
cater for. A few desktop machines
also have a jumper option on the
motherboard to disable USB standby
power. However, most don’t, so we
need to use some other method to
determine when the machine is
switched on.

Monitoring a data line

The answer for desktop machines is
to monitor the D— data line of the USB
port instead. To do this, however, we
must have a USB device plugged into
the USB port that the PC recognises,
typically a mouse or keyboard.

-
=

UsB ouT

The USB input and output sockets are accessed via cutouts in one end of
the case. The connection to the PC is via a standard type A to type B cable.
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remains on by default after the polling
(10.002/ | Trigd ¥ signal is detected and by then using a
timer to turn it off a set period after the
: polling signal ceases. In the case of the
USB-Sensing Power Switch, this delay
period can be set anywhere between
33sand 67s, but can easily be extended
if your computer is slow to boot.
Note that using the delay circuit
also means that the peripherals remain
powered up for a brief period after
the computer is turned off. So, if the
delay period is 40s, for example, the
peripherals will remain on for 40s after
shut down.

270V

Loop through sensing

Fig.1 shows how the unit is used
with a desktop computer. Basically,
it uses ‘loop through’ sensing via two

U

I

Freq(1): 1.0kHz | Period{1): 1.0ms
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Fig.2: this scope grab shows the polling signals with a full-speed USB device
connected to the USB-Sensing Power Switch. The green trace is the signal on the
D- line of the USB port, while the yellow trace is the signal at the collector of
transistor Q1. The polling frequency is 1kHz, as specified in the USB standard.

The reason for this is that when a
recognised device is plugged in, the
USB host (ie, in the PC) regularly
‘polls’ that USB port for activity. This
polling signal takes place at a 1kHz
rate (ie, 1ms frames) for low-speed
and full-speed devices, and has an
amplitude of 3.3V.

By contrast, high-speed USB devices
use a differential 8kHz polling signal
that has an amplitude of just 0.3V.
This type of device cannot be used
with this project — only low-speed and
full-speed devices can be used.

Polling signal

Fig.2 shows the USB polling signal
with a full-speed USB device con-
nected. This signal appears shortly
after the machine is switched on. What
happens then depends on whether you
have USB mouse (and/or keyboard)
support enabled in the system BIOS. If
itisn’tenabled, then the polling signal
almost immediately ceases again and
stays off during the boot period until
well into the Windows splash screen,
at which point Windows loads its
own driver.

When that happens, the polling
signal reappears and remains on until
the machine is powered down again.
However, the polling gap during boot-up

12

can typically be 30-40 seconds long or
more, depending on how long it takes
Windows to load its driver.
Alternatively, if USB mouse (or key-
board) support is enabled in the BIOS,
the polling signal remains present as
the machine boots and only briefly
ceases towards the end of the splash
screen as the Windows driver takes
over. So, in this case, the polling signal
is almost continuous from switch on.
By detecting the polling signal on
the D—line, we can thus reliably detect
when a desktop PC has been switched
on. But what about the gap in the poll-
ing signal that occurs during boot-up,
particularly if USB mouse/keyboard
support is not enabled in the BIOS?
Unless precautions are taken, the
peripheral devices would power up
shortly after the PC was switched on,
only to almost immediately switch off
again when the polling signal ceased.
They would then remain off until
the Windows driver loaded for the
particular device that was plugged
into the USB port. For a plug and play
monitor, that could be a real problem
—if it isn’t turned on, Windows can-
not recognise it and so loads a default
low-resolution desktop.
Fortunately, this problem is eas-
ily solved by designing a circuit that

USB ports (one for USB in and one
for USB out).

As already mentioned, you must
have a USB mouse or keyboard (or
some other low-speed or full-speed
USB device) plugged in. You cannot
use a high-speed device, and that
includes most USB flash drives and
disk drives (the USB device itself will
work, but the USB Sensing Power
Switch won’t).

Alternatively, for a laptop, all you
need to do is connect the unit toa USB
port on the computer and configure it
to monitor the +5V rail. In this case,
you don’t have to have a peripheral
connected to the USB Out socket, but
you can if you wish. What’s more, you
can connect any type of USB device
you want, including high-speed de-
vices —they will all function normally.

By the way, whichever method you
use to monitor the USB port, this unit
will also power down your peripherals
if the PC goes into hibernation. It will
then automatically turn them back on
again when the machine comes out of
hibernation.

How it works

OK, let’s see how the unit works.
Fig.3 shows the circuit details, and
as you can see, there’s not a lot to it.

The first thing to note is that the
electronic switching circuitry must be
electrically isolated from the mains,
so that there’s no risk of 230V AC
getting back into the computer via
its USB port. That’s done by using a
transformer in the power supply, plus
arelay to switch the mains through to
the mains outlet socket (GPO).
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Fig.3: the circuit can be triggered either from the +5V USB line (JP1 in) or from the D- data line (JP1 out) using transistor
Q1 and dual D-type flip-flop IC2. When triggering occurs, Q2 turns on and this turns on relay RLY1 to switch mains
power through to the GPO (mains outlet socket). Transistor Q3 and its associated parts form the reset circuit for IC2,
while 555 timer IC1 switches the unit off after a preset time if no data is detected on the D- line.

As shown, a pair of standard USB
sockets, CON3 and CON4, allow the
unit to be connected between the
PC and an external peripheral using
standard USB cables. All of the USB
connections go ‘straight through’,
so the added circuitry is essentially
‘transparent’ as far as USB communi-
cation is concerned.

Let’s start by considering the sim-
plest configuration, in which the unit
is used to monitor the USB 5V (V+)
rail (ie, it’s being used with a laptop).
In this case, jumper JP1 is installed
and IC1, IC2a, IC2b and transistors
Q1 and Q3 are effectively bypassed
and have no role in the circuit’s
operation.

When the laptop is powered up,
+5V DC appears on pin 1 of each of its
USB ports. We simply ‘steal” a couple
of milliamps from this convenient
source of 5V DC and use this to turn
on transistor Q2 via a 2.2kQ resistor
and jumper JP1.

Transistor Q2 in turn switches on
relay RLY1. As a result, RLY1 closes
its contacts (which are in the live line)
and so power is switched through
from the mains input socket to the
GPO (general purpose outlet) socket.
In addition, Q2 turns on LED1 (green)
to indicate that the relay is on.

Conversely, if the laptop is turned
off, the +5V DC disappears from USB
pin 1 and this removes the forward
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bias on Q2 (its base is pulled down
to ground via the 22kQ resistor). Q2
therefore stops conducting, turning
off the relay (and LED1) and in turn
switching off the power to the mains
output socket (GPO) — simple.

Monitoring the D- line

Now let’s consider the more com-
plicated case, where we monitor the
‘D-" data line (ie, the unit is to be
used with a desktop machine). In this
case, link JP1 is left open so that the
unit cannot be triggered by the +5V
USB line. Instead, IC1, IC2a, IC2b and
transistors Q1 and Q3 now come into
play, and transistor Q2 is driven from
the Q output of D-type flip-flop IC2a.
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1 PC board, code 788, size
151Tmm X 109mm

1 IP65 ABS sealed polycarbonate
enclosure with clear lid, 1771mm
X 121mm X 55mm (Jaycar HB-
6248 or equivalent)

12851 12.6V 150mA (2VA) mains
transformer

1 chassis-mount 12V coil SPST
relay with 20A contacts (Jaycar
SY-4042)

2 PC-mount 2-way terminal blocks
(CON1,CON2)

1 PC-mount Type B USB
connector (CONS3)

1 PC-mount Type A USB
connector (CON4)

1 snap-fit fused male IEC
connector with switch

1 M205 10A slow-blow fuse

1 10A flush-mounting mains outlet
socket, with side wire entry

1 300mm length of 10A brown
mains wire

1 150mm length of 10A blue
mains wire

1 150mm length of 10A green/
yellow mains wire

12 nylon cable ties

4 M3 x 6mm machine screws

2 M3 x 10mm machine screws

2 M4 x 10mm machine screws,
pan head

2 M3 hex nuts

3 M3 star lockwashers

2 M4 hex nuts

2 M4 star lockwashers

2 M4 flat washers

4 M3 x 10mm nylon screws, pan
head

8 M3 hex nylon nuts

2 6.4mm insulated spade
connectors for 1mm? wire

7 4.8mm insulated spade
connectors for 1mm?2 wire

1 4.8mm insulated piggyback
spade connector for 1mm? wire

1 5.3mm ID eyelet terminal for
1mm? wire

172 x 38 x 1mm sheet steel or
aluminium (for IEC connector
mounting plate)

1 3-pin header

1 jumper link

1 14-pin machined IC socket

1 8-pin machined IC socket

Semiconductors

1 555 timer (IC1)

1 74LS74 dual D-type flip-flop (IC2)
1 BC549 NPN transistor (Q1)

2 BC337 NPN transistor (Q2,Q3)

1 5mm green LED (LED1)

1 5mm red LED (LED2)

5 1N4004 1A diodes (D1-D5)

Capacitors

1 470uF 25V PC electrolytic

1 220uF 16V PC electrolytic

2 100uF 25V LL PC electrolytic
1 10uF 16V electrolytic

1 150pF ceramic

Resistors (0.25W, 1%)

1 470kQ 3 2.2kQ

2 22kQ 2 1kQ

2 10kQ 1 68Q 5W
1 3.3kQ

1 500kQ miniature horizontal
mount trimpot (VR1)

J

It works like this: normally, when
the PC is off, the pin 6 Q output of D-
type flip-flop IC2a is low and transis-
tor Q2 and the relay are off. However,
if the PC is turned on, transistor Q1
is rapidly pulsed on and off by the
polling signal that appears on the
D-line. Q1 inverts this polling signal
and applies a train of brief low-going
pulses to the reset pins (13 and 1) of
IC2b and IC2a.

As aresult, IC2b and IC2a are reset,
thus forcing their Q outputs low and
their Q outputs high. This turns on
transistor Q2 via a 2.2kQ resistor at
pin 6 of IC2a and activates the relay,
which now remains on.
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IC1 is a 555 timer that is wired to
operate in astable mode. It is also reset
each time Q1 is briefly pulsed on by the
timing signal (ie, pin 4 is pulled low).
This sends pins 3 and 7 of IC1 low and
discharges the 100uF timing capacitor
on pins 2 and 6 via the 1kQ resistor.

After the first brief reset pulse, Q1
turns off for a period of 1ms and so
pin 3 of IC1 switches high for Ims and
clocks IC2b. Because IC2b’s QQ output
is connected to its D input, its outputs
immediately toggle, with Q now going
high and its Q output switching low
(ie, arising-edge clock signal transfers
the logic state on its D input through
to its Q output). This has no effect on

IC2a though, since the flip-flops only
respond to high-going clock pulses.

At the end of this 1ms period, Q1 is
pulsed on again by the polling signal
and IC1, IC2b and IC2a are again re-
set. As aresult, both Q2 and the relay
remain on whenever polling pulses
are present.

No polling signal

Now let’s see what happens if the
polling signal ceases. When that hap-
pens, IC1’s pin 3 output immediately
switches high and clocks IC2b, sending
its Q output low. At the same time, IC1’s
100pF timing capacitor begins charging
towards the supply rail via trimpot VR1
and the 470kQ and 1kQ resistors.

The timing period for IC1 can be set
anywhere from 33s to 67s, depending
on the setting of VR1. Ifanother polling
pulse occurs within this timing period,
then the circuit is reset and the relay
remains on. However, if no polling
pulse is detected (ie, the PC has been
powered down), the timing capacitor
continues to charge until it reaches
2/3Vcce. At this point, pin 3 switches
low and the 100pF timing capacitor
quickly discharges into pin 7 via the
1kQ resistor.

When the voltage on the timing
capacitor discharges to 1/3Vcc, pin
3 switches high again and the 100pF
capacitor begins recharging. This
high-going output from IC1 clocks
IC2b again, sending its Q output (pin
8) high. This in turn clocks IC2a and
switches its Q output low.

As a result, both Q2 and the relay
switch off, as does LED1.

Further clock pulses from IC1 now
have no further effect on IC2a. That’s
because its D input (pin 2) is tied high
and any further clock pulses simply
transfer this logic high to its Q output,
and so Q remains low.

In effect, IC1 functions as a missing
pulse detector. If the polling signal
is absent for longer than its timing
period, it applies two clock pulses to
IC2b —one almost immediately and the
other at the end of the timing period.

IC2b simply prevents this first clock
pulse from reaching IC2a and turning
off the relay prematurely.

Transistor Q3 and its associated
parts form a power-on reset circuit for
IC2b and IC2a. This might seem rather
complicated for a reset circuit, but it is
necessary to give a long time constant
(about 0.7s). This prevents the USB
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This view shows the fully completed prototype. Be sure
to build it into the specified plastic case to ensure safety.

reset pulse, which appears on the D—
line almost immediately after power is
applied from falsely triggering the unit
(ie, before the computer is turned on).
Note that we originally used a sim-
ple RC reset network here, but were
forced to use the more complicated
circuit when we discovered this prob-
lem. This accounts for some of the
differences between the unit shown
in the photos and the final version.

Power supply

All the circuitry involving IC1, IC2,
Q1 and Q3 is powered directly from
a +5V rail, which is derived from the
USB port. By contrast, the relay circuit
(including transistor Q2 and LED1) is
powered from a 12V rail.

This 12V rail is derived from a simple
power supply based on mains trans-
former T1. Its 12.6V AC secondary is
rectified using bridge rectifier D1 to D4,
the output of which is then filtered by
a 470uF electrolytic capacitor.

This supply provides about 17V DC,
so a 68Q 5W dropping resistor is used
to reduce the effective relay voltage to
around 12V when it’s energised. The
specified relay draws about 75mA.

Note that it is also possible to use
a similar relay (Jaycar SY-4040) with
contacts capable of switching 30A
AC. However, this relay needs 100mA
of energising current, so if it’s used,
then the dropping resistor value must
be reduced to 47Q. There is no real
advantage in using the higher rated
relay however, as the IEC mains input
connector is only rated for 10A.

In any case, it’s very unlikely that
the current drain of the peripherals
connected to your PC will total 10A
— which corresponds to 2300W. So
the 20A relay we’re using is already
overkill.

Diode D5 is connected across the
relay coil to protect transistor Q2 from
the back-EMF voltage that’s generated

by the relay’s coil when it switches
off. LED1 (green) indicates when the
relay is on and mains power is present
at the GPO socket, while LED2 (red)
indicates when mains power is ap-
plied to the unit.

Finally, switch S1 (which is integral
with the IEC socket) allows you to
manually turn off the mains power.
This is handy if you want to boot
the computer, but you don’t want to
power up certain peripherals, such as
a printer or external disk drive.

Construction

All of the parts used in the project
are housed in a sturdy polycarbonate
enclosure (171mm x 121mm x 55mm)
with a clear lid and a neoprene

(What§happensiduringghibernationi

NE FEATURE of this device is that it will power down the peripherals
plugged into it if the computer goes into hibernation. That’s because all
data activity ceases on the USB data line during hibernation and because
laptop machines power down their USB ports.
This allows you to save power while the computer hibernates, which is
worthwhile over long periods. The peripherals will automatically start up
again when the machine comes out of hibernation.
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Fig.4: follow this parts layout and wiring diagram to build the unit. Note that all wiring to the GPO, IEC connector and
relay contacts must be run using mains-rated cable, and this wiring must be secured using cable ties (see photos)

lid-sealing gasket. Note that you must
use the specified plastic case for safety
reasons — do not use a metal case.

As shown in the photos, the IEC
mains input connector (with inbuilt
switch S1 and fuse F1) mounts on one
end of the enclosure, while the 3-pin
mains output socket (GPO) mounts in
the lid. Everything else is mounted
on a PC board coded 788. This board
measures 151mm x 109mm and has
corner cut-outs at one end to allow it
to sit on the base of the box.

Fig.4 shows the parts layout and
wiring. All the low-voltage circuitry is
mounted at the right-hand end of the
board and there are square cutouts in
the end of the case to provide access
to the USB connectors. The indicator
LEDs are viewed through the transpar-
ent lid of the enclosure.

Two-way terminal blocks CON1 and
CON2 are used to terminate the con-
nections from the secondary winding
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of mains transformer T1 and the coil of
relay RLY1, respectively. By contrast,
one of T1’s primary leads and the relay
contacts are connected to the mains
wiring via insulated spade connectors.

Board assembly

Begin the assembly by installing
the six wire links on the PC board,
then install the resistors. Table 1
shows the resistor colour codes,
but you should also check each one
using a digital multimeter before sol-
dering it to the board. The 68Q 5W
resistor should be mounted with its
square-section ceramic body spaced
about 3mm up from the board, so
that the air can circulate beneath it
(you can use a cardboard spacer to
do this).

Diodes D1 to D5 can go in next, fol-
lowed by the three transistors (Q1-Q3).
Be sure to use the correct transistor at
each location. Q1 must be a BC549,

STAR WASHERS

CRIMP EYELET M3 NUT)
\ / TRANSFORMER
N NN

MOUNTING FOOT
1 A——/

2

I
PC BOARD—" %MS x 10mm SCREW

Fig.5: an M3 x 10mm screw and nut,
two M3 star washers and a crimp
eyelet are used to secure the earth
wire to the transformer frame.

while Q2 and Q3 are BC337s. Note
that the transistors and diodes are all
polarised, so be sure to install them
with the correct orientation.

Follow these parts with the two ICs.
We used good-quality machined IC
sockets on the prototype, but you can
solder these devices directly to the PC
board if you wish. Be sure to orientate
these devices as shown on Fig.4 (the
dot or notch on each device is at the
pin 1 end).
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The electrolytic capacitors are next
on the list, again taking care with their
orientation. Once they are in, install
the 150pF capacitor and the two LEDs
(flat side as shown). You can either
mount the LEDs close to the board,
or leave their leads reasonably long
so that they will later sit close to the
lid of the case for improved visibility.

The 3-pin header can now be sol-
dered in place, followed by screw
terminal connectors CON1 and CON2
and the two USB connectors (CON3
and CON4). Be sure to install CON1
and CON2 with their entry holes fac-
ing towards the transformer and relay.

Transformer and relay
mounting

The board assembly can now ; _
be completed by installing trans- . ° — = —_—
former T1 and the relay. First, &\ [ == : ;
transformer T1 is mounted using
two M3 x 10mm long screws with
lockwashers and nuts. Note that the
screw fitted to the transformer’s - *— : :
‘rear’ foot is fitted with an addi- | B O L . =
tional lockwasher, because this % @ ; > i
screw is also later used to at-
tach the crimp eyelet of a mains
(safety) earthing lead for the
transformer frame.

Note: the enamel must be
scraped off the transformer foot
for a good contact. .

Once the transformer has /& ;
been mounted on the board, || &
the white ‘centre tap’ second- . e ;
ary wire can be cut short and
fitted with a short length of <3
heatshrink sleeving. The @ Sl &
two yellow secondary leads
go to CON1. Keep these two
leads short and secure them to-
gether using a couple of cable ties.

Relay RLY1 is mounted using two Inside the completed prototype — note how the mains wiring is firmly secured
M4 x 10mm machine screws with using cable ties, as are the leads to the transformer secondary and relay coil.
flat washers, lockwashers and M4 Note also that the PC board used in this prototype version differs in several
nuts. Short leads fitted with 4.8mm respects from the final version shown in Fig.4.

TableRils ColouCodes,
a No. Value 4-Band Code (1%) 5-Band Code (1%)
4 1 470kQ yellow violet yellow brown yellow violet black orange brown
a 2 22kQ red red orange brown red red black red brown
a 2 10kQ brown black orange brown brown black black red brown
] 1 3.3kQ orange orange red brown orange orange black brown brown
] 3 2.2kQ red red red brown red red black brown brown
H] 2 1kQ brown black red brown brown black black brown brown
4 1 68Q 5W not applicable not applicable
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Fig.6: this diagram shows the cutout and drilling details for the GPO socket in the case lid, the access holes for the USB
connectors (righthand end), the IEC connector (lefthand end) and the metal mounting plate for the IEC connector. A large
cutout can be made by drilling a series of small holes around the inside perimeter, then knocking out the centre piece and
carefully filing the job to a smooth finish. The cutout for the mains output socket (GPO) will, of course, depend on the type used.
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f
NOTE CABLE TIES
USED TO SECURE
NEUTRAL and
EARTH
LEADS TO GPO

This view inside the prototype unit shows how the mains wiring is installed and secured. It’s a good idea to fit two nylon
nuts to each nylon screw that’s used to secure the IEC connector bracket, to firmly lock it into place.

insulated spade connectors at one end
are used to connect its coil terminals to
CONZ2. Once again, secure these leads
together with cable ties, as shown in
the photos.

Preparing the enclosure

Once the board assembly has been
completed, it can be placed aside
while you cut the various holes in
the enclosure and its lid. The size
and locations of all of these holes are
shown in Fig.6.

In summary, there are two small
rectangular cutouts at one end of the
case for access to USB connectors
CON3 and CON4, plus a single large
rectangular cutout at the other end
for the IEC mains input connector. In
addition, there are two holes in the lid
to mount the GPO socket. This will, of
course, depend on the type of mains
output socket you use.

The IEC fused male connector and
switch is a snap-in type intended for
use with a mounting plate thickness
of about 1mm. Unfortunately, the
specified IP65 box has a wall thick-
ness of 3mm, so the IEC connector

cannot be mounted directly to it.
Instead, it is fitted to a 1mm-thick
metal plate and this plate is secured
to the inside of the box using four
M3 x 10mm nylon screws and eight
nylon nuts.

As a result of this arrangement, the
flange of the IEC socket is mounted
flush with the surface of the box, giv-
ing a neat finish.

As well as the box cut-outs, Fig.6
also shows the dimensions of the metal
plate for the IEC connector. It should
be made from 1mm-thick sheet steel
or aluminium.

Having made the plate, the next
step is to snap the IEC connector
into it and then attach this assembly
inside the enclosure using the four
M3 x 10mm nylon screws and nuts.
It’s also a good idea to then install an
additional nylon nut on each mount-
ing screw. These will firmly lock the
first nuts into position and ensure
that the assembly cannot possibly
come loose.

That done, mount the PC board
assembly inside the enclosure and
secure it using four M3 x 6mm
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machine screws. These screws go
into the integral threaded mounting
bushes on the base of the box.

The GPO outlet can now be fitted
to the lid. That’s done by first un-
screwing the centre screw holding
the front plate to the rear moulding
and then screwing the outlet back
together with the enclosure lid sand-
wiched between the two sections.

Mains wiring

The final assembly step is to in-
stall the mains wiring. This involves
all wiring to the IEC input connec-
tor, the relay contacts and the mains
output socket, plus the primary
winding of T1.

Note that all this wiring must use
250V AC 10A rated wire. Brown
wires are used for the live connec-
tions, blue for neutral and green/
yellow for the earth wiring — see
Fig.4. Fig.5 shows how the earth
lead is attached to the transformer
mounting foot viaa 5.3mm ID crimp
eyelet terminal.

All leads to the IEC connector
and to the relay are terminated
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The IEC connector is snap-fitted to a metal plate and this assembly is then
secured to one end of the case using M3 x 10mm nylon screws and nuts.

using insulated spade connectors.
You must use a ratchet-driven crimp
connector to fit these. Do not use a
cheap automotive-style crimp tool,
as this will not give reliable connec-
tions. The earth wire terminations,
in particular, must be well made in
the interests of safety.

Fig.4 shows what type of spade con-
nector to fit to each wire. Use 4.8mm
spade connectors to the IEC connector
as indicated. These spade connectors
must all be fully insulated.

If you are unable to obtain fully
insulated 4.8mm connectors, then
use non-insulated connectors, but be
sure to fully insulate each one using
6mm-diameter heatshrink tubing after
its lead is crimped in place.

Note that the connector at the
terminal marked ‘3’ on the IEC con-
nector is a piggyback type. Again, it
should be fully insulated using heat-
shrink tubing. Note also that some
IEC connectors may have 6.4mm
lugs and will require 6.4mm spade
connectors.

As shown in the photos, all this
mains wiring must be neatly installed
and secured using eight cable ties. This
is necessary to make it impossible for
any leads to come loose and make con-
tact with the low-voltage components
on the PC board.

Note that the neutral and earth wires
are also tied to the GPO socket using
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the holes in its moulding as anchor
points (see photo).

Additional cable ties are used to
secure the leads to CON1 and CON2.
Again, the idea is to ensure they can-
not come loose and contact mains
voltages.

Initial checks

Before doing anything else, use
your multimeter (set to a low ohms
range) to check between the earth pin
of the IEC connector and the earth
outlet of the mains output socket
(GPO). You should get a reading
of zero ohms here (this checks the
integrity of the earth connection).
Similarly, you should get a reading
of zero ohms between the earth pin
of the IEC connector and the trans-
former frame.

Having verified the earth connec-
tion, fit the 10A fuse to the fuseholder
in the IEC socket. Note that this fuse
should be a slow-blow type.

Testing

It’s now time to test the unit. Here’s
the step-by-step procedure:

1) Rotate trimpot VR1 fully anti-clock-
wise (this sets the timing period to
minimum).

2) If you are using a laptop, install
jumper JP1 to trigger off the +5V

USB rail. If you are using a desktop
machine, leave JP1 out so that the
unit triggers off the D— line.

3) Attach the lid to the case. This is
important — we strongly advise
against connecting this unit to
mains power without the lid in
place, to eliminate the risk of an
electric shock.

4) Connect the unit to a mains power
outlet, then switch on the mains
outlet and switch on the IEC con-
nector’s switch (S1). The red LED
should light to indicate that the
power is on but nothing else should
happen - ie, the relay and LED1
(green) should remain off.

6) Connect the unit to your computer
using a standard USB type-A to
type-B cable. If you are using a
desktop computer, then connect
your USB mouse or keyboard to the
USB Out socket (CON4) as well.

7) Power up the computer. After a
brief delay (no more than several
seconds), you should hear a click as
therelay operates and the green LED
should light to indicate that mains
power has been switched through
to the mains output socket.

8) If you have a desktop computer,
check the green LED as the com-
puter boots. If it goes out and then
comes back on again towards the
end of the Windows splash screen,
then the delay period is too short.

To adjust the delay, first unplug
the mains cord from the IEC con-
nector, then open the lid and adjust
trimpot VR1 slightly clockwise.
Be sure to replace the lid before
testing the unit again. Repeat this
procedure if necessary, so that the
green LED remains on while the
computer boots.

9) Power down the computer. If
you are using a laptop, the green
LED should go out as soon as the
machine shuts down. You should
also hear a click as the relay
switches off.

Alternatively, if you are using a
desktop machine, the green LED and
relay should remain on for the delay
period after the computer switches
off. This period will be somewhere
between about 33s and 67s, depend-
ing on the setting of VR1.
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UsinghtheJUSBzSenSingiVainsjRowerkSwitch

DESKTOP COMPUTER: trigger from the D- data line. Leave all jumpers
out, connect the device to the computer via a standard USB cable and
plug a USB mouse or keyboard into the USB Out socket (see Fig.1).
Set trimpot VR1 so that the green LED (LED1) stays on continuously
while the computer boots. Enabling USB mouse or USB keyboard
support (depending on which device you have plugged into the USB
Out port) will allow you to set VR1 to minimum (ie, to give the mini-
mum delay period).

LAPTOP COMPUTER: trigger from the USB +5V line. Install jumper JP1
and connect the device to the computer via a standard USB cable. Use
of the USB Out socket is optional and you can plug in any device you
wish. Note that plugging in a USB mouse or keyboard will introduce

.

a switch-off delay (as set by VR1), unless you leave out IC2.

W

Points To Cheek

1) Be sure to use the specified ABS
plastic case. Nylon screws must be
used to secure the IEC connector
plate to ensure safety.

2) Use mains-rated cable for all
connections to the IEC socket,
the GPO and the relay contacts.
Secure this wiring using cable
ties — see photos.

3) Use fully-insulated spade con-
nectors to terminate the leads
to the IEC connector and to the
relay contacts. A ratchet-driven
crimping tool is necessary to fit
the spade connectors.

4) Do not touch any part of the
230VAC wiring while this device is
plugged into the mains. Also, DO
NOT attempt to build this device
unless you know what you are
doing and are familiar with high-
voltage wiring.

==

Note: if your desktop computer is
very slow to boot and 67s isn’t long
enough, increase the value of the
470kQ resistor in series with VR1.
Alternatively, enable USB mouse or
USB keyboard support in the system
BIOS, depending on which device you
have plugged into CON4.

If this all checks out, your USB-
Sensing Power Switch is working and
can be put into service. All you have to
do is plug a power distribution board
into the mains output socket (GPO)
on the top of the enclosure, and then
plug your peripherals into this distri-
bution board.

Don’t forget to connect a USB mouse
or keyboard to the unit if you are trig-
gering the unit from the D- line of the
USB port.

That’s it. Your peripherals will now
be automatically turned on and off
with the computer. EPE
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Free Flowcode 3
with every MIAC

» Rugged PIC |8F4455

» Programmable from USB -
download software provided

» Compatible with third party
PICmicro, BASIC and C compilers

» Includes free Flowcode 3 graphical
programming software (no
upgrade rights)

» 8 digital or analogue inputs

» 4 relay outputs - 8A

» 4 motor outputs with speed
control - 12V, 500mA

» 4 line 16 character display

» Control keypad

» Fully networkable via built in
CAN bus

» Lab View and Visual Basic
compatible - DLL supplied

» In-Circuit Debug over USB with
FlowKit

iriddrfX

WWW, multimedia.com

21



New Year, New
Futures

lechnolalk

Mark Nelson

To open the New Year we examine a new wonder material that’s set to transform
electronics, along with a new fashion in body-worn wireless networks. And if you feel
like exploring an alternative to eBay, Mark shows you the way.

Graphene mania takes off

ACK in October ’10, it was almost
Bimpossible not to read about
graphene after two  scientists
involved with graphene won the 2010 Nobel
Prize in Physics, even though the ‘new’
carbon foil electronic material has been
under serious investigation since the 1980s.
The key feature of graphene is that it’s a
sheet or layer of carbon just one atom thick
(you need to stack three million of them to
make a layer one millimetre thick). It also
has some remarkable electronic, optical and
thermal properties, and it differs from most
conventional three-dimensional materials.
It is very flexible and also appears to be
one of the strongest materials ever tested.

Because electrons flow faster in graphene
than in silicon, it has many potential
application for making more efficient
transistors and integrated circuits. It is
believed that graphene could be used to
produce ultra-capacitors with a greater
energy storage density than is currently
available.

Biodevices are another application, for
mammalian and microbial detection, as
well as rapid and inexpensive electronic
DNA sequencing. Sheets of graphene oxide
are highly effective at killing bacteria,
meaning that graphene could be useful in
applications such as hygiene products or
packaging that will help keep food fresh
for longer.

Multitasking

Researchers have already made blist-
eringly fast graphene transistors, states the
Massachusetts Institute of Technology’s
Technology Review, and now they
could produce configurable triple-mode
transistors. Researchers at Rice University
in Houston, Texas, have used graphene
to make a transistor that can carry out
three different modes of operation that
in conventional circuits would have to be
performed by three separate transistors.

Trade paper EE Times clarifies that
these triple-mode graphene transistors can
conductboth electrons and holes, depending
upon whether a positive or negative voltage
is applied. This would permit simpler ICs
to be constructed, potentially shrinking the
size and complexity of common analogue
functions when using graphene transistors.

But is it new?

This new research is absolutely current,
but investigation into carbon electronics
goes back longer. According to www.
grapheneworks.com, graphene research
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evolved from work on carbon nanotubes.

Early research showed that nanotubes
had fabulous electronic properties, but the
inability to manufacture well-controlled
tubes and scale them up from single-
tube transistors to large-scale integrated
circuits prevented serious technological
applications. In 2001, Walt de Heer realised
that two-dimensional graphene (essentially
unrolled nanotubes) would have many of
the same properties as carbon nanotubes,
and this idea has opened the way to a new
approach to carbon electronics.

Going back in history, German scientist H P
Boehm investigated the adsorption properties
of ultra-thin carbon foils back in 1962, and the
excellent conductive properties of graphite
had been employed in carbon potentiometers
for many decades. A researcher by the name
of D C Brodie was aware of the highly
lamellar (layered) structure of thermally-
reduced graphite oxide as far back as 1859.
It was studied in detail by V Kohlschiitter
and P Haenni in 1918, who also described the
properties of graphite oxide paper.

BodyNets

BodyNets is a forum where engineers,
scientists and medical professionals
exchange ideas on using low-power sensor
networks in and around the human body for
clinical and health monitoring; the study of
human computer interactions; education and
entertainment. The goal is the development
of practical systems for physiological
monitoring, human-computer interaction
and the provision of entertainment. Last
September, they held their fifth international
conference in Corfu, where delegates heard
and discussed 80 technical papers.

A month later, engineers at Queen’s
University Belfast announced a new
development project that could have us
all wearing novel body sensors as part of
new mobile Internet networks. Sounds
like an April Fools’ Day joke? Maybe,
but the university’s website is adamant
that wearable sensors could create new,
ultra high bandwidth, mobile internet
infrastructures, and reduce the density of
mobile phone base stations.

Their engineers are working on this ground-
breaking project in the rapidly developing
science of body-centric communications.
Social benefits from their work could include
vast improvements in mobile gaming and
remote healthcare, along with new precision
monitoring of athletes and real-time tactical
training in team Sports.

Theresearchers in Belfast are investigating
how small sensors carried by members of
the public, in items such as next generation

smartphones, could communicate with
each other to create potentially vast body-
to-body networks (BBNs). These sensors
would interact to transmit data, providing
‘anytime, anywhere’ mobile network
connectivity.

Dr Simon Cotton, from the university’s
wireless communications research group
explains: ‘The availability of body-to-
body networks could bring great social
benefits, including significant healthcare
improvements through the use of body-
worn sensors for the widespread, routine
monitoring and treatment of illness away
from medical centres. This could greatly
reduce the current strain on health budgets,
and help make the government’s vision of
healthcare at home for the elderly a reality.
If the idea takes off, BBNs could also lead
to a reduction in the number of base stations
needed to service mobile phone users,
particularly in areas of high population
density.’

Dr Cotton concludes: ‘Success in this field
will not only bring major social benefits,
but could also bring significant commercial
rewards for those involved. Even though the
market for wearable wireless sensors is still
in its infancy, it is expected to grow to more
than 400 million devices annually by 2014.

Bay or Bid?

Do you use eBay to buy electronic
components and other goods? If you do, you
helped boost the company’s last quarterly
revenues to £722 million. This was up three
per cent compared with the same period a
year before. Revenue from PayPal followed
close behind, reaching £530 million, up a
massive 22 per cent on the previous year.

There are now more than 93 million
active accounts on eBay, with a million
new users joining every month. Not bad
for a company that started out in 1995 as a
web page advertising a collector’s surplus
Pez dispensers (allegedly). I say ‘allegedly’
because the origins of eBay and the derivation
of its name are disputed; the company’s
corporate website (www.ebayinc.com) does
not discuss details of this kind.

Certainly eBay is a great place for doing
business, but you should not overlook
its latest competitor — eBid (www.ebid.
net/). Although it’s inevitably smaller
then eBay, the prices are keener there, no
doubt because it’s much cheaper to sell
on eBid.

Listing is free and you can leave items
on the system until they are sold. I have
found some really good bargains buying
electronic components on eBid, and you
may well be able to share my good luck.
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Constructional Project

Ideal for remote control of practically anything
you like and with a range of more than 200m, this
wireless transmitter and receiver pair use pre-built
UHF modules that make it easy to construct and use.

433 MHZ

Features
Range over 200m (tested using Jaycar UHF modules)
Receiver has momentary or toggle output
Adjustable momentary period
Receiver can drive a 12V relay
Transmitter draws no standby current from 9V battery

Transmit and receive indication

Up to five receivers can be used in the same vicinity
L) /. ] 3 =




A cheap garage door controller is just one
UHF Remote Switch. If your brand-name

Constructional Project

: -

rage do

remote control is broken or lost, you’ll be ahle to build
this whole project - transmitter AND receiver - for
much less than the cost of replacing the original remote!

HERE are quite a few 433MHz
Ttransmitter and receiver mod-

ules around these days. Rela-
tively inexpensive, they are ideal for
remote control applications as well as
their more usual tasks, wireless data
links. While the majority offer only
fairly short range (tens of metres), some
can work over a 200m+ range.

Even a tens of metres range is a con-
siderable improvement over infrared
transmitter and receiver pairs that not
only have limited range (<10m) and
usually don’t work well in sunlight,
but more importantly, have strictly
line-of-sight reception. A wall,
a filing cabinet, even a vase of
flowers can stop infrared dead —

Commonly known as 433MHz data
transceivers, they operate on the
433.050MHz to 434.790MHz band,
at a level of 25mW. Classified as
‘low interference potential devices’
(LIPD), they are widely used for send-
ing wireless industrial, medical and
scientific data.

However, these days you are more
likely to find them in wireless consum-
er applications such as door openers,
doorbells and weather stations.

We have used these devices in the
past for various wireless applications,
including the Water Tank Level Meter

SECURITY NOTE

featured in EPE between April and
June 2010.

Jaycar Electronics sell a version
of the transmitter and receiver pair.
The best part about them is that they
are pre-assembled and aligned — you
don’t even need a multimeter to get
them going!

As LIPD devices, they have no legal
protection against interference from
other LIPD devices on the same or
similar frequencies. The trade-off is
that they are one of the few radio fre-
quency transmitters that can be used
without a licence.

ASK
The 433MHz modules send

just like your TV/video infrared
remote control.

On the other hand, UHF mod-
ules can operate where there
is no line-of-sight between the
transmitter and receiver. They’ll
even work through (most!) walls,
although walls with interior alu-
minised insulation or similar will
cause them grief.

While this UHF Remote Switch has protection
against unauthorised access via its ‘identity’
settings, there is little to prevent someone with
a similar transmitter stepping through these

identities if the basic operation is known.
Therefore, it should not be placed in locations
where security could be compromised
- eg, used on a garage door opener where the
garage gives access to the rest of the home.
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data by a method known as
amplitude shift keying, or ASK.
This simply means that to send
data, the transmitter sends
bursts of a 433MHz signal. When
the transmitter is sending the
433MHz signal, the data is a ‘1’
and when the transmitter is off,
and not sending a 433MHz sig-
nal, the dataisa ‘0’. Thereceiver
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433MHz TRANSMITTER

How not to use the UHF transmitter and receiver modules

— +5V s1
s CIOSED

OPEN OPEN
DATA ov

(NOISE)
Fig.1a
433MHz RECEIVER
—+5V s1
DATA
-

433MHz RECEIVER

The two alternative arrangements for connecting a switch (S1) to activate the
transmitter are shown in Fig.1a and Fig.1b. With S1 open, the transmitter will
be sending a 433MHz signal to the receiver, and the receiver output will be set
constantly high. When S1 is closed, the transmitter will be off and the receiver
will pickup random noise shown as a series of irregular high and low signals.
Fig.1b has S1 connected so that the transmitter only sends a 433MHz signal
when closed, to produce a high output at the receiver. When S1 is open, the
transmitter is off and the receiver outputs random noise.

J_ Fig.1b

responds to the transmitted signal by
producing a high output when the data
sentisa ‘1’ and a low output when the
data sent is a ‘0’.

It may seem easy to use the UHF
transmitter/receiver modules just
to do simple switching, by simply
connecting them as shown in Fig.1a.
This is where the transmitter is set to
continuously send a signal with the
data input held at 5V. The receiver
then responds by outputting a high.

It follows that the data output from the
receiver would go low when the trans-
mitter ceases transmitting its signal.

The alternative arrangement, with
the transmitter off and S1 open is
shown in Fig.1b. In this case, the out-
put from the receiver would go high
when S1 is closed.

However, neither of these arrange-
ments will work. The reason is that the
data rate must be a minimum of 300

bits per second and a maximum

Inside the two cases - the receiver in its utility box
at left with a long-wire antenna (all of 170mm!) and the
transmitter with its coil antenna, fitted into a remote control case.
The battery compartment is on the other side of the case.
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of 10k bits per second. So, for slow
speed use where the switch remains
open or closed for longer than the
minimum rate, there are problems.

Noise

The first problem is that with no
signal sent by the transmitter, the
receiver outputs a continuous stream
of noise. This is seen as random high
and low signals at the receiver output.

Thereason for this effect is that the re-
ceiver has automatic gain control (AGC).
In the absence of a 433MHz signal, the
receiver increases its amplification (or
gain) until it begins to receive a signal.
If there is no 433MHz signal, the gain
will become so high that the receiver
just detects noise. This noise is then
what is applied to the receiver output.

When there is a 433MHz signal
transmitted, the receiver gain is re-
duced so that the signal is received
correctly without detecting the back-
ground noise. The AGC action is de-
signed to work if the 433MHz signal
is modulated (switched on and off)
at the correct 300Hz to 10kHz range.

The second problem is that the
receiver will respond to any 433MHz
signal that occurs in its range. So
if your next-door neighbour’s ga-
rage door is being activated using
a 433MHz remote control, then the
receiver will also provide an output.
So some form of encoding is needed
so that the receiver will only work in
conjunction with its transmitter and
not from another transmitted signal.

Signal conditioning

As a consequence, UHF modules
cannot be used without some form of
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signal conditioning. For transmission,
the signal needs to be processed so that
a signal with the correct bit rate is sent
to the transmitter module. For recep-
tion, the signal needs to be processed
to ignore the noise from the receiver
module in the absence of signal and to
only respond to a valid transmission.

The complexity of the signal condi-
tioning means that a microcontroller
is almost a prerequisite, and we chose
an 8-pin PIC12F675-1/P device for both
the transmitter and receiver.

Using the microcontroller also al-
lows extra features, such as the ability
to have momentary or toggle output,
an adjustable momentary delay and
you can also have up to five different
transmitter and receiver pairs working
in the same vicinity without interfer-
ing with one another.

Presentation

Both the transmitter and receiver
are quite flexible in their presentation.
We elected to fit the transmitter into a
handheld remote control case, which
also houses the 9V battery in a separate
battery compartment. A pushbutton
switch is used to start transmission
of signal.

However, the transmitter could be
housed in a smaller plastic case or
even in no case at all, ie, just as a PC
board, depending on the application

(eg, behind the dashboard of your
car with just the pushbutton seen on
the dash).

Similarly, the receiver may be
housed in a small plastic case or
perhaps inside a garage door remote
controller case. Even if the case was
metal, which would normally stop the
signal, the antenna wire could emerge
through a suitable hole.

The receiver PC board has input
terminals for power and two output
terminals that can drive a 100mA load,
such as arelay coil. The relay contacts
can drive low voltage items such as
motors and lamps. An LED indicates
when the output is on. This receiver
includes link options for momentary
or toggle output, and an adjustable
momentary delay adjustment.

Both transmitter and receiver in-
clude an identity control that sets one
offive possible identities. The identity
of the transmitter and the receiver
must be the same for the receiver to
respond to the transmitter.

Transmitter circuit

The transmitter circuit is shown
in Fig.2. As previously stated, it is
based on a PIC microcontroller (IC1)
and a 433MHz transmitter module
(TX1). The PIC12F675-1/P microcon-
troller includes an internal oscillator
and up to five general-purpose input/
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outputs (GPIO). Four of these GPIOs
can be used as analogue-to-digital
inputs.

The circuit is designed to run from
a power supply between 7V and 12V
with very low power drain, suiting
battery use. Normally, we would
assume a 9V battery would be used,
but it could be wired into a vehicle’s
12V supply. Absolutely no power
is drawn when the transmitter is
in its standby state — that is, when
the transmit switch has not been
pressed.

One form of transmitter mounting is
inside ahandheld case, complete with a
9V battery compartment, asshown here.
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When the transmit switch (S1) is
pressed, the power drawn is less than
20mA and this is only for a short pe-
riod while the switch is held closed
and the unit is transmitting.

Power is applied to the circuit via
diode D1 and a 10Q resistor to the
emitter of transistor Q1. The diode
provides reverse polarity protec-
tion (essential when used with a 9V
battery) while the 10Q resistor in
conjunction with the 16V Zener di-
ode (ZD1) protects against transient
voltages. Transient voltages are not
likely when used with a battery sup-
ply, but the protection is included
should the circuit be powered from
an automotive 12V supply.

Pressing switch S1 connects the base
(B) of transistor Q1 to ground (0V) via
the 1kQ resistor. This allows current
to flow from the emitter to base, and
so the transistor switches on. Power is
then connected to the input of regula-
tor REG1, which supplies +5V to IC1
and the UHF transmitter module TX1.

Pressing S1 is not the only way to
trigger the transmitter — other methods
are available to suit many different
applications. For example, connecting
the two ‘External’ inputs together will
turn transistor Q2 on, having the same
effect as if switch S1 is closed.

A further alternative is to apply a
voltage (as low as 1.8V) to the anode
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(A) of diode D2 to trigger Q2. The input
current at 1.8V is 60pA.

With power now connected to IC1,
the program begins to run and the GP2
output at pin 5 goes to 5V. This high
output drives the base of transistor Q2
via the 10kQ resistor and link LK1, so
the transistor switches on. Power to
the circuit is now maintained, even
if the switch is released.

Identity code

IC1 now reads the voltage applied
to its AN3 input from trimpot VR1,
connected across the 5V supply.

Voltage from this trimpot is divided
up into five equal divisions, where
each division represents its own
identity:

0-1V = Identity 1

1-2V = Identity 2

2-3V = Identity 3

3-4V = Identity 4

4-5V = Identity 5

The identity is sent as part of
the code in the transmission. As
noted previously, the receiver must
be set to the same identity as the
transmitter before it will respond
to the signal.

@ DASHED LINE IS UTILITY BOX SIZED PC BOARD @
|

TO9V
BATTERY
SNAP

MO DULE

EXTERNAL

7 TURNS OF 0.5mm ENAMELLED COPPER WIRE
(WOUND ON 6mm FORMER (eg, DRILL BIT)
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For Identity 1, the sent code has
the value of 8. Identity 2 has the code
16, Identity 3 is 32 and 64 and 128 for
Identities 4 and 5. The microprocessor
looks for these values in the signal and
matches them with values it has stored
as part of the program.

The signal from IC1’s GP1 output
drives both the DATA input of the UHF
transmitter and the base of transistor Q3
via a 10kQ resistor. Q3 powers the LED
via a 470Q resistor and this LED flashes
as a signal is sent to the transmitter
module.

Initially, GP1 is set high for 50ms. This
sends a burst of 433MHz signal from the
transmitter and sets up the UHF receiver
so that itisready to receive data without
producing noise. GP1 then goes low for
1ms before going high again for 16ms.

The 16ms allows the receiver to lock
on to the data rate of the transmitter.
The data rate between the transmitter
and receiver needs to be locked because
we are using the internal oscillators of
the microcontrollers rather than crystal
oscillators. The 2% accuracy of the
oscillators can affect whether the data
is received correctly.

After the 16ms burst of 433MHz is a
1ms low. This is followed by an 8-bit
encode value, an 8-bit on/off signal and
an 8-bit stop value. The receiver must
receive all bits correctly before it will
act upon the signal. The 8-bit on/off
signal has the value 120 and the stop
bit value is 240.

When transmission is completed,
output GP2 goes low (to 0V), switching
off Q2. If switch S1 is also open, then
power is removed from the circuit, as
Q1 would also be switched off.

Constructional Project

Setting the links

As an alternative to having power
switched on only during transmission
of the signal, you can have power
permanently connected to IC1 and
the transmitter module. This may be
required if you power the unit from
an existing 5V supply or if you want
to use the 5V supply from REG1 to
power another circuit that requires
permanent power.

A change of jumper links is all that
isrequired to make the changes. Swap
the link for LK1 to LK3 and fit links to
both LK4 and LK5. If using an existing
5V supply, REG1 is not necessary and
can be omitted: simply connect +5V to
what was REG1’s ‘out’ position.

Link LK5 signals to the IC1 micro-
controller that the power arrangement
is different and transmission is not
required when power is connected.
The transmission in this case is initi-
ated by a closure of S1 or a signal at the
external input. This is detected by IC1
as a low-going level at the GP2 input.

Link LK2 is used to set repeat trans-
mission at a nominal 200ms rate. The
idea of this option is to allow the re-
ceiver to provide an output whenever
the transmission is being sent and to
cease the output when the signal stops.

Receiver circuit

Thereceiver circuit, shown in Fig.3,
also uses a PIC12F675-1/P microcon-
troller, which works in conjunction
with the 433MHz receiver module
controller.

The circuit is powered from a 12V
supply. It's much the same as the trans-
mitter: diode D1 protects from reverse

polarity connection, while the 10Q
resistor and Zener diode ZD1 prevent
any transient voltages from reaching
the 5V regulator, REG1.

This supplies power to both the
microcontroller IC1 and the 433MHz
wireless receiver module (RX). Overall
current consumption is around 7mA
with the LED off, and 14mA with the
LED on. More current is required from
the supply if a relay is connected to
the output.

Regulator REG1 includes two 100pF
bypass capacitors, one at its input and
the other at its output. Both IC1 and
the 433MHz module have their supply
decoupled by a 100nF capacitor close
to the supply pins for each.

IC1 has two analogue inputs (ANO
and AN3) to monitor the voltage set by
trimpots VR1 and VR2. The voltages
at each input are converted to a digital
value within IC1. VR1 sets the iden-
tity, and this is adjusted to match the
identity of the transmitter. VR2 sets the
timeout period of the output when it
is set for momentary action.

Data from the UHF receiver module
is monitored by the GP2 input of IC1.
When it receives a signal it compares
the values embedded in the code with
the identity value set by VR1 and for
the correct on/off and stop bit codes.
If the values are correct, it sends its
GP1 output high, which turns on
transistor Q1.

With Q1’s collector now low, LED1
is connected virtually across the 5V
supply (via its 470Q current-limiting
resistor), so the LED lights.

Q1’s collector (C) is connected to
one of the output terminals. This can

Fig.4 (opposite) is the component overlay for the full-sized

transmitter PC board, which matches the photo above.

Here’s the mini version, intended for mounting in a utility
box. It doesn’t have the spiral wire antenna; instead, a
170mm length of hookup wire is soldered to the antenna
pin (lower left of the green UHF module).
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170mm
LENGTH
OF HOOK

Fig.5 (above) is the
receiver PC board.
Make sure you get the
edge-mounted UHF
module around the
rightway. It’sjust visible
in this picture at left,
along with the antenna,
a 170mm length of
hookup wire.

be used as an output itself for any
device capable of being switched by
a low (<1V) level, or it can drive a
12V relay connected across the output
terminals. Diode D2 protects Q1 from
the voltage spike likely when the relay
switches off.

The output can be either momentary
or toggled, as selected using link LK1.

When LK1 is out, operation is mo-
mentary and Q1 is initially turned on
only when it receives a valid transmis-
sion from the transmitter. It stays turned
on for a period set by trimpot VR2.

Timeout periods can be set from 0.2s
through to about 50s. If the transmitter
is set to retransmit, then Q1 can be held
on for as long as the transmitter switch
is held down. The timeout needs to
be set long enough so that Q1 does
not momentarily switch off between
each retransmission of signal from the
transmitter. Q1 switches off when the
transmitter switch is released and after
the timeout period.

Software

The software files are available for
free download via the EPE Library
site, accessed via www.epemag.com.

Construction

We'll start with the transmitter which,
as we mentioned before, is designed to
fit into either a small remote control case
measuring 135mm x 70mm x 24mm or
intoa 83mm x 54mm x 31mm utility box.

The PC board, coded 789, measures
85mm x 63mm. An alternative outline,
measuring 79mm x 48mm for the utility
box version, is also shown.

Fig.4 shows the parts layout. Begin
by checking the PC board for shorted
tracks or breaks in the copper. Also,
check the hole sizes. The corner mount-
ing holes should be 3mm in diameter,
as should the two holes to anchor the
battery snap leads.

Now work can begin with the board
component assembly. Install the link

This shot gives a
better idea of how
the 433MHz UHF
4 receiver module is

. mounted. Note the
capacitor in front
of the chip on the
module - it is the
100nF ceramic disc

type.

and resistors first. Check each resistor
value using a digital multimeter before
soldering it onto the PC board.

Next, install the PC stakes for the
test points and antenna connection,
followed by the jumper header pins.

Capacitors can now be installed,
making sure the electrolytic capacitors
are oriented as shown on the overlay
(Fig.4). The ceramic capacitoris located
near to the transmitter module

When soldering in diodes D1and D2
and Zener diode ZD1, take care to ori-
ent them as shown in Fig.4. Likewise
the 8-pin IC socket — it is oriented with
its notch as shown on the overlay. Q1
(BC327),Q2 and Q3 (BC337) and REG1
(78L05) must also be installed the right
way around —and in the right positions
(the transistors all look the same!).

LED1, as well as being the right way
round, must sit up higher than the tran-
sistors so that it can be seen through
its hole in the case. The top of the LED
should be 15mm above the PC board.

The last components to mount before
the UHF transmitter module (TX1)
are trimpot VR1, the two-way screw
terminals and switch S1. Note that the
switch must be installed with its flat
side toward the edge of the PC board.

Transmitter module

The UHF transmitter module is
mounted horizontally on the PC board
and its leads will have to be bent over
at 90° before inserting it into the PC
board holes. Make sure the transmitter
is oriented correctly before bending the
leads. The pinouts for the module are
screen printed on its PC board.

As you can see from the photos and
diagrams, the transmitter antenna is
a small coil, made by winding seven
turns of 0.5mm enamelled copper wire
around a 6mm (1/4in) drill bit.

Each end of the wire should be
stripped of its insulation and soldered
to the antenna PC stake at one end
and the PC board pad at the other. If
you have cut down the PC board to
suit the smaller (utility) case, then an
alternative antenna can be made using
a 170mm length of insulated hookup
wire attached to the antenna PC stake.

The 9V battery leads pass through
one of the battery compartment holes
in the handheld remote case before
being looped through the holes in
the PC board and into the screw ter-
minals. A cable tie secures the wires
in position. The PC board is secured
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Parts List — UHF Remote Switch

TRANSMITTER
*1 PC board coded 789, size 85mm x 63mm
1 remote control case, size 135mm X 70mm X 24mm
(Jaycar HB-5610 or equivalent)
1 433MHz wireless transmitter module (TX1)
(Jaycar ZW-3100 or equivalent)
2 2-way PC mount screw terminals with 5.04mm pin

RECEIVER
*1 PC board coded 790, size 79mm X 48mm
1 plastic utility box 83mm x 54mm X 31mm
1 433MHz wireless receiver module (RC1) (Jaycar
ZW-3102 or equivalent)
2 2-way PC mount screw terminals with 5.04mm pin
spacing (CON1,CON2)

spacing (CON1,CON2)
1 8-pin DIL IC socket
1 9V battery
1 9V battery snap connector

4 jumper plugs

1 100mm cable tie

4 M3 X 6mm screws
2 PC stakes

Semiconductors

1 BC327 PNP transistor (Q1)

2 BC337 NPNtransistors (Q2,Q3)
1 1N4004 1A diode (D1)

1 1N4148 signal diode (D2)

1 16V 1W Zener diode (ZD1)

1 3mm green LED (LED1)

Capacitors
2 10pF 16V radial electrolytic

Resistors (0.25W, 1%)
122kQ 3 10kQ 2 1kQ
1 10kQ horizontal trimpot (VR1)

1 SPST PC board mount snap action switch (S1)
3 2-way pin header with 2.54mm pin spacings
1 3-way pin header with 2.54mm pin spacings

1 170mm length of 0.5mm enamelled copper wire
1 20mm length of 0.7mm tinned copper wire

1 100nF MKT polyester (code 104 or 100n)
1 100nF ceramic (code 104 or 100n)

1 470Q

1 8-pin DIL IC socket
1 2-way pin header with 2.54mm pin spacings

1 jumper plug
4 PC stakes

Semiconductors
1 PIC12F675-1/P preprogrammed microcontroller

(IC1)

1 PIC12F675-I/P preprogrammed microcontroller (IC1)
1 78L05 low power 5V voltage regulator (REG1)

Capacitors

2 100uF 16V radial electrolytic
1 100nF MKT polyester (code 104 or 100n)
1 100nF ceramic (code 104 or 100n)

Resistors (0.25W, 1%)
1 470Q
2 10kQ horizontal trimpots (VR1,VR2)

2 1kQ

Reproduced by arrangement
with SILICON CHIP
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1 170mm length of light duty hookup wire
1 20mm length of 0.7mm tinned copper wire

1 78L05 low power 5V voltage regulator (REG1)
1 BC337 NPN transistor (Q1)

2 1N4004 1A diodes (D1,D2)

1 16V 1W Zener diode (ZD1)

1 3mm green LED (LED1)

* Available from the EPE PCB Service as a pair

www.siliconchip.com.au

110Q

magazine 2010.

to the case with four M3 screws that
screw into the integral support bushes
of the case.

Receiver

All receiver components mount on
a second PC board, coded 790 and
measuring 79mm x 48mm. It can be
housed in a plastic utility box that
measures 83mm x 54mm x 31mm (the
same size as the alternative transmitter
case). The PC board doesn’t have any
mounting holes — it is designed to clip
into the horizontal slots in the side
guides of the box.

Fig.5 shows the parts layout. Again,
begin by checking the PC board for

shorted tracks or breaks in the copper.
Before soldering any components in,
check that the PC board fits neatly
into the box as shown. It may require
a little filing to narrow the PC board
for a good fit without bowing out the
side of the box.

Construction is similar to the
transmitter: install the link, resistors
(use a digital multimeter to confirm
values), capacitors, PC stakes, jumper
header pins, IC socket and finally the
semiconductors. Once again, make
sure any polarised components (eg,
electrolytic capacitors and semicon-
ductors) are soldered in the right way
round.
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As with the transmitter, the LED
should be mounted so its top is 15mm
above the PC board surface. Trimpots
VR1 and VR2 can be installed along
with the two-way screw terminals.

Unlike the transmitter, the UHF
receiver module is mounted verti-
cally on the PC board — make sure
the receiver is oriented correctly.
The pinouts for the module are
screen printed on its PC board.

The receiver antenna is simply a
170mm length of insulated hookup
wire, with a 2mm bared end soldered
to the antenna PC stake.

With the exception of the ICs,
which will be placed after testing, that
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completes assembly. Before moving
on to the testing stage, thoroughly
check both transmitter and receiver
boards for component misplacement
(or polarity errors) and bad or missing
solder joints. If you are satisfied that
all is well, move on!

Testing

Set your multimeter to a low DC
voltage (6V to 10V or thereabouts) and
connect the 9V battery to the transmit-
ter. Connect the probes to pin 1 and pin
8 of the IC socket.

Press S1 and check that the multi-
meter reads somewhere between 4.75V
and 5.25V. If there is no voltage, check
the battery, battery connections and also
that Q1 and Q2 are indeed in the right
way around and in the right places.

Check the receiver in a similar way
(except there isno S1 to press!). Again,
the voltage across pins 1 and 8 of the
IC socket should be between 4.75V and
5.25V when 12V DCis connected to the
power input terminals.

If the voltages in both these checks
are incorrect, disconnect power and
trace through the circuit until you find
the error or problem.

Kit suppliers tell us that 80% of prob-
lems in project construction are poor
soldering while the other 20% are incor-
rect component placement or polarity.

If the voltages are correct, switch off
power and insert the microcontrollers
for both transmitter and receiver into
their sockets — dare we say it — the right
way around!

First, the transmitter PC board: insert
jumper LK1 and adjust VR1 fully anti-
clockwise. Reapply power and check
that the transmitter flashes its transmit
LED when S1 is pressed. So far, so good.

Now apply power to the receiver and
press S1 on the transmitter again. The
receiver LED should light for around
200ms (ie, a brief flash). Note that the
receiver will not work if it is too close
to the transmitter (the transmitter is
overloading the receiver). You need
to have the transmitter and receiver
apart by about 1m before it will work
reliably. Close up operation is possible
ifthereceiver antenna is disconnected.

You can test the momentary delay by
rotating VR2 to mid setting. The LED
should light for around five seconds.
Note that the delay values from VR2 are
not linear with respect to rotation so that
you can select closer spaced delays at
the lower periods.
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Fig.6: here’s how to switch a

common relay terminals
would be connected in

parallel with the existing
(low voltage) pushbutton switch.

low voltage load with a relay. RELAY @ oamaLly CloseD
The relay coil should be rated ¥ commoN ‘(}* o+
at 12V and the contacts A NN W
rated to suit the load. ~— MOTOR
If using as a garage 1o ourPUT OR LAMP vé?TXé;E
door opener cont- TERMINALS SUPPLY
roller, the NO and

e

CONNECTING A RELAY AND LOAD

»

Values that can be selected are ap-
proximately 200ms, 400ms, 600ms,
800ms, 1s, 1.2s, 1.4s, 1.6s, 1.8s, 2.0s,
2.2s, 2.4s, 3s, 4s, 58, 658, 8s, 10s, 12s,
15s, 18s, 21s, 25s, 27s, 30s, 32s, 35s,
38s, 41s, 44s and 50s. These values are
spaced about 156mV apart as measured
at TP2.

The two lowest 156mV settings will
only give the 200ms period because
trimpots are not very easy to set much
below 200mV at the fully anticlockwise
end. The upper end adjustment may not
access the 41 and 44s position depend-
ing on the trimpot linearity.

If you want the output to toggle
where the output alternates between on
or off for each transmission, insert the
jumper plug for LK1. The momentary
delay has no effect for this setting.

Identity

If you are using more than one
UHF transmitter and receiver pair,
or if you receive a valid signal from a
neighbour’s transmitter, then you may
wish to have a separate identity. This
will prevent another transmitter from
operating the receiver.

Remember, however, that each trans-
mitter and receiver pair must have the
same identity in order to work together.
There are five possible identities, se-
lected using trimpot VR1 in both the
transmitter and receiver.

The easiest selections are Identity 1,
where VR1 is set fully anticlockwise, Iden-
tity 3 where VR1is to setmid-position and
Identity 5 where VR1 is set fully clock-
wise. Positioning of VR1 for Identity 2 is
mid way between fully anticlockwise and
mid setting while Identity 4 is between
mid setting and fully clockwise.

Further options for the transmitter
include ‘retransmit’ using link LKS5.
This sets the transmitter to continue
repeating a transmission while S1 is
closed or while the external trigger is
applied. This will keep the receiver

output activated provided that the
momentary delay is sufficient to
prevent LED1 dropping out between
transmissions. The setting is ideal if
you want the receiver to ‘follow’ the
closure of S1.

Finally, the transmitter includes
supply options where the circuit can
be continuously powered. To do this,
swap the jumper LK1 into LK3. Also
insert LK4 and LK5. Note that for this
arrangement, transistor Q1 and its 1kQ
base resistor are not required and can
be left off the PC board.

Connecting a relay

A 12V relay can be driven via the
output terminals of the receiver, pro-
vided the receiver is powered by a 12V
supply with a 100mA or higher current
capability. The contacts can be used to
drive a load, as shown in Fig.6.

For general 12V to 24V use, with
loads up to about 3A for a motor and
10A for a lamp, a standard 12V horn
relay could be used. These are available
from Jaycar — SY-4068 for a single pole
changeover (SPDT) version or SY-4070
for the double pole (DPDT) version.
These relays are rated at 30A.

Higher rated relays are also available,
such as the 60A-rated Jaycar SY-4074.

If using as a garage door controller,
most openers have a ‘local’ low-voltage
pushbutton switch. The relay contacts
would simply wire in parallel with this
switch and the receiver set to ‘momen-
tary’ mode.

Notethattherelayis notrecommend-
ed todrive mains appliances unless you
are proficient with using mains wiring.

A mains-rated relay is obviously re-
quired. The contacts of the relay must
be rated for the load and, of course,
any 230V wiring must be adequately
isolated. Switching motors will re-
quire a higher rated contact than the
stated running current because start-
up currents are much higher. EPE
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" TELEPHONE
Suppllers of PCB Soldering Equipment & Rework Stations \ TEL: 01992 450780

x ¢ i _
oY Gift Ideas For This A oNCINE
FBB S[OIderlng .co.uk cnrlstmas

MAIL ORDER

Allendale Electronics Limited,
43 Hoddesdon Industrial Centre,
Pindar Road, Hoddesdon,
Hertfordshire. EN11 OFF.

BUY BEFORE JANUARY AND
BEAT THE V. I\ TINCREASE

«70W heating capacity.
«Variable temperature of
200 - 480°C.

«LED display showing
actual iron temperature
& set temperature.

Allendale Ultrasonic Cleaners...

rb allendale-ultrasonics.co.uk
Suppliers of Ultrasonic Cleaners and Sol —Mu"— - .
. ——
«Stainless steel tank. |

*Tank Heating
*Heat and time controls.

Aoyue 968 PCB Work Station...

*Hot air gun, Soldering iron
& Fume Extractor. X
*LED readout of actual hot f%
air temperature, and set  ©
temperature.

*Knob type control for

+Cartridge tip & element. setting iron temperature. y «Tank lid included.
* Push button control with P « Air nozzles and IC remoya «Cleaning baskets available.
LED display. Partno Iron wattage Price tool included.

(Not included with tank. Sold Separately)
«CPU temperature control

S1-2900 70W £63.79 Part no Price
S1-968 £142.99

Aoyue 852A+ SMD Rework Statiogm..
«Variable heat and air control.

Aoyue 937 Soldering Station...

«35W heating capacity.
«Variable temperature of
200°C - 480°C.

Free

*Free 1 litre ultrasonic cleaning solution of your -

*LED dlsplay showmg actual «LED readout of hot air choice, when purchasing any ultrasonic cleaner from below. - e g &

iron temperature and set temperature and pressure. Offer only applies to telephone orders.

temperature. +4x nozzles and vacuum : — :
«Dial control with LED suction pen included. Part no Capacity Tank Dimensions (mm) Control Price
temperature display. Part no Iron wattage Price US-CU-08A  1.3litre L:150 x W:135 x H:65 Digital £84.99

Part no Price
SI-852A £76.57

SI-937-MAN 35W £32.13

; ?tS?;r/%lngSE;)(lid egL\g o +Variable heat and air control.
+LED readout of hot air temp, y :ﬁg r\\/gSIUfrrT:z %it:]g%oum -
gog\fg:f ,tiz;l‘;?ressure horizontal extension arm.
*Variable 15v /1.5A DC PSU *Air nozzles and IC removal
LED voltage & current display. tool included.

US-CU-10A  2litre L:150 x W:135 x H:100 Digital £99.95

US-CU-20A  3.2litre L:240 x W:135 x H:100 Digital £149.99
US-CU-20 3.2litre  L:240 x W:135 x H:100 Dial £119.99
US-CU-30 6.5 litre  L:300 x W:150 x H:150 Dial £294.95
US-CU-30A 6.5 litre  L:300 x W:150 x H:150 Digital £334.99
US-CU-60A  15litre  L:330 x W:300 x H:150 Digital £494.95
LUS-CU-1OOA 30 litre  L:500 x W:290 x H:200 Digital ~£649.95

Aoyue 998 SMD Rework Station

Ultrasonic Cleaning Solution... —

allendale-ultrasonics.co.uk -
+Highly concentrated solutions, = |
formulated for use in uItrasor- - 3 .
cleaning baths. ™1
*Deep cleans - removing
dirt and oxidation. »,»=.
*Range of specific solutions -*
including Carburettor, Jewellery,
Glass & Optical, and Sensistive  §

Part no Price
SI1-998 £79.95

Part no Price
SI-768 £127.62

Aoyue 2702 PCB Work Station... Aoyue 853A Quartz Infrared Heater...

+For heating underside of
PCB’s whilst reworking,
helping

to prevent board distortion.

* Variable temperature setting.
+LED readout of actual

& set temperature.

*Hot air gun, Soldering iron, Desoldering gun
& fume extraction.

«LED readout of hot air temp,
iron temp, desoldering gun,
air pressure and rework time.

«70W CPU controlled iron.

«Air nozzles, IC removal +Quartz infrared heating Metals.

tool & vacuum suction surface 140mm x 140mm. .

pen included. «Sliding pcb holding rails. Part no Size  Description Price
Part no Price Part no Price SI-ULTRA-250ml 250ml  Oils, greases, dust & dirt £3.75
SI-2702 £195.70 SI-853A  £89.95 SI-ULTRA-1LS 1 litre  Oils, greases, dust & dirt £8.95

US-SO-CAR-1L 1 litre Carburettor and Machine Parts  £8.95

Royue 2738 PCB Work Station. Aoyue 863 Infrared Heate US-SO-CAR-5L 5 I?tre Carburettor and Machine Parts ~ £19.95
*Hot air gun, Soldering iron «For heating underside of US-SO-JEW-1L 1 I!tre Jewellery . £8.95
& Fume Extractor. PCB’s whilst reworking, US-SO-OPT-1L 1 litre  Glass & Optical Lenses £8.95
+LED readout of hot air helping to prevent board US-SO-OXI-1L 1 litre  Oxidation Removal £8.95
temperature and pressure, distortion. US-SO-SEM-1L 1 litre ~ Sensitive Metals £8.95

«Variable temperature setting.

«LED readout of internal

heater and board temperature.

+850W Infrared heating

! surface 250mm x 250mm.
«Multi-point pcb holder.

and iron temperature.
*70W CPU controlled iron.
«Air nozzles, IC removal
tool & vacuum suction

pen included.

Part no Price
SI-2738 £173.64

Test Pins, Receptacles and Probes...

Price

For a full range of test pins, receptacles
£179.95

and probes please visit our dedicated site. TP )
www.test-pins.co.uk TL [ f lNC‘ 'UK

Suppbers of ast prss, ecwptaces & Probes

+For heating underside of
PCB's whilst reworking,
helping to prevent board
distortion.

*Variable temperature setting==2

+LED readout of internal heater
and board temperature.

+1500W Infrared heating

Tweezers...

Sealed ABS Enclosures...

= - surface 310mm x 310mm. Part no Price Sealed ABS Plastic Enclosures.
* Multi-point pcb holder. S1-883 £244.95 Two part multipurpose project boxes,
Full range of ;gllldsrri]r?e of poInt P with internal mounting pillars and
Tweezers ‘ IronTipsg . @ e w SCI'veIXedAhdS into brass inserts.
available... available . - 1
= Full range of P -
Prices from l prcestom 2 Hot Air Nozzles available... - =4 KuJ '
£2.25 ‘ 1 I ‘ £2.25 a‘; y | | prices starting from £6.95 |~ “ ' B D
——— O A
Aoyue 132 Game consnle neworlung system.. - .
External Dimensions (mm)  Internal Dimensions (mm)
JOW prehea pe Part No A B C D E F G Price
DOW infrared top heate I e R EN-SPE10-01 115 90 55 80 105 105 365 £250
oldering e-balling o e BAKRehe Board I EN-SPE-1007 158 90 605 81 149 17 375 £7.65
) rea pf internal heate e e external temperature sensor fo EN-SPE-10-22 64 58 8| &l | G 8 23 £145
and hoard tem ‘ ; anual control of the rework progce EN-SPE-10-33 220 150 95 144 214 30 60 £4.95
PU co e m, for precise omated reflo g proce . — - EN-SPE-10-53 2465 1972 956 185 2344 203 683 £6.95
| || Mmiting the | g pro b J = EN-SPE-10-54 1945 145 78 140 189 195 51  £4.50
\ N0 pch holde line se | o= b =
rews & fie 16 grips for a se ; | i . For a full range of ABS / aluminium
j hoard warp ) | | o 5 ) N enclosures, flight and equipment
\ Armature fo ahle ton heate | | i o2 cases please visit our dedicated site.  cgses-and-enclosures
nositioning - s www.cases-and-enclosures.co.uk co.uk
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Lamenting the passing of local AM
radio? Unable to clamber up on the
roof for a long wire aerial anymore?
Here’s a simple medium wave
tunable loop that, even indoors, will

bring signals out of thin air!

by Stan Swan

AY back in 1965, country
music star Connie Smith
sang about a ‘tiny blue tran-

sistor radio’. The ‘trannie’ was then
the height of desirable consumer
hi-tech. The ability to take pocket
music and news with you was near-
revolutionary in an era when almost
everything electronic was wired to
the mains.

These early portable radios were
AM (amplitude modulation) only,
covering the 520kHz to 1650kHz
medium wave (MW) broadcast band,
with a significant part of their ap-
peal due to the inbuilt radio-signal-
concentrating ferrite rod antenna.
Mains powered MW radios prior to
this era had used bulky wire loops
or lengthy external aerials, neither
of which suited portability.

Ferrites are iron-based magnetic
materials and an aerial coil wound
around such a rod could be brought
to resonance via a variable tuning
capacitor within the radio circuitry
itself. They’re convenient, very
compact and offer good broadside
directivity, arising from response
to the magnetic component of the
radio signal.
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However, their efficiency is much
less than a traditional antenna, a
fact now often forgotten. Although
ferrite rods are further hindered by
an upper frequency limit of just a
few MHz, almost all portable radios
made in the last 50 years have used
them for MW reception.

Tuning a signal

But how does a ferrite rod antenna
coil pick up a signal of a specific fre-
quency? In truth, it doesn’t — it picks
up a great range of frequencies at the
same time. It must be made resonant
at a particular frequency, so that it al-
lows signals at that frequency to pass
through, while rejecting all others.

And how is it made resonant?
By adding capacitance in paral-
lel with the coil. If either the coil
or the capacitor is made variable,
the frequency of the signal which
passes through can also be made
variable.

It’s more usual to have a variable
capacitor than a variable inductor,
though variable inductors are avail-
able, or at least they were once.

Coil/capacitor electrical reso-
nance is related to frequency by a
well-known formula:

I |
/= 2mNLC %
f = frequency in Heriz

C = capacitance in farads
L = inductance in henries

For a signal to cause LCresonance
at 1IMHz (which, incidentally, is
right in the middle of the MW broad-
cast band), a capacitor of 100pF
could be used with a coil of 250pH
inductance.

Neither the Lnor Cvalues are very
high — we’re talking picofarads 10712
ofa farad) and microhenries (106 of a
henry), and even stray capacitance or
a few extra turns of wire can signifi-
cantly shift the resonant frequency.

Tuning capacitors traditionally
used to complete the LC resonance
were a mechanical marvel, typi-
cally presenting capacitance values
of 10pF to 415pF, or 30pF to 300pF
as the interleaving air-spaced insu-
lated plates meshed. The drive for
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1. Medium wave (MW) AM broadcast
band loop antenna, built using cheap
4-pair (8 wire) telephone ‘ribbon’ cable,
and (optionally) housed in cheap garden
13mm irrigation plastic hose. The more
rigid self-supporting version is better
suited to serious use, as it can better null
offendinglocal noise or stations and even
DF (direction find) when rotated towards
remote signals.

2. The compact version allows easy
storage - suitable for portable and
travelling needs. Three metres of cheap
8-wire cable will resonate nicely over
most of the upper 500kHz to 1.7MHz
MW broadcast band with a common
60pF to 160pF miniature variable
tuning capacitor (eg, Jaycar RV-5728).
However, you should use longer lengths
for stations at lower MW frequencies,
or add a second capacitor in parallel to
the variable one.

T

3. Rather than tediously winding
multiple strands of wire around a frame,
the approach here is to simply connect
the cables offset wire ends (eg, white to
blue, black to white, red to black and so
on), thusmaking an 8-wire loop! Classic
gray computer ribbon cable could also
be used, but the coloured wires of the
phone cable used here make for much
easier assembly and less confusion.

Constructional Project

compactness again produced su-
perior ‘dielectric’ insulating layers:
plastics have hence long been used
instead of air between the plates. It’s
now quite hard to locate larger value
variable tuning capacitors, with the
limited Crange (60pF to 160pF) Jay-
car RV-5728 almost the only available
offering.

Wheeler’s formula

But back to the L side of things.
During the golden age of AM radio
before WW2, aerial coils were mostly
air wound on hollow formers, and
Wheeler’s Formula was developed to
estimate this inductance for a given
number of wire turns on a coil of
known radius and length:

L = inductance in
2p2 microhenries
L= _NR__ = number of turns of wire
9R + 10H R = radius of coil in inches
H = height of coil in inches

Yes —it’s shown using inches, but
this classic formula essentially says
that larger coils need fewer wire
turns (or vice versa) for the same
inductance. (Note that here, ‘H’ rep-
resents coil thickness perpendicular
to the plane of the coil.) Thus, hoop-
sized coils of diameter around %2 m
can be wound to resonate in the MW
band with just a few dozen turns of
wire — even hula hoops have been
persuaded to act as coil supports!

Mmm - interesting, but why do
youneed such a large coil? Although
classicradio theory, the reasons still
appeal. Naturally, larger antenna
coils capture more of the passing
radio signal, but they also show de-
sirable orientation effects, allowing
users to beam on to weak stations or
interference reduction.

Being magnetic devices — they’re
coils after all — they respond to the
magnetic component of the electro-
magnetic (EM) radio wave, rather
than the electrical portion picked up
by a long wire antenna. Hence, since
many interference sources are electri-
cal in nature, this magnetic response
can give some useful immunity to
locally produced electrical noise.

Enhanced reception

Aha! — keen minds may already
see where this is leading, and they’d
join the legions of those who’ve long
appreciated that a large tuned loop
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4. If you find soldering tricky, the wire
ends can be joined by cheap two-way
screw terminal blocks. This will give
design versatility, especially if you
want to shorten the loop to cover higher
frequencies.

5. When trimmed with a scalpel, these
terminals will also just fit (perhaps end
to end) inside the 13mm plastic pipe.

6. A serial D9 pair could also be used,
but these are tricky to solder and
more costly.

o.._

7.Justbasic household tools will do - the
compact version can be mounted on a
short piece of trellis offcut.

8.Cut offthree metres and remove about
four finger widths of the outer insulation.
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9. Avoid nicking (and thus weakening)
the eight inner wires; carefully bend
back the outer insulation as you cut.

10. A scalpel will often do this most
cleanly - side-cutters are usually too
savage.

11. If soldering the pairs, ‘stagger’ each
join by about 10mm to avoid adjacent
wires shorting each other.

12. Use both fine pliers and side-cutters
to reveal the copper wire.

13. A ‘third hand’ or ‘helping hand’
will greatly assist in holding the wires
steady during soldering. The soldering
doesn’t have to be especially neat, but
avoid shorts or weakened joints.
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antenna can enhance MW radio
performance. For almost a century,
insulated magnet wire has been lov-
ingly wound onto wooden supports
and websites still abound showing
ambitious loop constructional details.

Aside from radio DX hobbyists
(DX means distance) chasing rare
stations, sports fanatics trying to
hear a distant game or perhaps
listeners after weak 1.7MHz ‘X’
(extended) band ethnic or school sta-
tions, serious MW reception needs
arise in remote mountainous and
ocean regions where urban radio
signals are elusive.

Daytime lower frequency radio
signals tend to just follow the earth’s
surface, being little influenced by
the sort of terrain or vegetation that
blocks VHF or microwave signals.
At night, ionospheric reflection can
boost MW ranges to thousands of kil-
ometres — east coast Australian (and
even west coast USA) MW stations
are often received after dark in New
Zealand with a decent communica-
tions receiver and external antenna
—and vice versa. You could be based
on a desert island or outback mining
camp and still follow global events
on MW radio.

In the wilds

The ability to tune into MW news
and weather forecasts in the wilds
can be extremely convenient and
maybe even life saving. It’s easy for
city dwellers to assume cell phone,
Internet, FM and TV coverage is near
universal, but when just a few hours
away in the outdoors, the plight of
much of the ‘out of touch’ world
soon becomes apparent.

This was brought home to me
recently when camping with a
sports-mad group at an isolated New
Zealand beach, as radio coverage of
the Saturday evening big football
match wasthwarted by no one having
an AM radio with them.

Predictably, cell phones and FM
radios abounded, but the site’s
remoteness precluded VHF/UHF
reception. Cell phone and MP3 Li-
Ion batteries will go flat after a few
days usage as well, and often are
unique to the device, preventing
swap-outs with common AA cells.

The few pocket AM radios still on
sale usually have pathetic sensitiv-
ity and audio quality, but decent

14. After soldering (or connector
joining), use a DMM on resistance to
check the wires are not shorted or
broken. About 5Q resistance is normal.

15. Rather than forcefully pushing the
wires into the protective irrigation hose,
it’s probably easier to slit a short length
with scissors. The hose saddles will hold
it shut again afterwards,

16.Hot melt glue can be used to keep any
wirejoins apart. Don’tuse too much here
or later re-soldering may be difficult!

17.Further hot-melt glue can be used at
the tube ends to secure the cable.
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18. Only low value (typically 60pF
to 160pF) ‘poly-vari-cons’ (plastic
insulated variable tuning capacitors)
arenow usually available. Mounting for
these can neatly be done with aluminium
sliced from a drinks can.

19. Punch a hole through the thin
aluminium, trim with scissors and fold
the wings to suit the mount. Even use two
suchbracketsifthe first seems too flimsy.

20. It looks quite professional. Discard
the two topside screws, as if screwed
down too far these will usually hit the
plates inside the tuning capacitor and
stop them moving!

compact AM sets are still cheaply
available for those who look hard
enough. Jaycar’s AR1741 AM/FM/
SW traveller clock radio even offers
digital frequency displays. For pur-
ists, however, classic analogue tun-
ing still appeals, due to lower circuit
noise and reduced battery drain.
Every survival kit and offshore
coastal boat should have one, if only
to navigate (when all else fails) by
ferrite rod direction finding (DF).

The quest

The quest for this project was to
develop a simple, cheap, easily

Constructional Project

21. Before fastening the capacitor to the
mount, adjust the two small trimmersto a
minimum (ie, plates NOT overlapping) -
this determines the upper frequency. Ifyou
want lower MW frequencies, then adjust
them to fully overlap (more capacitance).

These tuning capacitors have two sets of
moving plates within, and they can
be paralleled by joining the two side
terminals. For most users, however, just
the LH side and the centre terminal (as
shown) will do - this accesses the larger
variable range.

made and portable antenna that
could enhance (just by inductive
coupling) the performance of any
MW radio placed nearby.

After assorted trials and number
crunching, eight paralleled offset con-
ductors were found most suitable—in
spite of their inter-wire capacitance.
The resulting loop was made from a
3m length of cheap 8-wire phone ca-
ble, supported and (optionally for the
show-off version) able to be housed in
budget plastic garden irrigation hose.

Conclusion

The weak signal enhancing per-
formance (especially on classic ‘deaf’
AM radios) of the design was found
to be absolutely outstanding — MW
signals just leapt off the bench!
Electronics students were astounded
at the resonance effect and cynics
found it hard to credit that just
‘energy out of thin air’ was at work.

Asthisloop can be built much more
cheaply (and faster) than traditional
laboriously wound and mounted
designs, the eight-wire approach may
suit tightbudgets, and travelers unable

22.Finished. The portable design easily
folds up for storage or travel.

23. Clothes pegs fastened to a curtain
make a neat holding system. The loop
doesn’t need to be perfectly circular
either, although if not, its directional
pickup will be reduced.

25. Simply tune the variable capacitor
for maximum band signal - it can be
quite sharp (consistent with a high ‘Q’
factor). Signal enhancement on some
stationsis so strong thatintermodulation
may develop in the receiver, indicating
nearby stations on frequencies where
they don’t actually transmit.

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

For more information, including a demonstration on the performance
of the loop antenna, visit Stan Swan’s ‘Instructables’ page at:

www.instructables.com/id/Medium-Wave-AM-broadcast-band-

resonant-loop-antenn
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Part 2: By MAURO GRASSI

MultizRULNOSE
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In this month’s article, we guide you through
the construction of the Car Scrolling Display.
We also show you how to install the software
driver that’s used to communicate with the
display via a USB port on a Windows PC.

LL THE PARTS for the Car Scroll-

ing Display are installed on two
PC boards — a main board coded 786
(134 x 86mm) and a display board
coded 787 (124 x 75mm). These two
boards are stacked together with a red
Perspex window and are secured using
nylon spacers, washers and screws.
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Note that there is no wiring between
the two boards. The display board
simply plugs into the main board via
connector CONG6.

Note also that the display board is
smaller than the main board. That’s
been done so that when the two
boards are stacked together, the screw

terminal blocks on the main board are
exposed for easy access.

Main board assembly

Fig.6 shows the assembly details
for the main board. Begin by checking
the board for cracks in the tracks or
any shorts between adjacent tracks.
This is easier to do before installing
the parts and can save you trouble
later.

Once you are convinced that the
PC board is OK, start the assembly by
soldering in the 10 wire links. You
must do this first, as two of these links
(LK5 and LK6) are underneath the 40-
pin IC socket.
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These links should be installed
using tinned copper wire. You can
straighten this link wire by first clamp-
ing one end in a vice and then pulling
on the other end with pliers to stretch
the wire slightly. After that, it’s simply
a matter of cutting the links to length
and using pliers to bend their leads
down at right angles so that they fit
the PC board.

There are 24 resistors on the main
PCboard, and they can be soldered in

Constructional Project

next. You must make sure that the cor-
rect value is used at each location. The

colour code table shows how to deci-
pher the values, but it is also prudent
to check each one with a multimeter
before it is soldered in place. Note that
the 10Q resistor must be rated at 1W.

Once the resistors are in, the diodes
can be installed. There are eight diodes
in total, of four different types.

Begin by installing 16V Zener diode
ZD1. Refer to the component overlay

Everyday Practical Electronics, January 2011

for its location and orientation! Re-
member that the cathode of a diode is
normally indicated by a stripe.

The signal diode (D7, a 1N4148) is
used for ICSP (in-circuit serial pro-
gramming) and is installed near CON5
(the ICSP header). You only really need
it if you intend to program the micro-
controller (IC1) in circuit, otherwise
it can be left out.

Diodes D5 and D6 are next on the
list. Note that these were shown as
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1N5819Schottky types on the
circuit diagram (Fig.3) last month, but
in practice, 1N4004 diodes will do,
and that’s what are now specified in
the parts list. Be sure to install them
with the correct orientation.

By contrast, diode D4 must be a
1N5819 Schottky type (as originally
specified). This can now be installed,
followed by the five remaining diodes,
which are all 1N4004s.

The four transistors can now all go
in. These are all BC337 NPN types
and each must be correctly oriented,
as shown in Fig.6.

Now for the capacitors. The ceramic
and the 100nF monolithic capacitors

40

Tl

are not polarised and can go in either
way around. However, the electrolytic
capacitors are polarised, so be sure
to install them as indicated on the
overlay.

Note particularly that all the elec-
trolytic capacitors must have their
leads bent by 90° so that their bodies
lie horizontally on the PC board - see
photo. Do not mount them vertically;
if you do, they will interfere with the
bottom of the display board when the
boards are stacked together.

Once you've installed the capaci-
tors, you are ready to install the con-
nectors and the IC socket. Install the
40-pin IC socket first, making sure

that it is oriented correctly with its
notched end as indicated. Note that
the IC is not installed in the socket
just yet. That step comes later, after
some preliminary checks of the
supply rail.

Install the right-angled 6-pin

ICSP header (CONS5) only if

h S you intend to program the
_ microcontroller. Note that

¢ ad you will need to cut away

. : the plastic locating guide
/ on this connector if you

intend to use the PicKit2 program-
mer from Microchip. In addition,
CONS5 should be mounted about 2mm
above the PC board in order to fit the
PicKit2 programmer.
The rest of the connectors are screw
terminal blocks CON1 to CON4. These
consist of 2-terminal and 3-terminal
blocks, which are combined by sliding
their dovetailed ends together.

As shown, CON1 and CON4 are each
made by sliding two 2-terminal con-
nectors together, while CON3 consists
oftwo 3-terminal connectors. CON2 is
a single 3-terminal connector.

Making up CON6

CONS, a 27-way connector, is made
by first cutting a 40-pin IC socket
into two 20-pin sockets. You can use
a small fine-toothed hacksaw to do
this job.

As shown on Fig.6, CONG6 is split
into three parts. The first is a 14-pin
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connector, the second is a 5-pin con-
nector and the lastis a 7-pin connector
(note: pin 15 is not used). You make
these by first cutting one 20-pin con-
nector into 14-pin and 5-pin connec-
tors. The 7-pin connector is then cut
from the remaining 20-pin connector.

Regulator REG1 can go in next. As
shown, this device is mounted hori-
zontally with its leads bent down by
90°, to go through their matching PC
board holes. In addition, the regulator
must be fitted with a small U-shaped
finned heatsink, and this is sand-
wiched between the regulator’s tab
and the PC board.

Secure this assembly to the PC
board using an M3 x 10mm screw,
lockwasher and nut before soldering
the regulator’s leads. If you solder the

leads first, the soldered joints may
crack as the mounting screw is tight-
ened down.

Note that we specified an LM-
2940CT-5 low drop-out regulator in
the schematic (Fig.3) published last
month. However, you can also use a
common (and much cheaper) 7805
regulator in its place, if you wish.

The only drawback here is that
using the 7805 means that you will
have to power the circuit from a 12V
supply. By contrast, the LM2940CT-5
will work with supply voltages down
to as low as 9V.

The LM2940CT-5 also contains in-
built reverse polarity protection, but
we don’t use it in this circuit. That’s
because reverse polarity protection is
provided by diode D1.

Construction of the main PC board
can now be completed by installing the
20MHz crystal. It’s non-polarised, so it
can go in either way around.

Display board assembly

Fig.7 shows the parts layout on the
display board. Begin the assembly by
installing the 21 wire links (LK1 to
LK21). Some of these links are quite
long and run close together, so it’s
important that they are straight before
they are installed (stretch the link wire
to straighten it).

The resistors can go in next. Note
that the 3.3Q resistor must be rated
at 0.5W, while the others are all rated
at 0.25W.

Now solder in the two 16-pin IC
sockets. These must be oriented with

fableRiResistodColoudCodes

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

4 1 82kQ grey red orange brown grey red black red brown

a 1 56kQ green blue orange brown green blue black red brown

a 4 22kQ red red orange brown red red black red brown

a 2 33kQ orange orange orange brown orange orange black red brown
a 10 10kQ brown black orange brown brown black black red brown

4 6 1.5kQ brown green red brown brown green black brown brown
] 15 680Q blue grey brown brown blue grey black black brown

a 2 330Q orange orange brown brown orange orange black black brown
a 1 10Q brown black black brown brown black black gold brown

a 1 3.3Q orange orange gold brown orange orange black silver brown
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Fig.8: follow this drilling and cutting diagram to make the front panel. It’s made
from 3mm-thick red Perspex measuring 124mm x 75mm.

their notched ends as shown on Fig.7.
Note that although these sockets are
optional, we do recommend them.
They make it much easier to replace
the ICs, if necessary.

The next step is to install six 7-pin
socket strips to accept the dot-matrix
LED arrays. These are made by cutting
three 14-pin IC sockets in half and then
cleaning up the edges using a small
file. That done, the sockets strips can
be soldered in place.

These sockets are used simply to
space the LED arrays off the board,
so that they later sit close to the red
Perspex front panel. They also make
it easier to replace a module in the
unlikely event that it fails.

You can now install the two ICs in
their sockets, making sure they are cor-
rectly oriented. Don’t get these two ICs
mixed up — IC2 is the 74HC595 shift
register, while IC3 is the ULN2003
Darlington array.

The three LED modules can also be
installed in their sockets, each with pin

1 atbottom left. Pin 1 of each module is
indicated by a digit on the side.

Once this is done, you can solder
in the 15 BC327 transistors. Be sure to
orient them as shown and push them
down onto the board as far as they
will comfortably go before soldering
their leads.

Next, solder the two capacitors in
place. The 100nF monolithic type is
not polarised, but the 470pF electro-
lyticis, so take care when installing it.

The three pin connector strips that
make up CON7 can now be installed.
These are made from a 32-way strip
that’s cut into three pieces of 14, 7 and
5 pins. As shown in the photo, these
are installed from the component side
of the PC board.

Now install the USB type B socket.
It sits vertically on the PC board and
only fits one way around. Its two tabs
can be bent flat against the underside
of the board to secure it in position
before soldering. Solder its four pins
and both tabs to the PC board.

The last thing to do is to solder in
the LDR. This should be installed
about 10mm above the PC board, so
that it later sits just below the front
panel.

That completes the assembly of the
two PC boards. The next step is to
make the front panel.

Preparing the front panel

The front panel is made from a
single piece of red Perspex measuring
124 x 75mm (ie, the same dimensions
as the display board). Fig.8 shows the
cutting and drilling details. There are
four 3mm-diameter holes for securing
it to the display board, plus a larger
(13mm) hole for pushbutton switch S1.

In addition, you need to make a
square cut-out to provide access to
the USB socket.

Once you’ve cut and drilled the
panel, fit the pushbutton switch in
place and wire it back to the display
board using two 60mm lengths of
hook-up wire. The front panel is then
fitted with four M3 x 12mm tapped
nylon spacers, plus four nylon washers
which are secured using M3 x 25mm
nylon screws — see Fig.9.

The display board can now be fit-
ted in position over the nylon screws.
Another four nylon washers are then
fitted, after which another four M3 x
12mm nylon spacers are wound on.

Preliminary tests

Before attaching the main board,
it’s a good idea to carry out a power
supply check to confirm that the +5V
supply rail is correct. Note that this
should be done with microcontroller
IC1 OUT of its socket.

First, connect a 12V battery to the
power input terminals of CON1 (pin
4 is the +12V input, pins 2 and 3 are
ground). Apply power and check the
voltage at pin 1 of CON3. If it’s close to
+5V, then everything is in order.

N M3x25mmNYION SCREWS ——— . I\

Fig.9: the two PC boards

| and the front panel are

M3 NYLON SPACER
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The display board/front panel assembly plugs into the main board and is secured using four M3 x 6mm nylon screws. Take
extra care to ensure that the regulator heatsink clears the underside of the display board.

Note that this voltage can normally
range from 4.9V to 5.1V. A voltage
above 6V or lower than 4.5V indicates
that there is a problem and you should
disconnect power immediately.

Assuming that the +5V rail measures
OK, you can now disconnect power
and install IC1 in its socket. Note that
this IC must be programmed with the
firmware hex file. If you are building
this project from a kit, it will be sup-
plied preprogrammed.

Final assembly

Having checked that the +5V rail is
OK, it’s time to complete the assembly.
This simply involves plugging the
display board into the main board and
then securing the assembly using four
M3 x 6mm nylon screws.

Everyday Practical Electronics, January 2011
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In next month’s article, we explain the software features in detail. In the meantime,
here’s a quick summary.

First, the software calibration allows you to read almost any sensor with a varying
voltage, resistance, frequency or duty cycle output. Calibration involves entering a few
calibration points. The software then computes a polynomial which passes through
these points and that’s stored in non-volatile memory.

You can therefore use this project as a ‘speedo corrector’, by calibrating the variable
to read the correct speed (note: car speedos often intentionally read high). You can
measure the output of a resistance-based sensor directly (without a voltage divider).
We've held the calibration instructions over to next month’s article, as they were too
long to include here!

Once calibrated, you can name the variables and enter the units, as well as minimum
and maximum values. You can choose which to display and in what order, as well as
the number of digits after the decimal point. You can select optional averaging on each
variable and the speed of scrolling and the brightness of the display.

Each of the six variables has an accumulator (for running totals) as well as delta
values (showing the difference in the readings). There are also two programmable
outputs (for a relay or buzzer) that can switch on limit conditions.

You can do real-time data logging of the variables via the USB port (with selectable
sampling frequency) and the data can be exported to a spreadsheet to create graphs.

Other features include protection for the battery supplying power (if used in a car)
and fine tuning options for greater accuracy! All will be explained, next month.
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RantsitistECargScrollingDisplay;

Main Board
*1 PC board, code 786, size 134mm

X 86mm

2 40-pin IC sockets

4 2-way screw terminal blocks,
5mm spacing

3 3-way screw terminal blocks,
5mm spacing

1 TO-220 mini finned heatsink,
6073B type

1 6-way 2.54mm right-angle
locking header (Jaycar HM-
3426) — optional for ICSP

1 20MHz crystal (X1)

Semiconductors

1 LM2940CT-5 regulator (REG1)
(or use a 7805 — see text)

+1 PIC18F4550/I-P microcontroller

(programmed) (IC1)

4 BC337 NPN transistors
(Q16t0 Q19)

5 1N4004 diodes (D1-D3, D5-D6)

1 1N5819 Schottky diode (D4)

1 1N4148 diode (D7) - only
needed for ICSP

1 16V 1W Zener diode (ZD1)

Capacitors

1 470uF 25V radial electrolytic

1 220uF 50V radial electrolytic

1 47uF 16V radial electrolytic

2 1uF 16V radial electrolytic

7 100nF monolithic (code 104 or
100n)

2 10nF MKT (code 103 or 10n)

2 22pF ceramic

Resistors (0.25W, 1%)

1 56kQ 10 10kQ
4 22kQ 6 1.5kQ
2 33kQ 110Q 1W

\

* available as a pair from the EPE PCB Service

+ The software files will be available for free download via the
EPE Library site, accessed via www.epemag.com

Display Board
* 1 PC board, code 787, size
124mm X 75mm

3 Kingbright TA12-11EWA dot
matrix LED modules, red
(Farnell Cat. 1168665)

3 14-pin IC sockets (cut into six
7-pin sockets to mount the
displays)

2 16-pin IC sockets

1 SPST dome pushbutton switch
(Jaycar SP-0657)

1 32-way IC socket strip

1 light-dependent resistor (LDR)
(Jaycar RD-3480 or similar)

1 vertical USB Type B socket
(Farnell 107-6666)

Semiconductors

1 74HC595 shift register (IC2)

1 ULN2003 line driver (IC3)

15 BC327 PNP transistors
(Q1to Q15)

Capacitors
1 470uF 16V radial electrolytic
1 100nF monolithic

Resistors (0.25W, 1%)
1 82kQ 2 330Q
15 690Q 13.3Q 0.5W

Miscellaneous

4 M3 x 25mm nylon screws

8 M3 x 12mm tapped nylon
spacers

8 nylon flat washers

4 M3 x 6mm nylon screws

1 1m length of tinned copper
wire for links

1 200mm length medium-duty
hook-up wire

J

Switch on

Once the assembly has been com-
pleted, apply power (ie, via CON1).
You should now see a message scroll
past on the LED display modules.
Among other things, this default wel-
come message should show the firm-
ware version.

If you see this, then everything is
working correctly and you can proceed
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to the next section, which explains
how to install the software driver on
your PC. If not, you should refer to the
troubleshooting panel.

Driver installation

The USB device interface for the
Car Scrolling Display uses the generic
Microchip driver for Windows. Before
communicating with the display using

the PC host program, you will need
to install this driver. This section
explains how to install the driver in
Windows XP, although other versions
of Windows will be similar.

The first step is to download the
Microchip installer (MCHPFSUSB_
Setup_v1.3.exe) from the EPE website
and run it. Note that you should use
version 1.3, as older or newer versions
may not be compatible. The installer
program will typically put the driver
in the C:\MCHPFUSB\Pc\MCHPUSB
Driver\Release folder.

Next, connect the Car Scrolling
Display to your computer using a
USB cable. Windows will recognise
the device as a ‘Display’ and then the
‘Found New Hardware’ Window will
appear as shown in Fig.10. Select the
‘No, not this time’ option and click
‘Next’.

You will now be presented with a
new dialog window. Select ‘Install
from a list or specific location’ and
click ‘Next’ again to bring up the di-
alog shown in Fig.11. Select ‘Search
for the best driver in these locations’
and enable the ‘Include this location
in the search’ box.

Now click the ‘Browse’ button. In
the ‘Locate File’ window that appears,
navigate to where the MCHPUSB
files were installed (normally C:\
MCHPFUSB\Pc\MCHPUSB Driver\
Release) and select ‘mchpusb.inf’.
Click ‘Next’ and Windows will then
install the driver.

If the driver is installed correctly,
the ‘Microchip Custom USB Device’
entry should now be visible if you go
into Device Manager (Control Panel
->System -> Hardware tab -> Device
Manager button) —see Fig.12 (provided
the device is connected).

Using the host software

Once the driver has been installed
successfully, you control the Car
Scrolling Display using the PC host
program cardisplay.exe. This program
allows you to change all settings and
to do data logging. It is also used for
calibration.

Once you've connected the Car
Scrolling Display’s inputs to the sen-
sors you are interested in monitoring,
you can then use a laptop in your car to
perform the calibration (you only have
to do this once) or change any other
system settings (such as the display
brightness).
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Fig.10: this is the dialog that appears the first time the
Car Scrolling Display is connected to the PC. Select the
option shown and click the ‘Next’ button.

flinoubleshooting|

Fig.11: selecting ‘Install from a list or specific location’
brings up this dialog. Select the options shown and click
the ‘Next’ button. Windows then installs the driver.

L, Device Manager

Eile  Action Wiew Help

JOK C =8 Ifthe unit doesn’t work correctly, the following troubleshooting tips should

help resolve the problem.

Symptom: nothing is shown on the display or some columns or rows are
blanked out.
What to check: there are a number of possibilities here. One is that CON6 and
CON?7, which connect the main PC board to the display PC board, are not mak-
ing good contact. Try reconnecting the two boards to see if that clears the fault.
Another possibility is that the Kingbright LED array modules have been
installed with the incorrect orientation. If one column is blanked while the rest
of the display seems to be working, then check its driver transistor — it may
be faulty or it could be the wrong type (they should all be BC327 PNPtypes).

Symptom: the supply rail is not close to +5V.
What to check: if the supply rail is OV instead of +5V, check Zener diode ZD1,
reverse polarity protection diode D1 and regulator REG1. Check particularly
that the diodes are all correctly oriented.

If the supply rail is noticeably higher than +5V, there is either a problem with
the regulator or a short between the 12V and 5V rails. Alternatively, a compo-
nent connected to one of these rails may have failed (eg, diode D2 or D3).

Symptom: the display seems to be working correctly but does not work when
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Hih DVDYCD-ROM drives

+-i=4 Floppy disk controllers

+ 5 Floppy disk drives

+ & Hardware WinPicg00

+- [ Humnan Interface Devices
+-i=) IDE ATAJATAPT controllers

+ -z Kevboards

+- ") Mice and ather painting devices
+- & Monitors

+ E@ Network adapters

+- % Ports (COM & LPT)

+ %8 Processors

+ @ 551 and RAID cantrollers

+- ), sound, video and game controllers
+ e Storage volumes

+- W Systern devices

¥ % Univversal Serial Bus controllers

Fig.12: this entry will appear in Device
Manager if the driver is installed

correctly.

You can also use a laptop in your car
to do real time data logging of the sig-
nals. Of course, you will need someone
else to do the driving while you do this!

To install the PC host program, you
first have to download the compressed
file ‘cardisplay.zip’ from the EPE web-
site (www.epemag.com). You’ll find it
in the downloads library section.

Extract the files in the zipped ar-
chive to a folder on your hard drive.
There should be at least two files:

1) cardisplay.exe — this is the execut-
able command line program

2) cardisplay.map — this file is used in-
ternally by the host program. It must

powered solely from the USB port.

port (or hub) is not supplying power.

What to check: either Schottky diode D4 is incorrectly oriented or the USB

be in the same folder as cardisplay.

exe for the program to recognise it.
Note that the map file is produced
by the C compiler of the firmware. It
contains memory mapping informa-
tion for the firmware produced by
the linker. When and if the firmware
is updated, the map file will also
change and this new file must be
copied to the folder containing
cardisplay.exe in order for it to work
correctly.
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So, installing the PC host program is
easy —just copy the cardisplay.exe and
cardisplay.map files to your chosen
folder. Once that’s done, you simply
go to a command prompt to run the
program using your chosen command
line option. We’ll have more to say
about this next month.

Reproduced by arrangement
with SILICON CHIP
magazine 2010.
www.siliconchip.com.au
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How do mirrors work?
S you may recall, in my column last month I waffled on
about my latest hobby project, which is to construct a so-
called ‘Magic Mirror’. In this month’s column I was originally
intending to continue with the actual construction of this little
rascal. Sad to relate, however, I got sidetracked along the way,
because it suddenly struck me that — at the most fundamental

level — I didn’t actually know how mirrors work.

By Max The Magnificent

a table. But when you start thinking about light as photons
and a mirror’s surface as being formed from atoms — and you
consider my musings above, you start to wonder to yourself:
‘Just how does this all really work and how come the reflec-
tions we see in mirrors are so sharp, as opposed to being
incredibly fuzzy, as one might expect?’

I know, I know, I can hear you chuckling to yourself say-
ing “The boy is a fool,” but hear me out and then we will see
if you’re still laughing quite so confidently. We have to start
somewhere, so let’s begin with the fact that ‘light’ is the
name we give to that range of electromagnetic radiation that
can be detected by the human eye. Furthermore, light travels
in the form of photons, which (due to ‘quantum’ as Terry
Pratchett would say) have a dual nature, they can exhibit
characteristics of both particles and waves.

Let’s consider the case of an individual atom, which con-
sists of a nucleus formed from a bunch of relatively large
particles called protons and neutrons surrounded by an
orbiting ‘cloud’ of teeny-weeny particles called electrons
(actually protons, neutrons, and electrons can all exhibit
both particle and wave characteristics... but let’s not even
go there). It’s common to visualise the electrons as orbit-
ing the nucleus much like the moon orbits the earth. In re-
ality, of course, things are much more complicated (aren’t
they always?) because the electrons occupy discrete energy
levels and they can sort of be all over the place at once. I
personally tend to visualize the electrons whizzing around
so fast that they appear to be spherical shells surrounding

. Mirror
Nucleus
Outermost \ D
Electron Shell | —
\ -
S
-\_“-""‘"—-\_
Photons of light -
from image
source £
.___4
3 |
-
Eye

the nucleus, but even this is a gross simplification, because
as atoms grow larger their outermost electron shells can as-
sume all sorts of weird and wonderful shapes.

Collision course

But let us not wander off into the weeds, let’s assume that we
have a single photon that’s racing on a collision course with an
individual atom of silver, for example. What happens when the
photon reaches the atom? Does it ricochet off one of the outer-
most electron shells (in which case it might bounce off in any
direction)? Can it penetrate the shells and bounce off the nucleus
(in which case, once again, it might head off in any direction)?

All T remember from school and college is that a photon might
cause an electron to jump up to a higher energy level. The elec-
tron may remain in this new energy level for some indeterminate
amount of time before it falls back to its original level, at which
point it releases a new photon which (you guessed it) may head
out in any direction. (And let’s not even talk about what happens
if the photon has slightly more energy than is required to raise
the electron to its higher energy level. What happens to the ex-
cess energy? — I said let’s not talk about that!

And that was a single atom. Now let’s suppose that we have a
sheet of silver that we make as flat as we can and polish it until
it is as smooth as possible.

At school we were taught that: ‘The angle of incidence
equals the angle of reflection.” That all seemed to make sense
when we were thinking of things in a macro scale of ping-
pong-ball-sized particles bouncing off a smooth surface like

Photons of light bouncing off a mirror

The scary thing is that no one I know knows (if you see
what I mean). However, someone did recommend a book
called QED: The Strange Theory of Light and Matter by the
legendary Richard Feynman. I immediately ordered a sec-
ondhand copy of this 1985 book from Amazon. It’s sitting on
my desk as I pen these words. Once I've perused and pon-
dered this book, I shall report back to you in a future column.
Until then, have a good one!

Check out ‘The Cool Beans Blog’
at www.epemag.com

Catch up with Max and his up-to-date
fopical discussions

=~
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By Mike and Richard Tooley

Our Teach-In series is designed to provide you with a broad-based introduction to electronics. We have
attempted to provide coverage of three of the most important electronics units that are currently studied in
many schools and colleges in the UK. These include Edexcel BTEC Level 2 awards, as well as electronics units
of the new Diploma in Engineering (also at Level 2). The series will also provide the more experienced reader
with an opportunity to ‘brush up’ on specific topics with which he or she may be less familiar.

Each part of our Teach-In series is organised under five main headings: Learn, Check, Build, Investigate and
Amaze. Learn will teach you the theory, Check will help you to check your understanding, and Build will give
you an opportunity to build and test simple electronic circuits. Investigate will provide you with a challenge,

which will allow you to further extend your learning, and finally, Amaze will show you the ‘wow factor’!

Teach-In 2011, we shall be intro-

ducing you to a component that
acts rather like a one-way street — the
diode. We shall be using Circuit Wiz-
ard to investigate how different types
of diode conduct when a voltage is
applied to them. Investigate provides
you with an opportunity to delve into
the operation of a simple DC power
supply, while Amaze explores some
exciting developments in light emit-
ting diode (LED) technology.

Diodes

A diode is an electronic component
that allows current to flow in one direc-
tion but not in the other. In effect, it acts
as a ‘one-way street’ for current flow,
which leads to some useful applications,

IN THIS, our third installment of

48

including converting alternating current
(ACQC) to direct current (DC).

A diode is formed from a junction
of n-type and p-type semiconductor
materials. The resulting device offers
an extremely low resistance to current
flow in one direction and an extremely
high resistance to current flow in the
other. Note that an ‘ideal’ diode would
conduct perfectly in one direction and
not at all in the other direction.

Anode Cathode

Junction

Fig.3.1. Diode construction

Connections are made to each side
of the diode. The connection to the
p-type material is referred to as the
anode (a), while that to the n-type
material is called the cathode (k), as
shown in Fig.3.1.

Forward and reverse bias

If the anode of a diode is made
positive with respect to the cathode
(and provided that the relatively
small conduction threshold voltage
is exceeded) the diode will freely
pass current. This condition is shown
in Fig.3.2(a) and it is referred to as
forward bias.

Conversely, when the cathode of a
diode is made positive with respect
to the anode, the diode will cease
to conduct. This condition is shown
in Fig.3.2(b) and it is referred to as
reverse bias. In the reverse-biased
condition the diode passes a negligible

Everyday Practical Electronics, January 2011



Teach-In 2011

ONE WAY

Anode

Cathode

o
Z

+II—

Anode

(a) Forward connection (current flows freely)

Cathode

..II.|.

(b) Reverse connection (no current flows)

Fig.3.2. Forward and reverse connec-
tions for a diode

amount of current and behaves like
an insulator.

Diode characteristics

Typical I/V characteristics for germa-
nium and silicon diodes are shown in
Fig. 3.3.Ifyou take a careful look at these
graphs you will see that the approximate
forward conduction voltage for a germa-
nium diode is 0.2V, while the voltage for
a silicon diode is approximately 0.6V.

Diode types

Diodes are often divided into signal or
rectifier types according to their princi-
palfield ofapplication. Signal diodes re-
quire consistent forward characteristics
with low forward voltage drop. Rectifier
diodes need to be able to cope with high
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Forward current (mA)
10 4
Silicon

8 o f i 1 |

|
| Germanium

Reverse voltage (V)

-100 -75 -50 -25
I I N | 1

| | | i I I I |
0.2 0.4 0.6 0.8

Silicon | i [ £ Forward voltage dr')

-1

2 4

Germanium

-3

Reverse current (pA)

Fig.3.3. Typical voltage/current characteristics for typical silicon and
germanium diodes. Note the different scales for positive and negative
voltage

values of reverse voltage and large values of forward current, consistency of
characteristics is of secondary importance in such applications.

Semiconductor diodes are also available connected in a four-diode bridge
configuration for use as a rectifier in an AC power supply. Fig.3.4 shows a se-
lection of various diode types, while Fig.3.5 shows the symbols that are used
to represent them in electronic circuit schematics.

Fig.3.4. Various types of diode, including rectifier, switching and
light-emitting types

49



Teach-In 2011

(a) Signal or rectifier diode (b) Zener diode (c) Light emitting diode

R

+

(d) Photodiode (e) Bridae rectifier

Fig.3.5. Symbols used to represent various types of diode and a bridge rectifier
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Fig.3.6. A simple half-wave rectifier

Fig.3.8. Improved full-wave bridge rectifier
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Fig.3.7. Voltage waveforms for the half-wave rectifier

Rectifiers

The most common application for
a diode is that of changing alternating
current (AC) into direct current (DC).
Fig.3.6 shows a simple half-wave recti-
fier power supply in which the diode
passes current when the incoming volt-
age is positive, but blocks current flow
when it is negative. In order to main-
tain a constant voltage at the output, a
reservoir capacitor is connected across
the DC output terminals. This capacitor
is charged on positive half cycles and
discharges on negative half cycles, as
shown in Fig.3.7.

An improved, full-wave power sup-
ply that uses a bridge rectifier is shown
in Fig.3.8. In this circuit only two of the
four diodes of the bridge conduct at any
one time, either D1 and D3 or D2 and
D4, depending on the polarity of the
input voltage.

Transformers

Power supplies require some means
of isolating and stepping down the AC
mains supply before the rectifier and
reservoir capacitor. This is achieved with
the use of a step-down transformer, as
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shown in Fig.3.9. The primary and sec-
ondary windings of the transformer are
wound on the same laminated steel core.
When current flows in the primary wind-
ing it creates an alternating magnetic flux
thatis coupled tightly into the secondary
winding. This, in turn, induces an EMF
in the secondary winding.

Therelationship between the primary
and secondary turns and voltages is as
follows:

Vo _Np
Vs Ns

where Vpand Vg are the primary and
secondary voltages, while N, and N are
the primary and secondary turns. Note
also that the turns ratio for a transformer
is usually quoted as Np : Ng. So, for ex-
ample, a transformer with 400 primary
turns and 40 secondary turns would
have a turns ratio of 10:1.

Zener diodes

Zener diodes are silicon diodes that,
unlike normal diodes, exhibit an abrupt
reverse breakdown at relatively low volt-
ages (for example, 4.7V, 5.6V or 9.1V).
The circuit symbol for a Zener diode
was shown earlier in Fig.3.4, while a
typical Zener diode characteristic curve
is shown in Fig.3.10.

When a Zener diode is undergoing
reverse breakdown, and provided its
maximum ratings are not exceeded, the

Primary  Secondary
T

(a) Transformer symbol,
voltages and turns

(b) A typical transformer

Fig.3.9. A transformer

voltage appearing across it will remain
substantially constant regardless of the
current flowing. This property makes a
Zener diode ideal for use as a voltage
regulator, as shown in Fig.3.11.

Teach-In 2011

Light-emitting diodes

Light-emitting diodes (LED) can be
used as general-purpose indicators.
Compared with conventional filament
lamps, they operate from significantly
smaller voltages and currents. They are
also very much more reliable than fila-
ment lamps. Most LEDs will provide a
reasonable level of light output when a
forward current of as little as 10mA to
15mA, at a forward conduction voltage
of around 2V.

A typical LED indicator circuit is
shown in Fig.3.12. The fixed resistor,
R, is used to set the forward current of
the LED (in this case about 15mA). The
value of the resistor may be calculated
from the formula:

vy
1

R

where Vy is the forward voltage drop
for the LED (typically around 2V), Vis
the supply voltage and I is the forward
current.

Please note!

The large value reservoir capacitor
in a power supply can often remain in
a partially charged state long after the
supply has been switched off or discon-
nected. Because of this, it is important
to exercise great care when working on
power supply circuits!

R
Forward current (mA) o+ s #
= [ o—{ 3 ", LI
20+
Unregulated Regulated DC
7 ) DCinput=V, ZP1 ; Ri " output = V;
10+
- e, Ol
s+ T2 | . . -
i l Fig.3.11. A simple Zener diode voltage regulator
0 .
Reverse voltage (V) L@ -3
f — Forward voltage (V) I=15mA=0.015A
| f | | | -104 SRS s
||J T ) T V-Ve=12-2=10V
/ -20- V= —_—
| ) N | Ve=2V
8 S 2 R I
| 40 V- Ve 10
Reverse current (mA) R= | A 0.015 =667 Q

Fig.3.10. A typical set of Zener diode characteristics

(nearest preferred value = 680 Q)
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Fig.3.12. A typical LED indicator
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Check — How do you think
you are doing?

3.1. Sketch the circuit symbol for a diode and label the
anode and cathode connections

3.2. What is (a) the forward resistance and (b) the reverse
resistance of an ‘ideal’ diode?

3.3. Which ofthe diodes shown in Fig.3.13 is conducting?

D1

Fig.3.13. See question 3.3
3.4. State the forward conduction voltage for (a) a germa-
nium diode and (b) a silicon diode
3.5. Explain briefly how a rectifier operates

3.6. Explain why a reservoir capacitor is needed in a
power supply

3.7.1dentify each of the diode symbols shown in Fig.3.147

N i
A A A

(b) (c)

Fig.3.14. See question 3.7

3.8. A transformer has 1100 primary turns and 55 sec-
ondary turns. Determine the secondary output voltage if
the primary is supplied from a 220V AC mains supply.

N THIS month’s ‘Build’ we are going to

try out some of the diode theory that we
discussed earlier. To start with, we’ll carry
out some simple experiments with ordinary
silicon diodes to see how they really work.

In ‘Learn’ we saw how a diode acts like a
one-way valve. However, by using a really
high reverse voltage we can make a diode
break down and let through current ‘back-
wards’. We also know that it takes a little
voltage to ‘open up’ a diode and make it start
letting current flow through it. So let’s try
this out!

Input Voltage

V1
500mV I:I

Diode on test

D1
Voltage across diode +

O

Current through diode (A)

ov

Fig.3.15. Testing a silicon diode using
forward bias

Diode test circuit

Enter the circuit shown in Fig.3.15. You'll
find the diode in the ‘Discrete semiconduc-
tors’ folder, the input voltage in ‘Power Sup-
plies’ and the meters in ‘Virtual Instruments’.
By default Circuit Wizard will give you an

Diode Properties
Mumber: iD ll ::JJ v ! oK
Caption: iDiode on test Cancel

Model: Ideal - l He

1M3291A4 -~

s

1N3292E I
1N32938
1M329448
1M32954

t through gitzzsa :
1h4002 % =

1M4003

1H4004

1M4005

1N4006

1N4007

O——{1n4148

1M4149

1M4150 bt

P s T TR e R R T Lo

Fig.3.16. Selecting the model for a diode
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1N4001 Silicon Diede in Forward Bias

Build - The Circuit Wizard way

Teach-In 2011

ough Diode (A)

urremt Thr

/ Current through diode (A)

._._/ ov

Fig.3.17. Excel graph of results for 1N4001 in forward

bias

‘ideal’ diode. As we want to see how
a real diode might work you need to
select a model. To do this, double click
the diode symbol and select ‘1N4001°
from the ‘Model’ drop-down list (see
Fig.3.16). The 1N4001 is a standard
silicon rectifier diode and is very com-
monly used.

Test

What we have here is areally simple
circuit — probably not one that you’d
use in real life. However, it lets us see
how much current the diode passes
depending on what voltage we put
across it. To carry out our test, what
we’ll do is slowly increase the voltage
across the diode and see what current
flows through it. This will tell us if the
diode is conducting.

First, try starting the simulation by
hitting the play button on the top bar.
Use the slider to vary the input volt-
age and watch the effect. You’ll only
need to increase the voltage to about
1V, at which point the diode should be
conducting nicely and you should see
a large value for the current.

You might find it easier to set the
limit for the input voltage to 1V (it’s set

Diode in Reverse Bias

Input Voltage
V1
51V

Diocle on test

1N4001
¥

Voltage across diode (\/)

+

at 10V by default) — this will also help
you with the next bit! You can do this
by double clicking the component and
changing the 10V to 1V.

Hopefully, you should notice that it
doesn’t simply start letting a large cur-
rent pass immediately — it takes a little
voltage across it to really ‘open it up’.
I always like to think of a diode like
a sprung one-way gate; it’s easy to get
through it in the right direction, but you
need to put a little pressure against it in
order to get through.

Taking readings

Now let’s get a little more scientific
about things and take some readings. We
can then draw up a graph of our results
to see what’s going on.

Starting from 0V and stepping up in
0.1V (100mV) steps, increase the voltage
and record the current flowing through
the diode. Once you've got a full set
of results you can use them to draw a
graph. Take care to make sure that all of
your current readings are in the same
units when you plot your graph! An
example using Microsoft Excel is show
in Fig.3.17.

As you have found, once we get to

around 0.6V the diode
starts to let current

Current Through disde (A)

through, and this is
what we’d expect for
a silicon diode. So
far we've been using
the diode ‘the right
way round’ in what
we call forward bias.
Now we’ll see what
happens when we
turn the diode around

1 2 0 0
Yotage Across Diode (¥)

Fig.3.19. Excel graph for 1N4001 in reverse bias

50 60

so that’s it’s in reverse
bias or ‘backwards’.
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Fig.3.18. Circuit for diode testing in reverse bias

Alter your circuit to that shown in
Fig.3.18. Notice that as well as the diode
orientation changing, the top limit on
the input voltage has been increased
to 50V. Start the simulation and try
experimenting with the input voltage.

You should find that it’s really hard
to geta diode to conduct in reverse bias!
Going back to the idea of a diode as a
one-way gate; if you really wanted to
get through it the wrong way you would
be able to do it, but you’d have to work
really hard to force it open.

Therefore, it’s not strictly true that a
standard diode only lets current through
in one direction! However, in practice,
if you were using a diode in a low volt-
age circuit it is unlikely that a reverse
voltage would ever be high enough to
break it down.

Record values for the voltage and cur-
rent going up in steps of 5V and graph
your results (Tip: you’ll also need to go
to 51V to get your final reading!). You
should obtain something that looks like
the graph shown in Fig.3.19.
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1N4001 Characteristics

The Circuit Wizard way

Input Voltage
. V1
12v

Current Through Diode (A)

Fig.3.20. Excel graph showing 1N4001 characteristics in

both forward and reverse bias

Semiconductor manufacturers often
produce a graph of the characteristics
of their diodes similar to those that
you've created. However, they usu-
ally record the voltages and currents
in reverse bias as negative, and show
them both on one graph. Try this
with your results and see if you can
produce a manufacturer-like graph for
the 1N4001. Take alook at ours, which
we’ve shown in Fig. 3.20.

So we've seen how a standard di-
ode lets current through in a forward
direction once there is a small voltage
across it, but normally blocks current
in areverse direction unless we apply
a really large voltage.

Zener diodes

Diodes are a really useful device to
help us control where current flows
in a circuit and are essential when it
comes to converting alternating cur-
rent (AC) to direct current (DC); we call
this voltage rectification. However, as
you met in the ‘Learn’ section, there

Zener Diode Properties

Murmber:

Caption: IZener diode on test
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Fig.3.22. Selecting the Zener diode model
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Fig.3.21. Zener diode test circuit

is also another type of diode that has a
special, and rather useful feature when
it comes toreverse bias. These are called
Zener diodes.

Basically, when we manufacture a
Zener diode we can engineer it so that
we know at exactly what voltage it will
breakdown in reverse bias and conduct.
You can purchase a full range of Zener
diodes with different specified voltages.

So let’s try our previous diode ex-
periments, but with some Zener diodes
instead of ordinary silicon diodes. Alter
your reverse bias diode circuit shown
in Fig.3.18 by changing the diode to a
Zener diode — see Fig.3.21.

We need to specify the Zener voltage
of the diode and we do this in the same
way as we selected the diode model
previously, by double clicking the Zener
diode and selecting a voltage from the
‘Model’ drop-down list (see Fig.3.22).

To start with, select 3V6 (3.6V) then
slowly increase the voltage across the
diode taking readings every 0.25V until
the current reaches around 100mA.

Now repeat this for some more Zener
voltage values. Here’s our results for
three Zener diodes; 3V6 (3.6V), 5V1
(5.1V) and 8V2 (8.2V).

If you carried out your experiments
accurately, you should be able to pro-
duce a graph similar to that shown
in Fig.3.23. Notice that the current
rapidly increases through the diode
once it reaches the Zener voltage of
the diode.

This can be extremely useful in
electronic circuits. We often use Zener
diodes to give us exact reference
voltages and to regulate voltages down
to a specific value.

~

For more information, links
and other resources please
check out our Teach-In
website at:

www.tooley.co.uk/
teach-in

. J

Reverse Bias Zener Diode Characteristics

!l T
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Voltage accross zener diode (reverse bias) (V)

Fig.3.23. Characteristics for three different Zener diodes
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Answers to Questions

1. See Fig.3.5(a)
2. (a) zero (b) infinite
3. Di1landD3
4. (a) 0.2V (b) 0.6V
5. See page 50
6. See page 50
7. (a) photodiode
(b) Zener diode
(c) light-emitting diode (LED)

8. 11V

Fig.3.24 shows the circuit ofa power
supply. Study the circuit carefully, look
back at what we did in Part 2 and then
answer each of the following questions:

1. What type of rectifier is used in
the power supply?

2. What is the turns ratio of the
transformer?

As you've seen, LEDs are a type of
diode that emits light when the device
is forward biased and passing current.
LEDs have been around in various forms
for quite a long time and so you will
already be familiar with them and how
they are used. LEDs offer some notable
advantages when compared with fila-
ment lamps and fluorescent displays:

® They are extremely reliable and
they can operate for many tens (or even
hundreds) of thousands of hours if used
at their rated current.

® They are impervious to heat, cold,
shock and vibration

® They are very efficient and produce
very little heat, so run cool
® They operate from low voltage and

current, and can be easily interfaced to
electronic circuits

® They are rugged because no break-
able glass is used in their construction.

Investigate =———

3. What AC voltage will appear at the
input of the bridge rectifier?

4. If the LED has a forward voltage of
2V, what current is supplied to it?

5. What power will be dissipated in
the Zener diode?

880
turns

220V
AC input

(o

O +22V
1.5k 100 DC output
+——o0 +12V
> s i
LED 12v
O 0V

Fig.3.24. See Investigate
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Fig.3.25. An early prototype OLED
display (photo courtesy of M E Harris)

Going organic

Recent advances in semiconductor
technology have seen the introduction
of white ‘high brightness’ LEDs that can
be used in groups or arrays to replace
lamps used in domestic lighting applica-
tions. Developed by Kodak in the 1980s,
organic light-emitting diodes (OLED)
seem poised to oust the LCD display
just as LCD technology has eclipsed the
CRT. OLED panels are thinner, crisper,
brighter and more energy efficient than
their LED counterparts.

An OLED panel consists of a layer of
organic, light-emitting material sand-
wiched between two conductors (an
anode and a cathode). The resulting
device is about 200 times thinner than
a human hair and it emits light when
an electric current is passed through it.
There’s no need for a backlight because
the organic material emits its own light
when charged.

The absence of a backlight means
that OLED displays can be extremely
thin. For example, the Sony XEL-1 is
only 3mm thick and Sony’s prototype
21-inch OLED TV uses a panel which
has a thickness of as little as 1.4mm!

In the same way that inks are sprayed
onto paper during printing, OLEDs can
be sprayed onto substrates using inkjet
technology. This reduces the cost of
manufacturing and allows displays to
be printed onto very large films that can
be used in giant screens and electronic
billboards. So, if you fancy a 100-inch
TV display that rolls up for storage, or
if you think it might be useful to have
a display built into your clothing, you
might not have to wait too long!

Next month!

In part 4, next month’s Teach-In, we
will look at transistors.
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ED projects are very popular and

this is reflected in the large number
of questions we come across about LED
drive circuits. The following was posted
recently on EPE’s Chat Zone forum by user
xenington. We learnt in a later post that
the LEDs are Cree XPGs (see Fig.2 for an
image of the device).

I need a bit of help figuring out what is
going to happen in the following circuit
[Fig.1]. Would each LED be of equal
brightness? Would the current split 50/50
down each string causing D1/D2 to burn
out? Is this circuit a bad idea? Thank you
for your help.

+16.5V
1000mA
a
D3
a|l Vvizav
D1
VF3.3V a
k 4
a| Visav
D2 k
V3.3V a
Kl s
Vi3.3v
-VEO

Fig.1. Xenington’s LED circuit
In response

The responses in the thread indicated
that the circuit was not likely to be useful,
with phonoplug correctly pointing out
that the ‘string of 3 will be very dim if lit
at all’. Thus much of the discussion in the
thread centred on practical concerns, such
as calculation of resistor values, rather than
describing exactly what would happen in
the circuit presented.

However, the question of how we could
work out what happens in the circuit is
a useful one to pursue, and so forms the
main part of our discussion this month. Our
objective is not just to discuss LEDs, but
to highlight the general approaches we can
take to finding out what a circuit might do.

Apart from just building a circuit and
‘seeing what happens’, with the inherent
possibility that we could destroy some of
the components if we get it wrong; there are
a few things we can do. First, we can use a
reasoning approach, and by applying basic
circuit theory ideas and general knowledge
of the component characteristics, we can
hopefully get a general idea of what is
happening. As this may not involve any
calculations, we may not get specific (or
very accurate) figures for currents and
voltages, but it may help guide us on what
calculations to perform.
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LED drive circuits

Second, we can perform some more detailed
calculations, again we need basic circuit
theory, but also the specific characteristic
equations of the components involved.
For some components the characteristic
equations will be straightforward — Ohms
law relating current and voltage for a resistor,
for example. However, for semiconductors
the equations may be more complex, and we
often have a choice of approaches depending
on how accurate we want to be, or the
situation in the circuit.

Fig.2. Cree XPG LED (Cree data sheet)

For example, for a bipolar transistor we
may be able to assume that the base-emitter
voltage is more-or-less constant and that the
collector current is a constant multiple (the
gain) of the base current. However, this is an
approximation, and in some situations we
have to use the exponential equation relating
(the actually varying) base-emitter voltage to
collector current.

We can perform a purely algebraic circuit
analysis, which will give us some deeper insight
into the behaviour of the circuit, but again no
specific figures. But we have equations now,
so we can plug numbers in, if we can find the
right values. This may be trivial, for example
the resistance of a resistor, but if we are using
detailed equations for semiconductors then the
numbers may be harder to come by.

Simulation

We can also simulate the circuit, but this
raises the question of how we accurately
simulate the behaviour of the specific devices
used. A similar point was made by bruce in a
different Chat Zone thread:

I was trying to do a simulation of a fairly
simple circuit for which I chose an NPN
transistor type ZTX689B (there was one just
lying around). There was no Spice model on
LTspice, so I Googled. The Zetex website is
called ‘Diodes’ as I understand it, and there
is no model for this part.

In this case, a model was found by another
contributor, but this is an interesting issue

BY IAN BELL

and one which we may return to in a future
article. As we will see later, we do not have
this problem here, as Cree provides a model
on their website.

Before simulating any circuit, we should
have a good understanding of what to expect.
Therefore, we should perform our basic
reasoning and more detailed calculations
first. To do this, we also need data about the
devices used. This is easily obtained from the
datasheet published on Cree’s website (Www.
cree.com/products/xlamp_xpg.asp). Cree’s
headquarters are in North Carolina, US, and
they claim to be one of the market leaders in
the development of lighting-class LEDs.

Circuit schematic

The schematic supplied by xenington (Fig.
1) specifies a supply of 16.5V, 1000mA. It
is not clear if this is a voltage source with a
maximum current of 1A, or a current source
with a maximum voltage of 16.5V (LEDs are
often driven by current sources).

The LEDs are specified as having a forward
voltage drop of 3.3V, which would indicate
9.9V across the three series LEDs (D3 to D5).
From the electrical characteristics (Fig. 3) we
see that a forward voltage of 3.3V corresponds
to a current of about 900mA.

The total voltage across the two series LEDs
(D1/ D2) must be the same as the total voltage
across D3 to DS. If we assume all the LEDs
are equal, the forward voltage for D1 and D2
cannot be the same as that for D3, D4 and D5.
Thus all the information on Fig.1 cannot be
true at the same time, so we will have to make
some assumptions.

If we assume a forward voltage of 3.3V we
can apply this to either D1/D2 or D3 to DS,
and then see what will happen to other diode
series. This will hopefully give us a basic
understanding of how the circuit will behave.

If D1 and D2 have forward drops of 3.3V
then the total voltage across them will be 6.6V,
and this same voltage will appear across D3/
D4/D5. If we assume these three diodes are
exactly the same, then each will have 2.2V
across it.

From Fig.3, we see that the current in these
diodes will be very small. The curve does not
extend this far, but we can easily infer a current
of less than 10mA, and in fact, it will probably
be much smaller than this. Looking at Fig.4,
which related light output to LED current, we
see that a current of less than 10mA will mean
the LED light will be very dim, if visible at all.

Thus we have D1/D2 brightly lit, D3/D4/
D5 off, and a 9.9V supply delivering about
900mA, almost all of which is going through
D1/D2.

If D3, D4 and D5 have forward drops of
3.3V, then the total voltage across them will
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Fig.3. Cree XPG LED electrical characteristics

(Cree data sheet)

be 9.9V and this same voltage will appear
across D1/D2. If we assume both these
diodes are exactly the same, then each will
have 4.95V across it. From Fig.3 we see that
this voltage is not even on the graph scale and
consequently the current (if we extrapolate
the curve) would be enormous — the LEDs
D1 and D2 would probably be destroyed.
The situation is similar to the previous case,
with almost all of the total current from the
supply going through D1 and D2. This is a
direct consequence of the exponential voltage
to current characteristic (as seen in Fig.3) of
all forward biased diodes. The fact that the
voltage across each of D3, D4 and D5 will
be two thirds of that across both D1 and D2,
together with the exponential characteristic,
implies that the D1/D2 current will always be
very much larger than the D3/D4/D5 current.

Detailed calculations

We can now proceed to a more detailed
calculation. The characteristic equation for
an idealised diode, relating the (forward
bias) current through it, I, to the voltage
across it, V. is:

I, =1 ~1)

Where [ g is the saturation current, » is the
ideality factor, and V is the thermal voltage.
I, and n are characteristics of individual
diodes, which depend on the construction and
materials used. V. is related to temperature
and basic physical constants (Boltzmann’s
constant and the electronic charge). V/, is about
25mV at room temperature. n is typically
between 1 and 2 for silicon diodes, but may
be larger for LEDs. I, varies widely depending
on the type of diode, but is typically very small
compared with usual operating currents. The
default value for I in LTspice is 1x10™*A.

The equation is idealised because it does
not take account of series resistance or
reverse breakdown, but it is still useful in
many situations. The equation can be further
simplified because the exponential term is
very much larger than one for all but the
smallest forward voltages; we can therefore
often remove the -1 term to get:

I,=1.e"""

Rearranging this and taking natural
logarithms we get the voltage across the diode:

Vy=nV; ln([D/IS)

For the circuit in Fig.1 the voltage across
D1 and D2 must be the same as the total
voltage across D3, D4, and D5:

VDI + VDZ = VD3 + VD4 + VDS

Substituting the diode equation for each
diode, and denoting the current through D1/
D2 as I, and the current through D3/D4/D5

as [, we get:

nV; 1n(112/ls)+nVT ln(llz/ls):
nv; ln([345/ls)+”VT ln(1345/[s)
+nV; ln(1345/13)

If all the diodes are equal we can cancel
the nV, terms:

ln(llz/ls)+ln(112/ls):ln(1345/ls)+
ln(l345/13)+ln([345/ls)+ln([345/1s)

Given that adding logarithms is equivalent
to multiplying we can write:

3
[122/13 :[345/13
So
Is1122 213345

Knowing that / is very small (compared
with typical forward currents) we can
conclude from this equation that /,, must be
much larger than / st

For example, if is [,,is 0.5A and [ is
1x10"*A then 7, , will be about 14pA. In LED
terms this would correspond to D1/D2 shining
and D3/D4/D5 being very dim, or effectively
off. So we reach the same conclusion from this
more mathematical analysis as we did for our
earlier basic reasoning.

Before we leave this analysis, it useful to do
a reality check on the approximation we made
(removing the -1 from the equation). Putting the
current values into the approximate equation for
diode voltage (with n=1 and V,=25mV) gives
0.789V and 0.526V (not values related to the
Cree LED characteristics, but fine for checking
here). First, we note that one is two thirds of the
other, as expected (for equal diodes). Second,
we can use these voltages to obtain the current
values using the first equation (with the -1). On
doing so, we find the values are very close to
0.5A and 14pA, justifying our approximation.

LTspice simulation
Having obtained an understanding of
the circuit through basic reasoning about
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Fig.4. Cree XPG LED luminous flux characteristics

(Cree data sheet)

its behaviour, and then through more
detailed calculations, we can move on to a
simulation. Using LTspice (we discussed
this simulator in the previous two articles)
we can draw a schematic as shown in Fig.5.

As is common practice, we are driving
the LEDs from a constant current source,
not a constant voltage supply, to ensure even
brightness. LED brightness is related to current
rather than voltage drop. Brightness is more or
less linearly proportional to forward current,
as shown in Fig.4; however, individual LEDs
with the same current, and hence brightness,
may have different forward voltages. A
typical LED drive circuit is shown in Fig.6,
in which a control circuit uses a small sense
resistor to enable the current to be measured
and regulated. If we drive a set of LEDs (in
parallel) with the same voltage it is quite likely
that they will not have even brightness.

A word of caution is needed about the
LTspice schematic in Fig.5 — although we
can place an LED symbol we do not get
anything special in terms of component
characteristics by doing so. The D next to
the LED symbols on Fig.5 indicates that we
are using the default diode model, exactly
the same as placing a standard diode symbol.

By right-clicking on the diode symbol we
can select ‘Pick New Diode’ and choose a
model from the list of real devices included
in the LTspice library. There are a number of
LED:s included, but not the Cree XPGs. We
will address this in a moment, but it is in fact
worthwhile running the simulation using
default diodes, as this should relate closely
to the calculations with the diode equation
which we have just done.

The simulation we require is simply an
operating point calculation — we just need
the DC currents and voltages in the circuit.
To do this, we select ‘Edit Simulation Cmd’
from the ‘Simulation’ menu, select the ‘DC

VLED

N34

Pan
Ny
N12

TRy 2

N45
YR TRy 8

.op i ‘

Fig.5. LTspice simulation schematic
using default ideal diodes
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Fig.6. Driving LEDs in series using a
constant current source

op pnt’ tab in the dialog, click ‘Ok’, and place

the “.op’ spice directive on the schematic. On

running the simulation, the results appear in

a text window as follows:

V(n34): 1.08781 voltage
V(n45): 0.543906 voltage
V(vled): 1.63172 voltage
V(nl2): 0.815859 voltage
I(D2):  0.499988 device_current
I(D1):  0.499988 device_current
I(D3):  1.35719e-005 device_current
I(D5):  1.35719e-005 device_current
I(D4):  1.35719¢-005 device_current
I11): 0.5 device_current

The simulation results confirm our earlier
reasoning and analysis. The values used
correspond with the calculation above: about
0.5A through D1/D2 and 14pA through D3/
D4/D5. The diode forward voltages are not
exactly the same at 0.54V and 0.82V, but have
the expected two-thirds ratio. The difference
is due to the fact that LTspice is not using
exactly the same approximate diode model
as we did, so this is not unexpected.

Simulation with ideal diodes has
confirmed the general behaviour of the
circuit, but it would be better to have
something based on the actual components
used. This relates to the issue raised by
bruce — that of finding SPICE models for
specific components. Fortunately, in this
case it is straightforward, as Cree provides a
SPICE model for the XPG LED as a text file
on their website. The model is shown below:

.MODEL XlampXPG D
+ IS=13.076E-12

+ N=4.6837

+ RS=.28172

+ XTI=42.150

+ EG=2.5000

There are a number of ways to add SPICE
models in LTspice, something which we may
discuss in more detail in a later article. Here we
will simply add the text on to the schematic,
as shown in Fig.7. To do this, we select the
text item from the toolbar and make sure that
the ‘Spice Directive’ option is selected in the
dialog. The + characters at the start of a line
indicate that the SPICE directive is continuing
from the previous line of text.

Performing an operating point analysis,
as before, provides the following results:

V(n34): 4.12348 voltage
V(nd5): 2.06174 voltage
V(vled): 6.18522 voltage
V(nl2): 3.09261 voltage
I(D2):  0.499678 device_current
I(D1):  0.499678 device_current
1(D3):  0.000321659 device_current
I(D5):  0.000321659 device_current
I(D4):  0.000321659 device_current
I(11): 0.5 device_current
60

Fig.7. LTspice simulation schematic
using the XPG LED model from the
Cree website

Again, we see the same general behaviour,
with almost all the current flowing in D1/D2.
The voltage drop across these diodes is about
3.1V and the current is close to 0.5A. A look
at Fig.3 confirms this is consistent with the
data sheet.

Conclusion

If we try to confirm the equation we
developed earlier: 11}, = I,5: we find that
the two sides are out by about a factor of ten.
At first this seems like a gross error, but these
values include the cube of something which is
exponentially dependent on circuit voltages —
so a very small shift in conditions can produce
a very large change in the calculated value.

This discrepancy is not a problem;
it is due to the fact that the model used
by LTspice is more accurate (and hence
complex) than the one used in our
calculations. For example, it includes diode

series resistance. One of the advantages
of simulators is that they can perform
calculations which would be difficult or
tedious to do manually.

In this article, we have attempted to not
only solve the question posed by xenington,
but also illustrate the approaches we can take
to working out what a circuit will do. We
have looked at simple reasoning based on a
sound understanding of circuit theory and
component behaviour, more detailed calcu-
lation using circuit theory and component
characteristic equations, and simulation.
Often we perform all three in that order.

Simulation should not be performed
without some understanding of what the
circuit will do; otherwise we can be fooled
by misleading or erroneous results. Such
problems could occur because of design
entry errors, inappropriate models, poor
simulator configuration/option settings and
artefacts due to the simulation algorithm.

Similarly, we need to be aware of
limitations in any approximations we use
in our calculations and simulation models.
Approximations are important in engineering,
often making otherwise intractable calculations
feasible, or quick rather than protracted. This
is a different philosophy from say a physicist,
who would want to know all the details of how
an LED, for example, functions.

An experienced designer might look at
Fig.1 and immediately dismiss it as not
being viable, stating that all the current
flows in D1/D2. The level of complexity
at which analysis and simulation is needed
of course varies with experience, but the
principles are the same.
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P928-X PIC Training Course £168

The best place to begin learning about microcontrollers is the PIC16F1827, the
new, incredible value, 18 pin PIC. All the features of the PIC16F627A plus an
analogue to digital converter, four times as much memory, and 10% cheaper. Yet
it is just as easy to programme.

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

Our PIC training course consists of our PIC programmer, a 318 page book
teaching the fundamentals of PIC programming, a 304 page book introducing the
C language, and a suite of programmes to run on a PC. The module uses a PIC
to handle the timing, programming and voltage switching. Two ZIF sockets allow
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed
at 5 volts, verified with 2 volts or 3 volts and verified again with 5.5 volts to ensure
that the PIC works over its full operating voltage. UK orders include a plugtop
power supply.

P928-X PIC Training & Development Course comprising.....
Enhanced 16F and 18F PIC programmer module
+ Book Experimenting with PIC Microcontrollers

PH28 Training Course £193

PIC training and Visual C# training combined into one
course. This is the same as the P928 course with an extra
book teaching about serial communication.

The first two books and the programmer module are the
same as the P928. The third book starts with very simple
PC to PIC experiments. We use PC assembler to flash the
LEDs on the programmer module and write text to the LCD.
Then we learn to use Visual C# on the PC. Flash the LEDs,
write text to the LCD, gradually creating more complex
routines until a full digital storage oscilloscope is created.
(Postage & ins UK £10, Europe £22, rest of world £34).

P182 Training Course £71

Our new low price PIC training course is ideal for students
who have a keen interest but have little or no knowledge
of Electronics. This course is for complete beginners
and you must trust that we do know. Just a few pages of
ground work then you jump straight in and type your first
experimental programme. A few experiments then your first
very easy exercise. It is very easy because it builds on the
patterns of the work just done. This is the natural way of
learning. Turn on an LED, make it flash, experiment with
rainbow colours using red, green and blue LEDs, study
the PIC timer, watchdog and sleep mode, write text to the
display, and experiment with infrared data transmission.
Three fully built PCB plug together and connect to a USB
socket on your PC, book 1 (200 pages), CD of software, a
display, and USB lead. Postage UK £6, Europe £10, Rest
£16. Optional book 2 (278 pages) + 4th PCB - £36 +pp.
See website for more information.

Ordering Information

Our P928 course is supplied with a USB adaptor and USB
lead as standard but can be supplied with a COM port lead
if required. All software referred to in this advertisement will
operate within Windows XP, NT, 2000, Vista etc.
Telephone with Visa, MasterCard or Switch, or send
cheque/PO. All prices include VAT if applicable.

+ Book Experimenting with PIC C 5th Edition
+ PIC assembler and C compiler software on CD
+ PIC16F1827, PIC16F1936 and PIC18F2321 test PICs
+ USB adaptor and USB cable. . ......... £168.00
(Postage & insurance UK £10, Europe £18, Rest of world £27)

Experimenting with PIC Microcontrollers

This book introduces PIC programming by jumping straight in with four
easy experiments. The first is explained over seven pages assuming
no starting knowledge of PICs. Then having gained some experience

we study the basic principles of PIC programming, learn about the
8 bit timer, how to drive the liquid crystal display, create a real time clock,
experiment with the watchdog timer, sleep mode, beeps and music,
including a rendition of Beethoven’s Fur Elise. Then there are two projects
to work through, using a PIC as a sinewave generator, and monitoring
the power taken by domestic appliances. Then we adapt the experiments
to use the PIC18F2321. In the space of 24 experiments, two projects
and 56 exercises we work through from absolute beginner to experienced
engineer level using the very latest PICs.

Experimenting with PIC C

The second book starts with an easy to understand explanation of how
to write simple PIC programmes in C. Then we begin with four easy
experiments to learn about loops. We use the 8/16 bit timers, write text and
variables to the LCD, use the keypad, produce a siren sound, a freezer
thaw warning device, measure temperatures, drive white LEDs, control
motors, switch mains voltages, and experiment with serial communication.

Web site:- www.brunningsoftware.co.uk

White LED and Motors

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

We use a PIC16F1827 as a freezer thaw monitor, as a step up
switching regulator to drive 3 ultra bright white LEDs, and to control
the speed of a DC motor with maximum torque still available. A kit
of parts can be purchased (£31) to build the circuits using the white
LEDs and the two motors. See our web site for details.

Mail order address:

Brunning Software

138 The Street, Little Clacton, Clacton-on-sea,
Essex, CO16 9LS. Tel 01255 862308
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Microchip’s ICD 3 in-circuit debugger

take a break this month from
Propeller processors to take a look
at Microchip’s ICD 3 in-circuit

debugger, introduced last year. It’s an unusual
product, filling neither the low-cost hobbyist
nor the professional developer markets. Like
the PICKkit debugger it’s had a recent design
refresh, so we thought it time to take a more
detailed look.

Looking back

First, a bit of background information
on debugging tools. In the early days of
microcontroller development, the code was
stored on the target system either in EPROM
or, if your product was to be produced in
sufficient quantities, in mask ROM on the
processor itself.

A mask ROM processor is the cheapest
and lowest power solution for an embedded
system, but carries a very high one-off cost
(often in the tens of thousands of pounds)
as the code is actually incorporated into the
chip manufacturing process. Not only is that
expensive, but it could take three months
from submitting your code image to the
supplier before receiving back a test chip for
verification.

Needless to say, this doesn’t allow for
a continuous ‘crash and burn’ software
development process. If you were lucky, you
had three attempts to get the software right,
with each failure marking your career in the
company!

For smaller production runs, the code
would be placed in a socketed EPROM chip,
which assisted development considerably
— the EPROM could be taken off the board,
erased under an ultra-violet lamp and then
reprogrammed. The whole cycle could be
repeated in about 30 minutes.

EPROM emulator

The debugging of an embedded micro-
controller system fitted with an EPROM was
vastly improved with the use of an EPROM
emulator, a device that fully simulated an
EPROM. The device had an RS232 interface
for loading data and a cable with a DIL header
that plugged directly into your target board.
The more expensive devices could detect read
accesses to certain locations, providing a crude
breakpoint facility. It was an incredibly useful
tool in its time and closely guarded by the
senior engineers who had access to one!

Debugging mask ROM processors was
a much more complex affair. A special and
very expensive piece of hardware, a processor
emulator, had to be used. An emulator is a device
that completely replaces your microprocessor
on your target board, generally via a cable with
a DIL header matching the processor pinout.

These emulators were fantastically expensive
(anywhere from five thousand pounds up),
but provided the kind of debugging features
we are now used to — complex code and data
breakpoints, watch variables etc. Needless to
say, hobbyists lived without such luxuries.

Thankfully, microcontroller manufacturers
recognised the difficulty with developing
software for their processors and started
introducing on-chip debugging support; a
few pins dedicated to a debug interface, with
logic within the processor itself to allow for a
few hardware breakpoints — the situation we
are in today with processors from Microchip,
Texas Instruments and the like. In a few short
years the cost of debug hardware went from
thousands of pounds to a few hundred, and
now a PICkit 3 can be picked up for £30.

Modern low-cost debugger hardware does
lack the full range of debugging facilities
offered by the older emulators, but the power

Features / Speed / Trace Capability

Microchip’s Debugging and
Emulation Product Line

£35 £150

£350

Fig.1. Microchip’s debugging and emulation line-up
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of the modern processors and the large flash
memory available means the developer can
easily make up for the missing test features
with some skillfully crafted code.

ICD 3 in-circuit debugger

Which brings us nicely back to the
Microchip debugging products on offer, and
the ICD 3 in particular. Where does it fit in?

Microchip currently supply three products
with increasing functionality and cost. As you
can see from Microchip’s own marketing data
in Fig.1, there is a great deal of overlap in
functionality across the product range, with an
order of magnitude price increase. The ICD 3
sits in the middle, between the low end PICkit
3 and the high end ‘Real ICE’ emulator.

We’ve been intrigued by the ICD series of
products for some time now, as it’s hard to
work out what niche it fills between the £35
PICKit 3 and the £350 Real ICE. The only way
to find out is to play with it (about time too we
hear you say!)

First, let’s find out what you get for your
£150, and take it apart to find out what’s inside.

The blister packaging was surprisingly
weighty, but this wasn’t down to the ICD 3. For
some peculiar reason a heavy AS-sized notepad
is included, along with a large glossy poster
showing some useful getting-started tips.

There is a CD containing MPLAB, but as
this was version 8.50 we put it to one side.
We like to keep up with the frequent MPLAB
updates on line, but the version 8.50 supplied
is not that old, and will be a welcome inclusion
for those with low speed Internet access and
who struggle to keep up with the massive
MPLAB download.

The kit comes with two cables — a standard
USB lead to connect the debugger to your PC,
and a short RJ11 cable to connect to your target.

R e o5

AB"ICD =3

Fig.2. The ICD 3 in-circuit debugger kit
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The RJ11 is the ‘higher end’ debug connector
chosen by Microchip, using exactly the same
signals as the PICkit SIL header, just in a more
robust format. It’s a slight inconvenience if you
build circuits onto breadboard or stripboard,
but that can be fixed by building a small RJ11

socket adaptor. You’ll have to buy a socket to

do that however, as one is not included in the

package.

Also included is a small PCB with a
PIC10F processor fitted to it. This is a
simple test circuit to confirm that the
ICD 3 is working — more an aid for the
Microchip technical support team I
suspect, but handy too during initial device
setup and familiarisation. The contents are
shown in Fig. 2.

Naturally, we were curious about what is
inside the ICD 3, and where the £150 price
tag comes from. Disassembly is simple — a
single screw holds the circular case together.
Gaining access does require the breaking of
a seal, so we don’t recommend you try this at
home! The PCB is shown in Fig.3.

Circuit board

The ICD 3 consists of a single circular PCB,
well designed with low cost manufacture and
assembly in mind. The big surprise was to
find a Xilinx Spartan 3E FPGA. This is the
smallest of the spartan-3E family, but it still
sports 100,000 gates — Microchip are taking no
chances with this hardware design, they have
added plenty of flexibility for supporting future
microcontrollers!

There is a dsPIC33 processor as an
overall controller, a dedicated USB2
interface chip and two 512KB SRAM
chips. Plenty of processing power here.
Three LEDs provide status output, nicely

Technobols

Electronic & Mechanical Components

With over 5,100 products available to order online, Technobots
provides one of the widest range of components for the
electronics and engineering enthusiast

GB':QB- Battery Products
V Chargers & PSU's
Opto Electronics

Passsives,
Semiconductors
Sensors
connectors Gears, Pulleys
etc.. & Cams

Pneumatics

Controller Boards
Including Arduino

Breakout Boards
from Sparkfun

@ ‘J Chain & sprockets
=

Bearings from 1mm bore Shafts &

Adaptors '
Projects & kits
/ Robotlcs & Wheels
| =1
- Cable Fuses &etc.. s
LCD displays ol

Tools

Switches &
Relays

o 160+ dc model
= motors + speed
controllers

NN
o\) Get our 120 page A4 catalogue free with your

\>$:° next order by quoting 'discount coupon code'
V\\O(\ Go((\e EPEO5 at the checkout

www.fechnooboisoniine.com

Shop callers welcome: Technobots Ltd, 60 Rumbridge Street,
Totton, Hampshire SO40 9DS Tel: 023 8086 4891
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positioned to give a clear indication of
what is going on.

The target probe physical interface and the
associated drive electronics are more robust
than the PICKkit’s, which will be a welcome

addition for those who have experienced dead
debuggers (although in five years of constant
use, the author’s PICKit 2 is still working).
The two main benefits of the ICD 3 are
its wider device support range — although the
PICKit 3 is catching up — and the much faster
programming and tracing speed. Programming
is over 10 times faster, which if you are doing
very short debugging cycles (code change,
load, test, repeat) on large projects will make
a considerable difference. It’s integration into
MPLAB is identical to the PICKkit, and we were
able to download and single step code within a
few minutes.

Conclusion

In a way, the PICkit debugger has evolved to
the stage where an ICD 3 offers only limited
advantages. Indeed, at the moment, the PICkit
2 is our debugger of choice and will remain that
way until an accident happens that destroys it.
At that point it will be replaced by a PICKit 3.

Faster programming time is a bonus, and
there may be some situations where the faster
tracing facilities on the ICD 3 will help you
solve a tricky design problem quicker, but
those times are going to be rare. And besides,
debugging an interesting problem late into the
night is part of the fun, isn’t it?

For those people developing PIC software
professionally or just generally on tight
timescales, the ICD3 will certainly be worth the
extra £100. For the rest of us, in our opinion,
the PICkit 3 remains the most cost-effective and
invaluable development tool.

Decrease code
size by 40%

- Use less expensive MCU with
smaller program memory

- Save hundreds of dollars in component
costs in your projects

CCS
Compilers
Save You
Money

Compilers Starting at $150

www.ccsinfo.com/EPEmag
o 0
waw’

sales@ccsinfo.com
262.522.6500 x35
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XPERIENCED  electronic  project

builders are unlikely to be deterred
from constructing a project due to
concerns about finished projects failing to
work. They have the technical knowledge,
equipment, and know-how to deal with
practically any problem that could arise.
A project would have to be extremely
large or very tricky in some other respect
in order to make an ‘old hand’ think twice
before attempting to build it.

The opposite is true for beginners
who, on the face of it, have little chance
of dealing with projects that refuse to
work. They lack fault-finding experience
and expertise, and are unlikely to be
equipped with the equipment needed
for detailed checking of even a fairly
basic circuit. Doubts about successfully
completing a project are probably the
main reason for would-be constructors
failing to ‘take the plunge’.

Rise to the challenge

While it would be an exaggeration to
claim that the reservations of beginners
are totally unfounded, and that first-time
success is virtually guaranteed provided
you go about things the right way, the
chances of building a working project at
the first attempt are actually very good.

Pre-publication checking of articles
containing electronic  projects has
virtually eliminated the chances of being
led astray by printing errors. Any error
that does manage to find its way into an
EPE article will be spotted quite
early and corrected one or two
issues later.

Modern  components  go
through vigorous testing before
leaving the factory, and they
are very reliable. Provided you
follow the plans and instructions
‘to the letter’, the chances
of success are high and the
likelihood of failure is very low.

Electronic project construction

have to be prepared to put in some effort
and learn some new skills. Although it
is a technical hobby, you do not need to
understand the operation of each circuit
in detail. In fact, you can largely ignore
many of the technicalities, and initially
you will probably have to do so, but it
will still be necessary to learn plenty of
new names and terms.

Electronics would not be a worthwhile
hobby if perfect results were guaranteed
every time with no skills or mental
effort required. To some extent, it is the
challenge of building a project that makes
it worthwhile.

Simplicity itself

It is something that has been mentioned
many times over the years in this series
of articles, but it is worth repeating once
again. It is important to choose for a first
project, something that is reasonably
simple and straightforward. While it is
tempting to dive straight in with a ‘mega’
project that will impress your family and
friends, this is a high risk strategy.

The more complex the project, the
greater the chance of a mistake or several
mistakes being made. It is not necessary
to know how a project works in order to
build it successfully, but you do need to
have a reasonable understanding of what
it is supposed to do, and how to use the
finished device.

Something like a simple novelty
project or a household gadget is a

. . ) . Fig.1. In most cases any solder bridges will be easy to spot. . . . .
is a creative pastime, and as with  n this example a minute blob of solder spilled from the iron is 10 @ typical stripboard project

any creative endeavour, you causing the problem
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Practically Speaking

Robert Penfold looks at the Techniques of Actually Doing

more appropriate starting point than an
advanced piece of scientific equipment,
where you need a great deal of specialist
knowledge in order to set it up and
get it to the stage where it is ready to
actually do something! Try to avoid
projects where the mechanical side of
construction is difficult or awkward
in some respects. It is better to choose
something more straightforward so that
you can concentrate your efforts on
mastering the new skills required for the
electrical aspect of construction.

Beware of the mains

Another important point that is worth
reiterating is that the mains supply is
potentially lethal, as are projects that
connect to it. Only those with a reasonable
amount of experience at project
construction should attempt projects that
connect direct to the mains supply.

No matter how simple a project may
be, if it connects to the mains supply it
is NOT suitable for a beginner. Start
with projects that are battery powered,
or are mains powered by a separate
battery eliminator that conforms to the
standard safety regulations. Some of
the components in the project could be
damaged if a mistake is made, but you
should be perfectly safe.

Hole in one

Modern electronic gadgets are based
on printed circuit boards. The two types
of board used in -electronic
projects are stripboard and
custom printed circuit boards
(PCBs). Stripboard is a versatile
proprietary circuit board that
has a regular matrix of holes,
plus copper strips on one side
of the board. Stripboard is quite
straightforward in use, but with
most projects only a few percent
of the holes are actually used.
The hundreds of unused holes

tend to encourage mistakes. The
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unused holes are good at hiding any
mistakes that are made, and some very
careful checking is needed in order to
detect any errors.

As its name suggests, a custom printed
circuit board is specifically designed for
one particular circuit. A custom board
has just one hole per leadout wire or pin,
making it relatively foolproof. There is
relatively little risk of making a mistake
in the first place, and any errors that
should creep in, such as a component in
the wrong place, are likely to be spotted
almost immediately. Most modern
projects are based on a custom circuit
board, which represents the easier option
for beginners.

If you are new to electrical soldering, as
will probably be the case, it is a good idea

It is then a matter of rechecking the
component layout, and wiring. I say
‘rechecking’ rather than checking, as
this sort of thing should have been very
carefully checked during construction.
Discovering errors early in the
proceedings can save a lot of hassle later.
It is often necessary to partially dismantle
a project in order to get proper access to
the circuit board and check it properly.

Practical experience suggests that
the first place to look for problems
should be the soldered connections
on the underside of the circuit board.
Short-circuits between copper tracks on
the underside of the circuit board are
the most common cause of problems.
Custom printed circuit boards are often
coated with a solder resist that is designed

vigorous brushing with a small brush
such as an old toothbrush seems to do a
good job.

Even if you have good eyesight there is
no guarantee that you will be able to see
all solder bridges. A magnifier should be
part of your standard electronics toolkit,
and using even a small magnifying glass
will vastly increase the chances of finding
minute solder trails. An 8x or 10x loupe
(also known as a ‘lupe’) is even better
for this application. These are sold as
photographic accessories for viewing
slides and negatives, and an inexpensive
type is more than adequate for checking
circuit boards.

A careful visual inspection of a clean
board using a magnifier should reveal
any solder bridges. Pay particular

Fig.2. The joint on the right is reasonable, and is providing a
good connection. The leadout wire has been cut too short with
the joint on the left, resulting in the solder flowing all over the

place, and no connection being made

to practice soldering before attempting
your first project. Expect to write-off
your first one or two projects if you
decide to learn this skill as you go along!
It is well worth spending some money
on a small piece of stripboard and some
cheap components such as resistors, so
that you can get some experience at
fitting components to a printed circuit
board before progressing to the real
thing. Also, try fitting some solder pins to
the board and then solder some pieces of
multistrand connecting wire to the pins.
There is an excellent soldering guide on
the EPE website (www.epemag.com),
and this is well worth a visit.

Bridging the gap

Having carefully put together your first
project, what do you do if the finished
unit fails to work? Leaving a faulty
project switched on is not advisable,
and could result in damage to some of
the components. If a project is clearly
not functioning correctly it should be
switched off immediately.

to discourage solder bridges. However,
no solder resist can guarantee perfect
results, and with a really intricate board
it is likely that at least one or two solder
bridges will be produced.

In most cases the excess solder will be
fairly obvious (Fig.1), and will be spotted
while you are constructing the board. The
excess solder can usually be wiped away
using the bit of the soldering iron, but a
desoldering tool should be used if there is
a lot of excess solder to be removed. An
inexpensive desoldering pump is ideal for
this type of thing. Remove as much solder
as possible and then resolder the joint.

Unfortunately, many solder bridges
are not easily spotted, and in some cases
it can be quite tricky to detect them. The
trails of excess solder can be very narrow,
and the situation can be made worse by
the trails being hidden under excess flux
from the solder. The underside of a circuit
board tends to get a liberal splattering of
excess flux during construction, and can
end up looking a bit of a mess. Various
flux removal products are available, but
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Fig.3. This connection looks all wrong, and it is. The leadout wire
is corroded, and too much solder has been applied in an attempt
to get the solder to flow over the joint properly, resulting in a
aubious connection and two tiny solder bridges

attention to parts of the board where
there are a large number of connections
in a small area, and to components that
have very narrow pin spacing, such
as most integrated circuits. Try not to
be fooled by large blobs of solder that
appear to be an ordinary joint, but are
actually completely covering two joints.
It is advisable to clean and visually
check all circuit boards before installing
them in the case.

Shining examples

As with any skill, good soldering is a
case of ‘practice makes perfect’. Even the
most experienced project constructor is not
immune from producing the occasional
bad soldered joint, but it is more likely to
cause problems for beginners. Probably
the most common cause of so-called
‘dry” joints is the soldering iron being left
unused for a few minutes before starting a
new set of connections. The flux will soon
burn away if there is any solder left on the
bit, and the solder itself will probably start
to oxidise.
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The correct procedure is to clean the
bit and tin it with fresh solder before
starting the next batch of connections. If
you fail to do this it is likely that the next
joint produced will contain a significant
proportion of old solder. There could be
insufficient flux, and the solder could fail
to flow over the joint properly.

Joints produced in this way usually
provide only intermittent electrical contact
or no contact at all, and are likely to be
lacking mechanical strength as well. They
might look much the same as proper joints,
but there will often be tell-tale signs that all
is not well. Larger than normal amounts of
excess flux around a joint are sometimes
indicative of a problem, but this evidence
is no longer available once the board has
been cleaned.

Good quality soldered connections
are usually mountain shaped and the
surface of the solder is quite shiny
(Fig.2). ‘Dry’ joints are often more
spherical or rather irregular in shape
(Fig.3). The surface of the solder tends
to be relatively dull in appearance, and
there might be some crazing as well.
If you try to pull the component away
from the board you may well succeed if
there is a ‘dry’ joint. Checks with some
form of continuity tester should locate
dry joints, but fully checking even a
small circuit board can be quite time
consuming.

With any joints that look at all doubtful
it is probably best to desolder them and
try again. However, before making a
second attempt, carefully inspect the
end of the leadout wire and the copper
pad. The flux in electrical solders is very
efficient at dealing with contaminants,
and modern components are resistant to
corrosion on the leadout wires and tags.

Consequently, it is unusual for dirt
or corrosion on the surfaces to cause

problems. There can still be occasional
problems though, and if there is any
hint of contamination on the surfaces it
is a good idea to clean them before re-
soldering the joint. The surfaces can be
cleaned by gently scraping them with the
small blade or a penknife, a miniature
file, or something of this type.

The ultimate ‘dry’ joint is the one
that has no solder at all! A close
visual check of the board should soon
detect any missing joints, but they
can be difficult to find with stripboard
where there are numerous unused
holes that help to hide them. Firmly
pulling on resistors, capacitors,
diodes, etc., should soon reveal any
joints that are absent.

Heat of the moment

Most modern components —are
reasonably tolerant of heat, but
practically any component will be
damaged if you take too long to complete
the soldered connections. A component
that has been damaged by overheating
will usually show some obvious signs
of heat damage, such as a change in its
colour or change in its shape. Any ‘off
colour’ or deformed components should
be replaced.

Although semiconductors are mostly
fitted in holders, transistors and diodes
are often soldered direct to the board.
Extra care should be taken when fitting
these in place, because semiconductors
are more vulnerable to heat damage than
most other components.

Thoroughly check the hard wiring
against the wiring diagram. With
modern projects there may be very little
hard wiring to check, but it should still
be given your undivided attention. Bad
soldered connections are more easily
made when fitting the hard wiring,

so carefully check all the soldered
connections. Check for silly problems,
such as a battery connector that does
not connect properly. In these days of
hi-tech gadgets there are often problems
with lo-tech battery connectors that have
dirty contacts, or have become bent out
of shape and do not fit reliably.

An inexpensive multimeter is useful
for checking that the battery voltage is
actually getting through to the circuit
board, and that the battery is in a usable
state. It can also be used for making
other simple checks, such as continuity
checks on switches, testing cables for
short-circuits or broken leads, and
checking that plugs and sockets connect
together properly.

Even some of the cheaper types
have the ability to check resistors,
capacitors, transistors and diodes. A
multimeter is a piece of equipment that
project builders should own sooner
rather than later.

Denial

If the project still refuses to work,
methodically check that every component
on the circuit board is in the right place
and has the correct value, and that
nothing is missing. Pay special attention
to any components that must be fitted a
particular way around. With a stripboard
project, make sure that any link wires are
present and correct.

When something fails to work, there
is a tendency to blame others and not
accept that you could be responsible
for the problem. If at all possible, get
someone else to check the unit against the
construction diagrams. Having missed a
mistake once, there is a tendency to go
on fooling yourself. A fresh pair of eyes
might spot something that you have
consistently overlooked.

TO ADVERTISE IN
EVERYDAY PRACTICAL
ELECTRONICS

Stewart Kearn on

01202 880299

or email

stewart.kearn@wimborne.co.uk
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EPE 1S PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS
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Design

Flowcode contains standard flow chart
icons and electronic components that allow
to you to create a virtual electronic system
on screen. Drag icons and components onto
the screen to create a program, then click
on them to set properties and actions.

Bissssiaiizs

Simulate

Once your system is designed you can use
Flowcode to simulate it in action. Design
your system on screen, test the system’s
functionality by clicking on switches or
altering sensor or input values, and see how
your program reacts to the changes in the
electronic system.

Lbased on ECIO technology.

Download

When you are happy with your design click
one button to send the program directly to
your microcontroller based target. Targets
include a wide range of microcontroller
programmers, upstream E-blocks boards,
the Formula Flowcode robot, the MIAC
industrial controller, or your own system
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The FlowKit can be connected
to hardware systems to provide
a real time debug facility where
it is possible to step through the
Flowcode program on the PC
and step through the program in
the hardware at the same time.
The FlowKit can be connected
to your own hardware to
provide In-Circuit Debug to
your finished designs.
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PiCmicro TUTORIALS AND PROGRAMMING

VERSION 3 PICmicro MCU
development board

Suitable for use with the three software packages

listed below.

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

Development Board.

e Makes it easier to develop PICmicro projects

e Supports low cost Flash-programmable PICmicro devices

e Fully featured integrated displays — 16 individual LEDs, quad
7-segment display and alphanumeric LCD display

HARDWARE

e Supports PICmicro microcontrollers with A/D converters

e Fully protected expansion bus for project work

e USB programmable

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

£158 including VAT and postage, supplied

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 e
Tests, exercises and projects covering a wide
range of PICmicro MCU applications ® Includes
MPLAB assembler ® Visual representation of a
PICmicro showing architecture and functions e
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.

it o AR T AL RAR

PRICES

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

(UK and EU customers add VAT to ‘plus VAT’ prices)
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with USB cable and programming software

‘C’ FOR 16 Series PICmicro

Version 4

The C for PICmicro microcontrollers CD-ROM is
designed for students and professionals who need
to learn how to program embedded microcontrollers
in C. The CD-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 e
Highly interactive course ® Virtual C PICmicro
improves understanding ® Includes a C compiler
for a wide range of PICmicro devices ® Includes
full Integrated Development Environment e
Includes MPLAB software ® Compatible with most
PICmicro programmers ® Includes a compiler for
all the PICmicro devices.

o]
items: Pentium PC running, 2000, ME,
XP; CD-ROM drive; 64MB RAM; 10MB
hard disk space.
Flowcode will run on XP or later
operating systems

FLOWCODE FOR PICmicro
v4

Flowcode is a very high level language programming
system based on flowcharts. Flowcode allows you to
design and simulate complex systems in a matter of
minutes. A powerful language that uses macros to
facilitate the control of devices like 7-segment displays,
motor controllers and LCDs. The use of macros allows
you to control these devices without getting bogged
down in understanding the programming. When used
in conjunction with the Version 3 development board
this provides a seamless solution that allows you to
program chips in minutes.

® Requires no programming experience

® Allows complex PICmicro applications to be

designed quickly

® Uses international standard flow chart symbols

® Full on-screen simulation allows debugging and

speeds up the development process.

® Facilitates learning via a full suite of

demonstration tutorials

® Produces ASM code for a range of 18, 28 and

40-pin devices

® 16-bit arithmetic strings and string manipulation

® Pulse width modulation

e [2C.

New features of Version 4 include panel
creator, in circuit debug, virtual networks, C code
customisation, floating point and new components.
The Hobbyist/Student version is limited to 4K of
code (8K on 18F devices)

~BEEED

BumaE il m=-

eSS e 0 aa 06 000000000000 000000a0000 0 £45 inc VAT
Professional (Schools/HE/FE/Industry)............ £149 plus VAT
Professional 10 user (Network Licence) ........... £350 plus VAT
SiteLicence .........c.iiiiiiiiiiiia i £699 plus VAT
Flowcode Professional (Schools/HE/FE/Industry) . ..£149 plus VAT
Flowcode 10 user (Network Licence).............. £399 plus VAT

Flowcode Site Licence ...

...................... £799 plus VAT
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DIGITAL WORKS

CIRCUIT WIZARD

Circuit Wizard is a revolutionary new software system that
combines circuit design, PCB design, simulation and CAD/
CAM manufacture in one complete package. Two versions are
available, Standard — which is on special offer from EPE —

and Professional.

T s 1 e
nEg T
—ppeAmTEED seE e .

Counter project

Digital Works Version 3.0 is a graphical
design tool that enables you to construct

By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to digital logic circuits and analyze their

A . ol . . _ . . behaviour. It is so simple to use that it will
produce an electronics project from start to finish — even including on-screen testing of the PCB prior take you less than 10 minutes to make your

to construction! first digital design. It is so powerful that you
will never outgrow its capability ® Software
for simulating digital logic circuits ® Create
your own macros — highly scalable ® Create
your own circuits, components, and i.c.s ®
Easy-to-use digital interface ® Animation
brings circuits to life ® Vast library of logic
macros and 74 series i.c.s with data sheets
® Powerful tool for designing and learning.

Hobbyist/Student £45 inc. VAT.
Professional £99 plus VAT.
Professional 10 user £249 plus VAT.
Site Licence £599 plus VAT.

* Circuit diagram design with component library (5600 components
Standard, 1500 components Professional)

* Virtual instruments (4 Standard, 7 Professional)
* On-screen animation

* PCB Layout

* Interactive PCB layout simulation

* Automatic PCB routing

* Gerber export

ELECTRONIC

COMPONENTS PHOTOS

A high quality
selection of over
200 jpg images
of electronic |y
components. This
selection of high

Special EPE Offer - Standard version only.

EPE is offering readers a 10% discount on Cicuit Wizard Standard software if resolution photos
purchased before Jan 31, 2011. This is the software used in our Teach-In 2011 series. can be used to
. . enhance projects

Standard (EPE Special Offer) £59:99 £53.99 inc. VAT and presentations or to help with training and

Professional £89.99 inc. VAT educational material. They are royalty free
for use in commercial or personal printed
projects, and can also be used royalty free

Special EPE Offer ends Jan 31, 2011 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.

Minimum system requirements for these CD-ROMSs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk Price £19.95 inc. VAT

space. Windows 2000/ME/XP, mouse, sound card, web browser.

Please send me: CD-ROM ORDER FORM | ORDERING

ALL PRICES INCLUDE UK

O Assembly for PICmicro V3 Version required:

[ ‘C’ for 16 Series PICmicro V4 O Hobbyisc{/Student ROSERCE

[ Flowcode for PICmicro [ Professional

O Flowcode for AVR O Professional 10 user Student/Single User/Standard/Hobbyist
O Flowcode for ARM [ Professional + Flowkit Version price includes postage to most
[ Flowcode for dsPIC & PIC24 [ Site licence countries in the world

[ Digital Works 3.0

Note: The software on each version is the same, only the licence for use varies.

EU residents outside the UK add £5 for airmail
postage per order

O PICmicro Development Board V3 (hardware)

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

O Circuit Wizard — Standard

O Circuit Wizard — Professional

O Electronic Components Photos

[ Project Design — Single User

[ Project Design — Multiple User (under 500 students)
O Project Design — Multiple User (over 500 students)

Send your order to:
Direct Book Service
Wimborne Publishing Ltd
113 Lynwood Drive, Merley, Wimborne,
Dorset BH21 1UU
To order by phone ring
01202 880299. Fax: 01202 843233

Goods are normally sent within seven days

Valid From: .......... Card expirydate:............. E-mail: orders @wimborne.co.uk
Card NO: . .ottt Maestro Issue No. ......... Online shop:
Card Security Code . ......... (The last 3 digits on or just under the signature strip) www.epemag.com

1
1
1
: [ Please charge my Visa/Mastercard/Maestro: £ ..........
1
[ |
1
1
| ]
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Surfing The Internet

Alan Winstanley

The total cost of upgrading

Last month I mentioned how my mobile phone took an unscripted
tour of the supermarket car park in which it had been mislaid. An
honest citizen (since rewarded with a gift voucher from your
grateful scribe) handed it in and normality returned.

This made me question the wisdom of depending on con-
verging mobile electronics. There are ‘apps’ for everything
but personally, I recoil from the idea of putting all my
eggs into one basket and so I don’t depend on a Filo-
fax, smartphone or iPhone to organise my life en-
tirely: I'm rather disjointed like that. I use a lovely
Palm Tungsten E2 for addresses, appointments
and anniversaries.

Apart from obviously making phone calls
on the move, or for hands-free in-car or
satnav use, I generally use my phone to
help keep track of email. It’s hard for a
technology buff like me to admit, but I
believe smartphones and PDAs are best
used as tools to keep things moving along
rather than depending on them entirely as
one’s nerve-centre of productivity.

T also believe the total cost of ownership of all such devices extends far
beyond the market-rigged price of a phone or the data tariff itself. Such
gadgets can be technological time-sinks. For example, I have just spent
five hours helping a friend to update her TomTom XL satnav and we both

agreed that the time needed to update and configure these things made us
wonder why we’d bothered. Or is it that we think our time is worthless?

This blinkered view will doubtless change; I can already see how the
new creed of mobile applications is starting to offer something that’s of
real value, making technological convergence more rewarding. The ad-
vent of the Android operating system also holds great appeal, especially
compared with hoary old Windows Mobile 6.x. Despite a myriad of de-
sirable ‘apps’ being available though, 3G signal coverage and bandwidth
are still too sketchy to enable consistently productive use to be made of
smartphones: mobile technology is still a bit hit and miss, but it’s looking
promising.
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F-Secure Mobile Anti-Theft can text back to you the
location of your missing or stolen phone in the form of a
Google Maps hyperlink. (See text.)

The general functionality in
Windows Mobile 6.x left much to
be desired and eventually I will
consider replacing it, possibly
with Android for fun or probably
Windows Phone 7, Microsoft’s
grossly overdue OS for a new
generation of Windows smart-
phones. Until then, there is some
mileage in my bulky but versatile
HTC Tytn II phone.
The same is true of my Windows XP
desktop suite. While Windows 7 beckons
and is very highly regarded, there is life yet
in my legacy system, even though Windows
XP is now largely a decade-old unsupported
OS. I will eventually introduce Windows 7 some-
where on a laptop and W7 will gradually percolate
throughout my IT system.

Microsoft’s Windows 7 PC
Upgrade Advisor compatibil-
ity checker can be fetched from
http://tinyurl.com/no4xb7.
Note that Windows XP users will not be able to upgrade beyond Inter-
net Explorer 8 anyway: to experience IE9 (Beta) you’ll need Vista SP2
or Windows 7, see www.beautyoftheweb.com/co.uk where a trial or a
25MB PDF guide can be downloaded.

With constant pressure on us to throw time and money at upgrades,
my advice is to ‘sweat the assets’ and resist the urge to splash out on an
upgrade — use what works for you, but keep one eye on that ‘total cost
of ownership’.

Keeping you on track

Following my episode last month, I mentioned F-Secure Mobile
Security, a free download for Windows, Symbian and Android phones
from www.f-secure.com which enables a phone to be located, locked or
wiped remotely — if the phone’s powered up and reachable at the time,

' blekko

pic micro
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Cure for headaches | gropar Warming fip,
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Pit microconirojer
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pic microcnnrmner Mam-ragie
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Programming
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that is. I have since tested the ‘Locate’ feature of this software: by texting
a secret code to the phone, it will respond with an SMS containing the
hyperlink of the locations, viewable in Google Maps.

This worked on one or two occasions, but often as not, an SMS was
received unhelpfully stating ‘location information is not available’. This
may be due to poor GPS coverage or the target phone may be securely
locked out, or lying crushed under the wheels of a supermarket shopping
trolley. When I did get a successful response though, I pasted the URL
into a web browser (eg on another smartphone), and Google Maps did
point the finger at the phone’s position.

Another useful application is that of tracking the current position of a
device on a map. Realtime location mapping was once the stuff of The
Man From Uncle, but it is now a commercial reality. For consumers,
tracking one’s journey is readily achievable using a mobile phone with
built-in GPS (global positioning system). Android users can try My-
Tracks from http://mytracks.appspot.com/ which my colleague Keith
Dye (whom regulars will recall was the co-designer of the EPE Teach-In
1993 Mini and Micro Labs) recently tried with some success on his new
HTC Desire.

The BuddyWay

Windows Mobile, Symbian S60, Blackberry and iPhone users can
head along to BuddyWay.com, a GPS tracking service which is cur-
rently free to use. A Palm OS version is also promised. After subscribing
and installing the small app. on your phone, GPS data is sent to the Bud-
dyWay server where your journey’s itinerary can be viewed privately
in your account or published for all to see. Route notes and images can
also be added.

I’'m still testing it on my Windows Mobile phone, I did struggle
initially to install, but it eventually sprang into life. Details of a test
trip were successfully uploaded into my BuddyWay account, which
I could view online. Buddyway is in Beta, so expect some teething
problems, but maybe it’s worth experimenting with for fun. Let us
know how you get on. Other systems and subscription services, such

023 8077 8165

buddywliy.com ., Communy Aot buseymay e

FREL reanSraton

BuddyWay for Windows Mobile, Android, Blackberry and
iPhone is a free journey tracking app that uses GPS to up-
load location data for private or public viewing.

as TraceAMobile.co.uk use triangulation techniques on the GSM
network instead.

Finally this month, news of a new search engine that may be just the
ticket for those who tire of trawling through pages of Google hyper-
links. Blekko (http://blekko.com) is in beta and it has some promising
features that help users to home in on their content. Whereas Google
would return myriad links for any term imaginable, Blekko can use
‘slashtags’ to feed you relevant links having interpreted the slashtag.
Take a look at an excellent video is at http://vimeo.com/14593120
and give it a try.

You can write to the author at alan@epemag.demon.co.uk or share
your views with the Editor for possible publication in Readout: email
editorial @ wimborne.co.uk.

sales@mcustore.com www.mcustore.com

Full-featured microcontroller development boards for PIC, dsPIC, PIC24/dsPIC33, PIC32, AVR, 8051, ARM and PSoC

2 . y Fon B

Blue backlit character and graphic LCDs and touch-screens sold separately. SD cards not included.

Includes colour TFT display

Wide range of add-on boards — A/D and D/A, communications, data storage, displays, interfacing, prototyping, sensors and more

SD card not included.

Telit GM86R modem sold sgparately.

MCU Store, Unit 313A Solent Business Centre, Millbrook Road West, Southampton SO15 OHW | Tel: 023 8077 8165 | Email: sales@mcustore.com
Full product information, prices and secure on-line ordering at www.mcustore.com. Major credit and debit cards accepted. Prices exclude delivery and VAT.
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Email: editorial@wimborne.co.u

Matt Pulzer addresses some of the
general points readers have raised.
Have you anything interesting to say?
Drop us a line!
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On the buffers

Dear Editor

I've been thinking about a train
controller design for some time, and it
was very interesting to see your new
system in October’s EPE, especially your
design choices. For me, the problem with
many commercial controllers (and so the
impetus to build my own one) lies in the
lack of ‘feel’ of realistic control; the fact
that the loco is being controlled as if it
is inertialess and its brakes are perfect.
Experience with good simulations, or with
real locos, quickly shows neither is true,
and in my view it’s the imperfection — the
fact that it’s a challenge to control — that
makes it interesting.

DAB radio conversion

Dear Editor

John Ellis’s letter (EPE, Oct 2010)
prompts me to make a plea for a DIY proj-
ect to build DAB ‘front-ends’ for my many
analogue radios.

If such a project is not feasible or viable it
would be interesting to have an article saying
why not.

Geoffrey Evans, by email

I’'m sure it is feasible, but it would be inter-
esting to hear from readers what challenges
would need to be overcome. Can you use the
same aerial for example?

Lighting conundrum

Dear Editor

For several years I have been an avid reader
of EPE (formerly ETI) and I like both the
construction articles and technology updates.

Some very interesting articles have been
published in recent years concerning CFL
technology (compact fluorescent lamp,
also known as a compact fluorescent light
or energy saving light). They are widely
used now and it looks like the future of
incandescent lamps is limited.

A question that I have not seen addressed
about CFL is: are, just like normal fluorescent
tubes, the life of these devices shortened with
frequent switching on and off — and if so, by
how much? If this is the case, then part of
CFL’s energy saving claims would be offset
by the reduced life (even if it is still greater
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Consequently, I have been thinking along the
lines of three engine control surfaces. — reverser,
brake and regulator. I want to include display of
acceleration (no throwing passengers off seats!)
and brake pressure; plus controls for train power
and length, to better simulate the real experience.
I wonder if a Mark V might be forthcoming,
a design that would do this and also just use
back-EMF to linearise the model’s motor (and
also permit double-heading) and so enable the
controller to simulate the loco better, rather than
allowing it to stop or go on a whim.

A controller could be built using passive
components, but it’s much more interesting
to do it using a microcontroller, although the
PIC in the Mark IV has too few pins to add
in the required controls — maybe a 16F883 or
24F16KA102 would do the job?

than incandescent lamps). I may have missed
some topics, but I'd like to know the answer.

Enrico Figurelli, by email

Good point Enrico, and I must confess 1
have not seen figures comparing the scenario
you ask about. You are correct in your
thinking, because by and large, electronic
equipment prefers to be left on. However, this
is unrealistic, not to mention wasteful for many
systems, so a degree of robusmess must be
built in to survive regular switching cycles. 1
would hope and assume that when comparing
incandescent and CFL technologies the
conditions are assumed to be similar.

Phantom power missing

Dear Editor

‘When I saw the contents for the issue in the
October list, I was really looking forward to
the design for the balanced microphone adap-
tor, as it seemed ideally suited for my needs.
1 was, therefore, disappointed that it does not
provide the requirement for professional ca-
pacitor microphones of 48V phantom power.
This prevents the use of such microphones
with older equipment that only have unbal-
anced inputs.

Also, most budget mixers, if they provide
phantom power, switch this globally making
some set-ups a bit of a nightmare. If this unit
had the facility it could be used for those occa-
sions when perhaps only one or two capacitor
microphones would be used in an otherwise
dynamic set-up. It is possible to now buy a

Finally, in the Mark IV, you’ve got back-
EMF control, which is good for permanent
magnet motors, but not so good for the
coreless motors that are also commonly used.
Would it be possible to auto-detect coreless
designs (when using DC) and switch to
conventional control?

Ruth Ivimey-Cook, Cambridge, by email

Ruth, thank you for your interesting letter
and questions. At present, there are no plans
for a Mark V, but the design may well be
revisited in a few years. I certainly agree that
a microcontroller is the best way to implement
any intelligent train controller and would
appreciate hearing from you again when you
have made progress with your own design.

number of quite respectable performance ca-
pacitor types for less cost than dynamic ones.
Perhaps I'm just getting fussy in old age!

Chris Woods, by email

Nothing wrong with being fussy Chris,
it often leads to better designs! In this case
though, I think the designer wanted to keep
the circuitry and power supply as simple as
possible —but I do agree, it would have been
a useful improvement to have included phan-
tom power and we will see if a future design
can include your suggestion.

EPE artwork

Dear Editor

I’'m a fan of EPE projects, especially audio
projects. I have a simple question. Which ap-
plication do you use to make the electronic
schematics?

César Fuoco, by email

I do like simple questions! The answer is
equally simple, we use Adobe Illustrator. This
is a general-purpose vector graphics program,
so we had to build up our own library of com-
ponents and develop techniques to produce the
images you see. I have used it extensively and
can certainly recommend it, although I am sure
other cheaper packages would work just as
well. Do note that these programs are not CAD
— there is no electronic intelligence or simula-
tion capacity built into the images of the circuits
or PCBs, they are just ‘pictures’.

Everyday Practical Electronics, January 2011



Electronics Teach-In 3

The three sections of this book
cover a very wide range of subjects
that will interest everyone involved in
electronics, from hobbyists and students to professionals.
The first 80-odd pages of Teach-In 3 are dedicated to
Circuit Surgery, the regular EPE clinic dealing with readers’
queries on various circuit design and application problems
— everything from voltage regulation to using SPICE circuit
simulation software.

The second section — Practically Speaking — covers
the practical aspects of electronics construction.
Again, a whole range of subjects, from soldering to
avoiding problems with static electricity and indentifying
components, are covered.

Finally, our collection of Ingenuity Unlimited circuits provides
over 40 different circuit designs submitted by the readers of
EPE.

The free cover-mounted CD-ROM is the complete
Electronics Teach-In 1 book, which provides a broad-based
introduction to electronics in PDF form, plus interactive
quizzes to test your knowledge, TINA circuit simulation
software (a limited version — plus a specially written TINA
Tutorial), together with simulations of the circuits in the
Teach-In 1 series, plus Flowcode (a limited version) a high
level programming system for PIC microcontrollers based
on flowcharts.

The Teach-In 1 series covers everything from Electric
Current through to Microprocessors and Microcontrollers
and each part includes demonstration circuits to build on
breadboards or to simulate on your PC. There is also a MW/
LW Radio project in the series.

The contents of the book and Free CD-ROM have been
reprinted from past issues of EPE.

160 pages+CD-ROM Order code ETI3 £8.50

THE AMATEUR SCIENTIST 3-0

CD-ROM CD-RON

The complete collection of The \J
Amateur Scientist articles from

Scientific American magazine. Over 1,000 classic
science projects from a renowned source of winning
projects. All projects are rated for cost, difficulty and
possible hazards.

Plus over 1,000 pages of helpful science techniques that
never appeared in Scientific American.

Exciting science projects in: Astronomy; Earth Science;
Biology; Physics; Chemistry; Weather . . . and much more!
The most complete resource ever assembled for hobbyists,
and professionals looking for novel solutions to research
problems.

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM
minimum, Netscape 4.0 or higher or Internet Explorer 4.0

or higher.
Over 1,000 projects
CD-ROM Order code ASICD-ROM £19.95

PROJECT
CONSTRUCTION

IC 555 PROJECTS

E. A. Parr

Every so often a device appears that is so useful that one
wonders how life went on before without it. The 555 timer
is such a device. Included in this book are over 70 circuit
diagrams and descriptions covering basic and general
circuits, motor car and model railway circuits, alarms and
noise makers as well as a section on 556, 558 and 559
timers. (Note. No construction details are given.) A reference
book of invaluable use to all those who have any interest in
electronics, be they professional engineers or designers,
students or hobbyists.

Order code BP44 £5.49

HOW TO USE OSCILLOSCOPES AND OTHER
TEST EQUIPMENT

R. A. Penfold

This book explains the basic function of an oscilloscope,
gives a detailed explanation of all the standard controls, and
provides advice on buying. A separate chapter deals with
using an oscilloscope for fault finding on linear and logic
circuits, plenty of example waveforms help to illustrate the
control functions and the effects of various fault conditions.
The function and use of various other pieces of test
equipment are also covered, including signal generators,
logic probes, logic pulsers and crystal calibrators.

Order code BP267 £5.49

167 pages

104 pages

DIRECT BOOK
SERVICE

The hooks 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.

FOR A FURTHER SELECTION OF BOOKS AND CD-ROMS SEE
THE UK SHOP ON OUR WEBSITE — www.epemag.com

All prices include UK postage

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 Order code BP392 £5.99

TEST EQUIPMENT CONSTRUCTION

R. A. Penfold

This book describes in detail how to construct some simple
and inexpensive but extremely useful, pieces of test
equipment. Stripboard layouts are provided for all designs,
together with wiring diagrams where appropriate, plus notes
on construction and use.

The following designs are included:-

AF Generator, Capacitance Meter, Test Bench Ampilifier,
AF Frequency Meter, Audio Mullivoltmeter, Analogue
Probe, High Resistance Voltmeter, CMOS Probe,
Transistor Tester, TTL Probe. The designs are suitable for
both newcomers and more experienced hobbyists.

Order code BP248 £4.49

104 pages

COMPUTING

ELECTRONICS TEACH-IN 2 CD-ROM

USING PIC MICROCONTROLLERS A PRACTICAL
INTRODUCTION

This Teach-In series of articles was originally published in EPE
in 2008 and, following demand from readers, has now been
collected together in the Electronics Teach-In 2 CD-ROM.

The series is aimed at those using PIC microcontrollers
for the first time. Each part of the series includes breadboard
layouts to aid understanding and a simple programmer
project is provided.

Also included are 29 PIC N’ Mix articles, also republished
from EPE. These provide a host of practical programming
and interfacing information, mainly for those that have
already got to grips with using PIC microcontrollers.

An extra four part beginners guide to using the C
programing language for PIC microcontrollers is also
included.

The CD-ROM also contains all of the software for the
Teach-In 2 series and PIC N’ Mix articles, plus a range
of items from Microchip — the manufacturers of the PIC
microcontrollers. The material has been compiled by
Wimborne Publishing Ltd. with the assistance of Microchip
Technology Inc.

The Microchip items are: MPLAB Integrated
Development Environment V8.20; Microchip Advance Parts
Selector V2.32; Treelink; Motor Control Solutions; 16-bit
Embedded Solutions; 16-bit Tool Solutions; Human Interface
Solutions; 8-bit PIC Microcontrollers; PIC24 Micrcontrollers;
PIC32 Microcontroller Family with USB On-The-Go; dsPIC
Digital Signal Controllers.

CD-ROM Order code ETI2 CD-ROM £9.50
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COMPUTING FOR THE OLDER GENERATION
Jim Gatenby

Among the many practical and useful ideas for using your
PC that are covered in this book are: Choosing, setting up and
understanding your computer and its main components. Writing
letters, leaflets, invitations, etc., and other word processing jobs.
Keeping track of your finances using a spreadsheet. Recording
details of holidays and other ideas using a database. Using the
Internet to find useful information, and email to keep in touch
with family and friends. Making ‘back-up’ copies of your work and
checking for viruses. How to use Windows XP to help people
with impaired vision, hearing or mobility.

Order code BP601 £8.99

308 pages

RADIO

SETTING UP AN AMATEUR RADIO STATION
1. D. Poole
The aim of this book is to give guidance on the decisions
which have to be made when setting up any amateur radio
or short wave listening station. Often the experience which
is needed is learned by one’s mistakes, however, this can
be expensive. To help overcome this, guidance is given on
many aspects of setting up and running an efficient station.
It then proceeds to the steps that need to be taken in gaining
a full transmitting licence.

Topics covered include: The equipment that is needed;
Setting up the shack; Which aerials to use; Methods of
construction; Preparing for the licence.

Temporarily out of print

AN INTRODUCTION TO RADIO

WAVE PROPOGATION

J.G. Lee

Radio wave propogation is one of the more important
discoveries made in the early 20th century. Although
technology lagged behind early experimenters pursued this
newly discovered phenomenon eagerly for, in understanding
the physics of propagation, they were discovering more
about our Universe and its workings.

Radio wave propagation has its origins in the world of
solar physics. The Sun’s radiation provides the mechanism
for the formation of the ionosphere. How the ionosphere is
formed, and how it provides long-distance communication, is
carefully explained. Non-ionospheric propagation, including
‘moonbounce’ or satellite communications, is covered as well.

This book has been written with the average electronic
hobbyist in mind. Technical language and mathematics have
been kept to a minimum in order to present a broad, yet
clear, picture of the subject. The radio amateur, as well as the
short-wave listener, will find explanations of the propogation
phenomena which both experience in their pursuit of
communications enjoyment.

Order code BP293 £4.45

116 pages
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THEORY AND REFERENCE

BEBOP TO THE BOOLEAN BOOGIE

Second Edition

Clive (call me Max) Maxfield

This book gives the “big picture” of digital electronics. This
in-depth, highly readable, guide shows you how electronic
devices work and how they're made. You'll discover
how transistors operate, how printed circuit boards are
fabricated, and what the innards of memory ICs look like.
You'll also gain a working knowledge of Boolean Algebra
and Karnaugh Maps, and understand what Reed-Muller
logic is and how it's used. And there’s much, MUCH more.
The author’s tongue-in-cheek humour makes it a delight to
read, but this is a REAL technical book, extremely detailed
and accurate.

Contents: Fundamental concepts; Analog versus digital;
Conductors and insulators; Voltage, current, resistance,
capacitance and inductance; Semiconductors; Primitive
logic functions; Binary arithmetic; Boolean algebra;
Karnaugh maps; State diagrams, tables and machines;
Analog-to-digital and digital-to-analog; Integrated circuits
(ICs); Memory ICs; Programmable ICs; Application-specific
integrated circuits (ASICs); Circuit boards (PWBs and
DWBs); Hybrids; Multichip modules (MCMs); Alternative
and future technologies.

470 pages Order code BEB1 £35.99
BEBOP BYTES BACK (and
the Beboputer Computer l -

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 £21.95
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INTERFACING PIC MICROCONTROLLERS

Martin Bates

An essential guide to PIC interfacing techniques, using
circuit simulation to aid learning.

Explore in detail microcontroller interfacing techniques
using the popular PIC 16F877. Work through step-by-step
examples interactively using circuit simulation software,
supplied as assembly source code.

Interfacing PIC Microcontrollers provides a thorough
introduction to interfacing techniques for students, hobbyists
and engineers looking to take their knowledge of PIC
application development to the next level. Each chapter
ends with suggestions for further applications, based on
the examples given, and numerous line drawings illustrate
application of the hardware.

Step-by-step examples in assembly language are used
to illustrate a comprehensive set of interfaces, and these can
be run interactively on circuit simulation software, used to aid
understanding without the need to build real hardware.

A companion website includes all examples in the text
which cam be downloaded together with a free version of
Proteus’s ISIS Lite.

298 pages Order code NE48 £30.99
GETTING THE MOST FROM YOUR MULTIMETER
R. A. Penfold

This book is primarily aimed at beginners and those of
limited experience of electronics. Chapter 1 covers the
basics of analogue and digital multimeters, discussing
the relative merits and the limitations of the two types.

In Chapter 2 various methods of component checking
are described, including tests for transistors, thyristors,
resistors, capacitors and diodes. Circuit testing is covered
in Chapter 3, with subjects such as voltage, current and
continuity checks being discussed.

In the main little or no previous knowledge or experience
is assumed. Using these simple component and circuit
testing techniques the reader should be able to confidently
tackle servicing of most electronic projects.

102 pages Order code BP239 £5.49

DIGITAL GATES AND FLIP-FLOPS

lan R. Sinclair

This book, intended for enthusiasts, students and
technicians, seeks to establish a firm foundation in digital
electronics by treating the topics of gates and flip-flops
thoroughly and from the beginning.

No background other than a basic knowledge of electronics
is assumed, and the more theoretical topics are explained
from the beginning, as also are many working practices.
The book concludes with an explanation of microprocessor
techniques as applied to digital logic.

200 pages Order code PC106 £9.95

OPERATIONAL AMPLIFIER USER’S HANDBOOK
R. A. Penfold

The first part of this book covers standard operational amplifer
based “building blocks” (integrator, precision rectifier, function
generator, amplifiers, etc), and considers the ways in which
modern devices can be used to give superior performance in
each one. The second part describes a number of practical
circuits that exploit modern operational amplifiers, such as
high slew-rate, ultra low noise, and low input offset devices.
The projects include: Low noise tape preamplifier, low
noise RIAA preamplifier, audio power amplifiers, d.c. power
controllers, opto-isolator audio link, audio millivolt meter,
temperature monitor, low distortion audio signalgenerator,
simple video fader, and many more.

120 pages 5.5
PRACTICAL ELECTRONICS HANDBOOK -

Fifth Edition. lan Sinclair

Provides a practical and comprehensive collection of
circuits, rules of thumb and design data for professional
engineers, students and enthusaists, and therefore enough
background to allow the understanding and development of
a range of basic circuits.

Contents: Passive components, Active discrete
components, Circuits, Linear 1.C.s, Energy conversion
components,  Digital 1.C.s, Microprocessors and
microprocessor systems, Transferring digital data, Digital-
analogue conversions, Computer aids in electronics,
Hardware components and practical work, Micro-controllers
and PLCs, Digital broadcasting, Electronic security.

440 pages Order code NE21 £32.50

MUSIC, AUDIO AND VIDEO

QUICK GUIDE TO DIGITAL AUDIO RECORDING
lan Waugh
Covers:

* What computer system you need

* Sound and digital audio essentials

* What to look for in a sound card

* What effects to use

* The art of mixing

* How to burn your music to CD

* How to post your songs on the Web

All modern music recordings use digital audio technology.
Now everyone with a compouter can produce CD-quality
recordings and this book shows you how. Written in a clear
and straightforward style, it explains what digital audio
recording is, how to use it, the equipment you need, what
sort of software is available and how to achieve professional
results.

Computer-based recording is the future of music and this
book shows how you can join the revolution now.

Order code PC121 £7.95

QUICK GUIDE TO MP3 AND DIGITAL MUSIC

lan Waugh

MP3 files, the latest digital music format, have taken the
music industry by storm. What are they? Where do you get
them? How do you use them? Why have they thrown record
companies into a panic? Will they make music easier to
buy? And cheaper? Is this the future of music?

All these questions and more are answered in this concise
and practical book which explains everything you need
to know about MP3s in a simple and easy-to-understand
manner. It explains:

How to play MP3s on your computer; How to use MP3s
with handheld MP3 players; Where to find MP3s on the
Web; How MP3s work; How to tune into Internet radio
stations; How to create your own MP3s; How to record your
own CDs from MP3 files; Other digital audio music formats.

Order code PC119 £7.45

208 pages

60 pages
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ELECTRONIC PROJECTS FOR VIDEO
ENTHUSIASTS

R. A. Penfold

This book provides a number of practical designs for video
accessories that will help you get the best results from
your camcorder and VCR. All the projects use inexpensive
components that are readily available, and they are easy to
construct. Full construction details are provided, including
stripboard layouts and wiring diagrams. Where appropriate,
simple setting up procedures are described in detail; no test
equipment is needed.

The projects covered in this book include: Four channel
audio mixer, Four channel stereo mixer, Dynamic noise
limiter (DNL), Automatic audio fader, Video faders, Video
wipers, Video crispener, Mains power supply unit.

Order code BP356 £5.45

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.

ALL PRICES INCLUDE

109 pages

UK POST & PACKING
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FAULT FINDING, CIRCUITS AND DESIGN

STARTING ELECTRONICS
Third Edition
Keith brindley
A punchy practical introduction to
self-build electronics. The ideal starting point for home
experimenters, technicians and students who want to
develop the real hands-on skills of electronics construction.
A highly practical introduction for hobbyists, students,
and technicians. Keith Brindley introduces readers to the
functions of the main component types, their uses, and the
basic principles of building and designing electronic circuits.
Breadboard layouts make this very much a ready-to-run
book for the experimenter, and the use of multimeter,
but not oscilloscopes, and readily available, inexpensive
components makes the practical work achievable in a home
or school setting as well as a fully equiped lab.

Temporarily out of print

HOW ELECTRONIC THINGS WORK - AND WHAT
TO DO WHEN THEY DON’T

Robert Goodman

You never again have to be flummoxed, flustered or taken
for a ride by a piece of electronics equipment. With this fully
illustrated, simple-to-use guide, you will get a grasp on the
workings of the electronic world that surrounds you — and
even learn to make your own repairs.

You don’t need any technical experience. This book
gives you: Clear explanations of how things work, written
in everyday language. Easy-to-follow, illustrated instructions
on using test equipment to diagnose problems. Guidelines
to help you decide for or against professional repair. Tips on
protecting your expensive equipment from lightning and other
electrical damage, lubrication and maintenance suggestions.

Covers: colour TVs, VCRs, radios, PCs, CD players,
printers, telephones, monitors, camcorders, satellite dishes,
and much more!

394 pages Order code MGH3 £21.99
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PIC IN PRACTICE (2nd Edition)

David W. Smith

A graded course based around the practical use of the
PIC microcontroller through project work. Principles
are introduced gradually, through hands-on experience,
enabling hobbyists and students to develop their
understanding at their own pace. The book can be used
at a variety of levels.

Contents: Introduction to the PIC microcontroller;
Programming the 16F84 microcontroller; Introductory
projects; Headers, porting code — which micro?; Using
inputs; Keypad scanning; Program examples; The 16C54
microcontroller; Alphanumeric displays; Analogue to
digital conversion; Radio transmitters and receivers;
EEPROM data memory; Interrupts; The 12 series 8-pin
microcontroller; The 16F87X microcontroller; The 16F62X
microcontroller; Projects; Instruction set, files and registers;
Appendices; Index.

308 pages Order code NE39 £24.99
PRACTICAL ELECTRONIC FAULT FINDING AND
TROUBLESHOOTING

Robin Pain

To be a real fault finder, you must be able to get a feel for
what is going on in the circuit you are examining. In this
book Robin Pain explains the basic techniques needed to
be a fault finder.

Simple circuit examples are used to illustrate principles and
concepts fundamental to the process of fault finding. This is
not a book of theory, it is a book of practical tips, hints and
rules of thumb, all of which will equip the reader to tackle
any job. You may be an engineer or technician in search
of information and guidance, a college student, a hobbyist
building a project from a magazine, or simply a keen self-
taught amateur who is interested in electronic fault finding but
finds books on the subject too mathematical or specialised.

The fundamental principles of analogue and digital fault
finding are described (although, of course, there is no such
thing as a “digital fault” — all faults are by nature analogue).
This book is written entirely for a fault finder using only the
basic fault-finding equipment: a digital multimeter and an
oscilloscope. The treatment is non-mathematical (apart
from Ohm’s law) and all jargon is strictly avoided.

Order code NE22 £41.99

A BEGINNERS GUIDE TO CMOS DIGITAL ICs

R. A. Penfold

Getting started with logic circuits can be difficult, since
many of the fundamental concepts of digital design tend
to seem rather abstract, and remote from obviously useful
applications. This book covers the basic theory of digital

274 pages

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. For the rest of the world airmail add £4 per book. CD-ROM prices include VAT and/or postage
to anywhere in the world. Send a PO, cheque, international money order (£ sterling only) made payable to
Direct Book Service or card details, Visa, Mastercard, or Maestro to: DIRECT BOOK SERVICE, WIMBORNE
PUBLISHING LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU.

Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders.
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists.

For a further selection of books see the next two issues of EPE.
Tel 01202 880299 Fax 01202 843233. E-mail: dbs@wimborne.co.uk
Order from our online UK shop at: www.epemag.com

Card Number ...

AdArESS: i

.............................................. Post code: ............

SIGNATUIE: ..o
[ I enclose cheque/PO payable to DIRECT BOOK SERVICE fOr £ .....cccveeieiieieereeicee e

[ Please charge my card £ ........ccccceoeveneieeenennenne. Card expiry date.........cccceevreeieieiecene

Valid From Date .........c.ccceueene Card Security Code
Please send book order codes: ..........cccceevruerene

BOOK ORDER FORM

Full n@me: ......oooiieii s

............... Telephone NO: ......oooiieiiiiiiieecieees

Maestro Issue No...

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

Please continue on separate sheet of paper if necessary
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electronics and the use of CMOS integrated circuits, but
does not lose sight of the fact that digital electronics has
numerous “real world” applications.

The topics covered in this book include: the basic concepts
of logic circuits; the functions of gates, inverters and other
logic “building blocks”; CMOS logic i.c. characteristics, and
their advantages in practical circuit design; oscillators and
monostables (timers); flip/flops, binary dividers and binary
counters; decade counters and display drivers.

Order code BP333

119 pages £5.45

AUDIO AMPS ]

BUILDING VALVE AMPLIFIERS

Morgan Jones

The practical guide to building, modifying, fault-finding
and repairing valve amplifiers. A hands-on approach to
valve electronics — classic and modern — with a minimum
of theory. Planning, fault-finding, and testing are each
illustrated by step-by-step examples.

A unique hands-on guide for anyone working with
valve (tube in USA) audio equipment — as an electronics
experimenter, audiophile or audio engineer.

Particular attention has been paid to answering questions
commonly asked by newcomers to the world of the vacuum
tube, whether audio enthusiasts tackling their first build, or
more experienced amplifier designers seeking to learn the
ropes of working with valves. The practical side of this book
is reinforced by numerous clear illustrations throughout.

368 pages Order code NE40 £29.00
AUDIO AMPLIFIER PROJECTS

R. A. Penfold

A wide range of useful audio amplifier projects, each project

features a circuit diagram, an explanation of the circuit

Audio a s
mplif;
or gjects L

operation and a stripboard layout diagram. All
constructional details are provided along with a shopping
list of components, and none of the designs requires the
use of any test equipment in order to set up properly. All
the projects are designed for straightforward assembly on
simple circuit boards.

Circuits  include: High impedance mic preamp,
Low impedance mic preamp, Crystal mic preamp,
Guitar and GP preamplifier, Scratch and rumble filter,
RIAA preamplifier, Tape preamplifier, Audio limiter,
Bass and treble tone controls, Loudness filter, Loudness
control, Simple graphic equaliser, Basic audio mixer, Small
(300mW) audio power amp, 6 watt audio power amp, 20/32
watt power amp and power supply, Dynamic noise limiter.

A must for audio enthusiasts with more sense than
money!

Order code PC113  ESIPcRail]

VALVE AMPLIFIERS

Second Edition. Morgan Jones

This book allows those with a limited knowledge of the
field to understand both the theory and practice of valve
audio amplifier design, such that they can analyse and
modify circuits, and build or restore an amplifier. Design
principles and construction techniques are provided so
readers can devise and build from scratch, designs that
actually work.

The second edition of this popular book builds on its
main strength — exploring and illustrating theory with
practical applications. Numerous new sections include:
output transformer problems; heater regulators; phase
splitter analysis; and component technology. In addition
to the numerous amplifier and preamplifier circuits, three
major new designs are included: a low-noise single-ended
LP stage, and a pair of high voltage amplifiers for driving
electrostatic transducers directly — one for headphones, one
for loudspeakers.

116 pages

Order code NE33 £40.99

288 pages
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Printed circuit boards for most recent EPE constructional projects are
available from the PCB Service, see list. These are fabricated in glass fibre,
and are fully drilled and roller tinned. Double-sided boards are NOT plated
through hole and will require ‘vias’ and some components soldering to
both sides. All prices include VAT and postage and packing. Add £1 per
board for airmail outside of Europe. Remittances should be sent to The
PCB Service, Everyday Practical Electronics, Wimborne Publishing
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU.
Tel: 01202 880299; Fax 01202 843233; Email: orders @ epemag.wimborne.
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and
made payable to Everyday Practical Electronics (Payment in £ sterling only).

NOTE: While 95% of our boards are held in stock and are dispatched
within seven days of receipt of order, please allow a maximum of 28 days
for delivery — overseas readers allow extra if ordered by surface mail.
Back numbers or photocopies of articles are available if required — see the
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS
FOR OUR PROJECTS.

Please check price and availability in the latest issue.
A large number of older boards are listed on, and can be
ordered from, our website.

Boards can only be supplied on a payment with order basis.

PROJECT TITLE ORDER CODE  COST

NOVEMBER '09
Class-A Headphone Amplifier
— Main (pair) 731
_PSU 732 set £9.99
Emergency 12V Lighting Controller 733 £7.20
* Digital VFO With LCD Graphics Display
(doubled sided) 734 £13.00
DECEMBER 09
Knock Detector 735 £6.66
* 12V/24V High-Current Motor Speed Controller
—Main 736
—Display 737 set = £10.78
JANUARY'10
* UHF Remote-Controlled Mains Switch 738 £7.93
* UHF Remote Mains Switch Transmitter 739 £6.00
* Playback Adapter For CD-ROM Drives 740 £7.61
FEBRUARY '10
* Charge Controller For 12V Lead-Acid Batteries 741 £6.66
* Working Days Alarm Clock
— Main (double-sided) 742
_ Display (double-sided) wad|( =8ty 22500
Low-cost LPT-To-I°C Interface 744 £6.30
MARCH 10
* High-Accuracy Digital LC Meter — Main 745
— Adaptor 746 $set £7.93
— Shorting Bar 747,
2-way Stereo Headphone Adaptor 748 £10.30
* Shift Indicator and Rev Limiter For Cars — Main 749 oot | £14.99
— Display 750 \
APRIL'10
USB Power Injector 597 £5.87
Alternative 12V 10A Power Supply 751 £7.16
LM3909 Replacement Module 752 £6.02
MAY’10
* Water Tank Level Meter 753 £6.66
* dsPIC/PIC Programmer — Main Board 754}391 £8.56
— Adaptor 755
JUNE’10
* PIC-Based Musical Tuning Aid 756 £8.24
* Water Tank Level Meter — Base 757
— Switch 758 fS€t | £6.97
* DSP Musicolour —Main 759
— Display 760 set  £14.99
Juy'10
* ColdAlert Hypothermia Alarm 761 £6.98
* Swimming Pool Alarm 762 £7.61
AUGUST’10
* PIC-Based Flexitimer (double-sided) 763 £11.74
DSP Musicolour — Remote Control Receiver 764 £5.39
* UV Lightbox — Exposure Controller 765
— Display/Timer 766 set e
Ultra LD 200W Power Amplifier (double-sided) 767 £14.11
\J _/
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PROJECT TITLE ORDER CODE  COST

SEPTEMBER '10
Ultra-LD 200W Power Amplifier — Power Supply 768 £7.61
Low-Voltage Adjustable Regulator 769 £6.19
Balanced/Unbalanced Converter 770 £6.98
Planet Jupiter Receiver (double-sided) 771 £13.64
OCTOBER 10
Bridge Adaptor For Stereo Power Amps 770 £6.98
CDI Module For Small Motors 772 £6.03
* LED Strobe and Tachometer — 1
— Main Board 775 .
— Switch Board 776 } pair | £7.61
NOVEMBER ‘10
* Railpower — Main Board 773 \
— Display Board 774 }palr Hlle
*LED Strobe and Tachometer — 2
— Photo-Interrupter 777 } ir | £6.50
— IR Reflect Amp 778 SPAT | =%
*USB Clock with LCD Readout — 1 779 £7.14
Balanced MIC Preamp for PCs and MP3 Players 780 £7.93
DECEMBER '10
12V Speed Controller or 12V Lamp Dimmer 781 £6.35
*Digital RF Level & Power Meter
— Main Board 783
— Head-end Board 784 pset | £9.83
— RF Attenuator Board 785
JANUARY 11
Multi-Purpose Car Scrolling Display
— Main Board 786 .
— Display Board oy yair | £11.10
USB-Sensing Mains Power Switch 788 £8.88
433MHz UHF Remote Switch
— Transmitter 789 .
\ — Receiver 790 } Rl [=3E° }

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 for boards published from the March 06 issue onwards
can also be downloaded from our website (www.epemag.com); go
to the ‘Library’ section.

 EPE PRINTED CIRCUIT BOARD SERVICE )
Order Code Project Quantity Price

| enclose paymentof£.............. (cheque/PO in £ sterling only) to:

Everyday Practical
Electronics

CardNO. ..o
Valid From ............. ExpiryDate ............
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 Y
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_E VERYDAY PRACTICAL

CL'ASSIEIEDYADVERIS EMENITS;

If you want your advertisements to be seen by the largest readership at the
most economical price our classified page offers excellent value. The rate for
semi-display space is £10 (+VAT) per centimetre high, with a minimum height
of 2.5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for
classified adverts is 40p (+VAT) per word (minimum 12 words)

All cheques, postal orders, etc., to be made payable to Everyday Practical

Everyday Practical Electronics reaches more UK readers than any other

Electronics. VAT must be added. Advertisements, together with remittance

should be sent to Everyday Practical Electronics Advertisements, 113 Lynwood
DidmenthivinaEbylelecironicain aanzinaRo e aloalfigureinrayslitiWe Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202
have been the leading monthly magazine in this market for the last

twenty-four years.

843233. Email: epeads @wimborne.co.uk. For rates and information on display

and classified advertising please contact our Advertisement Manager, Stewart
Kearn as above.

On Screen Dlsplay System

D|splay text over any composite wcleo signal

@ Fully prograrnrnable @ /O for sensor interfaces
@ PIC 16F628A micro @ User definable fonts
Example code for MSF cash reglster 1-wire

HARDWARE FOR
CONSTRUCTORS:
Printed Front Panels-Sub Frames
Brackets-Fasteners-Clips etc
www.partridgeelectronics.co.uk

BOWOOD ELECTRONICS LTD

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

“ZLECTRONICS ...

Versatile Programmable PIC

www.cstech.co.uk

PIC Prototyping Kits G RObOt B I tS

PIC Programmers Robots, Arduino & more!

AN

DTMF & CTCSS
encoder & decoder kits

All in stock — Quality components — Low postage costs

CPS Solar

Solar panels, solar cells, and many
more alternative energy products for
battery charging etc, please visit our

website for further info or call

www.RobotBits.co.uk

0845 5 191 282

BTEC ELECTRONICS
Tel: 0870 765 2334. TECHNICIAN TRAINING
www.solarpanelsonline.co.uk
NATIONAL ELECTRONICS
_ , VCE ADVANCED ICT
Splnven‘t, co.uk ’jié e HNC AND HND ELECTRONICS
FOUNDATION DEGREES

NVQ ENGINEERING AND IT
DESIGN AND TECHNOLOGY
microcontroller and Spin programming

..invent with the Propeller

language from Parallax

LONDON ELECTRONICS COLLEGE
20 PENYWERN ROAD

. EARLS COURT, LONDON SW5 9SU

KITS, TOOLS, COMPONENTS. S.A.E. www.lec.org.uk

Catalogue. SIR-KIT ELECTRONICS, 52

CANTERBURY WINDINGS
S.evefn Road, Clacton, CO15 3RB, http:/ UK manufacturer of toroidal transformers
sir-kit.webs.com (10VA to 3kVA)
VALVES AND ALLIED COMPONENTS All transforme]{]s made to orde(ri. No design fees.
IN STOCK. Phone for free list. Valves www.canterburywindings.co.uk
books and magazines wanted. Geoff Davies 01227 450810
(Radio), tel. 01788 574774.
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¢ The how and why of circuit design

S RRCTICALLYSPERKING:

The techninues of electronic
project construction

* over 40 different circuitideas
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\, TWO TEACH-INs FOR

THE PRICE OF ONE!
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ALSO AVAILABLE FROM DIRECT BOOK SERVICE

ELECTRONICS
TEACH-IN 3
JAVAILABLEINOWFROM
WHISMITH
ONLYZ£7.99
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Europe’s Largest
Surplus Store

20,000,000 Items on line NOW !
New items added dail

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

+ 6,000,000 Semiconductors

¢ 5,000 Power Supplies

¢ 25,000 Electric Motors

¢ 10,000 Connectors

+ 100,000 Relays & Contactors

# 2000 Rack Cabinets & Accessories

# 4000 ltems of Test Equipment

+ 5000 Hard Disk Drives

www.distel.co.uk

Display Electronics Telephone

29 / 35 Osborne Road [44] 020 8653 3333

Thornton Heath
Surrey UK CR7 8PD Fax [44] 020 8653 8888

Rechargeable Batteries With Solder Tags

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

Instrument case with edge connector and screw terminals
Size 112mm x 52mm x 105mm tall

This box consists of a cream base with a PCB slot, a cover plate to pro-
tect your circuit, a black lid with a 12 way edge connector and 12 screw
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream
bases have minor marks from dust and handling price £2.00 +
VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44.

:i},i ;f;'{,_f e g
A
Pl 8.

A

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

WS EVERYDAY PRACTICAL

J= =S ELECTRONICS

NEXT MONTH

TIME DELAY PHOTOFLASH TRIGGER

Fancy trying ‘stop motion’ photography, where dynamic events such
as an object splashing into a container of liquid or a projectile passing
through a light globe are captured at a crucial moment? Then this flash
project is for YOU!

TEMPMASTER MK.2

Need to convert an old chest-type freezer into an energy-efficient
fridge? Or perhaps use a spare fridge for a wine cooler? These
are just two of the jobs this low-cost and easy-to-build electronic
thermostat has been designed to do.

MULTI-PURPOSE CAR SCROLLING

DISPLAY - PART 3

We finish this innovative project by describing how it connects to
the car and how to use it.

MUSICOLOUR IRDA ACCESSORY
How to add a wireless infrared port to the DSP Musicolour — or in
fact virtually any microcontroller project.

TEACH-IN 2011 — PART 4
Mike and Richard Tooley continue our indispensable back-to-basic
series with a look at transistors.

FEB ’11 ISSUE - ON SALE 13 JAN

Content may be subject to change

.
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N LZ Designed in the UK, el 01298 70012
Z1IS  Made in the UK.

Order Code
ATPK1

www.peakelec.co.uk
sales@peakelec.co.uk

Case availablelipiblack or blue.

West Road
Buxton
Derbyshire
SK17 6HF

Atlas DCA - Semiconductor Analyser with Carry Case!

The famous Peak Atlas. Now even better value
in this limited special offer!

West Road House

electronic design Itd

Fitted with sturdy universal premium gold probes.

Just connect any way round to identify the

type of part, pinout and lots of
parameters. Complete with battery,
user guide, premium fitted probes
and padded hard carry case.

Supports bipolar transistors,
darlingtons, MOSFETSs, diodes,
LEDs and more...

£50.00 inc VAT

Until 31/12/2010

Please add £2.75 for UK P&P

www.stewart-of-reading.co.uk

Check out our website, 1,

ai

-
@ %

AGILENT 8753ET
TRANSMISSION/REFLECTION
NETWORK ANALYSER 300KHZ-3GHZ

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

000’s of items in stock.

f

L TS

MARCONI 2955B
RADIO COMMUNICATION TEST SET
£2000

ENI 3200L RF POWER AMPLIFIER
250KHZ-150MHZ 200W 55dB

AGILENT E4421B 250KHZ-3GHZ
Signal Generator
£2500

Fax: (0118) 933 2375
9am — 5pm Monday - Friday

£POA Used, No Moulding, No Handle  £395 Also available Marconi 2955
at special price of £625
5 STEWART of READING AVO/MEGGAR FT6/12 AC/DC
= 17A King Street. Mortimer. breakdown tester............... £
o 9 Ay 2 MARCONI/IFR/AEROFLEX gnal
l | hsze cEE Near Reading RG7 3RS Gen 9KHZ—2.51GHZ Opt 04 High Stab
S Telephone: (0118) 933 1111 Opt 11 High Power etc As New.......£2500

SOLARTRON 1250 Frequency Response

AGILENT E4402B Spectrum Analyser
100HZ — 3GHZ with Option 1DN Tracking
Gen; 1 DR Narrow Res; A4H GPIB,

HP 35670A FFT Dynamic Signal Analyser
2 Channel. Unused in original box...£3,000
Used.......ooooiiiiiiii £2,500
AGILENT 83752B Synthesised Sweeper

0.01-20GHZ........occoiiiiiiiiiia £6000

AGILENT/HP E4431B Signal Generator

250KHZ-2GHZ Digital Modulation....£2750
MARCONI 2024 Signal Generator 9KHZ-
2.4GHZ Opt 04....
MARCONV/IFR 2030
10KHZ-1.35 GHZ

S54GHZ. ... £-

MARCONI 2022E Synthesised AM/FM
Signal Generator 10KHZ-1.01GHZ ...£500
HP8566A Spectrum Analyser 100HZ-

22GHZ. ...t £1950
HP8568A Spectrum Analyser 100HZ-
1500MHZ. ... £1250

AVCOM PSA-37D Spectrum Analyser
1MHZ-4.2GHZ...
IFR 1200S Service Comm
Monitor. ..o £1500
HP6624A Power Supply 0-20V 0-2A
Twice, 0-7V 0-5A; 0-50V 0.8A

Special price.........ccooiiiiiiiiiiiin. £350

Analyser 10UHZ-65KHZ ................. £995
HP3324A Synthesised Function
Generator 21IMHZ.......................... £500
HP41800A Active Probe 5HZ-500MHZ
................................................. £750

HP54616C Oscilloscope Dual Trace

Extra Special Offer

Used Equipment - GUARANTEED
Prices plus Carriage and VAT

Please check availability before
ordering or CALLING IN

500MHZ 2GS/S Colour................. £1250
QUART LOCK 10A-R Rubidium
Frequency Standard..................... £1000
PENDULUM CNT90 Timer/Counter
/Analyser 20GHZ......................... £1950
ADVANTEST R3465 Spectrum Analyser
OKHZ-8GHZ............cooiii £-

AMPLIFIER RESEARCH
POWER AMPLIFIER 1000LAMS8

HP Programmable Attenuators £300
each

33320H DC-18GHZ 11db

33321G DC-18GHZ 70db

Many others available

AGILENT E3610A Power Supply
0-8v 0-3A/0-15v 0-2A Unused
AGILENT E3611A Power Supply
0-20V 0-1.5A/0-35V 0-0.85V Unused

MARCONI 2945 RADIO COMMUNICATION 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

Only £3,000




@ FASTER WITH
PROTEUS PCEB DESIGNI

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 reatures:

« Hardware Accelerated Performance. « Board Autoplacement & Gateswap Optimiser.
Unique Thru-View™ Board Transparency. Direct CADCAM, ODB++ & PDF Output.
Over 35k Schematic & PCB library parts. Integrated 3D Viewer with 3DS and DXF export.
Integrated Shape Based Auto-router. Mixed Mode SPICE Simulation Engine.
Flexible Design Rule Management. Co-Simulation of PIC, AVR, 8051 and ARM?7.
Polygonal and Split Power Plane Support. Direct Technical Support at no additional cost.

Iabcente r/ \/ \ / \ . labcenter.com Vit 0UF website or
phone 01756 753440

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