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The leaders in PIC development

All you need to get started with PIC

L 4
+ Industry standard/quality board
+ Open the box and get coding
+ Available with C compiler or_
use our PicScript to write programs using
simple commands...
NO ASSEMBLER,
NO COMPILER,
JUST WRITE AND RUN
AUTOMATION
SCRIPTABILITY -
PicDev Board with PicScript PicDev Board with C Compiler
£99.00 (plus p+p) £1 65.00 (plus p+p)
This is a complete development suite This is a complete development suite for
for the novice or non programmer. the more advanced programmer.
It is shipped with: It is shipped with:
« PicDev Board « PicDev Board
. PicShell and PicScript software « PicShell and PicScript software
« Breakout board « C compiler
. Cables « Breakout board
. Examp!e scripts . Cables
| ¥ . Example scripts
= : ° ICD1
Both items require To order:

° PC with senal port available
° Power supply adapter

www.pagm.co.uk

sales@pagm.co.uk Tel: +44 (0)1792 891927
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The dmlte is yours' _
- Fill out the Suhstnphon

Order Form in this maga-

 zine or on our website
and post it today!
Ynur welcome gift will be
sent to you as soon as
pnssdale after receipt of
-~ your subsmptmn pay-

If you take out an
annual subscription
to ELEKTOR ELEC-
TRONICS you may
choose between
two types of sub-
scription.

www.elektor- -
eledromc_ 3 .co.ul(

PICK YOUR OWN
SUBSCRIPTION TYPE

AND RECEIVE THIS SURVIVAL KIT

This survival kit consists of a collapsible compass with various functions,

a lightweight but robust torchlight (batteries included) and a 9-piece
stainless steel pair of pliers with 14 functions.

o Elektor Electronics Subscription-PLUS priced at £45.50 (UK).

You receive 11 issues (includes July/August double issue) plus a copy of the Velume 2003
CD-ROM. This CD-ROM contains the complete Volume 2003 of Elektor Electronics, including
diagrams, PCB layouts and an extensive search function.

The normal price is £16.25 (plus P&P). However on choosing Subscription Plus the Volume 2003
CD-ROM is included in the price, and yau do not pay posiage.

Your saving: £10.00!

Elektor Electronics annual subscription priced at £39.50 (UK).
You receive 11 issues (includes July/August double issue).

A standard annual subscription costs £39.50 in the United Kingdom; ECONOMY MAIL: £51.30
in the rest of the world; PRIORITY AIRMAIL: £52.30 in Europe and Eire, £64.00 in the Middle
East, Africa, Southwest Asia, Central & South America, £66.00 in Australia, Far East & Pacrr c

Territories; AIRFREIGHT: US$88.00 in USA & Canada only.
Subscription-PLUS prices may be found on the reverse of the Subscrnhon Qrdes form, and on
our website. .
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THE ELECTRONICS & COMPUTER MAGAZINE

Only appiicable f the new subseriber did not su-
scribe fo Elektor Electronics in the past 12 months.
Offer subject 1o availabiity.
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Hands-On CPLDs

In the past Complex Programmable
Logic Devices (CPLDs) have been \
something of a closed book to most
semi-professional electronics
enthusiasts but this hands-on series
should go some way to help dispel
that myth.

Digital Alarm Clock

Although digital alarm clocks have been around for years, most
of today’s off the shelf
products suffer from serious
design limitations. For
example, many don’t keep
track of weekdays and can only

store one alarm time. High
time for a home-brew design
that does a better job.

Simple 12-to-230 V Power Inverter

In some cases, mains power can only be brought to a remote site by
running a very long cable — which either dangerous, impossible or not
available. Whatever the occasion,
planned or unexpected, it is great to
have a power inverter available
capable of changing the 12-V car
battery voltage into 230 volts AC.
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24 DIY RF Inductors

Electronics hobbyists often wish to copy a circuit for which
suitable coils or fixed inductors are not readily available. 64
However, you can wind just about any.type of inductor if you
only know how. Or you can take inductors from old equipment
and modify or adjust them. All you have to do is determine is

how many turns you need. |_Regulars |
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| Microphone:

_ External sensors: Humidity
“unc - £60 - Temperature

® Built in sensorsfor light, temperature and sound 02 In Air
(level and waveforms) Reed Switch

A

® Use DrDAQ to capture\fast signals

@® Outputs for control experlments

@ Supplied with both PlcoScope (oscnloscope) and
PicolLog (data logging) software

For more information on DrDAQ, please visit:

www.picotech.com/drdag85

PC Osillosco RS

@ Scope and’ spectrum analyser functions
® A fraction of the cost,of benchtop scope

4

® Save multiple setups, for ease of use S
® Save, print and e-mailiyour traces =

|

® FREE technical support for life o |

® FREE software and upgrades l
Y]

® Automated measurements

For more information on our scopes, please visit:

www.picotech.com/scope153

Tel: 01480 396395 Fax: 01480 396296 E-mail: sales@picotech.com




QUANTUM LEAP IN
EM§EDDI§D CONTROLLERS

Allows users with no
progral':nming skills
 todesign complex

Our range provid

' @ The fastest 63000 based
"/ Core up t0 66 Mhz.

Flowcade for PICmicraF
micreceontrollers

Floweode is a programming system B
for PiCmicro microcontrollers based ol VS - .
on flowcharts. Flowcode includes e ﬂo,- Ser!al,
mal:ms! to ;an‘!itaii.:;e r.::g'ui::‘ i EZ . - P! [ZC Anaiogue'
complex devices like 7- | | B i U 3
and LCD displays. Flowcode allaws ! P, T 1 & _ — |mersICounters, RIC, etc.
complete novices to desizn control — 2k - = nd
systems withoul getting bogged
down in the programming involved.

4
¢ elLarge Memory Capacity:-
gf: Flash, SRAM, DRAM.

4 eSupports:-
§5. Mono & ColourlCD’s,

Touch Panels & Keypads,
Very Low Power.

* Requires no programming experience

» Full on'screen simulation

= Produces PICmicro hex code for a range
of 8, 18, 28, and o pin'devices

. Full'suite of demonstration tutorials

= Allows complex PICmicro designs
to' be produced in minutes

for full specification see:
[ ] - [ ]
www.matrixmultimedia.co.uk M
or contact us for a full colour brochure miw

email: salesEmatrixmultimedia.co.uk matfix
tel: 0870 700 1831 fax: 0870 o0 1832 muitimedia

: ull“ANSI ‘C’ compiler, assembler
& !pker all Windows32 based.

I Driver Support with
Libraries.

| Time Multitasking OS with
a free run time licence.

Unlimited email support.

Allows you to program BlCmicros and test your programs
s Designed for education, hobbyists and industry :
=/ Supports low cost Flash programmable PICmicro devices ™
= Fully featured displays including 2 line LCD

and quad 7-segment LED
= Programs most 8, 18, 28, 40 pin devices - including

those with ADC capabilities
= Free download software provides seamless send

and verify function
= 3 CD ROM courses in C, assembly code, and flowchart
programming are available

www.cms.ulk.com

for full specification see: see our web site for full details

www.matrixmultimedia.co.uk M CAMBRIDGE MICROPROCESSOR SYSTEMS ITD

or contact us for a full colour brochure m[w

S e : tri Unit 17-18 Zone 'D’ Chelmsford Rd. Ind. Est

email: 53 matrixmultimedia.cou

tel: 0870 700 1831 fax: 08707001832 mﬁmgﬁ Great Dunmow, Essex CMIb 1XG
Telephone: 01371 875644

email: sales@cms.uk.com
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Forest Electronics — PIC and AVR ANSI C Compiler Products

FED’s ANSI C Compiler for PIC or AVR processors e ==
« Fully integrated editor with syntax highlighting, multiple pages etc. ”m_:“” “:""1 tl;“r;w_iw, = |
+ Full project support - include and manage multiple source files, simulator, = ﬁ“?-j BU e O L BT
assembler files and notes/comments within one project B oo T : i
» Fully integrated simulator and waveform analyser step from C line to C line, Do | e fiee [ e
or examine code in assembler form. View device pins using a logic analyser T TN i
application. Fasrter | Compmes | bretime | Somest B | ] msumosc =
« Simulator supports LCD modules, keypad, buttons, LED’s, displays, zmms&; = i B
. - ey ] II;: Ve i Vi
analogue inputs, serial and asynchronous data. S =

» Designed to ANSI C standards S

s PIC - Supporis 18xxx, 16xxx, 12xxx series 14 and 16 bit core processors i st

* AVR - Supporis siandard and MEGA core processors : e

» Generates MPLAB/AVR Studio projects and source files and completely el ==
standard hex output files. peseia=

~ Prices from £45.00 — www.fored.co.uk for full details. — : ——

WIZ-C / AVIDICY {28 S 4 =
Drag and Drop rapid application development

using ANSI C for PIC and AVR
2 S : z icall lication including full

« Rapid Application Development for the PIC or AVR microconiroller using the 5 ﬁ‘;&gﬂ;@?ﬁ; %ngt:?riﬁlizggl?r: gb:rss iia;ft}csmc;;] |l:) (;:g

C langiage (WIZ=G for the EIC, AVIDICY for tr}e £VR) = o The complete C Compiler and AVR Simulator programs are
» Drag and drop your software component selections on to your design integrated into AVIDICY - total editing / compilation /
» Included components support timers, serial interfaces, 12C, LCD, 7 Seg assembly / simulation support in one program

displays, keypads, switches, port controls, many bus interfaces including IC | Aloa ihaitdes the Element Editor b enabla vou o coals

and Dallas iButton, AVR/PIC Hardware, and more. SO0 fpofai s i Eass Y
s Connect software components to MCU pins by point & click < Demicctration avallabla kom oif weh sita
» Parameters set from drop down list boxes, check boxes, or text entry
o Links your code automatically into library events (e.g. Bution Pressed, Byte  Prices from £50.00 - full details from www.fored.co.uk

Received efc.)

Forest Electronic Developments ——

12 Buldowne Walk, Sway Email - VISA (Sl
LYMINGTON, Hampshire, SO41 éDU. “info@fored.co.uk” '

01590-681511 (Voice/Fax)

Full details from - www.fored.co.uk

VA
o NEW

VoLumE 2

g da gl a2 The second Toolbox CD-ROM again contains a vast collection of carefully selected sofiware
& NETWORKS | tools for the electronics enthusiast.

gecions L smdods L mteas
| In your profession or hobby, how often did you experience that your project failed to reach
the target in fime because essential information was missing? Toolbox 2 offers nev/ inroads
to obtain information you just can’t do without. This new -
CD-ROM contains solivare toals for, and information about, microcontrollers. However,
=m._ Ml just being aware of the existence of a microcontroller is often not sufficient — available data

i s § vk e

B
s Lo L gy
ARV (ki L e oy
it tain @ A

ETENLLG

s “#35 [ often needs fo be extended with facts and figures about the right memory devices and com-

wrden L i L 16 - R
ST - munication channels. 2
e L L ™) s That's why this CD-ROM gives specific attention to technical documentation (specifications,
(o 19 o St application notes, standards) about protocols (DiSEqC — Digital Satellite Equipment
.05 (USS$ 21.25)
ISBN 90-5381-171-1

i Control), field buses (including LON and HART), as well as modern information carriers
(Smart Media, CompaciFlash, SD card, efc.) which find increasing use.

The hardware side of things is not forgotten either — Toolbox 2 contains data on connec-
tors, cables and adapters (audio/video, GSM, memory, networks, parallel, serial, key-
board/mouse).

The CD-ROM dlso contains a large number of useful Internet addresses.

Order now sing the Order. Form in the Readers Services section in this issve

Elektor Electronics (Publishing) » P.0. Box 190 © Tunbridge Wells TNS 7WY | FICTOR See also
e England. Telephone +44 (0) 1580 200 657 * Fax +44 (0) 1580 200 616 e L RONIES

THE ELECTROMICS & COMPUTER MAGATINE

www.elektor-
electronics.co.uk
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(D Hekdor

On each CD you will find all articles published in the
relevant year, incl. circuit diagrams and PCB layouts,
and an exiensive search program. The 1997 and 1998
CD-ROMs also include a woriing demo of Electronics
Workbench for computer simutation of selected Elekior

(D Hlekter 199: Price £25.35 (US$ 44.85)
(D Hlekter 1997: Price £25.35 (USS 44.85)
(D Hektor 1998: Price £16.25 (USS 28.75)
(D Elcktor 199%: Price £16.25 (USS 28.75)
(D Hektor 2000: Price £16.25 (USS 28.75)
(D Hlektor 2001: Price £16.25 (USS 28.75)
(D Elcklor 2002 Price £16.25 (USS 28.75)

pP—pC bardware & softwers 97-98

All the winning enlries of the July/August 1597
microprocessor competition: more than 100 designs
RRP £14.95 (USS 26.45)

3R- ELEKTUUR
0897

P Seftware 98-99

Winning entries from the July/August 1998 PC sofiware
competition. More than 70 prize-winning programs
(DOS and Windows).

RRP £12.05 (USS 21.25)

ERouter 1,283

Vol 1: 22 Elekior Electronics projecis covering
miCroprocessors, complete with iext, circuit diagrams

and PCB layouts in efectronic format.

RRP £21 15 (USS 37.40)

Vol. 2: 19 microprocessor-based constniction projects,
complete with lext circuit diagrams and PCB layouls in
electronic formal

RRP £21.15 (USS 37.40)

Vol. 3: 24 pP projects incl. text, PCB layouts and
schematics in separate files for edifing with EAGLE 3.5
CAD software. Selected projects supplied with
microcontrolier source code files.

RAP £21.15 (USS 37.40)

The Audio Collecrion (D-ROM

A unique CD-ROM for the frue audio lover, coniaining
no fewer than 75 audio designs from Elektor
Electronics magazine year volumes 1395 through 1999.
RRP £12.05 (USs 21.25

Elektor IC datebank

Includes all imporiant types of IC, such as HCMOS,
TTL, CMOS, finear ICs, and many more. Delailed
manufacturers’ data and apphication circuits. Multiple
search routines.

RRP £21.15 (USS 37.40)

ED — Hekier's Componsal Dalubuse

Four inferactive databanks covering over 5,300 ICs,
over 22,500 bipolar transistors, over 4,900 FI:Ts just
under 25,000 diodes, over 1 800 optocouplers,
thyristors and triacs. Plus 9 calcuation tools for zener
diode senes resistors, voltage regulators, voliags
dividers, AMV's, resistor and inductor values.

RRP £12.95 (US%22.90)

Order now using the Order Form in the Readers Services section in this issve

Elektor Electronics (Publishing) « P.0. Box 190 e Tunbridge Wells
TNS 7WY e Englund. Telephone +44 (0) 1580 200 657 ' Fox +44
(0) 1580 200

Elektor Hectrenics Digitel Grosit Library (1-2-3)
On velome 1 fad 2

Contains over 300 circuits complele with diagram and
text. Zoom and print module. Fast search facility. Eror-
tolerant index search system. Many printed-circuit
board layouts.

RRP £12.05 (US3 21.25)

On volome 2

A second selection of over 300 circuits complete with
diagram and text.

RAP £12.05 (USS 21.25)

Onvehme 3

A third selection of over 300 circuits complste with
diagram and text.

RRP £12.05 (USS$ 21.25)

The Elekter Datoshest Collection,
0a Velme 1:

Ongma! and unabri datashests, more than 300 ICs
(7410 and 40x series vuhage regulators, finear [Cs,
miscelflaneous.

RRP £12.05 (USS 21.25)

On Yolome 2:

Datashests of more than 1000 discrele components:
low/high-power transistors, MOSFETS, thynistors, riacs,
varactors, zener diodes, LED displays, efc.

RRP £12.05 (USS 21.25)

On Vobwms 3:

Datasheets of popular microconiroliers ke the 8051
series, PIC, ST6/7, AVR, COP, 68HC05/08/11 and SX.
Also the DSP2100 sariss.

ARP £12.05 (USS 21.25)

On Velume 4:
Datasheets of frequently used memory chips and
modules.

RRP £12.05 (USS 21.25)

On Veloms 5:

Wore than 400 datashesis covering microcontrollers
from 4 fo 32 bi, in 8-pin fo 144 pin cases.

RRP £12.05 (USS 21.25)

Al Dzsiest ED-ROMS are sifthie o PL Windoes and Maciiosh oompufiers

Fres & Shareware 2000-2003

This series coniains hundreds of fresware and
shareware programs related fo elecironics. Infersst
fields include audio, components, test and
measurement, development fools, simulation, CAD and
RF sysiems. Applications vary from schematic capiure
inciuding digital and analogue simulation nght up to
Ticocmler Ooreoaoet o Deperehng o
microcontrofier devel nt fools. Depending on their
origins the programs run under Windows, DOS and/or
Linux. Each GD-ROM (except Volume 2000) contains a
PDOI: file with a clear overview of programs on the CD-
ROM

RBP £12.05 (USS 21.25) per volume

Tookox 1 ead 2

On these CD-ROMs you'll find coflected information
(datasheets and apphication noles) and tools (sofiware)
considered indispensable when working with
microconiroliers.

RRP £12.05 (USS 21.25) per volume

See also
www.elekior-

electronics.co.uk
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! BS2-IC BS2-SX BS2E-IC | BS2P/24 | BS2P/40

Parallax BASIC Stamps - still the easy way to get your project up and running!

1

| AnimatedHead | | 3-Axis Machine | Sixlegged Walkers | | Robotic Arms

Robotic models for both the beginner and the advanced hobbyist

! Servo Drivers i Motor Drivers On-Screen Displays ’ DMX Protocol U/Sound Ranging

Animatronics and Specialist Interface-Control Modules

Quadravox g Sensorylnc Parallax Tech-Tools { BASICMicro
{ MP3 & Speech Systems] | Voice Recognition {  Ubicom Tool Kits PIC & Rom Emulators | | PIC BASIC Compilers

Development Tools

Milford Instruments Limited Tel 01977 683665, Eax 01977 681465, sales@milinst.com




NEWS

Birmingham’s TiC
to host international Micro-Robotics Competition

MICROMOUSE 2004 is the lat-

est event in the world's
longest running robotics com-
petition. Originated in the UK
by the Institution of Electrical
Engineers (IEE), it has run for
more than 20 years and has
been held most recently at
Royal Holloway College, Uni-
versity of London.

The event consists of races
against the clock between
microprocessor controlled
robotic ‘'mice’ programmed to
search and solve complex
mazes. The fastest ‘micro-
mouse’ wins.

There are several technical
standards in the competition,
with senior and junior cate-
gories. This enables individu-
als and organisations at differ-
ent levels of technical skill to
enter. Individuals, clubs, com-
panies, schools, colleges and
universities have all competed
in past competitions.

The design and construction of
these robotic mice is often an
element in final year projects
for undergraduates studying
robotics, electronic engineer-
ing and computer science.
This type of robotics competi-
tion is also popular in coun-
tries such as the USA, Japan,
Australia, New Zealand, Sin-
gapore and Hong Kong. The
many UK entrants can expect
to be challenged by overseas
competitors at the TIc event.
The adoption of the University
of Central England (UCE)’s Tic

2/2004

as venue for MICROMOUSE
2004 reflects its growing repu-
tation as a leading UK univer-
sity faculty of technology. The
contest will be overseen by
Professor Martin Smith who
recently joined the Robotics
Group at the tic.

Martin has been at the fore-
front of the popularisation of
robotics which excites young
people’s interest in science
and engineering as a career. A
regular judge on the BBC's
Robot Wars and technical pre-
senter for Techno Games, Mar-
tin has supported the MICRO-
MOUSE competition in the UK
for more than ten years during
which the event has become a
challenge attracting interna-
tional interest.

His co-supervisor is Dr Tony
Wilcox, who has not only
developed the micromouse as
a major teaching aid, but also
expects to see several TiC stu-
dents competing in MICRO-
MOUSE 2004.

Having developed the TiC
micromouse platform and inte-
grated this into the engineer-
ing curriculumn, Dr Wilcox says:
“It will be exciting to see our
micromice, developed primar-
ily for teaching at tic, compete
against the best in the world
at a major event hosted by tic.
There will be both staff and
student eniries. Ii is attracting
a lot of interest.”

Professor Keith Osman, head of
Automatic Identification and

Elektor Electronics

The micro-robotics competition known as
MICROMOUSE 2004 is to be hosted by the
Technology Innovation Centre (Tic) at Birm-
ingham’s prestigious Millennium Point on
Saturday, 19th of June 2004.

Intelligent Systems at tic, says:
“I'm delighted we have
attracted MICROMOUSE 2004
to the tic. Mobile robotics pre-
sents an atiractive aspect of
engineering and technology
and excites many people. It
also offers tremendous oppor-
tunities for involving young
people in schools, colleges and
universities in technology. Its
importance is recognised by
governments around the world
and is integral to the educa-
tional curriculum in the USA..
We are seeking to raise the
profile of this important disci-
pline in the UE.”

The reigning British Micro-
mouse champion is local man
Dave Woodfield of Bloxwich
near Walsall. He will be
pitched head-to-head with
World Champion, Dave Otten
from the USA at MICRO-
MOUSE 2004 which will be
held in the thinktank theatre at
Millennium Point.

Full details of the day-long
eveni and how to enter are
being sent to potential
entrants. Members of the pub-
lic will have the opportunity of
applying for free tickets to
view the event.

About tic,

UCE and Millennium Point
Less than four years after its
creation by the University of
Central England (UCE) Birm-
ingham’s Technology Innova-
tion Centre (the tic) has been
rated as one of the country’s
top ten engineering faculties
by the Guardian’'s 2003 Univer-
sity Guide.

The Guardian League Table for
General Eﬂg‘i.neeriﬂg shows
the Tic at number nine,
grouped with Strathclyde,
Cambridge, Oxford, Westmin-

ster, Warwick, Loughborough,
Durham, Brunel and Exeter.
The TiC score in the table is the
highest possible for wvalue-
added which measures the
success of the Tic in helping
students with lower entry
qualifications to achieve good
degrees. The table can be
viewed at
hitp://education.guardian.co.
uk/higher/unitable/0,,-
4664351,00.html

The Technology Innovation
Centre (the tic) is a national
centre of excellence for tech-
nology-based Lifelong Learn-
ing and Business Solutions,
with Specialist Technologies,
for individuals and for busi-
nesses. It provides cutting-
edge resources and spe-
cialised knowledge structures

to meet the needs of a rapidly - ~

developing technology-based
society. The TIC is a signifi-
cant initiative in the UK
through which business
development services and
advanced technologies are
made both accessible and
affordable to companies of
every size and type, whilst
benefiting from and being
Tooted in a lifelong learning
organisation, the University of
Central England (UCE).
England’s largest Millennium
project outside London, Mil-
lennium Point cost £114 mil-
lion, including £50 million of
Millennium Commission lot-
tery funding and £25.6 million
from the European Regional
Development Fund

4
The Event Administrator,
Tel. 0121-331-5400.
E-mail: rita.kerry@tic.ac.uk
Weh: www.tic-online.com

(047011-1)

11
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Hands-on CPLDs

Part |: Experimental rev counter

By A. Rosenkranzer

In the past Complex Programmable Logic Devices (CPLDs) have been
something of a closed book to most semi-professional electronics
enthusiasts but this hands-on series should go some way to help dispel

that myth.

Times change. It wasn't long ago that pro-
grammable logic devices (PLDs) were
thought to be the preserve of the specialist
designer who with the help of expensive
development environmenis and unwieldy

12

software emulators took months to
cram large digital designs onto a sin-
gle PLD. Nowadays the whole
process has been simplified to such
an extent that the only expensive bit

of kit you are likely to need is a PC.
An interface adapter is also neces-
sary to connect to the in-circuit pro-
gramming socket of the CPLD circuit
board but its cost is relatively low.
When you add to this the fact that
the price of the chips themselves
have tumbled greatly and the devel-
opment software is now freely avail-
able, these devices start to .look
attractive even to the hobbyist.

Programmable Logic -
An overview

Lift the lid on any piece of modern-
day electronic equipment and you
will be lucky to find any discrete
components from say the 74’ family
of logic gates used in the design.
Occasionally you may see a clock cir-
cuit or bus driver but these are
essentially used for driving or buffer-
ing and do not have a logic function.
High volume consumer products
such as computer boards have all
the logic functions implemented in
ASICs (Application Specific Inte-
grated Circuits). The per-unit cost of
an ASIC is quite low but there is also
the expensive (one off) mask cost to
consider. The equipment manufac-
turer must be sure of the potential
market before a commitment to use
ASICs in a design is made.

In the equipment development
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phase and also for low-volume pro-
duction ASICs are not cost effective;
here the favoured technology is the
Programmable Logic Device or PLD.
These devices started to appear
back in the 80's and since then many
more companies have got in on the
act to offer bigger and better devices
in all sorts of package outline and
more recently with lower operating
voltages.

The first examples had relatively
few registers (flipflops), required a
lot of external buffers/drivers and
consumed quite a lot of power. On
top of this there was also special
equipment necessary to program the
device. Most of these chips were
one-time programmable so thatifa
mistake was made in programming
or some function required modifica-
tion then the programmed devices
could not be reused. On cost alone
(development and simulation soft-
ware together with the programmer
device) PLDs were never considered
suitable for the hobbyist.

As we said at the beginning
times change, PLDs now offer far
more gates per package and have
become reusable. The real break-
through came with the ‘in system
programmable’ devices. As the
name suggests these chips are fitted
permanently into the finished equip-
ment and can be reprogrammed via
a 10-pin JTAG interface connector
fitted somewhere on-board. The
interface allows several devices to
be daisy-chained and programmed
from just the one connector. The

devices do not require a socket so
this has led to an increase in the
device pin density right up to the
BGA package outline. A few manu-
facturers still offer devices in the
more user-friendly PLCC outline
which is more suited to a typical
hobbyist project.

The necessary development soft-
ware from practically every chip
manufacturer is now freely available
for download from the Internet. A
simple piece of hardware like the
ByteBlaster from Aliera is all that
you need to connect a PC to the
JTAG connector on the PCB. Regular
readers will remember the Byte-
Blaster compatible ‘Parallel JTAG
Interface’ design featured in the Sep-
tember 2002 edition of Elektor Elec-
tronics.

CPLDs (Complex PLDs) evolved
from PLDs and the next step along
the way is FPGAs (Field Program-
able Gate Arrays). The main differ-
ence besides the increased com-
plexity is that CPLDs (mostly using
EEPROM technology) do not lose
there programming data when the
device is powered down.

In contrast FPGAs must be re-
programmed every time they are
switched on. Reprogramming is per-
formed automatically from a ‘boot
device’ (either a serial EEPROM or
flash memory) fitted to the PCB. The
reason for this is that it is not yet
possible to fabricate high-speed
EEPROM technology at the neces-
sary cell density required for an
FPGA.
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vehicle |12v= 2 .
S| 5V
5V — = 3 _.
lighting z Altera
71285
ignition i e ==
ignition = S
pulse 1 Seoil »
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3 DIP switches
display mode
LED = p— — LED
cabaly RS e
[ H

Figure |. Block diagram of the digital rev counter.
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The clock speeds of FPGAs can be several
hundred megahertz and some manufacturers
are offering SERDES technology that pushes
the data rate up to 3.7 Gbps (10 Gbps will no
doubt be available by the time you read this)
these devices include complete processor
cores (ARM, NIOS). Dropping the supply volt-
age down from 5 V to around 1.5 V has also
led to reduced power dissipation in the
device.

Around 90% of all FPGA's sold are supplied
by three manufacturers: Xilinx, Altera and
Lattice. FPGAs have an enormous capacity of
gates and can be used in thousands of appli-
cations. They also do not have the expensive
one-off mask costs of an ASIC.

Hands-on

This article and its follow-up does not con-
centrate too heavily on a theoretical textbook
approach to the use of CPLDs in digital
designs instead we use a practical hands-on
method. Here we build a digital rev counter
(tachometer) suitable for use in most cars or
motorbikes.

The rev counter design is quite straight-
forward and should make a good introduction
to the use of CPLD technology. This article
takes you through the complete process of
construction and programming and will give
a good foundation and insights into the
advantages of this type of technology.

The project is described using a top-down
approach; first we will take a look at the block
diagram and point out the features of the
CPLD at the hardware level. Next we will
consider the peripheral circuitry and finally
(in the second part) the internal structure of
the CPLD and the programming process is
described.

Figure 1 shows the block diagram of the
digital tachometer circuit. The central com-
ponent is the CPLD 7128S from Altera, this
chip does all the work and is surrounded by
some peripheral circuitry.

An interface is required to convert the
ignition pulse from the low-tension connec-
tion on the ignition coil to TTL levels and
Temove any noise spikes that may be present
on this signal. The ‘lighting’ input signal con-
trols the light intensity of the LED column
(the 12 V to 5 V interface is not shown on this
diagram but can be seen in detail in Fig-
ure 2). Under daylight viewing the intensity
can be at maximum but at night it needs to
be dimmed to avoid dazzling.

The chip is programmed over the JTAG
interface using a ByteBlaster interface
adapter from Altera (or a ByteBlaster com-
patible interface) which connects to a PC par-
allel port.

13
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A quartz crystal together with a few dis-
crete components generates the chip clock.
This clock is sufficiently accurate to ensure
that the circuit will not require calibrating.
The setting of three DIP switches allows the
tachometer to be used on vehicles with dif-
ferent cylinder counts and ignition systems.
Without reprogramming the circuit can be
configured for one, two, three, four, six or
eight cylinder engines using either single or
double spark ignition. Three more DIP

switches are used to change the dis-
play mode. This allows the range of
displayed revs to be changed to suit
the performance of the vehicle

engine:

1000 to 6000 rpm with a resolution of
3 LEDs per 1000 rpm.

750 to 4500 rpm with a resolution of 4
LEDs per 1000 rpm (Diesel mode).
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2000 to 10000 rpm with a resolution
of 2 LEDs per 1000 rpm (motorcycle
engines).

4000 to 6000 rpm high resolution
mode with 8 LEDs per 1000 rpm.

5000 to 7000 rpm (the so called
‘Schumacher mode’).
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Almost any type of display represen-
tation including non-linear can be
programmed into the CPLD and
selected by three DIP switches. To
make programming easier there is
an Excel spreadsheet available that
calculates the frequency scaling nec-
essary in the program given the
oscillator frequency and the required
display resolution.

The tachometer display consists
of a single line of 16 LEDs. Each LED
is driven by two outputs from the IC
and through two series resistors.
The reason for this is that the data
sheet indicates that the maximum
output current is limited to 12 mA;
most standard LEDs require around
twice this current if they are to be
visible under daylight conditions.
Low power LEDs could be used to
solve the problem but here the use of
two outputs to drive one LED gives
us a simple method to indicate not
just the rpm but also each 1000-rpm
graduation that glow differently.

The peripheral circuitry

Figure 2 shows the detail circuit dia-
gram of the tachometer. IC1 is the
CPLD type EPM7128S from Altera
packaged in a 84-pin PL.CC outline.
The chip has a total of eight ground
pins that must all be connected to
GND.

There are also two types of VCC
connection on the chip. Two of these
connections (both called VCCINT)
are connected to the core of the chip
while the other six (VCCIO) supply
power to the I/O buifers. This supply
can be connected to either 3.3 V or
as in our case 5 V. For other applica-
tions it would be useful to be able to
use 3.3 V if it was found necessary to
reduce the EMI produced when the
buffers switch or it would greatly
simplify interfacing to 3.3 V logic.

For supply decoupling it is good
practice to use at least one 100 nF
capacitor for each VCC connection
sited as close as possible to the pin
and one or two tantalum capacitors
(10 to 22 UF) to reduce any supply
rail noise.

Four connections are used for the
JTAG programming interface (TDI,
TMS, TDO and TCK). TCK is the
clock input used during program-
ming. TDI is not as you may have
thought some kind of diesel engine

2/2004 Elektor Electronics

but in this case the data input
signal. This signal together
with the data output (TDO)
allows several CPLDs to be
daisy chained by connect-
ing TDO to TDI of the next
chip. The TDO of the last |
chip is then connected to |
the JTAG interface. TMS
is used to configure the |
JTAG interface for reset, =
data, command, bound-
ary scan and so on. All
four pins are fitted
with a 10 kQ pull-up
resistor. :
The connector for
the JTAG-Interface
(K2) is a 10-way |
header plug. Along
with the four signal

wires are also ground and VCC to

supply power to the programming
adaptor (ByteBlaster). The four JTAG
connections can also be used as
general-purpose I/0 pins but this is
only advisable if there are no other
1/0 pins available.

R1 and C12 provide a reset pulse
to the active low Global CLeaR input
(GCLRn) during power-up. This reset
clears all the chips internal registers.

GCLK1 is the first of the two
global clock inputs. It is important to
ensure that the first system clock for
the CPLD is connected to this input
and not to some general purpose I/O
pin which is not internally wired to
the cells and registers. Two I/O pins
close to the GCLK1 input are used as
a buffer to interface to the crystal.
The output from the buffer is con-
nected directly to GCLK1 input.
Resistor R22 reduces the output
loading while the 100 KQ resistor
R21 in parallel to the crystal provides
a positive feedback path for the
buffer.

Pin OE1 is a general Qutput
Enable, and must be defined in the
programming data. OE2 (GCLK2) is
another special function pin and can
be used as either a second clock
input (for designs with two clocks)
or as a second output enable input.
In the tachometer design described
here both of these functions are not
required.

All other components and exter-
nal signals are connected to general-
purpose I/O pins. The criteria used
to allocate these pins will be

the follow-up article in
Elektor Electronics.

The remainder

Power for the circuit is supplied by the 12V
vehicle battery via connector K1. Diode D1
prevents damage to the circuit if the supply
polarity gets mixed up. L1 filters noise spikes
on the supply to the 5 V regulator IC2 while
C1 and C2 are also used to provide noise
decoupling. The complete circuit takes about
0.5 A worst case so power dissipation in the
voltage regulator is given by:

P,=05A-(144V-5V)=5W

It is important to ensure that the heatsink for
IC2 can dissipate this amount of energy.

The six way DIP switch S1 is used to
select the vehicles engine cylinder count and
the display mode. When a switch position is
open circuited a 10 kQ resistor pulls the line
up to 5 V. R8 and R10 reduce the voltage on
the ‘light on’ signal to TTL levels while C8
reduces any noise spikes on this input.

The signal from the ignition coil is condi-
tioned by the circuitry around transistor T1,
it produces a filtered TTL compatible output
signal for IC1 from the ‘raw’ ignition signal.
C9 AC couples the signal. The negative tran-
sition of the pulse is clamped to -0.7 V by
diode D3 while R9 protects D3 from excess
power dissipation. R11 and zener diode D2
limit the positive level of the pulse to 4 V. C10
filters out high frequency noise while R12, T1
and R13 form a transistor switch which pro-
duces a clean TTL compatible output pulse to
the IC from the noisy ignition signal.
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Figure 3. Component mounting plan for the double-sided PCB.
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Resistors R14 and R15 control the hystere-
sis of a Schmitt trigger input. This is quite
important because any noise on the ignition
input signal would cause the tachometer to
give a false reading. R15 provides the feed-
back from the output side of the input buffer.
When the buffer changes state a small pro-
portion of its output is fed back out from pin

Free Downloads

Excel spreadsheset.

~ File number: 030052-11 zip
PCB layout in PDF format.

~ File number: 030052-1.zip

www.elektor-electronics.co.uk/dl/dl.htm

select month of publication.

AITERAN

30 on IC1 to reinforce the input sig-
nal via R15. This has the effect of
shifting the voltage threshold at
which the buffer can switch back
(hysteresis) and so masking the
effecis of noise on the input.

The PCB

and future developments
A double-sided PCB has been pro-
duced specifically for this tachome-
ter project. The PCB and component
placement diagram is shown in Fig-
ure 3. Component mounting should
be fairly straightforward but take
care not to allow any solder debris to
enter underneath the PLCC socket
where it could short between PCB
tracks. Correct orientation of the IC
is important so ensure that the
clipped comer of the package outline
corresponds to the corner of the
socket and silk-screen printed IC
outline on the PCB. Ensure correct
polarity of the LEDs, capacitors and
diodes when they are fitted to the
board.

When any circuit uses a line of
discrete LEDs the finished project
always looks a bit amateurish if the
LEDs are not uniformly in-line. A

COMPONENTS LIST

Resistors:
RI-R8,R16-R20,R23 = 10k
R9,R22 = 10022

RI0 = 3kO9

RIl = 1kQ2

RI2,RI3,RI5 = 4kQ)7

RI4 = [kQ

R21 = 100kQ

R24...R55 = 2700

Capacitors:

Cl, ClI2 = I0uF 16V radial
C2 = |00uF 16V radial
C3-C6,C8,Cl1 = 100nF
C7 = 22uF 16V radial

C9 = 220uF 16V radial
Cl10 = 820nF

Cl3,Cl14 = 33pF

Semiconductors:

DI1,D2,D3 = IN4001

D2 = zener diode 3V9, 500 mW
D4..DI19 = LED, green, 3 mm
ICI = EPM71285LC84-15

1C2 = 7805CP

TI1 = BC547A

Miscellaneous:

K| = 4-way SIL pinheader

K2 = [0-way pinheader

Ll = 68uH choke

SI = é-way DIP switch

Xl = 4.9152MHz quartz crystal

PCB, available from The PCBShop

Disk, order code 030052-11 or
Free Download =

good tip here is to firstly solder just
a single leg of each LED in place.
The board can now be flipped over
and all the LEDs carefully bent or re-
soldered into exactly the right posi-
tion before the second leg of the
LEDs are soldered.

The layout is not too cramped so
there is no reason why this PCB
could not also be used as a develop-
ment platform to prototype other
CPLD designs. Those of you how-
ever who are looking for the flexibil-
ity of a true evaluation board should
not be disappointed by our EVA-
board that we shall be featuringin a
forthcoming article in Elektor Elec-
tronics.

(OEE2-1)

In the second part of this article we
will take a closer look at the CPLD
internals and device programming.
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NEWPRODUCTS

Compact GPRS/GSM Modem

Alpha Micro Components
(www.alphamicro.net) has

launched a brand new
‘AMC1802GSXLA" dual band
GPRS1/GSM2 embedded radio
modem module. Developed
using RIM's superior radio
modem, the module is ideally
suited for transmitting data to
and from wireless mobile elec-

tronic devices
such as point-of-
sale terminals
and metering
equipment.

Measuring just
90mm x 56mm,
this highly com-
pact modem
module supports
both the existing
GSM radio stan-
dard and the
new GPRS
‘always on' radio
connection. Unlike a GSM con-
nection, which is billed on a
cost-per-second basis, GPRS is
charged on the basis of cost-
per-byte transferred. Once a
GPRS connection has been
established with the service
provider's host, the module
may remain online at no cost
to the user, ready to receive or

transmit data. By running
TCP/IP and PPP on board, the
AMC1802GSXI.A radio module
may be intertrogated simply as
an Internet address from any
web browser.

Features include voice support
and front end sensitivity
108 dBm typical. PPE 1B TCE
PAP and CHAP protocols are
supported over the GPRS net-
work in addition to modem
emulation up to V.32 over
GSM.

The module runs from a single
5Volt supply and drives a
5 volt serial interface with
baud rate selectable up to
115,200 bps. The radio SIM
module may be sited either on
the user's motherboard or on
the AMC1802GSXLA module
itself

Control of the modem is via a
standard AT command-driven

serial interface with extended
register settings for the GPRS
option. In this way, the
AMC1802GSXLA may be seen
as a simple dial-up analogue
modem to any existing user
application.

Variants of this module incor-
porating GPS (Global Position-
ing System) capabilities and
12 volt power source are cur-
rently under development for
asset management and vehicle
tracking systems.

Alpha Micro, Springfield House,

Cranes Road, Sherborne St. John,

Basingstoke,

Hampshire RG24 9LJ,

United Kingdom,

Tel: + 44 (0)1256 851770,

fax: + 44 (0)1256 851 771.

Web: www.alphamicronet
(047012-1)

New Catalogue

Alpha Micro's Special Products
Division is pleased to present
a new and extensive range of
antennas for home, mobile,
fixed, hand portable and GPRS
use (www.alphamicro.net).

Featuring a wide range of top
quality antennas, including
single and dual band, 2.4 GHz,
DECT and Bluetooth, Alpha
Micro provides antennas to
suit any requirements from a
large catalogue of worldwide
manufacturers and suppliers.
Responding to the increasing
demand for mobile and global
positioning systems, Alpha
Micro is offering an unrivalled
selection of GPS and GSM
aniennas. Included in the
range is an ingenious ‘covert
tax disc antenna’ that can be
discreetly installed behind a
vehicle's displayed tax disc

of Antennas

and is GSM and GPS enabled,
allowing the vehicle to take
advantage of both communi-
cation and location services.
Other offerings include the
magnetic mount GPS antenna
— a discreet externally
mounted device with 3 V or
5V DC voltage, SMA plug and
5 m RG174. Stylish ‘shark-fin’
GPS and GSM antennas are
also available.

Lightweight base stations are
offered such as the KITB — an
ideal local base station with
end fed half wave, a base-load
whip and 3dB gain. The
antenna has a VHF and UHF
frequency range and comes
with a five-metre cable.

Hand portable antennas fea-
tured include the M4UHF85 —
a flexible, overmoulded
portable antenna with built-in

strain relief, 8.5-mm long M4
thread, helical wound and
UHF tuned frequency. Mobhile
antennas ideal for installation
on vehicles include the CAB-
MAG 6mm, a mounted, high
strength antenna with a rub-
ber overmould and four rare
earth magnets. For high vehi-
cles, the low profile antenna
LOWPROUHF is on offer, pro-
viding top quality reception
without the inconvenience of
adding exira height.

Alpha Micro is also pleased to
offer an acclaimed selection of
wireless antennas, including
unobtrusive panel antennas for
Bluetooth and IEEE802.11, inter-
nal and external rubber anten-
nas, OMNI and Yagi antennas.

Alpha Micro, Springfield House,
Cranes Road, Sherborne St. John,

Basingstoke,

Hampshire RG24 9LJ,

United Kingdom,

Tel: + 44 (0)1256 851770,

fax: + 44 (0)1256 851 771.

Web: www.alphamicro.net
(047012-3)

The internet site for all professionals and hobbyists
actively engaged in electronics and computer technology

www.elektor-electronics.co.uk
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GENERAL INTEREST

Digital Alarm Clock

Based on a PIC micro

Design by M. Conde de Almeida

maconde@terra.com.br

Although digital alarm clocks have been around for years, most of today’s
off the shelf products suffer from serious design limitations. For example,
many don’t keep track of weekdays and can only store one alarm time.
High time for a home-brew design that does a better job.

Off the shelf alarm clocks present a serious
limitation if, for instance, you and your partner
have different wake-up times or if you have to
give or take medication at regular intervals.
This limitation gets more serious if you want
alarms to go off only on specific days of the
week or only during work days. The time set-
ting prcess on most clocks is also subject to
improvement. In the maftjority of cases you
adjust time by increm'enting minutes and
hours. If your clock is at, say, 06:15h and the
correct time is 20:58h you need to keep a key
pressed for quite some time and release it well

before the desired hour/minute,
switching to ‘slow’ setting. If not,
you're past the desired time and have
to start all over again.

This article proposes a solution
for these design weaknesses by dis-
cussing a low-cost circuit based on
the popular PIC 16F84A microcon-
troller from Microchip.

Our digital alarm clock keeps
track of weekdays and has eight
alarms that can be individually set to
go off every day, only on working

days or, if you want, on a specific
day of the week.

The time setting process allows
the adjustment of each digit of the
clock separately by means of Up and
Down (+ and -) keys. It also incorpo-
rates some other interesting features.

Like all good digital alarm clocks
our project has a battery that keeps
the clock ticking in the event of an

AC power failure. In battery-pow- -

ered mode the display is turned off
to reduce energy consumption. How-
ever, if you want to check the time
you may still enable the display by
pressing a ‘display on’ button. In
battery mode the alarms will con-
tinue to operate normally. When an
alarm goes off the display will be
turned on to show the current time.

The eight different alarm times
are kept in the PIC's EEPROM. So,
you won't have to adjust any of the
alarms again even if the battery fails.
A ‘snooze’ key will temporarily turn
an alarm off. The alarm will be trig-
gered again after a minute until it is
definitely turned off. A master Alarm
On/Off key will enable/disable all the
alarms, independent of their individ-
ually set states. A bright LED dis-
play makes it easy to check the time
from a distance or in the dark.

The 4-MHz crystal oscillator guar-
aniees a pretty accurate timebase
for the clock (error = 0.000427%).
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Figure |. Circuit diagram of the PIC-based Digital Alarm Clock.

The hardware

Figure 1 shows the complete circuit
diagram of the clock. All intelligence
(and a lot of logic) is vested in the
PIC16F84 MCU in position IC5.
Using RAO-RA4 and RB5-RB7 as
input port lines and RBO-RB4 as out-
put port lines, a fair amount of exe-
cutable code run from the on-chip
memory is able to take total control
of the circuit, requiring just a 5-V
supply voltage and a clock signal
generated with the aid of an external
4-MHz quartz crystal, X1.

Components R10 and C11 guar-
antee that the microcontroller is
reset at power-on.

Switches S1-S5 are connected to
the microcontroller's PORTA pins (all
configured as inputs). Resistors R3-
R7 guarantee a High logic level at
the PORTA pins when the switches
are open. When closed, these keys
will force a LOW state on the PORTA
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pin they are connected to, triggering
the execution of specific clock con-
trol routines.

PORTB.6 and PORTB.7 are also
configured as inputs. R8 and R9
guarantee a High logic level at these
inputs when the associated switch
S6 or S7 is open. S7, when closed,
will activate the ‘Snooze’ function.
Similarly, S6 will temporarily activate
the display. This function is only
available when the clock is operat-
ing in the battery mode.

Resistors R11 and R12 form a volt-
age divider fed by the main 12 VDC
source. They guarantee a High logic
level at PORTB.5 when the main sup-
ply voltage is available. In this situa-
tion the display will be permanently
on. If for some reason the main power
is not available (AC power failure)
there will be a Low logic level at
PORTB.5 and the entire display will
be turned off by the software.

Looking at the output devices controlled
by the PIC, the alarm buzzer Bzl is driven
via PORTB.2 while PORTB.3 controis LED1
and LED2, the Hour/Minute separator in the
readout.

Four common-cathode 7-segment displays,
LD1-LD4 constitute the clock readout. These
displays are driven by four 74HCT164 shift
registers (IC1-IC4) connected in series. R2
only serves to guarantee a High level to the
enable pins of the shift registers. PORTB.1
drives the CLOCK pin (8) of the shift registers
while PORTB.0 drives the DATA line of the
first shift register in the chain (IC1, pin 1). The
microcontroller program will clock 32-bit
strings into the shift registers whenever a
display update is necessary. PORTB.4 con-
trols the RESET pin of the shift registers. This
port line will be held Low when the display
is to be turned off.

The regular 12 VDC power may be sup-
plied by a standard AC or DC adapter. Diodes
D3 and D4 will guarantee exclusive operation
of either the 9 V battery or the 12 VDC power
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source. They will also guarantee that R11 and
R12 are only powered by the 12 VDC source.
The 5 V supply voltage for the logic cir-
cuitry is provided by a 7805 regulator (IC6).
Capacitors C3, C4, C5 and C6-C9 help to keep
the supply voltage as clean as possible.
Current consumption of the clock in nor-
mal use (i.e., powered by the mains adapter)
is of the order of 75 mA. The current from the
9-V backup battery amounts to about 5 mA.

Control software

The entire clock program was writien in the
PIC Assembly Language using the MPLAB
Integrated Development Environment (v.
5.70.40) supplied free of charge by Microchip.

The source code and Hex files containing
the program ready to be flashed into the PIC
microcontroller can be obtained free of
charge from the Publisher's website, see ‘the
Free Downloads’ inset. The file number is
030096-11. For those without access to a PIC
programmer, the microcontroller is also
available ready-programmed under number
030096-41.

The flowchart in Figure 2 summarizes the
operation of the program. After an initialisa-
tion routine where I/0O pins, Interrupt regis-
ter, Timer O/Prescaler operation are config-
ured and alarms information is read from the
EEPROMs into the PIC data memory, the pro-
gram enters a loop in which control keys are
read and, based on their status, a specific
branch is taken.
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Initialisation
Routine

A

Alarm Adjust Key
Pressed

Time
Adjust Key
Update Pressed
k.
Alarm Adjust
Routine

Routine

Time Adjust Briefly Display
' l Week Da

Main §
-

©

Figure 2. Flow chart of the program run by the PIC.

030096 - 12

For example, if the Alarm Adjust will execute the Alarm Adjust Rou-
key is pressed and held down longer tine and, once finished, return to the

than about 3 seconds, the program main loop.
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COMPONENTS LIST

Resistors:

RI, RI1,RI4-R45 = |kQ
R2...RIO,RI3 = [0kQ
RI12 = 2kQ)2

Capacitors:

Cl1,C2 = 22pF
C3,C4,C6-CI0 = 100nF
C5 = |000uF 16V radial
Cl1 = IyF 16V radial

Semiconductors:
DI,D2 = LED, 3mm, red, low-

current
D3 = IN4001
D4 = IN4148
Tl = BC547

IC1-IC4 = 74HCT 164

IC5 = PICI16F84-04/p,
programmed, order code
030096-41

IC6 = 7805

Miscellaneous:

Kl = 2-way PCB terminal block,
lead pitch 5mm

S1 = on/off switch

$2-§7 = miniature PCB mount
pushbutton, type DTS65N

LDI-LD4 = LTS4301E (Lite-On)

BZ| = 5VDC buzzer (active)

Xl = 4MHz quartz crystal

BTI = 9V battery with and clip-on
lead

PCB, available from The
PCBShop

Disk, PIC source and hex (object)
code files, order code 030096-
Il or Free Download

If the Time Adjust key is held
depressed for less than about 3 sec-
onds, the display will show the cur-
rent weekday. If the key remains
pressed longer than about 3 sec-
onds, the program will execute the
Time Adjust routine and, once time
and weekday are adjusted, return to
the main loop.

When no key is pressed the pro-
gram keeps updating the display,
checking the current time against
the alarm entries in memory and
triggering the beeper if a matching
times are found.

Although it has not indicated by
flowchart, the display updating
process is affected by the status of
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Figure 3. Copper track layout and component mounting plan of the PCB designed for the

clock (board available from The PCBShop).

the PORTB.5 line (12 VDC supply
monitor) while the alarm verification
and triggering processes are subject
to the status of Alarm On/Off and
Snooze keys.

One important piece of the soft-
ware is the time counting process. It
is based on the microcontroller
TIMER 0 which has the ability to
interrupt the main program and
deviate its execution to an interrupt
handling routine whenever its count
overflows (FFh — 00h).

The microcontroller is configured
so that the TIMER 0 overflow will
take place every 2.048 ms. This is
accomplished by setting the prescaler
to divide the TIMER 0 clock by eight.

Whenever called, the interrupt handling
routine, will increment a 16-bit counter. This
counter has a maximum count of 29,297
(7271h). This means that every minute
(29,297 x 2.048 ms = 60,000.256 ms or very
close to one minute) it will overflow.

The overflow of the 16-bit counter incre-
ments the minute-counter (modulo-10) which,
after overflowing, increments the tens-of-min-
utes counter (modulo-6) which increments
the hour-counter and sure it will finally incre-
ment the tens-of-hours counter.

As shown above, the clock’s minute is
slightly longer than it should be. This error,
amounting to 0.000427%, will cause a time
difference of less than two minutes per year
which is pretty low compared to what is
achieved by most the off-the-shelf clocks.
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Construction

The artwork of the PCB designed for the clock
is shown in Figure 3. The PCB has to be cut
in two to separate the main board from the
display board.

Start by soldering the wire links onto the
main board. Then follow the five IC sockets
and all low-profile components. The rest of
the construction should be mostly plain sailing
as only regular components are used. As
always, take care with the polarity of elec-
trolytic components like capacitors, diodes
and (yes!) the displays. The display board is
secured to the main board at an angle of
90 degrees. The interconnections between

Press Tagj

M o Firstdigit selected

+ -
#sed—io adjust

= o First digit adjusted

@ PressTaq
1IM.

] '_I o Second digit selected

E—}:SG Fourth digit

+

Use +-10 ad;usx

1Sh e

Press Tagj

Su

the boards are made using angled SIL pin- = ; e
headers or 40 short pieces of stiff, bare wire. it
The pushbutton actuator rods will protrude a _'

Use +/~ to adjust
— if necessary

little above the display tops to make them § + Socond digk adjosted Fress Fooy 10 end Adit Procese
accessible from the outside once the PCB —~

assembly has been mounted behind the front PressTag) Display flashes
panel. A red bezel may be used as a finishing H H H H oy ol

touch to enhance the appearance of the clock.

l -= : n Third digit =

Using a multimeter, make sure that there's { = U sel i _' TR =
no short circuits between the +5 V supply a3 = ] : 5 to normal operation
% i wﬂh new time set
rail and ground. e 35

When inserting the integrated circuits
always check the correct ‘pin 1' position.
Finally, avoid ESD damage to your circuit by
keeping yourself grounded by means of wrist

Figure 4. Time adjustment procedure.

straps.
— operation in battery mode (mains Fre e Downlo ads
= power failure);
Clock Speration - alarm adjustment, PIC source and hex (object) code.

The Time adjustment is shown pictorially in
Figure 4. Other drawings are available but
not printed here for lack of space. They

File number: 030096-1 1.zip
Clock operation pictograms. File
number: 030096-12

The pictures are supplied in the form
of a (zipped) pdf document — see

includef this month's Free Downloads, num- PCB layout in PDF format. File
. o ber 030096-12. number: 030096-1.zip

- clock display; ; G (0G0006-1) www.elektor-

- keys and their functions;

electronics.co.uk/dl/dl.htm, select

month of publication.

— alarm on/off key operation;
— buzzer control procedure;
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§ COMPUTER MONITOR SPECIALS

Legacy products
High spec genuine multysync.
CGA, EGA, VGA, SVGA

Mitsubishi FAS415ETKL 14" SVGA colour monier wilh fine
0.28 dot 1024 x 768, Avar-

ety of inpuis alloas comeciion o a host of computsrs
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19" RACK CABINETS
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quality rack cabinets,
enclosures and accessories.
Over 1000 Racks from stock

40
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695"

This month’s special G
33142147 U - High Quality 4"6
All steel Rack Cabinets R

Mzde by Eurocraft Enclosures Lid to the highest pos-
sible spec, rack faatures all steel construction with
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{ in ma r‘; other configuration:
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For overseas PAL versions state 5.5 or 6 mHz sound specification.
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24" TOSHIBA MK1002MAV 1.1Gb lapiop(12.5 mm H) New £59.95
274" TOSHIBA MK4313MAT 4.3Gb laplop (8.2 mm H) New£105.00
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.95

3%" FUJI FK-309-26 20mb MFM I/F RFE £59,

3% CONNER CP3024 20 mb IDE UF (or equiv.) RFE £59.95
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see website for full stock list. Shipping on all drives is code (C)
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HP54121A DC to 22 GHz four channel test sat

HPE130A opt 020 300 MHz puise for, GPIB elc
HP A1, AD B pen HPGL high drum plotters - from £550
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GENERALINTEREST

By B. Kainka

Low-value inductors are primarily used in RF
circuits. A general distinction must be made
between inductors with magnetisable cores
(made from ferrite or iron) and ‘air-core’
inductors, which are wound on insulating
forms or entirely without any sort of coil form.

QL_:.M. e e &

Air-core inductors

Let's first turn our attention to air-
core inductors. Figure 1 shows an
example of an inductor for a short-
wave resonant circuit, which has 20
turns, a diameter of 16 mm and a

DIY RF Inductors

The ARCs of inductors

Electronics hobbyists often wish to copy a circuit for which suitable coils
or fixed inductors are not readily available. However, you can wind just
about any type of inductor if you only know how. Or you can take
inductors from old equipment and modify or adjust them. All you have
to do is determine is how many turns you need.

length of 35 mm. It has an induc-
tance of around 3 yH, and with a
variable capacitor having a maxi-
mum value of 300 pF it has lower fre-
quency limit of approximately
5.3 MHz. How can this be calcu-
lated? Read on to learn more... (and
by the way, there's also a simple-util-
ity program to make things easier).
For a ‘long’ inductor with 1 > D
and n tumns, a cross-sectional area A
in m2 and a length I in m, the follow-
ing relationship generally holds true:

L= (ugxn?xA)=l

where [ is the magnetic constant or
Dpermeability of free space and has a
value of

4n x 10~7 henry/metre
1.2466 x 10 henry/metre.

Although this formula is strictly true
only for infinitely long inductors, it
can be used as a satisfactory approx-
imation for inductors with lengths
downtol=D.

For an inductor with a given num-
ber of turns, the magnetic coupling
between the individual turns
increases as the length of the induc-
tor decreases, which vields a greater
inductance. By reverse token,

Elekior Elecironics 2/2004
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Figure |. Struciure of an air-core
inductor.

winding
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FHgure 2. Structure of an inductor with
an E-l core.

030398 - 13

Figure 3. A inductor in a resonant
circuit.

030398-13

Figure 4. A resonant circuit with a loss
resistor.
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increasing the spacing between the
turns of an inductor decreases its
inductance, and this is sometimes
used to tune inductors.

For inductors having a circular
cross section, the above formula can
be simplified to the following
approximate formula, where the
diameter D and length ! of the coil
are given in millimetres:

L=n2xD2+] [nH]

This formula includes the approxi-
mation 12 = 10, which introduces a
small error (approximately 1.3 %).
Extreme accuracy should anyhow
not be expected, since the induc-
tance depends in part on the shape
of the coil, particularly the ratio of its
length and diameter, as well as the
thickness of the wire and even its
surroundings. Consequently, for
many purposes it is adequate to be
able to calculate the inductance of
an air-core inductor within a 10 per-
cent tolerance margin.

Inductors with cores

RF inductor forms with threaded fer-
rite cores are often used in practice.
The core increases the inductance,
typically by a factor of four or even
more. The inductor can be tuned by
adjusting how far the threaded core
is screwed into the inductor. Ferrite
cores are made for specific frequency
ranges, within which they exhibit
small energy losses.

Significantly higher inductances
can be obtained using closed cores
with or without air gaps. Although
an air gap reduces the inductance, it
allows a higher magnetisation levels
to be used, since it prevents the core
from becoming magnetically satu-
rated even at high currents. The
types of cores commonly used are
toroidal (ring) cores, E-I transformer
cores (Figure 2) and closed pot
cores.

With such cores, the induciance
strongly depends on the material
used and the geometry of the core,
as well as the number of turns. This
means that it is not possible to give a
general formula for calculating the
inductance, as with air-core induc-
tors. Instead, manufacturers state an
‘A, value' in nH/n? for each core,
such that

L= Ay xn? [nH]

For example, an Amidon T37-2 ring core has
an Ay value of 40 nH/n2. If you wind a coil of
10 turns on such a core, you will obtain an
inductance of . = 4000 nH = 4 pH.

Ring-core inductors, like air-core inductors,
are suitable for building RF resonant circuits.
Besides the A; value, the design frequency
range of the core is also important. Amidon
Type xo-2 cores (with red marking) are suit-
able for frequencies up to 30 MHz. The calcu-
lation program, which is described in more
detail below, can be used to quickly deter-
mine the inductance of air-core inductors and
inductors with known A; values.

Resonant circuits

Although resonant circuits are the most
important application for inductors, resonant
frequency and damping are also significant
when inductors are used for other purposes.
For one thing, it's important to recognise
undesired resonances, and for another thing,
it’s very easy to determine the value of an
unknown inductor by using frequency mea-
surements.

If an inductor and a capacitor are con-
nected together as shown in Figure 3, the
result is a resonant circuit. Electrical energy
can ‘swing’ back and forth between the
inductor and the capacitor, similar to the
motion of a pendulum, and such a circuit has
a characteristic resonant frequency. After
being excited by a short current pulse, a res-
onant circuit will oscillate freely at a fre-
quency given by the formula

fo=1=+[2nxV(LC)] [Hz]

Resonant circuits are often used in circuits
where several different frequencies are pre-
sent and in frequency mixers. This allows
currents and voltages to be distinguished
according to their frequencies. A parallel res-
onant circuit has a complex impedance Z
whose peak value occurs at the resonant fre-
quency f;. At this frequency, R = By, and
the currents through the inductor and the
capacitor exactly cancel each other since
they have a 180-degree phase difference. An
ideal parallel resonant circuit with no damp-
ing would have infinite impedance at its res-
onant frequency.

However, energy losses always occur in
practice, due to the ohmic resistance of the
coil, magnetic losses in the core of the induc-
tor and eleciromagnetic radiation. The reso-
nant impedance thus remains finite. This
causes the oscillation to be damped. For sim-
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plicity, the losses can be grouped into an
equivalent parallel ‘loss resistance’ R, as
shown in Figure 4.

For every resonant circuit, it is possible to
specify a quality factor, or *Q factor’, or sim-
ply ‘Q’, which is inversely proportional to the
bandwidth of the circuit. Q is dimensionless
and can easily be determined by taking the
ratio of the parallel damping resistance R to
the inductive impedance Ry = 2 n f L or
capacitive impedance R = 1/(2n f C) at the
resonant frequency:

If a resonant circuit is excited by an alternat-
ing current I with constant amplitude and
variable frequency, for example using an AC
generator with a high internal impedance,
the voltage across the resonant circuit will be
proportional to the magnitude of the complex
impedance Z. The voltage will reach its max-
imum value at the resonant frequency.

The amount that the voltage increases at
resonance is inversely proportional to the
extent to which the oscillations are damped
by any sort of energy loss, and thus directly
proportional to the Q factor of the resonant
circuit. At either side of the resonant fre-
quency, points can be found at which the
voltage is reduced from its maximum value by
a factor of 1/N2 = 0.707 (-3 dB). The difference
between the frequencies of these two points
is defined to be the bandwidth BW of the cir-
cuit. The relationship between the bandwidth
BW and the resonant frequency f and Q fac-
tor of the circuit is:

BW(—BdB} — f[}f Q

_|ol x|
d/mm |1g— I/mm i35 n Izg

L= 2925 puH
nH/r? ]'19— nfio

= 1pH

i C/oF [0
= 5306321 kHz
RL= 999 Ohm

Figure 6. User interface for the inductor
calculation program.
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Figure 5. Resonance curves with various Q factors.

Figure b shows resonance curves
for several different Q factors. A cir-
cuit with Q = 50 has a greater band-
width (BW,) than one with Q = 110
(BW.). You can also see that the
peak value at resonance increases
as the Q factor increases. This
means that the resonant circuit
oscillates more strongly at its reso-
nant frequency. By contrast, the var-
ious circuits show nearly the same
behaviour in regions far away from
the resonant frequency.

In practice, the circuit damping,
and with it the Q factor, almost
always arises from a combination of
series and parallel resistances. The
series resistance comes from the
wire used to form the coil, and at a
given frequency it is greater than the
DC resistance of the inductor, due to
the ‘skin effect’. The parallel resis-
tance is determined by the matching
impedance in the circuit. However,
iron cores and ferrite cores also have
losses that can be expressed in the
form of a parallel resistance. For a
given inductance, an inductor with a
core requires fewer turns and thus
has smaller copper losses, but this
comes at the price of core losses.

At high frequencies (above
approximately 100 MHz), pure air-
core inductors wound using thick,
silver-plated wire give the best
results, while at medium frequencies
(around 10 MHz) the best O factor
can be obtained using closed cores,
such as ring cores. However, air-core
inductors can also be used down to
frequencies of approximately 1 MHz.
By contrast, inductors and trans-
formers for use at low freguencies

use almost always require cores.
With careful coil construction, Q
factors of around 100 can be
achieved. However, resonant circuits
can also be damped by connected
circuitry or an aerial. This damping
can be counteracted by using loose
coupling to the resonant circuit via a
small auxiliary winding, a coil tap or
a suitable capacitor. When a reso-
nant circuit is connected directly to
an amplifier, the internal impedance
of the amplifier must be very high in
order to minimise the damping.

Inductor calculations
using software =

A small Visual Basic (VB) program
called LCFR has been written to
make calculations for inductors and
resonant circuits. The source and
executable code for this program can
be obtained free of charge from the
Elektor Electronics website. The
number is 030398-11, see this
month’s Free Downloads. This pro-
gram, whose user interface is shown
in Figure 6, calculates the induc-
tance of air-core inductors - and
inductors using cores with known
A; values. In addition, it can deter-
mine the resonant frequency and
inductive impedance Ry, of the induc-
tor at resonance if a capacitance
value is entered in addition to the
inductance value.

The program consists of three
parts that independently perform
calculations, which for purely practi-
cal reasons are merged into a single
user interface. Calculations for air-
core inductors are made using the
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upper portion of the window, and
magnetic-core calculations are made
using the middle portion. At the hot-
tom you can see the calculated reso-
nant frequency and inductive imped-
ance. If a new value is entered in any
of the boxes, the results will change
immediately. The most recently cal-
culated inductance is automatically
used for the calculations in the bot-
tom section.

This program is ideal for quickly
‘trying out’ new parameters. The fact
that the inductance is shown to
three decimal places should not be
taken as an indication of the accu-
racy of the result. Imstead, it is
intended to allow calculations to be
made for inductors covering a wide
span of inductances, ranging from a
few nanohenries (1 nH = 0.001 yH)
to many millihenries (1 mH =
1000 uH).

If you want to build a resonant
circuit for a specific frequency, you
can start by entering the capaci-
tance, then calculating the induc-
tance and finally determining the
number of turns for a type given type
of core or coil form. However, a less
systematic approach often works
better. You can simply select a type
of inductor and then try several
inductance and capacitance values
until you find a satisfactory result.
For instance, you may wish to deter-
mine which standard component
values of fixed inductors and capac-
itors can be used to build a resonant
circuit that will have a particular res-
onant frequency in a specific circuit.
Here a trial-and-error approach often
vields results faster than systematic
calculation.

Some practical examples

Suppose you want to wind a 330-uH
inductor for a medium-wave detec-
tor radio on a cardboard roll with a
diameter of 42 mm. Further suppose
that the wire diameter is 0.5 mm, so
100 turns will yield a coil length of
50 mm. Now you can simply try sev-
eral different values, which ulti-
mately yields a result of approxi-
mately B0 turns. For tuning the
medium-wave (MW) band starting
at 530 kHz, the variable capacitor
must have a maximum capacitance
of at least 45 pF.

For higher frequencies, you will
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need fewer turns. An inductor for a
VHF FM receiver, for example, will
have only five turns, with D = 8 mm
and ! = 10 mm. The calculated
inductance is 0.16 yH. With a 20-pF
capacitor, this inductor will resonate
at 88.9 MHz, which is almost exactly
the lower limit of the VHF FM broad-
cast band.

The above examples use air-core
inductors. But how can you use a fer-
rite core? Usually, you won't have
any exact data for the core. You will
thus have to estimate how much it
will increase the inductance or
reduce the frequency. An inductor for
the short-wave band, for example,
might have n = 18 turns, D = 8 mm
and ! = 12 mm. For a pure air-core
inductor, this gives a calculated
inductance of 1.7 yH. But with a 275-
DF variable capacitor, this inductor
achieves a lower frequency limit of
approximately 5 MHz with the core
fully threaded in, which corresponds
to an inductance of approximately
3.7 UH.

The frequency can thus be
reduced by a factor of two using a
threaded core, and the inductance
can be up to four times as large. A
relatively long medium-wave ferrite
rod can in turn increase the induc-
tance by a factor of approximately
ten. Roughly speaking, we can say
that an inductor on a ferrite rod only
needs to have approximately one
third as many turns as a similarly
dimensioned air-core inductor hav-
ing the same inductance.

The resonant frequency of a reso-
nant circuit can change consider-
ably when it is built into a circuit.
Particularly at relatively high fre-
quencies, wiring capacitances have
a significant effect. This means that
it is often necessary to make adjust-
ments after assembly or build tun-
ing capability into the circuit by
means of a threaded core or trimmer
capacitor.

For major modifications, it is often
helpful to use a few rules of thumb
that can be directly derived from the
formulas give above and simulated
using the LCFR program. For
instance, doubling the number of
turns quadruples the inductance and
cuts the frequency in half if the
capacitance remains the same. The
frequency is thus inversely propor-
tional to the number of turns and

inversely proportional to square of the capac-
itance. This means that twice the frequency
can be attained with one fourth of the capac-
itance. In order to tune over a frequency
range of 1:3 using a variable capacitor, you
need a capacitor with a capacity ratio of at
least 1:9.

Inductors are not necessarily limited to RF
circuits. They are also used in interference fil-
ters, low-frequency/audio filters and voltage
converiers. Schematic diagrams often show
only the inductance value, without any other
data for the inductor. Particularly in blocking-
type voltage converters, the saturation cur-
rent level and resistance of the inductor are
also important factors.

It is also certainly possible to use a fixed
inductor with the correct inductance but still
not obtain the optimum result. Consequently,
it is often worthwhile to wind your own
inductors, even if only for initial testing. For
instance, a 1.5-mH inductor for a voltage con-
verter can be wound on a ferrite rod from an
old medium-wave radio. If you have a rela-
tively small ferrite rod that originally had 100
turns (which can be easily counted when you
unwind the coil), it must have had an induc-
tance of 300 yH, since the commonly used
variable capacitors have a maximum capaci-
tance of approximately 300 pE You can thus
calculate an A; value of 30 nH/n?. From here
it's only a small step to the desired result: you
will have to wind approximately 220 turns on
the rod to obtain 1.5 mH.

Damping, Q and bandwidth

If you know the value of the damping resis-
tance for a resonant circuit, it's easy to calcu-
late the circuit’s Q factor, and thus its band-
width. This following example shows how a
specific problem can be solved using the
LCFR program.

Suppose you want to build an aerial filter
for the medium-wave frequency of 1296 kHz
(BBC, AM and DRM) using a fixed inductor. A
possible solution can be found using the stan-
dard values of 100 yH and 150 pF. The pro-
gram calculates a resonant frequency of
1299.5 kHz, and the small deviation of 3.5 kHz
lies within the allowed tolerance. The pro-
gram also indicates an inductive impedance
of approximately 800 Q.

If the DC resistance of the inductor (1.7 Q)
is taken as the series resistance and divided
by the inductive impedance, the resulting Q
factor is approximately 500, which is unreal-
istically large. In actual fact, you should
assume a Q factor of around 50 for small fixed
inductors. The exira damping arises from the
skin effect and core losses.

In order to avoid excessive loss of energy
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Figure 8. Exciting free oscillations.
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Fgure 9. Damped self-resonant oscillations.
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Fgure 10. Resistive coupling

from the aerial, the filter should primarily be
damped by the connected circuit. We thus
chose a low working value of Q = 10. This
also means that there's a reasonable chance
that frequency deviations due to component
tolerances will lie within the bandwidth of
130 kHz. A Q factor of 10 can be obtained
with a parallel resistance of 8 k().

If the aerial input of the receiver has an
impedance of 50 Q, an impedance conversion
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ratio of 160 is necessary. This corre-
sponds to a voltage conversion ratio
of V160 = 12.6. If you used a induc-
tor that you wound yourself, you
could achieve this using a suitable
tap or coupling coil. For a resonant
circuit using a fixed inductor, a
capacitive voltage divider can be
used. The initial form of the resulting
circuit is shown in Figure 7.

The actual resonant frequency
has now been increased slightly,
since the capacitance of the reso-
nant circuit has been reduced by the
two additional capacitors. You could
thus suitably modify the values of
the capacitors or provide a supple-
mentary trimmer. However, it may
be better to first try out the circuit. It
may well be that the self-capaci-
tance of the fixed inductor partially
compensates for this error. In fact,
this circuit proved to bhe satisfactory
in practice in a DRM receiver with-
out subsequent adjustment.

Would it be possible to use a T37-
2 ring core with A; = 4 nH/n? to
make a DIY inductor? This idea can
be quickly simulated and equally
quickly rejected, since 158 turns is
an unrealistic value for a small ring
core. However, an air-core inductor
with D = 8 mm, ] = 8 mm and 110
turns is conceivable. If you have a
suitable threaded core, you can man-
age with approximately half as many
turns. This also allows the exact fre-
quency of the filter to be adjusted
using the core.

Measurements

If you do not have a suitable signal
generator or dip meter, the only way
to measure the resonant frequency of
a resonant circuit is to use an oscil-
loscope. The frequency can be mea-
sured by exciting the circuit so it
oscillates freely (Figure 8).

This requires a steep-edged
square-wave signal with a frequency
well below the resonant frequency.
Many oscilloscopes have a square-
wave output for calibration purposes
(usually 1 kHz). This should be cou-
pled to the resonant circuit as
loosely as possible via a small capac-
itor. With suitable adjustment of the
time base, you will be able to
observe free oscillations. Besides the
resonant frequency, damping can
also be measured in this manner.

Figure 9 shows a measurement
made using the previously calcu-
lated resonant circuit. What is impor-
tant is to affect the circuit as little as
possible. This means you should use
a 10:1 probe with an internal imped-
ance of 10 MQ. The figure shows the
result of a measurement made with
a horizontal deflection factor of
1 us/division. The measured fre-
quency is slightly greater than
1100 kHz.

The Q factor can be determined
from the number of oscillations
required for the amplitude to drop to
0.37 (1/e) of the initial value. Here the
Q factor is approximately 10.

The frequency and Q factor are
affected by the measurement set-up.
However, they will be affected even
more strongly in an actual circuit.

A 10-kQ coupling resistor can be
used instead of a 10-pF coupling
capacitor (Figure 10). In this case,
the resulting oscillations will be
somewhat weaker, so a more sensi-
tive vertical scale must be selected.
Using a resistor for coupling gener-
ates higher damping. However, the
advantage of this approach is that it
avoids any shift in the resonant fre-
quency due to the coupling capaci-
tor, so the frequency can be mea-
sured more accurately. In addition,
measurements can also be made
over a wide frequency range, from
around 10 kHz to many megahertz. -

This simple measurement tech-
nique can also be used to measure
the values of unknown inductors. If
you use a known capacitance value
and measure the frequency, you can
then determine the inductance. It is
often necessary to try several differ-
ent capacitors before you obtain
readily measurable oscillations. With
relatively large inductances, it is
necessary to use correspondingly
large capacitors. It is also possible to
determine the value of an unknown
capacitor using a known inductance.

The A; values of unknown cores
can also be determined using this
technique. To do this, wind a small
test coil on the core and determine
the resonant frequency with this coil
connecied to a known capacitor.
From the number of turns and the
inductance, you can then determine
the approximate A; value.
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POWERSUPPLY

Simple 12-to-230V
Power Inverter

A mobile power outlet

Design by G. Gerards www.aixcon.de

The absence of a mains power outlet is often keenly felt on camping sites,
with car repairs in the middle of nowhere and with picnic or party events
in the countryside. In some cases, mains power can only be brought to a
remote site by running a very long cable — which either dangerous,
impossible or not available. Whatever the occasion, planned or
unexpected, it is great to have a power inverter available capable of
changing the |2-V car battery voltage into 230 volts AC.

The idea for a simple, pertable
‘power outlet’ was first suggested
by a trainee at the Aixcom company,
which is normally involved with
high-tech power inverters and spe-
cial high-current power supplies.
The trainee, called Dirk, had been
trying for quite some time to build a
power inverter for his model aircraft
club. In his enthusiastic attempts he
ran into problems obtaining the spe-
cial integrated circuit that was to
form the heart of his project. When
he was finally successful in obtain-
ing the elusive chip, albeit at horrific
costs, all the circuit did was produce
a loud bang at switch-on, wrecking
a lot of components.

The company decided to continue
the design, and the result is pre-
sented here: a power inverter that
was not only successfully repro-
duced by nearly all trainees at Aix-
com, but also presented as a Christ-
mas or anniversary gift to dad, used
on a camping site and, last but not
least, deployed in a (very loud)
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music parade. A beefed up version of
1,000 watts was developed and
installed by Dirk at his model aircraft
club, where it has performed beauti-
fully for over a year despite rough
conditions.

Concept

Arguably, the circuit represents the
simplest way of creating a power
outlet for on the road. In the design
phase, the aim was a 100% bare
bones circuit, stripped of anything
that could be, well, stripped! For
example, there's no voltage regula-
tion, and a sagging battery voltage
also causes the ac ouiput voltage to
sag. However, because most mains
powered equipment continues to
work just fine in the face of ac volt-
age variations of =10-15%, the
mobile power outlet does so too.
Rather than perfecting the design for
performance, Aixcom went for sim-
plicity, low component count and
utter reliability in practical use. None
the less, the 230-Vac output is short-
circuit resistant and an undervoltage
protection switches the inverter off
before the battery has been drained
to level that would no longer allow
the car to be started. The circuit is
simple enough to be reproduced suc-
cessfully by beginners, too, provided
they realise that 230 Vac is a really
dangerous voltage.

Pulsewidth modulation

The central part in the circuit is an
S5G3526 low-cost switch-mode regu-

lator, which is supplied by a number
of manufacturers under the compo-
nent identifier xx3526, where xxis a
manufacturer-specific letter combi-
nation. The 3526 supports all known
switch-mode PSU topologies. Iis
complete datasheets may be
obtained free of charge from
wwwunitrode.com (part search:
UC3526 and Datasheet).

The basic operation of the power
inverter is illustrated in Figure 1.
The SG3526 alternately switches the
current through the 12-V windings of
a mains transformer, the two central
ends of the windings having been
taken together and connected to the
positive battery terminal (+12 V). At
each switching action, the direction
of the current changes and with it
the direction of the magnetic field in
the transformer core. The result is a
square-wave(-like) alternating volt-
age at the 230-V side of the trans-
former.

In real life, the switch consists of
two FETs in complementary
arrangement (push-pull). The source
connections of the FETs are taken to
ground by way of very low resis-
tances (compare the circuit diagram
in Figure 3).

The internal architecture of the
SG3526 is shown in Figure 2. The
input voltage +V;, may be between
7 V and 35V, and is used to create a
reference voltage Vggr of 5 V. A volt-
age guard blocks the drivers stages
when the input voltage drops below
7 V. The drivers are separately pow-
ered via the +V connection. Using
resistor RT and the capacitor at CT

ik,
TR e

Figure 2. Internal diagram of low-cost SMPSU regulator type SG3526.
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Figure 1. Block diagram of the power inverter.
In the aciual dircuit, the switching element
consists of two power FETs, while the resistor
to ground acts as a current sense (shunt) for the
current limiter drcuit inside the SG3526.

(again compare with circuit diagram in Fig-
ure 3) the frequency is determined, which is
50 Hz in this case. The resistor at Ry causes
a fixed dead time between the driver's Out-
put A and Output B. This is done to eliminate
the risk of the two drivers (and consequently
the two power FETs) conducting at the same
time when the switch-over takes place.

The capacitor at the Cgoprstarr Pin (Css,
pin 4) allows the pulse mark/space (on/off)
ratio of the outputs to be slowly raised to 48%
after the supply voltage is switched on, or
after a reset. The ‘Amp’ voltage regulator is
not used as such in our application, alterna-
tively it takes the role of an impedance con-
verter using the reference voltage as the con-
trolling quantity. In this way it is assured that
the outputs supply the full mark/space ratio
after the start-up phase.

The current limiter using shunt resistor R8
triggers a shutdown sequence when the volt-
age between +CS and —CS (in other words,
the drops across R8) exceeds 100 mV. How-
ever, the shutdown control may also be used
externally by connecting it to ground.
Because shutdown and Reset (pins 8 and b
respectively) are interconnected in this cir-
cuit, the modulator starts again with a soft
start after an overload condition or an external
disconnect.

More design thoughts

The transformer for the project should be a
toroidal type with a primary of 230 V and two
12-V secondary windings. Readers in coun-
tries with 110 V, 117 V or 127 V mains voltage
are, of course, advised to use a matching 200-
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watt transformer. If you are lucky to have an
old toroidal transformer lying around in a
drawer or a junk box, it should not be too dif-
ficult to 'retro-fit' two 12-V windings. Simply
wind ten turns of litze wire around the core
and connect the primary to the mains. Mea-
sure the voltage across your new winding
and then calculate how many turns you need

to get at 12 V. At an output power of
200 watts, the average current will
be about 10 A, so the cross-sectional
area (c.s.a.) of the litze wire you're
using should be 1.5 mm? or greater.
It is vital that the two 12-volt
windings have exactly the same
number of turns. If there is a differ-

ence of just one turn then the trans-
former core will saturate the instant
the 12-volt battery is connected,
causing the regulator to ‘hang’ in
shutdown mode. The sense direc-
tion) of the windings is equally
important. Before installing the
transformer, connect the ends of the
two 12-volt windings in series and
apply 230 Vac to the primary. You
should measure 24 Vac across the
free ends of the secondaries.

The FETs used in the circuit can
handle up to 72 A at 55 V, and are
marked by an Ry gy of just 12 mQ.
Of course, other types may be used
provided you are sure they can han-
dle at last 40 A at 40 V, and have an
Rp_gon) not exceeding 50 mQ). Usu-
ally, power FETs may also be con-
nected in parallel, but please make
sure each one gets its own gate
resistor. The parallel configuration is
of interest if you wish to configure
the inverter for output powers
greater than 200 watts. In that case,
the current limiter has to be
adapted, which is easiest done by
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Figure 4. Copper track layout and component mounting plan of the PCB designed for the project. The board is singl

ready-made through Readers Services.

using a smaller value for shunt R8
and/or by modifying voltage divider
R16-R17.

Ordinary bulbs and halogen
(flood-) lights are sure sources of
trouble with most power inverters.
Both present a very low ‘cold’ resis-
tance, causing the inverter to reduce
its output voltage or even actuate
the shutdown. The result is a lock-up
with isufficient voltage to heat up
the filaments to their normal operat-
ing temperature. Fortunately, the
200-watt version of the inverter
described here should be capable of
turning on lamps of up to 150 watts
without problems. Should problems
arise, the value of capacitor C6 may
be increased — but not to any extent
because the ability of the circuit to
withstand shori-circuits may well
suffer. Using C5 it is also possible to
increase the soft-start time consid-
erably, or do without it altogether.
That, in all likelihood, is the safest
solution.

Comparator IC1 monitors the bat-
tery voltage and ambient tempera-
ture and compares its measured
results with the 5-V reference voli-
age from the 3526. The two open-col-
lector outputs pull the shutdown
control input (pin 8) to ground in
case of an error. The PTC used
determines the switch-off tempera-
ture. Depending on the exact type in
your circuit, R6 may need slight red-
imensioning. Early Aixcom proto-
types of the inverter used a D901-
DB60-A40 from Epcos (trip tempera-
ture 60 degrees C). However, it
should also be possible to use a tem-
perature switch of 60 to 80 degrees
C or a temperature fuse of
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90 degrees C. Although the latter
component is extremely cheap at
just a few pence, you'll need to
exchange it when it has ‘gone off".

Provided a large enough heatsink
is used, a simple wire link may be
used instead of the PTC. The voltage
monitor switches off at about 12 volt
and this may be adapted to suit
other levels by changing R1 and R5.
On the comparators, R2 and R4
define an amount of hysteresis that
prevents the power inverter from
switching itself on again after a fault
condition. After switching on, the
reference voltage rises slowly as
determined by the charge time of C2,
hence the monitors are only acti-
vated a few seconds later.

Car batteries supply danger-
ously high currents. To prevent the
inverter going up into flames and
causing a fire, you must proiect it
with a car fuse of between 25 A and
35 A. The 230 Vac output voltage is
also very dangerous even if it is
generated by means of a battery.

Construction

The design of the printed circuit
board is shown in Figure 4. Despite
large ground areas and wide tracks
it may be necessary to strengthen
the tracks carrying the transformer
current by tinning them. It is recom-
mended to start by mounting the
AMP (‘fast-on’) lugs (spade termi-
nals), because they require consid-
erable force to insert into the board.
After all, a mishap with the use of
pliers at this point could cause con-

COMPONENTS LIST

Resistors:
Rl = 15kQ2
R2 = 22kQ
R3 = 2kQ7
R4 = 10kQ
R5 = 12kQ
R6 = 4kQ7
R7 = 47kQ)

R8 = 0Q01 (max. lead pitch 24mm)
R9 = 1kQ (PTC, see text)

RIO = 802
RIl = 16kQ9
RI2 = 33Q
RI3RI5 =220
Rl4 = 18Q
RI6 = 1kQ
RI7 = 470Q
Capacitors:

CI,C2 = 220uF 16V radial

C3,C7,C9,C10 = 220nF

C4 = |uF 63V radial

C5.C6 = 33nF

C8 = 2uF2 63V, |5mm lead pitch, MKS4
(Wima)

Semiconductors:

DI = LED, red, low current
D2 = IN4148

D3 = IN4002

D4 = 18V | .3W zener diode
D5,Dé6 = BYV27-200

IC] = LM393N

1C2 = SG3526N

T1,T2 = IRFP054N (IRF)

Miscellaneous:

XI1-X6 = AMP spade terminals, PCB mount

PCB, order code 020435-1 (see Readers
Services page)

Toroidal mains transformer, see text, e.g.,
Aixcon 230V /12-0-12 V/ 200W

(W geist-electronic.de)
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Output voltage vs. battery voltage
(150 watt load)
Battery voltage Output voltage
[Vdc] [Vac]
1.5 182.4
12 194.6
12,5 202.4
13 2143
13.5 223.0
14 231.2

siderable damage to other components on the
board. The wire link beside the shunt resistor
R8 should not be forgotten. R8, by the way,
should be mounted a little above the board
surface to help it stay as cool as possible. If
desired a higher-wattage resistor may be
substituted (5 watts). Finally, do make sure
you mount all polarised components (transis-
tors, electrolytic capacitors, diodes and ICs)
the right way around on the board. Insulating
washers must be used when fitting the tran-
sistors onto the heatsink.

Powering up

Commissioning this project only requires a
multimeter. Initially, you use the inverter
without the transformer connected. Con-

nect it to an adjustable bench supply
and check the two guard circuits: the
voltage guard by adjusting the input
voliage, and the temperature guard
with the aid of your soldering iron, a
potentiometier or any other means
you see fit. In any case, the outputs
will switch to ground and the LED
will light when the voltage at the
positive input of the comparators
drops below that at the negative
input. If the guard circuit appears to
work, you proceed by measuring the
two gate signals. If an error is pre-
sent, both will read 0 V. In the case
of an error-free circuit, an oscillo-
scope will show two clean rectangu-
lar-wave signals with 10-ms long
pulses. Using your multimeter, the
same measurement yields a readout
of about half the supply voltage.

All approved so far, you are in a
position to connect the toroidal
transformer. At this point, it makes
sense to remove IC1 from its socket,
as in that case the shutdown can
only be triggered by the current lim-
iter. If an ordinary 100-watt bulb
does not light up within a few sec-
onds, measure the voltage at the
shutdown control (pin 8 on the 3526
or the anode of D2). If you measure
less than 5 V, the current limiter or

the soft-start time has to be tweaked
as described above.

Once the bulb lights, you may
(carefully!) check if the inverter is
short-circuit resistant. If an oscillo-
scope is available, the FET current
may be measured (= the voltage
across R8) and use R16 to increase
the current limit point to about 20%
below the permissible drain current.
This is of course done with the 230-
Vac output short-circuited.

It is normal for the transformer to
make more noise under no-load con-
ditions than you would expect
when in normal use. This is caused
by the rectangular wave switching
the magnetic field hard and fast.
Core saturation under no-load con-
ditions is signalled by ugly sounds
from the transformer. Measured
with an oscilloscope the currenis
will not rise in sawtooth-wise but
with peaks (overshoot). In that
case, the 12-V windings on the
transformer require just a few more
turns. If that is problematic, the
alternative is to raise the oscillator
frequency a little by using a slightly
lower value for R11. The resuliing
output frequency may well be
55 Hz, but that is immaterial for
most loads and the circuit is not
suitable anyway to power an alarm
clock.

Practical results

Because a voltage regulation loop
omitted for the sake of simplicity and
cost, the output voltage is depen-
dent on the battery voltage. The out-
put voltage of the author's prototype
loaded with a 150-watt halogen
lamp is shown in Table 1, as a func-
tion of battery voltage.

The output voltage is dependent
on the transformer’s winding ratio
and output current. If you want to
reach the nominal output voliage of
230 Vac at 13 Vdc input, you should
consider using a transformer with
two 11-volt windings. On the proto-
type, a maximum efficiency of 94%
was measured and the circuit was
found to be Dirk-proof.

Elektor Electranics 2/2004
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TEST&MEASUREMENT

Foil Capacitor Polarity

Which terminal of a foil capacitor acts as the screen?

By H. Friedli
foil
capacitor ¥ probe
inner fol
ot end
X channsl ¥ channel
(lD
*M waLa - 11

Fgure |. Method of connecting a foil
capacitor to a sinewave generator and
an oscilloscope.

As most of you will be able to con-
firm, an electrolytic capacitor has to
be connecied the right way around
in an electronic circuit. If you get the
connections wrong, the innards of
the capacitor will greet you when
the power is switched on — the
capacitor can will rupture, spilling
its liquid or partly vaporised con-
tents across the circuit board or (in
the case of older high-voliage elec-
trolytics) spouting it high up into the
air. The rupture is not a silent
process either as most of you will
have learned the hard way. Depend-
ing on the size of the capacitor, a
small explosion may occur. By con-
trast, fixed capacitors are non-polar-
ized components and therefore not
prone to explode unless they are
operated way beyond their specifi-
cations in respect of voltage or surge
current.

The is however one type of fixed
capacitor that may still be qualified

2/2004 Elektor Electronics

as ‘polarised’. We're talking about
foil capacitors, which can pick up
noise when connected the wrong
way around. This may affect the
operation of sensitive electronic cir-
cuits like preamplifiers, the negative
effects consisting of hard to explain
levels of hum or cross-talk, or a ten-
dency to oscillate. Take, for example,
the wire of the coupling capacitor
connected to the (very high-imped-
ance) input grid of a valve. This par-
ticular wire must be connected to
the inner foil of the coupling capaci-
tor, the outer foil being connected to
the anode of the driving valve, which
represents a much lower impedance.

With many types of capacitor, the
outer foil is marked by, for example,
a dash, a dot or some other indica-
tion. Unfortunately this is not com-
mon practice among manufacturers
and even the print on the capacitor
may not always provide a definitive
clue to how the foils are arranged
inside the device.

Trick of the trade

A simple tricks is available that
allows you to relate the capacitor
wires to the rolled up foils inside. A
sinewave voliage is applied to the
capacitor as well as to the X (hori-
zontal) input of a dual-trace oscillo-
scope. The test signal should have a
frequency of about 1 kHz and a level
of a couple of volis peak to peak. The
probe connected to the Y channel is
held close to the capacitor’s plastic
encapsulation. On the ‘scope display
you waich the amplitude changes in
a very sensitive input range. With
the ‘scope set to XY mode, a more or
less opened, widened or possibly

sloping ellipse should be seen. If the ellipse
widens in the Y direction when the probe is
moved closer to the capacitor body, the outer
foil is connected to the ‘hot’ (signal) end of
the generator output. If it becomes narrower,
the same foil is connected the ground. To ver-
ify the outcome, swap the capacitor connec-
tions and repeat the test.

If you are unable to see a clear shape
change to the ellipse, either the signal volt-
age or the test frequency is too low, the ¥
channel is not sensitive enough or the effect
of your hands is too large. By fitting the tip of
the Y probe with a small disc results in a
larger capacitance between the outer foil and
the Y-channel input. This may help to improve
the reliability of the test described above.

Once you've unequivocally identified the
connections that go with a capacitor’'s inner
and outer foil, that does not mean the out-
come can be applied to other, identical capac-
itors! The author found inconsistencies even
among capacitors from a batch produced by
one of and the same (reputable) manufac-
turer. In practice, each foil capacitor has to be
tested individually if you want to be
absolutely sure where its wires are best con-
nected to in your circuit.

‘hot'end —> outer foil
ground —> inner foil

‘hot’end —> inner foil
ground —&> outer foil

oscilloscope in X-Y mods; X = generator,Y = probe
030420 - 12

Figure 2. Left: wrong polarisation; right: correct
polarsation.
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Touch=-controlled Switch

With a PIC

Design by |. Wickenhduser

www.wickenhaeuser.com

You don’t need special ICs when a capacitive (or ‘touch’) switch can also be

realised with an inexpensive PIC controller. This article shows how it’s done.

Over the past few years several manufactur-
ers have come up with special integrated cir-
cuits for touch control switches. These ICs
usually operate on the principle of capacitive
change, work perfectly but are hard to obtain
as well as relatively expensive. Fortunately, a
capacitive switch may also be realised using
‘traditional’' means, i.e., a little physics and a
microcontroller.

The human body

may act as one plate of a capacitor, with the
other plate formed by a coin soldered onto a
copper plane. The principle is illustrated in
Figure 1. Assuming the coin has a surface
area of 3.2 cm? and is placed at a distance of

4 mm (using an acrylic plastic disc as a

spacer) and a dielectric constant of 8, a theo-
retical capacitance of 8 pF is obtained, or 2-
3 pF when the pad is not touched.

A second capacitor (C2) is charged via two
resistors. In reality, the three switches are
microcontroller port lines with GP1/GP2 rep-
resenting signal ‘A’ and GPO0, signal ‘B'.

The measurement comprises the closing of
the two switches for 2 iis using signal ‘B’. The
2-Us period allows capacitor C1 to almost
fully charge via R1. A very small portion of
the charge (the amount is negligible) also
flows to ground via R2. Next the two
switches are opened and C1 is allowed to
charge C2. As soon as the voltage on C2
exceeds a certain level (here, about 0.7 V) the
measurement is finished. Signal ‘B’ disap-
pears and C2 is discharged. This marks the
return of the measurement cycle to its start
state. The number of iterations it takes to
fully charge the second capacitor is counted
— it's as simple as that.

The simultaneous charging and discharg-

ing of C2 may appear a bit of a con-
tradiction. However, a small portion
of the charge in C2 is also lost,
because the switches are open much
longer than closed.

The smart button

Ideally, about 20,000 cycles are
required to enable C2 to be charged
by the user’s finger. Consequently a
measurement takes about 50 ms. As
soon as the software has recognised
a ‘key press’ action on GP3, output
GP4 is pulled Low, causing the indi-
cator LED to light up. At the same
time, the number of cycles for each

measurement is output via pin GP5.
An oscilloscope or a pulse counter
connected to GP5 will clearly indi-
cate the approach of the finger.

As you can see from the circuit
diagram in Figure 2, the microcon-
troller used is a cheap and easy to
obtain type PIC12C508 which has
512 bytes of memory. If you happen
to have a ‘509 lying around (with
1024 bytes) it can be used also. The
R-C oscillator inside the PIC operates
at about 4 MHz.

The printed circuit board shown
n Figure 3 is single-sided. Normally
the copper plane on the board is suf-
ficient for reliable operation. In cases

Elektor Electronics 2/2004
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signal A
(GP1, GP2)

Figure |. Principle of operation.
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Figure 2. Circuit diagram of the Touch-controlled Switch.

where higher sensitivity is required,
the surface area may be increased.
The circuit is capable of adaptive 50 ms and it is sufficient to

x ]

tion features offered by a PIC.
Because a measurement takes only

Free Downloads

PIC source code for use with Microchip
MPLAB assembler.
File number: 030214-11.zip
PCB layout in PDF format.
File number: 030214-1.zip
www.elektor-electronics.co.uk/dl/dLhtm,
select month of publication.

COMPONENTS LIST

Resistors:

R1.R6 = 10kQ (SMD shape 0805)
R2,R3,R4 = 100kQ (SMD shape 0805)
R5 = 1kQ (SMD shape 0805)

R7 = 47002 (SMD shape 0805)

Capacitors:
Cl = 470nF (SMD shape 1206)
C2 = 100nF (SMD shape 0805)

Semiconductors:

D1 = Chip LED, red, (SMD shape 0805)

Tl = BCB47 (SOT23 case)

IC1 = PICI2C508A04/SO8, programmed,
order code 030214-41

Miscellaneous:

K1 = 4-way mini PCB terminal block, lead
pitch 2.5mm

PAD = sensor area (see text)

PCB, order code 030214-1

Disk, PIC source code file, order code
030214-11 or Free Download

be reduced to 0.1-0.2 mA without problems.
The circuit is made relatively immune to
constant external RF signals by the software

operation. This means that the trig-
ger point is shifted (within limits) to
compensate for effects like dirt on
the touch pad. Only relatively fast
capacitive changes are recognised
as valid actions. Also, the fact that
the measurement is completely done
in software can be exploited by mak-
ing clever use of the energy reduc-

Figure 3. Copper track layout and component mounting plan of the tiny PCB

designed for the drcuit.

Elekior Electronics

do measurement every
500 ms, the controller
could be ‘asleep’ _
most of the time.
The upshot is that
the average cur-

rent con- :
sumption of -
the circuit can

varying the speed of signal ‘A’ to some extent.
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Parallel Port Mains
Switching Interface

switch radio-controlled mains sockets on and off from a PC

by K. Heiden

The wide availability of low-cost switched mains sockets with radio
remote control provides a simple way to control electrical equipment,
lights, etc. using a PC. Using radio not only means that we do not need a
cable, but also avoids problems with electrical safety as the interface is
electrically isolated from the mains supply.

As USB interfaces become more widespread
on PCs the serial and parallel ports are
becoming less and less important.

Most computers, however, still offer the
‘legacy’ ports which are available for new

Figure 1. The handheld transmitter (ELV part
code FS 10 S8-2) before modification.

applications, now that devices such
as printers tend to use USB. The par-
allel port, for example, is ideally
suited for controlling electrical
devices remotely. Using a simple
switch interface it is possible to turn
household appliances on and off
under PC control.

So as not to add to the cable
spaghetti already associated with
the PC, the remote control described
here uses a modified radio-controlled
mains switch. These are available
from various outlets including spe-
cialist electronics shops as well as
DIY and housewares shops. Gener-
ally two or three switched sockets
are sold as a set along with a single
hand-held remote control (see Fig-
ure 1 and Figure 2).

In order to control the switches
from a PC we will need an interface
to connect the parallel port of the PC
to the hand-held remote control
transmitter. If the facility for manual
control must be retained, the best
approach is to purchase another
transmitter, as the unit connected to
the interface will be attached to the
parallel port using only a short cable
and so it will not be convenient to
operate it manually.

Interface Circuit

The parallel port interface circuit
(Figure 3) is essentially divided into
two paris: the part that drives the
remote control transmitter using
optocouplers, and two optional extra
switching stages built around IC1
and two relays. This switching cir-
cuit allows for the control of two
additional devices, located near to
the PC, directly from the interface. If
this feature is not required, the
switching stages can be left out, and
signals DO, D1 and D3 (port pins 2, 3
and 5 of the 25-way sub-D plug) left
unconnected.

Port signals D4 to D7 (pins 6, 7, 8
and 9 of the 25-way sub-D plug) are
connecied to the remote control
transmitter via a quad optocoupler
device (IC2, type ILQ74). Figure 1
also shows the pinout of this device.

The circuit diagram only shows
the part of the remote control trans-
mitter circuit that is connected to the
interface circuit, namely the push-
buttons and the connections for the
power supply. The pushbutton con-
nections for the transmitter are
brought out on four wires labelled A
to D and connected to the ouiput
transistors of the optocouplers (see

Elekior Electronics 2/2004



READERSCIRCUITS

<>

FUNKSCHALTER

Ein/Aus

FS10 ST

Figure 2. A radio-controlled swiiched
mains socket (ELV FS 10 system).

also Figure 4). When the port pin
driving an optocoupler goes high, its
output transistor conducts, bridging
the corresponding pushbutton con-
tacts on the transmitter. The effect is
the same as if the button had been
pressed (channel 2 on/off, channel 3
on/off and so on). We can arrange for
the pin on the parallel port to be
taken high using suitable software.
The components between the paral-
lel port and the optocoupler (the
series resistor and the diode) serve
to limit current flow and protect both
the input LED of the optocoupler and
the output transistors of the parallel
port.

The interface circuit also includes
a power supply for the remote con-
trol transmitter. The transmitter bat-
teries (ftwo button cells in the type
we used) should be removed and
connections made to the points
marked ‘+' and -’ in the circuit dia-
gram. A voltage of 3 V for the trans-
mitter is derived from the 12 V sup-
ply of the interface using D2, R11, C8
and Zener diode D3. The interface
circuit itself can be powered from a
12 V mains adaptor connected to K1
or by connecting to the PC's internal
12 V supply.

The optional switching stages

22004 Elektor Electronics

connected to port pins DO, D1 and
D3 are equipped with one normal
relay (with one coil) and one latching
relay (with two coils). They are con-
trolled by driver IC1 (type ULN2803).

The latching relay (RE1) is con-
trolled using port signals D0 and D1
and has the feature that its state is
preserved when power is switched
off. In contrast, RE2 is an ordinary,
non-latching, relay and is controlled
using D3. Iis contacts are closed only
while current flows in the coil.
Switching pulses can be generated
using this relay with a duration
under software control. Thus it is

suitable, for example, for driving an electri-
cally-operated door latch from the PC, con-
necting the relay contacts in parallel with the
button for opening the door.

You may be wondering why there are no
protection diodes across the relay coils: this
1s because suitable diodes are already built
into the UL.N2803.

A 25-way male sub-D connector is
required to connect the interface circuit to the
parallel port. A cable with at least eight con-
ductors is required for the connection, with
the 25-way sub-D connector at one and suit-
able connector at the other. If it is desired to
use a spare ordinary printer cable, a 36-way
Centronics-style socket will be required.
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Figure 3. The drcuit of the parallel port interface connects to the handheld transmitter via

optocouplers. Two relays are also available.
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Figure 4. The printed circuit board (author’s design) of the handheld transmitter with wires

soldered 1o it to connect to the interface circuit,

Construction

The simplest way to construct the interface
circuit is to use matrix stripboard. The com-
ponents are all widely available and so should
be easy to obtain. A suitable latching relay for
RE1 is available for example from Conrad
Electronics (order code 50 40 60). For RE2
practically any small 12 V relay can be used.
As can be seen from the circuit diagram of
the parallel port interface and from the pho-
tographs, a few connections need to be
made to the remote control transmitter using
short lengths of insulated wire. The connec-
tion points are easy to find: they are simply
the contacts of the pushbuttons. The cir-

cuitry inside the transmitter can be
quite tightly packed, and so solder-
ing can be a little fiddly. Things are
not too difficult with the FS 10
remote conirol system availahle
from the German company ELV that
we used in our prototype: as soon as
the enclosure of the transmitter
(part code FS 10 S8-2: see Figure 1)
is opened up and the caps of the
pushbutitons removed, the contact
points of the pushbuttons are visible
(Figure 4). It is very easy to solder
wires to these contacts, connecting
the transmitter to the optocouplers
(points A to D in the circuit). The

Figure 5. The switching interface built into a plastic enclosure.

pushbuttons can no longer be used.

The completed assembly can be
protected by a plastic enclosure (Fig-
ure 5, which shows a slightly modi-
fied version of the interface).

The Software

The control software is as straight-
forward as the interface circuit. All it
has to do is set the individual bits of
the parallel port high for a period of
about one second, and then low
again. We do this using a COM file,
which is created in advance with the
aid of a VB (Visual BASIC) script.
First type in the program
Mk_COM.vbs shown in the text box
using any suitable text editor (such
as WordPad or Notepad), and save it
under this name in any directory on
the hard disk. Now run the program
by double-clicking on the filename:
this will create the file SETLPT.COM
in the same directory. The VB script
can now be deleted.

The wvarious switching actions
can be carried out using the follow-
ing commands:

SETLPT 1:01 switches the latching
relay on.

SETLPT 1:02 switches the latching
relay off.

SETLPT 1:08 switches the non-latch-
ing relay (briefly) on. ===

SETLPT 1:10 switches remotely-con-
trolled mains socket 2 on.

SETLPT 1:20 switches remotely-con-
trolled mains socket 2 off. i

SETLPT 1:40 switches remotely-con-
trolled mains socket 3on. "~

SETLPT 1:80 switches remotely-con-
trolled mains socket 3 off.

The space after 'SETLPT' must not
be omitted. The digit ‘1" after
‘SETLPT' and the space refer to par-
allel port LPT1. The characters after
the colon are hexadecimal digits
which define the value which will be
sent to the parallel port: two digits
must always be specified. The
assembler routine sets the parallel
port to the value given after the
colon for about 1 s, and then sets it
back to zero again so that only a
brief positive pulse will appear on
the data line. If you have a second
parallel port ('LPT2’) on your com-
puter which you wish to use with
the interface, then the command
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should read ‘SETLPT 2:XX'. A note
for PC experts: the I/O base address
used for LPT1 is 0378 hex, that for
LPT2is 0278 hex.

You can create a shortcut to the
file SETLPT.COM with parameter
‘1:08’ on the desktop, and call it
"Open Door'. Then, when someone
rings the doorbell while you are busy
at the computer, just double click on
the icon and the door opener will be
activated. To prevent the DOS win-
dow appearing, right-click on the
icon and select ‘Properties’. Then,
under ‘Shortcut’ select ‘Run min-
imised’ and ‘Close window on exit’.

Conclusion

The author has been using the circuit
for many months without any prob-
lems, mainly in conjunction with an
SMS remote control circuit previously
published in Elektor Electronics.

If you prefer to control the inter-
faces using Windows, there are
small programs available on the

The following file, ‘Mk_COM.vbs’, can be typed in and run to create the assembler file
‘SETLPT.COM' automatically. Alternatively, the file ‘SETLPT.COM’ can be down-
loaded directly from the Elektor Electronics website at www.elektor-electronics.co.uk

(select this issue).

d = “186,120,003,138,030,130,000,128,251,049,"

]
= PN = VRS = TS = P = PR = 9
L SR A S - L R - L T * 4

= split(d, “,")

“116,007,128,251,050,117,030,254,206,160,"
“132,000,044,048,177,004,210,224,138,038,"
“133,000,128,236,048,008,224,177,001,056,"
?200,116,009,208,225,117,248,184,001,076,"
“205,033,238,187,000,004,226,254,075,117,"
& #251,184,000,076,238,205,033"

Set fso = CreateObject(“Scripting.FileSystemObject”)
Set File = fso.CreateTextFile(“SETLPT.COM”, true)
for n = 0 to ubound(t) : File.write chr(t(n)) : next

Internet which allow the parallel
port signals to be set high or low.
Simple parallel port interfaces using
Windows software have also been
published in the past in Elektor Elec-
tronics, and that software can be
adapted for the interface presented

here. Examples include the ‘Universal Paral-
lel Input/Output for PCs’ on page 20 of the
April 2000 issue and ‘Centronics Interface’ on
page 28 of the April 1996 issue. The book ‘PC
Interfaces under Windows' is also recom-
mended.

CORRECTIONS&UPDATES

Digital Logic Compared
December 2003, p. 98, 030317-1
The drawing in Figure 2b is
incorrect. The input should be
connecied directly to the FET
gates. The anode of the lower
diode should go to ground and
the cathode of the upper diodes
to +Vcc, protecting the inverter
input against harmful over- and
undervoltages.

PICProg 2003 FAQ

This project from our September
2003 issue has been immensely
successiul and the following fre-
quently asked questions (FAQs)
have been gathered from read-
ers’ correspondence regarding
this design. The answers are
provided jointly by the author
and our in-house design siaff.

1.I'm having problems with
COMDLG32.0CX. An error repori
pops up telling me OCX is out of
date

In most cases, this problem may he

solved simply by copying all ocx

(*.ocx) to the Windows\System

or Windows\System32 directory.

5

2. READ on a PIC16F84 fails. Noth-
ing happens, I get error report
TRANSMISSION FAILED, or a
READ window opens and nothing
happens, The operation is occa-
sionally successful.

You're locking at bad communication
between PC and programmer, usu-
ally with laptops and noicbooks.
Replace T3 with a BC547, omit R20
and fit a 10k resistor betwesn pin 7
of K2 and the base of T3. A future
version of the software will contain
communication error signalling and
Ieporiing

3. The PICI6FB74A cannot be pro-
grammed, however no problems
are epcouniered with the sian-
dard version (no A suffix).

The A versions employ a different

algorithm. Suppori will be incompo-

rated in an update.

4 Can you offer suppori for the
PIC16C54, -C55 and -C577

Sorry, we can't. These processors

of using equivalent types from the
16C55x series with serial program-
ming capabilities. This is quite com-
plicated however.

5. Will there be an update for the
1Bxxx s2ries?

These new PICs are also eligible for

support through an update. However

we nesd to get samples first.

6. Erasing a PICI16F628A and repro-
gramming it produces an error at
address 0000. The same with the
PICI6F73.

The problem is under investigation,

it may be the same as with the

16F874A. A 16F73 has only just
arrived

7. Where can I buy ar downlpad the
HEX or BIN file to program my
own PIC in position IC6?

As already explained in an earlier

Correction/Update (November 2003),

the code cannot be made available

because the author recsives royaity

have been omitted right from the
start because they are more expen-
sive than comparable Flash types.
We may investigate the possibilities

2/2004 Elektor Electronics

payments for every copy sold of the
ready-programmed PIC.

8. Where's the list of PIC devices

that can be handled?
The list can be retrieved from the
Windows program itself but foryour
convenience, here's a printed VEL-

sion:

12C508, 12C508A, 12C509;
12C509A, 12CR509A. 12GE518,
12CE519, 12C671, 12C672,
12CE673, 12CE674. 12F629,
12F675, 160505, 16C54, 160558,
16C558. 16C61, 16C62, 16CH2A,
16C62B, 16CH20, 1606204, 16C621.
16C621A. 16C622, 1606224,
16CE623, 16CEARZ4. 16CER?S,
16F627, 16LF627. 16F627A, 165628,
16LF628, 16F628A, 16063, 160634,
16F630, 16C64. 16C64A. 16042,
16C85, 16C65A. 16C65B, 16066,
16862, 16C67, 16F676, 16CT1,
16C710, 16C711, 16C712, 16C715,
16C716, 16C72, 16F72, 16C72A.
16C73. 16F73, 16C73A. 16C73B.
16C74, 16F74, 16C74A, 16C76,
16F76. 16C77.16F77. 16CR83,
16F83, 16C84, 16CR84. 16F84,
16FB4A, 16F87, 16F8B, 167818,
16E819. 16F870, 16F871, 16F872,
16F873, 16F873A, 16F874,
16FB74A. 16F876, 16F876A.
16F877. 16F877A.
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1Access

an intelligent access control system

Design by |. Joostens

Surveys show that people are feeling increasingly less safe. Consequently,
protecting property and buildings receives more and more attention these
days. One of the aspects of such protection is access control. The system
described here goes further than most such systems. Besides granting
persons selective access to specific areas, iAccess allows you to check
who was granted access to which area and when.

Elekior Elecironics 2/2004
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Features at a glance

— up to 125 keys can be programmed

— independently controls two entrances using two readers
— access privileges can be individually configured for each key

— protected against scanning

— system configuration using an LCD menu or an RS232 link to a PC
— outputs can be configured as monostable (door opener) or bistable (relay)
— door openers can be powerad by AC or DC voltages

— optional indicator LEDs

— programming port for easy firmware updating

— activities can be logged via an RS232 link

— backup power supply using a lead-acid battery
— high reliability ensured by a watchdog timer

Nowadays, access control systems
are available from quite a few manu-
facturers. These are usually either
quite elaborate systems designed for
thousands of users and offering a
large number of features, or very lim-
ited models that are more suitable
for private use.

Most commercially available sys-
tems use electronic keys, such as
magnetic cards, badges, iButtons, or
transponders. There are also models
that use PIN codes and/or biometric
features.

The circuit described in this arti-
cle combines the versatility and fea-
tures of the large systems with the
simplicity and ease of use of the
small, stand-alone types. Here iBut-
tons are used as electronic keys. Rel-
ative to other key systems, iButtons
offer quite a few advantages, such

as ready availability, a high level of ~

robusiness, and the fact that the
user interface (reader) consists of
only a simple set of contacts. Fig-
ure 1 shows a photo of an iButton
with its associated read probe.

Two entrances are independently
monitored. The circuit includes a dri-
ver for a door opener as well as a
relay output. The latter is suitable for
enabling or disabling an alarm sys-
tem, among other things. An
optional link to a computer can be
used to configure the system and
record events in a log file.

Concept

and block diagram -

The overall structure of the access
control system is shown in Figure 2.
As can be clearly seen, the key ele-
ment is a microcontroller. It looks
after reading the iButtons, handles

Elekior Electronics

communications via the R5232 interface and
controls the peripheral components.

The microcontroller used here has 2 KB of
EEPROM, which stores the physical key num-
bers (as engraved on the iButtons) and asso-
ciated access privileges, as well as the sys-
tem configuration parameters.

A special programming interface allows
the microcontroller software to be easily
updated. As the program uses a fairly large
number of interrupts, it was not possible to
have the microcontroller maintain the time of
day using software. Consequently, a real-
time-clock IC is used for this purpose.

SRR G S

Figure I. A DS2092 iButton with assodated read probe.

extension

door opener
connectar iff

card reader 1 card reader
relay iff 2 iff

real-time buﬁersidrivers
clock g

1-wire
interface

programming RS232
interface interface

LCD | pushbuttons I | buzzer I

020163- 12

Figure 2. Block diagram of the access control system.
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The user interface is formed
around an L.CD module, four push-
buttons (including the reset buiton)
and a miniature buzzer. To reduce
the number of I/O pens used, the
LCD is driven in 4-bit mode.

The iButtons are read using an
intentionally simple 1-wire interface.
As the length of the 1-wire bus will
be relatively short in most cases, and
only one 1-wire device will be con-
nected to the bus each time, the bus
does not have to meet particularly
severe requirements. Key readers
can be fitted with status indicators
using red and green LEDs.

The system can drive most types
of door openers that are suitable for
use with a 12-V supply voltage. A
circuit specially developed for this
purpose allows the door opener to
be driven using an AC or DC voltage
as desired. To prevent possible dam-
age to the access control system or
the door opener in case of improper
use or fault conditions, several sup-
plementary protective measures
have been incorporated.

As already mentioned, besides
the door opener driver circuit there is
also a relay output that can be used
for additional switching functions.
Finally, an expansion connector has
been added for users who wish to
experiment with the circuit.

Power for the entire circuit is
provided by a lead-acid storage
battery that is continuously
recharged by a mains power sup-
ply. This provides two significant
benefits. First, in case of a power
outage the system will continue to
operate from the battery for an
extended length of time, so access
to an area or building remains
assured. Besides this, using a stor-
age battery allows the mains
power supply to be relatively mod-
est in size, since the short current
pulses needed to operate the door
opener are provided by the battery
instead of the mains supply.

Schematic diagram

The full schematic diagram of the
system is shown in Figure 3. The
functional blocks shown in Figure 2
can be recognised here without too
much effort. The most important
elements are described in more
detail below.
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Microcontroller, user interface,
RS232 interface and

programming port

Microcontroller IC1, an AT8958252,
is used here in a quite conventional
manner. No exiernal program mem-
ory is used; all of the firmware is
located in the microcontroller’s 8-
KB Flash memory. A fully pro-
grammed version of the microcon-
troller can be purchased from Read-
ers Services, but the source code
and executable software are also
available from the Elektor Electron-
ics website or on a pair of diskettes
(see the Components List).

The microcontroller can be pro-
grammed via connector K4 using a
standard 1:1 serial cable (not a null-
modem cable) and a computer run-
ning the Elektor Electronics
MicroFlash program. The microcon-
troller must be held in the reset state
while it is being programmed. This
is done using pin 4 of K4 (DTR), with
the necessary level adjustment
being provided by R9, R12 and D4, in
combination with IC10, a 74HC126
quad tri-state buffer.

During programming, IC10
causes the signals on pins P1.5-P1.7
of the microcontroller (SPI bus) to be
connected to K4. Here IC2 (MAX232)
acts as a combined level adapter
and RS232 driver. When the DTR line
on pin 4 of K4 again goes low, the
outputs of IC10 go into a high-
impedance state, which isolates the
programming interface from the rest
of the circuit. In this state, S1 acis as
a normal reset button (in combina-
tion with R1, R2 and C1).

The serial port (RS232) is built
around an MAX232 in a conventional
manner and is available on connec-
tor K3. BZ1 is a miniature piezoelec-
tric buzzer that can be driven
directly from a microcontroller I/0
output.

Real-time clock

The real-time clock is formed by a
PCF8573 (IC3) in combination with a
watch crystal (X2) and a trimmer
capacitor (C22). The IC, which can
be completely controlled viaan1 C
interface, accurately maintains the
date (day and month) and time of
day (hours and minutes). R3 and R4
are included because the microcon-
troller PO port does not have internal
pull-up resistors.

1-wire interface

The 1-wire interface is connected to micro-
controller interrupt pins INTO (P3.2) and INT1
(P3.3) via several resistors and Zener diodes.
When an iButton is held against a key reader,
the associated I/O pin of the microcontroller is
briefly pulled to ground. This generates an
interrupt, which triggers an interrupt routine
that ultimately reads the data from the iButton
for further processing by the main program.

As the internal pull-up resistors in the
microcontroller have fairly high resistances,
R5 and R5 are included to provide additional
current for the 1-wire bus. According to the 1-
wire protocol specification, R5 and R6 nor-
mally have a value of at least 1.5 k_, but if the
distance between the key reader and the
access control system is relatively long, bet-
ter performance can be obtained by using a
somewhat lower value. From experimental
tests, a value of 820 Q will allow the system
to easily handle a distance of more than 100
metres between the access control system
and the key reader.

R7, R8, D1 and D2 protect the I/O pins
against high voltages from electrostatic dis-
charge or attempted sabotage. For instance,
they enable the microcontroller to survive
someone holding a 9-V battery against the
contacts of a key reader.

Buffers, logic and drivers
A ULN2803 (IC4) is used as a driver IC for the
various indicator LEDs and the output relay.
This IC contains eight open-collector drivers,
each of which can switch a maximum current
of around 500 mA. '
IC11 and IC12 are included because the
microcontroller I/O pins cannot supply
enough current in the high state to properly
drive a ULN2803, and because we prefer to
use active-low signals at the microcontroller
level (since all I/O pins are high during a
reset). These ICs have a dual role. First, they
act as buffers between the microcontroller
and IC4, and second, they form a logic circuit
that also provides the necessary signal inver-
sion. This allows the microcontroller software
to be simplified. 50-Hz signals are present on
pins 6 and 8 of IC11 for driving a door opener.

Door opener interface

The door opener is driven directly by IC5, an
1.6202. This IC, which is actually intended to
be used as a motor driver, contains a full H-
bridge using MOSFET technology. It can han-
dle a continuous current of 1.5 A and peak
currents up to 5 A at a maximum voliage of
48 V. Both halves of the H bridge are driven
by the 50-Hz signals from the microcontroller.
Whether the door opener actually receives
any current depends on the signal at the
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Enable input of the IC. This signal is set high
by the microcontroller after a valid key has
been presented. However, this does not hap-
pen just like that; there is also protective cir-
cuitry in the signal path.

The first protective circuit is built around
IC8, which is a 555 wired as a monostable
timer with a period of approximately 30 sec-
onds. When the signal on pin 2 of IC11 goes
high, T1 is switched on via R25. This causes
the trigger input of IC6 (pin 2) to be briefly
pulled to ground until C24 has been charged.
The rising edge on pin 2 of IC11 does not
affect the Reset input of IC8, which is active
low, so the timeout starts running at this
point. If the signal on pin 2 of IC11 returns to
the low level during the 30-second interval,
the falling edge on pin 4 of IC6 will reset ICB.

The direct effect of this is that the output
signal on pin 3 exactly follows the Enable sig-
nal as long as it does not stay high longer
than 30 seconds; otherwise IC6 will indepen-

000000

dently disable the output signal.
This prevents the door opener from
being enabled for an extended
length of time, which would be detri-
mental to both the coil of the door
opener and the lead-acid battery.

A second protective circuit pre-
vents IC5 from being overloaded and
acts as a sort of current limiter. The
current flowing though the door
opener and IC5 reaches ground via
sense resistor R24. The voltage
across R24 is fed via R31/C34 (for
noise suppression) to NAND gate
IC13a, which is wired as an inverter.
As soon as the voltage on pins 1 and
2 of IC13 reaches half the supply
voltage level, IC13 will see thisasa
‘high’ logic level and pin 3 will go
low. This occurs with a current of
approximately 1.14 A 25V + 2.2 Q).
This will cause timer IC7 to be trig-

gered via pin 2 and start a timeout of
around 1 second. Pin 3 of IC7 will go
high, and overload indicator D21 will
be illuminated. The Enable signal on
pin 2 of IC5 will be pulled low via
1C13b—d, interrupting the current.
After 1 second, IC7 will reset itself,
and if the overload condition has
been corrected the circuit will again
be operational. If the overload is still
present, IC7 will immediately be
retriggered after resetting itself. The
net resuli is a series of short current
pulses at a one-second rate, which
will not harm IC5.

Power supply

The power supply consists of a
charging circuit built around voltage
regulator ICY and a small lead-acid
storage battery rated at 12 V/1.2 A,
To keep the ripple component of bat-

F1 50mAT

@0

K&

| )

020163-1 ® -

&

Figure 4. The dircuit is assembled on a double-sided printed circuit board. The LCD is connected to K.
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tery charging voltage as small as
possible, smoothing capacitor C18
has been generously dimensioned.
D16 prevents current from flowing in
the reverse direction during a mains
outage. Diodes D11-D15 are
included to provide temperature

Components list

Resistors:
RI,RI7-R20 = 1kQ
R2 = 47kQ)
R3,R4,R25,R26,R3! = I0kQ2
R5,R6 = 1kQ5
R7,R8 = 10002
R9-RI2 = 27kQ)

RI3 = k05

R4 = [Q5 5W

RI5 = 3kQ9

Rl16 = 4kQ)7

R21, R22 = not used
R23 = 10Q

R24 = 202 5W

R27 = IMQ

R28 = 330kQ

R29 = 220Q

R30 = 100k

Pl = 10k preset
P2 = 5 kQ multiturn (vertical
mounting)

Capacitors:

Cl = 2uF2/10V radial

C2,C9.Cl2-
C17,C20,C21,C23,C26,C27,C32,C
33.C35,C36 = 100nF

C3,C4 = 22pF

C5-C8,C10 = I0uF 16V radial

CIl1 = 220uF 25V radial

CI18 = 2200 uF 35V radial

ClI9,C31 = 220nF~

C22 = 5-40pF

C24,C30,C34 = 22nF

C25 = 100uF 16V radial

C28,C29 = 15nF

Semiconductors:
DI1,D2 = 5VI 500mwW
i D3.D4 = 4V7 500mW

D5-D9 = [N4007

D10,D18,D20,D21 = LED, red, low
current

D11-DI5,D24 = IN4148

Dlé = IN5401

D17,D19 = LED, green, low current

D22,D023 = BYW98

IC1 = AT8958252-12PC,
programmed, order code 020163-
4]

1C2 = MAX232

IC3 = PCF8573 P

IC4 = 2803 or TD62083AP

IC5 = L6202

1C6,IC7 = NE555
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compensation. If the temperature
increases, the voltage across the
diodes will decrease, which will
cause the charge voltage on the bat-
tery to increase. The charge voltage
can be adjusted within certain limits

using P2.

IC8 = LM7805 TO220

IC9 = L200

ICI0 = 74HCT 126
ICI1 = 74HCT04
ICI2 = 74HCTO08
ICI3 = Ix 74HCO0
Tl = BC547B

Miscellaneous:

BZI = DC (active) buzzer, 5 or 6V

Fl = fuse, 50mAT (slow) with PCB
mount holder

F2 = fuse, 630mAT (slow) with PCB
mount holder

F3 = fuse, 2A5T (slow) with PCB
mount holder

F4 = fuse, |AT (slow) with PCB
mount holder

Kl = 16-way boxheader

K2,K9.K10 =3-way SIL-header

K3,K4 = 9-way sub-D socket
(female), PCB mount, angled pins

K5 = 2-way PCB terminal block, lead
pitch 7.5mm

K6,K8 = 2-way PCB terminal block,
lead pitch 5mm

K7 = l4-way SIL pinheader

K11 = 3-way PCB terminal block,
lead pitch 5mm

REI = V23057-B0002-A201 (12-V
relay, | changeover contact)

S1-S4 = pushbutton, | make contact

TRI = mains transformer, 2 x
9V/I12VA (e.g., Monacor/Monarch
type VTRI12209)

X1 = 12MHz quartz crystal

X2 = 32.768kHz quariz crystal

Heatsink for IC9: Fisher type SK129,
38.1mm high, 6.5 KW

Sealed lead-acid battery 12V/1.2 Ah

LCD module, 2 x 20 characters,
HD44780 compatible, e.g., Hitachi
LMO032 or JHD |M202A

PCB, order code 020163-1 (see
Readers Services page)

Disk set (2 pcs), contains source code
files and control software, order
code 020163-11 or Free
Download

Also:

Any no. of iButtons type DS1990A

Optional: iButton holders type
DS9093A

Reader probe type DS9092
(optionally -L or -T)

Construction, alignment and
commissioning

The circuit is built on a double-sided printed
circuit board with plated-through holes,
which is illustrated in Figure 4. Despite the
complexity of the schematic diagram, assem-
bling the board should not present any sig-
nificant problems. Use IC sockets for all ICs
and check that the values and polarities of
the components are correct before soldering
them in place, since it can be difficult to
unsolder components from a circuit board
with plated-through holes.

After assembling the board, do not imme-
diately fit the ICs in their sockets, and leave
the LCD disconnected for the time being.

Turn P2 fully to the left and connect K5 to
the mains. Using P2, adjust the voltage on K6
(the connector for the lead-acid battery) to
exactly 13.8 V. Then check the 5-V supply
voltage at pins 1 and 2 of K1 and at each of
the IC sockets, except for IC4 and IC5 (which
receive 13.8 V).

Switch off the mains voltage and rotate
C22 so the plates of the capacitor are half
engaged. Set P1 to its mid-range position.

Now insert all ICs into their sockets and
connect the L.CD to K1 using a length of 16-
way flat cable. Switch the mains voltage on
again. At this stage, it is quite normal for the
circuit to not do anything, since the firmware
is missing.

Using a standard 1:1 serial cable, connect
the programming port (K4) to a free serial
port on a computer. Unzip the Zip file con-
taining the firmware and put all the filesin a
folder on the hard disk. Start the program
MicroFlash.exe, which is located in the folder
with the firmware, and select the proper
COM port. Click on ‘Flash hex' and select file
‘iacc-v35.hex’ or equivalent (depending on
the version number). The microcontroller will
now be programmed. Depending on the
speed of your computer, this may take a few
minutes. As soon as the programming is fin-
ished, the microcontroller will be reset and
the main program will start to execute in Run
mode. Normally, buzzer BZ1 should emit a
short beep at this time.

Using P1, adjust the contrast of the LCD.
If everything has gone well, the following text
will now appear on the LCD: ‘tACCESS 3.5
Mo 00:00, ‘Run...’

Allow the entire circuit to warm up for 15
minutes, and then use P2 to again adjust
the voltage on K6 to 13.8 V as precisely as
you can.

If you have a frequency meter, you can
connect it between ground and pin 11 of IC3.
You can then adjust C22 so the signal has a
period of 7.8125 ms (128 Hz). If you don't have
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» Frogram new key Apply key to reader |
Select key nr 00l Replace key 9017 _N  Key exisis @il
Key 01 stored Fey 01 stored :
» Edit key » Hoces rights outl Rocess outl? ¥
fAccess on Mon? _¥
Rccess on Sun? _Y
p- Access times outl from_0 to 6000
p Access rights out? ficcess oui2? _¥
Access on Hon? _¥
ficcess on Sun? _¥
p Access dmes out2 from_0000 to 0000
P Back to mainmenu
» Erase key Select key nr _001
Erase key W1? _N Key 001 is empiy
Key 001 erased
» Set clock Time_[fo 01700 0000
b Jutput 1 properiies  Oulput type _Hono
Qustput delay _05s
p Output 2 properties  Output tupe _Hono
Output delay _05s |
» Output current Set _AC current
» Return to runmode i

Table |. Overview of the menu structure.

a frequency meter, you can adjust C22 ‘by
feel’, depending on whether the clock runs
fast or slow. Even without any adjustment,
the clock is quite accurate.

After fitting the circuit board into a suit-
able enclosure, you should attach an identifi-
cation label, as illustrated in Figure 3. As this
is a mains-powered device, this is obligatory
in connection with electrical safety.

Basic settings

Provisionally connect four pushbutton switches
to the S1-S4 positions on the circuit board.
These buttons have the following functions: §1
= Reset, 52 = Enter, S3 = Down, $4 = Up.

Also provisionally connect an iButton
probe to pins 1 and 3 of K2, with the centre
contact of the probe attached to pin 1 and the
outer contact connected to pin 3.

Press and hold the Up button. Briefly press
the Reset button and wait approximately two
seconds, then release the Up button. The sys-
tem will enter the configuration mode and
display a menu on the LCD. You can now use
the Up and Down buttons to page through
the various menu options. Do so until the
option ‘Output 1 properties’ appears, and
then press Enter. Then select ‘Output type
_Mono' (you can use the Up and Down but-
tons to select one of two options: * Mono® or
‘_Bi'). Press Enter and select a time, such as
‘Output delay 05 s'. Press Up or Down until
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a time of 5 seconds is set; then press
Enter. You will be returned to the
main menu. Now select the option
‘Output 2 properties’, and under this
option select ‘Output type Bi’ as the
output type. Pressing Enter will
again return you to the main menu.
The door opener interface has thus
been configured as a monostable

" interface with a period of 5 seconds,
and the relay output has been con-
figured as bistable.

Select the ‘Output curreni:’ option
in the main menu and press Enter.
Then use Up and Down to select ‘Set
_AC current’ and press Enter.

There is little point in setting the
time before the board has been fully
fitted in its enclosure and the lead-
acid battery has been connected.
Select ‘Program new key’ and press
Enter. The message ‘Apply key to
reader’ will appear on the LCD. Hold
an iButton against the iButton probe.
Once the key has been correctly
read, you will hear a short beep, and
the physical key number will be
shown for 2 seconds on the LCD.
After this, 'Select key nr. 001" will
appear. After you press Enter, the
key will be stored under number 1. If
you wish, you can use Up and Down
to select a different key number in

the range 1-125 before pressing
Enter. Key numbers already in use
are marked by a # sign (e.g. _065#).
Finally, select ‘Return to runmode’
in the main menu and press Enter.
The system will execute a reset and
return to the run mode. Now discon-
nect the middle lead of the iButton
probe and connect it to pin 2 of K2.
After this, each time the iButton that
has just been programmed into the
system is held against the reader
probe, relay RE1 should be actuated.
You can also test the door opener
interface by again connecting the
iButton probe to pins 1 and 3 of K2.
Connect a load to K8 that can handle
a 12-V AC voltage. If you use a
‘heavy’ load (> 300 mA), you must
connect the lead-acid battery to K6
and allow it to charge if necessary.
Each time the iButton is held against
the reader probe, power will be
applied to the load for 5 seconds.

Overview
of the menu structure

The menu structure is quite simple
and intuitive. If you use Table 1 as a
reference, you should not have any
significant problems. Nevertheless,
a few remarks are in order with
regard to keys and access privileges
(which are called ‘access rights' in
the menus). A particular iButton can
only be stored once in the memory. If
you try to program the same iButton
into the system more than once, an
error message will appear.

Access privileges are assigned
per key at three levels:

—Level 1:

door opener or relay output
For each key and each door opener
or relay output, you can specify
whether the key is allowed to acti-
vate the door opener or the relay.

—Level 2:
restriction to certain days of the
week
For each key and each door opener
or relay output, you can specify
which days of the week the key is
allowed to activate the door opener
or relay.

- Level 3:
restriction to certain times
An access period can be assigned
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Connection
to a computer

Besides manual operation using the LCD and push-
buttons, a computer can also be used to configure all
of the system settings. If a large number of keys must
be programmed into the system, this method is con-
siderably faster and more convenient than the manual
method. This is all made possible by the Windows
program ‘iAccess remote console’, which is also avail-
able on the diskettes listed in the Components List.

Using a standard |:1 serial cable, connect K3 toa
free serial port on the computer and then start the
program. The first time you use the program, you
must check the settings (9600 baud, 8N 1) and modify
them as necessary.

In the ‘iAccess console’ menu, select ‘Establish
link to remote system’. You now have to enter a pass-
word (which you can choose yourself the first time
you use the program). Click on Continue, and the
message ‘Link established’ will appear after a few sec-

Hake suie the targel system iz connected to yous
Enter the - & 1 and click the

*Conlinue’ button. The procedure takes about two
seconds.

Finally, the target LC display should show the
meszage H5232 Control active’, Link established "

Password: !

onds. ‘RS232 control active’ and ‘Link established...’
will be shown on the LCD. The system is in now in
configuration mode.

Now you can use various menus to modify all the configura-
tion settings of the access control system and program or edit
keys. Itis also possible to generate a backup and/or reset all of
the programmed keys, along with their associated access privi-
leges. This function is extremely handy if you wish to update the
firmware of a configured system using MicroFlash, since doing so
will erase the EEPROM in the microcontroller. When you are fin-
ished, select ‘Disconnect from remote system’ under the ‘iAccess
console’ menu, and the system will return to the run mode.

Each time a key is read, information is displayed on the bottom
line of the LCD. This information consists of the time when the
key is read, the key reader number, the key number (1-125), and
the result code (0—4). The meaning of the result code is as fol-
lows: -

0 = the presented key is accepted, and the associated door
opener or relay output is activated.

| = unknown key

2 = no access privilege for the door opener or relay in question

Available software for iAccess

(ref. 020163-11.zip, Free Download)

File name Size

(Level I)
3 = no access privilege for the current day of the week (Level 2)
4 = no access privilege outside of the access interval (Level 3)

All of this information can be stored in the computer. This only
requires ‘Enable event logging’ to be activated under the ‘iAccess
console’ menu. If desired, the program can be minimised to an
icon in the system tray. It is also possible to start the program in
minimised mode, with event logging being immediately active.
In addition to the information shown on the LCD, several other
items are recorded in the log file, such as:

—result codes 5 and 6 (warm and cold resets);

— the state of the door opener or relay output (on or off);

— the name of the user (see below);

— the physical key number as engraved on the iButton.

If desired, several additional items can be recorded for each key,
such as the name of the user (key holder), key label, date issued,
date returned, etc. Summaries of this information can also be
printed out if desired. This information is also used in the log file
and when the keys are edited in configuration mode.

Description
Microcontroller source code, version 3.5
Widows software for recording events and configuring the access con-

trol system, version 2.2

Firmware version 3 b.zip 88,139
Executable 2 2.zip 1,087,471
Source 2 2.zip 669,005

Source files for the Windows software (Delphi 5). Note: the source code

can only be recompiled using Delphi b Professional {(or a higher version)
with the DBISAM database engine insialled; see www .elevatesoft.com.

Content of Firmware version 3_5.zip

File name Size
IACC-V35.A51 163,172
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Version 3.5 source file
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TACC-V35.LST 286,299
TACC-V35.0BJ 7.108
IACC-V35.HEX 19,692
Content of Executable 2_2.zip
i File name Size
| iConsole. exe 2,300,416
| iconsole ini 507
! KEYLOG.DAT 7.807
i KEYLOG.IDX 8,192
i EXTRADAT 14,735
EXTRA IDX 28,672
BACKUPDAT 30,166
BACKUPRIDX 16,384
INETCTRL DAT 1,663
INETCTRL.IDX 8,192
reader unit 1
]
|
1 1
1 Q—l——ll_ | reader probe
K2 | |
3g—|—L I
| I
I |
i I
151 y {ted LED
kemg !
K9 2;:\!—;—i |
T b, =3 {gleen LED
L J
reader unit 2
Lok ]
| I_ i
|
15—1*1 : reader probe
p o e
3

Ki0 20—~4————+¢

Figure 5. The iButton probes and indicator
LEDs (D17-D20) are combined to form two
reader units.

for each key and each door opener or relay
output. The key can activate the door opener
or relay output only during this time period.

Note that access privileges at a higher level
take priority over access privileges at a lower
level. For example, if a key does not provide
access to door opener 1 based on Level-1
access privileges, access is effectively denied
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Listing file generated by the assembler

Object file

Iniel Hex file for programming the microcontrolier

Description

1Access Remote Console version 2.2 executable file
Configuration parameters and various ssttings for iConsols
Database files containing logged event data

Database files containing user data and additional key information

Database files for generating and restoring backups of the keys data-

base

Database for receiving external commands via a computer network

Red LED Green LED
blinking at 0.5 Hz off
off on
onfor3s off
on off

Table 2. Status LED indications.

to the key regardless of what privi-
leges may be assigned at Level 2 or
Level 3.

Building and connecting
reader units

For practical use, the iButton probes
must be fitted into robust reader
units that can be installed adjacent
to a door or other type of entrance.

For the prototype, cast aluminium
boxes were used for this purpose.
Besides an iButton probe, each box
was fitted with red and green status
LEDs. The necessary connections
are shown in Figure 5.

The wiring between the main cir-
cuit board and the reader unit can
best be made using standard UTP
network cable. Make sure that the
terminals of the iButton probe are
connected using a single twisted
pair in the cable, such as blue and
blue/white.

For outdoor applications, you
should preferably use a DS39092L
probe or possibly a DS9092T probe.
The DS9092 model is not suitable for
outdoor use, since raindrops can

Meaning

system waiting for a key
door opener or relay activated
key refused

system in configuration mode

cause shorts between the outer con-
tact ring and the contact surface in
the middle. The iButtons can be fit-
ted into small holders (type DS9093)

that are intended to be attachedtoa -

key ring and to which a number can
be affixed. =

Finally, Table 2 provides a brief
summary of the indications provided
by the status LEDs.

Additional information about iAc-
cess is also available on the author’s
website at

hitp://www .itronics-desian. be/

Free Downloads

All project software.

File number: 020163-11.zip
PCB layout in PDF format.

File number: 020163-1.zip
www.elektor-electronics.co.uk/
dl/dl.htm,
select month of publication.
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In all mains-operated equipment ceriain
imporiant safely requirements must be
met. The relevant standard for most
sound equipment is Safety of Informa-
tion Technology Equipment, including
Electrical Business Equipment (Euro-
pean Harmonized British Standard BS
EN 60950:1992). Elecirical safety under
this siandard relates to protection from

* a hazardous voliage, that is, a voli-
age greater than 42.4 V peak or
60Vdc.:

= a hazardous energy level, which is
defined as a siored energy level of
20 Joules or more or an available
continuous power level of 240 VA
or more at a potential of 2V or
more;

+ a single insulation fault which would
cause a conductive part to become
hazardous;

+ the source of a hazardous voltage
or energy level from primary power;

= secondary power (derived from
internal circuiiry which is supplied
and isolated from any power
source, including d.c.)

Protection against electric shock is
achieved by two classes of equipment.

Class I equipment uses basic insu-
lation ; its conductive paris, which may
become hazardous if this insulation
fails. must be connecied o the supply
protective earth.

Class Il equipment uses double or
reinforced insulation for use where
there is no provision for supply protec-
tive earth (rare in electronics — mainly
applicable to power tools).

The use of a 2 Class Il insulated
transiormer is preferred, but note that
when this is fitted in a Class | equip-
ment, this does not, by itself, confer
Class |l status on the equipment.

Elecirically conductive enclosures
that are used fo isolate and protect a
hazardous supply voliage or energy
level from user access must be protec-
tively earthed regardless of whether the
mains transformer is Class | or Class II.

Always keep the distance between
mains-carrying paris and other paris as
large as possible, but never less than
required.

If at all possible, use an approved
mains eniry with integrated fuse holder
and on/off swiich. If this is not avail-
able, use a strain relief (Figure, note 2)
on the mains cable at the point of entry.
In this case, the mains fuse should be
placed after the double-pole on/off
swilch unless it is a Touchproof® type
or similar. Close to each and every fuse
must be affixed a label stating the fuse
rating and iype.

The separate on/off swiich (Figure,
noie 4), which is really a ‘disconnect
device’, should be an approved double-
pole type (to switch the phase and neu-
tral conductors of 2 single-phase mains
supply). In case of a three-phase sup-
ply, all phases and neutral (where used)
must be swiiched simulianeously. A
pluggable mains cable may be consid-
ered as a disconnect device. In an
approved switch, the contact gap in the
off position is not smaller than 3 mm.

The on/off switch must be fitted by
as short a cable as possible to the
mains entry poini. All components in
the primary transformer circuit, includ-
ing a separate mains fuse and separate
mains filiering components, must be
placed in the switched section of the
primary circuit. Placing them before the
on/off switch will leave them at a haz-
ardous voltage level when the equip-
ment is swiiched ofi.

If the equipment uses an open-con-
struction power supply which is not
separaiely proiected by an earthed
metal screen or insulaied enclosure or
otherwise guarded, all the conductive
parts of the enclosure must be profec-
tively earihed using green/yellow wire
(green with a narmow yellow siripe — do
not use yellow wire with a green sfrips).
The earth wire must not be daisy-
chained from one part of the enclosure
to another. Each conductive part must
be proiectively earthed by direct and
separaie wiring fo the primary earth
point which should be as close as pos-
sible to the mains connecior or mains
cable entry. This ensures that removal
of the protective earth from a conduc-
tive part does noi also remove the pro-
tective earth from other conductive
paris.

3-core mains cable to BS6500 1990 with ﬂaree stranded

conductors in thick PVC sheath

IMax current 3A
conductor size 16/0.2 mm
Nom cond area 0.5 mm2
overall cable dia. 5.6 mm

Insulated hook-up wire to DEF61-12

Max current 14A

Max working voliage 1000 V rms
PVC sheath thickness 0.3 mm
conducior size 7/0.2 mm
Nom cond area 0.22 mm2
overall wire dia 1.2 mm
3-flat-pin mains plug to BS 1363A

6A 13A
24/0.2 mm 40/0.2 mm
0.75 mm? 1.25 mm?
6.9 mm 7.5 mm
an 6A
1000V rms 1000V rms
0.3 mm 0.45 mm
16/0.2 mm 24/0.2 mm
0.5 mmZ 0.95 mm2
1.6 mm 2.05 mm
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Use a mains cable with moulded-on plug.
Use a strain relief on the mains cable.
Affix a label at the oulside of the enclosure near the mains enlry stating the

equipment type, the mains voliage or voliage range, the frequency or fre-
guency range, and the current drain or curent drain range.
4 Use an approved double-pole on/off switch, which is effeciively the “discon-

nect device’.

N= o

be = 6 mm.

Push wires through eyelets before soldering them in place.
Use insulating sleeves for exira profeclion.
The distance befween fransformer terminals and core and other paris must

8. Use the correct fype, size and currenl-carrying capacily of cables and wires

— see shaded (able below.

9. A prinfed-circuit board like all other paris should be well secured. All joinis
and connections should be well made and soldered neatly so that they are
mechanically and elecirically sound. Never solder mains-carrying wires
directly to the board: use solder iags. The use of crimp-on ags is also good

practice.

10.  Even when a Class Il transformer is used, it remains the on/off switch whose
function it is fo isolafe a hazardous volfage (i.e., mains input) from the pri-
mary circuil in the equipment. The primary-to-secondary isolation of the
transformer does not and can nof perform this function.

Pay particular atiention {o the metal
spindles of switches and poientioms-
ters: if iouchable, these must be profec-
tively earined. Note, however, that such
components fitted with meial spindles
and/or levers consirucied to the rele-
vant British Standard fully mest all insu-
lation requirements.

The temperaiure of fouchable paris
must not be so high as fo cause injury
or io creaie a fire risk.

Most risks can be eliminaied by the
use of correct fuses, a sufficiently firm
construction, carrect choice and use of
insulating materials and adequate cool-
ing through heat sinks and by exiractor
fans.

The equipment must be sturdy:
repeatedly dropping it on fo a hard sur-
face from a height of 50 mm must not
cause damage. Greater impacis must
not loosen the mains fransformer, elec-
trolyiic capacitors and other imporiant
components.

Do not use dubious or flammable
materials thai emit poisonous gases.

Shorten screws that come foo
close io other components.

Keep mains-carrying paris and
wires well away from ventilation holes,

so that an intruding screwdriver or
inward falling metal object: cannnt touch
such paris.

As 500N as you open an equipment,
there are many potential dangers. Most
of these can be eliminated by discon-
necfing ihe equipment from the mains
before the unit is opened. But, since
testing requires that it is plugged in
again, it is good practice (and safe) to
iit a residual current device (RGD)™,
rated at not more than 30 mA to the
mains system (sometimes it is possible
fo fit this inside the mains outlef box or
muftiple socket).

* Someiimes called residual current
breaker — RCB - or residual circuit cur-
rent breaker —-RCCB.

These guidelines have been drawn up
with great care by the editorial siafi of
ihis magazine. However, the publishers
do noi assume, and hereby disclaim,
any liability for any loss or damage,
direct or consequential, caused by
errors or omissions in these guidelines,
whether such errors or omissions resul
from negligence, accident or any other
cause.
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CoolRunner-ii

Xilinx CPLD Development Kit

By Paul Goossens

Here's a brief article about an attractive development kit from our friends
at Xilinx, which is not only rich in contents but also affordable for the
hobbyist! The board is supplied ready-built and comes with two CD-
ROMs crammed with software.

designs but also in hobbyist’s pro-
jects sent to us for evaluation and
eventual publication in Elektor Elec-
tronics. As we see it, this is not only
due to the fact that these compo-
nents offer far more possibilities than
PALs and GALs, but also that nearly
all FPGAs and CPLDs are program-
mable, the relevant manufacturers
put free development software at
your disposal and — last but not
least — Elektor Electronics is and
remains way ahead of its competi-
tors. Admittedly, a disadvantage of
these new chips is that they are usu--
ally supplied in SMD cases only.

PALs and GALs never really made it into the
world of hobby electronics, despite the fact
that these components are instrumental in
vast component count reductions, even
accepting changes to their contents and so
obviating the need to build yet another ver-
sion of the circuit. Apparently, in the eyes of
| many hobbyists these advantages do not
justify the cost of a suitable programmer, the
associated design software and a pile of
data books.

CPLDs and FPGAs on the other hand are
increasingly found, not only in professional
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An extensive package

The one disadvantage we just men-
tioned is of no consequence if you
decide to go for the new develop-
ment kit from Xilinx. What is called a
‘development board’ actually com-
prises of the following elements:

— printed circuit board with a CPLD
ready fitted

— parallel cable for programming

— development software (ISE Web-
pack) on CD

—resource CD-ROM crammed with
information

— Programmable Logic Guide

— battery holder

However, the most remarkable thing
about this kit is not its contents but
its price of just 50 US dollars plus
shipping, which means that it
should be possible to have one deliv-
ered to your doorstep in the UK for
about 65 pounds. This price, we feel,
really defeats almost any attempt at
home construction (just consider the
cost and effort that goes into making
the board...). Availability is no prob-
lem either: simply order your kit
directly from the Xilinx Internet shop
which also welcomes private cus-
tomers, using the link:

www.xiling. com/xin®/xebiz/online-

store jsp?sGlobalNavPick=PURCHASE

On this page, click on ‘Development
Boards' and then on ‘CoolRunner-II
Boards'. This will take you to the
page showing the development kit
covered by this article.

The hardware

The printed circuit board comes with
a CPLD type XC2C256TQ144-7 fitted
ex-factory. If desired, a second CPLD
may be fitted on the board — this
may be an XC2C64 or an XC2C32.
An oscillator running at 1.8432 MHz
supplies the clock signal required by
the CPLDs. The oscillator module is
fitted in an IC socket allowing it to
be easily exchanged if a different
clock frequency is in order. In your
choice of the oscillator module, do
bear in mind the pin connections
and the supply voltage (3.3 V).

The power supply may be a DC
adapter (mains eliminator) or a bat-
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tery. Depending on your choice, JP1
may have to be relocated. If an exter-
nal supply greater than 3.3 V is used,
the jumper has to be in the ‘Int’ posi-
tion (internal stabilisation). When
two series-connected 1.5-volt bat-
teries are used, JP1 needs to be
moved fo the ‘Ext’ (external stabili-

Software SUPROTt -Tac;ﬁﬁi’cél Product

nformation

sation) position. As shown by the indication,
the supply voltage is not stabilised in the sec-
ond case. If a too high supply voltage is
applied, components may be damaged (as
we learned the hard way), so be careful!

A 25-way sub-D connector is provided to
be able to program CPLDs. This connector is
linked to the parallel port on the PC using the
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cable supplied in the kit. Those of you in pos-
session of another Xilinx JTAG interface may
convenienily use the dedicated JTAG con-
nector on the board.

The I/O resources on the board are scanty.
One LED and a single pushbutton are con-
nected to the CPLD. Sure, that may be suffi-
cient for a few initial experiments, but the
possibilities are of course limited to say the
least. Instead of extra I/0O, Xilinx have opted
for a prototyping area on the board, which
allows peripheral hardware to be added
quickly and easily. Furthermore, all relevant
signals and supply rails are bonded out to
pins on four connectors (you have to mount
your own 40-way box header, though). These
connections are useful if the footprint of your
extension circuit exceeds the space offered
by the prototyping area.

Software

The software that comes with the kit is
extremely extensive and distributed across
two CD-ROMs. The design software and a
number of examples may be found on the CD-
ROM labelled 'ISE'. The other CD-ROM con-
tains a multimedia presentation about the
development board, together with some addi-
tional technical information.

In our case the ISE software suite con-
tained version 5.1. Meanwhile, updates have
become available on the Xilinx website, and
all users of the kit are encouraged to get
these free downloads. During installation
you are prompted to register ownership of
the product, which is possible by Internet,
fax or e-mail.

Within ISE, designs may be entered in a -

number of ways: Verilog and VHDL are the
two languages the software understands.
Besides, the software contains its own
schematic capture utility that allows a cir-
cuit to be drawn in a more conventional way.
The state machine editor is a nice bonus fea-
ture thrown in by the people at Xilinx. This
editor takes the hassle out of designing a
state machine. Just draw it, enter the right
conditions and hey presto the software gen-
erates a valid VHDL file. If you're after bugs
or improvements, analysing and/or modify-
ing such a state machine is much easier
than examining just about any piece of
VHDL code.

Fortunately, ISE also contains a tutorial
providing step-by-step guidance on how the
software is best used. As usual, it is recom-
mended to complete the tutorial to the very
end. Doing so will eventually save you a lot
of time searching for the desired function.

To cap it all, ISE also contains a program
that allows a CPLD to be easily programmed
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from a PC. In this way, the entire pro-
gramming cycle is dealt with by a
single software package.

Finally

This development kit is highly rec-
ommended if you are interested in
CPLDs, or just want to gain experi-
ence in describing circuitry in the
Verilog or VHDL language. On their
website Xilinx also offers a consider-
able number of free examples for use
with ISE. The price of the Xilinx
CoolRunner-1I kit, its availability and
ease of ordering are first-rate and we

hope other suppliers of development
kits will follow suit.

Here at the Elektor Electronics
editorial offices we are curious to
know what, if any, circuits you have
put together using this brilliant
development kit, so do let us know if
you think you have something
worthwhile to show us. Qur mailhox, -
editors@elektor-electronics.co.uk is ™~
kept spam-free so has plenty of room
for your designs! =

In closing we wish you lots of fun
with your CPLD experiments.
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NEWPRODUCTS

DASYLAB LITE

Big or small budget —
straightforward or complex
application — here's a version
of DASYLab to suit most
needs. So now everyone can
access legendary usability
and make their data acquisi-
tion set-up a success the
DASYLab way!

DASYLab has made setting up
PC-based data acquisition sys-
tems easier and faster than
ever before. And it doesn't
take a programmer or prior
knowledge of working with
this kind of graphical data
acquisition software to be able
to use DASYLab straight away
— it comes with an excellent
‘getting started’ tutorial and is
extremely user-friendly. But if
money is tight, and the full ver-
sion of DASYLab is a little
beyond the budget, it's no
longer necessary to make do
with a more ‘clunky’, less
usable software alternative.

Now with a new lower price,
just £425 plus delivery and
VAT, DASYLab Lite is the most
affordable way to access the
acclaimed functionality and
ease of use that makes DASY-
Lab the first choice for Win-
dows-based data acquisition.
It takes just a few minutes to
create individual applications
with DASYLab and even the
most sophisticated acquisition
and control tasks can be
solved with DASYLab quickly
and without any program-
ming. All that's needed is to
connect graphical icons repre-
senting the hardware, the sig-
nal processing and the chosen
display.

Users can benefit from real-
time display and logging, a
pre/post trigger module to
make it easy to capture areas
of interest in your data. DASY-
Lab Lite also supports RS232
inputs and has a wide range of

displays including Chart
Recorder, Y/t Chart, Bargraph
and Meters.

Adept Scientific plc,
Amor Way, Letchworth,
Herts. SG6 1ZA

Tel. (+44 (0)1462 480055,
fax (+44) (0)1462 480213
E-mail
dag(@adeptscience.co.uk
Web:

(037167-1)

Advert

PC or Laptop portable measuring instruments...

Resolution - 8bits

Sample Rates -

1,2,5,10,20 Ms/s models;

Resolution Menu — 12,14, or 16bits

Sample Rates -

5,10,25,50 Ms/s models

£435 ex val/pp
(5 Ms/s model)

£119 ex vat/pp
(1 Ms/s model)

NEW!

Handyprobe HP2 — 1 Ch.
v Oscilloscope :
v’ Spectrum Analyzer

v'Voltmeter plus!
v Transient Recorder:

v'Parallel Port _
v Windows 0OS- all

Handyscope HS3 - 2 Ch.
v'Oscilloscope

v Spectrum Analyzer

v'Voltmeter plus!

v Transient Recorder

v Arbitrary Waveform Gen.
v'Two hi-z probes 1:1~1:10
vUSB 1.1 0r 2.0
vWindows OS- all

lTp Ltd. 28 Stephenson Road, Industrial Estate, St. Ives, Cambs. PE27 3W]  Tel: 01480 460028 Fax: 460340
info@itpl01.com www.itpl0l.com
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MINIPROECT

Electronic
Valentine Heart

LEDs are red my dear...

Design by E Wolling

Although this month’s Mini Project is not exactly stunning from a technical
point of view, there are a number of unusual sides to it, mainly regarding
why and how it came to be published in this issue. Read on...

Unusual aspect no. 1: This is the first Valen-
tine circuit ever to be published in Elektor,
and no, the highstreet flower shops are not to
blame if that is the first you associate with
Valentine's Day.

Valentine's Day is reportedly the day we
‘celebrate’ the beheading of a priest called
Valentinus on 14 February 270. The execution
orders came from an oppressive emperor
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called Claudius Goticus (a.k.a.
Claudius 1II). According to some
sources, Valentinus was a bishop
and the 14" of February a popular
Roman holiday. The legend of Saint
Valentine tells us the martyr was
executed for illicit marrying of Chris-
tian couples, the occasions being
marked by Valentinus preseniing

lots of flowers to the newly weds.
The oldest literary evidence for
Valentine's Day being associated
with (secret) love may be found in
14th gentury writings, as
well as in some of Shake-
speare's sonnets and
plays.
Unusual aspect no. 2: The
designer of this circuit, -
Florian Wolling, was 14
years old when he sent
us his article proposal —
making him the youngest
external author ever to
make it to publication of
a Mini Project.

Unusual aspect no. 3: Originally, this
project did not stand a chance of get-
ting published in Elektor Electronics.
Just like all contributions and other
article proposals we receive from
free-lance authors, Florian's papers
were ‘evaluated for publication
value' during a meeting of editors
and design staff. Although the pro-
ject met with praise for the meticu-
lous way the circuit, the circuit board
and the documentation had been
designed and presented, and
despite the fact that the small heart-
shaped LED ornament was ‘charm-
ing’, the manuscript was rejected for
publication because the complete

Elektor Electronics 2/2004
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Figure |. Typical U/l characteristic of a
red LED.

project was found rather too simple
for our demanding readership. How-
ever, when writing a letter informing
Florian about the rejection of his pro-
ject, still encouraging him to send
further projects in the future, one of
our fellow editors suddenly recog-
nised the simple arrangement of
LEDs on a board as the perfect cir-
cuit for Valentine's Day. Having dis-
covered that such a circuit had not
been ‘done’ before in our magazine,
and because Elektor editors are
always open to novelties, the LED
Heart was added to our forward
planning schedule. So, here it is,
although one more thing should be
noted...

Unusual aspect no. 4: The Elektor
designer assigned with the technical
preparation of Florian's project
(mainly to make it meet our design
standards), could not resist doing his
bit of post-engineering. Admittedly,
there's not you can change drastically

0300889 - 11

Figure 2. The circuit: one resistor and |5 LEDs.

when looking at one resistor and a
bunch of paralleled LEDs, but
improvements and fine tuning are
always possible. The difference
between Florian's LED Heart and the
Elektorised version boiled down to
the components used. Apparently,
Florian was encouraged to use SMD
LEDs by our two-part article ‘SMDs
— Don't Panic!’ In the January and
February 2003 issues of Elektor Elec-
tronics. The resulting project, he
thought, would make a excellent gift
as well present a convincing exercise
to win over those readers still hesi-
tant about their own skills in han-
dling these tiny components. The lat-
ter aspect has been crossed out, how-
ever, because the Elektorised version
of the project employs normal size
components, not only with an aim to
make the project easier to reproduce
for beginners, but also to prevent
component sourcing problems.
Because all components except the
LEDs are soldered at the rear side of

‘High Efficiency’ LEDs

Light Emitting Diodes (LEDs) have been around for a long time — the first LEDs
were mass-produced around 1975. The luminosity of red LEDs is specified by the
manufacturer at a current of 10 mA or 20 mA (depending on type). These current
eaters are hardly used anymore (at least not in Elektor circuits), because red
LEDs with a much higher efficiency are now available. These successor types light
happily at a current of just 2 mA (similar green LEDs are specified at 4 mA or

5 mA). Because of their improved efficiency, these LEDs are referred to as ‘High
Efficiency’ types in some professional publications. The classification ‘Low-Cur-
rent’ is however more commonly found in catalogues, datasheets and articles.
Such LEDs are perfectly suitable for low currents of the order of |-3 mA and are
clearly visible in indoor applications when operated at just under | mA (as in the
project described in this article). Besides, who would use the Electronic Valentine

Heart in the glare of the February sun?

2/2004 Elektor Elecironics

the board, only the LED faces are visible from
the front, allowing the front side of the board
to be painted or sprayed in whatever way you
like. For our own prototype, we happened to
have some red paint left...

Circuit and
component calculations

As most of you will know, there are few, if
any, applications of LEDs that do not include
some form of current limiting resistor. After
all, LEDs are simply diodes that light when a
forward bias voltage is applied across them.
They also ‘exhibit’ the typical diode charac-
teristic shown in Figure 1. If you apply a
slowly rising voltage starting at 0 V to a LED,
such that the device conducts (+ to anode; —
to cathode), you will notice that nothing hap-
pens for quite a while — no current appears
to flow. However, once the voltage exceeds a
critical level, current starts to flow, rising very
quickly when the voltage is increased further.
This so-called threshold voltage occurs at
0.6 V with normal silicon diodes and at 1.6 V
with most LEDs (as in Figure 1). A value of
1.7 V will be noted when testing low-current
LDs in this way. Without a current limiting
resistor, a small increase of the voltage
beyond the threshold voltage would mean
imminent destruction of the LED because the
forward current rises extremely fast and soon
exceeds the ‘safe’ level.

With a resistor in series with the LED,
things look different because according to
Ohm'’s law, the resistor becomes the main
current determining factor. In the circuit of
the Electronic Valentine Heart (Figure 2) five
strings of series-connected LEDs are con-
nected in parallel. Each string consists of
three LEDs. The voltage across each of these
strings equals three times the forward con-
dueting voltage of a single LED. Assuming a
device voltage of 1.7 V we get
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MINIPROECT

Figure 3. The heart-shaped board (insert LEDs
from track side).

3x17V=51V

The LEDs are connected to the battery by
way of a 180-Q2 resistor. Although the battery
voltage is 6 V nominally (2 x 3 V), we should
use the value 5.8 V to account for the load on

COMPONENTS LIST

Rl = 180Q

DI-DI5 = LED, red, low-current

S| = 3-way SIL pinheader, angled,
with jumper (alternative:
miniature slide switch)

Battery holder = SMD button cell
holder (e.g., Farnell # 302-9785)

Two button cells type CR2032

PCB, available from The
PCBShop

button cells. If the voltage across the
LED strings is 5.1 V, the resistor is
accountable for the voltage differ-
ence between the two voltages at its
terminals. The difference works out
at 5.9 V-5.1V = 0.8 V. From this
value we can calculate the current
as

08V /180Q =0.00444 A =444 mA

This current is supplied by the bat-
tery, flowing through the resistor and
the LEDs. Because all LEDs are of
the same itype and the voltage
across each siring is also equal, it is
safe to assume that the current is
equally divided across the five LED
strings. Hence, the current through
each individual LED equals

444mA /5= 089 mA

Not a lot, you may think, but suffi-
cient for a low-current LED to light
with reasonable brightness. If the
circuit was modified such that all
LEDs are connected in parallel, the
current consumption from the bat-
tery would be three times as high
(assuming the same LED current is
maintained). The load on the battery
would then become about 13 mA,
which is rather heavy on the button
cells used. Besides, the difference in
brightness between individual LEDs
would be far more noticeable than
with the series-connected version.
If you would like to know more
about LEDs and how they can be
used in large clusters, you should
get a copy of our article ‘LED Arrays’
from the April 2003 issue of Elektor
Electronics. The Internet is also a
good source for additional informa-
tion on LED calculations, see ‘Web
Pointers’ at the end of this article.

Printed circuit board
and construction.

The printed circuit board designed
for the project is single-sided. The 3-
mm holes in it enables the LED faces
to be seen from the front side. For
this to work the LEDs have to be
inserted from the solder side of the
board, their terminals being cut,
bent and then soldered to the copper
pads on the board. The other three
parts in the circuit (battery holder,
resistor and a 3-way SIL pinheader)
are soldered in SMD fashion to the
track side of the board. The batiery
holder is actually the only SMD com-
ponent. Instead of the soldered bat-
tery holder you may, of course, use a
separate holder (for example, con-
taining two AA cells) and connect it
to the board via wires.

When soldering the LEDs onto he
board, make sure you get their polar-
ity right. As indicated in the circuit
diagram, the cathode is the shorter
of the two wires. This (negative) con-
nection is marked by the bar in the
diode symbol.

Qur prototype is switched on by
relocating a jumper on the 3-way SIL
pinheader. For a more sophisticated
approach to on/off switching, a
miniature slide switch is recom-.
mended.

Finally

If you have been wondering all the
time why the Electronic Valentine
Heart does not blink just like most
other LED ornaments, brooches and
trinkets, well, it happens to be
Unusual Aspect no. 5. There's noth-
ing to stop you making the LEDs
blink, though, just consider borrow-
ing the flip-flop element from our
‘LED Christmas Decoration' (Decem-
ber 2003).

Web Pointers
ourworld.compuserve.com/
homepages/Bill Bowden/led.htm
http:/flinear | .org/ckts/led.php
www.electronics2000.co.uk/calc/
calcled.htm
www.hamradioindia.com/
HRI-Calc/LEDcalc.htm
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NEWPRODUCTS

World’s Smallest SMD Chip LEDs

Components Bureau, the Cam-
bridgeshire-based  passive
components and specialist
capacitor distribution company,
has launched a new low cost
blue surface mount chip LED
from Kingbright in the world’s
smallest 0402 style package.
The new blue chip LED com-
plements Kingbright's 0402
range that includes orange,
yellow, green and super-bright
red indicators with typical
light outputs of 140 mecd at
20 mA. The new GaN LED
chip offers the luxury of blue
indication in applications at a
fraction of the cost of tradi-
tional blue SMD devices.
Measuring just 1.0 x 0.5 mm and

less than 0.5 mm thick, the LEDs
feature a water-clear lens with
viewing angle of 120 degrees and
are ideal for use in a wide range
of applications including back-
lighting and indication in light-
weight, portable instrumentation
and telecommunication devices.
Besides the new Gal blue ver-
sion, Kingbright's 0402 pack-
aged LEDs are available in the
full spectrum of colour (430 to
700 nm) and brightness (All-
nGaP to InGaN technology).
Depending on colour, specifica-
tions include power dissipation
from 75 to 170 mW, DC forward
current of 30 mA peak forward
current from 150 to 195 mA,
reverse voltage of 5 V and oper-

ating temperature range from
—40 to +85 degrees C. The 0402
style LEDs are capable of with-
standing reflow soldering tem-
peratures up to 230 degrees C

for up to 10 s and 140 to 160

degrees C forupto 120 5.

All Kingbright 0402 style chip

LEDs are supplied on tape and

reel in quantities of 2000 pieces.

Components Bureau Ltd.,

Vision House,

11 Bramley Road, St Ives,

Cambridgeshire, PE27 3WS.

Tel.: +44 (0)1480 386565

Fax: +44 (0)1480 386566.

Web:

www.componentsbureau.com
(047012-5)

CAN Code Creation Wizard

Utilising its ColdFire Develop-
ment Suite and Code Creation
Wizards, Crossware can create
from scratch embedded CAN
programs for Motorola's Cold-

Fire MCF5282 microcontroller
in just under 1 minute and 34
seconds.

“It is difficult to explain in
words just how easy and quick
it is to create a CAN program
using our Development Suite,”
said Alan Harry, Crossware's
founder and CEO. “Conse-
quently, we decided to record
the whole process so that
developers can see exactly
how it's done. The complete
video lasts less than 2 minutes
and can be viewed along with
the source code that the Wiz-
ard generates.”

Crossware's ColdFire Develop-

ment Suite includes a number
of Code Creation Wizards to
help the programmer write
code for the MCF5282 micro-
controller. The CAN Code Cre-
ation Wizard is particularly
useful because setting up the
CAN controller registers and
message buffers is normally a
complicated process. However,
using Crossware's CAN Code
Creation Wizard the program-
mer can build a complete func-
tional program that will trans-
mit and receive CAN mes-
sages without any previous
experience and with no learn-
ing curve. Not a single line of

code has to be written.
Developers can view a demon-
strator video at
http://www.crossware.com/ca
n. An evaluation version of
Crossware’s ColdFire Develop-
ment Suite can also be down-
loaded allowing programmers
to generate complete CAN pro-
grams of their own.

Crossware, Old Post House,

Silver Street, Litlington,

Royston, Herts, SG8 0QE, UK.

Tel. + 44 (0) 1763 853500,

fax + 44 (0) 1763 853330.

Web: www.crossware.com
(047012-8)

A Chip in the Old Block

Now you can buy a potted LED
block with all the features of a

2/2004

volimeter
built in.
Lascar Elec-
tronics has
added to its
range of
low-cost,
ultra-minia-
fure panel
instruments
with the
introduction
of the OEM
1B-LED.
This module is a 3%-digit, LED
voltmeter with a 9-mm digit

Elektor Electronics

height that combines low cur-
rent consumption with a com-
pact body design no bigger
than a standard LED block.
Supplied in an encapsulated,
compact DIL package, the OEM
1B-LED can be easily inte-
grated into applications where
space consirainis exist and the
full functionality of a voltmeter
many times its size is required.
Features of the OEM 1B-LED
include selectable decimal
points, auto-polarity, auto-zero
and 200 mV full scale reading
with on board calibration.

The module's low cost makes
it an attractive option with
prices starting at £15.50 (vol-
ume discounts available).

Lascar Electronics Limited,
Module Hose, Whiteparish,
Salishury, Wiltshire SP5 25J.
Tel. (+44) (0)1794 884567,
Fax (+44) (0)1794 884616.
Web:
www.lascarelectronics.com
(047012-2)
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Danbury Electronics mi daor It
U.K. Manufacturers & designers of quality e u

AVR Modular Development System

* Based on the Atmel AVR controller

Transformers for over 20 years.

e |VA-750VA size range, medium quantities * Basedon the punol €
e Mains, Audio, Loudspeaker & ferrite types * Simple to configure

* Very compact

@ Specialise in Valve/Tube mains and output
transformers.

e Rewind/Replacement of rare/special
transformers

e A standard range of Valve/Tube Amp mains
& Output Tx's (P/P, SE etc) is available
through Mike Holme’s web site:

www.mc-h.demon.co.uk/transformers.html
(Also, Valve circuits, Parts lists, Chassis & Advice)

e Established supplier to Maplin Electronics
(www.maplin.co.uk) for over 15 years.
Contact David Brooks L.Eng MIIE (Proprietor)

Phone : 01245 328174
Fax: (24Hr) 01245 328963 Check out FlexlIt at www.ennovi.co.uk
Email: DanburyElecTX@aol.com - et asé
20 Cutlers Rd, Saltcoats Ind. Estate, en@?‘g“‘ﬂ‘"!*t d i sataty.
South Woodham Ferrers, Essex. CM3 5XJ (UK) g P At Disass e USBinterface

CD-ROM FREEW .
=S =
SHAREWARE S A =)
ELEI(TOR CD-ROMs 3
FBEEWAHE & Just like previous editions, the crop of 2003 supplies all ingredients to allow the modern elec-
=8I SHAREWARE S 2 2 ; : :
B tronics kitchen fo cook and serve a wide range of recipes ranging from appetizers and cocktail
snacks right up to the main dish, not forgetting salads and desserts, of course. The ingredients

are hundreds of programs that can be run on various operating systems, linked directly or indi-
rectly to elecironics in general, programming, microcontrollers for sure, but also to many allied

aregs.
| Besides the usual sections (CAD, Audio, Calculation Tools, Programming, Simulation, etc.) the

9003 edition of the Freeware & Shareware (D-ROM contains a collection of ‘must-haves’ which
TR o o are not specifically linked to electronics, but valuable when it comes to writing or manipulafing
ISBH 90.5381-169-9 programs and files (assembly code, C, Delphi and others). This collection comprises ufilities like
xnView (for graphics file visualisation), dirprint (file, directory and subdirectory listing), Tofal

Commander (previously known as Windows Commander) and other ingenious fidbits covering

functions like file renaming.

Order now using the Order Form in the Readers Services section im this issue

Elektor Electronics (Publishing) » P.0. Box 190  Tunbridge Wells TNS 7WY NEKSIE
o England. Telephone +44 (0) 1580 200 657 © Fax +44 0) 1580 200 616 TEGERONICS
THE ELECTROMICS & COMPUTER MAGATINE
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Quasar Electronics Limited
PO Box 6935, Bishops Stortford,

Tel: 0870 246 1826
Fax: 0870 460 1045
E-mail: sales@quasarelectronics.com

Add £2.00 P&P to all UK orders. 1st Class Recorded - £4. Vis4
Next day (insured £250) - £7. Europe - £5. Rest of World - £10. —
We accept all major credit/debit cards. Make cheques/PO’s e
‘payable to Quasar Electronics Limited.

Prices include 17.5% VAT. MAIL ORDER ONLY.

Call now for our FREE CATALOGUE containing details of
over 300 electronic kits, projects and modules.

QUASAR O 87 1

electronics

CREDIT CARD
SALES

NMiotor Drivers/Controllers

Here are just a few of our controller and
driver modules for AC, DC, unipolar/bipolar
stepper motors and servo motors. See
website for full details.

Controllers & Loggers

Here are just a few of the controller and
data acquisition and control units we have.
See website for full details. Suitable PSU
for all units: Order Code PSU203 £9.95

DC Motor Speed Controller (5A/100V)
Control the speed of almost any common DC
motor rated up to 100V/5A. Pulse width
modulation output for maximum motor torque
at all speeds. Supply: 5-15VDC. Box sup-
plied. Dimensions (mm): 80Wx100Lx60H.

Kit Order Code: 3067KT - £12.95

Assembled Order Code: AS3067 - £19.95

NEW! PC / Standalone Unipoiar
Stepper Motor Driver :
Drives any 5, 6 or 8-lead
unipolar stepper motor
rated up to 6 Amps max. &
Provides speed and direc- &5 ==
tion control. Operates in stand-alone or PC-
controlled mode. Up to six 3179 driver boards
can be connected to a single parallel port.
Supply: 9V DC. PCB: 80x50mm.

Kit Order Code: 3179KT - £9.95

Assembled Order Code: AS3179 - £16.95

PC Controlled Dual Stepper Motor Driver

e =" Independently control

=~ two unipolar stepper
—=1 motors (each rated up to
" 3 Amps max.) using PC
B parallel port and soft-
ware |merface prowded Four digital inputs
available for monitoring external switches and
other inputs. Software provides three run

ual-step motors. Complete unit neatly housed
in an extended D-shell case. All components,
case, documentation and software are sup-
plied (stepper motors are NOT provided).
Dimensions (mm): 55Wx70Lx15H.

Kit Order Code: 3113KT - £15.95

Assembled Order Code: AS3113 - £24.95

NEW! Bi-Polar Stepper Motor Dnver
Drive any bi-polar stepper

plied 5V levels for stepping 2 g :
and direction control. These
usually come from software [STE5 Sl
running on a computer. s F
Supply: 8-30V DC. PCB: 75x85mm.

Kit Order Code: 3158KT - £12.95
Assembled Order Code: AS3158 - £26.95

modes and will half-step, single-step or man-—

Most items are available in kit form (KT suffix)

or assembled and ready for use (AS prefix).

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security. ==
4 channels. Momentary or
latching relay output. Range
up to 40m. Up to 15 Tx's can
be learnt by one Rx (kit in-
cludes one Tx but more avail-
able separately). 4 indicator LED 's. Rx: PCB
77x85mm, 12VDC/6mA (standby). Two and
Ten channel versions also available.

Kit Order Code: 3180KT - £41.95
Assembled Order Code: AS3180 - £49.95

Computer Temperature Data Logger
4-channel temperature log-
+ ger for serial port. °C or °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide
range of free software appli-
cations for storing/using data. PCB just
38x38mm. Powered by PC. Includes one
DS1820 sensor and four header cables.

Kit Order Code: 3145KT - £22.95
Assembled Order Code: AS3145 - £29.95
Additional DS1820 Sensors - £3.95 each

NEW! DTMF Telephone Relay Sw:tcher
Call your phone number | A
using a DTMF phone from ‘ =
anywhere in the world and s
remotely turn on/off any of
the 4 relays as desired. .

User settable Security Password Anti-
Tamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastic case.
130x110x30mm. Paower: 12VDC.

Kit Order Code: 3140KT - £39.95

Assembled Order Code: AS3140 - £59.95

Serial Isolated I/0 Module
e = PC controlled 8-Relay
; - Board. 115/250V relay
outputs and 4 isolated
digital inputs. Useful in
¥ a variety of control and
SRR gensing applications.
Uses PC serial port for programming {using
our new Windows interface or batch files).
Once programmed unit can operate without
PC. Includes plastic case 130x100x30mm.
Power: 12VDC/500mA.
Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

717 7168

Infrared RC Relay Board
Individually control 12 on-
board relays with included §
infrared remote control unit. &
Toggle or momentary. 15m+
range. 112x122mm. Supply: 12VDC/0.5A
Kit Order Code: 3142KT - £41.95

Assembled Order Code: AS3142 - £59.85

PIC & ATMEL Programmers

We have a wide range of low cost PIC and
ATMEL Programmers. Complete range and
documentation available from our web site.

Programmer Accessories:

40-pin Wide ZIF socket (ZIFA0W) £15.00
18V DC Power supply (PSU201) £5.95
Leads: Parallel (LEAD108) £4.95 / Serial
(LEAD76) £4.95/ USB (LEADUAA) £4.95

NEW! USB "All-Flash® PIC Prograrnmar
USB PIC programmer for all 3
‘Flash’ devices. No external
power supply making it truly
portable. Supplied complete with [
40-pin wide-slot ZIF socket, box
and Windows Software.

Kit Order Code: 3128KT - £49.95
Assembled Order Code: AS3128 - £54.95

Enhanced "PICALL" ISP PIC Programmer
: . Will program virtually ALL 8
| to 40 pin PICs plus a range
i of ATMEL AVR, SCENIX
SX and EEPROM 24C de-
vices. Also supporis In Sys-
tem Prugrammtng (ISP) for PIC and ATMEL
AVRs. Free software. Blank chip auto detect
for super fast bulk programming. Requires a
40-pin wide ZIF socket (not included).
Kit Order Code: 3144KT - £54.95
Assembied Order Code: AS3144 - £59.95

ATMEL 89xxxx Programmer
Uses serial port and any &
standard terminal comms -
program. 4 LED's display
the status. ZIF sockets
not included. Supply: 16-18VDC.

Kit Order Code: 3123KT - £29.95
Assembled Order Code: AS3123 - £34.95

NEW! USB & Serial Port PIC Programmer

. USB/Serial connection. Ideal for
' field use. Header cable for ICSP.
Free Windows software. See
website for PICs supported. ZIF
11 =—= socket not incl. Supply: 18VDC.
Kit Order Code: 3149KT - £28.95
Assembled Order Code: AS3149 - £44.95
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World Beating Value in PCB DeSign Sofiwure

" g v\n’ ~

"«_  High performance Windows based PCB Design Capture, oy

- £97 "Z- Simulation and Layout soffware af prices you'd expect o
~  from your local computer sfore! -
NEW! in Easy-Pc 7 Stop press... by customer demund now e

for
Windows

° Library Databook

* Step and repeat plotting
* Swap Connection Mode
* Dimensioning

° Copy to Metafile

plus much more......

with Tsien Boardmaker 2 design impori...

Number One Systems delivers true 32 bit Windows software
applications including features that a few short years ago would
only have been available in software fools priced in the thousands!

Test drive Easy-PC and Easy-Spice for yourself and be prepared to
be amazed ot the super value...

Call for a brochure, price list and demo CD
on +44 (0)1684 773662 or email sales@numberone.com

Number. One Systems

Oak Lane, Bredon
Tewkesbury, Glos GL20.71R
United Kingdom

or download from
www.numberone.com

SUMMER CIRCUIT COMPILATION BOOKS

De 30x series of Summer Grevit compilafion books have been bestsellers for many years. You con use these books not unfy for i}qu"ng the dr-
wits described, but also os o freasure frove of ideas or dircuit odopiations for your own experiments. Since the series was staried in the early
1980s, many readers have found in these books that new approach, new concepl, or new circuit they were looking for. Not surprisingly, our
30x books are now firmly established os collectors items, and carefully preserved by thousands of professionals and hobbyists around the globe.
Gireuits and design ideas induded for: audio, video, music, car, bicyde, home, garden, qumes, radio, sofiware, test and measurement, PC and
peripherals, power supplies, computer hardware, and more. 300 Gircuits, 301 Gircuits, 303 Gircuits and 306 Gircuits are now out of print.

354 pages, size 14 x 21 cm, soft cover
ISBN 0-905705-25-4
RRARP £10.35 (US$21.00)

304 Circuits

366 pages, size 17 x 23.5 cm, soft cover
ISBN 0-905705-34-3

RRP £13.45 (USS27.00)

305 Circuits

369 pages, size 17 x 23.5 cm, soft cover
ISBN 0-905705-36-X

RRP £15.55 (US531.00)

[ Sslior Bectoric

Order, now using the Order Form in the Readers Services section in this issue

Elektor Electronics (Publishing) © P.0. Box 190 ¢ Tunbridge Wells TN5 7WY
© England. Telephone +44 (0) 1580 200 657  Fax +44 (0) 1580 200 616

EICTOR

THE ELECTRONICS & COMPUTER MAGATZINE

302 Circuits 307 Circuits
342 pages, size 17 x 23.5 cm, soft cover
ISBN 0-905705-62-9

RRAP £18.20 (US$37.00)

308 CIRCUITS

367 pages, size 17 x 23.5 cm, soft cover
ISBN 0-905705-66-1
RRP £18.20 (USS$ 37.00)

See also

www.elektor-
electronics.co.uk
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._ Prototypes al a fraction of the cost
* & Tooling and selup included
-.i Any contour

* ¥ Frd 1.6mm, 35um Cu

E - FEHE EAFLE
- -%15030::439 =
Z + Tooling
+ Photoplois
+ VAT

3 Industry standard quality
25 Follow up series uns
¥ CAM [ CAD consulting

i 20.89* 5 I=

*Staring rates may vary. Price = €49 X

= pAER T -3
Fo o353 71 VA 800

2 e g0 Bl G bymt s

Simply send your files and order ONLINE: .

WWW.PC8-POOL.COM

LSl Protel] ’_ orcad _ GrophiCede GHHEE <% “=vors ]

Tz e iy

PRECISION' MEASUREMEN:

ELEKTOR HARDWARE & SOFTWARE

We can offer the ready-manufaciured, populated and

calibrated board for just £ 69.00 / S 112.50 (plus P&P)

Elektor Electronics (Publishing) © P.0. Box 190 e Tunbridge Wells TN5 7WY
o England. Telephone +44 (0) 1580 200 657 = Fux +44 (0) 1580 200 616
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- SERVICING YOUR COMPLETE PROTOTYPE NEED

(mam ™ _
KitRadio

Company
Kits! Kits!
With All the Bits! X
Our kits include

Labled and drilled case! hardware! Step by step instructions!

b Even Batteries! £10 Get U going service avilable! 4
KRE1 [LRinas e f c%a00
KRC-2 oz s0somz  £49.99
KRC3!  irrcust et il 40109
KRC-A-1 it any M recener  £11.99
| |KRC-A2 sty et £29.99
KRC_ A_3 Active antenna tuner £ 49'99

1-30 MHZ in 4 bands 20db gain

Send S.A.E. for full details. Or visit our web site.
http://hometown.aol.co.uk/kitradioco/uk.htm
Order direct from KRC Postage & Packing
Unit 1, Marlborough Court, UK £4.00
Westerham, Kent. TN16 1EU Europe £8.00
Tel 01959 563023 USA. £12.00

In the July/August 2003 issue we started a series of arti-
cles based on the Texas Instruments MSC1210 microcon-
troller. Thanks to this contemporary controller and its 24-
bits A-D converter, the development system can be pro-
grammed for lots of applications and measurement func-
tions. Among these is a high-accuracy digital meter with
no less than 5% digits and 8 analogue inputs. All you

have to do to build the instrument is add an LCD!

Because the MSC1210 microcontroller comes in an SMD
case with 0.5-mm (0.02 in.) pin spacing, soldering the
device properly with DIY tools is almost impossible. That's
why we are offering the development board as a ready-
manufactured unit only.

SLECTOR s o
TGl RONIES www.elekfor-

THE ELECTRONICS & COMPUTER MAGATZINE

electronics.co.uk
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Remote Control
for your PC

With a home-made infra-red receiver

By Harry Baggen

With the PC seeing increasing use as a multimedia machine, recording
and playing back video and audio, users will soon want to control a
number of functions remotely, just as with their TV or hi-fi set. All you
need to realise this is a standard infra-red remote control unit, a home-
brew receiver circuit and some software.

2} Intsssed PC Aemole Contied - Info Page - Miciorall Internet Explores van Het Net
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A number of manufacturers in the consumer
electronics sector supply remote controls
with special receivers — the complete kit
allowing a PC to be controlled from a dis-
tance. In many cases, the remote control
includes a kind of mouse replacement so you
can even move the cursor around on the

screen. The infra-red (IR) receiver
usually consists of a small receiver
module for connecting to the PC’'s
serial port by way of a cable. The
supplied software then looks after
the processing of received IR signals.
In many cases, a remote control set

is included with a TV card for the
PC, although the features then
remain limited to a number of essen-
tial TV and radio functions.

Fortunately, several alternatives
are now available to link a PCtoa -
remote control. Thanks to a number
of clever programmers and some
really simple hardware it has
become possible to use a dead stan-
dard remote control transmitter to
realise remote control on your PC.

The receiver is, of course, home
built, which — we are sure — is
unlikely to present problems to read-
ers of Elektor Electronics. Inciden-
tally, if you happen to have an IR
remote control lying around, say,
from a TV card system, you'll find
that this may often be used without
problems in combination with the
programs discussed below.

On the Internet you'll find a vari-
ety of articles and web pages dis-
cussing home construction of an IR
receiver. The designs vary in com-
plexity from five-component ‘inter-
faces' right up to microconiroller-dri-
ven gadgets. In all cases, however,
you'll have to build up a small circuit.
When a microcontroller is used, we

Elektor Electronics 2/2004



found that in the majority of cases
the hex code to program your own
MCU is freely available.

How to build an IR Receiver by
Alessio Sangalli [1] provides exten-
sive explanations and clear pho-
tographs, allowing even beginners
to assemble their own IR receiver
without too much of an effort.
Alessio’s design is simple by any
standard, consisting of an IR receive
module, a voliage regulator and
three passive components.

Similar designs, also rich in illus-
trations and with detailed descrip-
tions may be found on the Heat-
seekerz website [2]. The author, Tom
de Keninck, sets a standard how an
electronic construction can be
described on web pages. The pho-
tographs Tom shows us, in combina-
tion with a step-by-step approach
and the assumption that the reader
knows virtually nothing all con-
tribute to the excellent reproducibil-
ity of the circuit.

The Infrared PC Remote Control
— Info page [3] aims a bit wider.
Here, we found several receivers dis-
cussed — designs with and without
microcontrollers. The site also dis-
cusses the necessary software and
proposes some ready to go solutions.
We also found a download link to the
shareware program ‘PC Remote Con-
troi'.

A receiver circuit based on a
PIC12C508/509 is discussed at the
UIR page [4]. The author shows how
the circuit may be built from stan-
dard components as well as SMDs
(surface mount devices).

The Universal Remote Control
Receiver [5] is a project built around
a PIC16F84. According to the
description, it is suitable for nearly
all commercially available remote
controls. Both the microcontroller hex
code and the PC layout are available
to everyone wishing to build this
design. The designer also offers the
associated software, DRCS (Dalton
Remote Control Software), to run on
your PC.

A similar circuit based on the pre-
vious design is called the Universal
IR-receiver for serial interface [6]
and may be found on the web pages
of the electronics faculty at the Uni-
versity of Ulm, Germany.

Besides hardware (a remote con-
trol iransmiiter and a matching
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receiver) you'll also need software to
detect and process the serial data,
as well as convert it to commands
the PC can understand. A universal
program that looks after these tasks
is called LIRC (Linux Infrared
Remote Control) [7]. A Windows ver-
sion of the program is available from
the WinLIRC homepage [8].

Girder [9] is also a well-known
Windows automation tool (share-
ware) capable of recognising and
employing lots of remote control sig-
nalling formats for linking to Win-
dows programs and PC hardware.

“The sheer popularity of this program
has resulted in many exotic IR for-
mats now being supported thanks to

the contributions of active users. If you don't
believe us, just take a look at the list of avail-
able plug-ins!

IRAssistant [10], which comes free of
charge for private use, also allows mouse
movement to be mimicked using the remote
control, as well as launch and control pro-
grams, run macros, all from the comfy chair.

Finally, we should mention ulCE [11] by
MediaTexX. This shareware is also rich in fea-
tures when it comes to driving hardware and
software. The program is marked by an
Office-like user interface, offering an
on-screen menu and on-screen display looking
very much like the ones you see on modern
TV sets.

h
I
]

Iinternet Addresses

[1] How to build an IR receiver: hitb://Inx.manoweb.com/lirc/

[2] Heatseekerz - remote control:

www heatseekerz net/index.bhp?page=articles&id=4&pagenum=1|

[3] Infrared PC Remote Control - Info Page:
www.geocities.com/CabeCanaveral/Lab/ 1 475/remotectr]. html

[41  UIR - Universal Infrared Receiver: http://fly.cc fer.hr/~mozgic/UIR/

[5] Dalton Electronics - URCR: www.dalton-electronics.com/URCR/URCR aspx

[6] Universal IR-receiver, Microelectronics Department, University of Ulm:
http://mikro.e-technik uni-ulm.de/research/urcthtml

[71 LIRC - Linux Infrared Remote Control: www.lirc.org/

[8] WinLIRC Homepage: http://winlirc.sourceforge.net/

[9] Girder: www.girdernl/

[10] IRAssistant: www.irgssistant.com/dotcom/v_current/

[11] MediaTexX Software Solutions: www.mediagtexx.com/
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The progrom packags consists of

fourmksmczeﬁrg ICs, tran-
sisfors, di oplocouplers. A
ﬁnﬂwrr_iine ications cover the

regu-
lafors, volioge AMV's.
A colour band decoder is induded
for dstermining resistor and induc-
Bl for values.

The ECD gives you easy occess fo design dafa for
* over 5,300 1Cs
* over 22,500 bipdor fransisiors
* over 4,900 FETs, ﬂTynsloﬁ and friacs
® just under 25,000 diodes
* over 1,800 oplocouplers
All datobank applications are fully interaciive, allowing the user fo edd, edit
and complete component data.
ORDER NOW_ USING THE ORDER FORM

IN THE READERS SERVICES SECTION, OR
WRITE T0

P.0. Box 190 » Tembridge Wells THS TWY »
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ELEXTOR HARDWARE & SOFTWARE

The ready built GBDSO board costs £ 90.00 including
the associated PC software and the magazine articles

Elektor Elecironics (Publishing) © P.0. Box 190 e Tunbridge Wells TN5 7WY
e England. Telephone +44 (0) 1580 200 657 = Fax +44 (0) 1580 200 616

BOOK THIS DATE IN

YOUR DIARY NOW

FRIDAY MAY 7

AT THE UNIVERSITY
OF WARWICK, COVENTRY

"THE FUTURE OF

THE MICROELECTRONICS
INDUSTRY IN EUROPE:

IS THE CURRENT UPTURN
JUST A BLIP OR PART OF
LONG TERM TREND ?°

Watch out for details in the
Subsequent issues of Elektor
And on our website.

BACK IN STOCK'

. The GBDSO (Gameboy Digital Sampling Oscilloscope),

published in Elektor Electronics October and November
2000 is still in great demand.

The GBDSO is a plug-in module that turns the popular
Nintendo Gameboy Classic, Colour or Advanced into a
versatile dual-channel oscilloscope. An optional link to a
PC even allows measured oscillograms to be viewed or
stored on the PC. The GBDSO comes as a ready-built and
tested PCB and may be ordered via our website:
www.elekfor-electronics.co.uk

' The ready built GBDSO board costs £ 90.00 including the
. assocated PC software and the magazine articles (published in

the October and November 2000 issues).

Order now on www.elektor-electronics.co.uk

See also

LISKTOIR
FEGHRONICS]

IHE ELECTROMICS & COMPUTER MAGAZINE

www.elektor-
electronics.co.uk
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EVERGREENS -

Elektor Electronics Help Disk
966022-1  Disk, Windows version

Elekior Electronics ltem Tracer 1985-2002
036003-11 contents datzhass (disk, Windows version)

Medium power HEXFET amplifier (December 1993)
Q3p102-1  PC8

Universal Prototyping Boards
usgs1  PCB
UPBS-2  2PCBs
UPBS-4  4PCBs

No. 329 February 2004

Digital Alarm Clock

@ 03009511 Disk, PIC source and hex code
03009641 PIC16FB4-04/p, programmed

iAccess

@ 020163-11 Disk sei, sowrce code and control software
02016341 ATB9S8252-12PC, programmed

Simple 12-10-230V Power Inverter

@ 0204351 PCB

Touch-controlled Swilch

@ 030214-11 Disk, PIC source code
030214-41  PiIC12C508A04/S08, programmad

Ho. 328 JANUARY 2004

64-K 80C552 Flash Board

@ 030042-1 PCB

@ 030042-11  Disk, misc. project sofiware
030042-21 297010, programmed
030042-31 GAL 16VBD150P programmed

Climale Logger

@ 030076-1 PCB

@ 030076-11  Disk Windows software

FMS Flight Simulator Encoder

@ 030066-1 PGB
030066-41  B7LPCTG7BN, programmed

LED Rouletie

@ 0301881 PCB

@ 030168-11 Disk, sousce and hex filess
030168-41  85C2051-12PC, programmed

Multi-event Alarm Clock

@ 02030411 Disk, C (source) hex fies
020304-41 ATBOC2051-12PC, proorammed

Stepper Motors Uncovered
02012741 PIC16FBT3-20/3P

No.- 327 DECEMBER 2003

FM Remate Control Transmitter & Receiver

@ 0340441 PCB

LED Christmas Decoration

@ 0301571 PCB

PB7TLPC76x Programmer

@ 030313-11  Disic project software

Project Timekeeper

@ 020350-11 Disk source & object code files
020350-41  PIC16F84-107 programmed

Stepper Motors Uncovered (2)

@ 020127-11 Disk, source code file

Universal Clock Generalor

@ 020395-11 Disk, sowrce cods fls

Wireless RS232 Link

@ 0302041 PCB

No.-326-NOVEMBER 2003

Rev Counter for R/C Models
@ 0241111 PCB
024111-11 Disk sowee and hex code
024111-41 BOC2051-12PC, programmed
Running Text Display
@ 020407-11 Disk sowre and hex cods
USB Analogue Converler
@ 0203741 PCB
@ 020374-11  Disk. hex code and Windows software
020374-41  PIGIBCTES, programmed

No.-325-0CTOBER 2003
DDS RF Signal Generalor
@ 0202931 PCB, generzior
@ 0202932 PCB, confrolisupply

02029341 AT90S8515 BPC, programmed
Minimalist Induction-Balance Metal Delector
@ 020230-1 PCB
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1020
245
410
655

490
1520

750
1390

8-50

4490
615

935
490
100
610

i3
490

1020
1705

1790
490
B3

490
610

1910

10:20

755

450

4490
1315

490

490

490

78
490
1325

1160
1210
3055

1445

14.35

19.25

430
725
11.55

8.65
26.90

13.30
2460

15.056

865
1050

1655

17.70
10.80

13.70
8.65

18.05
30.15

3160
865
1425

865
10.80

18.05

1335

865

865
2325

865

8.65

15.40

31.00
865
1565
8.65
1350

23.45

20.55
21.45
54.05

15.85

GENERAL

Printed-circast boards (PCEs). ﬂmm;&ﬂ
fois; ROlks, EPROMs, PAls. GAls, matrooontilisrs and
Gsketiss for peojects which have appeared in Hetior
Eeclronics may be ordered esing the Order Form pristed
opposiz. The form may 2iso b2 used to order books (i-
v2iz cusiomers ondy).

= The ariwork for maidng 2 PCB-which i nof avaisbie
ready-mads frough the Readers Senvices may be fond
i the refevant ariice.
-mmmmmms,msmwu
microcontimiess are supplied ready-programmed.

Prices and iem descripions subject i chente. The pub-
[Eshers reserve ihe night 1o change prices withoes prior nos-

ficztion. Prices and ilem descriplioas shown bere super-
sede [hose in previoss fssees. E &0OE

Xilinx PROM Programmer
@ 010108-11 Software

No. 324-SEPTEMBER 2003

ATV Picture Generalor

@ 020295-11 Disk, source & hex code filss
02029541 AT2058515-8PC, programmed
02029542 AT9051200-12PC, peogrammed

DTMF Remole Telephone Swilch

@ 0202%4-1 PGB

@ 020284-11 Disk, peojct software
02023441 PFIC16FB4A-20F programmed

LC Display with 12C Bus

@ 0300602 PCB

PICProg 2003

@ 0102021 PGB

@ 010202-11 Disk, Windows soitware
01020241 PIC167874-20P programmed

Polyphonic Doorbell

@ 02035411 Disk project softwar
02035441 PICIGFB4A-10/P programimed

Precision Measurement Central
030080-21 Rezdy-zszembied & tested board

Valve Preamplifier (1)

@ 020383-1 PCB, anpifer board

@ 0203832 PCB, powsr supply board

@ 0203833 PCB, 10 board

No.-323 JULY/AUGUST 2003

Add a Sparkle

@ 020293-11 Disk HEX and source filss
02029341 PIC12C5094-04/5M, programmed

AT9052313 Programmer

@ 0340361 PCB

Hard Disk Selector

@ 0340501 PCB

Mini Running Text Display

@ 02036511 Disk, sowrce code file

Mini Test Chari Generator

@ 02040311 Disk PIC sowrce code

Programming Tool for ATtiny15

@ 030030-1 PGB

@ 030030-11 Disk project software

Quad Bridge Car Amp

@ 0340391 PCB

Remote Light Control with Dimmer

@ D20337-11 Disk. HEX and source filss
02033741 ATB9C2051-12, programmed

No..322-JUNE 2003

AVR TV Tennis

@ 030026-1 ManPCB

@ 030026-2 Pushbution PCB

@ 030026-11 Disic AVR sourcs cods
030026-41 AT908515, programmed

Electronic Knotted Handkerchief

@ 020308-11 Disk, PC and controller software
020308-41  AT9052313-10PC, programemed

Low-Cost LCD Controller (2)

@ 0201141 PCB

@ 020114-11  Disk, project software

Night Light Control

@ 02011511 Disk, hex and source code
02011541 AT9052313-10PC, programmed

Universal XA Development Board

@ 0101031 PCB

@ 010103-11 Disk, GAL code, EPROM hex files, XADEV
010103-21 EPROM IC8, 270255-90, programmed
010103-22 EPROM ICY, 270256-90, programimed
010103-31 GAL 16VE, programimad

READERSSFRVICES

PAST ISSUES

mwammumam
Worldwide

MIH-I] 1580 200657, fax (+44) 1580 200815,
emzil wwis@wwisdemonconk

Prices of pasi Esves (except July/Angust and December),
incloding postags for single copies, are £475 (UK and
Eme); £5.30 (a mail Ewrope): £6.10 [2mail cutsids
Ewvope). Prices of past July/Augest and December lssues
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ENIQE LM PCB's AND MUCH MORE

No. 321 MAY 2003

Countdown Timer

@ 020296-11 Disk, source and hex code
020296-41  AT9051200, programmed

USB Audio Recorder

@ 01201311 Disk, EPROM hex code
012013-21 EPROM 27C512, programimad

Valve Final Amp (2)

@ 0200711  Amplfier board (one channel)

@ 0200712 Power supply board

No. 320 APRIL 2003

8-Channel Disco Light Controller
@ 0101311 PCB
01013141 87C750 or 87CT1, programmed
Pico PLC
@ 0100581 PCB
@ 010058-11 Disk, tesi peogram
Single-Chip Tone Control
@ 0200544 PCB
Switched-Outlet Power Bar with RS232 Contral
@ 0202981 PCB
@ 020298-11 Disk, project software
Temperature Indicalor for the PC
@ 020380-11 Disk source and complied code
020380-41 ATROC2051, programime

No. 319 MARCH 2003

17 V /10 A Switch-Mode Power Supply

@ 020054-3 PCB

Add-on Switch unit for R/C Models

@ 020126-1 PCB

@ 020126-11 Dk hex and sourgs filss
020126-41  PIC16C712-041/S0, programmed

AVRee Development System

@ 0203511 PCR

@ 020351-11 Disk sampls progzms

Guitar Effects Switchbox

@ 0201811 PCB

Intelligent Fan Timer

@ 02017011 Disk, project software
02017041 MSPA30F1121, programmed

SAA3049 Replacement

@ 0200851 FPCB

@ 020085-11 Disk source and hex cods
020085-41 871PCTB4BN, programmad

Two-Colour Running Light

@ 010134-1  PCB, conimlier board

@ 010134-2  PCB, LED baard

@ 010134-11  Disk, peoject sofiware
010134-41  ATBOC2031-12PC, programmed

No.-318 FEBRUARY 2003

20/40 MHz Logic Analyser

@ 0200321 PCB

@ 02003211 Disk, demo program
02003241 ATS0S8515-8PC, programmed

Aclive Loudspeaker Sysiem (2)

@ 0200542 PCB

Autoranging Capacitance Meter

@ 0201441 PCB

@ 020144-11 Disk, source and hex fles
02014441 PICIGFB4A-20/R programmied

Dimmer with 0-10 V Control Input

@ 0101251  control PCB

@ 010125-2  dimmer PCB

Electronic Hourglass

@ 0200351 PC3

@ 020036-11 Disk, project software
02003641 PIC16FB4-04/P programmed
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READERSSFRVICES

£
Optimise your PC Soundcard
@ 020184-11 Disk, Excel spreadshest 490
No. 317 JANUARY 2003
Active Loudspeaker System (1)
@ 0200541 PGB 690
Electronic RPG Dice Roller
@ 0200051 PCB 1005
@ 020005-11 Disk sowce codz fle 4490
02000541 AT90S4433-8PC. programmed 3080
Rodent Deterrent
@ 0201101 PCB 1205
SMS-Controlled Mains Sockels
@ 020157-1  PCB 1280
HNo. 316 DECEMBER 2002
DCIPLC
@ 0101131 PCB, comverter board 840
@ 0101132  PCB, terminal board 1250
@ 010113-11  Disk, project software & source codz 490
01011341 AT9058515-8PC, programmed 21-20
Port Line and ADC Extension
@ [20307-11 Disk, BASCOM-51 programs 490
Programmable Dial-Out Blocking Device
@ 0201061 PC3 1220
@ 020106-11 sk, project softwars 420
020106-41 ATBOC2051-1, programimed 650
USB Audio Codec with S/PDIF
@ 0201781 PCB 11-10
No.-315 NOVEMBER 2002
Audio Level Check for Line Input
@ 0201831 PCB 825
EPROM Emulator
@ 0240661 PCB 235
@ 024066-11 Disk, GAL JEDEG fisting 480
024056-31 GAL 16V89, programimad 500
LED Torch
@ 01201811  Disk project software " 490
012013-41 PIC12C672-045M, programmed 1040
Stand-Alone EEDTS Pro
@ 0201251 PCB 1535
Telephone Baby Monitor
@ 0120161 PCB 1000
@ 012016-11  Disk. source and hex fles 499
01201641 ATS051313-10PC, programmad 1040
Vehicle Diagnostics Adapler
@ 0201381 PCB 25
No. 314-0CTOBER 2002
AT9058535 Programmer
@ 0240511 PCB 305
Digital RF Watimeter
@ 0200261 PCB 12-85
@ 020026-11 Disk sourts cods flss 430
02002641 FIC167876-043P 1220
Motorcycle Theft Alarm
@ 0001911 PCB 540
@ 000191-11  Disk, sourcs cods fis 4
000191-41 PIC16FB4-04/50 18490
00019142 PIC1GFB4-04P 1470
Sound Pressure Level Meter
@ 020122-1  PCB 1870
No. 313 SEPTEMBER 2002
20-Melres Band Receiver
@ 0100971 PCB 1430
Capacilor ESR Tester
@ 0120221  PCB 1615
Continuity Tester
@ 020002-1 PCB 4
EEDTS Pro Super Loco Decoder Uparade
020094-41  PIC for super ipco decoder 1590
020095-41 PiC for refum signaller 1725
Firmware Update for EPROM Emulator
@ 02410711 Disk hex il 490
024107-41  ATB9C2051-12P programmed 745
High-Speed Controller Board
@ 02010211 PC3 11495
Parallel JTAG Interface
@ 0200081 PCB 875
No. 312 JULY/AUGUST 2002
4-Bit Decimal Display
4072-31  GAL22V10D-25LP programmed 690
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885
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13.45
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Products for older projects (if available) may be found on our web site
http://www.elekior-electronics.co.uk

Elekior Elecironics

2/2004



e R S D (R A e o

[_1Postal/monsy order Expiry date: _ & My subscripion numberis:

r'\, SWITCH only:
| E i issug number: —

_ o—
1 VisA
et

i Please send this order form to * 2/2004 |
: et bl e o R D E R I o R M VAT No.GB 454 135 463 :
- - - H i
: Elektor Electronics (Publishing) 2 i
i 1
i P.0. B.ax 190 o N E
1
i Tunbridge Wells TN5 7 P :
i ENGLAND i
i Tel:  (+44) (0)1580 200657  Fax(+44) (0)1580 200 616 i
E Internet: wyw_elekior-elecironics.co.uk !
1 3 T ¥ [
V' *USA 2nd Canada residents mzy. (but 272 not ohoed i) use § prices, and send the email Post code i
: arder form to: 08d Colony Sound Lab, P.0. Bax 876, Peterborough, Nt 03458-0876. s :
i Tel (B03) 9246371, $24-6526. Fax (603) 924-0457. Emai: Tel. Fax Date i
| tustsev@audiolpress.com i
i
] 1
i Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and diskettes, state the pari number and descripfion; i
E for books, state the full fille; for photocopies of arlicles, state full name of ariicle and month and year of publication. Please use block capitals. |
; :
] Qty. | Order Code Description Price each | Total i
i NEW cp-RoM Freeware & Shareware 2003  £1205 ;
- == ]
; NEW cp-Rom Toolbox - 2 £12.05 Hlross
i = 2 i = i
| B 308 Circuits £niG _ 2 £18.20 i
i
i MSC1210 board : £ 69.00 _ |
: A
i GBDSO board _ : £90.00 i
= e
i 1
i i
i | i
: ]
H s ]
1 - - - H
i i
i ]
i - 5 i
i i
H ]
H B ]
]
i i
1 b = i
i 1
i 1
i 1
i 1
: i
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i <Ei = [Prices 2 fem descriptons subjeet 1 changz| | SUD-total !
E Method of payment (see reverse before ticking as appropriate) e peblishrs feseive the ight tn chamgel | =55 = 1= = !
. Note: cheques not made out in sterfing must be increased by the equivalent of £15.00 gmas withoud prioe T;‘f’m Pni:lb ;-;: iem| _P&P ] £ :
[ Sy : hiey "'9{ :i‘nfl _fé sopersede thoss ;-‘,! . 1
: (] Bank draft [ Cheque (payable to Elektor Electronics Publishing) previous issues E 8 0F | Total paid i
1 a -
i [_1Giro transfer (our account no. 34 152 3801) * Reduced price for subscribers. i
i i
i :
i 1
i I
t ]
i 1
i
i
1
I
i
I
i

o o e L L o o o e o o e o o o o L e e e e e e e e e e o o o e e et T S o . B e e e B A A o . e ek 0 o o o e e o e B |
| Pt e e et et L ey S G e e et _‘;""""""""""“‘""'"'"'"""“"'"'"'"""‘““""""""‘“"“"'j """ }%
: SUBSCRIPTION ORDER FORM |
: -2 :
! PE B
i Please send this order form to Please enter my subscription to Elekior Electronics, type [ Subscription-Plus (incl.CD-ROM Volume 2003) or I !
i [_] standard subscription. Subscription rates and conditions are given on the reverse of this form. i
: Worldwide Subscription Service Ltd. Please send me, free of charge the SURVIVAL KIT i
i Unit 4, Gibbs Reed Farm ‘ ;
{ Pashley Road | Title (D/Mr/Mrs/Ms)*  Initials: .......cocooovvceres SUMAME: ooooeiinn e i
i Ticehurst, nr. Wadhurst | Address: ;
: Eas‘ sussex R e e e T L R E T L R L PR L S LR LI L L LR LR LR S LR E LSl bbb bbbt i
i ENGLAND TN5 7HE i
| Tel.  (+44) (0)1580 200657 email: e S [T D[ R
i Fax  (+44) (0)1580 200616 '
! Email wwss@wwss.demon.co.uk _ * cross out what is not applicable Date: i s i !
E | Method of payment (see reverse before ticking as appropriate) 5
- - Note: cheques noi made out in sterding must be increased by the equivalent of £15.00 i
! | C1Bank draft Cheque (payable fo Elektor Electronics : i
i F:I ) EI Ty ) |  Signature: i
E i,'-_lﬁlro fransfer _| Bank fransfer | i
i | ] Postal/money order ;
P — g 7 SWITCH only: E
1 VISA *ﬂ@ @ issue number: o=k ;
| |
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ORDERING INSTRUCTIONS, P&P CHARGES

i Except in the USA and Canada, all orders, except for subscriptions and past
E issues (for which see below), must be sent BY POST or FAX to our Tunbridge
i Wells address using the Order Form overleaf. Please note that we can not deal
i with PERSONAL CALLERS, as no Stock is camied at the editorial and administrative
1 office. On-line ordering: hiip://www.elekior-electronics.co.uk

’{Headers 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
i order form. Please apply to Old Colony Sound for applicable P&P charges.
f Please allow 4-6 weeks for delivery.

i[lrders placed on our Tunbridge Wells office must include P&P charges
i (Priority or Standard) as follows:

UK: £3.50
Europe: £5.00 (Standard) or £7.00 (Priority)
Outside Europe: £8.00 (Standard) or £12.00 (Priority)

HOW TO PAY

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 cheque drawn on a London clearing bank (but sse
Epara‘ 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 posial orders should be crossed and made
i 1 payable to ‘Elekior Electronics (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 Cenlre, in a National Giro postage paid envelope, a National Giro
E transfer/deposit form. Do not send Giro fransfers direct to us, as this will defay
! your order.

; i If you live outside the UK, payment may also be mads by Bankers® sierling draft
-drawn on a London clearing bank, Eurocheque made out in pounds sterling
i i (with holder's guaraniee card number writien on the back), or US or Canadian
i i dollar cheque drawn on a US or Ganadian bank.

' If you pay by Bankers’ sterling draft, make clear to the issuing bank that your full
r 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
: TS 6BH, England. Qur account number is 3512 5225, Soriing Code 60-22-15.

E IBAN code: GB40 NWB K6 022 15 3512 5225
NWB KGB 2L

! BIC code :

COMPONENTS

-

Components for projecis appearing in Elekfor Electronics are usually available !
from certain advertisers in this magazine. If difficulties in the supply of i
components are envisaged, a source will normally be advised in the article.
Note. however, that the source(s) given is (are) not exclusive.

TERMS OF BUSINESS

Delivery Although every effort will be made to dispatch your order within 2-3 i
weeks from receipt of your instructions, we can not guarantee this time scale for |
all orders. i
Relurns Fauly goods or goods sent in error may be refumed for replacement !
or refund, but not before obtaining our consent. All goods refurned should be i
packed securely in a padded bag or box, enclosing a covering letter stating the :
dispaich noie number. If the goods are returned because of a mistake on our !
part, we will refund the return postage.

Damaged goods Clzims for damaged goods must be recsived at our Tunbridge !
Wells office within 10 days (UK); 14 days (Europe) or 21 days (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, devices, |
components, and so on, described in our books and magazines. ElektorE
Electronics (Publishing) does not accept responsibility or liability for failing to !
identify such patent or other protection. E
Copyright  All drawings, photographs, articles, printed circuit boards, !
programmed integraled circuits, disketies and software carriers published in our i
books and magazines (other than in third-parly advertisements) are copyright E
and may not be reproduced or transmitted in any form or by any means, | i
including photocopying and recording, in whole or in part, without the pnoru
permission of Elektor Electronics (Publishing) in writing. Such written parrmssmn ;
must also be obtained before any part of these publications is stored in a
retrieval sysiem of any nature.

Notwithstanding the above. printed-circuit boards may be produced for privaie
and personal use without prior permission.

Limitation of liability Elekior Electronics (Publishing) shall not be liable in !
contract, tort, or otherwise, for any loss or damage suffered by the purchaseri
whatsoever or howsoever arising out of, or in connexion with, the supply of goods !
or services by Elekior Elecironics (Publishing) other than to supply goods as i
described or, at the option of Elektor Elecironics (Publishing), to refund thei
purchaser any money paid in respect of the goods. :
Law Any question relating fo the supply of goods and services by Elaklurl
Electronics (Publishing) shall be determined in all respects by the laws nf'

England. January 2004 :

Subscrlphon rates from January 2004 i issue

Standard Plus

United Kingdom:e=ormel e e - £39 00w £4550
Economy Mail
Rest of the World (excluding Europe) .......... Eh1eql) s £57.30
Priority Airmail
Euoper&Eme ot o L o £ 500 £58.50
Middle East, Africa,Southwest Asia,

Central & South America ................. £64:00 550 - £70.00
Australia, New Zealand,

Far East & Pacific Territories .............. A e £72.00
Airfreight
USA&Canadaonly ..................... US$88.00 .. ... US$96.50

Payment should be made by:

+ Cheque or bankers' draft in sterling drawn on a London clearing bank (except
in the USA and Canada — see below); Eurocheques must have the holder's
guarantee card number writien on the back.

* 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 Square, Wadhurst,
East Sussex TNS 6BH, England).

Our account number is 3512 5225, Sorting Code 60-22-15.

* Posial order.

» Credit card: VISA, ACCESS, Euro/MasterCard, JCB Electron or Switch.

» Transfer to our Giro Account number 34 152 3801. Giro transfers should be

e e s e e e e o

made by completing and sending the appropriate transfer/deposit form to the
National Giro Centre (UK) or to your national Giro Cenire.
Cheques and postal orders should be made payable to Elektor Electronics
(Publishing). Do not send cash through the mail.

Subscription conditions

The standard subscription order period is twelve months. If a permanent change
of address during the subscription period means that copies have to be
despaiched by a more expensive service, no exira charge will be made.
Conversely, no refund will be made, nor expiry date extended, if a change of
address allows the use of a cheaper service.

current rates, must be supporied by evidence of studeniship signed by the head
of the college, school or university faculiy. A standard Student Subscription
costs £31.60, a Student Subscription-Plus costs £37.60 (UK only).

Please note that new subscriptions take about four weeks from receipt of order
10 become effective.

Cancelled subscriptions will be subject to a charge of 25% (twenty-five per
cent) of the full subscription price or £7.50, whichever is the higher, plus the
cost of any issues already dispaiched. Subsciptions cannot be cancelled after
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Electronics

Books from Elektor Electronics

: __.Audio & _Viq_eo

= S | 302 Circuils | Build your own Designing Audio | [

| 1302 circuifs  summer Circuits compiiation 1982, 1083, 1084 Audio Valve gircuits; Designing
| =T, 455 | £10.350Us5 21.00 Amplifiers How doss spesch, music, | _C

| f SRR e This book proves thai o, indsed, anry sound get |

i | 304 Circuits the thermionic vale i from the record, €D, or |

| ‘Summer Circuits compiation 1988, 1959, 1990 making 2 come-back cassette tape to the loud-
CIRCULTS | e13.450s527.00 £15.55U58 31.00 speaker? This book |

i | 1 endzavowrs o gvea. |

: 305 1 305 Circuits comprehensible answer. |

| Summer Circuits compilation 1991, 1992, 1933

CIRCUITS | ¢ 1555088 31.00

. 307 Circuils
Summer Circuits compilztion 1997, 1998, 1992
£18.20/US$ 37.00

A —

CIRCUITS

£20.75/U55 42.00

| - - Tads - -

| 308 Circuits _ Higheed Autia

| Summer Circuits compilation

| 2000. 2001, 2002
! | £18.20/US5 37.00
|
| -
! i e — ]__,__ i ....-._. o :_:\\\
"i Lasers. Theoty and Fractice et Handbook for Sound Build your own High-  Modern High-end Valve
| A valuable book on the practical use of lasers. | Electronic test wblnly AEL L Ung yeur-atn 5ol n. g
| ARS8 instruments Technicians End Audio Equipment Amplifiers
| 3 % A book on ihe technical aspects For those who cannot pay high Valve amplifiers bassd on
of the recording studio. prices for high end equipment.  toroidal utpui frensfrmers
| Build your own Elecironic Test £20.75US§ 42.00 asolufion offered inthisboolc~ combine of cassical technology
| Instruments buiid your own 2t considerable.  and modem components. The
| For good reasons {cost, chaliznge) many researchers, | cost savings. resuit: excelient somc guakty
\ entiuisiasts, and experimenters ke fo build est | § £15.55U85 31.00 and 2 revival of the vaive amps-

instruments themsehves. | fier.

i £16.60/US5 33.00 | £ 259555 52.00
1
|

£25.95/U55 52.00

See also www.elektor-electronics.co.uk

Order now using the Order Form in the Readers Services section in this issue

Malchbox Basic ST62 1 ST62 ' PICs in Praclice Short Course
Computer D) Microcontroller | The PIC16CSx family is 8051/8032

This books describes : PR Y Practical programming | - a series of microoon- Microconirollers

a miniature controlier of the ST62 sesies of troflers that lend them- A couise describing the
system using a pro- microcontroliers from seives 1o a broad vari- hardware and software
gramming language SGS Thomson. == cly of appiications. (assember code) to
cafled MBL (MatchBox E24.95U55 50.00 = £24.95US$ 50.00 make a complete micro-
Language). which has controlier system basad
its onigins in BASIC on an MCS-51 confrolier
and Pascal. £8.85U8520.00

NCEOMART CF i | H i
p C!*:‘fmm:-? o |  Faultfinding in i THE BUS | Pcﬁs E‘E‘;ﬂ'}ﬁ | ?ggﬁmm oUTs
| Compuiers and F 2 _
| Digital Circuits .
L ooy | 5 . Moy
Dictionary of Faultfinding in The 12C Bus PC Service and scsi PC Interfaces under
Monitor Technology Computers and Tris ook deals extensively Repair This book comes with a CO- Windows
- A plonzering book of imsur- Digital Gircuits with the techrical specifica- This book provides the ROM and will prove imvalo- Measurement and cotrol
| passed range which clearly This book covers faultfind- tions of the 12C bus. information you need io be abla when you want to sort using standard ports
' documents 2l aspacis of the N9 not just in mizroproces £ 25 85USS 52.00 2t to deal with computer s probiem in 2 SCS1 sys- PC Interiaces can be used
development of compuler SOr Systems, microcon- system faults whenever they Eg: 65US$ 50.00 for more than just the prin-
MONIors. trollers and industrial PCs, ooCurn 7 < 125, mouss, modem and joy-
£25.95/US5 52.00 but 2is0 in consumer items £31.15USS 63.00 stick!
such as personal computars, £25.95/US§ 52.00
multimedia devices, digital
television and o on.
£ 31.15/U5§ 63.00

LIS STQOIR  Elektor Electronics (Publishing)

—n E N Telephone +44 (0) 1580 200 657
HECTRERICGS PO Box 190 » Tunbridge Wells TN5 7WY ¢ England.

Fax +44 (0) 1580 200 616
www.elekior-electronics.co.uk




BTFJILINKS

To book your website space contact Bernard Hubbard

Tel 00 44 (0)1242 510760

Fax: 0044 (0)1242 226626 |

BETALAYOUT == e
"""" w.pch-pool.com T2 pen-poer
Beta layout Ltd Award- £ L

i

winning site in both
English and German
offers prototype =eEsy
PCBs at a fraction of the cost of the usual
manufacturers’ prices.

BURH TECHNOLOGY LTD

hitp:/fenenw.burniec.com

Blstnbulors of a wide range of device programmers,
package adaptors, test and soldering equipment.
Order online and get free delivery on all orders over
£30.00.

COMPUCUT

NP/ Www.COmpUCUTers.com

Computer Numerical Control from your home PC.
Great for tricky jobs, and accurate repetitive
work. We supply: - Software - Interface - Manual
- Support

Price £250 plus postage.

CONFORD ELECTRONICS

hiip: v.confordelec.co.uk
IJghtweighI portable battery/mains audio units
offering the highest technical performance.
Microphone, Phantom Power and Headphone
Amplifiers. Balanced/unbalanced signal lines with
exiensive RFl protection.

CROWNHILL ASSOCIATES LTD
hitp://vaww.crownhill.co.uk

tel 01353 666709 fax 01353 666710

* Manufacturers of production

quality device praogrammers il
PIC Programmers

PIC Development tools

¢ Manufacturers of Smart Cards

e Smart Card Programmers

¢ Design & Development Services
Crownhill Associates Limited

32 Broad Sireet Ely, Cambridge CB7 4aH
Tel: 01353 666709 Fax: 01353 666710

DANBURY ELECTRONICS

hitp://wnww.mc-h.demon.co.uk/transformers.himi
Here ',ruu will find our mains and output
transformers in Mike Holme's range of
valve/tube amplifiers (PP & SE). Also circuits,
parts lists, chassis, advice.

DEBUG INNOVATIONS UK
http://www.debuginnovations.com
Introducing hassle free
prototyping

e RF/ Analogue

e High speed digital

e Surface mount

e 0.1” grid

» Power planes

* Unique patch architecture

Forget custom PCBs, start your project now!

EASYSYNG
hitp://wwnw.easysync.co.uk s
EasySync Lid sells a wide L;e
range of single and multi-
port USB o RS232/RS422
and RS485 converters at

competitive prices.
ELM ELECTRONICS
hitp//www.elmelecironics.com
integrated circuits for the experimenter. Secure
ordering via the web site with worldwide shipping.
ELNEC
* device programmer ,
manufacturer
selling through
universal and dedicated device programmers
excellent support and after sale support
free SW updates
reliable HW
three years warranty for most programmers
ERVAN INTERNATIONAL Co.
Power Electronics and Solar Energy Design and
Consulianis. Also offers;
Discount prices of:
e PCB LED Cluster Kits
= Laser Pointers
e Solar Modules

Offering a variety of unique and low cost
wwnw.elnec.com
contracted distributors all over the wund
once a months new SW release
http:/fwwnw.ervan-int.com
o Ulira Bright LEDs
e Baiieries

FOREST ELECTRONIC
DEVELOPMENT

hifp:/fwww.fored.co.uk

FED supply PIC programmers, Basic modules, and
development software including a PIC C Compiler,
Prog ‘n Drop Visual Development and a well
featured debugging environment.

FUTURLEC
hitp:/fwwweiuturiec.com
Save up to 60% on

= Electronic Components

¢ Microconirollers, PIC, Atmel
¢ Development Boards, Programmers

Huge range of products available on-line for
immediate delivery, at very competitive prices.

FUTURE TECHNOLOGY DEVICES
hitp://wenw fidichip.com
FTDI des;gns and sells
USB-UART and USB-FIFO ™
interface i.c.’s.

Complete with PC drivers, ;
these devices simplify the fask of desugnmg or
upgrading peripherals to USB

HAMMOND ELECTRONICS

hammondmfg.com,
mmond-
electronics.co.uk

tel: 01256 812812.

Small die-cast, plastic and
metal enclosures for the
hobbyist and

professional. Widely
available from major
distributors.

MQP ELECTRONICS

hitp:/fvww.mgpelecironics.co.uk

Leaders in Device

Programming Solutions.

= Online shop

| ow Cost Adapters for all
Programmers =

= Single Site and Gang ngrammefs

= Support for virtually any Programmable Device

NEW WA‘JE CONCEPTS
wave-Concepts.com g

Soﬂware for hobbylsts

e Livewire circuit simulation
software, only £29.36

* PCB Wizard circuit design software, only £29.36

Available from all Maplin Electronics stores and

vaww.maplin.co.uk

PICBASIC

hiip:/fwwwepicbasic.co.uk

e Pic basw & Pic Basic Pro

e Fast efficient poweriul
compilers

o Parallax stamp
compatible code

» Write in basic-compile fo

hex

12c, 14c, 16¢(f) and 17c pic’s

POHD ELEGTRONICS
hitp://wnww.pond.ie

tel +353 1-821-5060

fax +353-1-820-9384
Innovative systems for PIC
development & embedded
applications.

e uFlash876

= PIC C Compilers & Programmers
* MicroStack = Basic Stamp

e Custom development Service

QUASAR ELECTRONICS
"""" w.QuasarElectronics.com g
Over 300 electronic kits, :
projecis and ready built units
for hobby, education and
indusirial applications
including PIC/ATMEL == |
programming solutions. Online ordering facilities.
Tel: +44 (0) 870 246 1826

Fax: +44 (0) 870 460 1045

Email: sales@(Quasartlecironics.com

—"\ | W

L
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BTHILINKS

ROBOT ELECTRONICS

imitp:/Awrenw.robot-elecironics.co.uk

o Ulirasonic rangefinders ——=—

» Motor H-Bridge = El.@@?
controllers e

* Magnetic Compasses | ‘“ )

e RC servos and =
controllers

¢ PIC programmers and componenis

» Flectronic Design/Development and
Manufacturer fo industry

SPICEAGE AND SPICYCLE
hitp://www.spiceage.com
Splcycle circurt design
program (schematic
drawing, well-featured

PCB drawing, SpiceAge B
simulation). SuperFilter @Q }
digital and analogue o

filter synthesis and The World is gerting
optimisation. onto Spicycle
Download a free working

evaluation and enjoy software renowned for
its high quality at prices that make it seem
like Christmas all year round.

Make contact with Those Engineers (020
8906 0155), real engineers, who will
understand your needs.

TECHNOBOTS
hitp:/fvwaw.technobots.co.uk
Welcome to Technobots -
the one stop shop
especially for the remote
operated robot builder,
radio control and engineering hcbbytst

TELNET ;
hitp/fwwnw telnetuk.com e j
The site shows graphically - :
Telnets wide range of quality m
second-user test and s
measurement equipment, P 4
including oscilloscopes and
spectrum analysers.

ULTRALEDS

hittp://www.uliraleds.co.uk

tel: 0871 7110413

Large range of low cost Ulfra bright leds and
Led related lighting products.

Major credit cards taken online with same day
depaich.

g

USB INSTRUMENTS VIEWGOM
hitp/fwww.usb-instrumenis.com http/fwwnv.viewcom.f9.co.uk
USB Instruments tel: 020 8471 9338 fax: 020 8552 0946

specialises in PC based o Mail Order supplier of:

instrumentation products £  Integrated Circuits and Components.
and software such as ¢ Kit and paris for Elekior projecis.
Oscilloscopes, Data « Transistors, FETs, Capacitors, Resistors,
Loggers, Logic Crystals, etc and hard to find devices.

Analaysers which = Viewcom Electronics, 77 Upperton Road West,
interface to your PC via USB. Plaistow, London E13 9LT

PROMOTE YOUR
WEBSITE HERE

Elektor Electronics have a feature to help customers to promote their websites, Net Links - a

permanent feature of the magazine where you will be able to highlight your site on a regular

basis.

= For just £120 + VAT (£10.90 per issue for eleven issues) Elektor will publish your company
name. a 25-word description and your website address.

» For £300 + VAT for the year (£27.27 per issue for eleven issues) we will publish the above
plus run a 3cm deep full colour screen shot from your site.

Places are limited and spaces will go on a strictly first come. first served basis, please fax back

vour order today!

I wish to promote my company. please book my space:
» Text inseriion only for £120 + VAT  « Text and photo for £300 + VAT

NAME: R E ORGANISATION:
JOB TITLE:
ABDBRESE: s Sann e
o 1 3 B e e e e e e

PLEASE COMPLETE COUPON BELOW AND FAX BACK TO 00-44-(0)1242 226626
COMPANY NAME ...
W EHE AR R ES S e o i s Gans s R S e s e e

25-WORD DESCRIPTION z T

ELECTRONIC ENTHUSIASTS

Only one magazine tests its projects and circuits in its own lab beforepublication -

ELEKTOR ELECTRONICS

THE ELECTRONICS & COMPUTER MAGAZINE

Contact: Worldwide Subscription Service Ltd, Unit 4 Gibbs Reed Farm, Pashley Road,
Ticehurst TN5 7HE Telephone: [+44) (0) 1580 200657 Fax: (+44) (0) 1580 200616
Or visit our Website: www.elektor-electronics.co.uk
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Murti-FuncTioN FREQUENCY METER

The simple construction of this instrument belies its power, versatility and ease of use. At
the heari of the circuit we find an AT9052013 microcontroller running software for a plethora
of functions, including

— Pulse duration of positive or negative half cycles, in microseconds and milliseconds
— Period, in microseconds and milliseconds

— Frequency, using gate times 0f 0.1s, 1.0sand 10.0s

- Event counter (7 digits)

— Stopwatch with 0.01 s resolution

DRM RECEIVER

Theory is fine as long as it is followed by a practical applica-
tion. Afier our introductory article on Digital Radio Mondiale
(DRM) in the December 2002 issue and the Experimental DRM
Receiver in the December 2003 issue, we now follow suit and
embark on a full-blown construction project. Our DRM Failsafe fro RC Models,

Receiver is tuned over an RS232 interface and supplies an Code Lock, Bistable Relay Driver,
MPEG-4 output signal for decoding by your PC soundcard. The circuit is simple and | BASCOM AVR for CF Cards,
inexpensive, yet guarantees digital quality from shori-wave broadeasts. ‘ IR Servo Motor Interface for RCX.

ALso...

Wind Power, Hands-On CPLDs (2),

RESERVE YOUR COPY NOW! |
The March 2004 issue goes on sale on Friday 24 February 2004 (UK distnibution only). UK subscribers will receive the magazine a few days before this date.
Ariicle titles and magazine contents subject to change. I

NEWSAGENTS ORDER FORM =1 [= |
: |

SHOP SAVE / HOME DELIVERY |
: : : EEGHRONIECES ;

Please save / deliver one copy of Elektor Electronics magazine for me each month THE ELECTRONICS & COMPUTER MAGAZINE |

Nafmemaa s e e e Tl e e s e e

Addressi=B e = nmUn e St e s et s L oS Please cut out or photocopy this form, com-_

Pogsticode; —saic e = T s Tsaaga e e T plete details and hand to your newsagent.

TElephonege s aw  homues Soumies e e e Elektor Electronics is published on the third |

Dilae e o e e S Friday of each month, except in July. ; i

SO e e R e At £l uhion B, by Seysonte (N
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“easy-Radio”. Setting the

new standard in short range
radio software solutions.

Easy Radio is a simple, off-the-shelf
solution to getting radio control and
communication products to market — fast.
Experience has shown that less than 5% of
customers who have a genuine need for a
wireless solution actually succeed in
putting a product on the market!
Why?
Writing software for a “piece of wire” is
one thing, doing the same with no wire
present simply doesn’t work. There are
many, many problems to overcome the first
time this exercise is undertaken and there
may be little time to acquire this new skill.
In response to this problem LPRS has
created a protocol which will take care of all
the communications requirements of the
“link” — we called it — EASY RADIO!

The software takes care of Tx encoding
and Rx decoding as well as R5232, TTL or
whatever standard data the user wishes to
input. A true data-in - data-out, result is
achieved. In the case of transceivers data is
buffered on chip and retries are
programmed in. It is in transceiver
applications that the software really comes
into its own as two-way wireless
communication is particularly difficult to
achieve —reliably.

The “easy-Radio” software converis
inputted data into what we refer to as an
“efficient over air format” which results in
less missed data and extended range.

LPRS will also customize the software to
meet your specific needs, often FREE of
charge!

The software is available with most of
our range of modules in particular our NEW
ER400/900 “S" series of Tx, Rx and Txcvrs.
These not only have the ER protocol
already embedded but also offer the user
unparalleled flexibility in choosing:

B Power output levels

B Data rate

® and most useful - frequency selection

www.easy-Radio.com/uk

Radio transceiver takes protocols onboard
for two-way stress-less wireless

The ER400TRS is an extremely compact
licence-exempt intelligent radio transceiver
module designed to make best use of the
company’s innovative Easy-Radio technology.
The UK designed and manufactured device
houses a complete transmitter and receiver
system with all communications protocols
embedded in onboard memory to allow
OEMs to add wireless capabilities to their
products without the need to understand
radio technology. The modules are compliant
with EN300-220-3 and EN301485-3 for
unlicensed use in the pan- European 433-
434NMHz band. All of this comes in a tiny 9- pm
single-inline package which is smaller than
most conventional receivers.

The new transceiver will suit any wireless
application that requires two-way data or

where it is essential that a receiving node
issues a “receipt” to confirm reception of
transmitted data. These include equipment
such as remote data acquisition systems,
handheld terminals and electronic point of
sale terminals.

The ER400TRS transceiver is supplied
“ready-to-run out-of-the-box” from LPRS.
Alternatively, designers can make use of a
range of user-programmable functions to
customise their radio links o their own
specifications using simple software
commands. The datarate of the link defaulis
to the industry standard of 19.2Kbit/s, but can
be programmed to any rate between 4.8 and
76.8Kbit/s. A line-of-site range of 250m is
easily attainable. All encoding and decoding
functions are also handled onboard.

The transmitter power output is also
programmable up to the legal maximum ERP
of 10mW, using a standard 50ohm antenna
type, such as a whip, helical or PCB loop.

www.lprs.co.uk/1

Easy Radio cuts through the
noise to get to market fast

Developed for applications where reliable
radio communication in noisy RF
environments is essential the CDPTX4-4(8)-ER
transmitter and CDPRX3-4(8)-ER receiver offer
a high performance, narrow band, FM radio
link and operate in the 433-4MHz or 868-
870MHz unlicensed bands for Europe. Both
parts feature embedded “Easy-Radio”
software protocols eliminating the need to
write complex radio software and able to
accept customer’s data in a number of
standard forms.

By providing an instant radio link no
specialist RF knowledge is required and

LPRS Limited, Two Rivers Industrial Estate, Station Lane, Witney, Oxon 0X28 4BH

Telephone: +44 (0) 1993 709418 Fax: +44 (0) 1993 708575 Email: info@easy-Radio.co.uk

www.lprs.co.uk

{end) system time to market is minimised.
By using narrow band transmission operating
range is typically 1Km in external applications
and 150m in internal. The units operate from
a supply voltage between 3-5VDC and require
less than 25mA of power. Data transfer rate
is 4,800 bps and for orders over 100pcs
customised operating software can be
provided, often free of charge.

Typical applications would be remote
control systems where speed to market is
valued and where signal integrity is essential.

LPRS

Low ?O\ J ER

www.lprs.co.uk/2
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The Comiplete Electronics Design System
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PCB Layout F — “Crmomwmadl B G &

ITESisngy

Powerful & flexible schematic capture.

Auto-component placement and rip-up/retry PCB routing.
Polygonal gridless ground planes.

Libraries of over 8000 schematic and 1000 PCB parts.

Drag and drop toolbars.
Visual PCB packaging tool.

Point and click DRC report.
Multiple design rules (per net).
Multiple undo/redo.

Mixed Mode SPICE Circuit Simulation

* Berkeley SPICE3F5 simulator with custom extensions for
true mixed mode and interactive simulation.

° 6 virtual instruments and 14 graph based analysis types. Call Now for Upgrade Pricing
e 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, HC11 and ARM micro-controllers.

¢ Co-simulate target firmware with your hardware design. Works with

* |ncludes interactive peripheral models for LED and LCD displays, oriswi
switches, keypads, virtual terminal and much, much more. PIC Basic Plus
Provides source level debugging for popular compilers and
assemblers from Crownhill, IAR, Keil, and others.

ab C OAT,on s s

e Fax: 01756 752857
E |l e c tr o nitcEs Contact us for, www.labcenter.co.ulk
53-55 Main Street, Grassington. BD23 5AA €€ Demo CD info@labecenter.co.ulc

2
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Bill of materials, DRC reports and much more. e Improved route editing.
®
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