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The leaders in PIC development

+ All you need to get started with PIC
+ 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
A 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
'«  Example scripts « Cables
« Example scripts
« ICD1
Both items require Toorder:
. PC with senal port available
. Power supply adapter www.pagitcouk salesi@pagm.co.uk Tel: 44 (0)1792 831927




_Electronics - from Austr
You have to be Jolung?'*

No, not at all!

The hobby electronics market in Australia has been historically very strong with large numbers of enthusiasts serviced by dynamic

electronic magazines and vigorous commercial suppliers,

The most dominant company in this "Down Under™ market, Jaycar Electronics, i now In a position to offer its great range of products

to a wider audience, thanks to the Intemet.
]

A —
Moreinfo?

www jaycarelectronics.couk
2004 Catalogue - all 424 pages

Concerned about dealing on the Internet?

Well, you should be. At the same time, the amount of legitimate intemet trade excesds the
fraudulent trade by millions and millions to one, World internet trade today casily exceeds the Gross
Mational Product of many large countries!

Jayear has been doing business on the Internet now for ever 10 years. The thousands of happy
repeat customers on our files is a testimony ta how safe it can be when you deal with a reliable
supplier like us. Worried about freight costs? MO NEED with our great rates.

We have prnted this year our Jaycar 2004 catalogue in UK pounds. It is ccammed
packed with over 6000 exciting products. You can get one FREE by logging on to our website
and filling aut the catalogue request form at www.jaycarelectronics.co.uk/catalogue

We Stock:

+ A huge range of exciting kits

« A great range of robotic components

* The best range of electronic components

* The largest single-source range of gadgets

« Security, Surveillance, Audio/Video, Lighting, Computer
& Telecoms Parts ete.

Check our website!

* Entire Jayecar 2004 Catalague on-line — over 6000 products.
« 128-bit Secure on-ine ordering — safe & securo.

* Express ardering.

* Search by category, keywaord or catalogue number, & advanced search.

* Over 3500 product datasheets & application notes available on-line.

High performance Electronic Projects
for Cars Book - Silicon Chip Publications

(Australia's Leading Electronic Hobhyist Magaz:ne Publ :51h~r:|
BS-5080 £6.35. =

All the instruction, and more! It shows, in full
colour, the constructed modules, has colour
overlay diagrams, detailed build guides, and
fitting instructions. It also includes chapters on
how engine management warks, advanced
engine management, electronic car systems
fike ABS and traction control, DIY eléctronic
modification, and more! It s a definitive
misst-hiave if you are building any of these kits,
or would just likke to know how your car's
electronics waork.

Over 150 pages!

A Cheap Nitrous Fuel Mixture Controller
KC-5382 £7.25

Mitrous oxide systems can'be expensive to set up, but now
you can do it for much less. This project pulses a fuel injector

£
)ﬁm

at a preset rate, adding a fixed amount of

nitrous fuel when you activate it. It will save
s 2 _
i
wh

you a bundle on dedicated fuel solenoids and
Theremin Synthesiser

WWW. jaycarelectrnlcs co
0800 032 7241

(Monday - Friday 09.00 to 17.30 GMT + 10 hours only)
For those that want to write:
100 Silverwater Rd Silverwater NSW 2128 Sydney Australia

jets. It can also be used to control
electronic water pumips, cooling fans,
and more, Kit supplied with
PCB and all electronic
components. "Please check
local laws regarding the use of E
Mitrous Oxide systems In your g
vichicle.

AM-4025 £27.25 me—

This Is a bullt up Theremin froma

laycar kit. The Theramin is a

wreird musical instrument that

was invented early last century
but is still used today, The
Beach Boys hit: "Good
Vibrations” featured the
Theremin, You can have one of these kits (cat no.
KC-5295) for £12.95. All kits have frst clazs
fnstructions written in clear English text with plenty
of llustrations and component identification.

uk




Resistance

Voltage
Light level

Temperature

External sensors: Humidity
@ Low cost--_under £60 Temperature
® Built in sensors for light, temperature and sound 02 In Air

(level and waveforms) : Reed Switch
® Use DrDAQ to captura fast signals
@® OQutputs for control experlments \
® Supplied with both PIGDSEDDE (oscilloscope) and

PicolLog (data logging) software

A\
1

For more information on DrDAQ, please visit:

www.picotech.com/drdaqg112

PC Ospillosco S

@ Scope and spectrum analyser functions
|- @ A fraction of the cost,of benchtop scope |
oot U @ Save multiple setups, for ease of use I
#E=s ® Save, print and e-mailiyour traces
® FREE technical suppnrt for life

® FREE software and upgrades

® Automated measurements
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For more information on our scopes, please visit:

www.picotech.com/scope241

lechnology Limigd

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



RFID frenzy

Way back in November 1998 we already published an exten-
sive arlicle about active RFIDs — chips that can be interrogat
ed over radio. Since then no major changes have been seen
in RFID technology, and yet the popular press now seems o
have discovered RFIDs for the first time. The arficles are almost
invariably grossly inaccurate when it comes to technology, one
reporter even claiming that oll RFIDs ‘radiate waves' and by
their sheer numbers present a serious health hazard.

Initially | wondered what could have triggered this sudden
interest in o technology that's been around for almost 30 years but then realized that the latest in active
RFID equipment fits ‘Big Brother’ scenarios perfectly. Recently, a critical limit must have been exceeded in

customer concern about privacy.

Traditionally, RFIDs are applied in logistics [goods tracking] and security systems, for instance, the ignition
immabilizer controlled by your car key. Today's use of RFIDs in the retail frade herclds a new era: RFIDs
are invading our daily lives. As opposed to ‘personal’ data carriers like swipe and chip cards, RFIDs can
be read and even overwrilten from a distance and without the customer noticing. Lots of things con be
RFID'ed invisibly: goods and pockaging materials, ID cards, plastic cards and even bank notes according
to a recen! study carried out by the European Bank. There seem to be no limits to what ulira-miniature RFIDs
with sub 1-mm2 surface areas can do, except being traced easily! The same applies to the latest radio
bugs employing spread-spectrum techniques and consequently being almost impossible fo discover — see
the article "Wirelass Connectivity’ in this issue. Curiously, | do not read about the latest in RF bug technolo-
gies in the popular press, despite the fact that RF energy is radiated almost constantly whereas an RFID is
silent uniil interrogated by a nearby transmitter. | must be reading the wrong papers.
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Wireless data communication is the latest When the ISM frequency band was made
rage. From wireless mice to Formula-1 available in Europe for audio applications,
telemetry systems, digital radio systems Circuit Design, o manufacturer of profes-
are used in many applications, and they sional RF modules, decided to develop suit-
are penelrating info many new areas. In able high-quality fransmitters and receivers
this article, we examine the current state with a wide dynamic range: these are ideal
of affairs in the ‘airwave jungle’. for use in wireless microphones.
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' Making a robot walk instead of This arficle describes a sensitive defector Digital terrestrial television [DVB-T) is
drive around on wheels can be a that will faithfully produce a sound in now available in many parts of the coun-
‘daunting fask. The author of the response to pulses picked up from an 13.56 try. Of course, you need a DVB-T
- Walking Bug came up with a MHz RFID tag transmitter, be it large or receiver and a [new) UHF TV antenna, If
remarkably 5|'mp|e salution. small, 'Pﬂrlﬂjl or 'p-nr’ruHE‘. you dan’t have a suitable antenna, the
small indoor DIY alternative described
here is a simple and economical solution.
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mailbox

5 volts Direct from the
Mains

Dear Sir — os a qualifisd
engineer, | was rother dis-
turbed fo read of Circuit
#0009 (5 volts from the Mains)
in your Small Circuits Collec-
tion in the December 2004
edition. Though | am sure that
the design will work as
intended, this cireuil could be
patentiolly dongerous in the
hands of an amateur and,
despite warnings in the arti-
cle, | feel it thould not be
Bnl:r:uumged as 0 construchion
project where it may be read
by readers with lilils apprecio-
tion of the dongers of the
mains voltages enfering the
home. As you know, domestic
mains voltoges are referenced
to ground through local earth-
ing af substalions. Conse:
quently with a 230 Vrms inpul
supply, it is possible for the
circuit to have vellages over
&00 valls on its output relative
to earth... especially shauld
there be a failure of semicen
ductors or ather components.
As we all know, semiconduc-
tors con be fickle and it is just
for these good reasans that
your arficle mentions the usual
use of the isclation trans-
farmet in such circuits. Even
without the fuse in place, the
circuit is still patentially dan-
geraus... primarily due o o
lack of mains polarisation,
When working with high volt-
ages, it is just as well to
remind curselves that even
very small currents can be
lethal. The stafistics of the
high incidence of martality
rates among elecironic and
elecirical engineers should
not be ignored.

R.B. Willis (UK)

Althaugh it is stated in the orficle
that construciors must make sure
‘no_conductive parts can ba
touched when the circuil is in
wse.” we should hove added:

The circuit powered by the
proposed supply must be

NiCd battery advantages
Dear Editor — your reply to Mr. Price's letter ‘NiCd batter-
ies — environment vs. quick profits’ in Mailbox, November

| 2004 should have included a word or two about significant
| advantages of NiCd cells over NiMH and other battery

technologies.

For one thing, NiCd batteries can operale over a large lem-
perature range. This advanloge is often exploited in emer-
gency lighting unils that must be relied upon to keep work-

| ing at ambient temperatures approaching 70 degreas C. A

such temperatures NiCd battery has hardly any capacity.
Also, NiCd batteries can handle heavier loads, which is o
‘must’ not anly in power tools like cordless drills but also in
RC models. Thesa characieristics are not (yef] equalled by

NiMH batteries, Converting a cordless drill to run from
NiMH batieries is sure fo end in disappointment. In most

cases, replacing NiCd bat-
terizs with NiMH

counterparts is

certainly advantagecus, but the above
examples go to show thal that thera are a
number of opplications where NiCd technol-
ogy confinues to ‘rule’. In these cases,
replacing the balfery pack by o
NiMH version requires a complete

redesign,

My reply is not intended as o plea

for the conlinued use of environmen-
tally hostile NiCd batteries, but 1o

supply factual information for an inter-

esling debate.

Mark Vermeulen (Netherlands)

Your addifions are much appreciated. Any more views?

incorporated in the same,
electrically safe, enclosure
as the supply in such o
way that ne component
can be touched. Never
under any circumsfances,
should the propesed sup-
ply be used to power
external circuits requiring
o supply of 5 volis.

The magaozine editors and
designers apologize unreservedly
for this omission and warmn inex-
perienced readers not fo affempt
building this circuit,

We ore grateful to Messrs. BB
Willis [Kingston upon Thomes)
ond P Lipscombe [Partsmouth)

far bringing this safety hazard jo

our alenhon

Vehicle Battery Jogger
Deor Jan — | downloaded
the PCB layout for the Battery
logger from your website,
and | think it contains an
error. | balieve the connection
from the posifive (+] connec-
tar to the discharge resistor is
much 1oo thin for the current
invalved.

Kare Germ Hansen
(Denmark)

Kare! Walraven replies — If a
comfinuous corrent of 40 A would
flaw, this frack surely would bum
out. However, the duty cycle of
the signal being very small the
PCB track will eosily survive the
overoge curent, W did this op
purpose becawse il octs as o fuse,
See also ‘Exploding Bits® in last
month’s Moilbax

DCI PLC goes Internet
Mr. Ivo de Coninck, designer
aof the popular DCI PLC
|Elektor Electronics June
2001) kindly advised us that
he is busy writing sofiware
that will enable the entire PLC
lo be ceceassed from a PC
using web pages. The hard-
ware link is formed by the
Ethernel network extansion
card of the Elekior Elscironics
Micro Web Server
{uly/August 2004), Further
information on

http: / /home.scarlet.be/

~dec | Ted/deiath, himl

211 Elektors

Dear Editor — | am clearing
oul my magazines. | have
copies of Elekior mogozine
from issue 1 to 211, Are you
ar any of your readars inter-
ested in them? One condilion
is that if so they must be cal

elekio electionis - 2,/2005



lected fram my homes in
Hemel Hempstead,
Mike Pearson (UK)

Interested readers pleose confoct
the Editor for Mike’s conlact
delails.

Connector parts (3)

Dear Editor — In the
December 2004 Mailbox,
Richard Austin was locking
tor some plugs and a reply
was published in January
2005.

Far years | have been using
Malex units, and culting the
mulli-way ones into smaller
sizes with a sharp knife. Say
getting the biggest (16 ways)
and cuiling them o whatever
size | needed. This saved
having lo keep a whole lot of
sizes thal were never what
you wanted on the day.

A scalpel works fine to cut
and Irim off any excess and
yes you elfectively lose one
hole when you cut it.

I always crimp the wire,
using a small pair of needle
nosed pliers fo shut the crimp
ever the wire, then o pair of
sidecutters to give a final
squeeze,

Dan't solder them because
this creates a sharp physical
transition and the wire can
be broken if it is flexed. This
has besn used succassfuﬁy
on commercial jobs that ore
still going fill this doy.

171005 - ehektor elzchronicy

Farnell has Molex socket
77205, 26AWGE, 16-way,
P/MN 148623 @ 6,67 SNZ
Alza from Farnell o erimp
tool, P/ 147-124 @ 45.33
SMZ.

Alternatively, TYCO HE 14
system socket, single row,

1 2-way, Farnell P/N 429
648 @ 1.96 $NZ. Crimp ter-
minals, Famnell P/MN 429
703, efc.

These are numbers from the
Auvstralasian, ie., Mew
Zealand catalegue, sourced
from Australia. | am sending
Fome PE'IDEGE QCross,

[

Russell Stevens
(New Zealand)

Armed with the informalion Rus-
soll kindly supplied, readars
should be able fo source these
‘elusive’ conneclors from their
nafional Famell rpresentatives,

Ear Boggle

Hi Jen — | was interasied 1o
read Rev. Thomas
Scarborough's kitchen fable
project 'Ear Boggle’ in the
Movember 2004 issue of
Elektor Electronics. | will
probably build this auditory
illusion as a bit of fun.

If you want to hear another

example of this process, lis
fen o any racurding of
Tchaikavsky's &th Symphony.
The tune you hear is nol
played by any instrument, but
‘bounces’ batween the Ffirst
and second vialins making

good use of the dichotic
effect.
Alan Jones

o .53-:==: :-:3;—'3:—-—.#;:.‘1
Nl © 3
ol =

:‘ 4+ ]

Thanks for that Alas, I'm sure
interested readers will care ta get
out their Tchaikovsky records or
CDs and chock the affoct of this
Easter Egg

Russian Relief

Dear Editar — | would like to
ask Elekior Electronics read-
ers who are raplucing their
mobile phones, or have in
their cupboord an old mokile
phone and charger, PDA and
expired SIMM cards, to
donate them to us behalf of
Russian Relief 1o help the less
fortunate ehildren.

Some can be vsed by ambu-
lance crews and doclors in
remole areas, athers for
emergency use by people
whao are in various forms of
danger to summon assis-
lonce. Some phones can now
be used to make emergency
colls even if thay have been
disconnected from a netwark.
Used laser printer and ink-jet
cartridges can also be recy-
cled to help children in
orphanages and hospitals.
Please mail them 1o

Russian Reliaf.
c/o E. Polusinski,

105 Bridget 5t., Rughy,
CV21 2BX.

Howard Ketley, G4BAS
(UK)

Obsolate eleciranics for chasity
instead of the landfill: o great ii-
fiafive.

CORRECTIONS &
UpPDATES

USB/I2C Interface
December 2004, p. 52-58,
040334-1.

In Figures 2 and 4, the inpuls
and outputs of IC] have
been transposed. In both dia-
grams, pins 2 and 3, and &
and 7, should be swapped
over.

In the circuit diagram in
Figura 1, the outar connec-
tion af the mains adapfer
socket is shown connected to
graund while the centre pin
carries the posifive supply
vollage. On the PCB
designed for the project,
these connections are the
ather way around.

MailBox Terms

- Publication of reatder’s comespon-
dervce is al thae discretion of tha
Editor.

- Viewpoinis expressed by coves-
pondents arg nol necesiarnily

those of the Editor or Pubfsher

- Comespondence may b ransialed
or edided lor length, clanty and
shyle.

- When replying 1o Maibox cofre-
spondencs, ploase quole =5l
number.

- Plzasa send your MallBox come-
Spondanca 1o:

adilgrimaiaklior elechronics o Uk o
Elekior Electronics, The Edifor, PO
Box 190,

Tunbridge Wells TNS TWY, England.
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news & new products

World’s smallest microcontroller

Microchip hos infreduced reve-
lutianary &-pin Flosh devices in
an ultresmall ferm focter SOT-23
package. These devices provide
en ideal solution for mony mar-
kets and wses nol typically
served by  microcontrollers
today, including ‘elecironic glug’
to encble, for example, easy
bug fixes far ASIC and printed
circyit boord (PCB) designs, and
to replace siondard legic and
fiming components or kaditional
mechanical limers ond switches.
The FIC1OF 8-bit Flash microcon
iroller family debule with four
membaears [FIC TOF200,
PIC10F202, PICIOF204 and
PIC10F206) that offer 256 or
312 instructions (1 2-hit progrom
words) of Flash pregrom mem-
ory and 16 bytes to 24 bytes of
data RAM  memory. These
devices also feature o precision 4
MHz internal oscillator, 33
instructions, two stock Jevals, 25
milliAmp source/sink  current
I/Q, low power (100 nanoAmp)

sleep current, o wide operating

volloge range from 2- to 5.5
valts, ane B-bit timer, o wolch-
dog timer, In Circuit Serial Pro-
gramming™ (ICSP™) technology,
pawercn resel, powersaving
sleep mode and (in  the
PIC10F204 and PICI10F206
anly] an enalogue comporatar
module. With only six pins, they
are axtremely sosy to use and
have u short learning curve for
anyone nol experienced in
designing with micracontrallars.
Throvgh  ICSP  technology,
Microchip's &-pin devices can be
progrommed after placement on
a circuit board. ICSP fechnalogy
enables fieldupgrades, system
calibration during manufacturing
ond the addition of unique iden-
tification codes to the system,

The PICTOF family is supporfed
by Microchip's world-closs devel
opment tools, including the
MPLAB® |n-Circuil Debugger
(ICD2] development tocl. The
MPLAB ICD2 is a powerlul, low-
cost rundime tool that offers cost
affective in<ircuil Flash pragram.

ming and debugging fram the
grophical vser inlerfoce of the
free MPLAB Integroted Develop-
ment Environment [IDE) saftware,
This enobles a designer to
develop and debug source code
by watching voriables, single-
stepping and seifing  break
points, Running of full speed
enobles hardware tests in real
time. The MPLAR ICD2 uses o
header board module to suppart

FireWire audio chip opens the way

to affordable, high quality external sound

Providing PC and Mac® plat-
torms with up to eight oudio oot
put and now two audio input
channels via a single FireWire
connection, the lolest version of
Oxford Semiconductor’s
OXFWP70 FireWire audio con-
traller IC allows next generotion
audio systems to be easily
added fo deskiop and notebook
systems.

Haornessing the high bandwidth
ond quality of service charoctar.
istice of FireWire (IEEE1 394) and
FireWireBOO  (IEEE1394b},
OXFWS70 high quality, multi-
channal cudio solufions avoid the
nead to instoll seporate sound
cords in desklop computers. In
addition, FireWire's power cor
rying copability meons thal
smaller speakers will not require
exfernal power supplies,

Linked to a FireWire bus by an

IEEE1394 PHY, OXFWS70 hon-
dles serial sudio daota conform:
ing to the IECA1BB3-6 fransmis-
sion protocel and AME24 gudic
farmal. Sompling 24-bit audic
packats at 96 kHz, the chip pre-
vides four 125 sereo cudio oul-
puts, praducing eight high qual
ity digitol oudic outputs for 7. |
surround sound specker systems,
and we audio inputs for musical
instrument and microphane line
inpuls required in emerging
GaragePand™ opplications.

The 100-pin TQFP pockoged
QXFWS70 is o highly inte
grated, low cost device thiot fea
iures. on embedded ARM7
processor, highspeed buffer
manager, RAM and 512 kbiis of
onboord  flash  memary,
Firmware upgrodes are simply
implamented using the FireWire
inferface and programming utik

ities provided by Oxtord Semi-
conductor, Eight GPIO pins fur
ther exiend the device copabili-
ties, enabling for example cone
trel of an external DAC using a
serial cantrol interfoce

the new PICTOF family,

The PICIOF200, PICIOF202,
PICTOF204 and PICTOF206 are
offered in &pin SOT23 packeges.

Arizona Microchip Technology Lid,
Mirochip House, 505 Eksdols Road,
Winnersh Triangle, Wokinghom RG41
STU. Tel. (+44) (0)118 921 5858.
Fox (+44) (0)118 921 5835.

[HME 5

Oxford Semiconductor Ltd,, 25 Milten

Park, hbhghﬂ. Oxfordshire 0X14
45H. Tel. (+44) 1235 824-900.
wiww.oxsemloom
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Integrated Linear Battery Chargers

Microchip have released single-
cell and a dual cell versions of o
fully-integrated, chorge-manoge
ment controller feataring a
charge-safely timer and o tam-
peratire monitor, These devices
are introduced alongside the
company’s range of DCDC Con-
verlers, Linear Regulolors and
Pawersmart battery managers
and monitors,

The MCP7386X devices monilar
charge and temperature status,
giving the user full control and
sophisticaled protection. With
an overoll accuracy of £0.5 per-
cent, these davices moximise sys-
tem runtime behween chorges
and ensure that the batterycell
capacity is fully ulilised without
cyclelife degrodation. Onboard
safaty timers and thermal moni-
tor provide fime- and tempero-
ture-based chorge termination,
protecting  applications fram
delective botteries and increns-

ing the botery safsty. The
devices olso feature reverse-
blocking protection, preventing
an incorrectly installed battery
from damoging the applicofion.
The MCP73B6&X fomily leatures
a builkin pass fronsistor, which
minimises ihe number of external
companents and the overall foot
print. In addition, these con-
trollars extend battery life with a
reverse leakoge current of lass
than 0.4 micreomps (fypicol) ond
supply o programmable fast
charge current up ta 1.2 amps.
The MCP73841 device is speci-
fied from 4.5V o 12 V: the
MCP73B42 device from B7 Y
o 12 ¥ ond both.operale over o
-40°C to +B57C temperature
range. They ore ovailoble in
41V/42Vand B2V/8.4V o
support one- or two-cell Lithium
lan / Lithium Polymer batteries
|with coke or graphite anodes).

The MCP73BAEX devices are
affered in o Phiree 424 mm

GIFMN package, which features
excellant pawer dissipation, and
therefore supports sharter thnrg-
ing limes. Somples ond valume
production are available now.
For more information, visit the
Microchip  web =it o
wnw.microchip.com/mep7 386x

Mitrachip Ltd,, Micrackip House,

505 Eksdele Rood, Winnersh Triongle,
Woekingham RG41 5TU,

Tel. (+44) (0}118 921 5859,

Fax (+44) (0)118 921 5820.

Website: www.migochip.com.

Battery Authentication and Safety

Following recent news of
"exploding” mebile phanes, due
to the use of counterfeit batter-
ies, Microchip today announced
that its KEELOG secure algo-
rithm, o5 used by leading aule-
molive manufocturers world-
wide, con now be readily used
for bottery outhenlication in
portoble applications. The tech
nology allows an application
simply and securely to differen-
tiole between genuine aond
caunterfeil bolteries.

Counterfeit batieries may violote
both mechanical and electrical
safety and security requiraments
reloting to shortcircuit profec
tion, chdrge safaty and other
specifications and this can laod
fo o potentially dangerous situo-
tion for the end user.

Integrafing Micrechip’s PICE
microcenirallers info the host
system, and one of iheir Pow-
ersmarl baltery fuel geouge
devices into the botfery pock

T/ - elekbor electronic

provides one of
the industry’s most
secure authentica-
tion solutions.

Using the cancapt
of IFF (Identity
Friend or Fas)
where the ‘Friend’
is an genuine bat-
tary, and the ‘Foe’
is a counterfait
one, KEELOGQ,
with its propri-
elary encryphion
and  decryplion
algorithms,  pro-
vides o high levsl
of security withou
odding excossive
complexity ta the
sy siem.

For more informativn on the
KEELOQ technology, visit the
Micrachip web  site  al
www.microchip.com/keslog,

. — - ——— ———— o === [ = wi wm w

and for mare infarmation on
Microchip’s Powersmort bottery
hiel gouge devices, wisit
www.microchip.com/battery.

Micrachip Ltd, Microchip House,

505 Eksdale Rood, Winnersh Triangle,
RG41 5TU.
Tel (+44) (0)118 921 5849,
Fax (+44) (0)118 921 58720,
W,
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news & new products

Batte

ry-free
Radlo Modules |||{INll|

Using piezo ond solar energy

Simply attach light switches or thermostats
WthE‘H’Er or an Whui&‘ﬂﬁr SUFFC!CE is most con-
venient. No worries about cutting channels for
cabling or changing any batteries. These ener-
gy efficient, maintenance-free radio modules
with builtin power converters are now opening
up new possibilities for architects and interior
designers. They have even found an applico-
tion inside the humble car tyre.

Conventional wirefree sensars in
office environments rely on a
replaceable battery o provide
wer.. This works fine far small
uildings but for larger installa:
tions with o corresponding
increase in the numbers of sen-
sors/transmitters this can give
rise to problems of data corrup:
tian when more than ane wnit
transmits af the same time. Main-
tenance costs of battery equip:
men! ore also a consideration.
For example o relatively lorge
installation using 4000 sensars
will an overage require ol least
one batiery replaced daily if the
life span of each bobery is
assumed to be 10 years,

Energy for free

The mﬂlﬂs from EnOcean do
not need ony batteriss; instead
they canverl other forms of
energy such as movement, light,
heat or radiation into eleciricity.
EnOcean currently employs
Piezo ond solar energy sources
but tharmocouple and resonant
pieza generators are alsa in
development for use in vehicle
tyre prossura sensing.

All of these sources only provide
a small omount of energy
because the transducers are
required fo be as small os phys-
ically possible to fit inta standord

switch enclosures, The Pizzo con-
verlers used here supply approx.
imately 200 uWs each fime the
switch recker mechanism is oper
ated and we connot expect
much more than obout 20 p'W
from the small Sclar cell (10 mm
_ 20 mm] at 400 lux. Thermo-
couples are olso unlikely to offer
significantly more sa it is impor-
tant fo ensure thot the elecironic
eircuit is os efficient as passible.

Saving strategies

The key to achieving low power
consumplion in the radic module
is to use afficient design, ensur-
ing that the elecironics is ach-

Table 1. Energy needs for each module function und mean power reguirements

MmN

LI

[}

“Illlm.'

SRS IR MDD s = o

vated enly when necessary and
tar as short a time os possible,
A toble ot the end of the arficle
indicales typical values of power
consumed for each aclivity per-
formed by each of the modules
currenily available from EnC-
cean. RF power oulput is limited
to 10 mW max, giving a range
of up to 300 m. A short switch-
on time also contributes fo
power saving along with:

— optimaol rodio profocal;
— high dato rate {120 kbit/s);
- afficient modulation methad.,

The radio protocal is optimised

of EnDceon rodio modules in typicol opplicotions.

to achieve low power consemp-
tion together with & high level of
communication security while
using minimum hardware. The
medulation methed wsed is inco-
herent ASK modulation and is
particulorly  power  thrilty
because each digitol ‘0" is rep-
resented by the HF oscillntor
turning off completaly. Careful
design ensures thot the oscillator
is stable ogoin within 1ps of
switch on. Modules communi-
cate using the ISM frequency
band of 868.3 MHz in Eurape
while 215 MHz is used in the
USA and 2.45 GHz for most of
the rest of the world.

Avolicath Light Switch for use in Room thermasinl In-tyre prossure ond
buildings end mdustry or smoke deteclor temperature seasar

Energy lor mesiremend event 05 P |

() |

Eutgrlu sequence ontrol, | p 9

rnmpmrm {y'#sl

Energy for RF franmmissicn

(4] " " s

Totel eneryy needs for megisring

and fransitig 135 0 n

Tronsmissions per Minute - | 1 1a

Power corsumption 13.5 p'¥s per vwitching evenl 1.2 pW maan 3.8y meon
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Figure 1. The battery-free pigzo transmifter module PTM 100 [on the
switch plaie). Individial componeats are seen in the foreground: Flezo
converter (lef), mechanical energy converter and PCB with Antepna.
(source; EnOeean GmbH)

Modules

The PTM 100 piezo powerad
module shown in Figure 1
transmits on 868.3 MHz with o
maximum power owtput of
10 mW. This modula replaces o
standord  wall-mounted  light
switch. The RF link was speciolly
designed for switching in the
teld of building control. The
module size ensures that it fits
inside the type of enclosure used
by the majority of elecirical sup-
pliers. The light switch seen in
the picture background is fitted
with an RF module. Each module
contains pre-insfalled sofiware
enabling simple contral for the
following opplications:

— One, two or four
gang light switch,
- Togale switch function.
— Dimmer
lintegroted PWM cutput],
- Matar contralled
window blinds,
— Serial dota cutput
tor bus connection

The corresponding receiver mod-

2/7005 - edelinr elechiesic

ule can be linked vio o bus or fit
ted into o wall outlst, mefer cup-
board or light fitiing.

Another versalile module is the
solor powered STM 100 shown
in Figure 2. The block diogram
Figure 3| shows that there are
three onalogue inputs usehul for
measuring variables such s tem
perature, pressure or force elc
In acddifion there are four digital
inputs that detect swiltch posi
tions, The heort of the madule i
a very low power analogue
timer eircuit buill using diserate
components. This runs conlinu-
ously so il is imporfant for it to
use as little power as possible;
in foct it only consumes around
20 nA (l). The (Goldcap) reser
voir copocitor stores enough
charge to keep it running for one
woek in complete darkness. The
1 % 2 em solor cell anly genar-
ales around & pW  when
exposed to a light intensity of
100 lux but because of the low
power design it is sulficient 1o
provide snough power for the
complete module and also

Figure 2 The 5TM 100 hos three analogue and four digilal inputs
Energy comas from a solar cell and is stored in a high valire Goldeap
oo

charge the Goldcap (s=e toble).
In addifion 1o the two modules
described here EnQcean also
produce others powered more
conventionally from a 5V sup-
ply. These include two recaiver
modules, o repeater and a bi-

directional radio madule with
modem function

Further informotion from
WA NS 80N, COM

) DN e ADY_ 8 inpt wisliins e s ol

SOLAR CELL - Witk Ui indl inped vk fras changed
= -
A% - s - Wake Lip anf Pressncs Sipaal ms
Y EClyy == GNO oV 5L A
g
Gald RF Tranwmitier
il pLED
5 TPa.nn.- Data®)
Power contral& | L Proceasof 400 0
Wakn up timer o o) Digetai -1
st T
WAKE B——| Sponianscisly Ry = <3
D - d
WAKE b Wai= Uip TR o] — -
440 0
ool e Cyuiic Wake Up AD LY gan
T ] vy 108, 10 Prasancs Sronal | B b ': =
oW 0 o T aec ) HEECICE S 450 F
fevary fO0mh —
wury 10gh,
Actve duing svary oycic wada up)
Wik L qwily
v OUT w WV REF A= CEa4 AOP 1

Figure 3. Block diogrom of the STM 100
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WIRELESS CON

Stefan Tauschek

Wireless data communication is the latest rage. From wireless
mice to Formula-] fe|emetry systems, digih::l radio systems are
used in many applications, and they are penetrating into
many new areas. In this article, we examine the current state

of affairs in the ‘airwave jungle’.
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The enarmous popularity of wireless communicalion is a
direct consequence of inlernational agresments o desig-
nate certain regions of the radio spectrum as ‘ISM
bands', since widespreod use of wireless connectivily
would otherwise never have been possible. The demand
for unresiricted mobile communication is the driving force
behind the rapid development of technologies such as
Bluetooth, WLAN, HemreRF, and other new technologies
with resplendent names. When we talk about WIAN ar
Bluetooth, we're talking obiout applications employing
I5M. “ISM’ stands for ‘Industrial, Scientific & Madical’,
which means radio services in these fields. The ISM
bands can be used without a licence, and they are sub-
ject to relatively litle regulation. The enly restriclions
relate to the maximum transmitied power and [naturally)
the bandwidth, which must be kep! within certain limits.
Besides the traditional 27-MHz ISM band (used for CB
radio), there are now 1SM bands in the 433 MHz,

B&8 MHz, 2.4 GHz and 5.8 GHz regions. The currently
used bands and their individuol characteristics are sum-

marised in Table 1.

Naturally, the foct that the ISM bonds are subject 1o mini-
mal regulolion is both a blessing and @ curse. As there
are no resfrictions on the number of fransmitters and no
defined protocols, reliable dota transmission cannot be
guaranteed if simple dola transmission techniques are
used. The fact that the 15M bands must share the air-
wavas with other users, os well as the existence of other
potentiol sources of interference, can bs readily seen
from the postersized international frequency allocation
chort, Figure 1 shows the allecations for the 2.4.GHz
ond 5.8-GHz ISM bonds, which are the most impariant
bands for wireless networking. The complete chart can
be obioined free of chorge from

hitp: / /werw.nti. dec.gov/osmhome /osmhome. himl.

As you con see, a lorge number of other radio sources
are also octive in these bands, with-amateur radio rans:
mitters being the mast prominent. Microwave ovens and
radar signals can also do o good job of polluting the air-
waves in these bands and moking reliohle data fransmis-

elektor wheciromice - /2005



NECTIVIT

sion mare difficult. This means thot techniques for avoid:
ing and overcoming mulual interference are necessary il
these bands are to be widely vsed bor data trathic.

Spread-spectrum techniques

This problem can be salved relatively easily by taking o
peek ot the techniques used by the military and copying
their wellproven strategies. The magic word here is
'spread spectrum’, which amounts ta medulating o nar
row-band information signal in order to significantly
increase its bandwidth while ot the same time consider-
ably reducing its level. An outstanding signaMo-noise

ISM, WLAN, WMAN,
Bluetooth et al.

OR gate alang with a pseudo-noisecode (PN code) sig-
nal before they reach the anlenno (Figure 2. This
causes the transmitted power level to drop below the
noise limit, so the signal can only be picked up by
recaivers that use the some PN code. To give an exam-
ple, if a 2-Mbit/s signaol is spread using an eleven-bit PN
code, the resulting RF signal has o bandwidth of

22 MHz,

One example of an ISM ransmitter IC uzing DS5S fre-
quency sprecding is the Micro Lineor type ML27 24
[Figure 3). This 32-pin IC, which operates from 0 3.3V
supply valiage, warks in the frequency range aof

Table 1. Commenly used ISM bands
IsM 5
Band ! 2 3 4 Bluetooth etc, Oteers
Frequency | 26937~ |40.660- |433.050-  |868- 2.4- S ks
ronge MHz 40,700 MHz | 434,790 MHz | B70 MHz 2.483 GHz 122 5 GHz
'Bandwidth | 326 kHz | 40 kHz 1,74 MHz 2 MHz 83 MHz > 150 MHz
Mo persistent | Relafively large | Relofive lorge band-
Advantoges | Low power inlerfererice h“"j“" i, widih, Ig“;_:““} Vary lorge Very large avail
. | sources, low | gooed propoga: ncy, duty cycle ; ;
consumplion e non:  |fiee, modarals ﬁ;ihﬂd o 16% in bandwidth able bandwidth
sumption price mast of the band
Bondwidin . : Propogation prab-
3 ; . | High occupancy | More expensive than A
Disodvan- High noise | too small, dif- et oo | A4 WA s s lems l{{uusl-llna—uf— 37—
leval due to | ficult o make . sight], interference | . -
loges (radio amateurs, | dualsuperhet fech- . ically vinhle
CB rodios | antenna com- d of fram microwave
poc fovar} aelcl ovens

ratio is obigined when the signal is recovered, even if the
level of the spread-spectrum information signal iz below
the general noise floor before recavery. As a rule of
thumb, the increase in the signablo-noise ralio comre-
spands lo the ratio of the transmitted bandwidth to the
bandwidth of the information signal. It's hardly any won-
der thot the military are so fond of this technique: not
anly does it allow them to send messoges undetected,
since the radio signals disoppear into the noise of the air-
waves, but it also enables them to oblain considerably
beter transmission quality than with conventional sys-

tems.

Two metheds far generating spread spectrum signals
have come fo prevail, ond both of them ore presenily
wsed commerciolly.

Direct Saunm:a Spread Spectrum {DSSSJb
¥

This technique

or increasing the bandwidih occupie

the signal is essentially simple: the information signal is
modulated by possing its data bits through an exclusive-

/1005 - dlebler electromice

2.400-2 485 GHz using simple FSK modulation, and it
contains all the functional elements [VCOs, mixer and
dota slicer] needed lo construct a funclional radio sys
tem using only o few additional components. Using
D555, it achieves a sensifivity of =20 dBm, which gives
it o freespace range of signilicanily mare than 100
meires in actual use. The transceiver is normally used
without o transmission protocol, with the user data being
simply fed serially into the Tx input and taken from the
Rx aulput withouf any preconditioning or processing for
data security. This is adequate for pumping data over
the airwaves al up to 1500 kbil/sec. Although the
ML2724 is usad in lorge quantities for game pods and
wirgless lelephones, it also has mare tricks up its sleeve,
Its spread-spectrum capability makes it mulfiportcapa-
ble, which means that several ML2724 fransceivers can
communicate with each other concurrentty. This capabil-
ity is characteristic of all spread-specirum lechnigues,
and applicaliens such os Blueloath, WLAN and the like
wauld not be possible without it.

15



| | |
| ST

e Lot ]
::j e ng_m: ‘,,]

Figure 2. e :
i H LRIl PR SRREN EERRRE NI
The D555 rechmqua ‘"“'_ UL
bBuries the datg (n o R e ol
naise signal EIEELITL Y ——

|

f

Figur= 3
Tipical D555 i - .
fransceiver m——
archifechire e -
qﬂnm:
T 15
14
55| -
E 12
E..Ti
g
=8 - I
s 1 i=:]
|7
£ 6 H ==
E s
g 4 =
a
Figuuces 4, 2 -H_F- i::_
Frequency hopping ! —

Bl Backy I ¥ ¥ 4 ¥ B 7 OE B M
Frequencyinbe Time (0.1 second intervals) —

used by severol [l cranceta [ Jenanccie [l cranceic [ crannein
charnals.

1 haals ESMbe  45Mb‘s 18 Mbis
Summary of WIAN 2Hbs  35MNs 12 Mbs
techniguas 1 Mis EMhfs  peemis
16

Code Division Multiple Access (CDMA)

With the DSSS tachnique, frequency spreading is
achieved by medulalion using a pseudo-noise signal.
This signal iz alse called the ‘PN code’, since it identifies
an individual fransmitter just like an identification code.
The information signal can only be filiered out of the air-
waves using the same PN code, with all other signals
remaining below the noise limit. This makes it possible
for several DSSS fronsceivers using different PN codes to
share the some frequency band and communicate with
each other concurrently without causing any problems.
This technique is called ‘code division multiple access’
[CDMA), which sssenliolly means ‘multiple channels
using code separation’.

Frequency hoppin
The cther igﬂrlnmch%que besides DSSS is frequency

happing (FH). As the bestknown representative of this
technique, Bluetooth divides the ISM band between
2402 MHz and 2483.5 MHz info 79 channels, each
with a width of | MHz. The signal hops (jumps] between
channels in a cyclic pattern at the rate of 1600 hops per
second. This means thot typical narrow-band interference
sources can cause only minor domage fo the transmitted
data. Figure 4 shows how saveral Blustooth nodes can
shore the some frequency band using different frequency-
hopping sequences. In principle, the frequency-hopping
sequence for the FH fechnique corresponds io the PN
code for D555, since in each case mutual interference
among the individual nodes is prevented by using a dif
ferent spread-spectrum sequence for each node.

The FH fechnology used for Bluetooth demands quite pre-
cise channel frequency seffings, with o tolerance of

+75 kHz, and exact complionce with the scheme of hop-
ping to a new frequency every 625 ns. Due 1o these fech-
nically demanding requirements, it took several years of
intensive development work before the first single-chip
Bluatooth Iransceiver reached the market at @ price suit-
able for mossconsumptlion products.

Wireless local area networks

Now that you understand the techniques described
above, we can enlighten you a bit regarding the vari-
ous types of wireless nefworks currently in use. As can
be seen in Figure 5, frequency hopping is the tech-
nique used by Bluelaoth and the original primitive
WLAN standard, which bears the IEEE designation
‘B02.11". The more recent 802.11a, 802.11b and
802.11g slandards ore based on D555, since this
spread-spectrum technique is easier fo implement. Natu-
rally, other types of radio links using conventional AM
or FM medulation con also be used in the I5M bands:
they are typically used for applications such as remote
garage-door conirals and other types remote-action sys-
tem (using narrow-band FM).

Fourteen years after work began on developing the
802.11 family of standards, rapidly increasing markei
penefration of WLAN products can be seen in the form
of public 'hot spots’ in airports and railway stations as
well as wireless neiworks inside companies. The ranks
of technology addicts and enthusiastic readers of Flek-
tor Electranics have even anticipated this technology,
with some rather remarkable resulls. What would you
say to the idea of o WLAN ontenna for less thon €52
It's actually quite eosy. All you need to make a working
directional ontenna is an emply tin, o few screws and o
coaxial RF connector. This little marvel is called a ‘can.
tenna’, which is o combination of can and anfenna
(Figure 8|. Using inexpensive materials from o DIY

elekior shachvoniny - 1/2003



shop, you can build on B02.1 1k antenna with @ range
of mare than 50 km.

Currently, the most widely used standard is 802.11b,
which employs the licence-free 15M bond from

2.4000 GHz lo 2.4B35 GHz using the D555 spread-
spectrum technique. The range is 30-100 m with a frans-
mitted power of 100 mW, which is adequate far most
applicalions, dalhough the raw dota rate of 11 Mbit/s
leaves something to be desired, since the value obtained
in practice is rarely more than 4-6 Mbil/s. An additional
drawback arises from the fact that in most WLAN nat.
works o lorge number of clients wanl to communicate
with each cther, so the number of available channels can
be quickly used up. The B02.) 1b standard defines 14
channels with o bandwidth of 22 MHz per channel,
beginning with channel 1 at 2.412 GHz, Channel 2
starts ot 2.417 GHz, offset from channel 1 by 5 MHz.
The channels averlap, so !hei cannot oll be used ot the
same time in a single network [Figure 7). IF several
access points are neaded in a WLAN, it is possible o
use [for example) channels 1, 7 and 14 concurrently.

Mum bandwidth

his means we need more bandwidth and more chan-
nels. The stondardisation committee satished this nsed in
1999 with the introduction of the B02.1 1o stondord. It
utilises the 5,8-GHz |5M bond ond employs o modulation
technigue called "orthegonal frequency division mulliplex-
ing' [OFDM). This yields a raw data rate of 54 Mbit/s,
although the range is only half os large. The total avail

| AN

0OMHE  pparner g 2400 Wir

241204z

Channel 7
AT Mt

Channel 13
2472 Mz

oble bandwidih allocated 1o this band is 455 MHz, from
5.150 GHz to 5.725 GHz. Up 1o 19 non-overlapping
channels are available, allowing the same number of
access points fo be used without mutual interference.
Two years ogo, the OFDM modulation technique wos
also infroduced for the 2.4-GHz band via the 802.11g
standard {2.4-GHz OFDM PHY). This means there are
presently three ‘air interfoces’ availoble — 802,110,

Table 2. Radio standards for WLAN and WMAN*®

172005 - elekber lectronics

Stondard Frequency range ':":;:'E:E‘d;:; gﬂ"{ﬁiﬂ 5’ Range (m)
SWAP 1.x, 05/19%98 2.4 GHz |I5M) licence fres i 1 50
SWAP 2., O7 /2002 2.4 GHz (I5M] licence free 10 50
BOZ2.11, seit 1997 2.4 GHz (I5M) licence free Z 1 30-1300
B02.11a, 09/1992 | 2.4 GHz [N licence free 54 22 12 =20
802.11a, 09/1999 5 GHz i,LLNIIi lu:em:e frea 54 22 12 -20
802.11b, 07/1999 2.4 GHz [ISM) ficence free | 11 | & | 30-300
BOZ.11g, 06/2003 2.4 GHz (I5M) licence free | 54 . 22 20-100
802.11h, 09/2003 5 GHz (UNIl] licance free 54 22 | 12=2
t: B0O2.11n, (anticipated 2005)** 100 - 320
| B02.16, 12/2001 10 — 66 GHz licence required 134 70 50k
BO2 1680, 01,/2003 2 - 11 GHz licence required 134 70 50k
2 4 GHz (I5M), licence free
5 — & GHz (LINIL/CEPT) licence free
802 rl_é;i;ﬂﬂd 2 — & GHz licence required 7 D
Eﬂ'!.iﬂ, 2004 110 - 66 GHz licence requnrsd 1& 2/0.3 15k
HiperlAN/1, 07/1598 5 GHz 23.5 20 10
HiperlAN/2, 04,/2000 5 GHz 54 42 50
Hipar&CCESS 42 GHz 25 n/s 5k
HiperbAN Z2-11GHz
* "WHMAN' stands for “Wireless Matropolitan Areg Metwaork’, which is @ WLAN for o relativaly lorge region [cify or diskrict of o
gity). & WMAM is larger than o WLAN but smaller than a WA [wide area network]. Just as the WiFi Alliance strived [ond sill
sirives] to achieve compaltibility and interoperability for 802, 1 1-based WLAN systems, the WiMax ferum, founded in 2001, pur-
sues the some objectives for WMAN equipment compliont with the IEEE BD2. 164 family of standards. Starfing in 2006-07, WMAN
could become a competitor for UMITS. |
| ** Draft version; standard unlikely to be approved before 2007.
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various dirschions. ..,

Figure 10,

communicate wilh

diffatant areqs in a
building.

802.11b and BO2.11g - but they are to be replaced by
BOZ2.11n in the future. The objective is 1o further increase
the dala role to more than 300 Mbit/s. This bit of magic
is supposed to be achieved by using ransmission proto-
cols with greater efficiency, compression techniques, and
recaivers with improved dynamic characleristics

[Table 2).

Smart antennas
The Cantenna shows that it's not that difficuli fo- make

antennas with good performance for centimetrewave sig-
nals. Even so, it's still common practice 1o use rod anten-
nos with cmnidirectional choracterisfics, with the resulf
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that most of the emitied RF energy goes unused. That may
be a reasonable approach for mobile systems, but in
fixed installalions |'£B transmission distance con be con-
siderably increased by using directional antennas. There
are several ‘classic’ antenna designs that yield direc-
fional characteristics, such as Yogi ontennos ond dipale
arrays. However, a much simpler solutien is o waveguids
closed of one end, in which o standing wave is gener-
ated by suilable mechanical dimensioning. Figure 8
shows the basic design of such o tincon” antenna. Here
lﬁ is the length of the standing wave in the antenna (with
the maximum being localed at L,/4), and L, is the wave-
length of the carrier frequency in free space. The size of
the fin and the frequency jointly determine the length of
the standing wave. Instructions for building & Cantenna
like this and the calculation of L, can be found on numer-
ous Infernet sites, such os hﬂg‘.;Em.lumggiﬂl.nal_f_'wir&
less/contennahowio. himl and

http: / /www.saunalohti.fi/elepal /antenna2 himl. With
careful construction, it is certainly possible 1o achieve o
respectable antenna gain. Measurements show that the
range can be increased by ot least a factor of two.

MIMO

Increasing antenna gain by a few decibels is by no
means the only trick that can be conjured out tha
magic box of RF technology. Multipleinput, mulliplecut-
put [MIMO) technalogy is also proposed as a means lo
significantly increose range ond dola rates without
increasing RF power. What lies behind this name iz o
sophisticated antenna lechnology colled 'phasedarray
antennas’, which originates from radar systems. A
phased-array antenna consists of o imensicnal
array of dipole elements, which produces a radiation
patiern with a strongly focussed lobe. If the dipoles are
driven in phase by an RF signal, the antenna radiates a
plane wave perpendicular 1o the array. This yields o con-
siderable increase in range and eliminates multipath
effects at the recaiver.

If the relative phases of the RF signals fed to the individ-
val dipoles are madified in o suitable manner [Fig-

ure 9|, the direction of the lobe can be steered in almost
any desired direction without moking any mechanical
changes. The anly thing that is necessary for implement-
ing on anienno thot con emit a beam of RF waves in
almest any desired direction, similar to the beam from o
lighthouse (Figure 10), is the ability to confrol the phase
relationships of the individual elements of the anlenna.
Although this technique does nol increase the total
amount of energy radialed by the transmitter antenna
[which means it siill complies with the regulations), it con-
siderably increases the amount of energy arriving at
receiver ontanno.

Antenna diversity and receiver combinin
Up to now, we have concenirated on the ransmitter en

in our efforts to boost the perfarmance of our WLAN.
However, MIMO also encompasses improvements of the
receiver end 1o raise the total physical capability of the
system. The initial objective is to solve the problam of
multipath effects, Especially in enclosed spaces, radio
waves do not travel 1o the receiver anfenna along only
one path, but instead along many different paths that
result from multiple reflections, The reflacied signals are
affset in phase from the main signal, and the net result of
superimposing the reflected signals on the main signal
con dramatically reduce signal quality and thus decrease
the usable range. This mokes antenna position a decisive
factor, and changing the position of the antenna by only
a few centimelres can be encugh fo make good recep
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tion considerably worse or dromatically improve poar
reception. For this reasen, current WLAN implemento-
tions already have two receiver antenna paths, which are
demodulated in two independent RF ronl ends of the
WLAN chip sel. For each transfer (transmit and receive),
the baseband confroller checks which of the twao paths
provides the better resull and selects il 1o be used for fur-
ther processing. This lechnique is called ‘antenna diver

sity".

Spatial multiplexin

Aritenno diversity is aimed exclusively ol improving
resulls at the receiver end, ond it can be used even if the
transmitter end has only one antenna, However, it mulki-
p|F', antennas are used al both ends of the pﬂ1h. evien
more refined technical tricks con be used to improve the
air interfoce.

It's clear that when radio waves in the centimetrewave
range are used for date communications inside a build-
ing, closely adjocent locations can have quite different
doto iranster characteristics. This knowledge can be used
to cleverly transtorm the problem of multipoth reception
info o major banefit. IF ol least two antennas are vsed for
bath tronsmission and recepfion, it con be ossumed that
the two transmil-receive antenna pairs do not vse the
same poth through the air, but instead two differen
paths, In theory, these two transmit-receive paths can
actually be regarded as two separate channels, despite
the fact that they use the same corrier frequency, so thay
can transfer different information and thus double the
bandwidih [Figure 11). In proctice, or course, the two

Bz —]

T

paths do not behove exactly like two mutually isclated
channels, Mevertheless, o significant increase in band-
width can be obiained using this technique, which is
called ‘spatial multiplexing’

Combination therapy

There's o very good chance that MIMO will be included
in the upcoming 802.1 1 WLAN standard, although the
standard is unlikely to be opproved before 2007. Never-
theless, monufaciurers of WLAN chip sets, such as Ath-
eros, ore already anticipating the new standard with new
generations of ICs incorporating "pre-802.11n' fealuras.
For instance, the ARSCO05VA chip sef has oll the technical
copabilities necessary to allow it 1o be made 802.11-
compliont by simply updating the driver software after
the standard has been firmly defined. The chip set has
twao RF front ends, so the MIMO Iricks described above
can be implemented using two antennas for the fronsmit
and recelve functions. A doto rate of more than

100 Mbit/s can already be ochieved using the
AR5005VA, which is encugh to allow even HDTV video
to be transterred over a wireless network.

Figure 11.

Muliiple antennas of
each end con
considerably
increase bandwidih,
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wide datgbase al oor fingertips. we are
able to source even more, We specialise
devices with the following prefix (to name
bt a few).

AN-28A 258 28C 250D 2P 28] ISK 3N ASK AN 6N 17 40.AD
ADC AN AM AY BA BC BD BDT BDV BDW BDX BE
BFR BES BFT BEX BFY HLY BLX BS BR BRX BRY BS
BSS BSV RSW BSX BT BTA BTH BRW BLU BUK BLIT BUY
BUW BLUX BUY BUUZ CA CD CX CXA DAC DG DM DS
ITA BTC GL GM HA HCF HD HEF ICL ICM IRF I KA
KIALIALBLC LD LF LM M M5M MA MAB MAX MB
MC MDAJ MIE MIF MM MN MPS MPSA MPSH MPSL
MRF NIM NE OM OP PA PAL PIC PN RC 5 SAA BAB
SAD SAJ SAS SDA S0 SI SL SN S0 STA STK 5TR STRD
STRM STRS SV T TATAATAG THA TCTCA TDATDBR
TEA TICTIP. TIPL TEA TL TLC TMP: TMS TPU LT UA
LAAUC UDN UEN UM UPAUPC UPD VN X XR Z7N
£T5 + many others

We can also offer equivalents (at costomers® risk)
We also stock a full range of other electronic components
Mail, phone, Fax Credit Card orders and callers welcome

- P

e
{2 B

40-42 Cricklewood Broadway London NW2 3ET
Tel: 020 8452 0161 Fax: 020 8208 1441

Cricklewood Electronics Ltd

-3 e W
) et

no pin imitation
no size limitation

27605 - elektar leconin

" schemalic

simuloiion

4 "Erin.li_'-:j circuil board
autoplocer

aulcrouter

EMC analysis

free-pch-software.com

19



MICR®

Audio in the JSM bang
%}*} -t

L1

G
| s
. g RIS
available in Europ .‘g{«;ﬁ‘}jﬁfﬁﬁo
audio appligations, -
Design, a nfanufactu |

of professijonal RF
oﬁes decided
deve p
suitablé
igh-guality
Ifansmitters and
receivers with a
wide dynamic range:

these are ideal for use in
vireles }icrophones.

s
A




The WA-TX-01 (transmitter) and WA-
R¥-01 (receiver) medules represent a
novel concept in the wireless transmis-
sion of audio signals. Thanks to low
power consumption, the technology
lends itself to & wide range of audio
applications. The transmitter and the
recaiver include componanis such as
SAW filters, SAW resonators and noise
reduction ICs.

These key components allow the
development of small high-quality
oudio modulas in accordance with
European radio regulations and with
EMC and R&TTE guidelines. This
means that a wireless link can be
added to an audio deviee without hav-
Ing to worry about a complicated,
sxpensive and time-consuming certifi-
calion process. The frequency channel
used by each module is fixed, but there
are four separate channels available in
the band from 863 MHz to 865 MHz,
and so multiple systems can cosxst in
the same location.

Dynamic
fransmission

The maximum sound
pressure level (SPL) which
can be tolerated by humans is
140 dBggy ., which is measured rela-
tive to the minimum audible sound
pressura lavel of 0 dBgy = 204Pa. Ina
guiet room the background noise laval
is about 20 dBgp;, and the sound pres-
sura level of the human voice is around
120 dBgpy . It can therefore be seen that
the dynamic range required for a nor-
mal wireless audio transmission sys-
tem iz around 100 dB.

If an audio frequency of 15 kHz is
transmitted using analogue flequency
modulation, the required bandwidth
(BW) is given by:

BW =
2 (maximum frequency deviation +
maximum modulstion frequency) [Hz)

Unfortunately any FM cirouit must suf-
fer from residual sideband noise origi-
nating in the PLL or crystal oscillator.
As d mle of thumb, we can mckon with
a residual noise, measured in terms of
frequency shift, of around 50 Hz. Fora
dynamic range of 100 dE (i.e., a factor
of 100 030), we therefore need an over-
all frequency deviation of 50 = 100 000
= 5 MHz. As yvou might expect, this
means that the required bandwidth is
much greater than that available in
this application. For comparison, FM
radio transmissions make do with a
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Figure 1. Use of a compander for noise reduction.

maximum deviation of 75 kHz in a
bandwidth of 180 kHz {mono) or
284 kHz (stereo plus traffic data).

In order to solve this problem while
keeping within the legal restrictions on
frequency deviation, 8 compressor is
built into the transmitter and an
expander into the receiwver. This tech-
nigque 15 galled & compander noise
reduction system (Figure 1).

The Dolby noise reduction system
varies the comprassion ratio with fre-
quency. The compander noise reduc-
tion system used here, on the other
hand, fixes the comprassion ratio at 2:1
aver the entire frequency range, thus
halving the dynamic range of the sig-
nal In the expander, whose ratio i8 et
to 1:2, the exact opposite occurs, and
the dynamic range is doubled again. A
dynamic range of 100 dB is thus
reduced to 50 dB for transmission.

We can now recaloulate the frequency
deviation required. With a residual
noise of 50 Hz we need a frequency
deviation of 500 Hz for a 20 dB
dynamit range, 5 kHz for 40 dB, and
20 kHz for 52 dB. A wireless system
with a signal-to-noise ratio of 50 dB
can carmy sound signals with an origi-
nal dynamic range of 100 dB.

Why, in this ‘digital age', do we
employ analogue transmission tech-
nigques for the wireless microphons
rather than, for example, PCM? There
dre several reasons. Many countrias
have not allocated a dedicated fre-
gquency band for digital wireless
microphones. Digital transmissions
using PCM require a wide frequency
band, which is not readily availabie

below 1 GHz. Above 1 GHz “dead
spots' start to appear, meaning that
these frequencies are not suitable for
live use where the performer may
move around between various posi-
tions on stage. Finally, conversion to
digital requires much more power,
making it less practical to mun the
device from small battenes.

If desired, the modules (both receiver
and transmitter) can be operated from
& 1.5 V battery via a low-noise DC-DC
converter available from Cirouit
Design. In order to achisve the 100 dB
dynamic range that is possible with
the wireless microphone, the noisa pro-
tuced by the DC-DC converter muct
be less than —60 dBm. The WA-DC-01
NC-DC converter requires an input
vaoltage of at least 0.9 V and can pro-
duce an output voltage of 3 V at the
maximum load current of B0 mA.

The transmitter

Figure 2 shows the functional blocks
of the WA-T¥-01 transmitter. We will
ook at each in turn,

Input buffer (BUF)

Thiz circuit 15 an input buffer far the
microphone capsile or other sound
signal source. The maximum input
leval is <15 dBV and the input impad-
ance is 7.5 k(). If the maximum output
level of the signal source is not suffi-
cient, 8 low-noise amplifier must be
connected before the huffer. If the sig-
nal source level is too high, an attenu-
ator should be used.
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Figure 2. Block diagram of the transmifter module: .

Compressor

The audio signal from the huffer stage
is compressed using a ratio of 2:1. The
compressor consists of a reference
generator, a full-wave rectifier and a
summing amplifier. The reference gen-
erator provides a hias voltage and a
constant current to the other parts of
the circuit.

The full-wave rectifier gitcuit rectifies
the incoming signal with the aid of an
external capacitor. The output current
of the rectifier controls the gain cell
amplifier. The time constant of the con-
trol loop is set, in part, using an exter-
nal filter capacitor and an internal
10 ki) resistor. The summing amplifier

atds the incoming signal and the signal

crynand

L

Figure 3. ... and of the receiver moduls.
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from the gain cell amplifier together.
The summing amplifier used in the
compressor neads different properties
from the one used in the expander, and
so diffarent components are used in
the tranemitter and in the receiver.

Pre-emphasis

To reduce noise at the uppss end of the
audio frequency range, which is & par-
ticular problem when using frequency
modulation, this circuit boosts higher
frequencies using a time constant of
50 us,

AF low-pass filter (AF LPF)

This circuit limits the bandwidth of the
audio signal in order to ensure that

WA-RX-01

interference to adjacent channals is
kept within the permitted limits.

Oscillator and modulator

In order to operate directly in the
B00 MHz band, a crystal-based SAW
(surface acoustic wave) filter resonator
with good temperatura stability is
used as the oscillating element. Fre-
quancy modulation is achisved using
a varcap diode that forms part of the
oscillator circuit.

RF pawer amplifier (PA)

This circuit steps the RF output of the
oscillator up to the transmit power of
about 5 mW.

RF low-pass filter (RF LPF)

This circuit attenuates the second and
higher harmonies of the transmitied
signal and provides antenna imped-
ance matching,

Voltage regulator (AVR)

This circuit provides a stahle 2.7 V sup-
ply for the whole circuit. It oparates
from a battary supply of between 3V
and 8V,

The receiver

Tha block diagram of the WA-R¥-01
receiver module shown in Figure 3 is
practically the mirror image of the
transmitter, using similar components.

RF band-pass filter [SAW)

The 800 MHz frecquency band used in
this wireless audio system is extracted
using this filter. A high-selectivity SAW
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filter is used to ensure that frequencies
cutsida the band are eliminated.

Oscillator (OSC)

A guartz crystal oscillator is used to
mix the incoming signal down to an
intermediate frequency of 10.7 MHz,

RF amplifier (LNA)

A low-noise amplifier is used to
amplify the B00 MHz frequency band
by 10 dB.

Mizer (MIX)

This circuit creates an intermediate fre-
cuency of 10.7 MHz, produced by mix-
ingr the amplified received sigmal in the
BDO0 MHz band with the output of the
oscillator

IF amplifier (IF1 to [F3)

These provide a total gam of 100°dB,
the final stage acting &5 a limiter
Before and after the amplifier chain,
10.7 MHz ceramic filters are fitted to
provide selectivity.

FM detector (DET)
This circuit demodulates the fra-
quency-modulated IF signal,

RS55I detector (RSSI)

Signals from the middle of the IF
amplifier chain are rectified producing
a DC voltage proportional to the signal
stremgth.

Muting comparator (COM)

The RSS! signal i= compared to a pre-
sat voltage which can be adjusted
using a potentiomster, If the leval at

=

1

+V

LiLl

the antenna input falls to 17 dBUV or
less, the outpat signal is tumed off

De-emphasis

This compensates for the 50 ys pre-
emphasis, making the overall fre-
quangy responsa of the system fat,

AF amplifier (AF)

This circuit amplifies the demodulated
audio signal before it is passed to the
expandar,

Analogue switch (SW)

if the signal strength falls too far, the
audio signal is muted using this
gwitch. An LED Indicates when this
muting eccurs.

Expander

The dynamic range of the audio signal
i5 doubled by this circuit, which oper-
ates in much the same way as the
COMpIessor.

AF output amplifier (AF)
The output of the expander circuit is
amplified again for output,

Vaoltage regulator (AVR)

This circust provides the entire cirouit
with a stable 2.7 V supply ffom a bat-
tery voltage of between 3V and 12 V.

Interface

Thanks to thess complex modules that
include aimost all the necessary alec-
tronics, what remains is straightfor-
ward. Figure 4 shows the two parts of
the gircuit. In the transmitter we can

ez
Y 1 waaxoiA

either connect a microphone or any
other desired audio source with a max-
imum output [evel of =15 dBV. In most
cases, however, an electret micro-
phone will be used, There is a small
offset voltage present at the AF input
with P1 adjusted to maximum: in our
prototype we mesasuted about 016 V I
a dynamic microphone is to be con-
nected, it is essential to add a coupling
capacitor, Altematively, omit R1 and
connect the dynamic microphone in
place of the electret microphone. P1
can be used to attenuate microphone
signals that ame too high, so that the
radio module is not overdrven.

The receiver cirouit is slightly less sim-
ple. The receiver module has two out-
puts, one for the signal itsel{ and one
which indicates whether the signal
strength is adequate or whether the
muting circuit has been triggered.
Since we have plenty of power to spare
at the receiver (battery operation here
is not essential) we can afford an extra
indicator in the form of LED D1,

In order to amplify the output of the
receiver module (which, at 10 k£), is not
exactly low impedance), we have
added a buffer amplifier. This is a classi-
cal non-inverting AC amplifier built
around a rail-to-rail opamp which can
operate from a voltage of between 27V
and 12V, almost the same range as for
the module: We have shown a supply
voltage of 5 WV, although 3 Vor 12V
wiould do just as well. I a different (non-
rail-iorail) opamp were used, a supply
voltage of B V would be required. Many
opamps will only operate cortectly with
a symmetric power supply of 25V or

Figure 4. Interfaces for the radio modules.
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Figure 5. Two circuit boords make one rodio link,

COMPONENTS
LIST

Resisfors:

Rl = 2k0)2

R2,RE = 5600
R3,R4 = 220k

RS = Akx7

R& = 4702

RY = 100k0

P1,P2 = 10 K presal

Capacitors:

C1LC6 = 4pF7 63V radial
C2.C7 = 100nF

C3,C5,C8 = 10yF 63V radial
C4 = 470nF

Semiconductars:

Dl = LED, 3mm, green, low current

D2 = 1ED, 3mm, red, low cumren!

ICT = WATXO] [Circuit Design)

IC2 = WARXD1A (Circuit Design)

IC3 = T5927IM [or equivalent roiliorail
opamp)

Miscellaneous:

IP1 = 2svay pinheader with jumper
[ongled if necessary]

K1 = 3.5mm jock secket, PCB mount
[2:g: Conrod Electronics # 732893)

BT1 = battery holder far two. 1.5V
batterias

MICT = elechrat microphane

PCRB, no. 040402-1, available rom The
PCBShop

L-Z0¥0O¥0

with an asymmetric 10 V supply. A fur-
ther advantage of the TS821 used here
i5 its high output dove capability: it can
directly drive headphones or even two
32 L} headphone transducers wired in
parallel, although in this cass C6 should
be replaced by a 100 pF 10 V type. The
47 £ oulput resistor protects the opamp
from the inductive load of a shislded
cable and from short circuits. Trimmer
potentiometer P2 allows the gain ta be
adjusted from unity (P2 at minimum
resistance) to 10 dB (P2 at maximum
resistance). Chremoves any DC compo-
nent from the output and R7 ensures
that thers is always a load at the out-
put. Since the opamp has asymmetrical
supplies, a capacitar (CH) i= also
required in the feedback clrcuit. B3 and
R4 set the operating point of the opamp
at half the supply voltage. C7 and C8
provide extra power supply decoupling.
At higher supply voltages it is neces-
sary to increase the current-limiting
resistors for the low-current LEDs so
that the current through them does not
gxceed aboul 2 mA.

We have designed a two-part printed
cirouit board to accommodate the radio
modules and the few external compa-
nents (Figure §). The layout is designed
for optimum audio performance.

The components should be fitted to the
board, ohserving that the transmitter
module can only be fitted to the coppear
gide, An ordinary 3.5 mm jack socket
provides the audio output

All that remains are the antennas. In
principle a stiff piece of wire with
length 1/4 A (78 mm at 860 MHz) will
do the job; more professional antennas
can be found on the Circuit Design
website at hitp:/ e cdt21 comy

elektor elettronics - 2/2005



Frequency

B863.125 MHz; 863.625 MHz; B44.500 MHz; B44.875 MHz

50 Hz to 15 kHz + 3.5 dB [output level -50 dBV + 3 dB)
2 % (@ AF 1 kHz, deviotion = 15 kHz or 7.5 kHz

RF channels. one (fixed)

Emission code F3E ;

Range opprox, 50 m line-ofsight
Signalfonoise rofio 90 dB (with IHF-A filter)
Audio frequency range

THD :

Pre-smphasis 50 ps

Operaling temperature 0°C e 50°C

Transmitter

Oscillator SAW oscillatar, crystal-bosed
RF power 2 mW

Frequency stability +10 kH=z

Preemphasis 50 ps

Moise reduction Comprassor

Spurious emission 1 pW maximum

Deviation 15 kHz (1 kHz @ 25 dBV)
Avdio input level 115 dBY 1o 15 4BV {1 kHz|
Avdio input impedanca 50

Supply volloge AVoyv )
Maoximum module current consumption 25 méA
Measured current consumplion 7mAB3YV

Receiver

Receiver type Superheteradyna

Mixer ascillalor Crystaleontralled
Intermediale frequency 10.7 MHz

hoise reduction Expander

Sansitivity 21 dBpV {@ THD 2 %)
Squelch zensitivity 17 dBpV =4 dB

Audio output Tevel |at module) -20 dBV (devigtion = 15 kHz}

Moximum -10 dBV

(deviation = 30 kHz)
Audio output impedonce [at module] 10 ko
Supply voltage IVie 12V

Maximum module current consumpltion

30 ma

Measured current consumption (D2 on, R2 = B3 = 560 £1)

Mote: 0 dBV = 0.775 ¥

2mA@3V
A0mA @5V
52mA@9FY

Curve A shows the overall fransfer characteristic of the enlire
radio link, measured ol minimum gain (green) and masimum
gain [red). The inpul signal to the ransmittar was at -44 dBY
lapproximately 5 mY). The output signal at maximum gain was
of ~31 dBY. output signal of the receiver is 5 dB above the
input level 1o the transmitter. With a higher input signal level the
w falls offt somewhat ot higher frequencies, but the ampli-
e ot 5.5 kHz is up o 3 dB higher than thot ot | kHz.

Curve B shows the distorion [plus noiss] ot the outpul of the
receiver against signal lavel, measured over the frequency
range from 22 Hz lo 22 kHz. The optimum value appears lo
occer with-an input signal level at the transmitter of 5 mV. In this
case tha input signal is raised fram -70 dBY 1o —15 dBY with
the gain at the receiver is ot o maximum, This is more than ode-
quate for speech signals. '

Curve € shows the requency spectrum with an input signal
lavel o H'pa-lr_msminarﬁ 5 mV. Most of the distortion iz al the
second harmonic. In this cose the THD+N figure is 0.85 %
[over the frequency range from 22 Hz 022 kHz).

/1005 - elebior electromins

b1
R

= s@a

s
1]
i

SRR R

25




] |
J00Hz nat allocated in the UK 3kHz -14 kHz radianavigation; thunderstorm detection
14-19.95 kHz maritime mobile [indl. submarinas)
164 kHz BT service
19.95-20.05 kHz frequency standards

HE RADIO
REQUENCY
SPECTRUM

from DC to 30 GHz in 4 pages

Life without wireless communications is almost
unthinkable in the modern world. These days
virtually everybody makes use of some type of
transmitter or receiver: GSMs, broadcast radio
and TV, WLAN, Bluetooth, and so on. And there
is still a lot more happening in the radio
spectrum. In this article we show what else can
be found in ‘the ether’.

30kHz
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REMOTE THERMOMETER

Cyri| Jouanjan

With the aid of a PC and intelligent temperature sensors it is very easy

and quick to assemble a professional temperature data-logger. Using e-

mail, up to four temperatures can be monitored from a distance. The

sensors are simply connected fo the PC parallel port.

In this article we describe a system
that measures and records tempera-
tures. The heart of the system is a
Visual Basic program. This software
reads the temperature sensors, which
are part number D51621 from Dallas
Semiconductor. Up to four sensors can
be connected. The measurement acou-
racy i5 0.5 °C and the interval betwesn
EICOES5IVe measurements 15 2 sec-
onds, 10 seconds or 1 minute,

The program can display the measured
values either as & graph or simply as
text. A chart with the most rocent 80

30

measurements is availabls and another
chart showing the most recent weeh
The latter allows 2ooming in to a reso-
lution of one hour. In addition it is pos-
sible to store the results in separate
files for later mampulation in, for exam-
pla, a spreadshest.

A novelty of this program is the option
of sending email waming messages
via the netwerk to which the PC is con-
nectad. This requires only an SMTP
mailserver. The messages contain the
date and time and the recipient can
simply view them as any other email,

Up to three recipients can be entered.
Furthermare, it is also possible to check
emotely, or even when gbsent, whether
& partcular alarm hag accurred and at
what date and time. Thiz could be usad
to monitor the temperature of an air-
conditioning system, or for exampls, the
temperature in a computer room or
boiler house. The maximum period that
can be recorded iz one wesalke

Each sensor has two alarms that can
be set. They are triggered when a
thresheld has beon exceeded. In this
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PC data logger with
email alerting

FOR THE PC

way the alarm can be raised when-
evar, for example, the temperature
exceeds 256 and 30° C. For each event a
separale message can be sent. An
upper- and lower-limit or two lower-
limits ame also possible. A hysteresis of
2 °C prevents (many) pointless mes-
sages when the temperature hovers
around the alarm threshold. This cir-
cuit allows a cheap warming system to
be built. An old PC with a 200 MHz or
=0 processor and network card is eas-
ily sufficient.

Circuiis

The sensors are connected using the
familiar 1°C bus (Figure 1). The sensor
boards themselves are effectively con-
nected in series, where in sach case
the output from one sensor 18 con-
nected to the input of the next one. The
last sensor — which is, of course, the
first one if only one sensor is used —is
connected to the PC. In Figure 1 this is
indiceted with the symbaol /). Inoiden-
tally, the software also supports an
internal 1SA 12C interface card.

Figure 2 shows the schematic of a
suitahle interface for the parallsl port
of a PC. The dasign has been derived
from an application note from Philips
and actually consists of only a single
1C. The 74L805, a hex inverter with
open-collector outputs, is used as a
buffer. In addition, a couple of pull-up
resistors are recquired, a 25-way sub-D
cannector (male) and an BJ11 socket.
That's all,

Sensor connections

The sensor used here, the DS1621,
alreardy contains practically all the nee-
assary components. The IC also con-
tains & buiit-in thermostat, but that
functionality 1s not used in this project.
The accuracy of the DS1621 is of the
order of 0.5 °C without the need for any
special calibration. The measuring
range spans from -55°C Lo +125 °C
and the conversion time is 1 second.

Az well as the IC itself, three addi-
tional resistors are required, which are
necessary for setting the address (refor
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Figure 3). In this way, conflicts on the
T bus are prevented. The sensors are
identified using a 7-bit address, threa
of which are programmahle by the user
itypical for an 1°C address) plus one
made bit.

The address lies between 144
(A2/A1/AO all logic zera) and 158
(AZFAY/AD all logic one) in steps of 2
and is programmed using jumpars. The
value that has been set nesds to be
enterad into the Visual Basic program.

The DS1621 is connectad to the 1°C bus
through the wires SDA, SCL and GND.
The power supply is derved from the
PC. The 100-nF capacitor provides
decoupling of this power supply voltage,

Construction

The circuits are not very involved and
am easily built on a small piece of pro-
totyping board. Of course, if you are
familiar with a PCH layout package

max 4 sensors
sensar sonsar 2
DE1621 DS1E21

| L

PCeard

T

FC bits (3 wirea) + supply

Figure 1. The wnsors dre connected via the PC-bus.
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Figure 2. One small IC and a few resistors moke a complete interfoce.
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then it is aiso quite easy to design a
PCE yourssll

‘The final result is very compact. In the

prototype, the pull-down resistors are

SMD versions. They are very easy to.

solder directly to the PCB traces.

The sensors are connected to each
other using cables fitted with RJ11
phags. The maximum length of the bus
that is allowed depends on the number
of DS1621 circuits and is determined
by the capacitive load on the [2C bus
(400 pF maximum). In practice, the
author, using two sensors, obtained a
maximum length of 7 m. If necessary,
this length can be increased using hus
extenders like the B2B715 from Philips.

Software

Now let's take a close look at the soft-
ware. When you start the program for
the very first time it will initialise with
the default configuration. You can sub-
sequently modify the configuration by
selecting the menu General Configura-
tion from the main program window
(Figure 4). The conesponding window
will appear (Figure 8). In this window,
all the paramsters related to the tem-
parature  measurements. can  be
adjusted. At PC Bus you select the type
of PC interface used, The option I20.ini
instructs the program to obtain the
configuration information from an
external file with the name 120 ini. This
file has to be in the Windows folder. In
this file, under the section [12C Card],
you can enter the bese address (hexa-
decimal) of the IC interface card
(defanlt value is 0x300). Under the seg-
tion [I12C Para| there should be the
hexadecimal address of the parallel
port {usually Ox378 for LPT1).

The paramsters for the four sensors
can also be entered in the screen of

Figure 5. All the parametars for one

sensor are next to each other, Under-
neath the decimal address of the sen-
sorig a text field that can hold the
name of the semsor. For example cool-
ingl, cooting2.

By selecting Yes under Acquisition the
actual measuring commences. If sub-
sequently Yes under Record in file is
selected, the measuring results are
saved in a text file (file opnl.txt
through file_opnd.txt).

Activating the alarms is done in much
the same manner If Yes is selected
under Alert high, the alarm is raised
when the corresponding wvalue is
excesded (otherwize when it drops
bealow this value). You can enter in the
remaining text box the message that
needs to be sent via email.

‘ o O B
[ 2
£
=
LT
K2
i FC o
i
]
F
=
koo - 13 By
Figure 3. Jumpers select the address of the sensor.
Table 1. Addressing .
; Address | Address | Address | Reod/
Static gart 2 1 0 Write
i 0 0 1 AZ Al A RN
B 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Finally, you can enter at the bottom the comesponding name is shown ona

how often the temperature from the
sensors needs to be polled (acquisi-
tion period).

Viewing the resulis

Aftar you have entered the address
and name of the sensor and activated
the acquisition, click OK and you will
return to the main window (Figure 4).
This window is updated at the same
rate as the acquisition period entered
earlier. If the sensor has been detected,

flashing green background, with the
temperature shown on its right. If the
sensor does not mply or if the address
entered is nolt comect, its name
appears with a solid red background,
In the same manner, the software indi-
cates with a green colour whether
communication on the 120-bus is cor-
ect (I2C OK),

Two graphs show the lemperature
variation{s). The first graph containg
the most recent 60 measuremants ver-
sus time. This display offers a quick

Figure 4. The main program window gives a good averview of the temperature

history:
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WAILKING BUG

A robot with servo-powered legs e

A. Vreugdenhil

Making a robot walk instead of

drive around on wheels can be a
daunting task. The author of this
Walking Bug came up with a

remarkably simple solution.

34

elektor elerimnics - 272005



Although our obot doss not stand
upright on two legs, it can actually
walk using just two servos and & min-
imum amount of electronics. The
power of the design is, of course, found
in the combination of these two ele-
ments. The servos make the ‘natural’
movement needed here: just back and
forth. As an advantage over other actu-
ators, they can be directly driven by a
microcontrolier, which saves us a lot of
driver and interfacing electronics, sea
Figure 1.

The mechanical construction of the
Walking Bug is also relatively simple,
the legs’ being secured directly to the
servo spindles.

Servos

A servo is basically an electric motor
with-a gear assembly driven via an
internal positional detection cirouit.
Besides the supply voltage, the servo
needs a drive signal that serves to
indicate the desired position. Conse-
gquently the servo monitors, changes
and maintains its spindles position
all by itseli. As long as the drive sig-
nal remains the same, the servo
spindle will not turn — the spindle
will only turn il the drive signal
changes,

The drive signal consists of square-
wave pulses with a swing of
5 volts. The period of the pulses is
constant, while thair width
determines the spindle posi-
tion. The zero position of the
servo spindle corresponds to
a pulsewidth of about 1.5 ms.
Depending on the desired
amount of rotation, the pulses are
made shorter or longer, however a
constant period of 20 ms has to he
maintained.

Software

Our purpose is to make the robot put
onge leg in front of the other so as to
make the creature ‘walk’. Considering
how a servo needs to be drven, imple-
menting this movement may look like
a complex task for a microcontroller to
handie. Fortunately, it could be done
without too many problems thanks to
the programming language used by
the author. BASCOM-AVR comprises a
apecial routine for driving servos. It
accepts a value, supplied in the form of
a parameter, which directly determings
the spindle position. This routine
relisvies us of the task of having to cre-
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Figure 1. The microprocessor exercises direct control over the servos.

ate the PWM pulse shape and timing
Tequired for servo drving,

All' we need to do is program the
actual ‘walking® of the robot creature.
This has been achieved as {ollows in
the program. In the main loop, subrou-
tine 'Step 1' is. jumped 1o every
100 ms. In this routing, the micro
counts from 1 to 12, the valuas corre-
sponding to the 12 positions a servo
spindle tums to when one ‘real’ step
is mare. Elsewhsre in the program
you'll find a table allowing the micro
to look up a wvalue to be read and
copied to the servo subroutine at the
current state of the stap.

That concludes the operation of one
sarvo. However, the other servo needs
to work ‘in step’ to enahble the creature
to actually move forwards (and back-
wards). A co-ordinated wallking move-
metit has been achieved by making
one leg precede the other by an angle
of between 45 and 60 degrees. In the
software, this has been implemented
by adding a fixed amount to a current
servo position, and reading the value
for the result in the lookup table. In this
way, the servos follow each other's
movement by a fized difference.

Backwards

You may have seen an the photographs
that our Walking Bug has two ‘anten-
nae’. Two still wires are secured to
micreswitch levers, allowing the micra-
controller to detect if the Bug has un
into an chstacle.

If that is the case, the program
branches out of the main loop into a
subroutine ‘Back’ causing the robot Lo

walk backwards for a while. The ‘Back’
subroutine simply calls 'Stepl’ but this
time with the varable ‘Sense’ set. With
the 'Sense’ flag set, the 12-position
counter counts down causing the mhot
to walk backwards. The actual direc-
tion is determined by the microswitch
that was first closed by the ohstacla.
At the start of the main loop, befome the
jump to Back', the varable ‘Direction’ is
set; "1' meaning to'the left and '2', to
the right. Sing this variable an extra
difference is created betwesn the
SETV0 positions.

Hardware

As you may have guessed from the
software description, the hardware is
‘modest’ by all standards. An Atmel
microcontroller type AT9052313 is the
‘hrains' of the little robot, directly con-
trolling the servo via port pins PDO
and PD6. PD1 and PD6 drive two
LEDs that light alternately when the
robot is walking straight on, or indi-
cate it is walking backwards to the
‘left’ or ‘right’.

51 and 52 are microswitches secursd
to the twa antennas — when actusted,
the micro knows that an obstacle is in
the way.

The bug is powerad by four batteries
or rechargeable cells — vollage stabil-
Isation 1s not reguired.

Construction

On the printed circuit board designed
for the Walking Bug (Figure 2) you
first mount the passive parts, that is,
the resistors, capacitors, Ceramic 18s-
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Figure 2. The 'broins’ of the Walking Bug

COMPONENTS LIST

Resistars:
Rl = 10k02
R2.R3 = k025

Caopacitors:
C1,C3.C4 = 100nF
C2 = 10uF 14V radial

Semiconductars:
D1, D? = LED, low-current, 3mm
ST = ATRO52313-10/M

anator, connectors and microswitches.
Next, continue by fitting the LEDs and
the microcontroller (preferably in an
1T socket).

Wa recommend first checking the
electronics for proper operation, This
is simply done by connecting up the
battery and the servos. If the servo
discs move up and down and the
movemant changes when the
microswitches are actuated you can
safaly assume that the circuitty works
a5 it should, and you are ready to
asgemble the Walking Bug.

The backbone of the creature is formed
by a strip of metal bent as illustrated

Miscellonsows:

%1 = 4MHz ceramic resonalor

K2 = Swoy S pinheader

K3,K4 = 3-way Sl pinheadar

a1, 52 = miniohure microswitch, |e.q.,
MBFSB, Conrad Elecironics #
F04571)

2 sarvos

2 battery holders for 2 AAA battaries

PCB, raf. 04007 1-1 from
www.thepehihop com

Disc, source & hex-cade files, arder coda

040071-11

in Figure 3 (example). The PCB is
secured at the front using an M3 bolt
and nut. Do not forget to insert a PCE
spacet, else the copper tracks at the
PCB underside are in danger of touch-
ing the metal stdp. Immediately
behind the first bend in the metal strip
& hole is drlled to accommodate the
on/fof switch. Thie switch iz inserted
between the battery pack and the sup-
ply connector on the board.

Next, secure Lhe 'legs’ to the servo
spindles. To prevent the robot sagging
through its own weight, its legs should
be cut from solid mstal (steesl) wim, for
example, 2-mm thick spokes for bicycle

} i ;
Figure 3. Showing how the various parts ore secured lo the metal backbone
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wheels. Most servos have a disc with
holes secured on to the spindle. Thess
holes can be used for the legs, too, by
bending the matal wire into a U shape,
where the length of the lower side of
the U equals the distance between the
holes. This allows the wire to ba
passed down and up through two
holes. Next, the end iz bent back at the
underside of the disc, clamping the
wire in place. At some distance from
the servo, again bend the two ends
away from the servo at an angle of
about 90 degroes. The correct position
of the disc (with the legs secured onit)
to the servo spindle may have to be
established hy trial and error,

The servos and battery holder may he
secured using tis wraps, although this
makes exchanging the batteries a bit
difficult. Alternatively, glus the battery
holders to the servos. A less perma-
nent option 1s to use rubber bands or
Veloro.

Your own
experiments

This design is ideally suited to further
expenmentation, not just with the
mechanical construction, but also with
all parameters used in the software
control. For example, if yvou demde to
use different legs and adapt the values
in the tables, or the difference values,
the Walking Bug will continue to work,
at least in principle, sometimes botter,
sometimes with a funny gait! Your aim
should be to find the best interaction
between software and hardware.

The PCB contains an ISP (in-system
programming) connector, K2, which
allows you to reprogram your robot
using BASCOM-AVR (see link at the
and of this article). The wirng of the
ISP cable (including three resistors) is
summarized in Table 1. In BASCOM
AVR, zelect ‘sample alectronics pro-
grammer’

Web link

BASCOM-AVR: www.messlec.com

Table 1. Programming cable details

printer port K2 function
23300 | 4 | MOSI |
_di\-ia 330 ?li_ 1 T
5 vio 230 3 sCK
¥ 2 MISO
18 | s | GND
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Iefecfor for

As we all know, checkout gates in highstreet stores will
faithfully sound an alarm if you walk out with an item not
‘cleared” by checkout staff, i.e., paid for. This article describes
a sensitive detector that will equally faithfully produce a sound
in response to pulses picked up from an 13.56 MHz RFID tag

transmitter, be it large or small, ‘portal’ or ‘portable’.

a8 elekior ehaciomics - 177005




13.56 MHZz

ANT 4

The system of passive RFID recogni-
tion has been in use [or decades
already mainly in large department
and fashion stores like C8A. Tradition-
ally, these systems work at frequen-
cies designated for ISM (industrnal,
scientific, medical) use.

Many different frequencies have been
adopted since the early 1980's. The
system is extremely simple and has
proved quite effective in stopping
shoplifters. All clothes and other items
for sale in the shop ame ‘tagged’ with
g difficult to remove, mass-produced

172005 - eleidier elechonio

BCSSTC

hence low-cost plastic ‘disc’ contain-
ing no more than a resonant circuit
tuned to any one of many available
EAS frequencies. These are generally
in the bands 1.86-28 MHz, 744
8.70 MH=, 7.30-8.70 MHz but many
other frequencies may be used
depending on application, permission
and country, Once your purchases
have been paid for, checkout staff will
remove the tag(s). Nothing will hap-
pen i you then carry your shopping
bag through an RFID checkout gate.
The ABS or glass gate contains a large
antenna coupled to a guite powariul

Figure 1. At the heart of the circuit we see the NE615 manolithic receiver,/detector IC

pulse transmitter working at an EAS
frequency. If the passive tag is still
present in your bag, it will resonata in
response to the transmitter's pulsse
and draw a tiny amount of energy
from it, the coupling being mostly
through the magnetic (H) rather than
the electrical component (E). The
pulse ringing, resonance, energy with-
drawal or indeed any other distur-
bance of the magnetic field created by
tha TX power 18 faithfully detected
and an alarm is sounded. Time to open
your bag at the request of 'Secunty’ or
the shop manager.
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sion of the IC is also shown

The SAG15, says Philips, is a high per-
formance monolithic low-power FM IF
system incorporating a mixer/oscilla-
tor, twao limiting intermediate fre-
quency amplifiers, a quadrature detec-
tor, muting, Ingarthmic received signal
strength indicator (RS51) and voltage
regulator. If the type code sounds
vaguely familiar we bet that's due to
the '615 combining the functions of the
famous NE/SAB02/612 double-bai-
anced mixer and the NE/SAGDS
demodulator chip. As comparad with
the NE/SAGDS the NE/SAGTS features,
among other plus points, a8 higher
mixar input intercept point and higher
IF bandwidth (26 MHz).

The NE/SAGDS and NE/SAG15 am func-
tionally identical but the '6G15 has
impraved specifications In  some
raspects (see SAG1S datasheet).

The RFID transmitter signal is picked
up by a closed loop antenna mads from
PCEB tracks. Together with tuning
capacitors C1 and C2 we're looking at
a miniature magmetic loop antenna.
The balanced antenna signal is
applied straight away to the mixer
inside the NE/SAG615. The oscillator
imput of the mixer (refer to Figure 2)
receives an 8-MHz signal obtained
from cuart® crystal X1. The difference
frequency obtained from the mixer is
13,66 - B = 5.56 MHz, which is taken
through a 5.5 MHz ceramie filter (nor-
mally used for TV sound subcarrier
systems), The filter's bandwidth of
about 300 kHz is sufficient to receive
signals between about 13.350 MHz
and 13.650 MHz, which nicely covers
our target frequancy of 13.660 MH=z.
The output signal of the IF amplifier
ingide the NE/SAG15 (pin 16) is applied
to another 5.5 MHz ceramic filter, FLZ,
for additional suppression of unwanted
mixer products. The limiter inside the
SA/NEGLS (input: pin 14) also amplifies
the IF signal. Referring back to Fig-
ure 2, bath filtered amplifier signals am
applied to the RSSI circuit which
serves to tell us the signal strength of
the RFID transmilter.

The R3S output (pin 7) supplies & our-
rent between 0 and 80 pA as a meas-
ure of the received signal strength. The
elationship is logarthmic allowing
large signals to be measured too. This
allows us to equip our detector with
two activity outputs: & LED, D1 and &
buzzer for far away and nearby RFID
transmitters respectively.

The demodulator in the NE/SAB1S is
simply not required so we need not
waste any words or even external
parts on it
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Figure 5. Top side of the board with all the parts fitted. Nate the wire link
connecting the stripline antenna te C2//C1.

The detector’s trigger level can be set
to personal requirsments uging preset
P1. In practice, it should be sat to max-
imum senmstivity, Le., the LED shouid
just not come on when you're sure thes
ism't an active RFID TX for miles around.
None the less, powerful SW stations ar
man-made noise around 13.5 MHz may
cause the LED to light occasionally. The
adjustabie threshold also allows a lower
battery voltage (after several howr's of
use) o be compansated.

The receiver has a simple power sup-
ply consisting mainly of a low-drop
reguiator LP2951 whose low-battery
indicator signal is used to light an LED
when the battery voltage dropa below
about 6 V.

The current consumption of the
receiver in standby (non-activated)
state is about B mA from the 9-volt FP3
battery.

Construction

The eceiver is built an the printed cir-
cuit board shown in Figure 3. The
board is single-sided and no problems
are expected in the construction
department as only regular-size com-
ponents are used at the ‘top’ side and a
fewr SMD caps at the solder side. Also,
there are no inductors to wind!

The SMD capacitors at the solder side
of the board have to be ftted first. The
positiva aspect of their small size is
their extremely effective decoupling
abilities while also allowing the board
size o be kept to & minimum. The
SMDs may be sean in the photo of the
solder side of the board, Figure 4. The
top side of the board with all the com-
ponsnts fitted appears in Figure b,
Cuite satisfied with the results
obtained we plan to apply ‘SMD caps
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l T1, T2 = BF945, BFEES

Figure 1. Circuit diagram of the two-stage preamplifier for VHF FM receivers.

15 feet. Using this setup he is able to
receive FM stations as Tar off as
B0 km.

Circuit description

In the design we're about to describe
you'll find the following important
paramoters coupled: low noise figure
(approx. 1 dB); high gain (up to 40 dB)
and low susceptibility to intermoduia-
tion products. Yet the amplifier is inex-
pensive and easy to build.

The circuit diagram in Figure 1 reveals
the secret: dual-gate MOSFET: in posi-
tions T1 and T2. The first of these, T1, 15
configured mainly for low noise and
antenna matching and the sscond, T2,
for high gain: Unusually, the antenna
signal is applied to T1 via its source (5)
terminal, which is convenient because
unlike one of the gates (G1 and G2) it

29005 - ebekiuur

already represents a fairly low imped-
ance, None the less, for impedance
matching with the 50 {) coax cable a
tap needs to be used on wned filter
L1/C2.

For VHF and UHF amplifiers, DG-MOS-
FETs mpmsent & good alternative to
cheap but noisy bipolar transistors and
very expensive and difficult 1o get Ga-
As FETs.

The gain of the second DG-MOSFET in
the circuit is adjustable using preset
P1 which varies the bias voltage to
T2's G2 terminal — this is the classic
way of controlling the gain of a DG-
MOSFET and it still works very well.
Such a contrel is inchuded in the design
to allow you to get the exact amount of
gain recuired for your particular appli-
gation. For example, if you live near a
powerful VHF FM or TV brocadcast
transmitter then you'll find that & lot of
gain produces cross-modulation and

New horizons in
3-metre band DXing

othar unwanted effects like coupled
ozrillation and 'birdies' within the FM
band,

For stability the supply voltage is
decoupled st several locations by elec-
trolytic and ceramic capacitors for the
lowr and high frequencies respectively.
To enable it to be mounted as close as
possible to the antenna, the amplifier
is powered via the download coax
cahle, i.e., over coax connactors con-
nected to K2 and K3. In the supply, the
RF signal 15 taken off the coax core hy
capacitor C19,

The supply voltage is adjustable to
some extent with pot P2, which will
also allow a degres of gain control. The
current through ‘power on' LED D2
should be about 10 mA. If a low-cur-
rent LED iz used, then B8 has to be
increased accordingly. With electrical
safety in mind we strongly suggest the
use of a8 mains adapter with 12 VOO
output. Depending on the gain set and
the DG-MOSFETS used the circuit will
consume about 50 mA so a 100-mA ar
slightly more powerful adapter will be
fine in most cases.

Construction

The amplifier is built on the single-
sided printed circuit board shown in
Figure 2. The inductors in the design
are all very simple to make, see the
parts list for construction details. L1,
L2 and L3, are wound on a 4. 5-mm dia.
drll or pencil. L1 then needs to be
stretched to & length of about 10 mm.
Yevu'll find that a relatively large resis-
tor is needed to wind choke L4 on —
we uzed a 0.5-watt carbon-film resis-
tor from the junkbox (metal film resis-
tors seem to have taken over com-
pletely). The value 1 ML is uncritical,
what we're after is ‘a lot' of carbon for
the core so B20 k or 1.2 M wall do just
as well,

The DG-MOSFETs are not only sensi-
tive to static discharges but also easy
to fit the wrong way around. The non-
SMD versions require 5-mm holes t be
drilled in the FCB. Make absolutely
sure you know each MOSFET's final
orientation on the hoard before solder-
ing it in place — check, think hard and

a7









Butterfly Dipole

Rolf Badenhausen

SCREEMSHOT GEHERATED BY RAMGER-CAD SYSTEM V1.19 (EXTENDED)
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Project : DVE-T Antenna E09-005. 1
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Digital terrestrial television (DVB-T) is now available in many
parts of the country. Of course, you need a DVB-T receiver
and a (new) UHF TV antenna. If you don't have a suitable
antenna, the small indoor DIY alternative described here is a

simple and economical solution.
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Figure 3. Matching using a
transformer with a single winding

shows, a ceramic coupling capacitor
1 is fitted. This ensures that any DC
lewel on the antenna input of the DVE
T receiver is not shorted to ground
Ganerally, receivers provide a 5V sup-
ply for an optional active antenna or for
a separate antenna amplifier

Consfruclion

The whole butterfly dipole antenna
assembly, including transformer and
coupling capacitor, is only the thick-

Figure 4. Proctical construction using a
4 o
f.mllllirr [ully 'I'L'.\.'l":"d i'l._."l'.'r

ness of a ballpoint pen. It can be con

structed on a single-sided piece of
1.5 mm thick epoxy resin printed cir-
ciit board. The mounting plan is
shown in Figure 6, and the layout, as
always, is available for free down

loading from www.elektor-electron-
ics.couk

It would also be possible to construct
the unit using thin sheets of zing, cop-
per or brass on an insulating substrate
made of wood or Perspex. Figure 7
shows an example constructed on a

HORIZONTAL

VERTICAL

-
n
]

I
‘
T
1§

P
l ey TH
l “ ourput

>

100p
EFRAM
cr2
(Cicrounn
[T TR

Figure 5. Antenna with transformer
and coupling copacitor,

thin curved piece of wood. The trans-
former and coupling capacitor are
mounted on the back, along with the
connections for the 75 {1 cahle to the
antenna connector

Television transmitter antennas may
be vertically or honzontally polarised,
hence the dipole must be orented
accordingly. As always with indoor
antennas, especially in the UHF range,
some experimentation will be recuired
to find the optimal position to minimise
the effect of reflections. In general,

i ~ g o= s ‘ , :
Figure . Component side of the printed circuit board (reduced). Copper frock layout available for download from our website.
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however, the antenna cannot make up
for poor reception, for example on the
ground floor of & building.

Use of an antenna amplifier seems not
to be recommended. Reports on Inter-
net forums suggest that signals from
other frequency bands of the electro-
magnetic spectrum, which may also be
picked up and amplified by an active
antenna, can cause problems. If noise
spikes exceed the (rather low) Input
threshold level of the DVB-T receiver,
then even the complex demodulation
processing in the receiver will not be
able to prevent distortion to picture or
gound. This can also cccur when an
antenna amplifier is overdriven in an
area of high signal strength.

Since the butterfly antenna described
hers includes a 75 £ transformer, any

Comparison of indoor antennas

Of course, many manufacturers of television occessories have turned their offention fo the DVBT markst, For exomple,

Hama make an indsor antenna called
the ‘Butterfly’ whose geomefry is
rather similar ta that of the butterfly
dipole. The propartions (Figure 8]
are suggeslive of the cross-section of o
biconical antenna [2], The patch
“design by Hama, on the other hand,
is reminiscent of a strip dipole. Given
its physical length of about 40 cm, it
will hove a resononce, and therefore
be most sensilive, at around

350 MHz. This Iies in neither the VHF
nor the UHF bond, but between the
two.

Combined VHF and UHF indoor
antennas are generally something of a
compromise. Nevertheless, Thomson
has chosen a different, but no less -
interesling, variafion: the ANTD200
(Figure 9) is a two-bond anlenna
whose small internal dimensions are
clearly designed for the middle of the
UHF band; although too small for the
VHF band, the circuilry is designed 1o
compensote by slecirically |englhemng
the dipole by o set amount. The geo-
lmalri:_:u| dimensions of ﬂ}e-.dipﬂ!e are
more favourable for UHF DYB-T recep-
tion: overall, a sensible approach.
This principle also applies to the but
terfly antenno descri hera with its
nearequilateral irangle dipole gmme—
try. The selkinductance of

former effectively lengthens 1he d:pn{e
halves at frequencies below the UHF
band, which improves reception in
VHF bnnd 3:

1/2005 - aheictor elactranin

ordinary cheap commercially-availahle
antenna booster can be used if signal
amplification is really reguired, for
example, if the set-top box or receiver
is located at a relatively Iong distance
from the antenna.

0aEnLY

[I] igital Television;
r Electronics, Saptember 1995,

For theoretical foundations ond a good

source of rferences:

Kraus, John D.

Antennas

MeGraw Hill Book Company, 1950.

Figure 7. The author’s protolype

anlenno.

Figure 9. Thomson
ANTD200 patch antenna
with 18 n’ﬂ gain (source:
Thomson).
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Figure 1. Schematic of o simple omplifier stoge

Part 1: PCB design basics

Karal Walraven

What do most electronics engineers enjoy a
lot2 Designing printed circuit boards, of
course!l In an irregular series of articles we
would like to familiarise you with this subject.
We start as simple as possible and it will
become more difficult as we progress.
Feedback and requests to cover certain topics
are encouraged and welcomed!

When you're just designing a
small PCB, it ofien is nat thet
important where the octual
components are  ploced,
Howevar, there are a few
rules of thumb that, when fol-
lowed, quickly and easily
result in o much batter PCB,
Betier in this conlext means
lower noise in the desired
aulput signal and less interler-
ence with other equipmant,
The last senténce means,
transioted into practice: “your
amplifier provides a better
sound, makes no additional
noises when the fridge lurns
o and does not inlerfere
with your mobile phone”.

The FD!Eering statement is per-
haps surprising, but is actually
true: "The oplimum position of
a componant on a PCB is for
nearly 100% determined by its
function in the schematic dia-
grom.” That meons you cannel
avoid thinking about the func-
tion of each um_‘t EVEry compo
nenl in the circuik.

Example

We use an amplifier stage as
an example. What are the dif-
ferent functionalities that can
be distinguished?

In Figure 1, C5 is o decou-
pling copocitor, which decow

TR fmm pmmme g g e b
Dl S EHAressl QR TS5
&AL -

b

=

Frgure £

PeEw imem

i H =

Make short connections that oceupy the smalled possibls area

This is donia the easiest with SMD {b) components

ples the power supply
voltage. The currant drown
by IC1 will change during
operation and C5 ensueres thal
the peak current demand can
be delivered.

C1 is a decoupling copocitor
os well, but in this case i
serves the purpose of prevent-
ing any hum and interference
from the power supply fram
reaching the signal.

C3 is o decoupling capacitor
too, but this time not for the
power supply vollage, but lor
the signal instead. |ts funcfion
is lo ensure thot the inverling
inpul of IC1 is connected 1o
ground, via R4, for AC voli

Rule 1: Decoupling compo-
nenfs must be ploced as closs
as is pracficable fo the nodes
thot need to be doecoupled,

long fraces hove a higher
impedonce = resistance for
high frequencies) aond o: o
consequence the decoupling
will not work as well. The
higher the frequency, the mare
impaortant it becames to keep
the troces shorl. Pay close
attentionl To clorify this a lile
more, toke o look al Fig-
ure 2a. The hoces fowards

and away always farm a loop
[olso when one side of the
component is connecled 1o
ground). In the figure we havs
shaded the area between the
traces for clarity. We connot
overamphosise tho! it is very
important lo ploce the froces in
such @ way thaol the shaded
area iz as small as is possible.
If you have to choose batween
long tracks with o smaller
enclosed aren or shorler fraces
with larger enclosed area, then
choose the loyoul with the
smallest area®. Why that is so
we will explain ot a laler time.
It is a litle oo advanced for
the present discussion.

C12 ond C4 are capacitors in
the signal paih. In this case it
is also true that short troces
and smaoll area provide lass
opporiunity fo pick up frouble
or couse hrouble. We repeot
the above ance maore because
it is vary impartant that you

think about this

How does a signal connection
have an area? In Figure 3
you can see that the signal
does not only go fowards the
capacitor, bul olso hos a relum
path via ground| The ground
trace has a certain length as
welll Signal path and ground

elektor ertronits - 277005



Figure 3. The aren of the sigrial conns

L)

: r " i i
hion s formed by fhe signal potn

towards and aoway from the component

path together form a loopl This
should notl come as o surprise
ta you. Your very first acquain-
fance with electronics probably
invalved o small lamp and o
batlery, And when did the
lomp light up? Jusi when the
loop is closed... So, pay close
attention o Rule 11

We con make o few oddi-
tional comments with regards
to the signal path. The older
youths among us, those who
grew up with record p|{:y&!5
and volves, will remember
how easy it wos io lest an
amplifier lrom doys gone by,
A tinger in the vicinity of the
input was encugh o generale
a loud hum from the speaker
This worked so well becouse
the input 1o a valve amplifier
is high impedance. High
impedance connections pick
up interference much easier,
.r1'~|wr.1j.rs Iry o make an eshi-
mate af how high the imped
ance of o node is and pay
exlra altention to make sure
that the connection is as shorl
as possible and - if possible -
run a parallel troce connectad

to ground as a shield |= keep
ing the area small*)

Rule 2 s therefore: Keep
high-impedanice connections
shorter than low-impedonce
ones

Ré ensures that the outpul of
the circuit in the idle siate is
exactly zero. This prevents spu-
rious noises from the loud-
speoker when the amplifier is
switched on or off.

R1 and R2 provide for the cor-
rect DC bios of the nominvert
ing inpul of the apamp. This
node is decoupled with capac
itar C and is therelore nof that
critical. After all, the copacitar
creatas a low-impedance con-
nection for interference sig
nals, making the entire nek
wark less sensitive. The resis-
tors may be ploced a litle
furthes Wiy from the Qpamp,
provided the decoupling
capacitor is placed as close o
the cpamp as possible.

R4 together with RS determins
the omplification. The fnput of
the apamp is the node with the
highes! impedance, the outpul

B e )
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Figure 4, The components are first p

is much lower impedance and
ground is low irrlf.:ﬂdunr.e Qs
well. The input, therefare, must
have the shorfest connection.

Get cracking

We'll now gel lo work, keeFl-
ing the above information in
mind. A litile bit of searching
on the Interne!l will quickly pre-
duce o number quhee demo
versions of nice printed circuil
board loyoul soltware. Al the
end of the arlicle we have
included a few links o get you
staried.

When designing a PCB layou!
you start with the fixed con-
straints. These are the compo-
nents [or size of the PCB) thot
for one reason ar another have
lo be in o fixed location
When o potentiometer hos fo
anlrude thraugh a hole in the
ront panel, you could put it
anywhere an the PCB, bui in
the end il still has fo fit behind
the frant panel, so you may as
well start with that. Otherwise,
any ather work would simply
be a waste of fims

|} ] ]
coed i o CHLIrary iocohon

Follow this by temporarily plac-
ing all the other components
on their most ideal location. it is
all right 1o put them on top of
vach other, this is not yel the
time to make compromises
|Figure 4).

C2 and R3 are as close as
possible to pin 3 of the IC, R4
and RS as close to pin 2 os
possible. You will now notice
that you have to make choices.
R3 can be placed close to
pin 3 or close ta C1. In this
case we always chose the
shortast Irace for the connec-
fion with the highesf imped-
ance. This is, after all, the mast
sensitive paint lor picking up
interferencel C1 is o relatively
low impadaonce to ground, =0
that side of R3 is not thal criti
cal. The impedance on the
other side of R3 is definitely
higher. This connection is mare
sensifive and needs fo be kepl
short. This is also frue for R4
and RS [R5 is connected on
one side o the relatively low
impedance of the opamp out:
put]. That is why it is better lo
make the signal poth at the

* Doublesided PCBs are ideal in this respect. When the traces are ploced one above the ofher, one on each side, the area is minimised.
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gure 3. Cptimal locakon alter opplying all the rules

cutput a litle longer so that the
signal path ot the input is as
short as possibils

Power supply decoupling
copacitor 3 is a litlle on iis
own inthe schemotic, but hos
to be ploced os close as possi-
ble to pins 4 and 7. It is not
impartant if it is closer to either
4 or 7, only the total length
|areal) of the path matters.
It-all of this is becoming oo
much, don’t panict Remember
three things:

—place dec aupling compo-
nents close to the load

—keep high impedarnce
traces as short os possible
moke o star-point far
ground connections **

In general the }-::-”ﬁwhsg
opplies: keep the area of loops
as small as is possible

Wrapping up

Continue by plocing the com
ponents in their final location
[Figure 5). If you are short of

** In o future instalment we will explore the confusing concept of grownd o

space, check if the following
tricks are af any help:

Use SMD components.
These are smaller |ond
therefare better at higher
{r:-:r{uﬁnnl'rzs} thon leoded
componenis and can be
placed on the bottom of the
circuit board, so they do
nof occupy space an the
component side. In

Figure 2b you can see
that with raspec! to the area
an SMD decoupling copaci
tor is absolutely superior 1o
on "ordinary’ decoupling
|2a} capacitor.

Split large eapacitars into
twea smaller copacitors. You
con guile safely placa the
decoupling capacitor with
the larger value a litle fur
ther away because it pro-
vides far the lawer frequen-
cies, Place a small {for
example 10 to 100nF)
copacitor close to the com-
ponent to where the power
supply track runs,

little further. We will also explain the principle of starpoint grounds.

1o o e e A e S iy [m—
lEE @ Hearmsablan®m T30
e N |

Tips

Finally another few fips.
Don't give interference an
opportunity to slip ‘past” the
decoupling components. Fig-

ure & illusirates what we
mean by this.

IFyou are designing o double-
sided PCHB, then it is vsual to
reserve one side os o groynd
plane. This makes the layoul
easier ond works very well
from an electrical parspective,
becouse ground then becomes
a real ground (= reference] as
much as passible. When using

give interference on opporfunify o slip past u'ec:::;'!.r’-

leaded compaonents each con-
naction o ground is then made
autemotically. With SMDs you
will have fo moke o manual
connection with the aid of an
additienol vio [o connection
through the board from the
top- fo the bollom side) which
must be close to the ground
pin of the SMD companent. Il
yau dan’t do this the length of
the ground ftrace could
becomes fon muchl

PCB layout programs:

www.ewbeurape.com/

www.circuitsonline,net/download/cat/4

wwwwi.mecod.com/

wwwafranklin-industries.com/Eagle/starteagle.html

www.orcad.com/downleads/arcadlite 10/default.asp

wwwtech5.nl/products/eda/pcblayout

wwwiibfriedrich.com/english/engl vordewnload.htm

www.vego.nl/14/midden.htm

http:/ /tinycad.sourceforge.net/

www.boas.nl/
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Quasar Electronics Limited
PO Box 6835, Bishops Stortfard,

Tel: 0870 246 1826
Fax: DETO0 460 1045

E-mail: sales@quasarelectronics.com

MAIL ORDER OHLY.

Add £2.95 PEP to all UK orders or 15t Class Recorded - £4.55,
Mext Day (insured £250) - E7.95, Evope - £5.95, Rest of Warld - 0985
&rﬂ-ﬂrnnim for reduced price UK Postage).

accepl all major creditfdebit cards. Make cheques/PO's ble
to Quasar Electronkcs. Prices include 17.5% VAT, i
Cali now for our FREE CATALDGUE with detaifs of over 200 kits,
projects, modules and publications. Discounts for bulk guantities.
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CREDIT CARD
SALES

Motor Drivers/Controllers

Here are just a few of our contraller and
driver modules for AC, DG, unipotanblpolar
stepper motors and servoe molors, See
website for full detalls.

Controllers & Loggers

Here are just a few of the coantroller and
data acquisition and control unils we have.
Sea websile for full detals. Suilable PSU
for all units; Order Code PSU445 £8.95

NEW! Bidirectional DC Molar Contraller
Cantrols the speed of
maost commaon DG
motors (rated up to

| 32VDCISA) in both
the forward and re-
verse direction, The
range of control is from fully OFF to fully ON
in bath direclions. The direction and spead
are conlrolied using a single potentiometer,
Screw terminal blogk for connections.

Kit Order Code: 3166KT - £14.98
Assembled Order Code: AS3166 - E24,56

DC Motor Speed Controller (SA/100V)
Caontrol the speed of
almost any commaon
DG motor rated up to
100VIBA, Pulse width
il modulation output for
maximum motor forgue
at all u-pe&da Supply: S-15VDC. Box sup-
plied. Dimensions {mm}: B0WX100LxG0H.
Kit Order Code: 3067KT - £12,96
Aszembled Order Code: AS3067 - E16.88

NEW! PC / Standalone Unipﬂlaf
Stepper Motor Driver
Drives any 5, 6 or 8-lead
unipatar slappnr maotor
rated up to 6 Amps max. ST

Provides speed and direc-

fion control. Operates in HancHI‘nnpe or F‘l}
controlied mode. Up to st 3179 driver boards
can be connected to a single paraliel port.
Supply: 8V DC. PCB: 80x50mm.

Kit Order Coda: 3179KT - £9.96

Assembled Order Code: AS3179 - £16.86
Assembled Order Code: AS3112 - £24.86

NEW! Bi-Polar Stepper Mator Driver
Drive any bi-polar stepper 4
maotor using extemnally sup-
plied 5V levels for stepping
and direction control. These
usually come from software
running on a8 computer. T
Supply: 8-30V DC. PCB: 7T5x85mm.

Kit Order Code: 3158KT - £12.96
Assembled Order Code: AS3158 - £26.86

Most items are available in kit farm (KT suffix)
or assembled and ready for usa (AS prafix).

Rolling Code 4-Channel UHF Remaole
State-of-the-Arl. High security. 1
4 channels. Mormentary or L
latching relay output. Range
up to 40m. Upio 15 Tx's can
be leamnt by one Rx (kil in-
cludes one Tx but more avail-
able separately). 4 indicator LED ‘s, Rx: PCB
TTeBSmm, 12V0DC/EmA (standby). Two and
Ten channel versions also availabls.

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

Computer Temperature Data Logger
4-channel lemperature log-
.+ ger for serial port. °C or °F.
. Conlinuously logs up to 4
;-“'- separate sansors located
.G 200m+ from board. Wide
== range of free software appli-
cations for storingfusing data. PCB just
36x38rnm. Powered by PC. Includes one
051820 =ensor and four header cables.
Kit Order Code: 3145KT - £19.96
Assembled Order Code: AS3145 - £28.96
Additional 051820 Sensors - £3.95 each

NEW! DTMF Telephone Relay Switcher
Call your phone number 7
using a ODTMF phone from
anywhera in the warld and 2
remately tumn onfall any of | 1§
the 4 relays as desired. g
User settable Security Pamrd Anti-
Tamper, Rings to Answer, Auto Hang-up and
Lockout. Inciudes plastic case. Not BT ap-
proved. 130:¢110x30mm. Power; 12VDGC.

Kit Order Code: 3140KT - E39.98

Assembled Order Code: AS3140 - £49.96

Serial Isolated /0 Module

Computer confrolied 8-
channel relay board,

54 mains rated ralay

| outplts. 4 isolaled

v digital inputs. Useful in
=== a variety of control and

sansing applmﬂnna Controlled via senial

port for programming (using our new Win-

dows Interface, terminal emulator or batch

files). Includes plastic case 130x1 00x30mm.

Power Supply: 12VDC/SO0mA.

kit Order Code: 3108KT - E64.95

Aszssmbled Order Cade: AS3108 - £64.05

run 2 '.I. Hll.l.ll L

TLY s

717 7168

Infrared RC Relay Board
Individually contral 12 on-
board relays with included

Toggle or momentary, 15m+
range. 1121 Z2mm. Supply: 12VDCI0.5A
It Order Code: 3142KT - £41.96

Assembled Order Code. AS3142 - E61.95

PIC & ATMEL Programmers I

We have a wids range of low cosl PIC and
ATMEL Pregrammers, Complete rmpge and
documentation avaliable from our web site.

Programmer Accessorias;

40-pin Wide ZIF sockel (ZIF40W) £15.00
18V OC Power supply (PSUD10) £19.96
Leads: Parallel (LDC136) £4,95 [ Serial
(LDC441) £4.95 | USB (LDCE44) £2.95

MNEW! USB "All-Flash' PIC FI‘I:IQI'HTI‘II‘DE-I
USB PIC programmer for ali
‘Flash’ devices. Mo external
power supply making i truly
portable. Supplied with box and
Windows Software. ZIF Socket
and USB Plug A-B lead not incl.
Kit Order Code; 3128KT - £34.96
Assembled Order Code: AS3128 - E44.956

Enhanced “PICALL" ISP PIC Programmer
 Will program virtually ALL 8
to 40 pin PICs plus 8 range
of ATMEL AVR, SCENIX
SX and EEPROM 24C de-
vices. Also supports In Sys-
tem Programming (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),
Available In assembled format only
Assembled Order Code: AS3144 - £49.85

ATMEL B9xxxx Programmer
Uses serial port and any 4
standard terminal comms
program. 4 LED's display
the sfatus, ZIF sockets
not inciuded. Supply: 16-18VD
Kit Order Code: 3123KT - £29.95
Azsambled Order Code: AS3123 - £34.85

NEW! USB & Serial Port PIC Programmer

= USB/Serial connection. Header
cable for IC5P. Free Windows

software, See website for PICs

1 supparted. ZIF Socket/USB Plug

[ =—= A-B lead exira. Supply: 18VDC.

Kit Order Code: 3149KT - £34.95

Assambled Order Code: AS3145 - E49.86

www.quasarelectronics.com

Secuie Online Ordesing Facilities: Full Prodict Listing, Descriptions & Pholos

Kit Documentation & Software Downloads
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DELPHI ror

ELECTRONIC ENGINEERS

Part 2 — Programming a calculator

Herman Bulle with thanks to Anton Vogeloar
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In the first instalment of this series, we introduced the Delphi
programming environment and described several examples that
illusirate how to program in Delphi. In this instalment, we take a
more defailed look at the design of a somewhat more serious
program. Qur project here is fo construct a simple pocket
calculator in software. In next month's instalment, it will be
expanded fo include a keypad that can be connected to a serial
port to allow the keystrokes to be read by the Delphi program.
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This project consists of three components:

- The preseniation layer, which shows the resulls on the
monitor.

- The driver layer, which provides the interface with the
hardware (the keypad). This layer will be described in
lhe next instalment.

~ The processing layer, which is the softwore that simulnles
the operation of a pocket calculator,

As most of our readers are probably relatively unfamiliar
with Delphi, in this instalment we focus on the design of the
program and the presentation layer. An altroctive graphical
user inferface {GUI) forms an important part of the overall
project. Ultimately, the success of a project depends heav-
ily on the presentation. Nobody wants to have an ugly DIY
amglifier in the living room, even if it hos outstanding per-
tormance. The some holds true for software projects,

The end result shown in Figure 1 is obtained by placing

various components sequentially onto the sereen. In the fol

lowing descriplions, we use Windows and Delphi ferms
and explain them as necessary,

Presentation layer

Alter Delphi has been started up, o Form object appears
on the monitor. This grey window is where you will ploce var-
ious components from the tabs in the Component palefie.
Using the Object Inspector, which is also shown on the
screan (usually at the lower lefi), you can change the prop-
erfies of the window and all the companents you have
placed on the window. First, use Mame o giva the Form a
unigue name [such as FMain, as an abbrevialion of Form-
Main). locate the properties Widih and Height, and assign
them values of 300 and 360 pixels.

Mext, find the Color property, If you click on the small
arrow to the right of the inpul field, o drop-down list will
appear with a several Windows colours, and you can
select one of them, If you doubleclick on the input fisld
instead, a colour dialog will be opened to allow you to
choose ony possible colour. Choose o colour you find
affroctive.

Maturally, it's better to give the numeric display a different
colour. To do this, you have to give part of the Form a dif:
terent colour. This can be done by placing a Panel on the
Form. You can find a panel object in the Compenent pal
let under the Standard tab. Select the panal object by cf’fk-
ing on it, and then click on the Form. You can use the
mouse to adjust the position and size of the panel object
by selecting it and tugging on the indicoted points. As the
posifion and size are properties, you can also adjust them
using the Object Inspector. The ponel object is not intended
to be used to show numbers. It simply demarcates an area
on the Form and serves as a ‘container’, on fop of which
you con place other components.

A line of digits [in the form of text] con be displayed vsing
a lobel. Place a lnobel on the panel by dlicking on the Labal
component on the Standard tab of the Component polette
and then clicking on the panel. You will see thal the label
occupies only a small portion of the panel. Thot's nat what
you wanl, since the label should Kl the entire panel. You
can use the Align property to achieve this. If you click an
the small Grrow o the right of the input field, several options
will be shown. Select alClient. The label will then become
just as large as the panel, which is exadly what you want.
lo right away get an idea of what il will lock later on, you
con use the Caption property fo fype in several digits. This
is dlso a good lime fo select a suitable font by clicking on
the Font property and selecting a fent, size and colaur.
The final Tusf?s placing the buttons. Several different types
are availoble on the Companent toolbar. The nicest bution
for this opplication is the SpeedButton on the Additional
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Figure 1. The hinfshed lovout for the calculator

tab (the third buton from the lef). Ploce 16 of them on the
Form. Arrange them nicely in o group as shown in the fig-
ure. Eoch button hos o caption with a font, which you can
use lo individually identify each button, By defaull, each
button has a name with @ number, such os SpeedButton|,
SpeedButton?, ete. Use the Mame property to give sach
button an individual name that allows you lo recognise ils
tunction, such o3 "CalculatorBinl” [in our example, we
choose the simple abbreviation "Bin1’),

You con use the Tog property fo allow the progrom fo deter
mine which button has been pressed. The tag is a properly
for programmers, who can use it as they see fit. In this case,
you wanl the values of the digits assigned to the logs fo be
passed o the program. Buifons 0-9 should thus be
assigned tog values 0-9. A similar opproach is used for
the operatian buttons |+, -, * and /). They ore assigned
the values 1-4. This completes the presentation component.
It's good proctice lo create o separate directory or subdi:
rectory for every project you sel up. This avaids problems
with old files that mith have the sume nomes as new ones.
Delphi creates quite a few files while a program is being
written, but many of them are not necessary afterwards.
The files that must be saved have the extensions .DPR |Del-
phi Project Resaurce), .DFM (Delphi Form), and (FAS {Pas-
cal Unit). They are necessary if you want to open the proj-
ect again laler on, When the progrom is compiled, on EXE
[execuiable) file is also created (for exomple,
‘Coleulatorexe’ it you named the project ‘Calculator’). This
file is the aclual application.

Processing layer

Mow you have lo put the application to work. Every
pracess in the calculator, such as adding two numbers, con
sists of four steps:

— entering the first number

- saring the operation

- entering the second number

— starfing processing by pressing the = button
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receives the properfies of the campaonent that calls the
cedure. You can thus assign AddAccu a suitable value,

since you have already assigned the tog property a number
in the range 0-9:

AddEeeu( (Sender as TComponent].Tag);

Now you want to have all the digit buttons poini fo this pro-
cedure. For each digit bution in turn, go to the OnClick
event and click en the bulton next to the input field. Then
select the proper procedure [Bin1Clk). After this, you still

some means fo show the assembled number on the
display {see Figure 2). As this has to be done several fimes
in various siluations, you can generale a saparale proce
dure for this purpase. Include the procedure ScreenRelresh
in the definifion and place it in the Implementation section:

procedurs TiMain.Screenfefresh;
begin

Labell.Caption := IntToStr(Accol);
end;

The function InfToStr ('integer fo string’) converts a number
into a line of text (text siring), and this fext string is assigned
to Labell.Caption. This causas the result to be ploced on
the screen,

Processing the operation buttons requires o small trick. If
an operafion button [+, =, *, or /] is pressed, processing
the operaiian must nol be executed immediately. Instead,
it must wait unfil the = button is pressed. This means you
have 1o remember which operation butfon was pressed. To
do so, declare an integer variable:

Processing: Integer;

The +,—, *, and / butions have tag vaolues of 1-4, and the
= button hos a tog value of 0. Generate o new procedure
that uses these two numbers:

procedure TFHain.Protesshumbers{proc: Integer);
begin
case Proceasing of
1t Accul:=Accu? + Accul;
2: Mocul:=Aoccu? - Aoculg
31 hoculi=Rocu? * Acaul;
41 Accul:=round(Accu? ! Accul);
and;
Processingi=proc;
Entryfsy := False;
ond;

The varioble EntryBsy is set to TRUE to enable the calculo-
tor i again aecept a new number. This procedure is colled
using o procedure thot is linked to an event,
Mow doubleclick on the OnClick event for the “add’ but
fon.
Up to now, na value has been assigned to Accu?. The sim-
plest approach is to include a line in the AddAccu pracedure
to copy Accul o Accu?;

Boou? t= Acculj

Figuire 2. Seffings in he Object Inspector. The colaur selection for
the colculmtor is show ot the eft, and the setting of the Align
property for the label is shown af the rght,

Generate o new procedure thot calls the procedure listed
above:

procedure TFHain,BenaddClick|{Sender: TObject);
begin
ProcessHusbers ( {Sender as TComponent).Tag);
SrreenRefresh;
end;

Mow select this procedure {BinAddClick) in the OnCliek
event for each ufFl.hﬂ three other operation buttans and the
= bultan, in the some manner os dezcribed ahove,

When a program is starded, all of the variables are set 1o zero
[Processing = O). When the + button is first pressed, the value
of Processing is initinlly 0, ond in the Processblumbers proce-
dure it is assigned the value for addition (1). When this pro-
cedure is executed the second fime, the addition s actually
executed and the resull is shown on the display.

You're almost done now; only the Clear bution sfill has fo be
assigned o function. By now, you should be familior with
how to do this, so it shouldn't be difficult to Fill in this proce-
dure. Simply double-click on the OnClick evant of the Clear
button and select the BinClrClick procedure:

procedure TFMain.BtnClrClick{Sender: TObject);
begin

Clearhcou;

Soreenfefresh;

Figure 3. The SpeedBution icon is located on the Additional tab of the Component polette.
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This procedure calls ClearAccu to set Accul and Accu? Io
zaro and sel EntryBsy to FALSE,

procedure TFMain.Cleardocou;

beglin
Accul ;= 0;
hoou 2 1= 0;
EntryBsy:=False;
end;

Listing | shows the complete program, including all the
components that hove been added manually.

Mow that the program is complete, you can run it and fest
whether the calculalor works the way il should. If it does
n't work properly the first time, you should first check the

Listing 1.
Complete listing of the calculater program.

unit Calculator;
intorface

uses
Windows, Messzages, SysUtils, Variants,
Clasases, Graphics, Controla, Forms,
Dialogs, Buttons, StdCtrls, ExtCtris;

type
TPmain = class{TForm)
Panell: TPanol;
Labell: TLabel;
Btnl: TSpeedButton;
Btn2: TSpeedButton;
Btni:  TipeedButton;
Btn4: TspeedButton;
Bin5: TSpeedButton;
Btnf: TEpeedButton;
Pen?: TSpeedBukton;
BtnB: ‘TSpeedButton;
BtnY9: TSpeedButton;
Btnl0: TSpeedButton;
Btnll: TspesdButton;
Btnl2r TapesdButton;
Btnl3: TSpeedButtan;
Benld: 'TSpeedRutton;
Btnl5: TSpeedButton;
Btnlé: TSpeedButton;
procedure Brnlllick(Sendec: TObject);
procedure BtnClrClick|Sender: TObject);
procedure BtnAddClick(Sender: TObject);
private
Acocul, Acculi Integer;
EntryBay: Boolean;
Processing: Integer;
procedure AddAccu{X: Integer);
procedure, Processiiumbere (proc: Integer);
procedura Screenfefresh;
procedure Clearheccou;
public
{ Public declarations }
end;

var
Prain: TPmain;

implemantation

{58 =, dfm}

procedure TFMain.AddAccu(¥: Tnteger);
bogin

if EntryBsy = FALSE then
begin

settings of the 16 Speed Buttons. Verily that the name,
lag and OnClick event values are entered correctly for
each button. It should be noted that the calculatar is still
rather primitive in its present form, since it can only han-
dle whole numbers (no decimal places). However, you
shouldn’t let that spoil you programming pleqsure, since
il's just o starl.

In this instalment, we hove devoted considerable atiention
to the design of the program in order ta familiarise you with
all the commands and procedures. With all that out of the
wary, in the next instalmen! we can carry on with connach
ing a keypod to the serial port of the PC. Exchanging dala
between the PC and the keypad is an important aspeci of
this next step.

gy e A

Aoou? 1= Aocul;

Accul t= Kj
EntryBsy 1= TRUEj
end

olso

Accul := l0*Accul + X;

end;

procedure TFHain.Procesalitmbers (proc: Integer);
begin
case Processing of
l:-Acoul = Accul +-Acoul;
dr Aeoul- = Acoud- - -Acoul;
33 Accul 1= Accu? * cAcoul;
41 Accul 1= round({Accu? / Accul);

end;

Processing 1= proc;

EntryBsy :1= Falge;
end;

procedura TFMain.Clsathcou;

begin

Accul =0

Acou2 1= 3

EntryBsy := Falee;
end;

procedure TFMain.Screenfefresh;
begin

Labell.Caption := IntToStr(Accul)
end;

procedure TFmain.BinlClick(Sender: TObieckt):
begin
Addhecu | (Sender’ as TComponent).Tag);
Screaenfefresh;
énd;

procedure TEMain.BtnaddClick(S=nder: Tabject);
ﬂogin
Processtumbers | (Sender as TComponent).Tag);
Bcreenkfefresh;
end;

procedura TFMain.BtnClrClick{Sender: TOhject);
begin

Clearfocii;

ScreenRefresh;
end;

ond.
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REPLACEMENT FOR Hi

Prof. Martin Ohsmann

Valve circuits and radios in particular are
graced by vast crowds of enthusiasts. If you
want to keep your prize vintage radio as
authentic as possible while actually using it
from time to time you need a HV (high
voltage) battery or its electronic equivalent.

One of the most popular types of vin-
tage radio running off a high voltage
(HV) battery is the valved, portable,
medium-wave or long-wave receiver.
If you decide to use & switching step-
up converter for the 90-volts plate
supply then a design using the usual
30-50 kHz switching frequency will

64

soon be found problematic when it
comes to preveanting harmonics from
leaking into the receiver's RF oircuitry.
In many cases, the problems are
insurmountable

This article describes a circuit that
prevents exactly this kind of trouble hy
using a very low switching frequency

indeed: 50 Hz (or 60 Hz)! This
approach not only ensures that har-
monics at, say, 200 kHz remain at a
nagligible level, but also that an off
the shelf mains transformer may he
used, sliminating the neod for con-
structors to wind thair own transform-
ers or inductors.

Also, at 50 Hz even standard CMOS
logic will be ahle to reverse the gate
charge on a MOSFET at a sufficiently
fast rate, Neither do we require fast
high-voltage diodes, the ubiguitous
14007 handling the job with ease.
With the above condept in mind a
circuit diagram is quickly drawm
(Figure 1).

Logic gates inside a 74HC04 10 are
configured as an oscillator with a com-
plementary driver for two small power
MOSFETs. The MOSFETs power the 2
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A 90-volts inverter
for vintage radios
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Figure 1. Circuil diagram of the 50-Hz switching step-up converter with +90-V oulput.

% 9V centre-tapped 170-mA secondary
of a 'reverse-connected’ mains trans-
former. The resulting alternating volt-
age at the primary side is rectified and
filtered by two ‘bDeefy" electrolytic
capacitors. For simplicity's sake no
regulation circuit is included, only two
‘bleeder’ mesistors R7 and R lower the
output voltage under no-load condi-
tions while also discharging the reser-
voir capacitors,

The output voltage (at the D and +80V
sockets) is electrically isolated from the
supply circuit at the primary side, The
inverter proper is powered by five
series conngcted NiMH cells of 1.2 V
each. These cells may also double as a
filament supply, for example, for ‘E’
valves requiring G volts. A separate
converter output supples +12 volts
abtained by rectifying the switching
signals applied to the transformer's
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primary winding, the diodes conve-
niently doubling as transistor surge
protection devices. Components RS

Figure 2. Copper track loyout and ...

and I3 protect IC1 against excessive
supply voltage levels.
With no regulation availahle, the con-
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E-ONLINE

Free Internet

does pet exist

Of course, there’s no such thing as free Internet, but surely that
does not mean you have fo pay the bille Today, with a litfle
ingenuity and some experimentation it is often possible fo tap
info a neighbour’s wireless network, if it is not, or not sufficiently,
profected. Many people use WIAN and WiFi equipment out of
the box and totally forget about installing or even enabling
encryption. The result: lots of ‘free” Infernet access points!
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In many cases, no encryption key is sst up ot all, result-
ing in a system that's about as open as it gets and conse-
quently allowing free Internet access by any non-autho-
rised user within radio range.

Hacking

In practice, however, totally open systems are a rarity.
Using software like "Airopeek’ [1] you con gef a quick
overview of whal's on the air in your area, and which
networks are prolected. The three most popular ancryp-
lion stondards are listed in the iable, ingaiﬁer with the
less than respectful nicknames given to them by hackers
— clearly, WEP is the least powerful standard.
Unfartunately (ar should we say luckily), WEP is currently
the widest used slendard — and highly vulnaroble it is,
see [2] and [3].

Putting oside the question whether breaking into a pro-
tected wireless network is immoral or even illegal, it is o
fact that free Internet access is perfectly possible.

Counftermeasures

Of course, you do not want unauthorised users appear-
ing on your wireless network. Now that you are aware
that the greatest imparfection is in the standaordys) used 1o
protect the system, it is fairly easy to come up with effec
tive countermeasures.

The cbvious choice would be an access point employ-
ing WPA [WiFi protecled nccess) based on tha
802.11i standard. However, if you already hove o
router hoving just WEF, check if it is possible 1o
employ ‘authenticalion”. Using the 802.1x standard
that's commaon for these systems, o naw
connection/session l:e}f i5 n&aignad to o user any lime
he/she logs onto the network. This does, however,
require an authenfication server [RADIUS; remote
authentication dialin user service] but there are also
occess points on the markef that have such o server as
an integrated facility. This setup no longer ollows
eavesdropping on the traffic carried by the occess
point using o previously ‘hacked’ or siolen key. More-
over, the key is invalidated when the session is over.
For conlinued protection, a recommended procedure
is tolog out ond on again from time io fime.

Besides RADIUS there are other meosures that can help
lo increase system security. A step-by-step guide to com-
missioning o wireless network may be found at [4] where
securily gets o lol of aftention.

Legal

Finolly, we would like to menfion a few links to so<called
‘hatspot directories’ [5, &, 7 and 8] . These are guides
an the Internet listing locations of publicly accessible
wireless networks. However, most access points found in
these direclaries are nol aclsally "free’ and access hos to
be paid for. Paidup service ar nol — hers, foo, poorly
protected netwaorks are an open invilation lo hackers.
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[11 Airopeek WLAN onolyzer:
www.wildpackels com/products/viropeek nx/
[2] AirSnort key recovery: airsnart shmoo.com

(3] WEPGrack: weperotk sourcelorge.nel

[4] Designing your Wi network:

[5] WiFi Freespot Directory: www.wilifresspol com
[6] Jiwire Guide to Wil wni jiwire.com

(7]

(8]

WEP WPA WPA2
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DIY
Through-Plating

For a doublesided printed circuit
board 1o be produced successhully
with minimal tools; it is first neces
sary to hove perfectly aligned
films of the solder and component
sides of tha board. Anather impor.
lant aspect is the throughploting
of those holes in the board that
esioblish o contect batwesn rocks
ot pads ot the component and sal
der side. A common error mode
by beginners is IC sockets being
neatly aligned and soldered ot the
solder side ond then discovering
that it is impossibla to reach the
pads al the componant side that
also need soldering. Without
trough-plated holes, component
lecicls with o pad contoct ot both
sides of the boord need to be sl
dered ai the companent as well s
the salder sidel

A method often opplied in the
Elektor labs when stulfing profo-
types of boards that will be mass.
produced ‘through-plaied’ is 1o
run o very thin wire [copper litz)
alang with the component lead
and soldering it onfo a copper
trock. The wire iz easily obidined
by pulling it fram o multi-strand
cable. In this way, contact is
estoblished betwaen the board
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sides without heving o real
thraugh-plated hiole availoble.
There are, however, alternative
ways, Using the ‘Copperset’ sys
tem from Mulficare it is possible
to produce o perfect elecirical
contoc with a prolessicnal look
in no time ot all.

Holes that need to be through-
plated are first filled with tubes
(bail bors) snopped cff from a
larger bar. The lubes contain a
solder core (1], Using the mini
anvil and the centre punch tools
(2} the tube is fixed in the halz (3}
and then soldered [4). Applying
the usual desoldering methods,
the tube is then cpened |5] allow
ing the companent lead fo be
inserted and soldared (&), If the
hole only serves as a “via' then
steps {5) and (6] are nat required.
The Mullicare Copparset kit con-
tains he special 1ools and three
bars of 500 ubes with diometers
of 0.8 mm, 1.0 mm and 1.2 mm.
The kit is not cheap (Famell] but
fertunately the bail bar jubes are
nlso sold seporotely and whot's
more they are eosy fo handle
with just common-argarden tools.
The system is suitable for boords
with o thicknsss of up to 1.6 mm.

(CHORFE. T)

Supplier: www farnsllinons com

Simple Mains
Failure Alarm
Jacob Gestman Geradts

A "Mains Failure Alorm’ was
published on page 70 of the
July/August 2004 issue of Elek-
for Electronics. Although thot cir-
cuit is full of ingenuily, it may be
a bit aver the lap given the pur-
pose, which boils down to mok-
ing o noise when the mains valt:
oge disappears. The authar
thought the some could be
ochieved with considerably
fewer parts.

If you compare the two schamat
ics, yau will agree that although
a lot of parts hove been omitted,
a bockup energy supply
remains a cenfral and indispen-
sable part, In the version pro-
posed here, on array of NiCd
cells is wsed. The outhor sab
vaged them from on old cordless
drill that was binned becouse of
o duff battery pack. As in many
other cases, just two cells turned
out to be beyond hope, the oth:
ers working just finel

With main: voltage normally
present an the power oullet, the
cells are chorged with o small

current to keep them topped up.
The charge curren! is supplied
via the moins adapter, 01 and
R1. The later is dimensioned
such thot o trickle charge current

.of a just a few mA s abigined,

When a power cut ocours, the
transistor in the circuit will con-
duct and DC buzzer Bz] will
produce some noite. Once the
circuit has dene its job — alert-
ing you that the mains voliage
has vanished — you or your
housemates will toon want ta
silence the buzzer. This is dons
by pressing 51, which fokes the
transistor’s base fo ground.

[BEIFI-12
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inside out

RF Detection

David Daamen

WiFi detectors are small gadgets that claim to
detect wireless access points for computer net-
works. The effectiveness of these devices is
already covered in many Internet articles, but
here you will find out exactly how they work.

T begin with, we opened the
first device we had to hand;
sas Figure 1 (Kensington “WiFi
Finder'). It was immediately
apparent that it used a fally
large number of componants.
Apart from a Iarge section of
passive components (resistors,
capacitors and inductors) we
counted five transistors and
throe ICs. All components,
apart from three LEDs, wera
surface mounted. Cn the other
side of the double-zided PCB
wers two watch batteries.

Principle

It soon hecame clear that the
heart of the circuit was an RF
detector IC. made by Maxim,
the MAX4003. This loganthmic
amplifier is preceded by an
mmput stage consisting of an
aeral printed on the PCB fol-
lowed by a fow flter and
amplifisr stages. The
MAXA003 converts the RF sig-
nalinto a DC vollage with an
amplitude that corrgsponds
logarithmically to the ampli-
tude of the RF signal.

The DC output signal is ampli-

Figure 1. With SMDs you can put o for of funclianality info a key fob,

fied further by an opamp
(MC33202, ON Semiconductor)
and then fed to an A/D con-
verter input of a microcon-
troller (MSPA30F1101 A, Texas
Instruments).

Microcontroller

The primary function of the
controller is to periodically
messure and evaluate the sig-
nal strength of the input.
Three LEDs are used for the
display: a bi-colour LED indi-
cates when a measurement
takes place (a short red flash)
and together with two gresn
LEDs it forms a mini har
graph meter, which shows
the signal strength as one of
thres lovels.

It is clear that the controller
dossn't look at the contents of
the recaived signal: there is
nothing left of the digital infor-
mation after the detector IC;
just the RF energy iz meas-
ured, This became aven more
evident by the fact that the
detector also reacted to a Blue-
tooth signal (very) near by, In
practice you'll hardly notice
this when ssarching for wira-
less nstworks, since Bluetooth

signals are much weaaker than
WiF: signals.

Selectivity

The only selectivity offered by
this gireuit when it has to dif-
farentiate between wireless
networks and other RF signals
Is achieved by the Alters in the
input stage. These are tunsd
to the band used hy 802.11b
and g wireless netwarks
(2412 MHz to 2482 MHz). It is
clear that such & passive filter
is not perfect, When a GSM
phone (900 or 1800 MHz) is
nearby: this also causes a few
LEDs ta light up.

RF detection

You may woll wonder if there
i=n't an easier way. If you only
need to measure the RF
energy there should be some
simplor alternatives, Although
this is tha casze, there are still
very good reasons for using a
logarithmic amplifier.

There are two other methods
for measuring high frequency
power, but both of these have
significant  disadvantages.
Wa've put the three methods
in a table along with six

heltor elechoanics - 2/2005






LED

kitchen table

BEDSIDE LAMP @

with turn-off delay

Eduard Heger

If you are not lucky enough to have access to expensive fest
gear then lamp circuits using LEDs offer a good chance of

success and allow a litile bit of electronic experimentation.

One of our readers has come up with
this gsimple but useful addition to the
bedside tabie. The lamp is activated
either by pressing a push button or
automatically when the in-built micro-
phone detects a noise. Once lit the
LED remains on for a predetermined
time. The circuit has gquite modest
power requirements and four recharge-

74

able NiMH cells (BT1) will be sufficient
to power the circuit for a couple of
manths of intermittent use before they
need to be topped up, The complata
circuit takes arcund 400 JA in standby
and 24 maA with the LED burning.

The microphone roquires a connection
to the positive supply via R1 and the
circuit diagram {(Figure 1) shows it AC

couplod to
IC1.C. The
microphone sen-
sitivity is to
S0mEe BXIENT
governed
by the
value of

R1. -

debior elactioais - |/7005



Figure [,

A value of 16 kL] is recommendad but
it may nead to be changed to suit the
sensitivity of your particular micro-
phone capsule. At maximum sensiti-
vity the LED was triggored by pressure
on the microphone diaphragm from a
draft of air produced when the
bedroom door was opened|

Capacitor C1 1s used to mmaove the DC
component of the microphone signal
while R2 ensures the resultant AC sig-
nal 15 eferenced 1o earth potential.
BResistors R3 and R4 form a potential
divider to provide the voltage thres-
hold at the negative input of compara-
tor IC1.C. Whenaver the signal level
produced by the noise exceeds this
threshold value the output will go high
and switch on T1. Capacitor C2 will
then be charged and the voltage lovel

Turn off delay calculations

The LED turnolf delay lime is relalively simple to caleulate ar
chonge if required. The culput of comparator KC1.8 remains high

on the positive inpot of IC1.B will rise
exponentially, Pressing pushbutton 51
will hava the same effect because it is
wired in parallel with T1, The char-
ging path of C2 has no series resistor
&0 even a very short duration sound
will be sufficient for C2 to fully charge.
IC1.B is configured as & comparator
with resistaors R7/RB forming a poten-
tial divider defining the threshold vol-
tage of 20 % of the supply voltage
(about 1 V) at the inverting input,
When G2 is fully charged it takes
around 1.5 min for the voltage to fall to
this level while discharging through
rasistor RE.

The last opamp IC1.A is configured as
an amplifier together with transistor
T2. The LED current (and hence bright-
ness) can be altered by changing the

os leng a3 the signal on the non-mverfing input [pin 5] is above

the voltage on the inverting input [pin &), The volage level at

pin & fs given by:

u?'I.Mvﬁ = UB-'" x RB,.'" {R?—FRH]

The valloge acress C2 dischorges occording to the natural fogo-

rithm function:
Ueg = Ugp) x ot/ %6C2
Rearranging the equafion for

Ucg / Ugry = ot /9602

1/ 1005 - elekier elerivonies

oantz2 - M

value of R11 {I; g, = 0.44 V/R11). The
voltage developed armss R11 is used
by IC1.A to control the conduction of
T2 in a classic leedback configuration.
Thiz ensures that the light ntensity of
D1 remains constant even when the
battery output voitage sinks to the
sharp ‘kmee’ in its characteristic. Con-
nector K1 allows an extemasl charger to
recharge the calls.

The PCE component placement {inclu-
ding a socket for 101) is shown in
Figure 2. It is not necessary to fit any
wire links and apart from the semicon-
ductors there is only one polarised
component (C2). It may be tempting
fate but there is hardly any opportunity
to fit any component incorrectly! The
LED is soldered in place once the PCB
is fitted into its enclosure and the LED

In [Uga / Ugty) = -t / R6C2
t=-R6CZx In Ugs / Ugr)

Urg and Uspy s should be equal so substituting:

I = ~REC2 x In Uy = BB / (RZ+R8]) / Usty)

capacitor values!

The battery voltage can ba cancslled from the equoion so that
the turn off delay fime is only dependant an the resistor and

t=-R6C2 % In R8 / (R7+R8))

Substituting octual companent volues we get:

b=—T06 x 47x10% x In [10° / 4.910% =755
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positioned through an opening. A
reflactor can be fitted to help concen-
trate tha LED light.

Wire connections to the PCE can he
made via solder pins. It may ba possi-
ble to connect the charging socket and
pushbutton directly to the relevant
pins without the need for wire but this
will depend on the type of enclosure
that you use. The microphone capsule
can be mounted inside the case but
don't forget to provide an opening to
allow sound waves to reach the micro-
phone.

fo i T

Figure 2.

COMPONENTS

R7 = 390k0 IC) = TLE2Y:
LIST y

R10.= 10k T1,12 = BC5478
Ri1 =180
i Miscelloneous:

Resistors: i :
RI = 15ka2 S it B1 = battery holder for 4 NiMH cells
R2.RE.RY = 1000 €2 = 47)F 16V radial K1 = charge socket for batieras
R3=22k0 MICT = elecirel microphane capeuls
R4 = 5k04 Semiconductors: 51 = pushbution, 1 moke contoc
B3 = k08 D1 = LED, white, e.g., Conrad PCH, ref. 0301221 lrom The PCBShop
Ré6 = 1M Eleckronics # 1538467 Enclosure

Adyed hasmeet

I e kt o r Elektor Electronics (Publishing)
RO, Box 180

I ec t ron i cCSsS Tunbridae Welis TN5 TWY
ENGLAND

2 2 Teleghone +44(0) 1580 200 657

Order now using the Order Form in ; e ) : R : !
; ey Fax + 1580 200 616
the Readers Services section in this issue. bl s e B Lty
Email: sz Klor-elactronics.co.uk

ELEKTOR AUDIO BOOKS 3 must-haves for all audio-enthusiasts!
Build your own Modern High-end Build your own High-End
Audio Valve Amplifiers Valve Amplifiers Audio Equipment
To many people, the thermionic valve Vahve amplifiers are regarded by many  The name high-end equipment is a good
of alectron fube is hislory. However, fo be the ne plus ultra when it comaes indleaticn of the prices charged for it. For
whether it is nostalgia, interest in the o processing audio signals. The com- those who cannot, or will not, pay these
technical parameters, the appeal of a bination of classical technology and high prices, there is a sclution offered in
gleaming amplifier chassis with softly modemn componeants has resulted In a this book: build your awn at considerabla
glowing valvas or perhaps the firm con- revival of the valve amplifier. The use cost savings. This book is aimad not only
viclion that the sound of & valve cannot of toroidal-cora output transformers, al this sector of the market, but also &t
be bettered, it is a facl thal the valve |s devalopad by the author over the past the many enthusiasts who want to be able
making a come-back. This book con- 15 years, has contributed to this revi- to axparment and lo make their own
tains, apart from construction projects: val. This book explains the whys and muodifications to their high-end equipmenl.
lor preamplifiers, powar amplifiers, and wherefores of toroidal output transfor- Contents include solid-state and valve

amplifiers for musical instru- mers al varous lech- preamplifiers and powar

WS mants, information on the nical levels and oflers  amplifiers, active cross- [ sw i
| | aperation of electron lubes, innovative solutions aver filters, an active
while the first chapler gives for achioving perfect subwooler, a headphons 3
a short history of the valve. audio quality. amplifiar and more. ,
1SBN 0905705 39 4 ISBM D BOSTOS 63 7 ISBN 0 205705 40 B i l
B 053 Pages 264 Pages 262 Pagos /
e E15.55 (US531.00) 2595 (US552.00) £15.55 (US531.00) —
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Marconi TF1152
RF Wattmeter

Jan Builing

In line with this month's foces en
all things Wireless | om covering
a vintage instrument that haos
givan me many years of excel-
lent service and peace of mind
at o very small investment
indead. If you like to work with
transmitters, large or small, the
most important thing o have an
the: tast equipmant shelf is not o
hefty power supply, nat a spec-
trum onalyser, not Teflon rimmer
tools or any new-fangled bit of
LCD multimeter. Forget about
these — invest in a proper
dummy load as it will give you o
feeling of utter confidence that
the (expensive] ransmitter is (1)
always properly loaded and (2)
prevented from radiating away.
Much to the amusement of some
of my more DCHnclined friends, if
unknown equipment lands on
my benchtop | invariably hook
up the wottmeter before anything
else and then corefully inspect
the coax lead and adapters if
applicable.

I bought my
TFI152A/1

Marconi
“Absorption

2/2005 - slektor elactronics

‘Wattmeter” about 10 years ogo
far just under 20 pounds from
an electronics surplus store. |
guess it was built in the early
1970%. Fram the available stock
in the crommed store | wos core-
hul to pick a TF1152 with a nol
oo clean face bul clearly
marked '50 )’ obove the N-shrie
input socket, These meters alse
come in 75 Q guise which |
believe is mostly for vse in pro-
fessional systems employing 75-
2 coox cables, Yes, N connec-
tors also exist in o 7581 variety
and only experts can see the dif
ference with 500 counterparts.
For y=ars | dreamt of owning a
Bird ‘Termaline” (no  typo)
walimeter with o box of those
beautiful plug-ins for various
bands and power levels. To cut
a long stery shork: too expensive
for me.

The TF1152 combines the funic-
tions of wideband dummy load
and occurate RF power metar in
a single lightweight case painted
a dull “technogrey’. Mine has o
1 3digit number engraved in the
front panel which | suspect is a
MATO stock number [n.5.n.). The
instremeant has two switch-selec-
lable power ranges with match-
ing mater scoles: 0-10 Wand O
25 W. Its frequency range is O
1o 500 MH=.

The size of the insrument and iz
sturdy carrying handle belies its
weight — in o pasitive way
because the TF1152 is very
ensy o corry around.

| have used my TF1152 to test
and adjust more PMR equipment
than | care to remember, also on
windswept hills and fowers and
in radio amateur shacks covered
in thick cigor smoke. The mates
needle will faithfully indicate
200 mW or less of RF power
even on 70 cms. The nzedls
response enables you to do TX
PA trimmer adjustments quickly
and with confidence as you can
observe the power cutput ‘frend”
— fry that on o modern instru-
ment with digital readout,

| must admit | never bothered to
lock inside the instrument until |
starfed to write this arficle. The
waltmeter being of the ‘obsorp-
lion' type, it coniains a thermis-
tor bolometer element in a glass
encopsulation. This element is
elecirically incarporated in o
bridge circuit together with sev-
eral calibration ond (thermal)
compensation elements. A small
bead inside the thermistor con-
sists of o compound of mefallic
oxides possessing a negafiva
lemparatura coalficient of resist-
ance. Such o thermistor element
is very hard if nol impossible 1o

" e
retronics re
- ! DR e "

obtain as o eneoff and certinky
outside the reach of the average
hobbyist.

The 500 RF load inside the
TF1152 looks like a topered
fube running almast the length of
the meter's case |see photo-
graph). Mear the and, | was only
able to see what locked like o
ceramic inserf. The YSWR of the
mysterious load was faund B be
less than 1.10 across the band.
The accuracy of an RF wattmater
is not terribly important, as on
VHF and UHF it makes no differ-
ence at all whather you're feed-
ing 15.0 wolls or, say, 16.1
walts into your antenno system.
Despite the presance of twa hafty
and clearly labelled pots inside
the instruments: | never feli the
need to recolibrote my TF1152
ogainst, dare | mention it, o
Bird. I'm sure the guys who
designed ond buili the TF1152
knew what they were doing.
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Quizz’awaY

Martin Ohsmann is a Professor of
Electrical Engineering and Information
Technology at FH Aachen and a long-
time contributor to Elektor Electranics
Through Quizz'away he aims ot
stimulating thought, speculation,
construction and simulation as well as
roise inferesfing gqueshions.

Quizz’away
and win!

Send in the best answer to this
month's Quizz'away question and
win o
P5603 HQ-POWER
{030V /0-2.5 A)
benchtop power supply
from Velleman worth £65

All answers are processed by Martin
Ohsmann in co-operation with Elekior
editorial staff. Results are not open to
discussion or correspondence and a
lucky winner is drawn in cose of sev-
eral correct answers.
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Lamp infensity

This time consider the circuit in Figure 1. lomps Lal and La2 each have a nominal
power P =1 wait. Lamp Lal has an internal resislance of R1 = 100 0 while for lamp
la2, R2 = 200 €. Both resistance values are applicable at the nominal lomp power.
The alternating voltage source show supplies a voltage U = 22.63 V at ¢ frequency of
50 Hz. The value of copacitor C is such that the component also represents a reac-
tance of 200 £ ot 50 Hz, in other words, C has a volue of 15.915 pF Initially, switch
S is opened (os shown in the diagrom) and the voltage source supplies a valtage U
causing lamp Lol fo be supplied with current and the lomp to light of a certain intensity.

Mext, switch 5 is closed, which lzads us to the question;

After closing the switch, will the intensity of lamp Lal increase,
decrease or remain the same?

Followed by a secand question:

After closing the switch, which of the two lamps Lal and La2
lights brighter?

Please send your answer
to this month's Quizz'away problem,
by email, fax or |stter to:
Quizz'away, Elektor Electronics,
PO Box 190,

Tunbridge Wells TN5 7WY, England.
Fax (+44) (0)1580 200616,
Email: editor@elektor-electronics.co.uk,
subjech: ‘quizzaway 2-05°,

The closing date is
25 February 2005
[solution published in March 2005 issus).
The outcome of the quiz is final.
The quiz is not open to employees of
Segment b.v., its business pariners and/or
associated publishing houses.
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To book your website space contact Huson International Media

WA AN R EEPRTTTTT] Fax 0044 (0) 1932 564998 |

ALLGOOD TECHNOLOGY
www.allpoottechnology.com

Low-medium volume sub-contract assembly.
SMT specialist since 1990, Customers include
military, aerospace etc. 0402 to BGA capabilities,
automatic assembly and hand bulll prototypes.

AUDIOXPRESS
WL aLEdioX press, com
The premier do-l-yourself

= Hands-on projecis
« Helpiul articles

= Expert advice

« New lechnologles
Full range of books, back issues on CD

BETA LAYOUT
Wi, peb-poal.com
Beta layout Ltd Award-
winning site in both
English and German

offers prototype
PCBs at a fraction of the cost of the usual
manufacturers’ prices.

BURN TECHNOLOGY LTD
hittpalwowew, burmiec com

Test & Measurement Equipment
Distributors

« Angmometers « Clamp Melers
* Light Meters = LCH Meters

» Sound Meters » Multimeters

+ Davice Programmers

Burn Technology Limited, Winfrith Technology
Centra,Dorchester, Dorset, DT2 80H

Tel: (01305} 852090 Fax: (01305) 851940

COMPUCUT

v comprcutters.com

Computer Numarical Control from your home PC.
Greal for tricky jobs, and accurate repatitive
work. We supply: - Software - Interface - Manual
= Support

Price £250 plus postage.

CONFORD ELECTRONICS

hitpe dwww.confordeiec.co.uk

Lightwelght portable battery/mains avdio units
affering the highest technical performance.
Microphone, Phantom Power and Headphone
Amplifiers. Balanced/unbalanced signal lines with
extensiva RFl protection.

DANBURY ELECTRONICS

e livinginthepiast. demon co,uk

Here you will find our mains and output
ransformers in Mike Holme's range of valve/tube
amplifiers {PP & SE). Also circuits, parts fists,
hassis, advice.

DEBUG INNOVATIONS UK

hittpedwwnw.debuginnovations.com

Intreducing hassle free prototyping

= AF/Analogue = High speed digital

o Surface mount < 0.1 grid

* Power planes

¢ Unique patch
architectura

Forget custom PCBs,

starl your project now!

EASYSYNC
rttpaifvweny, easysync.co Uk
EasySync Lid sells a wide
range of single and multi- S
port USH to R5232/A5422 e

and RS485 convarters al mmpeﬁliwepnces.
ELEXOL PTY LTD
htpeffenne, eleéxol com

Developer and manufacturer of
+ USB Development Modules.
= USBMOD Series.

= 581024 Digital Input/Output Module.

+ MP3 Solutions. = MPIMOD4 Module.
Distributor inquiries welcome.

ELNEC

WINWLEINEC.COm

* gevice programmer
manufacturer

¢ selling through contracted

distributors all over the world

universal and dedicatied davice programmers

excellent support and after sale suppon

frea SW updates « reliable HW

onca a months new SW release

three years wamanty for most programmers

ERVAN INTERNATIONAL CO.

frttm: /e ervan-int.com

Power Electronics and Solar Energy Design and
Consultants, Also offers;

Discount prives of:

+ \itra Bright LEDs. » PCB LED Cluster Kits

» Laser Pointers = Solar Modules

= Hatteries

Compller, Prog 'n Drop Visual Development and a
well featured debugging environment.

FOREST ELECTRONIC
DEVELOPMENT

hitip:/fwew, fored. co. Uk

FED supply PIC programmers, Basic modules,
and development software including a PIC ©

FUTURLEC

http e futurlec.com
Save up to 60% an

= Hectronic Components
« Microcontoliers, FIC, Atmel
+ Development Boards, Programmers

Huge rangs of products available on-line for
immediate delivery, at vary compstitive prices.

" " W e

FUTURE TECHNOLOGY DEVICES
hita: s tdichip.com
FTDI designs and sells
USB-LART and USB-FIFO
interface i.c.'s.

Complele with PC drivers,
these devices simplify the task of designing or
upgrading perpherals to USE

HAMMOND ELECTRONICS
nttp:Meere hammondmo.com
sales@nammond-electronics.co.uk
tel: 01256 812812, ’
Small die-cast, plastic and matal
enclosures for the hobhbyist
and professional. Widely
available from major
distributors.

ILP ELECTRONICS LIMITED

htp:f s il palectronics.com

ILP has been in the audia industry for over 30

(W)

years primarly manufacturing
both standard and custom
audio modules and pre-
amplifiers.

IPEVA LIMITED
hitpodfwereLipova.com

IPEVA sl low cost USE FPGA
developmant boards. IPEVA
provide Design Consuitancy
for Embedded Systems,
OpenCores-IP, FPGA, ASIC, HDL

transiation and migration. Tel, 0870 080 2340

JLB ELECTRONICS

W jlbefectmonics.com

Suppliers of electrical / electronic parts

and consumables. Inciuding:

= Cable ties [ bases = Toals { hardware
« Boatlace fermules * Connectors

* Solvent sprays & cloaners = PVC Tape

o Heat sink compound

KOMCARD

hitpefiwww. komcard.com

Leam how to destgn a PCl card, and write & PCI
device driver. We lead you step by step with
practical PClprojects you bulld,

LONDON ELECTRONICS
COLLEGE

hpsiwww lec.org.uk

Vocational training and education for natlonal
qualifications in Electronics Engineering and
Information Technology (BTEC First National,
Higher National NVOs, GCSEs and Advanced
Qualifications), Also Technical Management and
Languages.

B0

ehektor elprtronics - 32045




BLIEILINKS

MQP ELECTRONICS

fttpeffwinw. mapelecironics. oo, uk

Leaders in Device —_—
Programming Salutions. e ey

* (Online shop 7 :
« Low Cost Adapters for al R
Programmers

* Single Site and Gang Programmers
* Support for virtually any Programmahble
Davica

NEW WAVE CONCEPTS

httpe/fwanw.new-wave-concepts.com

Saoftware for hobbyists:

= Livewire circuit simulation
software, only £29.36

* PCB Wizard circuit design
software, only £29.36

Availabte from all Maplin

Electronics stores and www.maplin.co.uk

PCB WORLD

nitp: e, pobiworfd.ong uk
Warld-class sile: Your magazine project
or prototype PCB from the artwork of
your choice for fess. Call Lee

an 07846 846159 for details.

Prompt service.

PEAK ELECTRONIC
DESIGN LIMITED

W peakelec oo, uk
Cool component test gear
tor your passives and
SRMIS,

Instant identification,
measdrement and validation. Connect anyway
round.

The Peak Atlas family starts from £59.

<

PHYZX

hitpefwens. phiyex.co.uk
Automatically Plot and Drill PCB's
* Accurately

* Repeatably

Mains operated

Robust Steel Construction
Gerber AS274X compatible
Full XYZ RS232 Control
Including Aceessories
Complete system Under £500

PIBDOE“'

It s picdos.com

Hard disk, D05 & files .'xb

- & & & = &

on PICTEFETT. ir o
SmartMediaTM based. /= —l
No complex hardwara

just wires. I i
Run-Debug existing PIC s

code & intemupts.

Free schematics. software, debugger
QUASAR ELECTRONICS
wiwvw.QuasarElectronics.com

Over 300 electronic kits,

projects and ready built o
units for hobby,

education gk |
and indistrial = ==
applications !.-T-.':.....ﬁ:'-ﬁt':_?‘
including PICATMEL. | SE AN & ¥

programming sofutions. Online ordering fagilities.
Tel: +44 (0) B70 246 1826

Fax: +44 (0) 870 460 1045

Email: sales@0uasarElectronics.com

¥ PROMOTE YOUR WEBSITE HERE

Elektor Electronics have a feature 1o help cusiomers
| 1o promode their websites; Net Links - o permanent
fealure of the mogazine where you will be able to
highlight your site on o regular basts.

* For fust £120 + VAT (£10.90 per issue for eleven
issues) Elektor will publish your company name,
8 25-word descnpiion amd your website address.

L L T

* Text insgrtion only for £120.+ VAT
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I

i PLEASE CGMI’LEI} COUPON BELOW AND FAX BACK TO (0-44-(0)1932 564998
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ROBOT ELECTRONICS
hitpfwww rabol-electronics couk
= Ulirasonic rangefinders |
Mator H-Bridge controllers |
Magnetic Compasses - s
RC servos and controflers | ek
PIC programmers and components
Electronic Design/Develepment and
Manufacturer to industry

TECHNOBOTS

e Iechnobols. oo.uk
Welcome to Technobots -
the one stop shop specially for 5=
the remote operaled robaot
tuilder, radio control and
engineering hoblyist.

TELNET

hitpihwww telnst uk. com
Tha site shows graphically
Telnets wide range of quality
second-user test and
measurement equipment,

ROBOT

@ & & 8 &

including oscilloscopes and
spacirum analysers,
ULTRALEDS
hitp:fwwiw.uliraleds_co. Lk
el D871 7110413

Large range of low cost Ulira
bright leds and Led relaled

lighting products. Major credit
cards taken online with same day despatch,

USB INSTRUMENTS

MW LSS Insinumaents, com

USB Instruments specialises in PC based
instrumentation products and software such as
Oscilinseopes, Data Loggers, Logic Analaysers
which interface to your PG via USB.

VIEWCOM

mtipeiwwwviewcom. i9.co.uk

tel: 020 8471 9338 fax: D20 A552 0946

* Mail Order supplier of:

* Integrated Circuits and Components.

* Kit and parts for Elektor projects,

» Transislors, FETs, Gapacitors, Resistors,
Grystals, eic and hard 1o find devices.

Viewecom Electronics, 77 Upperton Road West,

Piaistow, London E13 OLT

VIRTINS TECHNOLOGY
hitg:/fewew virting com T
PC based virtual instrument for
glectronics enthusiasts,
students and professionals,
including full-fledged sound
card real time Oscillascope, Spectrum, Analyzer
and Signal, Generator, Downloader and iy,
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Flease Note

Softwure lerms miarked (G an ivaisble bom the Frae Dowrioad page
of th Pucishers” weirsde 2 wawsithir-shcirones oo ol
Deskmtizs e supplad for Be conweniencs of Racers witho Intsmet socese

GENERAL

Fricied-cara) boanss (PCHz}: sed-pieane fromd
panai fods, ROAS, FPTROM. PRLS; BAE, mitroon.
trodem @ Snatn for projects which kave
sepssed i Eisiiof Electrsdcs thay ke ordened iy
1 ey Form priviedl opposte. The form imay ahen

Mmimmﬁmmm

Hsad,
Englasd, tebephane [+ ££) 1580 20085T, fux [+ £4)
1500 006 6. amall wemiGwwiLdsman co uk

E Uuss be kst o ondr books (private cuttomess: niy) Prices -of past lssuss [exoent SuhpAbpest sad
L Dererrdad), iy postge i tege copes. I1
READY-BUILT PROJECTS e wtmark fr i & PO8 whch oot aral £ (1 e £5.30 f s Eaue £5.10
BOEI47.5)  feryiter e wish SMD preied: cooss fr LT L2 3450 5570 Sy o 4 B o ele -Hm-mﬁm}, n.uhmw
Fiash Ricrocontraller Starter Kit - FPROMS. GMe PAle (FPLDs, MACHS, PiCsand  Swrope): and 0545 {ainmd nessise Erope),
DI020E-01  ready-assermtied PCB T MICIOMATENE FF Mupoded FERGF-0-
incl. software canis atapter K fabted arncley B 00 Hi2s L
F0083 51 rexly-assinbled board, prafiiihiey neasnys D rig I charge pices witoad  Edindal and - A sive (fices,
ik, e PO solwars and Tetsed artri=g e300 L0 priar officasion. Prives sad Rim dexcriglions thown [D1550) 2002 mmammam
Micra Websarver with MSC1210 Board By wuparade thove s previoss et E A OF  sechmeiracnch
OE0060-21  hhomornoesins Gosal, rendy-rasambdid i=2ii] Has0
D44026-51  Neterrk Exbenssinn i, resdy-assembled 4145 L
D44026-32  Combingd packsge ; uss
(DA00E0-61 & (4402591 & refated arbeles) 18350 18485 Qa1 FICTERGZE, pogrmmad 1000 170
it G0E56-47 PIC1GRGIE, progranmed gligi 1} 7
Elekfur GREEMSH'm Disk Micro Webszrver with MSC1210 Board
Eh:h IMI‘IB Wirdows | 515 1445 Emmms-t Fiztwork Btznsing Soant. PCB ondy i L 1EED
E'&W'mm'mm @ TETBA Dk PG s coe 430 B
COMM# ACabit [ Wadears pciny s 143> DITTTE-4 FICEFEET AR programmed 1025 1813
il S ol USB Converter Controlled via HTML
UPES-2. zn:m £10 798 4403511 Dk, se=mpis progres 480 AES
UFES4  &POEs 5h% 1155 Warking with ActivaX
& 03043141 Dk 0 BES
Mo, 340 FEBRUARY 2005
RFID Detector for 13,56 MHz Ne. 333 JUNE 2004
0 o4O pES 5 185 Wil PFrogrammer
Walking Hug & fas1 e Bl 1580
€ 04007141 Disk boxeoe & finl coda fles 570 1080 & 02033811 DSk frmare & spare code qo aES
G207 ATROS2NI-10, progammed B65 1540 Packe! Pang
No. 339 JANUARY 2005 iﬂmmm:l s, P soffware 430 AES
AT Power Bupply Tester & 0004031 LA 8 1915
@ 01121 PGS 1785 ZLn & 3020341 Do P & BE sobteare = 855
Inteliigent Clap Switch 03040341 FC1BFET 3R programmad s 3705
8 0a0igs-1  PCa B0 4.0 Smoolh Optrator
& 03016611 Disk soorce & hes fes 4m BES PR 40 BES
O3] PIOLSTEAE vgkoamg) e e . m: PEISFBLA0R programned 1470 A0
FIC1AF Development Eozrd ? 2
& 0400107 PCE 1040 18.30 o004
& 040010-11 Dl softweiny LtkiSies 380 B85 Neo. 332 MAY 2
Design Your Cwn IC
No. 338 DECEMEBER 2004 & D303 PLE 1565 2
176 Home Bus High-End Preamp
fp 0403337 P8 1240 21.40 @ EHME-t  PCE — man boad 843 145
& 04003311 DEi sooree & Do oo filsy 2450 a.65 @ M2 POR —misy bosnd TS0 1335
LED Chrigtmas Tres € C20M5-3  PCB — PS5 bosd @il 1185
O100159-8% K of PTE & parts FE 11,00 & 00611 Duk 400 B.65
LSE / 17 Interface 020841 PICIELFESRL, programemd 0 42,50
i 0408341 OB TS 1350 Wind Speed & Direclion Meter
B 04053511 Dis projert anfrman: 450 B & D011 Dice, penject saftware 420 BES
(H40334-71  24LCS4, programmed &8 EL 0300141 POIEFAT, peprammed 1755 nes
MNe. 337 NOVEMBER 2004 Mo. 331 APRIL 2004
Mpise Suppression Fillers Drop-in Microcontrollar Boand
8 RT3 pen 1335 2365 & 0201481 FLE 560 1520
Vehicle Battery Jogger € ER0H4E11 ek mampss prosect Bis 480 BES
O G-t PCHE (] 1185 WHF-Low Explarer
1
No. 336 OCTOBER 2004 i il |
ClariTy 300-W Class-T Ampkifier Mo. 330 MARCH 2004
@ o2 Bl V50 21 Baild Your Own DAM Receiver
ey OB W Ling (Soelm o
& 014511 D Bouree & het code 42 88 ?ﬂum” Vi, T g e £
014641 ATROSZIA-10R0. ps 1
=T 4 E8 L] & 07043t PUE G50 1804
Mo. 335 SEPTEMBER 2004 & TR43-11 Dhisk, powrre & hex code ey 440 855
OEME-41 PeiffBdn-A2 progrumemned 15m B0.00
Ratling Dicea
£ DATME)  PER s [ s 1375 2430 Hands-on CPLDs (2)
& CAOTEE-11  Desh, sourre & hes fiss 4.5 BES & 030052-1 PR Bod 1575
£ DE07AS4Y  ATRSNZ051-12F, programmed B0 1548 & 03005211 Software 44 a8
Swlss Army Knife GI0057-41 ERNTIZESLOBLAS, programmed 340 £4.10
£ 034451 POB s MOU, HS232 Ltp 55 16.80 Mulfichannzl Failzale lor Radio Controlied Modeds
@ D3AR-11  [isk saq (a+b). 5 pinject saltwae E5 +1.50 B Q2035311 [k smesra cods T L3 £S5
BBMAEN  ATRSSBEST-24PE0. programened B85 4575 (2038241  ATEECSI-2a0, progmmmed &0 15.40
Mullitunction Frequency Mater
Hﬂ‘n 334 JHLTIWGUST 2“'“'4 & 030130-1.  PCh "B L] 1588
IR Servo Motor Inferiace @ 03013511 Dk, progect softeam 450 885
i 02005511 Dési Rl progrann and PG soome & obiscs code +30 E&S D30136-4% ATEDSEN 0T, programmed b ) 14:08
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Mo, 329 FEBRUARY 2004

Digitz] Alarm Clock

i D30096-11  Dai, PIC soure and hex tode
03009641  MOIEFS4-D4, prograEmiTied

iRccess

& CR0TER-11  Disk =21, sturcs cods and ool spftwars
DS -41  ATESSAFSR-19PC, procrifmmed

Simple 12-10-230V Power Inverier

@ 551 PCe

Touch-zontrolied Swilch

& D214-11  Disk, PIC scwrce code
CEZ14-41 P01 20SORADMS0E, programmed

Mo, 328 JANUARY 2004

G4-K BOCS52 Flash Board

& MR PCA

6 D011 Disk, mise, pimsect sofiwirs
C30043- 31 2SF0H0, progranined
03004231 GAL 1G6VED150P proqrammen

Climale Logger

@ e PLH

i DBNTE-T1  Dusk Winoows sgitwzre

FMS Flight Simuiator Encoder

@ 0H0es1  PLE
DI0065-41 BTLPTTETEN, pgrammid

LED Rouletle

i@ DaosE-1. PCH

& 030168-11 Dk, soore =nd hex fiss
03016841 85C2051-17PC, prograrmmed

Wulti-svenl Alarm Clock

@ DE0304-11 Dk C fooorre) P flds
D205M-41  ATESCI051-1270, orogrammed

Steppar Molors Uncowersd
O200ZT-41 PCIGRETI-205P

MNe. 327 DECEMBER 2003
FM Aemote Contral Transmitier & Aeceiver
@ 0340441 PCa
LED Cheistmas Decaration
& 0301571 PCA
PETLPETE Programmer
& I35 \ Dizk, privject sotiwan
Project Timekeeper
{0 0P0350-11  Disi source & 003501 code hies

Q2035041 FRC1EFES-10F proprammed
Stepper Mators Uncoversd (2}
£ OE127-11 Dk, souere code Tie
Universal Clock Ganeralar
0 GH3G5-1T Dii sooros oo e
Wireless RE232 Link
8 et PoB

Mo. 326 NOVEMBER 2003

Precision Massurement Central
& 0300604 PgR

MNo. 326 NOVEMBER 2003

Row Counter for A/G Models

i DE4118-1 PCA
DE119-11  Desi souece 2 e code
2411141 BECIGHY-1IFE, programmed

Running Text Display

& [Efa07-11  Desic sooroe and hee cods

USE Anatogee Converter

& 03] FCB

2 02037411 D hex cod 2nd Windows soltwae:
C20374-41 PCIGCTES, pitgmmmed

No. 325 OCTOBER 2003

DDS AF Signal Geperalar
0 022892 PCR, controbummly

DO2GG-4%  ATSOGES15 BPC, rograrmmed
Minimalisl Induction-Balance Metal Delzcior
O DEe-1  pea
Xilimx PROM Programmer
& 0T Sottwars

Mo. 324 SEPTEMBER 2003

ATV Piclura Generalar

& DP0205-11 Dk, source & ex coce fhes
GRIZG5-41 ATEHS8515-8PC, propmmmied
02026542 KTOOS1200-127C. programennd

DTMF Remele Talophona Switch

& 021 FoE

B [P0254-11 ek, project softwar
2041 ML EFI4A-P0T programmed

272005 - eleitior elecironin

190
1520

750
1300

50

48
B15

535

1000
Bl

5
1020
1105
1740

5

80
]

1&10

155
400

4490
1315

€00

8T

BT

1750
90

490

T3
1325

210

BES

440

455
1520
1360

11-65
460
410

A0S

1330
2450

1505
855
1090

1655

BES
17,90
1088

13m0
BES

1808
15

e
aes

1455

1080

3360

18,65
1335

BES

25
BES
1]

1540

1540

.00
1568

BES

135
55

2145
s

15,65

8,65

0 DI FORC
& MOE1T ek Windows solbwam
ODED2-41 FCI6EETS-20 T progremmed
Polyphonic Doortedl
i 0P0354-11  [Erk project saite=rE
boNi3541 PICTBFELA-10F programmed
Precision Measoremenl Cenlral
OE0060-51 Fesdy-assembled & s bosmd
Valve Preamplifier (1)
& 0203531 PCH, ampiner bosd
& 02038Y-2  POH, poewr supedy bard
& 0203833 PLA. VD boad

Ne. 323 JULY/AUGUST 2003

Add a Sparkle

i O20293-11 [z, HER 500 sooere They
02029341 PIGHTICSISA-D4 S, programmed

ATOOEZ313 Programmer

& 0M00E-1  PCE

Mini Running Texi Display

B 020065-11  Dish, sourcw code B

Mini Test Chari Gaaerslor

i 020305-11 [ésk, PIC soure code

Programmiag Taal for ATlry15

& 0001 PoE

& 003011 Dish, prowect softwar

Duzd Bridge Car Amp

o 0340ag  Pes

Rumate Light Contfrol with (immer

I 02033710 Dish, HEX avd soure filss
(r33T-41  ATEBCI0S1-12, programimsd

No. 322 JUNE 2003

AVR TV Tenniz

@ 00261 HEm PCH

B (IE-7 - Pushbution PCR

@ ERO026-11  Desk, AV aoume cods
03509641 ATO0ES13, programened

Eloctronic Knotied Handkerchisf

) 0E0E-11 Desk, PC e cocdrober soltwam
DE0a0E41  ATBOSHIND-10PC, programme

Low-Cosl LED Controller {2)

& 0 PCh

B 01 Do presse] soltwan

Night Light Contral

& 02151 =k, hes and soeTs pods
DINTH-R1  ATROS2I13-1DPC, programened

Universal XA Developmant Board

g 0101031 - PCA

& DI003-10 Dese, CA e EPROW hes fhes, NATTY
OIND3-31 EPROM IC8, 27025690, moprammied
1010322 EFRON RO, 37C756-30, progmmmad
MOk BAL 16VE, progratammd

MNe. 321 MAY 2003

Countdavwm Timar

02029511 Dl soqresdnd hexoode
(ROFSG-41  AIB0S1200. progrienmed

USH Auddo Recorder

i ORI :1T  Disk, EPATAL hay code
23-21  EPRDM ZTES1E, mogramned

Valve Final Amp {2)

& 0200713 Ponee supgly boord

No. 320 APRIL 2003
B-Channei Disco Light Controlier
2 0H3-Y  Poa
s34 BT o BFCT1, programemed
Fico PLE
£ 0100531 FCH
B M1 Pk best program
Singla-Chip Tone Conlral
& st PUE
Switched-Outiet Power Bar with RS232 Confral
@ D205 PO
& DP029§-17 Thish, progct softwmm
Temperature Indicator for ihe PL
& D0380-11 - Dish souncet sl cormpded cods
O70350-41 | ATBSCIS, prograimmed

T3

&0
4450
25

50
1445

155
11-20
1810

45
T-£0

w05

430

758
430

ETD

450
B2t

B-fd
E&D
4+
Tl
30
126
B0
430
450
V&85

1320
50
gL
1600
&0

20
138

45
hri]

1605

1310
23

1870
450

103

-3
450

+80
025

1600
L2
HEs

BES
555

112503

2040
ekl
1780

855
1310
1600

a5

&5

1235
BE5

1535

BBS
105

15840
1525

90

BE5

1535

a5
T8

235
850
1770

1.
250

35
2450

230

1775

2315
4070

10
(2]

1830

1810
565

255
1815

Products for afder projects (if available} may be fovnd on oor web site

fillp://www.eleklor-glectronics.co.uk
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sneak preview

EL156 Valve Power Amp
The legendary EL156 oudio power pentode is a

durahle, good looking valve endowed with excellont
sonic properties. Forby-odd years ago it was only seen
in- professional power amplifiers; todoy (zome ay) the
EL156 is the preferrad choice for a top-nolch audie
power amplifier with 2 x 90 walls output power.

Opamp Tester

An opamp dilfers from, say, o resistor in being diffi-
eult fo test using no mare than a DVM. The compad
ond extremely handy instrument described in this arti-

cle allows single to quadruple opamps with standord
pinning to be fested with uncommen ease.

Small High End Amplifier

Audiophile readers know that lots of power does not equate 1o
excellent sound — in foct, the opposite is often the casel Cur small
high-end emplifier is compact and not too expensive to build, yet
ochieves suparh sonic quality. The amplifier, designed to now ‘clas-
sic’” Elektor opologies, works hoppily off o symmetrical 25 ¥

RESERVE YOUR COPY NOW!
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PN e e s GBS
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July/ August . Summer Circuits
Seplember . . Test & Moasuramant
Ociober . . . . . Security
— Movember . . .CAD Software

December . Oploelechonics

Also...

Introduction fo LPC211x ARMes;

Anli-Sound; Solitaire;

LISE-to-MIDI Converter;

Spark Transmitter; Delphi Course {3);

PICYBF Temperature Logger,

The Marth 7005 e goes on sale o Fridey 18 Febesary 2005 (LI distribufion caly]
Artidle tiles ond magazine tonfents sublect to change
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[ [oemocann

[:I Wm Alasgi Cand
=== - -

Ewpiry date
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Pleade send this order form o

Worldwide Subscription Service Ltd.
Unit 4, Gibbs Reed Farm

Pashlay Road

Ticehurst, nr. Wadhurst

East Sussex

ENGLAND TNG THE

Tal.  (+44) (O}1580 200657

Fax | (+44) (0)1580 200616
Emai wwss Swwas.damon. oo.uk




ORDERING INSTRUCTIONS, P&P CHARGES

—_,———— e -

Except in the USA and Canada, il orders, excapt for subscriptions (for which sse bisiow), must be sent BY POST or FAX to our Tunbirdge Wells
address using the Order Form ovarieaf, On-fine ordaring: hitp:/wenw.etektor-slectronics oo ik

Readers in the USA and Canada may (but are not obliged o) send orders, except for subsoriptions (far which ses below),

to tha USA 2ddress given on the order larm. Pleass apply to 0ld Colony Sound forapplicable PAP chages. Please allow 4-6 vieeks lar delivery,
Orders placed on our Tunbridge Wells office must include PAP charges (Prionity or Standard) as follaws:

UK=£4.00 Europa: £5.00 {Standard) or £7.00 (Prionty) Dutside Europe: £8.00 (Standard) or £12.00 {Prigrity)

HOW TO PAY

e —a

Unless yol have an approved credit acoount with us.all orders must be accompantad by tha Ul payment, including postage and patking charges
as stated above. Paymenl may be made by cheque drawn on a London clearing bank (but s2e para. 4 below), postal ordar, VISA, Access,
MastaiCard or EuroCard (when paying by credit card, ths order must go the cardholder's address). Do nat sand cash through the mail Chegques and
postal arders shauld be crossed and made payable to 'Elektor Electronics (Pubiishing)’, Payment may 2lso be made by tiréct transier from a private
or butiness Girn account fo our Giro account No. 34-152-3801 by compleling and sanding to the National Giro Gentre, in a Nationat Giro post-
ape paid anvetops, a Nationa! Giro transfer/deposit form. Do not send Giro transters direot to us, 25 this will deiay youT ardar, iF you lve autside tha
UK, payment may also b made by Bankers® stering drift drawn on a London clearing bank. Eurochenos made out in pounds staring (with
holder's guarantea card number written on the back), ar US or Canadian defiar cheque drawn on a US or Ganadian bank, |f you pay by Bankers® ster-
ling drafi, make ciear to the issuing bank that your full name and address MUST be communicated to the London clearing bank. Our bankers am
NAT WEST PLC, 1 5t James's Square, Wadhurst, East Sussex TN5 6BH, England. Our account number is 3512 5225,
Sorting Code 60-22-15. IBAN code: GB40 NWB K6 022 15 3512 5225 BIC code: NWB KGB 2L

COMPONENTS

Lampanents for prejects anpearing in Elektor Elactronics are usually avaifabie from certain advertisers in This magazine. || difficulties in the supply
of companenis are envisaged, a source will normally be advised In the anicle. Nate, however, friat the source(s) given is {are) not enclusive.

TERMS OF BUSINESS
_—- —————————
Delivery Although every etfort will be made to dispatoh your ordar within 2-3 weeks from receipt of your instructions; we can riol guarantes {His
tims <caie for all orders. Roturns Fauity goods or gobds sent in error may be returned for replacement or refund, but not before obtaining our
consent. All goods retismed should be packed securely in a paddad bag or box, enclosing & covering Fetier statlng the dispatoh note numbar, if the
poods are raturned becayse of a mistake on our part, we will relund the retum postage. Damaged goods Claims for damaged goods must be
recelved at our Tunbiridge Wells office within 10-days (UK): 14-days (Euzope) or 21-days (all other colntres), Cancelled orders All cencalled
orders will be subject 1o a 10% handling charge with 2 minimum chargs of £5-00, Patents Patent protection may exist in respect of circulfs, devi-
£es. components, and sa on, described in our books and mogazings: Elvktor Elactrenics {Publishing) docs ot accept responsibility or Bability

Tor failing to identity such patent or olher protection. Copyright All drawings, phologragihs, articles, printed circult boards, programmed infegrated
Eircuits, disketles and software carriers published In our books and magiznes (othar tham in third-party atdvertisements) are copyright and may

not be reproduced o transmmittad 0 any form or by-any means, including photocopying and recording, in whole or in part, withoul the prior permis-
slon of Elgkior Elactronics (Publisking) (o wnting. Swch wiillen permission must also be obtained before anmy part of thesa publications Is stored in
-a retrizval system of any nature. Notwithstanding the above; printad-circuit boards may be produced for private and personal use without prior per-
mission. Limitation of liability Elekior Electronics (Publishing) shall not be liable i contract, tort. or olherwisa, for any loss or damags suffersd by
the purchaser whatsosver or howsoever arising out of, or in connexion with, the supply of goods or services by Elektor Electronics: (Publishing) ather
than 1o supply goods as described or. at the option of Elekior Electronics (Publishing), to refund the purchassr any money paid in respect of the qoods.
Law Any question relaling 1o the supply of goods and setvices by Elektor Electronics (Publishing) shall be datermingd n-all respects by tha lws of
England.

Jinuary 2005
SUBSCRIPTION RATES SUBSCRIPTION RATES
FOR ANNUAL SUBSCRIPTION FOR 18-MONTH SUBSCRIPTION
e ——y S s Ry
Standard Plus Standard Plus

United Kingdom £35.50 £46.00 United Kingdom £59.25 £69,00
Economy Mail ) Economy Mall :
Rest of the World (exciuding Europe) £51.30 £57.80 Rest of the World (excluding Europa)  £76.95 EBG.T0
Priority Alrmall Priority Alrmall
Europe & Eirs _ £52.50 £55.00 Eurcpe & Eie £78.75 £88.50
Middis East, Africa, Southwes| Asia, Middie East, Alrica, Southwest Asia,
Cantral & South America £64.00 E70.50 Central & South America £96.00  £10575
Austabia; Naw Zaaland, Australin, New Zealand,
Far East & Pacific Temiariss £66.00 £72.50 ‘Far East & Pacific Tamitories £99.00 £108.75
Airfraight Airfreight
USA & Canada only USsad.00 USSSE.00 USA & Canada only US57132.00 USS147.00
Payment should be made by: SUBSCRIPTION CONDITIONS
= Cheque or bankers: draltin sleding drawn on o London cleang bank, T

{“E,;pt it the LISA an‘ﬁ {.‘;mda Egmmmw}; i The standard sabscription order pariod is lwelve manths. I1a paTTTRATH
» USS cheques drawn on a US or Canadian bank — only by subscribars change of addrass during the subscription perind means that copies

in the USA or Canada, 3 have to be despatched by a more expensive service, no extra charge will
« Direct transter to gur bank (NAT WEST PLC, 1 St James's Square. b made. Convarsely, o refund will be made, nor expiry date exiended,

Wadhurst, East Sussex TNS 68H, England), if @ change of address allows the use of 2 cheapar sevice:

Our account number is 3512 5225, Sorting Code 60-22-15. Studkent applications, whichi guaiify fora 20% (twenly per cent) reduction

IBAN code: GRA0 HWE KB.022 15 3512 5295 BIC code- NWA GR gL [0 ourent mates. must be supported by evidence ol studantship sigried by
» Postal ardar g 92 o s the head of the college; school or univarsity iacyﬁg. A standard Student
* Credit card: VISA, ACCESS, Eurn/MasterGard, JOB Electron or Switch, :S{I:IIIEHIEFM £osts £31,60, a Student Subscription-Flus costs £37.60
» Tranister fo our Giro Atcount number 34 152 3801, Giro transfers only). =

should ba mad by compielifig and sending the appropriate transfar/ Please note that now sybvsmnptluns take about four weeks from receipt of

deposit form 1o the Mational Giro Gantre (UK) or 1o your national order 10 becoma effective. )

Biro Conire. Cantelled subscriptions will be subject 1o a charge of 25% (wenty-

Tiva per cent) of the full subscriplion price of E7.50, whichaver is the:

Cheques and postal ordars should be mads payahls 1o Elektor higher, plus the cost of any issues already dispatched. Subsciptions
Elsctronics [Publishing). Do not send cash through the mall, cannot be cancelled after they have run lor sid months or more,
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elektor

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

Elektor Electronics (Publishing)

PO, Box 190

Tunbridge Wells TNS TWY

ENGLANL

Telephone +44 (0) 1580 200 657

Fax +44 (0) 1580 200 616
Email: sales@elaktor-alectronics.co.uk

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

CD-ROMS

Audio
Collection 2

l A unigue CD-ROM far
the true audio lover,
containing no fewer
than 75 audio designs
from the past five year
volumas of elektor
elactronics magazine
The articles on the
CO-ROM cover test & measurement equip- |
ment, amplifiers, digital audio and loudspeakar
technology. Highlights include the Crescendo ;
Millennium Edition, Audio-DAC 2000, Audio- ;
ADC 2000 and the IR-S/PDIF Transmitter and :
Receiver. Using the included Acrobat Reader
you are able io browse the aricles on your
computes, as well a5 print tex!s, circuit diagrams
and PCB layouts,

£12.05 (USS 21.25)

Robotics

A large collection of data-
shaels, soltware lools, tips,
tricks and Intarnet links to
assoned robol construc-
tlons and general technical
inlnrmediam Alimssrainaad
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modem robolics are covar-
ed, from sensors o motors,
mechanical parts 1o micro-
controflers, not forgetting matching
programming toals and libranes
for signal processing.

E12.05 (USE 21.25)

ECD

Elektor’'s Compaonants
Database gives you easy
acoess to design data for
over 2,700 1Cs, more than
35,000 transistors, FETs,
thyristars and triacs, just
under 25,000 diodes and
1,800 optocouplers. All data-
bank applications are fully
mteractive, allowing the user 1o add,
edit and complete component data.

£12.95 (USS 22.60)

dp deyiis
k

Gameboy Digital Sampling
Oscilloscope

a brilliant design

Thi GBOS0O is a plug-in module that lirns the
popular Nintendo Gameboy Classic, Pocket,
Cuolour or Advanced Into a versatile dual-channe!
oscilloscope. An optional link to & PC even allows
measured oscillograms (o be viewed or stored
oh the PC.
The GBDSO rocked the electronics hobby world
and that's why we continue offening ready-built
GBDS0 modutes (including the associated PC
software and the magazine articles).

£103.00 (USS 183.00)

Micro Web Server for Internet and Intranet
control and regulation via the Internet

Remote measurament and contral is possible via the Intermst.
Unfortunately, webservers usually sil in largs, humming grey cabinels,
That's nil the ideal solution for keeping an eye on your rafrigerator,

colfes machine or central heating system. The Elektor Electronics Micrao
e e v pvrdindnes: e Hbierr i O ' orentifohy opsden NRATAETU
microcontroller board (alse known as 'Precision Measurement Caentral’)
now provides network and Intemeal connectivity, allowing the processor (o
publish its own data pages onloe the web. The article descrbes a tempara-
ture logger allowing the user fo entar, via the Interne!, lemperalure limits
and an email alarm address. The Micro Web Server can also swilch net-
work ports fram an Inlemet-cannected PC. literally anywhore on the glohe.

T T -

MNow available:

« MSCT210 board (assembled and testad)

+ Network extension {assembled and tested)

« Combined package (incl, software and all
relaled Elekior Efectronics articles on CD-ROM) £103.50 (US5184.95)

E69.00 (USS§5112.50)
£41.95 (USS5T3.95)
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SPICE
- Simulation a‘; ]
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Schematic &
PCB Layout

* Powerful & flexible schematic rapture

* Auto-component placement and rip-up/retry PCB routing.
* Polygonal gridless ground planes.

* Libraries of over 8000 schematic and 1000 PCB parts.

* Bill of materials, DRC reports and much more.

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.

vy e ey

* 6000 models including TTL, CMOS and PLD digital parts.

* Fully compatible with manufacturers’ SPICE models.

* Supports PIC, AVR, 8051
* Co-simulate target firmware with your hardware design.
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Profeus VSM - Co-simulation and debugging for popular Micro-controllers

, and BASIC STAMP micro-controllers.

* Includes interactive peripheral models for LED and LCD displays,

switches, keypads, virtual terminal and much, much more.
Compatible with popular compilers and assemblers from
Microchip, Crownhill, IAR, Keil, and others.

3 :
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New Features
£ In Version 6.5

Textual library part search.
User defined keyboard map.
CADCAM output to ZIP file.
Bitmap import function,
Truetype fonts on PCBs.
Enhanced printer output.

Call Now for Upgrade Pricing

NEW
ELECTRA

SHAPE BASED

AUTOROUTER
HOW AVAILABLE

apl@=ae= .
Fax: 01756 752857
El e ctronlec s Contact us for www.labcenter.co.ult

53-55 Main Street, Grassington. BD23 5AA  Free Demo CD info@labcenter.co.ult



