\ : December 2005
' _ £3.70
: : www.elekior-electronics.co.uk

lectroni/

leading the |

WHAT GIFT for / spmlt
electronics fun/

gadgets, gizmos
nd wannahave

BT an o - -
S », .
(] ; ll‘

4 X

.\;'.
i
", 2 -
- 4 Ygrtes
g e __:-
/ . =
'I . ..|.! . ".
7 1
A
-

- Eledronu Wur fire 10
dunger us ....i.lds.

Bur /d lt'

- Rev ‘rse
Engineering
foy R/C car as |
router confrol &

-From A to D...
via USB!

- Telephone = A
Supervisor -

- Christmas " U
Light Strinc




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

Australia. We

‘Clock Watchers’ Clock Kit

Now with Blue LEDs
KC-5416 £55.25 + post & packing
It consists of an AVR driven clock circuit,

and produces a dazzling display with

be properly explained here. We have

Yes, that's right, down town, down under in Sydney

who sell a great range of goodies through our FREE 400
page catalogue. Don't be frightened! You can purchase
on the Net from us 24/7/365 through our secure
encrypted system. Post and packing charges are modest
and you can have any of 8000+ unique products deliv-
ered to your door within 7 - 10 days of your order. Some
specific products are shown below.

filmed it in action so you can see for

the 60 blue LEDs around the
yourself on our website, so check it ?X\S

perimeter. It looks amazing, but can't
ETAT BT

out! Kit supplied with double sided

are a bunch of electronics enthusiasts

Lead-Acid Battery Zapper Kit

KC-5414 £11.75 + post & packing

Lead acid batteries are very common in modem life, and are a
very versatile power source. Unfortunately, the chemical reaction
inside the cells can be the very thing leading it to a premature
death. This simple circuit is designed to produce bursts of high-
energy pulses to help reverse the damaging effects of sulphation
in wet lead acid cells. This is particularly useful when a battery
has been sitting for a period of time without use. The effects are
dependant of the battery's condition and type, but the results can
be quite good
indeed.

silkscreened plated
through hole PCB
and all board
components as
well as the
special clock
housing and
clear English
instructions.

mﬂ-ﬂ]‘)
* Kit supplied with || @ BATTERY ZAPP
case, silk screened

lid, leads, inductors,
all electronic components, and

clear English instructions _

9VDC power supply required
(Maplin #G574R $9.99).
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Gadgets & Unique Gifts

High Performance Electronic Projects for Cars
BS-5080 £7.00 + post & packing
Amvaﬂashammmagaﬁneﬂmndﬁp,hmdevehpﬁamgeofpm!eﬁshr
performance cars. There are 16 projects in total, ranging from devices for remapping fuel
curves, to nitrous controllers, and more! The book includes all instructions, components lists,
mmmmwmmmmmmmmmmmm
systems and DIY modifications. Over 150 pages! All the projects are available in kit form.

Nitrous Fuel Mixture /

Motor Speed Controlier
KC-5382 £7.95 + post & packing L
When ad'ivated. it will fire the injector at a pm

- - manifeld and trigger water spray cooling,

High Range Adjustable

Temperature Switch with LCD
KC-5376 £22.75 + post & packing
Heat can be a major problem with
amw,ﬁpedaﬂymoﬂﬁedanﬁ

- cars. The more power,
the more heat, so you need to
ensure you have adequate cooling
systems in place. This temperature
mitdlmhesetamrudtmuptn
1200°C, so it is extremely versatile.
The relay can be used to trigger an
extra thermo fan on an intercooler, - b
mount a sensor near your turbo

orasknpiebtuzerorﬁghtmwmynuufahgh
The LCD displays the

®.
aﬂﬁwthmﬁﬂd:meaﬁyhedaﬂmmm&d Sepes 3

Post and Packing Charges:

Order Value Cost

£20 - £49.95 £5

£50 - £99.95 £10

£100 - £199.99 £20

£200 - £499.99 £30

£500+ £40

Max weight 121b (5kg) - heavier parcels POA.
Minimum order £20.

Log on to
www.jaycarelectronics.co.uk/elektor
for your FREE catalogue!

0800 032 7241

(Monday - Friday 09.00 to 17.30 GMT + 10 hours only).

For those who want to write:
100 Silverwater Rd Silverwater NSW 2128
Sydney AUSTRALIA



MikroElektronika

from Breadboarding Systems

Make PICmicro® development easy with the EasyPIC3 - only £99!

The new EasyPIC3 Development Board combines a
versatile development/experiment board with a built-in

USB programmer. With its wealth of on-board
1/O devices and support for virtually all 8, 14, 18, 28 and
40-pin PICmicro® microcontrollers in the 10F, 12F, 16F
and 18F families, we're certain you won't find a more ver-
satile high quality board at such a low price. The
EasyPIC3 Development Board is supplied with USB pro-
gramming/power cable, programming software and useful
example programs.

Also available are similar boards for the 8051, AVR and
dsPIC, each at the same great price of £99 including UK
delivery and VAT—please telephone or see our website
for further details.

EasyPIC3 Development Board features:

» High quality development/experiment board with
built-in USB 2.0 high-speed programmer.

¢ Programming software compatible with Windows
operating systems including 2000 and XP.

e Comes with a PIC16F877A microcontroller but
compatible with virtually all 8, 14, 18, 28 and 40-
pin PICmicro® devices in the 10F, 12F, 16F and
18F families.

» On-board 1/O devices including switches, LEDs,
seven-segment displays, potentiometers and RS-
232 interface. Now also features USB and PS/2
keyboard interface connectors.

» Provision for easy fitting of optional DS18520
temperature sensor, and LCD and GLCD dis-
plays.

e All I/O lines available for off-board expansion.

» Wide range of optional add-on boards available
including ADC, DAC, EEPROM, Compact Flash,
MMC/SD, Keypad, RTC, RS-485, CAN and IrDA.
Additional add-ons available soon.

e Powered from your PC's USB port or optional
mains adapter.

e Supplied with example programs written in
assembly language, BASIC, C and Pascal.

s Supplied with Microchip Technology's MPLAB
development software and demonstration
versions of MikroElekironika's mikroBASIC,
mikroC and mikroPascal compilers.

Learn about microcontrollers with our EasyPIC3 Starter Pack - just £149!

We've taken the EasyPIC3 Development Board and added a 16x2 character LCD display, 128x64 graphical LCD,
DS18520 temperature sensor, RS-232 serial communications cable and our own easy-to-follow microcontroller
tutorial to form a complete and self-contained Starter Pack—everything you need to learn about and experiment
with microcontrollers! With this pack you will quickly become proficient in microcontroller programming and
interfacing. Please see our website for full list of covered topics.

Make programming easy too with mikroBASIC, mikroC and mikroPascal

Three incredibly easy-to-use yet poweriul compilers for PICmicro® microcontrollers, each featuring a user-friendly
code editor, built-in tools and routines and source-level debugger. Supplied libraries facilitate rapid development
and include ADC, CAN, Compact Flash, EEPROM, Ethernet, Graphic LCD, I°C. LCD, 1-wire, PWM, RS-485,
sound, SPI, USART, USB routines and many more. mikroBASIC and mikroPascal—£99 each, mikroC—£149.

Call 0845 226 9451 or order online at www.breadboarding.co.uk

All prices include UK delivery and VAT. Major credit and debit cards accepted. Secure online ordering.



From the
Editor’s desk

Early reports show that our November 2005
issue with its free Kaleidoscope e-CAD DVD
achieved nof only good sales figures but
also a number of sell-out reports from sev-
eral major newsagents including WHS shops.
As our distributors do not restock sales
points, the best way now fo get your copy of
the issue with the free DVD inside is fo con-
tact our Customer Services depariment, see
page 6 for the contact information. Feed-
back on the free DVD is starfing to come in.
too. We had a good laugh when someone
reported that the Kaleidoscope DVD would
not run on the CD-ROM player in his PC nor
on the family’s DVD player connecied 1o the
TV sef (“no music or menu on me screen”).
We've launched an on-line Survey to help
us find out which of the programs on the
Kaleidoscope DVD our readers think is the
best of the lot. The Survey is accessible via
our homepage.

E-blocks have rocketed into popularity, prov-
ing that the concept of ‘conneciivity for the
future” holds irue. Designs using E-blacks
are starfing to come in and we sure hope fo
publish some in the near future. Meanwhile,
this December issue has an arficle on Flow-
code, the magic software behind E-blocks.
This issue marks the end of two article
series: Delphi for Electronic Engineers and
Quizz'Away. As a cautious estimate, the Del-
phi course has atiracted about 3,000 follow-
ers so we can confidently say it's been a
resounding success. Quizz'Away will be fol-
lowed up by a different kind of puzzle to
stimulate the grey matter — in hexadeci-
mal fashion.

Finally, hot news from the Elekior lab! The
resident pizza oven is temporarily out of order
while Paul Goossens is converting the thing
info an SMD bakery — look and smell in the
January 2006 issue. Meanwhile our drinks
fridge is back fo normal — see page 8.

Happy reading and enjoy the
Christmas holidays.
Jan Buiting, Editor
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18 Jumbos and Minis
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Displays are probably the
most important man-machine
interface. Everywhere you
look — televisions, monitors,
and industrial applications -
the old-faithful CRT display
technology is losing ground
and being superseded by
more up-to-date technolo-
gies, which are also conquer-
ing new application areas. In
this article we look at the cur-
rent situation and examine
possible future trends.

People have been busy experimenting with electricity ever since it
was ‘discovered’. Many good things have come out of these experi-
ments, and the world would look completely different without all our
electronic aids. But there’s also another, darker, side to the picture.
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Contact us online:

Thousands of OBD cables and connectors in stock
Custom cable design and manufacturing
Lowest prices - Online ordering - Ship worldwide

\ Www.OBDCables.com - sales@obdcables.com

TE we dont have your OBD cable, we can help you Lirnd H!

Your price conscious PCB supplier

Online Price calculation
Online Ordering

Online Order tracking
Online 24/24H and 7/7D

[ EURI

CIRCUITS

www.eurocircuits.com

otypes and smalliseries }
- from 1 till 1.000 pieces
- from'4 working days onwards
- up to 6 layers

Verified

- wide range of technological capabilities

eart l - up to 20 layers

- from 1 piece onwards
- from 2 working days onwards

MEGApool

- poolingifor series

- 250, 500/or 1.000 pieces

- medium series at prices of MEGA
series

elektor eledronics - 12/2005
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EasySYNC™

SERIAL COMMUNICATIONS SPECIALISTS

Test and Measurement Solutions

Affordable CAN Bus Solutions

CANUSB is a very small dongle that plugs into any PC USB Pori
and gives an instant CAN connectivity. This means it can be treated
by software as a standard COM Port (serial RS232 pori) which
eliminates the need for any exira drivers or by installing a direct
driver DLL for faster communications and higher CAN bus loads.
CAN232 is a very small dongle that plugs into any PC COM Port, or
any other RS232 port in an embedded system and gives an instant
CAN connectivity. This means it can be ireated by software as a
standard COM Port (serial RS232 port) which eliminates the need

CAN T1ICR @ PAR D9 for any exira drivers. Sending and receiving can be done in standard

CAN-USB & CAN-232 ASCI| format

affordable CAN Bus to USB and RS232 ; i

interface solutions priced from £61.00 ( CAN-232 )

USB Instruments - PC Oscilloscopes & Logic Analyzers

Our range of PC Instruments may be budget priced but have
a wealth of fealures normally only found in more expensive
insirumentation. Our DS1M12 and PS40M10 oscilloscopes have
sophisticated digital triggering including delayed timebase and come
with our EasyScope oscilloscope / spectrum analyzer / voliage
and frequency display applicalion software and our EasylLogger
dala logging software. We also provide Windows DLLs and code
examples for 3rd pariy sofiware interfacing to our scopes.

Our ANT8 and ANT16 Logic Analyzers fealure 8/16 caplure channels
2 x IMS/s Input Channels + waveform of data at a blazing 500MS/S sample rate in a compact enclosure.
generator output. EasyScope & Easyl.ogger sfw

included. priced from £125.00 ( DS1M12 & ANT8)

CAAMAD 1ICR Crane /| nnnar
DS1M12 USB Scope / Logger

1 1o 16 port USB to Serial Adapters
With over 16 differeni models available, we probably stock the
widest range of USB Serial Adaplers available anywhere, We offer
converier cables, mulii-port enclosure style models in metal and

= : plastic, also rack mount upits with integral PSU such as the USB-
i ” TER” g 16COM-RM. Serial interfaces supporied include RS232, RS422 and
| i N RS485. We also supply opto-isolated RS422 and RS485 versions for
" i 5 : ] relaible long distance communications. All our USB Serial products
are based on the premium chipsets and drivers from FTDI Chip for
superior compatibility, performance and technical support across
Windows, MAC-OS, CE and Linux platforms.

priced from £20.00 (US232B/LC )

UPCI Serial Cards

Discover our great value for money range of multi-port UPCI serial
cards. Supporting from wo fo eight ports, the range includes RS232,
RS422 R5485 and oplo-isolated versions. Our 4 port and 8 port
models can connect through external cables or the innovative wall
mouniing COMBOX.

| £65.00 G o/ priced from £21.00 ( UPCI - 200L )
| % £10.00

8 urci-a00Hc EasySync Ltd
i Ui uiITTUUl
| 4 Port UPCI RS232 Serial Card with Spider $(3 Sootand Stesl
il Cable or COMBOX IO ( extra ) Glasgow G5 8QB. UK.
Tel: +44 (141) 418-0181  Fax: +44 (141) 418-0110
Web : hitp:/fwww.easysync.co.uk
E-Mail; sales@easysync.co.uk

* Prices shown exclude carriage and VAT where applicable

12/2005 - elekior elecironics 7
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Towards the Zero-Oil Noise Cancelling PC Cooler

Dear lan — | have come fo
the conclusion Elekior Elec-
tronics should include a Pub-
lic Health Warning on its

front cover. | had a pink fit
when | read in the Ociober

2005 issue — a PC had been

immersed in oil to eliminate

LARGE

noise and heat.

There are far simpler solutions
io the problem of PC heat and
noise, and far more enjoyable
than having to explain fo one's
wife why oil is dripping onto
the carpei!

Firstly, buy a small domestic
fridge. Bore a 50-mm hole in
the side, remove the shelves
then carefully install the PC
inside. Feed all the cables
through the hole, then fill the
remaining fridge space with
cans of beer or lager. Software
and hardware crashes take on
a whole new dimension as one
downs several cans of lager.
Secondly, for those troubled
with PC fon noise — could |
suggest your buy a microphone
and large speaker, and con-

struct a noise cancelling circuit.
Not only will it eliminate fan
noise, but will deaden the
noise of your raucous singing
while you are altempting fo
repair the crashed PCI

David Jack (UK)

Excellent idea David but what o
do about the heat and noise
generaied by the fridge, and
the objections of the Missus
against a fridge installed for the
sake of a PC2

Good morning Jan — you must
own a very old fridge? From
my experience modern fridges
are ulira quiet.

Repositioning the microphone
over the compressor would
resolve that problem.

Rejektor

Under this heading we will occasionally publish drcuits, ideas and
suggestions that did not make it fo full publication in this magazine for
various reasons (like lack of space).

Euro forgery detector

The detector for forged Euro banknotes as proposed by Mr. Karl Prodinger
is marked by an interesting measurement principle and a well thought out
concept complete with some remarkable technical tweaks. Initially we
wanfed to post-engineer this project info a full-blown Elektor Elecironics
DIY project but arguably the mechanical construction so essential in this
design is hard fo make repeatable in an electronics magazine like ours.
However, the approach fo the problem is innovative enough to warrant
publication in this month’s Rejektor section. Possibly readers in the UK and
USA are able fo modify the design for use with pound sterling or US dollar
banknotes respectively.

The measurement principle is based on a lesser known characteristic of Euro
and other banknotes: seciions of the banknote surface are printed using infro-
red blocking ink, while other sedtions have ink on them that's transparent fo IR
light. The difference is not visible uniil the banknote is held under an IR light
source, os evidenced by the photo showing a 10 and o 50 Euro nofe being
tested. The banknotes are placed on a white background. Under IR light expo-
sure, only the right-hand side of both banknotes is visible, the wider, lefi-hand
part remains white. The author used a simple monochrome video camera with-
ouf a buili-in IR filter to view the resulfs. A piece of black film carrier moferial
in front of the camera objeciive was used os a filter against visible light and so
boost the camera’s IR sensitivity. A couple of IR LEDs may be used for the light
source, but off the shelf halogen lights are also quite suitable as they emit
quire a lot of IR light.

The circuit shown here is based on an approach filed under no. AT6392U with
the German Patents Office. On the DEPATISnet website you can view patenis
applied for free of chare (htip://depafisnet.dpma.de).

The circuit is built around a quad opamp type TL0B4 and is remarkable for hav-
ing just one adjusiment poini. The measurement setup for the defection light
refleciion against the surface of a banknote cansists of fwo LEDs and a photodi-
ode. LEDs D1 (green) and D2 (IR) are driven by an osdllator built around ICTa.
Ii supplies a frequency between 1 and 3 kHz. By means of an array of series
resistors, the intensity of the LEDs is conirolled. Presef R6 is required o compen-
sate produdt tolerances on the BPY62 photodiode as well as response deviations

elekior electronics - 12/2005
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celling PC Cooler’.

My main concern is the noise
generated from the fridge door
being constanily opened and
closed fo check the beer is cold
enough!

The image on the left shows the
proposed ‘Zerc-Qil Noise Can-

Excellent comment again David
and the righi-hand photograph
shows our editorial fridge on a
typical  Friday afterncon
around 2 pm.

Formant synth

goes online

Readers may like to know that
some 25 years after publica-
tion, the world-famous Elektor
Formant synthesizer still enjoys
great popularity and is graced
by a group of staunch support-
ers. Formant users may be
found in a Yahoo discussion
group af
hitp://launch.groups.yahoo.com

/aroup/ElekiorFormant/

Battery backup for bike
— help please

Dear Editor — | believed | had
thought up a simple battery
backup using capacitors to iso-
late the ‘dynamo’ from DC and
an optoisolator driving a fran-
sistor (with series diode) to
switch the backup.

| was quite hopeful about my
design but in practice puz-
zlingly it seems not fo wark —

it won't switch over to the
dynamol

| had hoped to send it as a cir-
cuit idea — perhaps you could
use it for your puzzle page.
Alan Bradley (UK)

Thanks Alan, your hand drawn
circuit is reproduced here for

between the LEDs, ensuring stable operation of the detector over longer periods.
Opamp IC1h is configured fo act os a iransimpedance amplifier typically used
with photodiodes (here, D3). Sensor D3 has fo he fitted with a piece of black
heat shrink fubing fo prevent ambient light corrupting the measurement results.
The dircuit around the third opamp, IC1«, is fairly unusual. Both inpus receive
the same signal, but only the inverting input has a capacitor to ground (C3). This
capacitor allows the signal supplied by the BPY62 to be averaged (remember,
the LEDs are controlled by a rectangular signal, hence produce light pulses). The
function of this stage is the crux fo the operation of the entire circuit. While the
inverting input of the opamp determines the average value of the signal, te non-
inverfing inpul receives the brighiness values resulting from the light reflections
on the banknofe. When the banknote paper has IR blocking print on if, D3 will
receive a small amount of light from the two LEDs. If, on the other hand, the ink
is transparent to IR light, D3 will receive a weak signal from the green LED (D1),
but a strong signal from IR LED D2. The sironger signal is converied by IC1c into
a nearly reclangulor-shaped signal.

The fourth opamp in the circuit, IC1d, serves to compensate the difference in
propagation fime befween the oscillator output and the output of IC1c. The out-
put of IC1d supplies signals synchronously with IC1'c output signal. Alihough the

12/2005 - elekior eledronics

rest of the dircuit looks fairly simple, we are in fact looking at a complete syn-
chronous demodulator. The pulses af the outpuis of IC1c and IC1d are compared
using LDs D5 and series resistor R17. If a clear signal appears ai the output of
IClc as a result of IR-transparent ink, this signal will be in anti-phase with that
at the output of 1C1d. Diode D5 then lights to indicate the presence of the IR
transparent ink. Via R20, this point s also connected o a piezo buzzer providing
an audible indication.

The power supply section built around T1 ensures good stabilisation of the supply
voltage. A power-ok indicator has been added in the form of yellow LED DA. If
the battery voliage drops, so will the LED current, eventually fo a level so low
the LED will go out. The author’s prototype was buili using SMD parts because
the resultant shorfer PCB racks allow the sensifivity of the opamps to strong RF
fields o be kept to a minimum. In the event of RF oscillations arising, the
dashed components may be added (R8, 10k; (2 approx. 10pF). To adjust the dir-
cuit, the tester is held above a couple of sheets of white (copy) paper. Preset R6 is
adjusted for LED D5 to just come on. This setfing remains stable — due to the signal
averaging (there is no fixed reference value for IC1c), any drifi on part of D3 can
have no effect. Provided it has been buili correctly, the circuit will then respond
reliably fo IR-fransparent and IR-blocking types of ink.

In pracice we sfill need to look at the problem of finding the right areas on ban-
knotes to be subjected to the false/good test. In the relevant range the transi-
fion from IR-transparent and IR-blocking has to be recognisable os dearly and
reliably os possible fo ensure that really good forgeries are also detedted. With
the 10- and 50-Euro banknotes in the photograph, the relevant transition area s
near the figures in the top right hand and bottom right hand corners. In this test
are, the banknole has o show a dearly visible decolouration effedt. With a
larger white component (lighter print) it is however possible that the brightness
difference defected by the IR fest is foo small.

The rear (verso) side of Euro banknotes (showing the bridge mofif) is entirely
transparent in the IR range, only the serial numbers will show up black.
Information on commercially available banknote festers may be found ai,
among others, vww.wekaverif.com
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other readers to examine and
hopefully help you discover
where the fault is! Please send
feedback to the Editor so this sub-
ject may be continued in a truly
constructive way!

This monih’s issue has the last
instalment of Professor Ohs-
mann’s ‘Quizz Away’ series of
electronics brainteasers. As of
January next near we will be
printing a contemporary puzzle
for the electronics-minded to pif
their wifs against.
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: Corrections

I ESR/C Meter
! september 2003, p. 30,
040259-1.
The parts list states a wrong
enclosure; this should a Ham-
§ mond fype 1593YBK.
1 FAQs on this popular project
I may be found on our website
I Forum.

— -

1-MHz

j Frequency Counter

| July/August 2005, p. 100,

[ 030045-1.

I The original software con-

I tained a few errors and @

I new version may be obtained
I from our website [ref.

: 030045-11.zip).

y The sofiware has been written
1 for a 4.194304-MHz quartz

Windows FIFO buffer
Dear Editor — | refer to the
inset on page 35 of the Ocio-
ber 2005 issue (‘Colossus Jr.”,
Ed.) where you show that dis-
abling the FIFO buffer in Win-
dows XP can help to solve
problems with R$232 serial
communicafion.

While experimenting with a
DCF77 time signal recsiver
module, | discovered that
switching the FIFO buffer does
not fake effect unfil the PC is
restarted. This may be confus-

& Updates

crystal. To enable the micro-
coniroller to be used with an
8.388608-MHz crystal, the

program has to be modified
as explained in the source

code file, and then compiled

again.

Precision
Barometer/Altimeter
September 2005, p. 54,
040313-1.

New software that solves the
problems with the realfime
clock is now available from
our website [ref. 040313-
11.zip).

A 56 pF capacitor between
pin 12 if IC2 and ground will
improve the accuracy of the
internal clock.

ing os the operafing system
does not produce a maiching
message. Without a restart of
the system it would seem that
changing the FIFO setiings has
no effect.

Peter Simoons
(Netherlands)

Thanks for that Peter, the word is
being passed on.

SMD soldering aid

Dear Elekior staff — | applaud
the attention you give in your
articles fo the problems of SMD
soldering.

Being an electronics designer
myself, | recently had my own
share of problems with these
tiny bits and decided to build a
special tool to help me get
them properly soldered onto @
board. To my surprise, inexpen-
sive tools that help you get an
SMD properly soldered are few
and far between.

My design for an SMD locker
may be found on

www.midibution.nl.

G. Bouland (Netherlands)

That looks like a very useful little
tool indeed, and we print a pho-
tograph of the device here. It
may be ordered through Mr
Bouland'’s website. This month’s
Design Tips pages also show an
SMD soldering aid.

Marketplace

We're pleased fo say that the
Forum and E-News pages of
our website atiract a lot of visi-
fors every day. Not so, as it
furned out, with the Market-
place section we set up earlier
this year, and that is why we
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decided io remove it effectively
as of 1 Ociober 2005.
However, registered users of
our website at www.elekior
electronics.co.uk can siill offer
components, equipment, foals,
books, magazines efc. for sale,
or post a Wanfed message, in
the relevant sections of the
Forum. Everyone's invited!

ESR/C Meter — capacitor

equivalent diagram

Dear Editor — as a longime

subscriber to your magazine |

enjoyed reading the ‘ESR/C

Meter’ article in the September

2005 issve. | was a litile sur-

prised however fo see a capac-

itor electrically represented as

a capacity with resistor in

series with it. | would have

expecled a capacitance with a

shunt (parallel) resistor {actu-

ally, the leakage resistor]. How
else to explain:

1.A charged capacitor in stor-
age will gradually lose its
charge. This can only be due
to a parallel resistor across
the capacitance.

2.1f you connect a capacitor
with a series resistor to a
voltage source Ub and select
ever higher values for the
resistor, you will notice that
the voliage on the capacitor
will eventually become lower
than Ub. This is explained by
the voltage drop across the
series resisfor due fo the vir-
fual resistance in parallel
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with the capacitance.
Will you share your views on
this with me?2
A. Wilcox (UK))

The Elektor ESR/C Meter has
been a resounding success and
also gove rise to some hot
debates in Internef newsgroups
on electronics.

The capacitor equivalent diagram
shown in the arficle was purposely
kept as simple as possible, show-
ing only the main virtual compo-
nents — in this case, the capaci-
fance and the series resistor, both
of which being accurately meas-
ured by the instrument. The com-
plete equivalent circuit would also
comprise a series inductance
(formed mainly by the wire termi-
nals and rolled up elecirodes), a
shunt (leakage) resistor as you
correctly describe (being respon-
sible for all listed effects) and an
RC network again in parallel with
the capacitance and responsible
for the so-called dialectical
absorpiion of the capacifor.

The phenomena you lisi can
indeed be explained on the basis
of the comprehensive equivalent
diagram.

Identifying

SMD components

Dear Editor — thanks for a
great program called Resistor
Colour Band Identifier in
040203-11.zip. However |
was wondering if there was a
similar program, pdf sheets col-
lection or website for identify-
ing SMD componentis. | cur-
rently use the Farnell/RS cato-

logues which can be time con-
suming. | think it would be use-
ful fo have an article on SMD
repair and component identify-
ing. Again, thanks for a great
magaozine.

Keith Harris (Australia)

SMD identification can be very
tricky and fime consuming. How-
ever, have a look at Mr R.P Black-
well’s excellent overview at
www.marsport.demon.co.uk/
smd/mainframe.him

ClariTy on electrostatic
speakers?

Dear Jan — can you tell me if
the ClariTy amplifier June, Sep-
tember, October 2004, Ed) is

suitable for use with electro-

Tl ciwra of code
TIFTASATER
E=cceram
fuLwROFas
ETEFNIYY

G4PMK's SMD Codebook
Codes beginning with A

oLl bl B .

static loudspeakers? | have
built my own ES loudspeakers
with depth-adjustable mem-
branes.

We do not recommend conneci-
ing ES drive units to the C.I’clrr".‘}'
ompf:'ﬁ'er because the transformer
with the capacitive load of the
electrostatic loudspeaker forms a
complex impedance that's sure to
affect the output filter response to
some degree.

To this we should add that the
final impedance of a typical ES
speaker is likely to drop below
3 W at higher frequencies, which
is too much of a load for this amp.

MailBox Terms

— Publication of reader’s comrespon-
dence is at the discretion

of the Editor.

— Viswpoints expressed by comes-
pondenis are not necessarily

those of the Editor or Publishar.

— Comesp

]

ndence may be
translated or edited for length,

clarity and siyle.
—When replying to Mailbox

carrespondencs,
please guotle Issue number
— Please send your MailBox

comespondence to:

fitgr@elekior-electronics.co uk or
Elekior Electronics, The Editor, PO.
Box 190,

Tunbridge Wells TN5 7WY, England.
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- | 304 Circuits is aimed at the active electro- Equipment
PC Interfaces can be used for more nics enthusiast, professional or amateur.
than just the printer, mouse, In this book you will find ideas, concepts For those who cannot, or will nat, pay
modem and joystick! While it was ; -and circuits covering the gamut of high prices for high end equipment, a
relatively easy to directly access PC _ electronics. solution is offered in this book: build
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Lasers:
Theory and Practice
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the fundamentals of lasers, inclu-

.

Handbook
for Sound
Technicians

This book contains
chapters on basic
theory; micro-

l £ 7 Zonis
Handbook for sound
fechnicians

Faultfinding in Computers
and Digital Circuits
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2.4-GHz WirelessUSB™
Radio-on-a-Chip

Cypress Semiconductor Corp.
recently infroduced ifs next-gen-
eration 2.4-GHz WirelessUSB™M
Radic-on-a-Chip. The new Wire-
lessUSB LP offers the most robust
solution with the lowest power
consumpiion for keyboards,
mice, and other Human Interface
Devices (HIDs), while providing
on unparalleled feature set
enabling low BOM costs, higher
data rate Gpp[icuiions, and
foster fime to market.

WirelessUSB  LP  operates
between 1.8 and 3.6 volis,
using many advanced tech-
niques to extend batiery life in
devices such as wireless mica.
The new device uses Cypress’s
paienied Direct  Sequence
Spread Specirum (DSSS) and fre-
quency-agile technology to offer
bestin<class interference immu-
nity for a 2.4GHz radio system.
This combination of low power
consumplion, inferference immu-
nity and low cost make it ideal
for wireless HID applications
such as keyboards, mice, remote
contrals, presentation tools and
game controllers. WirelessUSB
LP brings these benefits to the
Voice over Internet Protocol
(VoIP) market for products like
wireless headsets by fransferring
data at @ maximum speed of up

o 1 Mbps.
WirelessUSB LP uses Cypress’s
patent  pending  AuloRaie

Receiver™ technology enabling
the device to receive data at any

data rate without the need to
negotiaie speed chﬂnges. In
addition, the device includes
inlegrﬂled features such as an
automatic fransacfion sequencer,
deep packet buffers (16 byte) for
TX and RX, and a boost con-
verter (generating up to 2.7V).
These features simplify firmware
design, offload processing
requirements, allow for the use
of lower cost micraconirollers,
and power external devices such
as optical sensors. The device
also has highly optimized tim-
ing, including quick startup, fast
channel changes, and immedi-
aie link furnaround capabilifies.
All of these enhanced features
combine fo significantly extend
battery life, save design time
and reduce overall system costs.
WirelessUSB LP lowers suppori
call costs with the user-friendly
KISSBind™  feaiure, which
enables a user 1o intuitively link
a wireless peripheral fo the
desired host by simply bringing
them in very close proximity with
one another. The device also
supports the recenily announced
TouchWake™ capability to save
additional baitery power by
allowing a WirelessUSB periph-
eral to instantly wake from an
ultralow-power sleep mode
when the user fouches it.

More information about the
product is availoble online at

WWW.CYRIess.com.

Zigbee-ready wireless network

Craflon, the wireless sensor semi-
conductor company, and
Betatherm, a leading provider of
high precision NTC thermistors
and temperature probe assem-
blies, announced the successful
deployment of Cratlon’s wireless
sensor nehwork at Befatherm's
manufacturing plant in Galway.
This is believed to be the first
successful European deployment
of the emergent |EEE 802.15.4
ZigBee wireless protocol in a
monitoring system. The results of
the deployment were outlined in
a paper at the Radio Solutions
Conference in Sophia Antipolis,
France, on October 12.

The wireless sensor network
measures temperature, light and
humidity at several locations
around the monufuch.lring p|anr
and performs wireless data
fransmission at regular infervals
to a PC server in Betatherm's
adminisirative office block over
one i‘lundred meires UWCIY. The
measurement deUIES are PD\'{'
ered by longlife batteries with a
projecied operaiional life of up
fo fen years.

The modules use Betatherm's
interchangeable Series Il range
of NTC thermistors, which are
suifed o high precision tempero-
ture sensing in plant monitoring
applicaiions because of their

accuracy, sensitivity and robust
construction. The wireless net-
work operates in an environment
that is particularly harsh for RF
signals with the presence of elec-
trical manufacturing equipment,
a neighbouring three-storey
meialclad building and a nearby
telecommunications fower frans-
mifting at microwave frequen-
cies. Even under these conditions
the modules are capable of frans-
milting over several hundred
metres ot the ZigBee ISM fre-
quency of 2.4 GHz. The medules
can additionally use Crailon’s
pateni-pending ‘Llo-Hop’ fre-
quency hopping algorithm io
avoid RF blocking in the event of
interference from Wi-Fi access
points or microwave ovens.

A live-demo link o the wireless
nefwork in realtime operation is
available at: hitp://vwww.crat-
lon.com/cratlon/app.himl
Evaluation kis of the modules are
now available, and ithe medule
design, software stack, sensor
inferface circuifs, and RF deploy-
ment guidelines are available for
license to OEMs in the energy
conservalion, huilding manage-
ment and related sectors.

www.catlon.com
www.betatherm.com
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Microchip: 49 new 16-bit microcontrollers in one launch

Microchip announces the
PIC24 family, its first fam-
ily of 16-bit PIC micro-
conirollers. The family
debuis with 22 general-
purpose devices and
offers up to 40 MIPS per-
formance, 16 kBbytes of
RAM and 256 kBbytes of
Flash program memory,
in packages up to
100 pins. Besides the
PIC24 family, Microchipo
also  launched the
dsPIC33 family. Both
families maintain compat-
ibility with Microchip’s
MPLAB® Integrated
Development  Environ-
ment (IDE) platform and
upward  compaiibility
with all dsPIC® digital
signal controllers.

There are two series of
devices within the PIC24 family.
The PIC24F offers a costeffective
step up in performance, memory
and peripherals for many
demanding 8-bit microconiroller
applications. For even more
demanding applications, the
PIC24H offers 40 MIPS perform-
ance, more memory and addi-
tional peripherals, such as CAN
communication medules.
Overall, the PIC24 delivers
increased performance without
sacrificing interrupt flexibility and
responsiveness, code exe-
cution predictability, easy
I/O manipulation, C code
efficiency and system
integrify.

As with all Microchip
microconiroller families,
the PIC24 is designed to
meet a wide range of
needs across a broad
spectrum of applications.
Specific examples include
consumer items such as
handheld remote conirols;
communications applica-
tions such as optical net-
work components; instru-
mentation and measure-
ment applications such as
hand-held and remote ter-
minals, POS terminals and
medical instruments; and
indusirial  applications
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16-Bit MPY

| JTAGE Emul.

such as facfory automation sys-
tems, building monitor-and-con-
trol systems and security/access
sysiems.

Additional key features include:
16 MIPS performance with cost-
effective PIC24F family; 40 MIPS
operation with high-performance
PIC24H family; 64-256 kBbyies
of Flash program memory;
8-16 kBbyies of RAM; 64-100
pin package options with JTAG;
2 x UART; 2 x SPI™ and 2 x
12C™:; up to 2 CAN ports; Real

Memory Bus

Ri Register
16-Bit ALU | 16 x 16

Address
| Generation

Barrel

Interface Shifter

Interrupt
Control

Time Clock Calendar [RTCC);
Direct Memory Access [DMA) on
PIC24H family; 10-bit, 500 ksps
A-te-D converier with 16 input
channels (PIC24F); 2 x 12-bit,
500 ksps Ato-D converters with
16 input channels [PIC24H).

The new dsPIC33 family is
highly compatible with the exist-
ing dsPIC30 family — it has the
same insfruction sef, has compat-
ible pinouts, and offers an atirac-
tive price and featureset for
applications requiring larger

e

16-bit Timers

Watchdog

AD, 12-bit, 16ich. |

sng |eseydied

SPI™ (2)

CAN (1-2)

Flash and RAM,

The fwo initial dsPIC33
product families share the
following key features: 40
MIPS deterministic per-
formance; 3.3V opero-
fion; 64 to 256 Kbytes
Flash; 8 to 30 Kbytes
RAM; 64- to 100-Pin
TQFP packages; serial
I/O subsystems, including
up fo iwo each: SPI™,
12C™, UART and CAN;
Direct Memory Access
(DMA); one or two 500
ksps, 12-bit A/D convert-
ers; Codec interface.

The dsPIC33 Motor-Con-
trol and PowerConversion
DSCs have one or two
1.1 Msps 10-bit A/D con-
veriers; up to 8 sample-
and-holds for simultane-
ous sampling; specialized
PWM for Motor-Control,
Lighting and Power-Conversion
applications; Quadrature
Encoder Interface.

Both new families are marked
by backwards compatibility with
existing products. A similar
pinout and an identical instruc-
tion sef make the transition from
PIC18 io the 16-bit PIC24 as
easy as possible. Existing
Microchip development tools
such as the MPLAB C30 C com-
piler and the MPLAB PM3 uni-
versal device programmer can
be used.

Microchip has also cre-
afed the Explorer 16
Development board to
support all 16-bit PIC24
microconirollers and 16-
bit dsPIC digital signal
controllers.

Samples are available in
the first quarter of 2006
and volume production is
scheduled for the second
quarter of that year.

The Explorer 16 kit [p/n
DM240001] will be
available from Novem-

ber 2005.

Further information from
www.micrachip.com
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Fusion of anti=collision radar and video sensors

ORI NEWS & NEW PRODUCTS

for pedestrian safety

Cambridge Consultants  has
developed pedesirian-sensing
software fo support ifs anfi<olli-
sion radar for automobiles. The
technology allows radar and
video sensors to work in tandem
to sense pedesirians - or cyclists
- enabling the introduction of
advanced active safety conceps
such as tilting the bonnet to miti-
gate an impact or deploying
external airbags.

This ‘sensor fusion’ technology
uses the forwardlooking radar to
cue the video, greatly reducing the
amount of realime processing
required. Cambridge Consultants
has exploited this fo develop a sys-
fem that can run on a lowecost DSP
{digital signal processor] devel-
oped for mass consumer appli-
ances - making the technology well
suited to the cost demands of the
automobile industry.

This low cost focus is comple-
mented by Cambridge Consul-
tanis’ innovative radar technology,
CCl-Softcar, which operates at the
low frequency of 5.8 GHz -
greatly reducing system costs com-
pored with conventional automo-
bile radar technologies operating af
24 or 77 GHz.

The new software performs
object classification. It uses radar
scatter information, object move-
ment information, shape and
colour maiching and other tech-
nigues fo disﬁnguish humans
from other moving objects.
Analysis is performed in real-
time. Results from the company’s
profoiype system, which is
based on a low-cost DSP, are
currenily generated at a typical
rate of 10 to 20 Hz (or every
100 to 50 milliseconds). Com-
bined with the radar system's 20
to 25 meire range, ihis provides
the time margin required to inifi-
afe active safety measures.
Among the impact mitigation
measures under discussion by
the indusiry are filing the bonnet
to lessen the severify of impact,
firing external airbags, and
assisting braking.

It's likely that the final object clas-
sification rate will be increased o
around 50 Hz for commercial use
— by selecting higher clock

speed versions of the DSP — o
match the new generations of
fast, low-<ost image sensors cur-
rently being developed for auto-
molive applications.

Cambridge Censultants’ sensor
fusion technology is equally
applicable to improving the per-
formance of nexigenerafion
reversing aids, by providing the
driver with a full colour display
where the object classification
software automatically identifies
objects, along with approximate
distance information, to help
drivers take necessary acfion.
This new development is a valu-
able enhancement of the CCL-
Softcar anti-collision radar tech-
nology announced in 2003. CCl-
Softcar is a pulsed radar system
working in the 5.8-GHz band,
rather than the 24 or 77 GHz
bands used in alfernative anticol-
lision radar approaches. The
effect of this relatively low fre-
quency is fo reduce the cost of the
componentis required to build a
system, and avoid the time and

cost overhead which precision
assembly of higher frequency
equipment imposes. With this
technology, just four radar
modules and one elecironic
control unit (ECU) are required
to provide 360 degree protec-
tion for an automobile — fur-
ther reducing the bill of materi-
als compared with alternative
approaches, which can require
iwo or more modules to be
installed on every side of a
vehicle.
The new videoequipped CCL-
Softcar demonsiration sysiem
is insialled in @ mid-range car,
and is currently being shown
to European automobile and
accessory manufaciurers.

Cambridge Consultants Ltd., Sci-
ence Park, Milton Road, Cam-
bridge CB4 0DW, UK.

Tel: +44 (0)1223 420024;

Fax: +44 (0)1223 423373;

wiww.cambridgeconsultants.com
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Class D
controller chip

International Rectifier recently
infroduced the IR520124S, a
200V conirol IC developed
specifically for Class D audio
applications up to 500W per
channel. Integrated features such
as adjusioble dead-ime genera-
tion and bidirectional overcur-
rent sensing protect the amplifier
system. Also, these feaiures
allow audio designers to simplify
circuits and minimize component
count for Class D audio ampli-
fiers in home theaire enteriain-

meni systems, audio-video
receivers and automotive sound
systems.

The infernal, seleciable dead-
time generation circuit is ther-
mally compensated for siability,
and is immune to noise and sup-
ply voltage fluctuations to help
improve total harmonic distor-
tion, or THD. The IRS201245
has builtin bidireciional current
sensing and combines with an
integrated shutdown function fo
protect the oulput MOSFETs
when an overcurrent condition
occurs, such as a shortcircuited
speaker wire.

The new IRS20124S Class D
audio high voliage control IC is
available immediately. The
device is lead-free and RoHS-

compfiunt

www.irf.com

elekior eledronics - 12/2005



EASY To Use!
Very LOW Cost!

Extremely FAST
Layout Software Turnaround!

" AM/FM Radi.i" © Shortwave Receiver
EMWith' A kit (o make an .nmwr Build yoursell a shoriwaye
£ civer ta fisten {n framsmi
fmm l.l'lll.ld the nnrm.

£9.99

n One Anymz Soldering. Tron 12/9/3V DIY SU
e The Anyu'):w iulmpentm A Do-i- \nnmlrl

i ? ing irpn with 2. 3V rezulated pon
m.\mem includes a uc.;u,pc rlngg undaklgh ‘Plogs into a 110V ar F:
lmln:nqnn controlled iron, quality stand and a spare SUPPI. Suitable for up o 200mA:

lwl:irmurkgn-uulg ceramic heating element. £17.99
15V 150 PSUL £24 99 ¥ 35

£99.99

— 0 \jccinl Christmay
f@ - ¢ ‘ Sayer packs
|5 kl Ayailable!

Postcararaaion . eeVehsite.

Amm‘mnﬂiﬂlﬂblnﬂ; s o S
I Sy oo

9:0 5:00

12/2005 - elektor elecironits

,'ll
Al

A?ﬁUANH‘UM LEAP N

EMBEDDED CONTROLLERS

("— ....r-. 'I QB

-";
-i' - o The fastest 68000 baseﬂ

iCore up t Mhz

= X .- ’ol.arge Memory Capacity:-
T, "%« Flash, SRAM, DRAM.
i
3 « - eSupports:- |
& Mono & colourLCD's,
24 Touch Panels & I(eypads
2 ¥ Very Low Power.

E II%NSI ‘C’ compiler, assembler
R [pker all Windows32 based.

I"Briver Support with
Libraries.

[

v

. | ‘_
INReal Time Multitasking OS with
AT "a free run time licence,

N
l’ :E Unlimited email support.

www.cms.ulk.com

see our web site for full details

CAMBRIDGE MICROPROCESSOR SYSTEMS LTD

Unit 17-18 Zone ‘D' Chelmsford Rd. Ind. Est.
Great Dunmow, Essex CMI6 1XG
Telephone: 01371 875644

email; sales@ecms.uk.com



{0 AR LARGE DISPLAYS

Jumbo and Mini

Rainer Biicken

Displays are probably the most
important man-machine interface.
Everywhere you look = televisions,
monitors, and industrial applications
= the old-faithful CRT display tech-
nology is losing ground and being
displaced by more up-to-date tech-
nologies, which are also conquering
new application areas. Here we
look at the current situation and
examine possible future trends.

hole. The cathode and Wehnelt cylinder are held af a
negalive potential that can be adjusted to conirol the

In 1897, Karl Ferdinand Braun wrote a paper about ‘a
method for demonsirating and siudying the time progres-

18

sion of variable currents’. In that paper, he proposed
using a cathode ray tube (CRT) as a quickly responding
display and observation instrument. Braun's idea quickly
lead to unforeseen new uses. A patent for the ‘Braun
fube’ was awarded in 1907, and in 1930 the German
physicist Manfred von Ardenne, who was only 23 at the
time, succeeded in transmitiing a television image using
only elecironic technigues.

The basic principle hasn’t changed since then: an elec-
tron beam sirikes a phosphor layer inside a vacuum
valve and causes it to emit light. A cathode ray fube con-
sists of a glass envelope with a front surface that is usu-
ally convex. That is necessary to withstand the powerful
pressure on the outside of the CRT, because the air is
evacuated from picture tubes fo create a vacuum. A fila-
ment and cathode are located in the funnelshaped neck
of the CRT. They are surrounded by a ‘Wehnelt cylinder’,

which forces the elecirons fo escape through a small

brightness of the image. That assembly is complemented
by a set of horizontal and vertical deflection coils and an
anode, which is driven by a positive potential. Electrosta-
tic beam deflection was used initially, but it was quickly
replaced by magnetic deflection. These components col-
lectively form an assembly that is called an ‘electron
gun’. The inside surface of the glass envelope has a
graphite coating that is connected to a very high anode
potential (as much as 17,000 V). A mask in the form of a
dot mask, slot mask or aperture grill is located in front of
the phosphor layer (see reference [1]).

The evolution of the CRT can be read from the steadily
increasing deflection angles and screen sizes. The CRT
depth can be decreased by using a larger deflection
angle. The most commonly used angles until recenily
were 65 degrees, 90 degrees and 110 degrees. Types
with a 125-degree deflection angle and a depth of
around 40 ¢m are now available.

elekior elecironics - 12/2005



jer the world

The screen diagonal of CRTs was 23 cm in 1953. In
1955, the standard size was 43 cm. The 110-degree
deflection technical breakthrough came in 1970 and led
to the prevalence of 66cm television sefs. In 1987, sev-
eral exhibitors exhibited 82-cm (32-inch) sets, and
Griindig even exhibited a 95-cm (36-inch) CRT display.
The set weighed in at a hefty 125 kg and had a sug-
gested price of 8000 German marks. In 2001, Sony pre-
sented the KV-40XBR700 ‘Super Triniton’ with a 101<m
screen diagonal. That was the high point of the trend
everywhere in the world.

HDTV stimulates innovation

The Japanese television institution NHK has been work-
ing to develop high-definition television (HDTV: also
known as ‘Hi-Vision’ in Japan) since 1964. Instead of
525 horizontal lines as specified by the NTSC standard
commonly used in Japan, the high-definition system was
specified to have 1125 lines. It was first demonsirated in
1985 using CRTs and projectors. The first broadcasting
tests started in 1986. Digital Hi-Vision broadcasts via
satellite were initiated in 2000, and high-definition terres-
trial systems were intfroduced in 2003. The systems are
planned to provide coverage for 80% of Japanese house-
holds by the end of the coming year.

However, this all requires new displays that can handle
the newly created HDTV broadcast standards designated
as ‘1280 x 720p/60" and 1920 x 1080i/30". The first
number of the designation is the number of pixels per line,
and the second is the number of lines. The letter ‘p’ or “i"
indicates the fype of image reproduction used: ‘progres-
sive’ (p) or ‘interlaced’ (i) (see inset). The final digit speci-
fies the number of image frames transmitted per second.
European broadcasters must choose between 1080i/25
and 750p/50. For comparison, the current PAL TV sys-
tem effectively provides only 2 x 288 lines per image
frame. Incidentally, Europe has also been trying since
1986 fo establish its own HDTV system with 1250 lines
and a 50-Hz halfframe rate. A non-interlaced technique
was also on the agenda. Unforiunately, the technclogy
was developed without any attention to the market. On
British behest, in late 1992 the EU was prevented from
investing any more funds in the programme. The entire
affair ended up as a multi-million boondoggle that set
back the development of European high-resolution televi-
sion by many years.

Large-format plasma displays

In the 1970s, NHK established a plasma laboratory in its
Science and Technical Research Laboratories (STRL).
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Interlaced versus progressive

Television brondcasting using interloced frames wios first demonstrated of the German
Broadcasting Exhibition in 1935. The technique involves splitting the image frames into two sub-
frames and wrifing them successively — first the odd-numbered lines, ond the even-numbered
fines. The persistence of the phosphor and the latency of our eyes cause the two images fo
merge. The apparent frame rate is thus doubled, which reduces flicker and the required band-
width. However, the inferlacing technique also has drawbacks. For instance, there is o time offset
between the two subframes, which cavses sawiooth patterns to be generated on vertical edges
in rapidly changing parts of the image. Interlacing also causes major difficulties for modem video
encoding methods used fo reduce data rates,

As a result, the 720p stondard has become established in the course of the conversion from
the European PAL television standard (which effectively provides 2 sets of 288 lines) o high-
resolution television (HDTV). Here ‘720’ designates the number of lines and “p’ stands for
‘progressive display’, which means full-frame display without interlacing. However, good-
quality imagery can also be produced using the interlaced HDTV standard 1080i. The next
stage is already being discussed with the 1080p stondard. It's daimed that the new displays
won't have any frouble handling that standard.

Figure 1.

CRT televisions have
been around for nearly
100 years, This one
veas made in 1960,
(Photo: Seay)

Experts from Maisushita also worked in the plasma labo-
ratory. STRL developed the phosphors for the three pri-
mary colours (red, green and blue) and the fill gas for the
cells. Fujitsu began development of plasma-based dis-
plays in 1967 and presented the first panels in 1992,
with a display diagonal of 21 inches (53 cm).

The world market for plasma TVs may have been as
much as 6 million units in that year, which was more than
twice as many as in the previous year. Matsushita, which
sells products under the Panasonic brand name, is by its
own account the world’s largest producer, followed by
Samsung, LG Elecironics and Pioneer. At this year’s IFA
exhibifion in Germany, Panasonic presented 50- and 65-
inch displays with ‘true” HDTV resolution of

1920 x 1080 pixels. For the domestic market,

1366 x 768 is probably good enough for a start. Sam-
sung also has no plans to market its newly presented
1080-ine displays in Europe for the time being.

The largest plasma TV screen yet developed, with a diag-
onal of 259 c¢m (102 inches) and a resolution of

1920 x 1080 pixels, also comes from the Korean firm.
Even if it only represents a feasibility study, currently
available plasma display panels (PDPs) can certainly
hold their own without it. With display diagonals of

165 em or more, they transform living rooms and pubs
info personal home cinemas. PDPs are primarily used in
television sets and as display modules in locations such
as fairs and airports.
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dielectric layer

display electrode

Figure 2. Plasma displays do nol need an external light source, os they
generate UV light by exciting noble gasses in individual cells. The UV light is
converted into one of the three primary colours by svitable phosphor coatings
in the cells. (Dicgrom: Claryeen, [21)

Stimulating light emission from noble gasses

Although plasma displays have a certain external
resemblance to liquid-crystal displays, their operating
principle is completely different (see Figure 2). Two
glass subsirates enclose a large number of small cells
that are filled a mixture of the noble gasses argon,
neon and xenon and whose walls are coated with a
phosphor for one of the three primary colours (red,
green and blue) [2]. Uliraviolet light is generated in
each cell by a high voltage (approximately 500 V)
applied to an address elecirode and a display elec-
trode. The uliraviolet light is converted into visible red,
green or blue light by the phosphor coating on the
walls of the cell. The question of whether it is beiter to
use a DC voltage or an AC voliage to exciie light emis-
sion from the plasma was disputed for a long time.
Most current PDPs use AC excitation. According fo
video expert Wolfgang Klinger of Panasonic, they have
lower power consumption than DC types.

Relative to CRT displays, plasma displays have beiier
brightness uniformity between the centre of the display
and the edge regions. They also allow displays with

Figure 3. Schematic dingrom of an LCD. Polarized light is “rotated” by the
helical liguid crystals and can thus exit via the second polarizing filter, which
is rotated by 90 degrees relative fo the first one (see text). The pixel thus
appears 1o be bright. If an electric field is applied, the liquid crystals
straighten out and no longer rotate the plane of polarization of the light. That
results in a dark pixel. (Fogrom: Merck)

large diagonals o be manufactured relatively economi-
cally. However, these benefits come at the cost of slighily
higher power consumption. The power consumption of
plasma displays is variable and reaches a maximum
with large white areas, while the power consumption of
LCDs is primarily defermined by the background illumi-
nation source and is nearly constant. The total power
consumption of some plasma displays is as much as
50% higher. However, Panasonic recently proved the
opposite situation during an internal demonstration:
plasma displays can perform better than LCDs with low-
brightness imagery.

In any case, ihe time when plasma displays required
enormous fans is long past. However, the useful life of the
displays is sfill a subject of heated debate. The maximum
operating fime of plasma displays is often specified as
30,000 hours, but figures of 50,000 fo as much as
60,000 hours can now be regarded as realistic. After
that time, the luminous efficiency of the phosphor siarts fo
gradually decrease, so accurate colour reproduction is
no longer possible. On the other hand, ‘burn-in” effecis
are quite rare with proper use.

A liquid-crystal all-rounder

The growing significance of liquid-crystal displays (LCDs)
is due fo the large variety and versatility of their potential
uses. Liquid crystals were first described in 1888 by ihe
Ausirian Friedrich Meinitzer, and in 1963 the American
R. Williams discovered their electro-optical properiies.
The first LC display was created in 1968, and in 1973
Sharp infroduced a pocket calculator with an LCD. In
June 1983, Casio presented the first LCD pocket felevi-
sion set with a 2.7-inch (67-mm) display. Starting in
1985, portable computers became a reality with the
Toshiba model T1000, and similar colour displays were
first marketed in the early 1990s. Ii's estimated that
around three million LCD television sets were sold
worldwide in 2003, and the predicted figure for 2008
is 30 million. Turnover from flat-screen displays
increased from 45 million euros in 2003 fo 80 billion
euros in 2006, with LCDs accounting for around 70%
to 80% of that figure.

A LC display is consiructed using the sandwich principle
(see Figure 3). Light from a backlight source passes
through a polarizing filter on the outer surface of the first
glass plate and the firsi elecirode layer. Alfter that it
encounters the liquid crystal layer, which is located
between two orientation layers. That is followed by
another elecirode layer, an insulation layer, a colour fil-
ter, a glass sheet, and a second polarization filter. The
orientation layers are aligned at right angles o each
other, which causes the crystals to assume a helical
shape along the light path in the absence of an applied
eleciric field. The light is polarized in a specific plane by
the first polarizing filter, and the plane of polarization
rotates by 90 degrees as the light passes through the lig-
vid crystal layer. That allows it fo emerge through the sec-
ond polarization filter, which is suitably rotated by 90
degrees relative to the first filier. This process yields a
bright pixel.

If an electric field is applied to the crystals, they lose their
‘twist’. As a result, the plane of polarization of the light
does not change during its passage, so the light is
blocked by the second polarization filter. The pixel thus
appears fo be dark.
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Overcoming teething troubles

LC displays and projectors are classified into two fypes:
reflective and transmissive. With a reflective type, light
from an external source is reflected by an internal mirror,
while a transmissive type uses light produced by a builtin
lamp. The light must also pass through the LC layer dur-
ing projection. If the pixels are not driven by transistors,
the display is called a ‘passive’ display. With an active
display, which is also called a ‘thin-film transistor’(TFT)
display, each pixel is driven by a transistor. That results in
a very fast frame rate. The response times of topend dis-
plays are currently around 10 ms, with values as low as
4 ms now being quoted. The luminance of LCDs can be
as high as 800 candala per square metre, while a realis-
fic value for PDPs is only 500 cd/m?2, although some
manufacturers now claim up to 1500 c¢d/m2. Plasma dis-
plays have the advantage with regard to conirast, which
is the ratio of the luminance of the brightest possible and
darkest possible pixels. They have values of 800:1 to
5000:1, while LCDs sport figures of 400:1 to 1000:1.
However, that situation could change. NEC exhibited a
LCD monitor with LED background illumination that can
achieve precise colour reproduction. That makes an infe-
grated luminescent lamp unnecessary. Dynamic control of
the brightness of the backlight allows the illumination fo
be increased for bright scenes and reduced for dark
scenes. Besides reducing energy consumption, that
makes dark images truly dark.

Incidentally, a resiricted viewing angle is now regarded
as a teething problem that has long since been over-
come. Viewing angles of up to 180 degrees are not
uncommon. Sharp and Philips have iniroduced new dis-
plays that show complefely different images depending
on the viewing angle (Figure 4).

Big is beautiful

It is already possible to construct displays using LC tech-
nology with display diagonals of 3.5 to 208 cm (1.5 to
82 inches) and resolutions up fo 1920 x 1080. Even
QUXGA-W resolution (3840 x 2400 pixels) is feasible
for computer monitors. The largest LC display fo date,
which Samsung presented a few weeks ago, siill doesn’t
represent the end of the line. According to reports from a
recent internafional display convention, a 102-inch unit is
currenily being developed.
The market leader in LCD technology is by all accounts
Sharp. It has a 45-inch display with HDTV resolution
(1920 x 1080) in its product line for a year already, and
a similar 65-inch version was exhibited at the fair. The
production figure was said io be 1000 units per month.
Loewe even displayed a 65-inch set in Berlin with an inte-
grated HDTV receiver.
However, the prices of LCDs are still quite high, particu-
larly for true HDTV displays. For instance, the official sell-
ing price in Japan of the 65-inch display exhibited by
Sharp in Berlin was said to be the equivalent of

15,560, although it was readily available in Tokyo's
Akihabar electronics district for as low as 12,500. For
comparison, Sharp’s 45-inch display is available in Ger-
many for less than 6000.
Production capacities are presently being sharply
increased to allow large and medium-sized displays to
be produced more economically. Joint ventures for this
purpose have been established by Philips with LG and
Sony with Samsung. Fujitsu and Hitachi also operate a
joint factory.
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Sharp and other manufacturers already have produc-
tion lines that mass-produce man-sized ‘mother panels’.
The first eighth-generation plant is currenily being built
in the Japanese city of Kameyama. It will produce pan-
els with dimensions of 2.40 x 3.16 metres starting
October 2006.

At the same fime that screen sizes are increasing, pixel
sizes are shrinking. A pixel density of 100 to 200 pixels
per inch (ppi) is currently possible, which for example
would allow 5-cm displays to be produced in QVGA for-
mat (320 x 240) or 9.4<m LCDs with VGA resolution
(640 x 480).

Organic LEDs

Displays made from organic light-emitiing diodes (OLEDs)
are one of the most recent flatscreen technolegies and
have already found a market niche for use in mobile
phones and MP3 players.

Development of organic materials began at Kodak in the
late 1970s. The key to the technology is semiconducting
organic polymers that are applied to a thin glass sheet or
plastic film and emit light when a voltage is applied [4].
OLEDs thus do not require background illumination.
Organic displays are thin, lightweight and bright, which
makes them suitable for use in small portable devices
(Figure 5). In addifion, OLEDs have high switching
speeds, which enables them to display moving images
quite well. There are approximately 50 manufacturers
that supply componenis or finished products, including
Covion, Lite Array, Kodak, Osram, Philips, Pioneer, RIT-
display, Samsung, Sanyo, Seiko, Sharp, Siemens,
Solomon, Sony, Truly Semiconductors, Universal Display,
and Vitex. Intensive research is still being conducted, for
example at the Frauenhofer Institute for Photonic
Microsystems (IPMS) in Dresden.

Figure 4.

Viewing o television
programme and the
Internet af the some
fime on a single LCD:
this special Sharp
display could solve
space problems.
(Phiofo: Sharp)

Figure 5.

OLEDs have primarily
conquered a market
niche for small displays.
(Fhoto: Newced)
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Figure 6.

Philips exhibited an
OLED-based flexible
display at this year’s
IFA. (Fhinto: Phifips)

Figure 7.

A separate mini-CRT for
every pixel: SED is a
completely new
technology waiting 1o
take on the world.
{Dingrom: Toshiba)
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It is expecied that in the future it will be possible to pro-
duce OLEDs that can be folded and rolled up, which
would allow them to provide serious competition to
paper (Figure 6). Initial prototypes are currently being
presented, but there is siill a long way to go before
products suitable for mass production are available.
Here Europe could have a new opporiunity to again
make a productive coniribution in the display field. Early
this year, former German Federal Minister of Research
Edelgard Bulmahn announced the ‘OLED Research and
Development Inifiative 2015, with the stated objective
of investing around 100 million euros in research during
the coming years.

Displays instead of wallpaper

Philips, which is participating in the programme, is even
researching lightemitting wallpaper and drapery. Diet-
rich Bertram, Manager of OLED Development Light at
Philips, is optimistic: ‘OLEDs will be significantly more
efficient than incandescent lamps, even if their manufac-
furing costs are several fimes as high. Lightemitting cur-
tains or wallpaper could be commercially available in
three to five years.’

However, there are still a lot of hurdles to overcome
before large-format OLEDs can conquer major applica-
tion areas. The primary problems are excessively short
useful life and variable aging of the three pigments (red,
green and blue). The blue pigment fades especially
quickly. It might take quite @ while to achieve the target
figure of at least 40,000 operating hours for TV panels.
The significant number of transistors required per pixel
(iwo to four) also makes the system quite complex. Fur-
thermore, there is currenily no manufacturing technique

available for mass production of large-format panels.
Neveriheless, many OLED supporters already regard
them as a possible competitor to LCDs, particularly in
sizes greater than 2 inches, in good part due fo the com-
bination of high resolution and low energy consumption.
Once again, the Koreans managed to come up with a
real topper. Samsung presented the largest prototype yet
produced, with a display diagonal of 101 cm (40
inches), a resolution of 1280 x 800 pixels, and a good
conirast ratio. However, such displays are still a long
way away from the mass production stage.

Fit for the future

An important criterion for all display technologies is
resistance fo obsolescence. CRT-based devices are
clearly approaching the end of their product life cycle
and will vanish from the market. Plasma technology will
primarily remain atiractive for large displays. OLEDs
have already become established in a small market
niche. By conirast, LCDs have reached a high level of
technological and market maturity, but they still harbour
an enormous development potential. Manufacturers are
making substanfial investments in research and develop-
ment. At Sharp, that amounts to the impressive figure of
around 7% of their annual global turnover.

The growih rates also clearly argue in favour of flat
screens, such as LCDs and plasma displays. Analysts
expect furnover for both types to jump by more than 30%
this year. The German Society for Enterfainment and
Communications Electronics anticipates that German con-
sumers will spend more than 1.5 billion euros on new
displays this year. In the coming year, more than 2.4 mil-
lion LCDs, 550,000 PDPs, 170,000 front projectors and
80,000 rear projectors could be sold — as well as
another 3.2 million CRT-based devices.

The cathoderay principle may even experience a renais-
sance, because an eniirely new technique is waiting in
the wings. Toshiba and Canon are jointly developing a
technology called ‘surfaceconduction eleciron emitter dis-
play’ (SED). It promises to yield a resolution of

1920 % 1080 pixels, short response times, low power
consumption, large display diagonals (50 inches or
more), and high brightness without background illumina-
tion. The contrast ratio is said to be 100,000:1. This
technique, like that of conventional CRT televisions, is
based on direcied emission of elecirons that cause a
phosphorescent layer integrated info the glass surface of
the screen to emit light (Figure 7). However, a separate
electron emiiter is provided for each pixel. The first pilot
plant went into production in late August in the Japanese
city of Hiratsuka. The Jopanese aim fo produce 75,000
displays per month by late 2007 and win a market share
of 30% for flai-panel displays larger than 50 inches.

-

Useful links:

[1] htip:/ /arcadecontrols.com/files/Miscellaneous / crtfag.hitm
[2] http:/ /elecironics.howstutiworks.com/plasma-display3.him
[3] www.okihobaranews.com /en/

[4] www.organicsemiconductors.com
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TR0 EM WAVES

People have been busy
experimenting with
electricity ever since it was
‘discovered’. Many good
things have come out of
these experiments, and the
world would look completely
different without all our
electronic aids. But there’s
also another side to the
picture.

S.H.J.A. Vossen
and B.J.A.M. van Leersum

Take the radiation from a broadcasting
antenna, make it 20 times as strong,
and bundle the radiated energy into a
narrow beam: you have a powerful
weapon in your hands! Such systems
are already available to the U.S. army
for dispersing crowds.

For example, the Vehicle Mounied Area
Denial System (VMADS) illustrated in
Figure 1 and Figure 2 emits strong
electromagnetic waves (EM waves)
that cause a painful sensation in the
skin. It's not known whether there are
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any other effects, but those of you who
read our electrosmog article in the
June issue will certainly realise that
other effects are possible.

The power of such electromagnetic
weapons is naturally scaleable, and it
can be quite a bit higher than the
example we just mentioned.

Susceptible

We're accustomed to using a wide
variety of electronic devices and sys-

tems in our everyday environment.
The amount of electronics used in cars
is increasing all the time. Even
cyclists and hikers are kitted out with
all sorts of gadgets, such as GPS
receivers for determining their loca-
tion and the route to be followed. The
use of wireless communication media
has also increased enormously, and
there's certainly no end in sight to
new developments.

All these devices work with electricity,
and that means they generate electro-
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magnetic (EM) fields. Whether these
fields are desired depends on the
application. However, there's no ques-
tion that all electronic systems are also
susceptible to external EM fields. For
that reason, government bodies set
limits to the amount of electromagnetic
interference (EMI) equipment and sys-
tems can and may generate. These
proiective requirements are specified
in electromagnetic compatibility (EMC)
standards, and they are specific to par-
ticular products or classes of products.
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In Europe, EMC standards are speci-
fied in the European EMC Directive
(89/336). However, most EMC require-
ments are limited to frequencies below
1000 MHz, so what happens to or with
equipment at frequencies above
1000 MHz is not known.

Interference signals

There are various ways to generate
directed electromagnetic radiation at
high powver for the purpose of interfer-

ing with the operation of electronic
equipment or totally disabling it.

One of these technologies is 'High-
Power Microwaves' (HPM).

EM waves from an HPM weapon are
very difficult to defend against in sev-
eral regards, because they:

e propagate at the speed of light;
e are invisible;

o are not affected by weather
conditions;

o are often difficult to detect;

e and the supply of ‘ammunition’ is
practically unlimited.

HPM waves can penetrate into a sys-
tem in different manners. They can
enter via ‘froni-door’ coupling or ‘back-
door’ coupling (see Figure 3). With
front-door coupling, energy is coupled
into the system via sensors and anien-
nas used to detect radio signals. The
interference signal can lie inside or
outside the frequency band the sen-
sors and/or antennas are normally
designed to receive (in-band versus
out-of-band coupling). With back-door
coupling, HPM energy penetrates the
system via ventilation openings, doors,
cables, and so on.

HPM is often compared to electromag-
netic pulses (EMPs), but an EMP is
actually a variation on the idea of high-
power microwaves. EMPs are gener-
ated by nuclear explosions that cause
a natural reaction with molecules in
the atmosphere.

Waveforms

HPM can occur in four forms (see Fig-
ure 4). The continuous waveform
shown in Figure 4a is characterised by
its frequency and power. This sort of
waveform is usually generated using a
resonant microwave tube, such as the
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Figure 2. An HPM system fitted in o vehidle.

Figure 3. Examples of froni-door and back-door

coupling paths.
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Table 1. Classification of HPM effects

e Replace fuse

e Repair software

Category Physical effect and consequences
e Discard
Damage ® Repair

e As long as the interference signal is present and a short
Denial time afier the interference signal goes away [no damage)
o As long as fhe user is busy solving problems

Disturbance

e Behaviour altered, no longer usable [no damage or denial)
e Minor errors, sfill usable

Deception

e Modified information paths, insertion of false data

magnetron used in standard
microwave ovens.

The narrowband waveform shown in
Figure 4b is the most commonly used
form of HPM. Its characteristics are
determined by the frequency, peak
power, pulse width or energy content
of each pulse, pulse repetition fre-
quency, average power, and duty cycle.
The advantage of this form is that it's
easy to generaie a high peak power
with a relatively modest total power.

There are two reasons for using a
repetitive waveform as an interference
signal. The first reason is that it has a
higher chance of success because the
specific time when interference occurs
is time-critical. The second reason is
that error-correction systems are often
used in systems to combat minor dis-
turbances, which can also occur inside
the systems. However, such systems
will fail if multiple small disturbances
are created in rapid succession.

The types of devices used as sources
for this type of waveform include trav-
elling wave tubes, magnetrons, kly-
strons, and virtual cathode oscillators
(vircators).

The third type of waveform is the
damped sine wave shown in Figure 4c.
Here the important parameters are the
dominant fregquency, peak power,
damping coefficient, and pulse energy.
1f the waveform is repetitive, the pulse
repetition frequency and average
power are also important. The advan-
tage of this waveform is that it can be
generated using an ‘impulse source’, in
which stored energy is discharged
very quickly into antenna. Expensive

vacuum valves are unnecessary with
such a generator.

The final waveform (shown in
Figure 4d) is called ‘ultra-wideband’.
Iis typical parameters are peak power,
rise time, fall time, and bandwidih.
This waveform contains a large num-
ber of frequenciss. However, the peak
power of each individual frequency is
relatively modest, which reduces the
effect on equipment and systems.
This waveform can also be generated
without wusing expensive wvacuum
valves. However, it reguires an
antenna that is much more complex
than the antennas for the other wave-
forms (see Figure 5).

Towards the E-bomb

Systems for generating all the
described pulse forms are theoretically
conceivable. The emitted power is
scaleable, with the upper limit deter-
mined by size and the available source
of electrical energy. We already men-
tioned an example of an operational
system: the VMADS system.

Another option is to build an HPM sys-
tem into a ballistic or rocket-powered
projectile. From a technical perspec-
tive, there are two options for such sys-
tems. The first option is to generate
HPM using a fully electrical sysiem
powered by a source of stored eleciri-
cal energy, such as a battery, capaci-
tors, or the like.

The second option is to use an explo-
sion-driven HPM system. In the latter
type of system, a capacitor generates
an initial current in a coil. A metal tube
filled with a explosive is located inside
the coil. Controlled detonation of the
explosive causes rapid compression of
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the magnetic flux. At the same time,
the surface area and inductance of the
coil decrease, which causes the initial
current to surge to a very high value
(see Figure 6). The pulse generated in
this manner is a damped sine wave or
single broadband pulse. The field is
emitted in all directions.

A disadvantage of the ‘E-bomb’
described above is that it can emit only
a single pulse. There is also a risk of
injuries or fatalities when explosives
are used. Another problem is that up to
now, all attempts to use an antenna to
radiate the extremely high power that
can be generated by an explosion-
driven flux compressor have been
unsuccessful.

Social safety and security

We now present several examples that
show why HPM could form a threat.
These examples are fictitious, and they
are intended to stimulate our readers
to think about the issue.

Scenario 1

We have all recently witnessed the
attacks on the public transport net-
work in London.

Suppose HPM had also been used in
addition to explosives. That would
have made wireless communication
between the various emergency serv-
ices practically impossible, which
could have significantly increased the
number of victims.

In addition, HPM could have been
used to disable the surveillance sys-
tems, which would have made it con-
siderably more difficult to track down
the perpetrators.

Scenario 2

Nowadays, electronic aids are used
intensively everywhere in the world.
The Internet is also part of this picture.
Providers of commercial and financial
services naturally take advantage of
this by offering all soris of electronic
services via the Internet. The per-
capita density of computers with Inter-
net connections is very high in most
West European countries. In many of
these countries, the Internet network
is linked to the rest of the world via a
central node using a large number of
computers. If all these computers were
affected by HPM such that they could
no longer function properly, the impact
would be enormous.

Suppose that on the exact day when
salary payments are transferred, the
decimal point were to be shifted two
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Figure 6. An explasion-driven flux compressor. The explosion causes the metal tube to expand, with the result

that the coil is shorted out and flux is compressed frontally.
That causes an electromagnetic pulse to be radiated.
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by THO, Netherlands.

Figure 7. A burned-out diode on a chip (top) and o
‘hung” computer (bottom): caused by an internal
fault or an external influence?

28

positions to the left by an intentionally
generated glitch. That would cause a
lot of confusion and turmoil.

Angther example is cashpoints or elec-
tronic payment transactions using the
bankcard system. If the sysiem
stopped wirking during the pre-Christ-
mas shopping season, people would
be unable to make their purchases for
the holidays. Beside major economic
mayhem, that would cause a lot of
emotional damage.

Scenario 3

This example is probably one of the
best-known examples. Suppose an ‘E-
bomb' (HPM in projectile form)
1eleased its energy in a region contain-
ing many important electronic nodes.
The way an E-bomb explodes is illus-
trated in Figure 8, where the EM wave
is represented as white rings in the air.
All electronic devices inside the white
rings would be unusable.

There is a lot of speculation in the
media about such E-bombs. However,
engineers and scientists are increas-
ingly questioning the feasibility of gen-

HPM in all cases. In addition to the
familiar metallic materials, synthetic
and composite materials that can pro-
vide outstanding protection are now
available to help guard against HPM.
Normally speaking, such systems are
designed to comply with EMC stan-
dards. The measures used can be
recognised by features such as special
cable feed-throughs, screening grilles,
and contact springs in compuier cabi-
nets.

As indicated in Table 1, the effecis of
HPM can resemble minor disturbances
that occur normally in equipment and
sysiems (see Figure 7). That makes it
especially difficult to recognise inten-
tional sabotage (in case of military
applications, for example).

Worried?

In this article, we have shown why
HPM can cause interference to equip-
ment and systems.

Protection is possible, but it requires
an awareness of HPM. In addition, it is
very difficult to find a single, general-

Don’t try this at home!

After reading this article, some of our more experimentally
minded readers may be inclined to try a few experiments
on their own with an old microwave oven. We emphati-

cally advise against such experiments, because they can

create potentially fatal situations!

erating such high levels of electromag-
netic energy from a relatively small
bomb.

Protection

Generating HPM is probably not par-
ticularly difficult (consider the
microwave oven, for example). Protect-
ing against HPM is rather more diffi-
cult, but it is possible. The most impor-
tant factor is that persons responsible
for equipment and systems must be
aware of the phenomenon of high-
power microwaves (HPM) and the
potential consequences for them.

A well-known protective measure is a
‘Faraday cage’. That is an sxcellent
solution for an isolated system, but as
soon as communication, ventilation or
any other sort of interaction must take
place via a hole in the cage, it cannot
provide adequate protection against

purpose defence against HPM,
because one of the specific features of
HPM is that the form of threat is not
predictable due to the large variety of
options.

HPM will doubtless be used on a large
scale in the future, because it is a
highly promising non-lethal weapon
for use in the military theatre and civil-
ian crime prevention.

Naturally, people are also afraid that
terrorists might employ HPM systems
to wreak large-scale damage. Our pro-
visional estimation is that such a sce-
nario is unlikely because it would be
difficult to claim responsibility for an
HPM attack, in part due to the diffi-
culty of detection and the unpre-
dictability of the effects of HPM. Up to
now, terrorists evidently prefer highly
violent (and fatal) actions.
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PC-BASED INSTRUMENTATION

FromAtoDyv

Eight acquisition channels for

Guido Kérber

Thanks to its ease of use, USB has become
a widespread standard. Here we present a
data acquisition module with eight chan-
nels, using a clever USB chip and a 12-bit
A/D converter. Example programs in Del-
phi make it easy to use the converter in
your own projects.

USB is fast, plug-and-play capable, and can supply
enough power for many peripherals: these three reasons
explain why this interface is displacing its predecessors
in more and more applications. However, the path to
using USB in your own applications is not always a
smooth one. One possible approach for USB beginners
is fo use one of the 805 1-compatible microcontrollers
from Cypress, as we described in 2002 in Elekior Elec-
fronics [1, 2]. Other USB I/O and interface projecis
have used microconirollers from Cypress, Microchip and
TI[3, 4, 5].

In this project we employ a ready-programmed microcon-
troller that handles all the management fasks. The ‘1O
Warrior chips from Berlin-based Code Mercenaries are
a particularly simple and costeffective way to build a

USB application and a good choice for prototypes, one-
off projects or small quantity production (see fext box).
The devices, however, only offer digital inputs and out-
puts, a limitafion which we can neveriheless overcome by
using their builtin 12C interface. Using this bus it is easy
to connect all kinds of other devices, including A/D con-
verters. In our circuit we use the MAX127, an 8channel
A/D converier with 12-bit resolution. The input range of
the ADC can be switched between O Vio 5V, 0V io
10V, -5Vio+5Vand-10Vto +10 V. The internal ref
erence voliage generator makes it easy to build a unit
with reasonable accuracy; if this is not good enough, the
pincompatible MAX128 allows the use of an external
voliage reference. There is lifile else fo be said about the
circuit itself (see the circuit diagram); we will concentrate
more in this article on the software components used.
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ja USB

your projects

Reading and writing

Let us begin with the MAX127 chip itself. Communicating
with it is not complicated: the conirol sequence always
begins by writing a two-byte command which sets the
channel fo be converted and the input range. The
result can then be read using a two-byte read
command. The MAX127 and MAX128 have
three address pins that allow up to eight of
the devices to be connecied fo a single 12C
bus. For this project we are using a single
chip, and so we set all the address pins
to 0. This means that the chip will
respond fo 12C address $50.
The MAX127 command has the
format “1xxxrbpp’. The top bit
is always sef; ‘xxx' is the
number of the input chan-
nel to be converted, and
r' lor ‘RNG’, for
‘range’) sets the input
range: 0 means up fo
5V, 1 means up fo
10 V. Bipolar operation is
selected by flag bit ‘b (or ‘BIP’): O
stands for OVio 5Vor0Vio 10V, and
1 stands for -5 Vio +5 Vor-10Vio +10 V.
Finally, the ‘pp’ bits select the power mode, allowing
the device o be put info a standby mode to reduce its
current consumptfion. In our case we set these bits fo
zero. In order io convert channel O with an input range

of 10V, therefore, we need to send command $8C to
I2C address $50.

In order to read out the conversion result, iwo bytes have
fo be read from device address $51. The more signifi-
cant byte is read first. Only the top 12 bits of the result
are valid: it must therefore be shified down by four
places. The value can now be suitably scaled according
fo the seffings of RNG and BIP. This is slightly more com-
plex in the bipolar modes, as the 12-bit result is refurned
in signed two's complement form. Delphi, however,
works with 32-bit integers and we therefore have to per-
form sign extension: if the highest of the 12 bits is sef, the
remaining 20 bits must also be set. The result is an inte-
ger value in the range 2047 to +2047.

The programming language Delphi, which we shall use
fo drive the converter in our applications, has already
had a series devoted to it in Elekior Electronics [6]. Since
not all readers will be crack Delphi hackers, we have
wriften two example programs to help you use the
devices in your own projects. If you do not already have
a copy of Delphi, the Delphi 2005 PE version, which can

be obiained cheaply or even for free, is recommended.

12/2005 - elekior elecironics

Components, Components, Components

The first Delphi example program shows how to install a
new ‘component’ (all source code is available at

hitp:/ /wrww.elekiorelecironics.co.uk). Components are a
sirength of Delphi: a huge number of these modules can
be found on the Internet, for example at [7]. Most of these
are available for free. In our case we need an HID
(‘human interface device’) component. HIDs form a sub-
class of USB devices, including mice, keyboards, joy-
sticks, and many other devices. The IO Warrior also
appears as an HID class device. These components will
work under Delphi 6 and Windows 98 (and under Delphi
4 and Delphi 5 with small changes to the project file).

Installation is straightforward. Copy the files to a suitable
place and double<click on HidConiroller.dpk. The Delphi
IDE will appear with the project workspace for the com-
ponentis. Click on ‘Compile” and ‘Install’ and the job is
nearly done. The path to the component directory must
now be entered into the Delphi IDE so that they can be

found: this is done under ‘Tools : Environment Options... :

Library : Library path’. You can now immediately use the
components in your own Delphi projects.

The example program is simple. A TRadioGroup is used
to set the MAX127 mode, and resulting values are dis-
played using multiple TLabel components. Arrays of com-
ponenis are not direcily supported by Delphi, and so we
put the TLabel components for displaying the results into
our own array:

procedure TForml.FormCreate({Sender: TObject);
begin
// put individual label components in an array
// so we can index into them

Values[0] := Lzbeli;
Values[l] := Lsbell;
Values[2] := Lzbell;
Values[3] := Label4;
Values([4] := Labels;
Values([5] := Labels;
Values([6] := Label7;
Values|[7] := LabelB;

end;

Plug and play

Now we come fo the TJvHidDeviceController compo-
nent, which enables access fo the IO Warrior. This has
an OnDeviceChange event which indicates when an HID
class device is connecied or disconnected. Helpfully, the
component simulates the connection of all HIDs currently
connected when the program is started. The hardest
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aspect of managing HIDs is that they can be connecled begn

or disconnected at any time. A check must therefore first
be made to see that the event was not triggered by the
disconnection of an IO Warrior already in use; if no 10
Warrior is currenily in use, then a check is made fo see if
one is now present, as the event can also be friggered by
an IO Warrior device being connected.

// I0 Warrior found: activate IIC

Fillichar(Report, SizeOf(Report), 0);

Report.Reportib := 501;

Report.Bytes{0] := $01;

IOWIIC.WriteFile(Report, SizeOf(Report),
BytesWritten);

// enable read timer

Ficker.Enabled := True;
The variable Enabled, which conirols the timer that gov- end
erns the A/D conversions, is inifially set fo false. It is only elze
aciiva!ed when an O Warrior de\‘iCE is fGUI‘Id. for I Low{Values) to High(Values) do
// no I0 Warrior found, indicate value
Note that since the A/D converter is written to via the 1O unknown
Warrior device rather than direcily, the 12C data have to values[I].Caption := '2.22°;
be assembled into suitable data packets for the 10 War- end;
rior. More information on this can be found in the 1O
Warrior documentation at hitp://www.codemercs.com. Channel sequend"g
procedure TForml.HidCtlDeviceChange(Sender: TObjsct); When an 10O Warrior is found its I2C function must be
var enabled by writing a suitable data block. The timer must
I: Integer; also be activated fo govern the reading of values from
Report: TIICReport; the MAX127. The timer funciion simply steps through all
the channels of the MAX127, reading in each case two
bytes over the 12C bus and suitably displaying the result
(see listing in box).

BytesWritten: DWORD;
begin

// has an I0 Warrior zlready in use bsen discon-

neeeEat ) ) _ J The timer is used to read the MAX127 every 200 ms. li is
;;zislgnadllw“c] . AN S5 possi.ble to run fc§ie_r than this, as the design of the
57 itabonlE meadiien IO Warrior severely limits the speed of read transactions
AR over the IE‘C bus. It is ihereqfore not really prﬂct.iccl fo
A build (:In eight<hannel oscilloscope on the basis of this
e projecil
en:eenndﬂll( e The assembly of the command byites for the MAX127 is
P R SO A DL B explained in more defail in the listing (see box):
if not Assigned(IOWIIC) then
if Bidctl.CheckOutByCallback(IOWIIC, EFindIOWCom— Report.Bytes[2] := S80 or
plex) then (Parameters.TtemIndex shl 2} or (I shl 4);
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Bittwiddling is inevitable when dealing with peripheral
devices. The format of the byte is 1xxxyz00. The fixed
part of this is $80 (hexadecimal). The siart bit must
always be set, and the power-down biis must always be
zero. The channel number, selected by |, is shified fo the
left by four bits and inserfed into the “xxx’ bits of the byte
using an ‘OR’ operation. RNG ['y’) and BIP ['Z’] are han-
dled as a two-bit quantity. The RadioGroup allows only
exacily one RadioBution fo be selected, giving its index
starting from zero in ltemindex. Since we have four bul-
tons, this gives the desired two-bit quantity. This is then
shifted left two places and inserted into the byte.

Care is required when reading data in bipolar mode as
the 12-bit results are signed two's complement values.
Conveniently, this is also the case for the integer data
type, alihough in this case the values are 32 bits long. If
the most significant of the twelve bits is set, the number
represented is negative and sign extension is required,
sefting the higher 20 bits of the integer to one. The daia
value can then be scaled and converted to a siring for
display.

Adapting the program for the MAX128 involves replac-
ing 10.0 or 5.0 respectively by the reference voliage
used, or by half of that value.

Software toolbox

The second example program, which uses the file
iowkit.dll from the IO Warrior SDK (freely downloadable
from http://www.codemercs.com), is very similar fo the
first. To simplify matters the APl ignores the possibility that
an IO Warrior might be connected or disconnected. This
moves the search for and initialisation of the IO Warrior
device into FormCreate, and the read and write functions
have a new syntax. The remainder of the code is identi-
cal. This example is more suvitable as a base for a transla-
tion into Visual Basic é or Visual C++, since iowkit.dll
can also be called from these programming languages,
whereas the HID component is limited fo use with Delphi.
The imporiant part of the example program is therefore
now included in iowkit.pas. As with practically all DLLs
iowkit.dll is written in C, and the APl is in the form of a C

header file iowkit.h. To drive the DLL iowkit.h must there-
fore be converted into iowkit.pas. This job needs fo be
done by hand, as the C header file can use all the fea-
tures of the C language, including C constructions which
do not have direct equivalents in Delphi. Space does not
permit a full explanation here: the interested reader is
referred to Rudi Velthuis’ website [8].

In general a C header file consists of simple constants,
structures and function prototypes. In Delphi a DLL is
direcily linked, and so the function declarations must also
include the DLL linkage information: this job is done in C
by a LIB file, but this has no counterpart in Delphi. The
majority of the APl normally consists of simple numerical
constants:

fdefine IOWKIT VENDOR 1D 0%07c0
which in Delphi becomes a simple constant:

const

IOWKIT VENWDOR ID = 507c0;
Struciures are somewhat more involved, and in the case
of IO Warrior we also have io deal with a union:

typedef struct IOWKIT REPORT
{
UCHAR ReportID;
union
{
DWORD Value;
BYTE Bytes[4);
};
}
IOWEIT REFORT, *PIOWKIT REPORT;

type

PIOWEIT REPORT = "IOWKIT REPORT;

IOWKIT REPORT = packed record
Reportib: Byte;

case Boolean of
False: (Value: DWORD;);
True: (Bytes: array [0..3] of Byte;);

end;

IO Warrior

Windows and Linux.

on a printed circuit board with a protolyping area.

The IO Warrior is a Cypress CY7C63743 microcontroller, which offers a USB interface. It is programmed with code from
Cede Mercenaries Hard- and Software GmbH (htip://wwaw.codemeres com). The IO Warrior24 has 16 1/0 pins, which can
be individually configured as either inputs or oulputs as required.

To do more sophisticated things than just foggle a couple of pori pins, the IO Warrior offers ‘Special Mode Functions’. Using a
simple command cone of these funcfions can be enabled on the chip, whereupon the IO Warrior takes over direct control of the
I/O pins to implement the desired funciion. IO Warrior24 supports the 12C bus, the SPI bus and driving an alphanumeric LCD

module or a matrix of up o 8 by 32 LEDs. IO Warrior40 also supports matrices of up to 8 by 8 swiiches or pushbuttons.

It is easy fo use these chips with your own soffware. Under Windows 98 or 2000 or later a library allows simple access from
many programming languages. Examples are provided in C++, Visual Basic and Delphi with the SDK [available for free down-
load from htip://vrvrw.codemercs.com). There is also support for Linux 2.6 kernels, MacOS 9, MacOS X and Java under both

Starter kits are available for both chips, which include all the necessary components as well as a few exiras for initial testing

12/2005 - elekior electronics
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From Delphi to C and back
T MAXIM1 27 1IC Voltage
Fortunately in this case, Delphi does have a counterpart
rinput Range i CHO: 486 Vv in the ‘variant record’. The struciure name
CcovV asv CH1; 000 V (_LIOWKIT_REPORT) is not present in the Delphi code: in
: | CH2: 000 V the C version it is only used in the declaration of a
lc 5y _s5v | CH3: 000 V poinier to the struciure itself. Delphi can do without this
| cHA 000 V auxiliary declaration, as the declaration of the pointer to
| OV +10V | ; the siructure (PIOWKIT_REPORT) before the structure itself
[ O B e CHS: 000 V shows. Most of the fundamental data types used by Win-
A0V _+10V | CHé6: 000 V dows are already built in to Delphi, making this part of
: |iies CHT: 000 V the translation trivial (see table).
The above example should make it clear how to declare
a pointer fype. Somefimes the C header file does not
include the declaration of the pointer type, but it will be
required in Delphi if such a pointer is ever used as a
parameter fo a function. It therefore makes sense always
to declare corresponding pointer types.
In C the directive ‘#pragma pack (push, 1)’ is needed to
Figure 2. set the alignment of the siruciure elements. For packin
Our exomple program S;ml M into bytes Delphi uses a ‘packed record’ [see h‘—.ﬁd bcx?.
is written in Delphi. Without this, the normal alignment is to eightbyte bound-

aries, in the interests of compatibility with current C com-

. = pilers without the need for extra commands.
TYPES in C and De’Phl Functions and procedures are handled in two parts. The

The fundamental data types are easy to convert declaration is placed in the interface part of the Delphi
from one language into the other: unit, while in the implementation part the actual function
c Delphi is delegated to the DLL.

diar Char ULONG IOWKIT API IowRitRead(IOWKIT HANDLE devHandle,
wchar_t WideChar ULONG numPipe,

unsigned char Byte PCHAR buffer, ULONG length);

short int Smallint

function IowKitRead(devHandle: IOWKIT HANDLE;

it Inleger numPipe: ULONG;

unsigned int Cardinadl buffer: PChar; length: ULONG): ULONG; stdcall;
float Single

double Double function IowKitRead; external ‘iowkit.dll’ name

‘IowKitRead';

The ‘packed’ and ‘stdcall’ keywords

The keywords ‘packed” and ‘stdcall” make frequent appearances in the source code. They are ofien required in Delphi pro-
grams which use DLLs or the Windows APl, both of which are written in C.

The keyword ‘packed’ prevents the compiler from optimising the arrangement of data in memory for speed by separating their
storage locations. For example, consider a 32-bit processor. Datfa can be processed most quickly if each word is stored
cligned to a 32-bit memory boundary. This leaves many memory locations unused if 8-bit (byte) or 16-bit quaniities are stored.
If the keyword ‘packed’ appears, however, the compiler avoids this optimisation and gaps are no longer lefi between vari-
ables. Many DlLs expect data struciures not optimised for speed. If a data structure is to be used by a program as well as by a
DLL, ‘packed’ is necessary to avoid any conflicts.

The ‘sidcall’ keyword is used in conjunction with function calls, and has to do with the socalled “calling convention’: i.e., defer-
mining how parameters are passed to a function. Most functions in the Windows AP| use the ‘stdcall’ method (but not all;
checking the documentation is essential). In this case the parameters are stored from right to left on the stack by the caller (the
code which is using the funciion). When the function or procedure is called, it is the responsibility of the callee (the code con-
faining the called function] fo ensure that the stack is tidied up.

Terrible things can hoppen if the caller and callee use different calling conventions. Frequently the stack will become corrupted
and the program will jump fo a random location and crash. It will readily be appreciated that fracking down bugs of this kind
is an exceptionally tedious process.

When using exiernally-writien DLLs if is therefore always necessary fo determine which calling convention has been used and
whether siructures are ‘packed’ or not. This will avoid a lot of headaches when it comes to debugging the code.
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Timer procedure

procedure TForml.KickerTimer (Sender: TObjeckt);
var
I: Integer;
Report: TIICReport;
BytesWritten, BytesRead: DWORD;
H: Integer;
begin
// just to be on the safe side
if Assigned(IOWIIC) then
// step through all MAX127 channels
for T := 0 to 7 do
begin
FillChar(Report, SizeOf({Report), 0);
// ReportiD I2C write request
Report.Reportib := $02;
// 2 bytes with I2C start and stop
Report.Bytesf0] := 5C2;
// MAX127 address byte = ADR 0, write
Report.Bytes[1l] := $50;
// MAX127 control byte
// START, RNG and BIP come from the Radi-
oGroup,
// I = channel number, normal power mode
Report.Bytes[2] := $80 or
(Parameters.ItemIndex shl 2) or (I shl 4);
IOWIIC.WriteFile(Report, SizeOf(Report),
BytesWritten);
// read ACK report from IO Warrior and dis-
card
// (read errors are usually hardware prob-
lems)
IOWIIC.ReadFile(Report, SizeOf(Report),
BytesRead);

FillChar(Report, SizeOf(Report), 0);

// ReportID I2C read request

Report.ReportiID := 503;

// 2 bytes

Report.Bytes[0] := 502;

// MAX127 address byte = ADR 0, read

Report.Bytes[1l] := $51;

IOWIIC.WriteFile{Report, SizeOf(Report),
BytesWritten);

// read reply from MAX127 over I2C

IOWIIC.ReadFile(Report, SizeOf(Report),
BytesRead);

/[ extract value
// first pack the two bytes into a single
word
N := (Report.Bytes{l}] shl 8) or
Report.Bytes[2];
// now shift right four places, because
// the 12 data bits sit at the top of the
16-bit field
¥ := N shr 4;
// convert walue to wvolts
// according to the settings of RNG and BIp,
and display
// to two decimal places in the appropriate
labsl
case Parameters.ItemIndex of
0:
// unsigned value
// scale to OV to 5V
Values[I].Caption :=
Format(*®.2£", [N * 5.0 / 4096.0]);
3153
begin
// signed value
// extend sign from 12 to 32 bits
if (N and $800) < 0 then
¥ := N or Integer(SFFFFF000);
[/ scale to -5V to +5V
Values[I].Caption :=
Format(‘%.2£', [N = 5.0 / 2048.0});
end;
22
// unsigned value
// scale to OV to 10V
Values[I].Caption :=
Format(‘%.2£7, [N = 10.0 / 4096.01);
32
begin
// signed value
// extend sign from 12 to 32 bits
if (N and $800) <> 0 then
¥ := ¥ or Integer(SFFFFF000);
// scale to -10V to +10V
Values[I].Cabption :=
Format(‘%.2f’, [N * 10.0 / 2048.0]);
end;
end;
end;
end;

It is easy fo see from this how Delphi handles linkage
with the DLL (the text box explains ihe use of ‘stdcall’). It
is worth noting that the name of the function need not
necessarily agree with the name in the DLL, which allows
identifier prefixes or suffixes to be made consistent. If the
function names have not made available in the DLL, they

can simply be exported from it using, for example, ‘lowK-
ilRead@14’.

The biggest problems in converting functions are pointer
parameters. In contrast to C, Delphi uses ‘call by refer-
ence’; in C there are only pointers. In C, then, a pointer
can indicate the first element of an array or a callby-ref-
erence parameter poinfing to a variable. In Delphi, ‘int
*a’ might be either ‘a: Plnieger’, a pointer fo the first ele-
ment of an array, or ‘var a: Integer’, a simple variable
passed by reference. Only by reference to the documen-
tafion can this be resolved.

Hote: PCBs and 10 Warrior ICs for this project are available through Readers
Services, see SHOP pages or www.elektor-elecironics.co.uk
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Oops, Big Brother N4

Anthonie Botha

If you have a fit looking at your monthly phone bill you might want to know
who's on the phone all the fime. Also, you may want to start exercising
control over which extension in your home is disabled or enabled. The
Telephone Supervisor is suitable for up to three phone extensions and comes
with smart Windows software that puts you (back) in control of things. One
of its most salient features is the ability to log phone calls on the PC.
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Telephone use
and misuse is a
common source of
irritation, confusion
and misunderstand-
ing in many house-
holds where phones are
installed in (children’s)
bedrooms and studies. To
find that the phone is busy
when you need to make an
urgent call is frustrating to say
the least. Another disadvantage
of having a couple of phones sim-
ply connected up in parallel in the
home is that everyone can eaves-
drop on a conversation simply by
picking up the receiver (or not put-
ting it down after taking the call and
the usual hollering up or down the
stairs). High time for some regulatory
action backed by clever elecironics
and software.

To understand how the Telephone
Supervisor works, you need to under-
stand some telephone line basics.
What follows is a very simplified expla-
nation of the workings of a reasonably
modern, dead standard Exchange.

The telephone line is an interesting yet
hostile environment. To prevent situa-
tions that would interfere with the
functioning of the telephone network,

12/2005 - elekior elecironics

Up to three telephone sets

RJ11 snap-in connectors

Enable /disable any individual phone
Choice of various busy tones
Eavesdropping blocked

it is imperative to use correct interfac-
ing techniques. Also, in most countries
(including the UK) it is not allowed to
connect equipment that's not type
approved to the public switched tele-
phone network (PSTN).

In a POTS (plain old telephone system)
the telephone line carries both DC and
AC signals (audio) simultaneously. The
DC is used to power the circuitry
within the telephone during a conver-
sation, and is derived from a large bat-
tery, of a nominal 48 V, located at the
Telephone Exchange.

The landline between the Telephone
Exchange and the home may be sev-
eral kilometres long, and has a resist-
ance proportional to the length of the
line. The further you are away from the
Exchange, the more line resistance.
The telephone line is made from a pair
of copper wires usually about 0.5 mm
in diameter. The resistance of the line
varies from 90 ohms to 180 ohms per
kilometre.

When the handset is lifted, the tele-
phone signals the Exchange by com-
pleting the line circuit. Effectively a
switch known as the hook-switch is
closed. The circuit between the
Exchange and the phone is known as
a loop. The expressions off-hook and
on-hook are used. During the off-hook
condition, the current flowing in this
loop is known as the loop or line cur-
rent. This current will be in the order of
several tens of milliamps. About 20 mA
may be assumed to be a typical value.
Only a very small leakage current is
permitied to flow in the loop when on-
hook (i.e., off line). For a nominal 50 V
line voltage, the maximum leakage can
be assumed to be 50 pA.

A detection circuit at the Exchange
recognizes that a telephone receiver
has gone off-hook when a few mA of
line current are drawn from the line,
and is effectively signalling the
Exchange that it requires atiention.
The Exchange presents a dial tone to
the line, and allocates a dial detection
circuit, in readiness for the user to start
dialing the number. When this number
has been received and decoded by the
exchange, it can then siart to switch in
the correct voice circuits to enable the
call to be set up.

Windows control software

Call log on PC

Programmable off-hook delay
Phone activity monitor

Status retention in PIC EEPROM

The above, analogue, system has been
in use for almost three quarters of a
century in most countries and
although reliable and still in use on
millions of phones around the world, it
suffers from user-end disadvaniages
mentioned above. To solve the prob-
lems without investing in a home
exchange, the Telephone Supervisor
was designed.

lelenhone Sup¢

The circuit diagram of the Telephone
Supervisor is given in Figure 1. The
circuit is designed around a 220 Q
series Tesistor and an opiocoupler. If
the phone extension plugged into the
Telephone Supervisor is lifted off-hook
then the line current it draws will
cause a voltage drop across the rele-
vant 220 O resistor (R1, R5 or R9). This
voltage causes the LED in IC3, IC4 or
IC5 (i.e., in the optoisolator) to light
and turn on the associated phototran-
sistor, which in tumn switches the tran-
sistor that controls one of two inputs
RA3 and RA4 on the microcontroller (a
PIC 16F62BA). The anti-parallel pairs
of diodes D1-D2 and D3-D4 etc. pre-
vent the voltage across the 220 Q
resistor from exceeding about 1.2V,
regardless of the line current. As men-
tioned in the telephone line basics, sit-
uations that would interfere with the
telephone network functioning should
be avoided. Type 11.250 optocouplers
isolate the rest of the Telephone
Supervisor circuit from the telephone
line, thus ensuring that a minimum
number of components are sffectively
connected to the line.

Note: In most European countries, it is
mandatory that when a device draws
20 mA from the line, that voltage
across the device is less than 9 V.

RS232 Port

The RS232 port that's part of our circuit
can be set up for two-way (full-duplex)
communications. The RS232 signals
are represented by voltage levels with
Tespect 10 a system common (power
ground). On most computers, the
RS232 port equals a COM port (for con-
necting mouse, modem and/or serial
printer). Today, RS232 is rapidly super-

37



LS TELECOMMS

==i—E=_— ==l ci

seded by the USB port.

The data transmission starts with a
‘start’ bit, which is logic 0. Then each
bit is sent down the line, one at a time.
The LSB (Least Significant Bit) is sent

first. A ‘stop’ bit (logic 1) is then
appended to the signal to make up the
transmission.

RS5232 logic levels are allowed 1o vary
between +3 V and +25 V to signify a

‘space’ (logic0) and -3V ito-25Viora
‘mark’ (logic 1). Any voltage in
between these regions (i.e., between
+3 and -3 volts) is undefined. The
RS232-level signals are taken through
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Figure 1. Three telephone sets supervised by a PIC microconiroller.
The jumpers allow for regional differences between line pin assignment on the Phone and Exchange sockets.
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an RS232 level converter chip type
MAZX232 converier them to machine
understandable signal levels, i.e., hav-
ing TTL swing (0 V / 5 V). The RS5232
data waveform consists of combination
of a start bit, data bit, and stop bit.
The MAX232 is an old faithful that
hardly requires further discussion. The
chip includes a charge pump generat-
ing + 10V and -10 V from a 5 V power
supply. It also includes two receivers
and two transmitters in the same
package.

PC-PIC communications

As an example, when the PC checks
the Telephone Supervisor hardware it
employs the command #CallIDCH*
(Call identification Check Hardware).
The Telephone Supervisor receives the
string in a binary format and the PIC-
resident firmware converts it to a dec-
imal value between 0 and 255. This
value determines the subroutine to be
jumped to. In this example the sofi-
ware will access the EEPROM memory
(0x25). The string NH# and the value
mentioned are converted to a decimal
value which is then returned to the PC
bit by bit.

The PC receives a binary value and
converts it to an ASCII string, which in
the case of the terminal will be dis-
played as ‘received’. The same princi-
ple applies to all the subroutines. The
only difference is that when you
change a setting, for example, disable
phone #1, the software will disable
the phone, update the register and
only then send confirmation to the PC.
Of the control lines on the RS5232 inter-
face, DSR is used to monitor the Tele-
phone Supervisor determining on-or-off
line status and handshake, while DTR
is used for handshaking purposes.
The baud rate on the PC connected to
the Telephone Supervisor has to be set
to 56 kbps.

What's that PIC doing?

The PIC in the circuit is in control of
the phone enabling/disabling func-
tions, line use detection, ‘line busy’
processing and the communications
with the PC. The firmware needed to
do all this is available in the form of a
source code listing or an executable
(object code) file. An extraci of the
source code listing is shown in Fig-
ure 2. For all you home PIC burners
these files may be downloaded free of
charge from our website as file num-
ber 050039-11.zip. In case you can use
the hex object code file straight away,
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do note the PIC configuration bits
shown in the inset. Those without
access to a suitable PIC programmer
may buy the ready-programmed PIC
micro through our Readers Services

under ref. no. 060039-41.

Six of the PIC16F628A outputs
(RBO-RB5) are used io drive three
bistable relays via transistors T5- T10.
There are two coils in the relays and

; Main Menu
i
Main bsf BORTA, 2
call D0.01s
bect PORTR, 2
movlw D'O”
movwEi  SelMenu
contml incfsz SelMenu, f
ter
movE SellMenu,w
contmlA btfsc PORTA, O
goto contml
btfsec EFORTA, 1
goto contm3
goto contm0A
contml
contm2 btfss PORTA, 0O
goto contm0
btise PORTA, 1
goto contm3
goto contm2
contm3 bifss PORTA, 1
goto contmd
goto contm3
contm4 incfsz SelMenu, T
ter

movi SelMenu,w
incfsz SelMenu, f
ter

movE SelMenu,w

PIC source code (exiract)

; bDelay for 0,01 sec
; Clear From
; Move w to SelMenu

; Increments specified regis-

; Data into w
; Monitor RAQ for input

; Monitor RAl for input

; Monitor RAQO for input

; Monitor RAl for input

; Monitor RAl for imput

; Increments specified regis-

; Data into w
; Increments specified regis-

; Data into w

; To create more menu items, copy the next four lines and paste them
; directly under the last menu item. You need to make a few changes.
; First change the menu number [D'2']. This number should not be

; smaller than 2 and should not exceed 255. This address should run
; concurrently with the address from your user interface on your EC.

: Read file from EEPROM

r

Do not change this menu item;

it is a fixed value on the 0OCX.

this the 0CX will not function

movE SelMenu,w H
i

sublw p'5* .
i

tfsc  STATUS,2 :

goto HRO 3

B8y changing
correctly.

Selected menn item

data into w

Subtract w(SelMenu)
form literal(D'?')

Test result
If w(SelMenu) =
literal(D’?")

then goto menuitem

Result

[Read file from EEPROM]

Figure 7. Extract of the PIC source code listing.
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Figure 3. The LCM First Server software in action on the PC.

the devices latch in both directions.
Only a short pulse is needed to switch
the relay on, using the one coil. A short
pulse on the other coil will switch the
relay off. This means that all phones
that are disabled/enabled will maintain
their status even with power failure.

PIC port line RB6 is used in conjunc-
tion with transistor T4 to generate one

of four busy tones. The functions of the

other port lines may be summarized as
follows:

RB7: transmit data

RAOQ: 1eceive data

RA1: DTR (Data Terminal Ready)

RA2: DSR (Data Send Ready)

RAS & RA4: monitor the inputs from
transistors T1, T2 and T3; these are
switched by optocouplers IC3, IC4 and
IC5 as explained above.

To prevent exceeding the ring equiva-
lent number allowed for your tele-

phone line, it is advisable to connect
two phones and a modem to the Tele-
phone Supervisor. If you want to con-
nect three phones, you will have to
physically disconnect one of the
phones ringers.

PC Software: LCM First Server

The software to use on the PC is called
LCM First Server v. 1.1 where LCM
stands for Line Current Monitor, the
original, ‘techy’, title of this project. The
PC software comes on a CD-ROM with
order code 050039-81, which is avail-
able through Readers Services. The
operation of the program is explained
in great detail in the associated Soft-
ware Guide, a professionally styled and
copiously illustrated 7-page MS Word
document that's available for free
downloading as file number 050039-12.
A compilation screenshot showing the
Telephone Supervisor software in

action in various windows and sub-
menus appears in Figure 3.

The Telephone Supervisor board must
be connected to the PC using a non-
crossed RS232 cable.

Building it

The project is not at all difficult to build
if you use the carefully designed
printed circuit board shown in Fig-
ure 4 and the information in the parts
list. Only conventional leaded parts are
used, no SMD parts to struggle with or
lose to mum's vacuum cleaner.

The board is single sided and contains
two wire links which must be fitted
first on penalty of creating hard to find
hardware errors, emails to the editor
and unnecessary postings in our on-
line Forum. As you can see from the
copper track layout, the ‘microcon-
troller area’ of the board has additional
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Copper track layout and component mounting plan of 1he single-sided PCB designed for the Telephone Supervisor,

copper pour to keep stray signals and
interference to a minimum.

Provided you apply no more than about
12 V DC to the supply input (on two

R1,R3,R5,R7,R9,R11 = 2200
_ R2,R6,R10 = 1k

R4 R8,R12R13 =47kQ

R14 = 3300

R15-R22 = 10kQ
* R23,R24,R25 = 22kQ
I R26 = 1kQ8

C1,C11 = 100nF [C1 5mm lead pitch)
C2,C5 = 220pF 16V radial

C3 = 22nF, lead pitch 5mm
C4,C7-C10 = 4pF7 63V radial

12/7005 - elekfor elecironics

Cé6 = 220pF 25V radial

There are just fwo wire links fo fit on the board!

solder pins), the TO220-style 7809 voit- between its metal tab and the board

age regulator, IC7, will not run partic- surface makes for neat, secure and
ularly hot so it may be mounted with- exactly horizontal fitting of this TO220
out a heatsink. Mounting an M3 nut device, with its three terminals bent at

K5 = 9-way sub-D sockst [femals),
angled pins, PCB mount

Semiconductors: X1 = not fitted, ses text !
D1-D22 = TN4148 RE1,RE2,RE3 = 12V PCB relay, bistable, 1
D23 = LED, low current two energising solenoids 2 x 400Q,
D24 = TN4007 two changeover contacts, e.g., DS2E-
T1-13 = BC212B ML2-12V] Panasonic (Schuricht #
l4_= BC549C or BC550C 407220; wwrw.schuricht.de)
T5T10 =BC237B oisiire links
IC1 = PIC16F628-20/P, programmed, CD-ROM, LCM First Server 1.1, order
order code 050039-41* code 050039-81
:Eg TCT{?:X5232I 0 HTTAA PIC source & hex code files,
ICh o 7%3[05: 1250 { 4) file 050039-11" Free Download
IC7 = 7809 PCB, ref. 050039-1 from The PCBShop
P JP16 = 2—wc;)lf pinheader and 8 LV =47pH
jumpers &
K1.K4 — RI1T PCB mount socket See Elekior SHOP pages or

wwrw eleklorelectranics.co.uk
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an angle of 90 degrees.

All electrolytic caps on the board are
radial types hence have to be fitted
vertically. Care should be taken to get
these devices correctly polarised on
the board, so make sure you know
where the positive and negative leads
(1) are and (2) have to go on the board.
The same goes for the dicdes, in
respect of their cathode and anode ter-
minals, Sure, the ICs are also polarised
components so don't insert them the
wrong way around.

Position X1 on the board remains
empty. Initially this was for a 4-MHz
ceramic resonator device. An adapta-
tion of the PIC software however
allowed for the PIC's internal 4 MHz
clock to be used.

All four RJ11 phone sockets are fitted
in a neat row at the board edge. Inci-
dentally, we recommend using sockets
for all integrated circuits including the
optocouplers.

Jumper clusters JP1-JP4, JP5-JP8 and
JPS-JP12 have to be set in accordance
with the pin/signal assignment of the
RJ11 connectors to the phones. Unfor-
tunately the assignment of the phone
line signals (here, called ‘a' and 'b’) to
pins on the socket differs from country
to country hence may take some figur-
ing out. The same goes for the
‘Exchange’ socket, K4. As a matter of
course, only one jumper may be fitted
for the ‘a’ line, and one for the ‘b’ line,
so JP1 and JP2, for example, are mutu-
ally exclusive. For the sake of conven-
ience the pin numbers of the RJ11
sockets are printed on the PCB overlay.
Our prototype worked with four
jumpers installed in position ‘3" and
the other four in position ‘4’ (line ‘b’ on
RJ11 pin 3; line ‘a; on pin 4).

The finished board should be given a
thorough visual inspection before pow-
ering it up for the first time. We recom-
mend using the LCM Terminal utility
from the LCM First Server software to
check if the hardware and PC connec-
tion are functional. When this is suc-
cessful, the PC software can be used
to download the default configuration
into the PIC on the board. This func-
tionality is explained and illustrated in
the Software Guide.

Note: this circuif is not type approved
fo BABT siandards and in the UK may
not be connected fo the public switched
telephone network (PSTN).

Anthonie Botha — LCM050039@hotmail.com
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Processor: PIC16F628-20/P
File: 050039-41 hex

BIT Options:

0 F 0S8CD: i INTRC OSCILLATOR

ik F 05Cl: 0 INTRC OSCILLATOR

2 WDTE 0 WATCHDOG DISABLED

3 BWRTE/ 0 POWERUP TIMER ENABLED

4 F 0sc2 1 INTRC OSCILLATOR

5 MCLRE 3t RAS is MCLR .
[} BOREN 1 BROWNOUT ENABLED
7 LVP i LOW VOLTAGE PROGRAM ENABLED !
8 CED/ 1 DATA MEMORY PROTECTION OFF

9

10

11

12

i3 CE/: 1 CODE MEMORY PROTECTION OFF

In case of reprogramming EEprom memory must be cleared!
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New B* Spice V5
Our hottest Spice ever

New B Spice Version 5 has all the power and functions you expect from a
professional Spice package, but without the high cost:

* Real design flexibility with over 30,000 models, unlimited circuit size and a huge
range of new virtual instruments

*  New Circuit Wizard saves time by auto-generating many designs for you

® Sweep all parameters for any component and simulation type with the powerful
new Scenario Editor

¢ Live Circuit feature allows values to be adjusted while simulations are running,
displaying the results in real time

Professional standard Spice simulation for just £229 + VAT. Plus educational
and multi-user licence discounts available and FREE comprehensive telephone
technical support. Try the full version completely free for 30 days.

WWW.Sp ice-softwa re.com  Research House, Norwich Road, Eastgate

Tel: 01603 872331 R @l? esearch




TS CHRISTMAS GIFTS

Christmas Gifts

With Christmas almost upon us it’s that time of the year again to find or make original
presents for friends and relatives. For your inspiration we found twenty or so gifts that
are sure to delight any electronics enthusiast, including you, as the recipient, of course!
For subtle guidance of your friends in their choice of Christmas presents (for you), pass
this issue of Elektor around.

Handy 3-in-1 lab aid

For anyone with toa litile spate in

the home lab or workshop, ¥

Velleman’s LAB1 may present a Electronic

saiion LAB] pocks o foteble Experimenter’s Box

f:mpmwm soldering They’re hack! Experimenter’s boxes

station in a single endlosure. The - G for *fast and fun’ construction of cir-

manufacturer’s design is well ‘ﬁ}' IJ g' 54 cits without soldering. A great gift
thought oul as Iwo separate transformers ore available for the { a o . l & for the dedhg electronics fon.
power supply and the solder iron, while the multimeter is bat- S ::'e:; bﬂh:fef = w The
1 ed electrical isolation. ESAOWRRCTR IS ora
e rnidiol g ? whoppiey 130 experiaments. Siallac boxes ore avollable froms foy
Seen af: www.vellemon.be shops and electronics retailers.

Seen aof: www.velleman.be
Programmable LED Badge
Thes programmable LED badge can act not only

us a nome badge but also as an eye-catcher in
discos and pubs. Up 1o 50 characters stored in

memory are displayed on a 21x7 LED display.
The unit is powered by o Lithium button cell.

Seen at: www.rockingstone.nl E-blocks

The E-blocks
modular construction system allows beginners as
well as experienced engineers to design and huild
microcontroller circuits faster than ever before. The core of the system is
a USB Multiprogrammer, o board that’s suitable for a wide range of
microconltrollers and ready for connection to all kinds of extension and
application boards. Programming is modular, too, using pictograms and
ready-fo-use chunks of software.

Seen al: wwvr.elektor-electronics.co.uk

Instant
Loudspeakers

Using these SoundPad sticks you can fransform almost
any surface into o loudspeaker; a door, o tabletop or just
a thick piece of plywood. Of course, the sound quality is
strongly dependent on material and shape, but SoundPad
sticks are great fun o experiment with. SoundPads con-
tain o loudspeaker voice coil with terminals that can be
secured to a surface using self-adhesive foil.

Seen at: www.thinkgeek.com

Solder starter kit

A nice starfer kit for elecironics hobbyists, containing a 25-watt
solder iron, solder tin, a solder stand, pliers and two mini kits,
one for flashing LEDs and one for a LED sound to light unit. Start
soldering straight away and learn the fricks.

Seen al: www.velleman.be
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gadgets, gizmos
and wannahaves

LEDs for Maglite flashlight

USA firm Terralux specializes in replacement lamps for
the world fomous ultra-rugged Maglite flushlights.
However, Terralux actually supplies white LEDs, with
full mechanical and elecirical compatibility with
Maglite’s original lamps. The LEDs are mounted on a
mini board that also helds the drive electronics.
Versions are available for several Maglite flashlights

and lights strengths

Seen al: WWJEITI![IJX(DF?.(GI‘!]

Polarity Checker
Using PoleChecker from audio guru Van Den

Voice Synthesizer
The SP03 board is o small PCB
with o complete voice
synthesizer on il, using
the WTS701EM/T
from Winbond as the
core device. By way of
an RS232 interface
you send ASCI text to
the board. The fext is reproduced by a voice from a
small buili-in loudspeaker. The boord measures just
4x4 an, runs off a 5-V supply and is easily added to
an existing microconiroller board.

Seen al: www.rockingstone.nl

Hul you not only defect the
presence of direct ond alter-
nating voltages in a safe way,
you can also connect alf equip-
ment in your audio system for
The best possible sound repro-
duction. The tester is battery-
less and even has an L(D

Cold Fusion

Excellent for small repair jobs in awkward places, this cordless
solder iron from Conrad Electronics. The device is powered by four

streen providing o indication
of the value of the volloge measured.

Seen at: www.vandenhul.com

Light-emitting Sticks
Okay, these Tritium Trasers have

nothing to do with electronics per
se, but they may furn out fo be useful ‘must-haves’ in gt
some occasions. The remarkable thing about these sticks o

is that they emit light over a period of 10 (that’s right,
ten) years without a batfery! These are opaque tubes
with o fluorescent layer inside, filled with boron-silicate
and then thermally sealed using a luser. Availoble in dif- |

ferent colours, they look great on your key ring. At ki

Seen al: www.smart-elements.com

penlight batferies. The crux is in the two-port
tip: it's made of a conductive material called
Athalite. The fip remains cold unil you place it
onto a conductive surface, for example, o solder
~spot on a PCB. A hefty current then sfaris fo
flow, rapidly heating the solder spot.

Seen at: www.conrad.nl

y, %

fifizma g

Setnacing

Shocking Roulette

If you are bored with charades or monopoly and want to
play a different game under the Christmas tree this year you
might consider Shocking Roulette. We're talking about the
Russian variant involving the gun with just one bullet. The
device has four holes for each of the contestants to insert o
finger in. After pressing a button, the LEDs with the contest-
anis stort to flash and after a while one LED remains on. The
“lucky weinner gets an eleciric jolt! Anyone for tennis?

Seen al: www.thegedgetcompany.nl

12/2005 - elektor electronics

Manval Power ' N\
for Mobhile Phone ) —

Who remembers PowerBall, o ball with on internal
flywheel intended as a fitness trainer for hand and
wrist muscles? Some users actually became oddicied
to PowerBall. Now, we found a successor: Manual
Power. This 1oo, is a gyroscope you have to keep
spinning. The new model has a built in generator
allowing you, while juggling the device, to generate
elecirical energy for the internal flashlight, or fo
charge your mobile phone battery.

Seen af: www.gadgetzone.nl
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\[ITUATE CHRISTMAS GIFTS

Vintage Receiver for Mobiles

Not terribly practical, but still o good w:ﬁm m receiver you Floating Glohe

can connect to o mobile phone. A far cry from the latest Bluetooth headset your A ek

friends are flashing! Just imagine the amazement of passers-by ot the bus sta- (Very) long-time Hek:;rar‘e;g%t: mmﬁ Iudn;m F{:I;nﬁ.b:::;n

tion seeing you talk into this vinlage receiver. The receiver is o virfual sharpener type) ‘float’ inside o magnetic field.
:ﬂ;’ ;!:}a Sheston ﬁed:d Such a gudget is now available commercially and

I:es m’tz‘mﬁzs_ the floating globe still causes ‘awe and wonder’

.y ‘::;m fo The 2. among the uninitioted. The model we saw has an
mm jack socket available on impressive diameler of about 18 cm, which is sure
most modern mobiles. to impress your Christmas party guesis.
Seen at: www.thinkgeek.com

www.godgetuniverse.com

Mini DAB Receiver

play and a joystick to control it all.

The Philips DA 1000 is a portable DAB receiver weighing in at less
than 100 grams. It hos o backlight for a brightly illuminated dis-

Portable DRM Receiver

The digital radio system called DRM
(for Digital Radio Mondiale) rocketed

DAB (digital audio broadeasting) is
the digitol alternative to analogue
VHF FM broadcasts. The system has
proved to supply excellent sound
quality. DAB wias rolled out o few
years ago in the UK and now has
nationwide coverage.

Seen at: wwyw.moplin.co.uk

into popularity among our
readers mainly through the
Elektor DIY DRM receiver published in March 2004. It
does, however, require a PC to work. One of the first
commercial all-portable DRM receivers is now offered by
Maych Communications. The radio contains o DSP module
for the decoding of DRM signals and doubles as an ane-
logue receiver. At a price, however, of about 350 pounds!

Seen al: www.mayoh.com

Check your own Car

All modern cars have an OBD-2 connector supplying all kinds of data when suitably ‘provoked”. The system also allows certain
vehide data to be changed (within limits) which is interesting if you dabble in car repair. Elektor’s very own OBD-2 Analyser
comes as a kit of parts. You connect it between a PC or laptop and the OBD-2 socket in your car. Next, you're allowed o

glimpse at the car's internal electronics!

Seen af: www.elektor-electronics.co.uk

MindReader
The 20Q@ MindReader is a dever toy that reads your mind after you
i have answered 20

B{lght Feet o £
Slippers think that’s not possi-
This may well be ble, but thanks to a
the ultimate gift smart algorithm this
for the really gudgel is capable —
spoiled electronics in most cases — of
enthusiost: feet slippers with buili-in lighting, Never get guessing what (object)
lost again in the dark or stumble around waking vp you are thinking of.
everybody on your way af night to the fridge or work- That is... well any-
shop. Available in several sizes, this novel footwear is way, Iry it and mar-
pretty ingenious. A pressure sensor defects when you put vel at the results!
on the slippers, while a fimer provides o courtesy light Sook o
when you foke them off again. www.godgethouse.nl
The slippers are powered by two Lithium batferies you
can easily replace.
Seen al: www.brightfesislippers.com
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VW Microbus plays LP records

Certainly one of the hottest items in this overview, this
miniafure Volkswagen bus that plays your vinyl records.
Put the bus on the LP and it will drive around playing the
record through its built-in loudspeaker. The vehide is
powered by a 9-V baitery. A worning, though! The sup-
plier calls the product: “Vinyl killer record playing VW
van’, so we have our doubts about what's left of the pre-
cious record when the bus is ot the end of its groavy
journey.

Seen af: www.hifr.com

High-end at 30 dollars

At first blush the Sonic T-omp does not appear much more than a plastic case

with a Tripath switching amplifier module inside. Judging from reviews however Universal

(wwiwe.int-gudio.com /ampli/t-omp_e.himi) the small amplifier excels in sound USB /H]D Cable

reproduttion, and has been compared to amplifiers costing upwords of 1 kdoflar, X

The thing runs off a battery pack — a mains adupter is available as an option. (mmnhwdrf;v
externally to o

Seen af: compuler can

viww.si-technologies.com be very handy,
for example,
when you need
o one-lime
backup device.

Sure, external hard disks with USB or FireWire connec-
livity are nothing new (nor are sleek cases for them),
but why not use that old hard disk gathering dust? The
advantage of this USB2.0-1o-IDE cable is that the IDE
side has hwo conneclors, so 2.5-inch as well as 3.5-inch
hard drives may be hooked up.

Seen of: www.ushgeek.com

LED Replacement Lamps

The traditional lamps in our homes are gradually phased out and replaced by ofher light sources. Especially
white LEDs are on the rise. Conrad supplies nifty replacement lamps for the well-known halogen spotlights at
home, in 230-V and low-veltage versions, They have the same shape os halogen lamps and contain an array of
18 white LEDs. Also available in several colours.

Seen al: www.conrad.nl

The crux of this one
is the complete outfit
(it comes with three
outdoor sensors) and
the RS232 link to the
computer. Using the
supplied software
you can view the
weather changes on
your PC screen. A
version with a touch
screen is also avail-
able.

Seen of:
www.weershop.be

Weather Station with PC Link

Weather stations for use in the living room come in many shopes and
sizes, from small fo lorge and from dirt cheap fo astronomically priced.

12/2005 - elektor elettronics

Alternative gifts

Every year the same gifts: a calen-
dar, a pen (with insaiption!) or o
bottle of wine. Nothing wrong with
these, of course, hut for from origi-
nal. If, after browsing these pages,
you still haven’t found anything to
your liking and also lack the inspira-
tion for other ideas, try something com-
pletely different. What about a nice wood-

en salad bowl with matching cutlery, possibly comple-

mented by an oil-and-vinegar dressing set? Not just

practical, but healthy, too! A nice set of candle holders

is sure to create the right ambient lighting during the
festive season.

If you think that’s real corny, why not surprise your

friends or beloved ones with tickets for a rock concert,

a karting event, a balloon trip or an anti-skid course?
Suctess guaranteed, but a tad more expensive than
your ordinary Christmas presents.
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‘Okay let's get ready for Christmas. To get myself inta the
right mood (and brighten things up 2 hit during these dark
days), | deeided to hang up Chrisimas lights in my room.
But 25 anyone who knows me e2n fell you, | tinker with
just sbout 2ny sort of electronics | get my hands 0.

| found these Chrisimas lights 2t 2 elothes outlet. 50
l2mps in five eolours for the stupendous price of one
pound. So | fook six strings right away. Here you can see
what's inside the box: 50 Christmas lamps, including two
spares. “It's amazing, Mikel”

Hey, they really work! You e2n see the five colours eleacly
here. The problem with this sort of colourful lighte is...
well, that they're just too colourful. It szems too Ameri-
ezan to me, foo gaudy. That's certsinly not what we want.
But don't warry, that's easy to fix.

Colourtul

Jeroen Do-mbur_g___ 3_

The dark days of winter are on their way again, so it’s time for some cheerful lighting for the
Festive Season. The author picked up six Christmas light strings for a song and reworked them a
bit. The result can be used for many sorts of occasions other than Christmas, so it can improve
the ambience in your room for the rest of the year as well.

The Elektor Electronics staff really
enjoyed this idea and the implementa-
tion. Jeroen managed to create atirac-
tive mood lighting using very limited

completeness, we also describe how
the circuit works.

You will need the following compo-
nents for his project (see Figure 1):

Tesources and even less money. Our
contribution is a schematic diagram for
a mains controller and a few tips that
may help simplify the construction. For

L ERgL
}

1ilale e b

<

...by using this bit of hardware. Most of you probably don't
have 2ny idea what thic is, so I'll just tell you: this is 2
microcontroller-driven, computer-interfaced, trize-
suitehed, electrieally isolated, six-channel phase-control
dimmer. There!

That mezns you can aftach six different light fixtures fo
it, and each of them can be individuslly dimmed using 2
computer. The six Christmas light sirings are 2 perfect
match.

Of course, this is all at 230-Y mains potentizl, so it must
be fitted into 2n enclosure, Fortunately, these days you
e2n get 2 chesp enclosure for free by devouring, like | did,
the eontents of 2 tub of custard.
(FYL: it was choeolste custard.)



Step 1: remove Il the lamps from the light sirings. That's
312 lamps in total, including the spares. Step 2 sort the
lsmps by eoloar 2ad then plug them 2ll back in.

You have to 2dmit it looks 2 lot mare chie zlready, doesn't
it? But we're not done yet: besides being chic, I'm 2n EE

(Ed: electrical engineering] student. And the fact that the
lamps cannot be essily switehed on or off, and beside that
have only one brightness level, is naturally 2 major obsta-
¢le to the ultimate Christmzs experience.

Happily, that e2n also be fixed.

First we bundle 21l the lamps into 2 single, massive illu-
minated haekbone. That eliminates the effect of sorting
the lamps, but it ean be completely restored...

Light Stri

-controlled mood lighting

» a microcontroller (Atmel AT9052313)
» a 5-V power supply for the microcon-
troller

» a 12-V power supply for the triac
drive circuitry

» an interface to a serial port

The author used a data cable for a
Siemens C35 mobile phone for the PC
interface, but a MAX232 can easily be
integrated into the circuit diagram (see
Figure 3).

rings

The author also used several other
‘exotic’ componenis. That simply
reflects what he had on hand. It's also
better to use optotriacs instead of
optocouplers. A suitable choice is the
Sharp 5202511 (see Figure 3). That
also allows TR2 to be omitted, as the
12-V supply for the optocouplers is no
longer necessary. The second winding
of TR1 can then be used to power ICS.
The microcontroller is also a bit on the
old side. If you can't find it, you can

also use the ATTiny2313, which is pin-
and code-compatible with the ATS0S.
Make sure the fuse declarations are
correct when you program it
FUSE H=0xDF, FUSE L=0=zCFE.

The dimmer portion of the circuit is
quite simple. There is a transformer
for the 5-V supply, and a second
transformer for the 12-V supply and
zero-crossing detector. The zero-
crossing detector allows the micro-
controller to operate synchronized to

The eustard tub 2nd dimmer in the fins| locztion. The eable
to the six light strings runs upward, the mains c2ble runs
downward, 2nd the R$232 connection to my server runs fo
the top right.

Suspending the strings: my UPS is hefty enough to hold
one end.

The suspension point 2t the other end.

The result: the different colours e2n now be dimmed indi-
vidually using 2 computer, so you can use 2 weh page fo
put fagether your own colour composition and ereate your
very own, unique Chrisimas experience.”
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Figure 1. Although the schematic diogram is fairly large, it’s quite simple in prindple. The microcontroller is connected via K1.

the 50-Hz mains voliage. As already
mentioned, one of the transformers

and the 12-V supply can be omitted if

you use opfotriacs.

The microcontroller drives the triacs.
When the microcontroller applies a
pulse to an optocoupler input, the triac
conducts until the mains voltage
passes through zero.

A six-channel phase-control dimmer is
implemented in the microcontroller
software. It can be controlled via the
serial port. The microcontroller causes
a portion of the sinusoidal mains
waveform, which is divided into 200

50

adjustable steps, to be applied to a
string of Christmas lamps via a triac.
That allows each string to be dimmed
with a resolution of 200 steps.

The source code for the microcontroller
and the accompanying PC program
can be downloaded from the Elektor
Electronics website (http://www.elek-
tor-electronics.co.uk/).

The software for the PC amounis to a
simple controller for a six-channel dim-
mer. The only thing you have to do,
besides adjusting the six dimmer slid-
ers, is to configure the Com port. There
aren't any bells and whistles.

Communication between the PC and

the microcontroller is quite simple.
Configure the port for 19,200 baud, no
parity, 8 data bits, and 1 stop bit. Two
bytes are transmitied each time a
dimmer value is changed. The first
byte begins with a ‘'1’, followed by six
bits that specify which channel
(which light string) is to be changed.
The final bit is the most significant
bit of the new dimmer value. The sec-
ond byte staris with ‘0', followed by
the remainder of the dimmer value.
This can be shown schematically as
follows:

Byte 1: 1 ¢5 c4 e3 c2 el cl d7
Byte 2: 0 dé6 d5 d4 d3 d2 d1 do0

elektor electronics - 12/2005
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Figure 2. MAX232 wiring and connections, If you don"t happen fo have a spare Siemens €35 data cable,
you can communicate with the microcontreller using this dircuit.
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Figure 3. The optocoupler—Iriac combination can be
replaced by an optolriac as shown here. No
snubber network is necessary if you use the

5202511.

As shown in Figure 2, you have io
connect DTR to DSR (pin 4 to pin 6)
when you make the serial interface
cable. The same applies to RTS and
CTS (pins 7 and 8). That provides the
handshaking necessary for proper
data transport. Use a 1:1 data cable if
you need to extend the cable.

The MAX232 is powered by tapping off
its supply voltage from the DSR and
RTS lines (pins 6 and 7). If you fit
diodes to these lines, they can do an
excellent job of powering a 7805 voli-
age regulator IC.

The usual safety measures are appli-
cable to this circuit, due to the fact
that it is powered directly from the
230-V mains. A proper enclosure is
thus not an unnecessary luxury.
Please consult the instructions on the
‘Electrical Safety' page published reg-
ularly in Elektor Electronics. We can-
not endorse using an empty custard
tub (as used by the author) as a 'zero-
cost’ enclosure.

[l R R R R |
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Jeroen Domburg is a student of
Electrical Engineering at Suxion
Hogeschool in Enschede
(Netherlands). He is an enthusias-
fic hobbyist and interested in
microcontrollers, electronics and
computers. Jeroen designs illumi-
nated news displays as a pari-fime
job, and he is presently working on
a project involving networked
modules fitted with individual
microcontrollers.

Website:
htip:/ /sprite.student.utwente.nl/
~jeroen/kerstlampijes art.html
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REVERSE ENGINEERING

Bernd Oehlerking

ave Ener

Miniature radio controlled cars are great fun for the armchair rally enthusiast but once the
novelty has worn off or the car suffers a mechanical failure any true elecironics enthusiast is
more likely to reach for their smallest size Phillips screwdriver rather than toss the car straight
into the dusthin. This design shows how just such a model R /C system can be adapted to act as
a (W)LAN Router ‘watchdog’ to switch the Router on or off depending whether any networked

PC’s are present.

Radio controlled models are geiting
smaller and cheaper; diminutive
pocket-sized radio controlled cars can
nowadays be found for as little as 5 to
10 pounds (probably less on Ebay).
Take a closer look under the bonnet of
these matchbox minis and you will be
surprised at what you get for your
money. A table at the end of this arti-
cle lists the most important parts.

With the help of a little ‘reverse engi-
neering' and a few additional compo-

52

nents the radio control link can be
pressed into service in a completely
different field: wireless networked PCs
usually connect to the Internet via a
Router. For convenience the Router will
be permanently switched on so that
any PC has immediate wireless access
to the Internet when required. The cir-
cuit suggested here uses a receiver cir-
cuit taken from a radio controlled car
system to switch the Router on only
when there is at least one PC (fitted
with an R/C transmitter) switched on

and in range of the network. The cir-
cuit draws less current than a Router
so in small networks there will be a
worthwhile energy saving.

Reverse Engineering

RE (Reverse engineering) is the
process of examining finished equip-
ment to work out how and why the
unit was designed in such a way. The
aim of the exercise is usually to repro-
duce (improve/adapt) the design while

elzkior elecironics - 12/2005




erse Engineering

avoiding any possible copyright
infringements (thanks to
www.wikipedia.org for help with the
definition). This is in fact precisely the
approach we used to investigate the
workings of the model cars.

The R/C system has two channels, for-
ward/reverse commands on channel 1
and lefi/right on channel 2. Transmis-
sion occurs on allocated channels
either in the 27 MHz or 40 MHz ISM
(Industrial, Scientific and Medical)
band. The transmitter has four minia-
ture pushbuttons on the PCB which
allow for forward, reverse, left or right
commands. Two AAA size batteries
power the transmitter while the car
itself runs on the energy stored in a
small NiCd cell which requires top-
ping-up from a charging unit hefore
each race. The nominal cell voltage is
1.2 V with a capacity of 60 mAh and
this stores enough energy for around
one minute of activity. Steering is
achieved with the help of two power-
ful Neodymium magnets mounted in
the front of the car. An electrical coil
positioned between the magnets
exerts a pushing or pulling force on the . .
magnets depending on the direction of Figure 1. The remote control transmitter PCB.
current through the coil and this will
have the effect of steering the car hard
left or hard right. When there are no
steering signals received, current
through the coil is zero and a centring +5V from PC A1
spring ensures the wheels return to @ s
the srraight ahead position. i green
With this knowledge of the remotie
conirol unit's operation the transmitter R3 _|R1 (handheld)
can be adapted to send out RF signal E U

| pulses periodically when a network a ;‘32 I
Lo

pprox. 3V3

transmitter
module

100k

iMm

4=

(LAN or WLAN) connected PC is 1T ® =

switched on. The remote control DIS 4*’5‘“’ ®
receiver can then be used to switch IC1
the network Router. As long as it ot B K
receives an RF pulse say every two = 75%55 1N4004
minutes, it will know there is at least TR (CHOS) l

D2

ak7

@ |h

one PC in range and the Router will THR
remain switched on. It functions as a

cV
3 5 T2,
sort of waichdog; keeping the Router ng c3 p_l‘j_
4

—
1

switched on whenever at least one PC p—
is in range and then switching it off 4704 |16V Y transmitter

Ti pulse
when no PCs are detected.
R1only: Tt >5 min., T2 approx.15 s
R3|lR1: T1=35s, T2 approx. 1,5 s

7n L | ¢

J 050286 - 11
The transmitter

The transmitter PCB is shown in Fig-

ure 1. The upper right-hand push but- Figure 2. The modified fransmitter drcuit showing the transmitter PCB module.
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Figure 3. The additional drcuitry fits into the transmitter battery compariment.
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Figure 4. The modified receiver circuit showing the model car receiver module.

ton is used for making the car move
forward. When the button is pressed a
pulse is transmitted that is decoded in
the receiver to switch the motor in the
forward direction. The push buiton
connects the input to ground (active
low) so it is important that our inter-
face also does the same. The connec-
tion is shown as point ‘A’ connected to
T1 (the ‘forwards’ button on the trans-
mitter) and switched low by pin 3 of
the timer integrated circuit (IC1).

The 5 V supply for the CMOS NE555 is
sourced from the PC power supply. A
‘Y' cable can be used to connect
directly 1o the power supply flying
leads or if you would prefer not to
open up the computer a keyboard
adapter connecter can be used to tap
into the 5 V supply from the PC key-
board socket. LED D1 reduces the
transmitier PCB supply voltage to
around 3.3 V. When the PC is switched
on capacitor C2 produces a reset pulse
on pin 4 of the IC. The output on Pin3
will go low and enable the transmitter
briefly. The receiver will detect the
resulting RF pulse and switch on the
Router (assuming it is not already
switched on). It may be necessary to
increase the value of C2 if this first RF
pulse is too short to switch on the
Router. The NE555 is configured as an
astable multivibrator so it will repeat-
edly pulse the transmitter on and off
as long as it is powered up and the
voliage on C2Z has risen above the
threshold voltage. The values of R1, R2
and C1 control the astable timing; a
value of 1 M( for R1 will produce an
output high (fransmitter inactive) time
of more than 5 minutes with a low
time (fransmitter on) of approximately
1.5 5. The off period can be reduced to
around 30 s by connecting a 100 kQ
resistor in parallel to R1. Ensure that
the receiver time constant is longer
than the transmitter time constant
otherwise the Router will be continu-
ally cycled on and ofi.

The control circuit with the NE555 is
built on a small piece of perforated
board and fitted into the transmitter's
battery compartment (Figure 3).

The receiver

The entire receiver circuit is fitied into
the enclosure of a mechanical time
switch. The time switch typically uses
a single pole switch to interrupt the
mains connection to its in-built mains
socket. The receiver circuit in Figure 4
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uses a relay contact in parallel to the
time switch contact. It is also possible
to mount the receiver in any suitably
sized plastic enclosure with a mains
plug and socket.

A small mains transformer together
with a bridge rectifier and 5 V regula-
tor provide the supply for the
monoflop configured NE555. The
green LED is connected in series with
the 5 V supply and provides a voltage
drop so that approximately 3.3 V is
available to power the receiver mod-
ule (Figure 5). Before any modifica-
tions are attempted on the mains time
switch it is vital to read the warning
at the end of the article and be
aware of the dangers!

Once the unit is powered up the
470 UF capacitor will start to charge up
to the supply voltage via the 500 kQ
1esistor. As we mentioned before, this
capacitor charging time must be
greater than the transmission pulse
interval of the transmitter. When a
pulse from a transmitter is detected
the ‘M’ output of the receiver will be
switched to ground. The M connection
was originally used to switch the elec-
tric motor ground return but in the new
application it provides a discharge
path for the capacitor via the 560 Q
resistor. This produces a high level on
the output (pin 3) of the NE555 so that
the relay pulls in and switches the
Router on. Without any pulses received
form any PC's the capacitor will
charge-up towards 5 V. When the volt-
age across the capacitor reaches 2/3 of
the 5 V supply voltage the relay con-
tacts are released and power to the
external equipment (the Router) will
be interrupted. Supply current to the
receiver flows through the LED and
each time a pulse is received the
increase in current causes the LED 1o
light a little brighter and give a visual
indication of a received pulse.

Figure 5. The R/C car receiver PCB used in the circuit shown in Figure 4.

this magazine.

e o e T

Practical tip

Before you devote too much time on
this project first build the transmitter
and test the system to make sure it has
sufficient range to cover your PC net-
work with the receiver powered from
3.5 V. Switch the transmitter to forward

Model car Remote control transmitter Charger unit

L] L]
Warning! High Voltage
The transformer, mains fuse, relay contacts and connections to
the mains wiring (Figure 4) are carrying lethal voltages. It is
imperative that they are enclosed within a properly insulated

enclosure and that all safety guidelines are adhered to.
Please refer to the Electrical Safety page printed regularly in

B o i s - —

and take the receiver around the area
checking that the maotor keeps turning.
If the range is sufficient check the two
motor connections to see which is
switched fo ground.

Receiver P(B

1.2 V/60 mah NiCd cell
Small DC mator

(oil (sieering)

2 Neodymium Mognefs
1 rear axle

2 front wheels
Bodywork

Sews

Transmitier P(B,

Telescapic oeriol

2x 1.5V batteries

Strews

Endosure with batiery compariment

Charger P(B

3% 1.5V batieries
On/0ff Switch
Enclosure
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E-blocks and Flow

Programming, simulating and test-
ing have never heen this easy!

Evelien Snel & David Daamen

Initiaise COUNT
COUNT=0

Initiaiise Segment 0
SEGO=0

Initigise Segment 1
SEGI=0

Inifisfise Sagment 2
SEG2=0

Initiafise Segment 3
SEG3=0

Enabie Timer interrupt
Enable TMRO Overfiow

O O T

Infinite Loop
Wiite 1

11l oycis

o>, COUNT>=252
5 Yes

Reset COUNT
COUNT =0

Updsie the Segment
UPDATE _VALUES

Figure 1.

Refresh Segment 0 | The Flowcode
i 3 environment: simulate

before programming!

Last month we introduced you to E-hlocks. We'll now take a closer look at Flowcode,
the programming software that complements the modular design of E-blocks perfecily.
Even if you don’t yet have any E-blocks it is still worthwhile to read further. This soft-
ware happens to he suitable for other PIC designs as welll
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code

It is of course a bit difficult to describe a programming
tool if you don’t have access to the hardware. Although Quad seven segment counter using multipiexing
this article is based around E-blocks, Flowcode can also
be used fo program other hardware that uses PIC con-
trollers. But why should you2 When you use Flowcode
along with E-blocks you'll find that you save yourself a
large amount of development time. A large number of E-
blocks come with a fully programmed macro for use with
this programming software. This means that you no
longer need io have a detailed knowledge of how fo
interface these peripherals, so you can concentrate on
the main program!

BEGIN

Initiafise COUNT
COUNT =0

Initialize Ssgmentd
SEG0=0

Initizlise Segmentl
SEG1=0

Inttizlise Segment2
: SEG2=0
Go with the flow

Flowcode is a program that makes it easy to write micro-
controller applications, simply by dragging icons onto a
program flowchart. These programs can drive various
peripherals (such as LEDs and LCDs) that are connected

Initizlise Segmentd
SEG3=0

Enable Timer Intemmupt
Enabls TMRO Overilow

to the microconiroller. Iitinite Loogp
The Flowcode environment consists of a workspace con- Vinite 1
taining flowchart windows, several toolboxes with icons

for the flowchart and external components, three win- 1 full cycle
dows where the sfaius of the microcontroller and the con- <._, > COUNT>=257
necied components can be inspected, and two windows s

that display the variables and macro calls during the sim-
ulation (Figure 1).

To create a new program you should follow these steps: I = l HoseLEOURT

1. Open a new flowchart, then specify the type of micro- ldi;dﬁéhe Seqrr»;nt valuss
controller that the software should work with. DETE VALUE

2. Drag icons from the toolbox onto the flowchart to give
the program a body.

Refresh Segment 0

3. Add peripherals fo the project by clicking on the icons ShowDigit{0, SEGO, 0)

on the components toolbox. Adapt their properties and

. Refresh Segment 1
specify how they're connected to the controller. et g

ShowDigit{1, SEG1, 0)

Rsfresh Segment 2

4. Simulate the application to check that it works as oottt N

expected.

Refrash Segment 3
ShowDigi(3, SEG3, 0)

UL

5. Transfer the application to the microcontroller. The

! application is first automatically translated into C, then
into assembler code and finally into object code, which is
then used to program the controller.

Infinite Loop

Macros make life easier i3 —

END .
Macros are a powerful element of Flowcode. These are i 5 Flovechart for the
paris of the program that are represenied in the flowchart counter from
as a single block. In reality, each macro is a miniature example 20.
flowchart on its own. The use of macros offers many
advantages:

* Sections of programs that appear more than once only Numerous examples
have to be fyped in once.

* The flowchart is easier to follow because many of the Flowcode comes complete with a large number of exam-
details are hidden inside macros. The flowchart then only  ples (tuforials). Let's take a look at tutorial 20, a counter
shows the main program tasks. with a multiplexed 4-digit 7-segmentdisplay. The display
® Macros can be saved separately (exported) and reused  is driven via two 1/O pors of the PIC. This example is
at a later stage in another program by importing them. inferesting because it shows how easy it is to drive such
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Figure 3.
Flowchart for the macro
INTERRUPT_TMRO.

Figure 4.
Flowichart for the macro
UPDATE_VALUES.

E-BLOCKS & FLOWCODE

rerament COUNT
CONT =C0LNT = 1

a display with Flowcode, despite the fact that we're deal-
ing with a total of 32 lightemitting segments!
The flowchart for this program is shown in Figure 2. The

program starfs with five ‘calculations’, where the five vari-

ables we use in the program are given inifial values.
Then the inferrupt routine is installed and the program
enters an endless loop, where the 7-segment displays are
driven sequentially. In this loop the value to be displayed
is incremented at regular intervals.

The program branch begins with a ‘condition’. When the
value of the variable COUNT is greater than or equal fo
25 the righthand branch is taken, otherwise the program
goes straight on. In the righthand branch the value of the
variable COUNT is reset to O and then the macro
UPDATE_VALUES is called. This macro increments the dis-

| Seoment 2 valius 10 or mor
SEGI»=107

| Senment 3 valos 10 or mor_
SEE3»=107

played count by one by adjusting the variables SEGO to
SEG3. The two branches then mest up again and the
four digits are lit up one after the other, again using a
macro. We have then reached the end of the loop and
fhe microconiroller jumps back to the stari.

Missing Code?

The observant reader will now wonder if something isn't
missing from this program, since it isn’t clear how the
value of COUNT can ever become greater than 25.
COUNT has been set to O and from ihen on never
appears to change! Incrementing the value of COUNT is
the task of the interrupt routine in the program. This can
be found from the menu Macro>Edii/Delete. When this
menu is selected a window opens with the names of the
macros used in the program. In this case we're inferested
in the macro INTERRUPT TMRO. When we select this
from the list and click on Edit another flowchart is dis-
played (see Figure 3). And here is the piece of code
that appeared fo be missing! The only task of this inter-
rupt routine is to increment the variable COUNT.

We can take a look at the other macros in the same way.
The flowchart for the macro UPDATE_VALUES is shown in
Figure 4. It shows that a lot of work is required to
increase the values of SEGO to SEG3. First the value of
SEGO (which is the least significant digit of the displayed
value) is incremented by 1. This is followed by a condi-
tional branch. As long as SEGO is less than 10 nothing
else has to be done. In this case the program carries
siraight on. When SEGO is equal to 10 it is reset o O
and SEG]1 (which is for the second digif) has fo be incre-
menied. SEG2 and SEG3 are eventually incremented in
the same way.

The macro ShowDigit is responsible for driving the actual
segments of the display, but this pre-programmed macro
cannot be inspected by the user.

Connecting and programming the PIC

Does the simulafion work? When you use E-blocks you
are only a few steps away from a working prototype. The
E-block with the 7-segment displays (refer to the Elektor
website for mare information) can be connected directly
to the E-blocks Multiprogrammer. Remember to connect a
supply wire between V+ OUT on the processor board
and V+ on the display board.

Mast of the tubarials are craated far use wiith,
16F84/16F88 type PICs, but you could also use a PIC
16F877 with the Multiprogrammer board, for example.
Before you can send the program to the PIC you have fo
ensure that the Flowcode is aware of the iype of farget
processor. This is done using the three top options from
the PIC menu of the program.

Once everything has been set up correcily all you need
to do is click on PIC>Compile to PIC from the menu. The
program is then translated into C, converied into ASM
code, fransformed into objeci code, and finally converted
into HEX code, which is sent to the microcontroller via the
USB conneciion. Once the code has been fransferred, the
PIC will immediately start executing it: the counter on the
7-segment display siaris fo increment!

More information and the complete E-blocks catalogue can be found
at: htip:/ /vrww.elekior-elecironics.co.uk /eblocks
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DELPHI

FOR

ELECTRONIC ENGINEERS
Part 10 (final) The DelphiStamp

stands on its own two feet

In this final part of the Delphi course we will continue with the development of the sprinkler
system started in part 9. More valves are added to the system, as is a water pump. On the
software side we will add a fimer function. The end result is a “grown-up” sprinkler system

that will prove its worth during the summer.

In the previous part we started the sprinkler system project.
We created a basic system, which was first simulated in
Delphi. The program was then stored in the Delphi Stamp.
Here we made use of the evaluation kit, specifically the
LCD, the pushbution, a second pushbution [connected to
the second analogue inpui) and the LEDs, which were used
to indicate the state of the oufputs. In that system you could
select individual valves, how long they stayed open for
and how often the cycle should be repeated.

In this instalment the object is to enhance the project with
the addition of more valves, a water pump and the facil-

ity to start the sprinkling cycle at a later time (for example
during the night).

We would like to call up and modify the settings via a
PC, using a monitoring/configuration program.

(The program for the Delphi Stamp is developed in Del-
phi, then crosscompiled and stored in the Delphi Stamp.
This then functions completely independenily.

The monitoring/configuration program is a separate
application. This programs runs on a PC and uses an
RS232 cable to read and modify the settings of the Del-
phi Stamp program, effectively conirolling it remotely).
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Figure 1. The circuit diagram for the hardware used in this project.

There are two ways in which the project can be -
expanded:

We can either use the existing 1/O capabilities of the Del-
phi Stamp or we use the 12C port fo communicate with
the exira hardware.

In this case we decided to use the I12C interface, and the

+5v
necessary pushbutions and outputs are connected via an GF
1/O chip to the Delphi Stamp. For this we use a 1 : 28V~
PCF8574, which has 8 1/O lines that can be written to ® -
or read from. A maximum of 16 of these chips can be Bl ] S *:k
addressed on the bus, which means that the system can . il P
be easily expanded fo have up to 16 x 8 = 128 10 lines. RS oy i El G
When this is later used on a standalone basis [without ps)e  S2IMES3 i
the evaluation board), the only connections needed are s RCERAR T o
for the Delphi Stamp, the LCD, the I/O chip and the '“:' A1 s “:;—
power drivers (Figure 1). . - -

—

B

The software i bi02e0-1-12

We'll use the source code of the last instalment as the
basis for developing the sofiware. The simulation has to
be expanded with the 1/O chip, two pushbutions and six
outputs. These are added to the existing conirol panel in
the Graphical User Interface (Figure 3). The underlying

Figure 2. An example of the valve driver, using 24 V..

code has fo be modified in several places. T =
) e I ¥
{[eles [llcha || |
The menu structure il . Enter parameters

rs |leaz |
We have to add two butions to the form of the pro- ® :
gram. We'll use Speedbutions for these (because they QO = |
have a ‘Down’ property; when clicked, this property | O w2 et =1 O O
becomes True). ! = na Y
Two procedures and a function are added to the unit e .{T\ firersraT

PCF8574_Wr (Write) and PCF8574_Rd (Read). In the
simulation they emulate the actions of the drivers in the -
Delphi Stamp. The init doesn’t do anything in the simula- w2999 9000 @
fion and is therefore empty.

PCF8574_Wr is responsible for updating the colour of
the LEDs on the screen. PCF8574_Rd reporis the state of Figure 3. At the bottom-left: the two buttons and six LEDs,

Udrivers: TW|_init (Two Wire Interface = 12C), U foaks? @ O
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Array Main menu
settings

Enter/Paramelers |

Edit Mode

Return to start

Start sprinkling. ||

Run: =True

Timer: xx:xx:xx

Value Mode

Deiayed Start
activate timer

1]

Sprinkier time

No: of cycles

ki |

10 minutes E
--15 minutes
utas

Return to start

| etc. up to maximum -—-

5 minutes
10 minutes
15 minuies

Return to start

etc. up to maximum ---

* Return to start

‘Magnetic valve 1

5=

Magnetic valve 2

------ efc. up to maximum number of valves

Valve aufomatic

K
\Valve switchedofi | |
r

VaiVe alifomatic

K
\Valve swilched off ||
e

e ]

050240 -10-14

+1 to max. (24 hours),

xx hours

XX minutes

ST +1 to max. (60 minutes),
then back to 0

then back to 0

Figure 4. All the functions in the menu.
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the pushbuttons. It does this by looking if the ‘Down’
property is set to True. If this is the case it will be
reflected in the return value of the function.

That covers the expansion of the simulation.

The core of the program, the unit UControl, requires more
attention. We want to increase the number of valves from
three to five, and use the sixth output to drive a water
pump fo provide our own water pressure. We also have
to add an eniry to the menu for seiting the start time.

The array that holds the menu entries is therefore
increased fo hold 10 eniries.

In the code for the menu we have fo take account of the
new size of the array. The menu eniry ‘Starting time’ is
added between ‘Number of cycles” and the first valve
(Figure 4). In this way, when we add more valves at a
later stage we can add them on affer the last valve and
we won't have to change the structure of the menu.

A sub-menu is added to the Start eniry in the menu. From
here we can choose between “Start direct’ and “Start
delayed’. ‘Exit’ is used to return to the main menu.

A similar menu can be found in the ‘Starting fime’ menu
eniry, with the options ‘Set start hour’, ‘Set start minute’
and ‘Exit’.

For the display of text on the LCD we have added the
procedures ‘ShowStart” and “ShowTimer'.

For going through the menu in a vertical direcion (via
bution 1), Menulevel 1 has to be adapted. This now has
a sub-menu with three opfions.

The valves are now dealt with one position further, from
>4 to >5 in the comparison {If Menulevel > 5 then}. Posi-
fion 5 now deals with incrementing the values for the
starfing hour and minutes. When the hour becomes
greater than 23 the variable is reset to O and the minutes
are reset when the value goes beyond 59.

The fime is stored in two variables: S_hour and S_min.
We will come back to these later on.

For going through the menu horizontally (via bution 2)
we have fo change Menulevel 1. When button 2 is used
to open the menu, the initial value is read from the array.
This will be equal to 1, which corresponds to the ‘Start
direct’ option. Bution 1 can now be used fo go through
the sub-menu, where option 2 is for ‘Start delayed’ and
option 3 is for “Exit".

When bution 2 is pressed again, a jump is made to the
lefi or right in the menu sfructure, depending on the cur-
rent position (edit value).

When the edit value is >2 then the ‘Exit’ option is per-
formed and the next item from the main menu will
appear. If this isn't the case then when editmode = 1 the
system will be started by setfing the variable Run to True.
When ediimode = 2 the variable Timer is sef fo True.
These variables affect the actions of the program later on
in the procedure ControlExe.

But first we have io complete the menu. When setting the
timer the menu is navigated in a similar manner, but this
time when bution 2 is pressed a second time we move
another level fo the right, into the Value-mode. The fext on
the display is provided by ‘ShowTimer’

In Value-mode bution 1 is used to increment the value.
The value of the editmode determines whether S_hour or
S_min is incremenfed. When bution 2 is pressed a third
time we go back one level fo the lefi.

At the end of the sub-menu we can return io the main
menu via an ‘Exit’ option.

We will now explain the function of the variables S_hour
and S_min. Together they make up the time at which a
cycle should be started. This has to be compared with the
current time, which is stored in the variables T_hour,
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T_min and T_sec. The Delphi Stamp doesn't have a real-
time clock; hence we use a simple counter to increment
these variables. The PC is used fo set the correct time of
the clock.

This takes us directly fo the next item. To implement this
the PC has fo be able to write to the memory of the Del-
phi Stamp. This isn't a problem, since we can use
M485.DLL, which communicates with the 485-server in
the Delphi Stamp. Just three extra lines in the unit Umain

for the Delphi Stamp project (so not in the simulation proj-

ectl) are all that's needed 1o start the server.

But how do we determine the location in memory for
these variables? If we add them to @ new unit and have
this as the first unit in Umain for the Delphi Stamp, then
they will be placed at the start of the available memory. If
we look at the memory siructure for the Delphi Stamp, we
first see the BIOS. This goes up to $17F, which means
that the first usable address will be $180. This is there-
fore where the first variable is stored, and the rest follow
on from here.

We therefore create a new unit called UMem.

We add the following variables to this:

T_hour, T_min, T_sec of type Byte, which are used for
the display of the current time.

S_hour, S_min of type Byte, which are used o store the
starting time.

From UConirol we move these variables here:

Settings : Array]1..10] of Byte, for storing and
reading the setftings.

Run of type Byte, to keep track of the status. (0 = False,
>1 = True).

Timer of iype Byte is added to determine the staius of
the timer function.

And that'’s all that is required.

More on UControl

We add the unit UMem fo the Uses section of UConirol
so we can make use of the variables.

Some code is added o the procedure Controllnit for the
initialisation of the I2C (TWL_inif) and the new variables.
We also set default values in all of the menu eniries here.

Most of the changes are made within the procedure Con-
trolExe.

To start with, some code is added to keep track of the
fime. The procedure ControlExe is called every 100 ms.
\We then count to 10 o obiain one second, then to &0 for
the minutes and again to 60 for the hours. When the
hours reach 24, everything is reset to zero and a new
day begins.

The clock is displayed on the bottom line of the main
menu. The code that deals with the botiom line has been
modified for this. When the timer function has been acti-
vated the botiom line will show the word ‘Timer’ followed
by the time remaining. This is calculated by a separate
piece of code using the values of T_hour/T_min and
S_hour/S_min.

The changes in the menu are made by adapting the sec-
tion that deals with EditMode. In Menulevel 1 the routine
ShowStart is added and in Menulevel 5 ShowTimer
replaces ShowValve, which moves on to Menulevel > 5.
When it's time to stari the cycle we set Run fo True. At
this moment in time we also make a note of all the set-
tings. Up until then they could still be changed (exter-
nally). An exira bit of code has been added to read these
seitings when the Run-mode begins. This occurs just
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before the cycle is started.

And now for the |/O. The reading of the pushbutions is
replaced by the reading of the 12C chip. From the
refurned value we can determine which butions are
pressed and which procedure has o be called.

The procedure SetValve also has to be adapted for use
with the I2C chip. In here a binary number is writien to
the chip using PCF8574_Wr, with the value depending
on the valve that needs to be activated. Along with the
valve, the bit for the pump is also furned on. At the end
of a cycle everything is furned off.

This concludes the changes needed in the program.

If we press bution 2 from the ‘Start’ option we reach a
sub-menu with the option ‘Start sprinkling’. Pressing but-
ton 2 again will start the cycle.

We see that the lefthand LED turns on as will the right-
hand LED of the first enabled valve, which is normally
valve 1 (assuming that no parameters have been
changed and valve 1 was turned off). At the end of the
sprinkling time the next valve is turned on. At the end of
the cycle the last valve is turned off, as well as the pump.

The last topic is the starting of the timer.

If we go to the option for ‘Starting fime’ in the main menu
and then press buiion 2 we reach a sub-menu fo ‘Sef start
hour'. If we press bution 2 again we go another level
down in the sub-menu and can now adjust the value for
the starting hour using button 1. When you have set the
required value, button 2 will return you to the previous
sub-menu. Bution 1 can then be used fo step io the next
optfion fo ‘Set start minute’. In here we can sef the starfing
minute and exit using butfon 2. With bution 1 we step to
the ‘Exit’ option and then press bufton 2 fo refurn fo the
next opfion in the main menu.

The starting time has now been set. If we now go to the
‘Start’ option of the menu and press button 2, we can use
bution 1 to choose the ‘Delayed siart’ option. Pressing
bution 2 will activate this and the display will show
Timer xx:xx:xx’, indicafing how much fime is left before
the cycle will start. Pressing button 2 again will exit from
this mode.

When the timer is furned on, the internal variable Timer is
set to True. In ControlExe the starting time is confinually
compared with the current time and the display is
updated.

When the result of the comparison equals zero, Timer is
set to False and Run is set o True fo stari the cycle. At the
end of the cycle the system turns itself off.

Please note that soon after the initialisation of the fime-
variables it can happen that the cycle starts immediately
when the timer mode is turned on. The comparison of the
fimes works by comparing the variables T_hour/S_hour
and T_min/S_min. If the timer mode is selected within the
first minute after turning on the Delphi Stamp these values
are all siill at 0, with the result that the cycle staris.

To the Delphi Stamp

The unit UConirol, which was created and tested in Del-
phi, has fo be copied fo the directory where the project
for the AVR compiler is stored. The unit UMem is new as
well, so also has to be copied.

We then run AVRpas and start a new project. Make sure
that all settings are correct (refer to the description in the
previous article) and give a name to the project. Add the
file UMain and make this the main file.

You should then open the other files in the editor via
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Figure 5. The monitoring/configuration pragram.

File/Open and add UDrivers.pas, UCantrol.pas and the
unit UMem. The I2C driver has been added fo the unit
UDrivers. This has been kept separate on purpose fo
show how easy it is fo add new modules whenever they
are required. The enhanced version is called UDriversEx
and is included in the project via the ‘Uses’ section of
Ucontrol.

Compile these two files via Compile/Current editor file.
Sometimes there may be a few error messages because
some of the Delphi functions aren’t included in AVRPas.
These can often be corrected by making simple modifica-
tions, giving a successful compilation.

Compile the project: Project/Main Project file. The code
has then been generated and you can exit from AVRPas.

The file created by the crosscompiler, which contains the
binary code, now has fo be stored in the Delphi Stamp.
For this we'll use an RS232 connection and the program
Mon485, which connecis to the M485 server running on
the Delphi Stamp. Copy the program across fo the Delphi
Stamp, which then becomes a fully independent device.

Monitoring via the PC

The monitoring via a computer is done with a separate
program. By ‘monitoring’ we mean that the program can
read and display all seitings.

In this case we can also send new settings fo the Delphi
Stamp via the Write bution.

During normal operation the program will be in Read-
mode. All paris of the system can be found again in the
monitoring program: the LCD display, the seftings, the
two start options and the status of the ouiputs. Added to
these are the actual fime (from the PC) and butions for
reading the sefiings or write them fo the Delphi Stamp.
This program communicates via the M485 protocol with
the Delphi Stamp and can retrieve the stored settings.
The butions marked Start and Timer Siart are used io set
the Delphi Stamp in either Run or Timer mode.

The description of this application for the Delphi Stamp
concludes the course in Delphi for Electronic Engineers.
We hope that you've found it very informative.

More information about the Delphi Stamp can be found
at www.vogelaarelectronics.com. Further details about
this course and the programs are af www.learningdel-
phi.info.
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AGLIGIS T DIGITAL RADIO MONDIALE

Tune in with
Matlab

Wolfgang Hartmann and Burkhard Kainka

DRM broadcasts provide unparalleled programme quality on short, medium and long wave fre-
quencies. Diorama is a new open-source DRM decoder program developed at the University of
Kaiserslavtern, Germany. With the addition of a little hardware it can decode these long range
transmissions and play them in real-time on a PC. A strongpoint of this implementation is its
use of MATLAB which provides an insight into the nuis and bolts of signal processing.

} IDiorama Control

Figure 1.
Additional information

is displayed via the
control panel.

Siznal Information

Figure 2.
Received signal
information.

Redio broadcasts using the DRM (Digital Radio Mondi-
ale) digital format are becoming more commonplace but
commercial receivers are sfill a litile thin on the ground
and needless fo say very expensive; a good enough rea-
son io add a low cost RF frontend to your PC [e.g. the
Elektor Electronics DRM receiver [1]) and decode the sig-
nals with software.

Diorama is a complefe open-source DRM receiver decod-
ing program operating in realiime that has been devel-
oped by Torsten Schorr and Andreas Ditirich af the Insti-
tute of Telecommunications at the University of Kaiser-
slauten [2]. The program is similar to the ‘Dream’ sofiware
that regular readers will recognise from our earlier articles
on DRM receivers [1]. Diorama is implemented using the
numerical computing environment MATLAB. This
approach enables the signal decoding process can be
interrupted and examined at any point fo gain valuable
undersianding of the signal processing behaviour. The
program requires version 5.2 of MATLAB (release 10) or
higher. A graphical user interface for adjustment and dis-
play of system parameters is optional. The input signal
spectrum, synchronisation variables, received S/NR and
many other variables are shown in the standard online
display. In addition it is possible fo display the received
signal along with the recovered output data.

First Impressions

For those who do not have the full version of MATLAB
there is an alternative EXE version of Diorama fhat only
requires a runtime version of MATLAB (MCRInstaller). We
tested this version here in Windows XP.

Once diorama.exe is started it runs in the background in
a DOS window. The Diorama Control Panel is also dis-
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A look at the new open-source
DRM decoder program Diorama

Th : help of the MATLAB integrated visualisation icols. Program
e Co ncept execution can be stepped and break points inserted.
Changes to the program code can be easily made which
By Torsten Schorr and Andreas Dittrich iake effsct immediately when Diorama is restarted without the
need o recompile the code. Development and debugging of
MATLAB was chosen for this projeci o handle the recsived H:'e new algorithms for DR'M d_etfoding proved fo be relofively
data stream because it provides an interpreted scriptike pro- S!I'l:lp!e u‘nd much 'Faster using this devek'rpmani environment.
gramming language that facilitates an fficient step-wise This environment is also a useﬁ_sl eﬁlucnhonul‘iml because the
methodology for application software development and incor- ?’perahon of Preqy, telgcommumcuhons algorithms can be
porates useful debugging fools. In addition MATLAB incorpo- ilustrated with Dicrama.
rates many useful mathematicol signal processing fools and MATLAB is also available as a compiler version. Depending
funciions for data visualisation. on the release version of the compiler, it can either produce
Use of the internal signal processing roufines of MATLAB binary files (in this case DLLs) or files using MATLABs own file
together with a litfle native code where necessary (for the fon_nuf. In bc.ﬂh cases an executable [.e:fe} lflll.‘. is generated
more processor-intensive fasks) ensures that Diorama exacutes which runs like _uny ?ﬂ“?r soﬁ\yarevupplrcahons .O" ﬂ“? PC'_
fast enough fo be able to decode the DRM signal in real fime. 'I:ha necessary ||br_unes including signal processing, VIS-U-DIISCI—
tion tools and a virtual processor for the MATLAB specific for-
In addition the user is able to manually inferrupt program mat are contained in a runtime environment which must be
execution and observe internal data and variables with the installed in paralle! fo the Dicrama program.

played but this can be closed if you prefer the applica-

fion to ‘disappear” from the screen. Diorama handles sig-

nal decoding only, tuning and setup of the DRM receiver

hardware is performed by an additional program such %
as DRM.exe for the Elekior Elecironics DRM-RX [1]. : P

F 5
=
-+
E
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:

With the Control Panel (Figure 1) it is possible fo view
additional data. Signal info (Figure 2) identifies the

received stafion and any additional data services from e o
the stafion. Data such as the signal fo noise ratio are also I I
displayed. The received signal input specirum is shown in SR i ol -+ i
Figure 3 and Figure 4 gives the three-dimensional ‘sig- ;Y : :
nal constellations’ of the received carriers. Pl

uqsasn
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"

S
i

[ SRS S
gy o

PN I Figure 3.
The quality and robustness of the decoding process is : 2] S ottt The signal spectrum
comparable to the Dream software. When the received E : 2 ] i e E Gt display gives a dear

signal to noise ratio drops below the level where the sig- impression of the input
nal can be reliably recovered the software outputs artifi- i
cial noise on the audio so that it is possible to distin-
guish this condition from a temporary break in signal
modulation. 3

A strongpoint of the software is the handling of informa-
fion pages sent by DRM broadcast siations. The pages
can be viewed using your normal Internet browser
application. Received images are stored in a folder and
can be retrieved later if required.

ST

Literature and Links

[1] ‘Build your own DRM receiver’, Figure 4.
Elektor Electronics, 3/2004, P. 12 mt :
[21 htip://ni.git.unikl.de/forschung/dierama shown in 3D.
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Order now using the Order Form Email: sales@elekior-elecironics.co.uk
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Step into the fascinating world of microcontrollers

Microcontroller Basics

Burkhard Kainka

NEW MICROCONTROLLER

Basics

Microcontrollers have become an indispensable part of modern 5
electronics. They make things possible that vastly exceed what
could be done previously.

Innumerable applications show that almost nothing is impossible.
There's thus every reason to learn more about them, but that
raises the question of where to find a good introduction to this
fascinating technology. The answer is easy: this Microcontroller
Basics book, combined with the 8958252 Flash Board project
published by Elekior Electronics. This book clearly explains the
technology using various microcontroller circuits and programs
written in several different programming languages. In the course
of the book, the reader gradually develops increased competence

in converting his or her ideas into microcontroller circuitry. ISBN 0-005705-67-X
230 Pages

Flash Microcontroller £18.70/US$ 33.70

Starter Kit )

| i o1

Elektor Hardware & Software , o

Step into the fascinating world of microcontrollers with

the Elektor Electronics Flash Microcontroller Starter Kit.
Order now the ready-assembled PCB incl. software, cable,
adapter & related articles.

Contents of Starter Kit:

* 8958252 Flash Microcontroller board
(ready-assembled and tested PCB)

* 300-mA mains adapter ‘ -

» Serial cable for COM port £69.00/ USS 112.50

» Software bundle on CD-ROM

o Article compilation on CD-ROM

More information on www.elekior-electronics.co.uk




WIZ-C for the PIC — Rapid Application Development in C

NOW available with USB Development System

USB development Support

= Add on library provides point and click CDC
support to WIZ-C

¢ Installs as a virtual com port — access easily
from C, Visual BASIC, Hyperterminal etc.

+ Development board (pictured) based on
18F2550 supplied with bootloader and
sample application

s See website for details

WIZ-C - ANSI Compiler and Rapid Application Development in C

WIZ-C is more than a C Compiler for the PIC — it is a complete
development environment with rapid access to library components with
point and click set up.

Ideal for beginners, includes full tutorial manuals and an introductory
manual to the C language.

Syntax highlighting editor.

Full ANSI C Compiler

Large libraries included for displays, ports, data transfer, keypads,
graphics, bootloader and C standard functions.

Extensive simulation capabilities, very rapid program execution, includes
simulation of LCD, LED' switches, 12C, RS232 terminals etc. Inspect C
variables in C format

Logic analyser can display waveforms of PIC pins and internal registers
simplifying debugging.

Includes assembler to allow you to develop assembler projects in their
own right, or as part of C projects

LITE version supports the most popular PIC devices

— academic users may choose these types.

UK written and supported.

Priced from £35.00

We accept major credit cards and Switch.
Order securely from our site www.fored.co.uk or contact us by phone or fax on 01590-681511. email info@fared.co.uk.

www.fored.co.uk
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CD-ROM

ECD

Edition 3

Now with a new
user interface!

Elekior's Components
Database gives you easy
access to design data for
over 5,000 ICs, more than
35,000 transistors, FETS,
thyristors and ftriacs, just
under 25,000 diodes and
1,800 optocouplers.

All databank applications
are fully interactive, allowing
the user to add, edit and
complete component data.

More information on www.elektor-electronics.co.uk
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Forest Electronic Developments, 12 Buldowne Walk, Sway, Lymington Hampshire. SO41 6DU

ISBN 90-5381-159-1
£12.95 (USS 22.90)

Order now using
the Order Form
in the Readers Services

seciion in this issue.

Elektor Electronics
(Publishing)// Segment B.V.
Regus Brentford

1000 Great West Road
Brentford TW8 9HH

United Kingdom

Tel: +44 (0) 208 261 4509

info@fored.co.uk
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Audio
Collection 2

A unique CD-ROM for the
true audio lover, containing
no fewer than 75 audio
designs from the past five
year volumes of Elektor
Electronics magazine.

The articles on the CD-ROM
cover test & measurement
equipment, amplifiers, digital
audio and loudspeaker Order now using
technology. Highlighis include [fis=e] s Edlme i)
the Crescendo Millennium the Readers Services
Edition, Audio-DAC 2000, section in this issue.
Audio-ADC 2000 and the
IR-S/PDIF Transmiiter and Elektor Electronics
Receiver. Using the included NG G DG ds A
Acrobat Reader you are able  HaELlSIE Gl

to browse the articles on 1000 Great West:Road
your computer, as well as Brentford TW8 SHH

print texis, circuit diagrams United Kingdom

and PCB layouts. Tel. +44 (0) 208 261 4509

£12.05 (USS 21.25)

See also www.elektor-electronics.co.uk
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ECHNOLOGY

Figure 1.

The ZXCT1010in a
basic current sense
circuit showing the
internal block diagram
and chip pin-outs.

70

| APPLICATION NOTE

f¢

L~ - i & - - [ - i 3 - .
The confent of this note is based on information received from manufaciurers in the elecirical and eleciro

o 5 ¢
nics indusiries or their

representafives and does niof imply praciical experience by Flekior Elecirenics or ifs consultans.

CURRENT

SENSING

USING THE ZXCT10xXx

Gregor Kleine

Measuring high-side current becomes a piece of cake when
you use the ZXCT10xx range of devices from Zetex. The
chips can produce a proportional output voltage
referenced to ground by sensing current through a user-

defined shunt resistor.

The semiconductor manufacturer Zetex has recently intro-
duced a new family of current sensing ICs. These devices
operate from a wide supply voltage range between

+ 2.5 to 20 V and can be used in many applications
including overload protection, battery chargers, cooling
fan current monitoring or switch-on surge limiting. The
four variants perform the same function but have different
output characteristics; the measured current can be output
as a scaled current or voltage and one variant has an in-
built comparator.

R
ZXCT1010
ne[T]® (7 jLoan
ealz
vouriout[E B
I Your ’ (S0T235)
&
=2
2 -1

Current sensing
with three external components

The basic configuration using a ZXCT 1010 and current
sensing resistor (shunt) R1 is shown in Figure 1. This
device ouiput current at Iy is a scaled down measure-
ment of the load current through R; Resistor R2 is con-
nected between Igyr and ground and converts the output
current info a voltage V. Internally the ZXCT1010
coniains an op-amp, fransistor and a 100 Q resistor. The
op-amp is configured so that when a voltage is devel-
oped across the sense resistor it will cause the fransistor
to conduct and divert sufficient current through its loyt
pin so that the voliage across the op-amp inputs is
reduced io zero. The voltage across the internal 100
resistor will therefore be the same as the drop across the
sense resisfor (Vsense)-

This relationship can be expressed mathematically:
I R1 = 100 @ x | = Ve

Rearranging for I5:

Iy =, xR1 /100 Q

We can assume that the op-amp takes so litile current at
its inputs that all of |, passes through the transistor and
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out of lgyr. The voltage (Vout) produced across the
external resistor R2 can now be expressed in terms of the
other variables:

Vour = lour xR2 = I, xR2

Substituting the expression for I above:
Vour = Vsense % (R2 / 100 Q)

Vour =l x R1 x [R2 / 100 Q) [

The ZXCT1010 requires a value of R1 so that the load
current produces a sense voliage of approximately 100
mV. The low sense voltage reduces power dissipation in
R1. As an example, assuming a load current I of 5 A,
R1 can be calculated from:

RT =Vsense /1t [2]
Rl=01V/5A=20mQ

It most cases it will be convenient to make this low value
resistor using an efched irack on the PCB. The required
irack length and width can be calculated providing the
thickness of the copper layer is known (see “Printed cur-
rent sensors’).

Once the value of R1 has been calculated it is now possi-
ble to choose the value of the scaling resistor R2 so that
is gives the required output voltage for the load current of
5 A. For example we will pick an output voltage of

500 mV. Rearranging equation [1] for R2:

R2 =Vour /[l xR1)x 1009Q]  [3]
R2=[05V /(5 Ax0.02 Q)] x100Q
R2 = 500 @

Equation [1] becomes:
VOUT=0.] V x [Il./ 1 A}

It is important to choose R2 so that the value of Vg1 can-
not be greater than the supply voltage V). In practice
the maximum value of Vot should always be o few volis
less than the supply voltage.

Capacitor C1 filters supply-borne high frequency noise
and should always be present in any circuit using a
ZXCT10xx device to ensure stable operation and reduce
any tendency for the device to oscillate.

Current in/voltage out

The ZXCT1021 and ZXCT1022 devices are basically the
same as the ZXCT1010 but have a builtin scaling resis-
tor [R2) and therefore have a Voyr rather than an Igyr
pin. The resistor ratio of R2 / 100 Q in equation [1] is
replaced by 15 kQ / 1.5 kQ = 10 for the ZXCT1021
and 15 kQ / 150 Q = 100 for the ZXCT1022. The equo-
tion for R1 then simplifies fo:

For the ZXCT1021:
Vour = 10x 1, xR1

5/2005 - elektor eledironics

For the ZXCT1022:
VOUT =100 x ILX R]

The ZXCT1021 produces an output voliage of 1V for a
drop of 100 mV across the shunt resistor R1 while the
ZXCT1022 produces the same output for a drop of

10 mV across R1.

Ry

mm  ZXCT1021/1022

nc[f]® [TjLoan
e[z}

voutiicur [3] 3]V

V,EJ)T’

Baizzg)

o222 - 12

Ry

Vout
A

10=I_*Ry

D40E52 - 14

Figure 2.

Both the ZX(T1021
and ZXCT1022

have a built-in scaling
resistor RZ.

Figure 3.
Bipolar current sensing
configuration.

Figure 4.

The characteristic of
output voltage versus
bipolar current.
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Figure 5.
Current sensing with a

supply greater than
0V.

Figure 6.

The RDSON of a
switched MOSFET can
ulso be used for
sensing current.
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Function Technical Data
Forerunner fo the | ZXCT 1010 has a lower
LTI et to10 Offset
| |
| Vsense fyp. 100 mV
Current sense with | Bandwidih 2 MHz sup- |
IXCTI010 | et output. | ply current 4 pA I
| Package outline SOT 23 |
1 |
Vsense fyp. 100 mV |
c b | vt 350 Kz
urrent sense will andwidi z |
Z4CT102) voliage output. supply currenf 25 pA
Package oulline |
SOT-23-5
| Vsense fyp. 10 mV
c b | Bovdidh 300 ke
urrent sense wit | Bandwi f z
DT 1022 voltage output. ! supply current 25 pA
| Package outline
| | SOT23-5
¥SEN55 T\);’P- 100 ";\é
' out SENSE =
2XCT 1030 | volige Zi?;ﬁféﬂ Bancwidih 10/Mi
buill-i%l comparator. | Y€€ = ¥2.2 10,20 V
P * | supply current 270 pA
Package outline MSOP8

Bipolar sensing

The ZXTC1010 can only sense current flowing in one
direction, when the current changes direction lgyt
remains at zero. Where an application calls for current
sensing in both directions (e.g. monitoring the charge
and discharge current of a rechargeable battery] it is
necessary fo use a bipelar current sense configura-
tion. Figure 3 shows how two ZXCT1010s can be con-
nected using the same sensing resistor R1 and output
scaling resistor R2. The upper ZXCT1010 in the diagram
has its VIN and LOAD inpuis swapped around the sense
resistor. Both RT and R2 can be calculated using the for-
mulae given above. For applications requiring the for-
ward/reverse currents fo be independenily monitored the
two Vour signals from each ZXCT1010 can be sepa-
rated and connected fo its own scaling resistor R2. Both
the ZXCT1021 and ZXCT1022 have a in-buili 15 kQ
scaling resistor but their folerance is so wide (30 %
according to the data sheet) that these devices would, in
most cases be unsuitable this type of configuration. Fig-
ure 4 shows the Vo7 fo load current relationship.

The ZXCT1010 chip employs high side sensing without
the need to disrupt the earth return. The device is also
suitable in circuits where the supply rail exceeds 20 V but

a few exira components are required (Figure 5). The
zener diode ensures the supply to the ZXCT1010 does
not exceed 15 V while the remainder of the supply volt-
age is dropped across the collectoremiiter junction of T1.
It is important to check that this does not exceed the tran-
sistor Veeg ratfing. The voliage level of the IOUT pin will
be one diode drop (0.7 V) above ihe base potential of
T1. The high current gain of T1 enables us to ignore the
base current and assume that the emitter and collector
currents are equal. The scaled output voltage Vouy is
once again produced by gyt through R2 and can be
calculated as before.

The value of resistor R3 is calculated to allow a current of
0.1 mA through the zener diode. The ZXCT1010 draws
just 4 uA and the current gain of T1 ensures that its base
current will also be comparatively small. The transistor is
used in a common-base configuration.

The chip can also be used in conjunction with a MOSFET
to both switch and sense the current to a circuit

(Figure 68). The MOSFET drain-source resistance (Rps
on) is fypically around 10 mQ and is used io sense the
load current in this circuit. The load resistor connected to
pin 5 is only required if the output voltage drives an elec-
trically noisy circuit that may generate voltage spikes
greater than the maximum 20 V supply limit of the chip.
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One thing to bear in mind with this circuit is that the comparator output (open collector) pin Comp_out that
value of Rps on has quite a wide spread and is also a switches low when the pre-set threshold at Comp_in is
function of temperature. When the MOSFET is switched exceeded.

off Vgur rises to its maximum value because the drain- i
source voltage rises fo a maximum and the current sense

IC interprets this as maximum load current condition. References:

Data shests from: www.zefex.com
The fype ZXCT1030 has a builtin comparator with an

: : ZETEX Application Note No. 39
internal reference voliage and comparator input level
(Comp_in). In addition fo the usual Vg it has a digital ZETEX Design Note No. 77 (High Voltage Transients)

r—-——---------————---———-----—--——-—-h--—--ﬂ——-1

I o @ i
 Printed current sense resistors :
I I
I i ‘ I
: The current sensing element R1 has a re[c!avely low Trackwidith bl Maximum current lna. B
; value and can be cheaply made from a zigzag length
i of PCB frack. The resistivity of copper is: 0.1 mm 0.5A ;
i 0.2 mm 0.7 A :
| Pes=0.0175Qmm2 / m 0.3 mm 1.0A I
I 0.5 mm 1.2A I
i The copper layer thickness of a standard PCB is typi- 0.8 mm 15A I
1 cally 35 um. The resistance of R1 can be calculated 10w 17 A 1
1 f'rom the length of copper track I, and its cross sec- 15 mm 20A 1
I tional area A_: o iA 1
I 1
I iz 3 mm 6 A 1
I R] pr.‘u x Icu / ACU S5mm B A I
! The cross sectional area A, is given by th 16 i 124 1
I v IS given by the copper i
y loyer thickness and track width w,,: i
I I
I A =35 um x w, i
| I
I For example, assuming we require a resistance for R1 of 0.1 Q. The calculated current flow indicates that a I
I' 0.2 mm wide track will be acceptable. Plug the value for R1 into the above formula and using a cross sectional i
: area of 35 um x 0.2 = 0.007 mm2 we arrive at a PCB frack length |_, of 40 mm. 1
]
!' The track must be able fo pass the current without getting oo hot. The table indicates maximum current rating fora !
: given track width: :
|
1 The last consideration is how well copper :
1 performs as a resisior. The bad news is that
1 it has a relatively high positive temperature  §
i coefficient i.e. as it gets hotier ifs resistance 1
I increases linearly by 0.4%/°C. A tempera- |
I ture change from +5° C to +45° C will 1
I ’ result in @ 16 % change in resisiancel The !
: e (s 4 good news is that the ZXCT10xx family of !
i e devices have a negative temperature coeffi- :
I cient. This characteristic is not linear and is y
i not as pronounced as copper (0.25 % / °C I
I between +5 °C and +45 °C) but it does go i
I some way to offset changes bought about
I by heating R1. The device will need fo have
: good Iherr?ulﬁcoup;i_ng toR1 fo get maxi- 1
l R o mum benefit from this effect. :
: The copper track sense resistor R1. :
ﬁ———--———-———--——--———ﬂﬂ-—--————-————-———u———--‘
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SMD soldering aid

Gert Baars

When soldering SMDs (surface
mount devices) onto a circuit
board, it is often difficult to keep
the tiny component correctly posi-
tioned. With two hands in use,
one holding the soldering iron
and fhe other, the solder fin, you
really need a third hand to keep
the SMD in place. Fair enough,
SMDs with a lead pitch of 0.05
inch stand a good chance of suc-
cess if you melt-and-move a litle
fo first secure the two corner pins
of the IC to make sure it's prop-
erly aligned on the solder pads.
Smaller ICs with a lead pitch of
just 0.65 mm or even 0.5 mm
are far more difficult to handle
and really svitable for machine
mounfing only. A possible solution
to the problem is fo secure the IC
fo the board with a drop of
hobby glue. Next, you dlign the
IC using a magnifying glass and
allow the glue to set. This may
last up to a couple of hours.

The author having run into this
problem often enough, an idea
came to mind fo make a simple
but effective litile tool that's easy
to produce at home.

We're looking at a kind of minia-
ture clamping device capable of
holding an SMD in place with suf-
ficient force to allow it to be sol-
dered, but less pressure than to
crush the device! The first version
consists of three strips of PCB
material, an M3 nui, a pressure
spring and some washers and

i

nuts. The drawing shows that A,
B and C are pieces of unetched
board material secured to form a
U-shape. At point ‘A’, a 3-mm
hole is drilled af the end. A 60-
mm long M3 bolt with one end
filed into a fip is inserted into this
hole. The bolt end protruding
from the upper board strip (A)
fakes an M3 washer and a
spring. The spring is convenienily

salvaged from a ballpoint pen
and should have relatively low
pressure tension. Next, the long
M3 bolt takes a washer and a
nut, causing the spring fo push
the screw downwards. With a lit-
tle adjusiment of the nut, a setting
can be found af which the screw
exeris a litile pressure on the IC
on the board underneath it — just

enough for our purpose. The

faarveed 2b emamien shest

=

Simple Li-lon battery charger

Elbert Jan van Veldhuizenr

Alfter two to three years of active
use mosi mobile phone batteries
will have lost a lot of their origi-
nal copacity, and are best
replaced. However, such a dis-
carded battery may have enough
capacity left to power, for exam-
ple, a realiime clock [RTC) for
many months in the event of a
power outage. Whot's more, the
battery is ‘surplus o requirements’
and therefore free.

Normally, a good amount of elec-
franics is needed to charge Lidon
batteries in a couple of hours.
However, the most important

soiger
SMD / SAD on FCB
[ = 1
J
+4V8...+5V0
*sunm
3x
1N4148
D2 |p3
+O
BT1 (Real Time Clock)
©) = S
§um &
@ 2 - 050273 - 11

drawing really speaks for itself.
The fool is simple to use — first,
put the SMD roughly in position
on the board and lift the bolt a lit-
fle. This is easiest done by push-
ing up the iip side. Slide the
board under the bolt, aligning the
IC under the fip. Because the bolt
will have some play, the IC can
be moved exactly onto its fool-
print using the fweezers, a match-
stick or a small screwdriver. All
the while, the bolt will exert
enough pressure on the IC to
enable you fo solder the corner
pins without shifting the SMD, but
also allowing enough play to
move the IC about a litile while
aligning.

Should the IC start to slide off in
the wrong direction, the spring
pressure has to be increased a li-
fle by furning the nut up a litile.
The sizes of the materials used
may be selected to personal
requirements. The author’s first
version of the tool is intended for
smaller PCBs and has the follow-
ing dimensions:

A = 15x60x2 mm;
B = 15x45%2 mm and
C = 15%75%2 mm.

In principle, it is also possible fo
machine the U piece from a sin-
gle piece of metal sheet by bend-
ing two right angles and a curva-
ture. If the material used is neither
too thick or too short, it will
exhibit enough tension of its own
s0 a spring will not be required.

GFET

aspeci to keep in mind during the
charging process is the danger of
overcharging, os that may lead fo
explosion. Figure 1 shows a sim-
ple circuit for slow charging while
preventing any risk of overloading
the baftery. The circuit consists of
just four components. The battery
is charged to about a quarter of
its capacity in one day, o 50% in
one week and 80% in one month
— sufficient we reckon for equip-
ment that's on all the fime.

Depending on the exaci type, a
fully charged Lilon battery sup-
plies between 4.1 Vand 4.2V, or
3.6 V when empiy. When charg-
ing, the circuit employs the nonin-
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ear characieristic of a diede. With
a flot baitery, the charge current
flows through diodes D1 and D2,
causing a vo]tuge drop of 0.7V
across each diede. A current of
5 mA then flows through the
dicdes and the batiery. At a bat
tery voliage of 4.2 volts, the drop
across the diodes is down fo
0.4V, causing a current of 15 pA

through the battery. With R1 at
270 kQ the charge voltage can-
not exceed 4.2 V because the
diode current then balances the
current through R1. For 4.1 V Li-
lon batieries, R1 needs to be
changed into 100 kQ. The
amount of selfdischarging of fhe
author’s battery was found to rep-
resent an internal parallel resist-

Build your own rotary encoder

Gert Baars

The cheaper variety of rotary
enceders, including those from
Bourns, are mechanical devices
rarely capable of generating
more than 25 pulses per revolu-
tion (ppr]. If more ppr are
desired, an opiical encoder is
vsually a better alternative.
Devices exist in this class with up
to 256 ppr but then ihe price is
well beyond the reach of the hob-
byist. A mechanical
[pulley/string) transmission to
increase the ppr of mechanical
encoders is possible in theory but
at the cost of an awkward
amount of torque. Also, the sim-
plest solution (apparently} of furn-
ing the mechanical enceder faster
than usual is not viable as it will
siress the device beyond its limits.
Another alternative is to furn a
small stepper motor into an
encoder. After all, a stepper
motor has permanent magnets
inducing voliages in the rofor
coils. Without going into too
much detail, a stepper mofor
requires fwo signals with a phase
difference of 90 degrees. The
voltages generated per coil can
ihen be soid to represent a ‘Gray

ance of 50 kQ, making R1 super-
fluous and limiting the charge volt-
age to about 4.0 V. The exact
value has fo be determined for
each individual battery.

The rest of the circuit speaks for
itself. Once the 5V supply voli
age is present, the current flows
to the RTC via diode D1. When
the voltage is interrupted, the IC

akr

‘—l 4k?{ o

[ a0k |

T

code’, that is, two voltages 90
degrees out of phase.

Smaller moiors salvaged by the
dozens from old printers and
flatbed scanners are particularly
suited to our purpose as they usu-
ally turn smoothly and have o
small cogwheel attached allow-
ing a larger wheel io be driven.
A 1:10 transmission for example

See your design in print!

Elektor Electronics (Publishing) are looking for Freelance Technical Authors/Designers

easily resulis in a rofary encoder
with 150 or so ppr, which may
be very suitable for tuning a
receiver in 100 Hz steps. Some
printers and flatbed scanners
have stepper motors with 1- or 2-
wheel gear reductions on the
spindle. The motor used by the
author gave an effective reduc-
tion of 1:13 using fwo whesls. A

is powered from the baitery via
diode D3. R2, finally, affords
shoricircuif protection.

Caution! The circuit must be pow-
ered by a regulated supply voli-
age nof exceeding 5 volis.
Higher voltages present a risk of
baitery explosion and must be
avoided.

6-mm spindle was provisionally
mounied on the second cog-
wheel, and iurning the spindle
resulted in 180 pulses per revolu-
fion.

In this circuit, voltages supplied
by the coils in the stepper motors
are converted info square wave
signals having TTL levels. As with
a ‘real’ Bourns encoder, Gray
encoded signals are output at 90
degrees phase difference. The
two opamps inside the TLO72
case are configured as compara-
tors. Thanks fo their high gain,
even small voltages are reliably
processed, enubling your Iogic fo
respond when the spindle is
turned slowly.

The additional hysteresis created
with R1 and R2 is required in
view of the “output’ signals typi-
cally supplied by the stepper
motor.

This simple circuit is the poor
man's equivalent of a very reli-
able, high resolution rotary
encoder and may also be used to
decode speed and direction of
fast turning spindles on, for exam-
ple, eleciric mofors. Mechanical
encoders simply aren’t suitable
for that purpose.

If you have an innovative or otherwise original design you would like to see in print in Europe’s largest magazine on
practical elecironics — above average skills in designing electronic circuits — experience in writing electronics-related
software — basic skills in complementing your design with an explanatory text — a PC, email and Internet access for effi-
cient communication with our in-house design staff ...
then do not hesitate to contact us for exciting opportunities in getting your designs published on a regular basis.

Elektor Electronics - K. Walraven, Head of Design Depf.
PO. Box 75, NL-6190-AB Beek, The Netherlands,

12/2005 - elektor eledronics

Fax: (+31) 46 4370161

Email: k.walraven@segmeni.nl
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Right-angle LED

Karel Walraven

cause the odd bit of trouble at
Elekior Electronics as well.

While developing last
June’s Elecirosmog
Tester our lab suf-
fered a few

unpleasant set-
backs. Read
along...

For the Elecirosmog Tester fea-
tured in the June 2005 issue of
this year we looked for LEDs that
radiated light towards the side
instead of upwards, which is
usually the case. Normally this is
not an issue. With a standard
leaded LED you can easily bend
the legs so that the LED can point
in any desired direction. How-
ever, with this project we wanted
to keep things small ond cheap.
There are LED-arrays available
that can be mounied on the side,
but the price of those cannot be
called atiractive at all. That's
why we staried looking in the
area of SMD LEDs.

By coincidence we siumbled
upon a ‘right angle LED' from
one of the larger manufacturers.
To be honest, we didn't know
that components with this name
exisied, and we couldn’t quite
image what they where. It was-
n't immediately clear in which
direction the light left the LEDs.
The method of mounting was

.. good (soldering) exercise

The miniaturisation of components does

also a cause for debate. The
LEDs had copper surfaces at the
ends and on the botiom, while
we would have expecied con-
duciive surfaces along the long
edges. This is, after all, the side
of the LED that is in confact with
the copper on the PCB. But it
wasn't like that.

We quickly ordered a few and
made the foolprint for the PCB.
Everything looked fine. Solder-
ing by hand was not a problem.
The LEDs are of good quality
and are quite bright. There is
also a clear mark that indicates
the cathode, so making a mis-
take is nearly impossible.
When the first batch went into
production we were siill in high
spirits. But soon there was a
phone call from the contract
assembler. The footprint for the
LEDs was not correct. On the
PCB, the LEDs were rofating on
their pads and were pointing in
all directions, because the pads
were too long and too close

together. This required some fur-
ther investigation. We studied
the datasheet again, and sure
enough, the foofprint in the
datasheet was correct. We had
made a mistake. Qut of habii,
when drawing the footprint we
placed the pads with the long
sides parallel. That was com-
pletely wrong in this case. Now
we also understand why the con-
tact surfaces are on the ends...
To add to our misforiune, we
had to solder some thousand fid-
dly SMD LEDs by hand...

A new baich and new opporiu-
nities. With the now corrected
footprint everything will be all
right, we thought. But, and you
can see this coming, this was not
to be. Another phone call from
the coniract assembler: all the
LEDs are the wrong way around,
the cathode and anode were
swapped. We didn’t understand
that. Surely every component
can be placed on the PCB

rolated of any angle? Since
when do all fransistors and elec-
trolytic capacitors have fo be
placed in the PCB all poiniing in
the same direction? This is frue,
and applies io all componenis,
except fo right angle LEDs. You
can turn them around, of course,
but then they will shine iheir light
info a different (and therefore
wrong) direction. If the LEDs
come with the cathode on the
lefi out of the tape, then the cath-
ode stays on the lefi and there is
nothing that can be done about
it. The surface mount assembly
machine cannot furn components
upside down. Well, there is no
end to our misfortune. For the
second time we had to solder a
thousand fiddly SMD LEDs by
hond, and design a new PCB...
Everything turned out all right
in the end. We learned our les-
son [SMD LED soldering). And,
as they say: “Practise maokes
perfect”.
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Jan Buiting

The great thing about using an
old analogue multimeter is that
you find yourself actually thinking
before taking o measurement.
Questions you ask yourself should
include: what value can | expect
fo see; what range should | select;
will the object of my measurement
damage the meter, and, where
do | plug in the test leads on the
meter? Youngsters used fo using
DMMs with multi-digit displays
and sleek, rugged cases will
laugh their heads off and simply
connect their meter to any circuit
with any polarity in any way and
wait for any error signal, prefer-
ably fexted o their mobile phone
with a nice ringione to go with it.
What do you mean you have to
know what you measure?

While not depreciafing the huge
technical progress vested in digi-
tal muliimefers, nor their accuracy,
ruggedness and low cost, the
instruments make sloppy engi-
neers because it is no longer nec-
essary to know what the circuit
you're measuring is actually
doing. Typically, the DMM user
will inifially marvel at the reading
on the display and only then
attempt to understand the circuit
he or she is dealing with,

| guess the hwo analogue mulfime-
ters piclured here differ some 10-
15 years in age, the Simpson
Model 260 (series 79) being
the oldest. Its black, ABS case is
very rugged, with a carrying han-
dle that doubles as a filt stand.
With this meter you sure have to
know what you're doing as there
are no fewer than four pairs of
input sockeis for the test leads to
plug into, plus a rotary switch
with positions +DC, -DC;
AC/DC and 50V/amp/250mV.
In good US tradition, the back
panel has a 250+word safety
statement including more don'fs,
caufions, warnings and dis-
claimers than useful instructions
how to use the insirument. The
moving coil meter is proudly iden-
fified as a ‘taut band suspension’
type, while the meter load is
stated as 20 kQ/V for DC and
5 kQ/V for AC. As usual with

these multimeters, high current
(10 A} and high voltage
(1,000V) measurements require
the fest leads fo be relocated into
separate inputs.

The Simpson meter is powered by
a 1.5V and a 9-V battery and
has no active paris like FETs.
The ranges on this instrument are
ImA, 10mA (A)], 100mA,
500mA, 2.5V (1V), 10V, 50V
1A), 250V, 500V (1000V), Rx1,
Rx100; Rx10,000, off/transit.
The meter shown is in mint condi-
tion — | recently saw one on
Ebay fetching about 50 dallars.
Genuine ‘AVO’ meters are now
collectibles!

The Philips PM241 pictured
here comes straight out of the
box, having been in safe storage
for | guess about 3035 years. It
is a typical example of mid-
1970s case siyling using an
anodized aluminum front panel
that's not scratch-proof. The meter
scale has a mirror band to pre-
vent reading errors due to the
parallax effect. In practice, you
close one eye and adjust your
viewing angle until just one nee
dle is seen. Again laughter from
ihe DMM generation but a quick
test shows that the reading accu-
racy obiained in this way is bet-
ter than 0.5 percent. The PM241
is powered by the same batteries
as the Simpson 260 and even
has a small spool of resistance
wire inside fo replace the fuse
profecting the 3 A range.

A narrow pushbution we thought
was labelled ‘0.4 x 17 in the cen-
fre of the rofary switch initially
puzzled us but then it turned out
that pressing it in the current
ranges causes the meter sensitiv-
ity to increase by 1/0.4. Weird
but useful. This allows a volis
scale fo be used for better accu-
racy. The ranges of this beautiful
meter are 300uA, 3mA, 30mA,
300mA, 3A, OFF, x1Q, x100Q,
x10kQ, 300V (1200V), 120V,
30V, 12v, 3v, 1.2v, 0.3V
(0.06V). Separate test lead inputs
are available for the 60 mV and
1200 V ranges. | could not resist
installing batieries in the PM241
and put it through its paces. Ii
worked perfecily on all rangas

with better accuracy than | will
evar require.

The Simpson and Philips mefers
boih have a ‘reset’ pushbuiton
operafing as circuit breaker fo
clear an overload condition. In
practice, you will hear a click
sound when you make a gross
mistake in connecting up the
meter.

Finally, two advantages of ana-
logue multimeters over their digital
counterparis should not be left

unmentioned. Firstly, the old
meters will show a trend which is
useful in adjustment work — the
movement of a neadle being eas-
ier to resolve than rolling digits.
Second, most of these oldies will
double as a relafive fieldstrength
meter for transmitter alignment
well info the VHF range — just
switch to literally any AC range
and use one test lead as an
anfenna.

Retronics is a monthly column covering vintage electronics including legendary Elekior designs. Conlribufions, suggestions and requests are welcomad: please send an
email o editor@elektor-electronics.co uk, subject: Relronics EE.
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Marfin Ohsmann is a Professor of Electrical
Engineering and Information Technology at FH
Aachen and a long-fime contributor to Elekior
Electronics. Through Quizz'away he aims at
stimulating thought, speculation, construction and
simulafion as well s raise inferesting questions.

Please send your answer
to this month’s Quizz’away problem,
by email, fax or letter to:

Quizz’away, Elektor Electronics,
PO Box 190,
Tunbridge Wells TN5 7WY,
England.

Fax (+44) (0)1580 200616.
Email:
editor@elektor-electronics.co.uk,
subject: ‘quizzaway 12-05'.

The closing date is
31 December 2005
(solution published in the December
2005 issue). The outcome of the quiz
is final. The quiz is not open to
employees of Segment b.v.,, its
business pariners and/or associated
publishing houses.
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Quizz’Aw;

LEDs detect light

As is generally known, LEDs are
used fo generate light. That the same
devices can also detect light is a less
known fact. However, the currents
and voliages generated in this way
are generally so small as to make
praciical use almost impossible.

Nonetheless we will concentrate on
this ‘out of the ordinary’ use of
LEDs. To measure the current gener-
ated by an LED, we use the transim-
pedance amplifier shown in Fig-
ure 1. lts function is to turn the cur-
rent | generated by the LED into a
proportional voliage U, and more
specifically at zero bias voltage on
the LED. The conversion factor is
1 V per 100 nA. Offsets, if any,
may be compensated using the pre-
set in the circuit.

We now take a red, a green and @
yellow LED and connect them o the
circuit one by one. A 0.6-watt minia-
ture bulb is used as the light source.
The currents generated are listed in

(p- 78; vanishing voltage)

When dimensioning opamp circuits,
it is common practice to assume infi-
nite open-loop gain H supplied by
the opamp. However in the case of
the problem we need fo see how
this assumption can be upheld.
Because the circuit operates at a rel-
atively low frequency, OP1a ampli-
fies input voltage U, by 10, while
OPI1B amplifies U, by 100. This
makes U, info an ouiput voltage,
amplified by OP1a’s openoop gain
H. So we can write [except for the
sign, in view of the inverting action):

Uy=10U.= HU,

which gives H= 100 U, / U,

[0 e e e e e e R e G e e e G )

=12V

Figure 1. Transimpedance amplifier,

L£S = Vansig

Figure 2. LEDs defecting instead of
generating light.

- O E N Er E Ea Em e Ew B e e Y S NS EE e EE

Solution to the
October 2005 problem

However the open-loop gain is fre-
quency dependent — the relevani
response for the TLO82 device from
Texas Instrumenis is shown in Fig-
ure 3. Below a relatively low fre-
quency (here, about 30 Hz) the opamp
exhibits constant high gain (H
approaching 200,000) without phase
shift. Above this frequency, H drops at
a rate of 10 (20 dB) per decade at an
almost constant phase shift of 90
degrees. This range extends almost to
3 MHz, with the product of frequency
and gain remaining virtually constant.
This parameter is called the
Gain/Bandwidih product (GBP) of the
opamp. For a TLO82, GBP is typically
3 MHz. Consequently, the open-loop
gain H will be about 3,000 ot
90 degrees phase shift (see also Fig-

elzkior elecironics - 12/2005



This 15t instalment marks the end of the Quizz’away series in Elektor Electronics.
The problems to solve were supplied by Professor Martin Ohsmann of Aachen Technical University.

Table 1. Next, we use a laser pointer
for the light source and a red LED as
the sensor. As you can see from the
table, this combination generates a rel-
atively high current, providing proof of

the laser power.

The table has two missing values for

you to supply.

LED bulb laser- E |ek"°r
6V/0.1 A | pointer
red 100 nA 500 nA ESR/C
yellow 150 nA 22 ; k..
green 30 nA 22 Meter lt

This month’s question is:
How much current can be expected
when aiming the laser pointer at the

green and yellow LED respectively?

Plus an additional question:
For what achievement was Albert Ein-

stein awarded the Nobel Prize?2

‘question and win an

several correct answers.

vizz'away

Send in the best answer o

this month’s Quizz'away

with a value of
£ 63.99.

All answers are processed by
Martin Ohsmann in co-opera-
tion with Elektor editorial staff.
Resulis are not open to discus-
sion or correspondence and a
lucky winner is drawn in case of

and win!

N, Differential Voltage— &
Amplification

el szaie)

&
Phnso Shift

Ayp - Largo-Signal Ditteront|al Vollago
Ampliticatlon - VimVY
)

-

135°

ure 3). This allows us to calculaie
the resulis: at U, = 250 mV.5 we
get

U=10U,=2.5V 4

Hence we have U, = U, / 3,000
and we can write

U, = 100 x 2.5 V. / 3,000

180

Figure 3. Frequency and phase response for

TL082 open-loop gain.

Figure 4. Upper trace; Uy lower irace: U,

Uc ~83 mveﬁ

The actually measured value of
80 mV seems to agree well with the
theoretical result. U, will lead Uy, by

Table 2 90 degrees.
o u GBP (calculoted GBP (typ.) (datasheet
e = {eniculated) {6vh ) it The two oufput voltages are shown
11082 80 mV 3.1 MHz 3 MHz in Figure 4, which proves their
11062 250 mV 1 MHz 1 MHz phase difference. The levels of U,
and U, may be verified using the
T | Womy 43 Wlie 2t scaling factors. The same experi-
MC1458 | 200 mV 1.2 MHz 1 MHz ment was repeated using other
NE5532 8 mv 31 Mz 10 Mtz opamps. The results appear in
Table 2.
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YT SITISHOWCASE

To book your showcase space contact Huson International Media

L BOLEE N (DS E:xPRAT:1EE Fax 0044 (0) 1932 564998

ALLGOOD TECHNOLOGY BURN TECHNOLOGY LTD ELNEC Rt
"""" w.allgoodtechnology.com hip://www.burntec.com wvw.elnec.com v g
l_nw medium volume sub-coniract assembly. Test & Measurement Equipment e device programmer e /
SMT specialist since 1990. Customers include Distributors manufacturer o
military, aerospace efc. 0402 to BGA capabilities, | o Apemometers  Clamp Meters + selling through contracted -

automatic assembly and hand buili protofypes. o Light Meters  » LCR Meters distributors all over the world

e universal and dedicated device programmers

e Sound Meters = Multimeters

BETA LAXIOUT A |« Device Programmers : ;};n;eg%}mﬂs%;;;:eu;t and afier sale support
v peb-pool.com tﬁ"nn-uu: | Burn Technology Limited, Winfrith Technology e

Beta layout Ltd Award- ﬁ ﬁﬁ ﬁ Centre, Dorchester, Dorset, DT2 8DH

winning site in both : :
English and German Tel: (01305) 852030 Fax: (01929) 463214

= once a months new SW release
o ihree years warranty for most programmers

offers prototype T R
PCBs at a fraction of the cost of the usual
manufacturer’s prices. COMPUCUT FUTURLEC

hiip://wwrw futurlec.com

http://wwew.compucutiers.com

g ¢ Save up to 60% on
DES[GN GATEWAY E%STEEQA? Computer Numerical Control from your home PC. | o Fiectronic Components

------ v.design-galeway.com comserTraTE Great for tricky jobs, and accurate repetitive « Microcontrollers, PIC, Atmel

Pa!mLug:c Il....USS 389.00 work. We supply: - Software - Interface - Manual e Development Boards, Programmers

¢ Compact Logic Analyze (L1 16mm xW73.3mm x T3mm) - Support Huge range of products available on-line for

* High sampling rate (400 MHz/ 8ch, 200 Price £250 plus postage. immediate delivery, at very competitive prices.

MHz/16¢h, 100 MHz/32ch)

e USB 2.0 high speed mode {E 7
» 8MB memory storage E

FUTURE TECHHOLOGY DEVICES

 Bus Analyzer function CONFORD ELECTRONIGS hitp://vnvnv. fidichip.com
o Multiple waveform windows tip://wwvi.confordelec.co.uk FTDI desu;ns andsells 4
» Waveform save/restore Lightweight portable battery/mains audio units USB-UART and USB-FIFO “¢
offering the highest technical performance. inferface i.c.’s.
DES]GN GATEWAY DESIGM &= | Microphone, Phantom Power and Headphone Complete with PC drivers, )
ww.desian-gateway.com m Amplifiers. Balanced/unbalanced signal lines these devices simplify the task of desmrilng or
True PCI Starter Kit .... USS135.00 with extensive RFI protection. uparading peripherals to USB
o PCI Development Kr[
= Based on 200,000 gaies FPGA == '
e Extension connectors for 72 pin /0 TP.UE FO DANBURY ELEGTRON'CS I?EVIALIM_":E? e
* Configuration support for JTAG and slave serial | ... . o~ 1 b 3; eva
« Free PCI Core for Target Mode hitp:// ..-..“'.:h.'|rag|nmzpa§1.ean.on.cs.un IPEVA sell low cost USB FPGA p
Here you will find our mains and output development boards. IPEVA
e~ | transformers in Mike Holme's range of valve/tube | provide Design Consultancy
DESIGN GATEWAY E%ST'EEN,: amplifiers (PP & SE). Also circuits, parts lists, for Embedded Systems,
.design-galeway.com SToerrares cHoRTS Hivice. OpenCores-IP. FPGA, ASIC, HDL translation and
Ethemﬂt 0 ... USS115.00 ' migration. Tel. 0870 080 2340.

* § biis embadded network microcontroller

e © channels available for 10 bits ADC

* Ethernet 10 BASET 10 Mb thernet o EAGLEPIGS JLB ELECTRONICS
= UART port RS232/R5485, Max Speed hitp://vww.eaglepics.co.uk w.jlbelectronics.com
at115200bps Embgddgd Internet Solutions Suppllers of elecirical / electronic parts and
e 35 bits general purpose /0 o Stand alone TCP/IP module consumables. Including:
e 500 bytes user area flash memory « Platform independent » Cable fies / bases
» Tools / hardware

e Simple "AT-like" command set
DESIGN GATEWAY EEAS'FEQ ;; e GPRS or modem connection

W ..-.,-~_-ar1 "C..:.’:q"] Te=faay Limirtes = i

VariClock ... US$163.00 b i
o Adjustable clock signal synthesizer

o 3 rotary switches for frequency setting

» Bootlace ferrules
» Connectors

Sol
o Development board available : Pﬁggrgz}zprays frtipanes

e Free development utiliies
e Free UDP-only stack

= Heat Sink compound

o Siandard DIP pin arrangement

e Support both 3V/5V by on-board regulaior
VC250M14P Frequency range : 25-400 MHz Eoas _!'gnno H, ELEQGITHONIGS COLLEGE
e ” - 2 MUPL/WAWWLIEE.Org.UK
VC100M12R 233222 :,:hgzg :;;.12_0;: ;THZ EASYSYNC - Vocational fraining and education for national
: Sesilie M I ONANERSERID 0. IR qualifications in Electronics Engineering and
Gy Sy ;gﬁ, .%sz step for 25- EasySync Lid sells a wide Information Technalogy (BTEC First National,

range of single and multi-

:200Hzsteplormore | oot 1R tg RS232/RS422
than 50 MHz

Higher National NVQs, GCSEs and Advanced
: Qualifications). Also Technical Management and
and RS485 converiers at competifive prices. Languages.
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products and services directory

MQP ELECTRONICS

hitp://vww.mqpelecironics.co.uk

Leaders in Device

Programming Solutions.

e Online shop

o | ow Cost Adapters for all
Programmers

» Single Site and Gang Programmars

e Support for virtually any Programmable Device

PCB WORLD

hitp://www.pecbworld.org.uk

World-class site: Your magazine project or
prototype PCB from the arfwork of your choice
for less. Call Lee on 07946 846159 for details.
Prompt service.

NEW WAVE CONCEPTS
wynw.new-wave-concepis.com
Software for hobbyists:
e Livewire circuit simulation
software, only £34.99 )
o PCB Wizard circuit design |
software, only £34.99
Available from all Maplin Electronics stores and
www.maplin.co.uk.

OLD COLONY SOUND LAB

www.audioXpress.com
Premier source for DIY audio
for 35 years!

New catalog features:

» Books

» CDs

e Test & Measurement

® Kiis

Full range of producis and
magazines for the DIY audio enthusiast!

QUASAR ELECTRONICS

P

www.QuasarElectronics.com
Dver 300 elecironic kits,
projects and ready built
units for hobby, education
and indusirial applications U <
including PIC/ATMEL =SRRIENEES
programming solutions. Online ordering facilities.
Tel: +44 (0) 870 246 1826

Fax: +44 (0) 870 460 1045

Email: sales@Quasarklectronics.com

SK PAHG ELECTRONICS
hitp://www.skpang.co.uk

° ELM DBDI! ic

o VAG-COM Inferface

= OBDII connector and cable

= Modironix Micro X board

* Embedded Ethernet Confroller

® PIC Microcontroller, CAN Bus driver
Major credit cards taken online.

ROBOT ELECTRONICS

htip://www.robot-elecironics co.uk

= Uitrasonic rangefinders

= Motor H-Bridge controllers w

* Magnetic Compasses = —

* RC servos and controllers

e PIC programmers and components

o Elecironic Design/Development and
Manufacturer fo industry

SYTRONIC TECHNOLOGY LTD
www.m2mielemetry.com

Supplier of wireless modules and accessories for
remote

monitoring M2M applications.

* GSM/GPRS TCP/IP modules

» Embedded GSM/GPRS modem

* Development Kits 2
= GPS modules

® GSM/GPS antennas
® Adapter cables T
Online ordering facilities.
Tel (01394) 210911

ULTRALEDS  Hitrsleds...
fitip/Avewew.ultraleds.co.uk

tel: 0871 7110413

Large range of low cost Ultra bright leds and Led
related lighting products. Major credit cards
taken online with same day depatch.

SHOWCASE YOUR COMPANY HERE

Elektor Electronics has a feature to help customers
promote their business, Showcase - a permanent
feature of the magazine where you will be able to
showcase your products and services.

* For just £220 + VAT (£20 per issue for eleven

For £330 + VAT for the year (£30 per issue

for eleven issues) we will publish the above plus
run 4 3cm deep full colour image - e.g. a product
shot. a screen shot from your site, a company
logo - your choice

USB IHSTHUMENTS

http:/fenvrw.usb-instruments.com
UsB Instruments specialises
in PC based instrumentation
products and software such
as Oscilloscopes, Data
Loggers, Logic Analaysers
which interface to your PC via USB.

issues) Elektor will publish your company name.
website adress and a 30-word description

Places are limited and spaces will go on a stricily
first come. first served basis. So please fax back
your order today!

e it

VIRTINS TECHNOLOGY
hittp:/wwvwevirtins.com

PC based virtual instrumeant
for electronics enthusiasts,

I wish to promote my company. please book my space:
* Text insertion only for £220 + VAT  » Text and photo for £330 + VAT

i

i I
1 I
1 i
i 1
! NAME:.... ORGANISATION: ......coovcoeoie oo : ?‘”}ded'?ts Bf“ﬁ g"gesz’”“msé
| i including full-fledged soun
i JOB TITLE: ot : card real time Oscilloscope,
1 ADDRESS: 1 | Spectrum, Analyzer and Signal, Generator,
: : Downloader and try.
: R - 5 :
1 - - - b v = 1
PLEASE COMPLETE COUPON BELOW AND FAX BACK TO 00-44- 0)1932 564998
g o N ' | |ELECTRONIC ENTHUSIASTS
1 COMPANY NAME .oovierirccssiirees 1 Only one magazine (ests its projeds and circuis
: WEBADDRESS. . ... e it o (et fi e e oot o e o : in is own lab before put%"rn'cn
1 30-WORD DESCRIPTION ..o 1 LEKTO CTRO URS
I 1 H RONICS ¢ 5
L e A e e MBI COMPUTER MAGAZIN
: : Contact: Worldwide Subscripti Senri:el.td.
1 1 Unit § Gibbs Reed Farm, Pathlﬂy Road,
1 1 Ticehurst TN5S 7HE
I 1 Telephone: OISE-G 20065? Fa..l. 01580 200616
T e e e e e e oy ey 1 WEW, co.uk
I i
I.———-_———m_-——-. _____ - o o s LR gre—— LI I —— - o omm o
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In co-operation with Matrix Multimedia, the manufactu-
rer of E-blocks, we are able to offer Elekior Elecironics
readers a choice of two Starter Kits with great discounts.

E-blocks Starter Kit professional

. Flowcode for PICmicro MCUs V2 CD ROM Pro version £ 118.00
Flowcode is a very high level language programming system for PIC-
micro microcontrollers based on flowcharis. Flowcode allows newcomers
io' programming to design and simulate complex: robotics and! conirol
systems in @ matter of minutes. The use of macros allows studenis to
control highly complex electronic devices without getting bogged down
in understanding the programming involved. Flowcode is a powerful rapid
development tool and is also useful as'a means'of introducing the need
for G and assembly programming. Pro versions include RS232 comms,
IDRA comms, Keypad control, multiple servo control, on-board EEPROM
routines. Dutch and!German language pack available.

. USB Multiprogrammer £ 77.30

This new' PICmicro microcontroller programmer connects to your PG
via USB to provide you'with a‘low. cost flexible PICmicro microconirol-
ler programmer, for development and programming use. This board/can
be used with Assembly, C or Flowcode programming) utilities provided
by Matrix Multimedia. The board will program a range of 8, 18, 28 and
40 pin'RPICmicro® microconiroller devices from the 12, 16 and 18 series
PICmicro range, using the programming software provided. A PIC16F88
device is included.

. LED board £ 14.65
Contains' 8! LEDs with/ upsiream and downstream D-type connectors.
Further E-blocks can be connected to this E-block.

@® syitch board £ 19.30 R
Contains 8 push to make switches with ! N
upstream and downstream D-type connectors. % =%
Further, E-blocks can be connecied/io ©
this Switch board,

LY

,' ‘"r : I‘l :
5 LCD board £ 19.30

16 character, 2 line alphanumeric LCD display on a 4 wire serial bus.
Flowcode macros for drivingthis E-block are available.

» Extra: PIC16F877 microcontroller

E-blocks Starter Kit professional
Tofal value: £248.55
Special offer: £ 166.00

E- blocks Starter Kit basic
Flowcode studept/homer £ 59,90
USB Mullipregrammer: £ 77.30
Total value: £ 13720

Special offer: £ 96.00

Learn more about E-blocks?

For more information, visit www.elekior-electronics.co.uk/eblocks
Ordering

Use the order format the back or go to www.elekior-elecironics.co.uk
E-blocks will be shipped after receipt of payment.

Prices are exclusive of postage.




Order online at
www.elektor-electronics.co.uk

Order now using the Order Form in
the Readers Services section in this issue.

ESR/C Meter
(September 2005)
Kit of parts including PCB, default LCD module, 2x16
characters and programmed controllers.
Enclosure not included.
040259-71

£63.99/8 119.95

Matching enclosu
040253-72 B

£6.99/8%12.95

Elektor Electronics (Publishing) / Segment B.V.
Regus Brentford

1000 Great West Road

Brentford TW8 9HH

United Kingdom

Tel.: +44 (0) 208 261 4509

Fax: +44 (0) 208 261 4447
Email: sales@elektor-electronics..co.uk

Due io practical consirainis, final illustrations and specifications
may differ from published designs. Prices subject o change,
See www.elekior-electronics co.uk for up to date information.

Kits & Modules

OBD-2 Analyser
(July/August 2005)

Kit of paris including PCB, programmed controller, compo-

nents (including IC7 ; IC3 = PCA82C250,
12 V), enclosure and RS232 cable.

OBD cable not included.
050092-71

£52.50/5 96.95
OBD cable

050092-72

£27.55/ % 51.95

Electrosmog Tester
(June 2005)

Ready-built PCB

(excl. enclosure)
050008-91

£50.00/ $94.25

Matching
enclosure
050008-71

£10.25/8$ 19.30

Temperature Logger
(June 2005)

Complete kit of parts including
components, PCB and program-
med controller

030447-71

£25.85/8 48.75

Further products from Elektor Electronics:

READY-BUILT PROJECTS £ $

ClariTy 300-W Class-T Amplifier

030217-91 Ampiifier board with SMDs pre-fitted; cores lr LT & L2
Flash Microcontroller Starter Kit

010208-91 ready-assembled PCB incl. software, cable, adanter & related arficles 69.00 11250
Gameboy Digital Sampling Oscilloscope (GBDSO)

990082-91 ready-assemblad board, incl. the PC sofiware and related articies 10300 183.00
Micro Webserver with MSC1210 Board

2450 5570

030060-91 Microprocessor Boa 75-00 14285
044026-91  Network Exten b £ 4450 8395
044026-92 Combined package (030050-31 & 044026-91 & related articles) 117-50 22095
LPC210x ARMee Development System
040444-91 Processor board, ready-made and tesied 2550 4805
NO. 349 DECEMBER 2005
From A to D via USB
0502221 PCB 795 1485
05022241 IOW24-F, programmed 940 1775
Telephone Supervisor
050039-41 PIC16F628-20F, programmed 820 1555
050039-81 CD-ROM, PIC hex & source codes, LCM First Server 680 1285

NO. 348 NOVEMBER 2005

Remote Control by Mobile Phone

0404151 PCB 620 1185

040415-11  Disk. PIC sourcs & hex files 520 975

04041541 PIC18F84A-20P, programmed 1030 1850
Synchronous Servos

020031-11  Disk, project software 520 975

020031-41 ATS052313-10PC, programmed 785 1485

NO. 347 OCTOBER 2005

27C512 Emulator

030444-11  Disk, project softwara 520 975
030444-31° EPM70845LCB4-15, programmed 2750 5195
030444-41 ATS0SB515-4PC, programmed 15-10 2835

Colossus Jr.
040267-11 Disk, PIC souwrce code
04025741 PIC12F675-C/F programmed

Flash Lock for PCs
050107-41 PIiC18F628A-IS0, progsammed
050107-81 CD-ROM. project

500
690

875
5.35

8435
1295

NO. 346 SEPTEMBER 2005

ESR/C Meter
040258-1 PCB, bare
040253-11 Disk, PIC source & hex codes
040259-41 PICIEF877-20/P, programmed
04025942 PIC16F84A-20F progammed
040258-71 W 4
040258-72 malc 3
Hitting the High Note
04001541 ATmega8-16PC, progammed
040015-11 Disk, project softwars
Precision Barometer/Altimeter

asure

040313-11 Disk, project softwars
04031341  PIC16F876, programmed
0403131 PCB

Racetrack Timer

04039541 ATEZC2051-24P1
04039581 CDROM, project software

12-40
520
15-50
10-20
6399
693

15-50
520

520
16:55
7:55

685
515

2335
975
2325
1845
119.95
1285

2825
975

875
31.15
1425

1285
9.75

NO. 345 JULY/AUGUST 2005

1 MHz Frequency Counter
030045-11 Disk, project software
03004541 AT20S2313-10PI, programmed

520
550

Products for older projects (if available)

may be found on our website

www.elektor-electronics.co.uk
home construction = fun and added value

975
10.35



DA SNEAK PREVIEW | Theme Plan for 2006

January ....Recycling / Reverse Engmaenng

Free Visual Basic 2005 booklet i iy s ey e )

with the January 2006 issue Al s Powes copies | Sl
May ....ooo Soldering / Eiching
This short course on Visual Basic 2005 programming — designed S s Sotelltes

especially for the electronics enthusiast — is presented fo you free _

of charge. A series of lessons will get you staried with hands-on g&ﬂﬂ' n glmg :;na

praciical experience immediately without long-winded jargon- Ok i e Sitnuldtion

filled talk. The booklet explains things in the simplest possible Nevermbr- ... Chitaconds:/ Prection

wiay, focusing on the essential and the important, through plenfy | December ... Electromechanical / Enclosures

of examples relevant fo elecironics. Even though Visual Basic is
now a very powerful and complex language, it is also easy fo
use, provided one is led through the early stages. The buili-in
power of Visual Basic will enable you to write simple programs
that produce professionally-looking results that would seem
unimaginable 1o those whose experience goes only os far as the early versions of Basic of some years ago.

Do not miss this epportunity to get a free booklet on VB.

Reserve your copy of Elektor Electronics now!

SMDs from the Oven

Also... Many elecironics enthusiasts sfill find manual soldering of SMDs

Automatic Control for Atiic difficult if not impossible. Some components are so small they

Windows, can't be soldered properly anymore even with the smallest solder iron. Some appear to overheat or take dom-
Elecironic Part Mining, age af even the slightest attempt to solder them at low power. Not fo mention stuffing a board with SMDs,
RoHS, The R8C Family, which can cause major headaches to say the leost.

Lapiop PSU, Elektor labs have madded an off the shelf mini eleciric oven so it can ‘bake’ a circuit board with SMDs pre-fit-
Sudoku Hexadecimal Puzzle. ted into posifion. The oven requires ‘minor surgery’ and is fitted with o specially designed thermostat control.

RESERVE YOUR COPY NOW! The Jonuary 2004 isse goss oa sels on Saturday 17 December 2005 (UK distribufion only).
UK substribers will receive the mogozine a few days before this date. Article fiiles ond mogozine contents subject to chonge.

NEWSAGENTS ORDER FORM

SHOP SAVE / HOME DELIVERY I e kt or
Please save / deliver one copy of Ejektar Electronics magazine for me each month

lectronics
N e R e e e a0 wae S s T e BT s e s BB r B e v ey s N el by B e e o
Agdress s aceeme i sl T s s Please cut out or photocopy this form, com-
ot Chtles I N N e I T e | e el plete details and hand to your newsagent.
Telephone: ... et Elektor Electronics is published on the third
Bateriie s I S R T e e S D s e STt e e p et R by ey el Friday of each month, except in July.
BIONATITE!Y « - T i i S el e e e e e T e s Sy e Distribution S.0.R. by Seymour (NS).
Index of Advertisers

Allgood Technology, Showease .. ...... WA Lichfield Electronics
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Advertising space for the issue of 17 January 2006
may be reserved not later than 20 December 2005
with Huson International Media — Cambridge House — Gogmore Lane —

Future Technology Davices, Showcase .
Fuhulec, Showease . ... ..., ... i,

ipeva Limited, Showcase . _ ... __._.__. WIWLIDE B0
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Please supply the following. For PCBs, front panel foils, EPROMs. PALs, GALs, microcontirollers and disketies, state the part number and
description; for books, state the full title; for photocopies of articies, siate full name of ariicle and month and year of publication.
PLEASE USE BLOCK CAPITALS.

Descripti Pri h Qty. Total Order Cod
cription rice eac ty. Tola rder Code METHOD OF PAYMENT
(see reverse before ticking as appropriate)
E-blocks Starter Kit professional in sterling must be increased
—— by the equivalent of £15.00
CD-ROM ECD Edition 3
- - Bank draft
Microcontroller Basics D
[[] cheque

(payahle to Elekior Electronics Publishing)

D Giro transfer
(our account no. 34 152 3801)

I:’ Postal/money order

0 Var

Flash Microcontroller Starter Kit £ 69.00

Expirydater .o
Prices and item descriptions subject to change. Siixtot) Piease send this order form fo *
The publishers reserve the right to change prices P&P {see reverse for conditions)
without prior notification. Prices and item descriptions . —
shown here supsssede these in previous issues £ & 0E Elektor Electronics (Publishing) .
Total paid :
Segment B.V.
SWITCH only: issue number: Regus Brentford
1000 Great West Road
T Brentford TW8 9HH

United Kingdom

Address + Post code

Tel.: (+44) (0) 208 261 4509

Fax: (+44) (0) 208 261 4447

intemet: www.eleklor-electronics.co.uk

* iS4 and Canada residents may
Tel Fax Email (but zr2 not obligsd to)
use § prices, and send the ordes form to:
Oid Colony Sound Lab
o — 2005 % E.D. Box 876, Pelerhorough
Date Shmalis HH 03458-0876. Tel. (603) 924-6371, S24:6526,
Fax: (603) 924-8457

ELi2 Email: custserv&audioXpress.com ﬂél;
Yes, | am taking out an annual subscription METHOD OF PAYMENT
al i (see reverse before ticking as appropriate)
to elektor electronics and receive a free
Note: cheques not made out
1 W Luxeon LED Torchlight. in sterling must be increased
by the equivalent of £15.00
| would like: [] Bank draft
[] standard Subscription (11 issues) [] cheque

(payahle to Eektor Electronics Publishing)

D Giro transfer
four account no. 34 152 3801)

[] subscription-Plus
(11 issues plus the Elektor Volume 2005 CD-ROM)

* Offer available to Subscribers who have not held 2 Subscription ]:I Postal/money order
to Elektor Electronics in the last 12 Months. Offer Subject to Availzhility. i
Ses reverse for rates and conditions. D VISA
Expiry date: ..o
TRIe{DerMrwm'Jtniﬁa& Surmname ||II1]I[|IIIII[||
Name > |
Please send this order form to
Address + Post code Elektor Electronics (Publishing)
Segment B.V.
Regus Brentford
ey 1000 Great West Road
Brentford TW8 SHH
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* cross out what is not applicable Tel.: (+44) (0) 208 261 4509
EL12 Fax: (+44) (0) 208 261 4447

Internet: www.elektor-electronics.co.uk
subscriptions € elektor-glectronics.co.uk




ORDERING INSTRUCTIONS, P&P CHARGES

Excepl in the USA and Canada, all orders, except for subscriptions (for which see below), must be sent BY POST or FAX to our Brentford address
using the Order Form overleaf. On-line ordering: hitpz//vwnv.elekior-electronics.co.uk

Readers in the USA and Canada may (but are not obliged to) send orders. except for subscriptions (for which see below),

to the USA address given on the order form. Please apply to Old Colony Sound for applicable P&P charges. Please allow 4-6 weeks for delivery.
Orders placed on our Brentford office must include P&P charges (Priority or Standard) as follows:

UK: £4.00 Europe: £5.00 (Standard) or £7.00 (Priority) Outside Europe: £8.00 (Standard) or £12.00 (Priority)

HOW TO PAY

EE————————

Unless you have an approved credit account with us, all orders must be accompanied by the full payment, including postage and packing charges
as stated above. Payment may be made by chegue drawn on a London clearing bank (but se para. 4 below), postal order, VISA, Access,
MasterCard or EuroCard (when paying by credit card, the order must go the cardholder’s address). Do not send cash through the mail. Cheques and
postal orders should be crossed and made payable to ‘Elekior Elecironics (Publishing)’. Payment may also be made by direct transfer from a private
or business Giro account o our Giro account No. 34-152-3801 by completing and sending to the National Giro Centre, in a National Gira post-
age paid envelope, a National Giro transfer/deposit form. Do not send Giro transfers direct to us, as this will delay your order. If you live cutside the
UK, payment may also be made by Bankers’ sterling draft drawn on a London clearing bank, Eurocheque made out in pounds sterling (with
holder's guaraniea card number writien on the back), or US or Canadian dollar cheque drawn on a US or Canadian bank. If you pay by Bankers' ster-
ling draft. make clear ta the issuing bank that your full name and address MUST be communicated to the London clearing bank. Our bankers are
NAT WEST PLC, 1 St James’s Square, Wadhurst, East Sussex TN5 6BH, England. Our account number is 3512 5225,

Sorting Code 60-22-15. IBAN code: GB40 NWB K6 022 15 3512 5225 BIC code: NWB KGB 2L

COMPONENTS

Components for projects appearing in Elekior Elecironics are usually available from ceriain advertisers in this magazine. If difficulties in the supply
of components are envisaged, a source will normally be advised in ihe ariicle. Note, however, that the source(s) given is (are) not exclusiva.

TERMS OF BUSINESS

Delivery Although every effort will be made to dispatch your order within 2-3 wesks from receipt of your instructions, we can not guarantes this
time scale for all orders. Returns Faulty goods or goods sent in error may be returned for replacement or refund, but not before obtaining our
consent. All goods returned should be packed securely in a padded bag or box, enclosing a covering letter stating the dispatch note number. If the
goods are returned because of a mistake an our pari, we will refund the return postage. Damaged goods Claims for damaged goods must be
received at our Tunbridge Wells office within 10-days (UK); 14-days (Europe) or 21-gays (all other countries). Cancelled orders All cancelled
orders will be subject to a 10% handling charge with a minimum charge of £5.00. Patents Patent protection may exist in respect of circuits, devi-
ces, components, and so on, described in our books and magazines. Elekior Electronics (Publishing) does not accept responsibility or lizbility

for failing to identify such paient or other profection. Copyright All drawings, photographs, articles, printed circuit boards, programmed integrated
circuits, diskettes and software carriers published in our books and magazines (other than in third-parly advertisemenis) arz copyright and may

not be reproduced or fransmitted in any form or by any means, including photacopying and recording, in whole or in part, without the prior parmis-
sion of Elektor Electronies (Publishing) in writing. Such written permission must also be obtained before any part of these publications is stored in
a relrieval system of any nature. Notwithstanding the above, printed-circuit boards may be produced for private and personal use without prior per-
mission. Limitation of liability Elekior Elecironics (Publishing) shall not be liable in contract, tort, or otherwise, for any loss or damage suffered by
the purchaser whatsoever or howsoever arising out of, or in connexion with, the supply of goods or sarvices by Elektar Electronics (Publishing) other
than to supply goods as described or, at the optian of Elekior Electronics (Publishing), to refund the purchaser any money paid in respect of the goods.
Law Any question relating to the supply of goods and services by Elekior Elecironics (Publishing) shall be determined in all respects by the laws of
England.

SUBSCRIPTION RATES FOR ANNUAL SUBSCRIPTION

i Standard Plus
United Kingdom £41.90 £48.80
Economy Mail
Rest of the World (excluding Europg) £54.50 £61.40
Priority Airmail
Europe & Eire £54.50 £61.40
Quiside Europe £68.90 £75.80
Airfreight
USA & Canada only USS595.50 USS§106.50
Payment should be made by:

« Cheque or bankers' draft in sterling drawn on a London clearing bank SUBSCRIPTION CONDITIONS

{axcept in the USA and Canada — see below);
« USS cheques drawn on a US or Canadian bank — only by subscribers
in the USA or Canada.
= Direct transfer to our bank (NAT WEST PLC, 1 St James's Squarz,
Wadhurst, East Sussex TN5 6BH, England).
Qur account number is 3512 5225, Sorting Code 60-22-15.
IBAN code: GB40 NWB K6 022 15 3512 5225 BIC code: NWB KGB 2L
= Posial order.
» Credit card: VISA, ACCESS, Euro/MasterCard. JCB Electron or Switch.
= Transfer fo our Giro Account number 34 152 3801. Giro transfers
should ba made by completing and sending the appropriate transfer/
deposit form to the National Giro Centre (UK) or to your national
Giro Centre.

Cheques and posial orders should be made payable to Elektor
Electronics (Publishing). Do not send cash through the mail.

The standard subseription order period is twelve months. If a permanent
change of address during the subscription period means that copies
have to be despatched by a more expensive service. no exira charge will
be made. Conversely, no refund will be made, nor expiry date exiended,
if a change of address allows the use of a cheaper service.
Student applications, which qualify for a 20% (twenty per cent) reduction
in current rates, must be supporied by evidence of studentship signed by
the head of the college, school or university faculty. A standard Student
Subscription costs £33.50, a Student Subscription-Plus costs £40.40
(UK oniy).
Piease note that new subscriptions take about four weeks fram receipt of
order to become effective.
Cancelled subscriptiens will be subject to a charge of 25% (twenty-
five per cent) of the full subseription price or £7.50, whichever is the
higher, plus the cost of any issues already dispatched. Subsciptions
cannot be cancelled afier they have run for six months or more.
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Straight from the heart
of electronics each month

OPTOELECTRONICS & D¥PLAY

Electronic'Warfare = Christmas'Holiday Projects’
and our annual book clearance sale

Eﬂ "~ Next Issue:
FREE VISUAL BASIC 2005 BOOKLET

reverse engineering — part mining —
re-use of equipment & components

Wantit

Select your own annual subscription and receive
a free 1W Luxeon LED Torchlight

e Elektor Electronics annual subscription (standard)
You receive 11 issues, including the July/August double issue.
» Elektor Electronics annual subscription-PLUS
You receive 11 issues, including the July/August double issue,
plus a copy of the Elektor Electronics Volume 2005 CD-ROM
(normal price £16.25). Your saving: approx. £10.00!




PROTELUS

The Complete Electronics Design System
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New Features
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PCB Layout [ = HH ! Saeaesag 3 k
e i e = In Ver5|0n 6-8

* Powerful & flexible schematic capture.

® Auto-component placement and rip-up/retry PCB routing. 2 ;
e Polygonal gridless ground planes. Interactive Design Rule Check,

°

* Libraries of over 8000 schematic and 1000 PCB parts. e Mitring / Unmitring.
@
@

* Bill of materials, DRC reports and much more. Enhanced track editing.
Struct/Array expansion.

Mixed Mode SPICE Circuit Simulatfion e ELF/DWARE file loader.

* Berkeley SPICE3F5 simulator with custom extensions for e Expanded model libraries.
true mixed mode and interactive simulation.

® 6 virtual instruments and 14 graph based analysis types. Call Now for Upgrade Pricing

® 6000 models including TTL, CMOS and PLD digital parts.

® Fully compatible with manufacturers’ SPICE models.

Proteus VSM - Co-simulation and debugging for popular Micro-controllers

* Supports PIC, AVR, 8051, ARM7 and BASIC STAMP micro-controllers.
® Co-simulate target firmware with your hardware design. NEW
® |ncludes interactive peripheral models for LED and LCD displays,
switches, keypads, virtual terminal and much, much more.
* Compatible with popular compilers and assemblers from Microchip, MODELS FOR
Crownhill, IAR, Keil, and others. PROTEUS VSM

NOW AVAILABLE
abcentepta s
Fax: 01756 752857
E ]l e ¢c tr o nhihcEs Contact us for www.labeenter.co.ulk
53-55 Main Street, Grassington. BD23 5AA Free Demo CD infO@’abtemer.CO.ﬂk
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