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The leaders in PIC development

* & > o

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

This

PicDev Board with PicScript
£99.00 (plus p+p)

for the novice or non programmer.
It is shipped with:

is a complete development suite

PicDev Board

PicShell and PicScript software
Breakout board

Cables

Example scripts

Both items require

To order:
PC with senal port available

Power supply adapter www.pagm.co.uk

PicDev Board with C Compiler
£1 65-00 (plus p+p)

This is a complete development suite for
the more advanced programmer.

It is shipped with:

PicDev Board

PicShell and PicScript software

C compiler

Breakout board

Cables

Example scripts

ICD1

sales@pagm.co.uk Tel: +44 (0)1792 891927
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Resistance
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Voltage
Light level

Temperature

Microphone External sensors: Humidity
® Low cost-under £60 Tempergﬂ.
@ Built in sensors for light, temperature and sound 02 In A”’_

(level and waveforms) Reed Swit

® Use DrDAQ to capture\fast signals

@® OQutputs for control experlments \

@® Supplied with both PlGOSCOpe (oscilloscope) and
PicolLog (data logging) software

'-.\

For more information on DrDAQ, please visit:

www.picotech.com/drdaqg108

PC Oscilloscop

® Scope and spectrum anaiyser functions
® A fraction of the cost of benchtop scope
® Save multiple setups, for ease of use

@ Save, print and e-mail your traces e
@ FREE technical support for life -
® FREE software and upgrades
® Automated measurements
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Virtuzal Instrument

For more information on our scopes, please visit:

www.picotech.com/scope223

Tel: 01480 396395 Fax: 01480 396296 E-mail: sales@picotech.com
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DESIGN your two or four layer PC boards
SEND us your design with just a click
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expresspcb.com

Affordable, Professional

ARM7 C/C++ Development!

Everything required for LPC2000 Philips ARM7 development
in a single, upgradeable kit.

=

Industry standard Keil uVISION3 IDE, C/C++ compiler and simulator
#  Full Simulation of LPC2000 with peripheral & interrupt support

3}

Fully assembled LPC212g board

16k RAM, 256k FLASH on board

Dual CAN and RS232 interfaces

JTAG and ETM trace debug interfaces
Example program library

& ulINK USB-JTAG interface (optional)

B & E

[%

Basic 16k code development kits from £75 +VAT
Full 16k development kit with JTAG-USB debugger £249+VAT
(Academic price just £149+VAT!)

> KEIL

SOFTWARE

For full details see www.hitex.co.uk/arm =pHiLips
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Our friend the battery

As | see it, a battery is simply a device that allows people to have electrical energy available even in the most
unexpected of places — just think of the construction worker in a dark cellar using his cordless power drill and
helmetmounted torch, or the businessman whose cellphone or PDA starts to ring while in the Gents. Invariably
we want batteries to be as light as possible and to supply lots of energy right there and then. This requires the
battery contents to be of a very special nature, cramming as much as energy as possible into lightweight, envi-
ronmentalfriendly substances, while the packaging remains robust yet unobrusive. New technologies like fuel
cells and polymeric struciures promise a lot in this respect and an article on these will appear in the January
2005 issue.

A while ago | found a 100-percent natural product meeting all the above requirements: well sealed, of a design
perfected over millions of years (as opposed fo less than three months on some industrial designer’s PC), light-
weight and confaining lots of energy — although not of the electrical type and certainly not rechargeable.
While doing an oil check on my wife’s Suzuki Alto, I discovered a perfectly intact chicken egg carefully tucked
away between a long bolt and the vehicle battery. Facts: (1) the car is always parked on the driveway; (2) our
neighbours have two geese and about 10 chickens and (3) martens are very common where we live. One of
them, or a couple, must have been exiremely adept at carrying the egg without breaking it, as the fowlrun is
fenced by six feet high fine mesh chicken wire. My wife may well have driven around for hundreds of miles
with an exfra source of natural energy under the bonnet. About three months after this hilarious sighting we
found a large bread crust in the very same hiding place. | am happy the marten leaves the car wiring well
alone and now like to think of it climbing up the small engine and enjoying a midnight snack in a warm and
dry place. Instant energy in an unexpected place. To us, maybe — to the nimble animal, it's just another way of

charging up.
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Batteries

| The main driving force for battery development Defective batteries are a common problem. Since pre-

| has been the boom in portable equipment such vention is naturally better than cure, here we present a
as mobile phones, laptops, camcorders, and circuit that can keep your battery in shape in a simple
MP3 players. The result: different customer but effective manner. Requiring no external power
demands, battery types and associated charging source, this litile circuit was specially designed to get 6-V
methods. An overview. and 12-V vehicle batteries through the winter period.

Informative Articles Regulars
14  ABC of Rechargeable Batteries 5) Foreword & Colophon

26  Sealed Lead-Acid Batteries 8 Mailbox

30  Bring out your Dead 10 News & New Products
34  PICXEX18 and PICWin18 79  Quizz'away
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Bring our your Dead USB Cybercls Ready, Steady, Fatty

What do we do with those tons of surplus, Quartz oscillators are the way to go  This month's inside ouf pages look at
defective or damaged electronic equipment when you need a precise, stable fre-  body fat meters. Sensible people look
and components? Soon, the landfill is no quency source but what do you do after their health. And of course you
longer a viable option. In 2006 European leg- when an application calls for anon-  want to keep an eye on your condition,
islation on electrical and electronic waste standard frequency? Custom-made for example with scales that also show
comes into full force. Across North America, crystals are an expensive option but  your body fat percentage.
states are passing laws fo deal with electronics now Cypress has come up with a Perhaps you already have one of these
waste. These measures reflect a hidden but cheaper aliernative. Excellent for low-  at home, but how do they work?

. growing problem. Chris Bayliss reports. noise YCOs and PLLs.

Construction Projects

20  Vehicle Battery Jogger |
50 Noise Suppression Filters Come see us at

60  Automatic Preselector (i
I e edromm

70 kiichen table: Ear Boggle

76 start here: 9 - 12 November 2004
Baitery. Charging on USB New Trade Fair centre, Munich, Germany
30-mA LED Dimmer Booth AS5. |64
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Message from Australia
Dear Jan — Congratulations
for a well done and well pre-
sented restyled Elektor
Electronics. | am glad you
have done this. It gives our
profession and interesfing
hobby a new life!

At this day and age of ICT
(Information and
Communication Technology),
more and more electronics
magazines have dropped out,
for example here in Ausiradlia
we used to have three publi-
cations but now we are down
to one (Silicon Chip) — when
there were Elecironics
Australia and Elecironics
International Today).

Similarly in the UK we used to
have Radio & Elecironics
World, Hobby Electronics,
Maplin Elecironics, Practical
Electronics, Everyday
Electronics (now known as
Everyday Practical Elecironics),
ETI UK whereas foday we are
left with Elekior Elecironics and
Electronics World.

In the USA, we used to have
Radio Electronics, Popular
Elecironics (merged as
Poptronics), Electronics
Now, Audio Xpress and
Nuts & Volts. We are now
left with Audio Xpress and
Nuts & Volts. Audio Xpress
specialises only on audio
electronics areas.

There are now more comput-
ing magazines than electron-
ics magazines. The fact is, it
is easier fo learn compuling
today than yesterday where
only professionals could work
on them as they were mainly
mainframe computers. Today
with deskiop, laptops, and
portable computers and
Windows as opposed to
MVS life in ICT is easier.

On the whole, | hope Elekior
will draw young readers in
with your restyled look.
Restyled alone is not a winner.
Elektor has provided ‘re-inter-
est’ in the field of electronics.
Every issue is gefting mare

exciting. Reading is much
more pleasant and topics pub-
lished are superb! Excellent
work from you and your team.
For the record | have been
subscribing fo Elekior since
1974 when you first siarted.

| believe | have every issue of
Elektor.

Michael Ong

Like you we do not fail to observe
the on-going slimming down of
the market for specialist maga-
zines and regret the demise and
mergers of so many renowned
magazines on elecironics. How-
ever, we're holding our own and
are proud to have been around
without failure these past 30
years.

Missed opportunity or
future project?

Dear Jan — A while ago |
had a go at the USB/RS232
converter item you published
(April 2003, Ed.). | gave up ai
the PCB layout stage, as there
were foo many via's required
under the fwo small SMT chips
— one mounted opposite each
other (fop and bottom) on
PCB. | was going to have
another go at the layout,
bringing the iracks (and via's)
out from under the devices, but
have not had the time.

| was interested fo see there-
fore, the approach of Jim
Spence in his Swiss Army
Knife (September 2004, Ed.),
where the inferface (USB or
RS232) could be changed with
a different plug in module. This
is an ideal solufion to the PC
Serial Port Legacy problem.
Has Elekior missed an oppor-
tunity here? In the original
project, the pdf's of the lay-
out were available, but the
blank PCB could not be pur-
chased. In this latest project,
the USB section is physically
part of the entire Swiss Army
Knife project.

Why not publish as a project
(or just market the pcb's) with
the USB interface on it's
own? Regarding the PCB, this
could be the USB section
from the Army Knife project,
duplicated 3 or 4 times, fo
make the pcb production cost
worthwhile. | am sure most
home engineers would have
a need for more than one
interface and this pcb would
fit the bill, perfectly.

lan King

An excellent idea which has been
copied info our design lab. I'm
sure you've noticed that the USB
interface for ihe SAK project does
not supply ‘real’ RS232 levels
although that functionality is eas-
ily obtained by adding a
MAX213 chip.

By the way, regarding the ‘origi-
nal’ project {April 2003), any
PCB that's not supplied by our
Readers Services may be
obtained from our business part-
ner The PCBShop’ {EuroCircuits).

Polyswitch Looking at the
components list for the USB
UART project (December
2001) | noticed an unfamiliar

description ‘100 mA poly-
switch” to identify R2. |
believe a resistance value
should be expressed in ohms,
and | have no idea what
’polyswitch” means. Can you
enlighten me and perhaps fell
me where such a device can
be bought?

M. van Engelenburg

A polyswitch is a PTC (positive
temperature coefficient) resistor. In
this case, if the device passes a
current exceeding 100 mA it will
run hot and as a resulf increase its
resisiance abruptly from less than
1 ohm fo a valve in the kilo-ohms
range. In this way the polyswitch
acis as a current limiter. Once
cooled down, its resistance drops
again, allowing the current fo rise.
If you are unable to obtain a real
polyswitch, you may substitute an

ordinary resistor of 1 ohm.
Alihough this will not provide self-
restoring profection, it is befter
than nothing as the resistor will
burn out in response to excessive
current flow. A 100-mA fuse will
also do although it too is a dis-
posable component!

Regarding availability, poly-
switches are stocked by mail
order companies like RS Compo-
nents and Farnell.

ltem Tracer in trouble
When launching my EIT
(Elektor ltem tracer) software |
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was often greeted by ‘over-
flow’ errors. After some
researching, the problem
could be narrowed down to
my version of Microsoft Data
Access Componenis [MDAC).
Fortunately, Microsoft have a
hotfix available, see
Q329414 on microsoft.com:
support.microsoft/com/defau
It.aspx2scid=kb;en-
us;Q329414. The EIT will
run fine and no overflow
errors pop up if you use
MDAC version 2.7.

Reading AT micros

Dear Editor — friggered by
your articles I've just starfed
experiments with Atmel
microconfrollers. Is it possible
to read code from these
devices? Programming is no
problem for me. | am using
the Elektor 8958252 Flash
Micro board. Do | have fo
use a separafe programmer
for each controller type?

M. Verwoord

The AT8958252 can be read out
only if the security bits are not
programmed. The software we
supply is however unable to read
the coniroller confents. To do this,
you need a dedicated reader, for
example, B. Kainka's
‘atmelips.zip’, which may be
found at http://b.kainka.bei.-
online.de/basismi.him (scroll to
bottom of page). Our Multi Pro-
grammer on USB (June 2004)
handles many different microcon-
irollers including the 8958252.

IDE disk on USB

Dear Editor — what do you
think of this suggestion: a
USB2.0 interface for a
portable hard disk! Now that
looks like the perfect project
for Elekior readers as I'm

11/2004 - elekior eledronics

sure many will have old IDE
hard drives lying around. As
| see it, such an interface
should not be too hard to
design and dedicated chips
are probably available.

(a subscriber)

You may have missed that this
type of interface is now widely
available from computer shops at
prices that defeat any attempt at
home construction. As to cost, the
interface circuit would probably
match the valve of the old hard
disk and conversely it would be
just as expensive as a new exfer-
nal USB hard disk. Consequently,
such inferfaces are fypically
bought by people regretiing to
part with dear old hardware.

NiCd batteries —
environment vs.

quick profits

Dear Editor — today's
rechargeable batteries are
vastly superior fo the old
Nickel-Cadmium units of 30-
odd years ago. They have
several times the charge den-
sity, don't suffer the memory
problems, and don't contain
highly ioxic cadmium. Why,
then, do so many products
sfill come to market with
NiCd cells in them? What
possible advantage do they
offer to manufacturer or con-
sumer?

Second question: since
NiMH cells have the same
voltage and at least twice as
much current capacify as Ni-
Cd, is it safe fo replace Ni-
Cd cell packs with NiMH
units of similar voltage and
size2 I'd love fo extend the
life of my cordless screwdriv-
er, phone, shaver, efc.
George Price, Atlanta,
Georgia

NiCd batteries still proliferate (also
in new consumer elecironics) due
to commercial forces. You may

have missed that over the past few
years the NiCd production
process has matured to the exfent
that impressive capacily (exceeding
2 Ah for AA cells) can be
achieved at very low cost. The
production of NiCd batieries will
be banned soon but considering
the vast production capacity (and
stocks) of Far Eastern and Chinese
battery manufaciurers we fear
NiCd technology will be around
for quite a few years to come.
You cannot charge a NiMH cell
with a NiCd charger unless it
has an adapted end-of-charge
detector. See also the article
“ABC of Rechargeable Batieries’
in this issue.

Radio articles resource
on the web

Good morning Jan, it is
many years since we last
spoke and | submitted articles
to Elektor. | hope that you are
well. | have recently set up
my own business. One ele-
ment of this is a website that
| have run for a number of
years. | have recently given it
a major overhaul and | am
re-launching it. lis aim is to
be a resource of free infor-
mation, arficles and data
about radio and electronics.
The URL is
www.radio-elecironics.com
lan Poole

Thanks lan, the word is being
passed on.

I-see adapters

Dear Sir — for those of us
that are older who enjoy
electronics as a hobby and
want fo use the smaller for-
mat of integrated circuit
packages.

| am sure that there many of
us who would like to obtain
adapter PCBs to convert from

ssop fo dip, soic to dip, efc.,
to include the any pins used.
Would you consider making
available through your PCB
Service a seleclion of the dif-
ferent small packages to DIP
8 pin to 28 pin?

| have noticed in
RadioSpares these cost about
£5.00 each.

If you know a source for
these useful paris | would
appreciate their address.

E. Lea

Thanks for the suggestion which
has been copied into our design
department. Meanwhile, for ICs
in TSSOP or SSOP cases with up
to 20 pins have a look at the
adapter board sold by

AK MODUL BUS,

v, ak-modul-bus.de

T

T

MailBox Terms

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

- Viewpaints expressed by cormes-
pandents are not necessarily

those of the Editor or Publisher,

— Correspondence may be translated
or edited for length, clarity and
style.

- When replying to Mailbox corre-
spondence, please quote Issus
number.

- Please send your MaflBox corre-
spondence to:
editor@elektor-electronics.co.uk or
Elektor Electronics, The Editor, PO.
Box 190,

Tunbridge Wells TN5 7WY, England.
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news & new products

10 Gigabit/s Ethernet over twisted-pair copper

Phil Turtle

If we look back over history, there
is an cbservable cycle out of
Which hﬂS gro\'m H'IE dominunce
of Ethernet — and which causes
the everpresent desire of nefwork
managers fo ‘future proof’.

Moore’s law states that comput
ing power doubles every 18
months. Although it does not
apply directly to acfive equip-
ment and cabling, it is a signifi-
cant driver. Acfive equipment fol-
lows a roughly fouryear lifecycle.
Now here lies the difficulty for
network managers. Computers
are being changed out every
iwo fo four years; actlives every
four years — yet the cabling
infrastructure is expected to last
8, 12 perhaps even 20 years.
So it's quite evident that struc-
tured cabling capability has to
lead active equipment deploy-
ment — in practice, by between
four and six years.

Alien forces

There are iwo technical prob-
lems to be overcome in the move
from Gigabit to 10 Gigabit/s.
One is the much greater inser-
tion loss of iwisted pair at
500 MHz, the other is crosstalk
— signals induced from adjo-
cent cables that cannot readily
be cancelled elecironically.
Developing a costeffective, prac-
fical 10 Gigabit/s system relies
heavily on the passive cabling to
counteract these hwo problems.

So difficult, in fact, is this iask
that until November 2003 most
people in the cabling indusiry
believed that an unshielded
(UTP) approach was not possible
and that shielded cabling was
the only solution. Indeed, many
were proposing fo exclude even
the possibility of an unshielded
(UTP) cabling solution from the
up-coming 10 Gigabit/s Ether-
net standard.

However, an innovative develop-
ment came from KRONE's labs
who produced a new copper
cable — CopperTen™. After care-
ful measurement and external
validation by one of the active
electronics manufacturers,
KRONE were able to demon-
sirate fo the |IEEE study group
that 10 Gigabit/s over UTP was
indeed a practical proposition.

Shielded or unshielded
From the late 80s there has been
disagreement in the indusiry and
around the world as to whether
shielded (STP) or unshielded
(UTP) cabling solutions are the
best, with many companies back-
ing one horse or the other —
and then irying to convince the
market that theirs is the only way.
KRONE has always recognised
that both have their advantages
in different situations and that
whilst STP might be the solution
of choice in one market, UTP will
be preferred in another.

Whilst custom and praciice in
Germany and ceniral European

couniries is to use shielded solu-
fions, most of the world is UTPcen-
tric. In fact in 80% of the world
the skillbase of network designers
and installers is in unshielded tech-
nology and systems.

This is why KRONE worked
against almost impossible odds
to prove fo the indusiry that a
UTP implementation of 10 Giga-
bit/s was possible. Otherwise,
over the coming years, the indus-
fry would have found a situation
where every installer would have
had to be reirained and up-
skilled to be able to underiake
the more complex, and far less
forgiving task of installing
shielded systems. This in turn
would have added three exira
cost elements into the 10 Gige-
bit/s solution — the higher cost of
screened cables, the higher
labour costs of slower installation
and the on-ost of installer re-
fraining. KRONE does not how-
ever hold a claim that UTP is the
only solution, also developing
shielded solutions so that users
have choice.

Early adopter risk

As ever, being an early adopter
is not without risk. For example,
a number of other cable and
connector manufaciurers have
been promoting ‘Cat ée’ prod-
ucts which have focused on
improving the internal elecirical
performance of cables and con-
nectors. As it furns ouf, these
‘improvements’ have proved to

be exactly the opposite when it
comes to crosstalk — the killer
factor for 10 Gigabit/s. Instead,
‘augmented Cat 6’, on which
the KRONE CopperTen solufion
is based, is the clear favourite.

The bottom line

10 Gigabit/s Ethernet over
hwisted pair copper is now cer-
tain to become a standard
IEE802.3an [10GBASE-T). A
structured cabling solution is
therefore needed. Generally ihe
structured cabling solution is
needed four to six years before
the relevant Ethernet ports are
installed in bulk.

Network managers need work-
able solutions as early as possi-
ble. Many cannot afford to wait
for ratified standards. KRONE's
UTP CopperTen solution offers
users the latest technology based
on the latest information. With
a warranted 18 Gigabit/s Shan-
non capacity, it outperforms the
requirements of all the Ethernet
solutions currently being studied.
Copperlen is an augmented
form of Category 6 UTP technol-
ogy which installers and man-
agers are familiar with. With its
Category 6 pedigree but 10x
greater throughpui, at a relo-
tively small premium, it could
soon become the solution of
choice.

Further information from
www.krone.co.uk
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New range of component kits

Fast Components Limited, a new
component supplier is targeting
hobbyists with its brand new
range of component kits. Co-
founder Thomas Arundel says
“Electronic hobbyists have had
a rough fime of late. leaded
components are becoming more
difficult to find, and incumbent
suppliers are imposing ‘small
order’ or high shipping
charges”. As a result, the Fast
Components team are offering a
fresh and more economic way to
buy elecironic components.

“We sell brand new component
kits” says Tsuyoshi Kihara, the

co-founder who's behind Fast
Componenis’ supply network.
“As former product designers
we were frusiraied with fime
and effort it took fo build up a
decent stock of bench-top com-
ponents. Once we started inves-
figating a supply chain, we
realised that we could sell kits of
commonly required components
at one fhird of the price that
those same components would
cost separately.”

Fast Componenis have opened
their range with kifs containing,
1000 1% metal film resistors
spread over 93 volues, 240
50V ceramic capacitors spread

over 24 values, 93 radial elec-
irolytic copacitors spread over
12 values, and 100 miniature
polyester capacitors spread over
9 values. The resistor kit retails
at £9.99, ond the capacitor kits
at £4.99. Customers can order
direct from the Fast Componenis
website, where Ihey can pay
securely with credit cards, Pay-
Pal, or Cheque / Posial Order.
Full Adobe PDF datasheets of all
kits are available on the Fast
Components website.

“We've started with a useful col-
lection of kits to get hobbyists
(especially newcomers) starfed”

says Thomas. “We're planning
to follow up with more passives,
surface mount kits, mechanical
hardware kits and semiconduc-
tors through the autumn.”
Postage & packaging is at cost
with no minimum order charge

Fast Components Limited,
Winchester House, Winchester Road,
Walton On Thames, Surrey,

KT12 2RH.

Tel: +44 (0) 870 750 4468.

Fax: +44 (0) 870 137 6005. Email:
sales@fastcomponents.co.uk

Web: www.fastcomponents.co.uk

(D40168-1)

Class-2 Bluetooth RS-232 Adapter

SMART Medular Technologies,
Inc. announced its new Bluetooth
1.1 compliani RS$-232 adapter
for the indusirial, medical, and
scienfific markets. This RS-232
adapter features an onboard
antenna, an embedded configu-
ration utility, and an embedded
Bluetooth communications stack
complete with the Bluetooth Ser-
ial Port Profile. When used in
combination with other Blue-
tooth-enabled products (that
either have builtin Bluetooth
capability or are also equipped
with adapters), the SMART Blue-
tooth RS-232 adapter replaces
traditional serial cables in prod-
ucis such as laptop computers,
indusirial data collection sys-
tems, and medical monitoring
equipment. Offering significant
convenience and maintenance
advantages, this adapter elimi-
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nates the need for cable installa-
tion and repairs.

The new SMART RS-232
adapier aviomatically detects a
power source, allowing it fo use
either power (via pin 9) or an
external power source. It feo-
tures maximum data transfer
rates up to 200 kb/s and sup-
poris Class 2 [+2 dBm typical
transmit power with a maximum
range of 30 m). Power consump-
fion is specified at less than
150 mA maximum during con-
tinuous operation, with 100 to
120 mA typical. During sleep
mode, power consumption drops
to below 1 mA.

Smart Modular Technologies,
4211 Starboard Dr, Fremont, CA
04538-6427, USA.
www.smarim.com

(271371
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news & new products

MPLAB® PM3 Universal Device Programmer

Microchip’s new MPLAB® PM3
Universal Device Programmer
supports all of Microchip’s PIC®
microconirollers (MCUs) and
dsPIC® digital signal controllers
[DSCs). The PRO MATE® Il uni-
versal programmer was previ-
ously rated one of the leading
programmers in CMP’s 2002
Embedded Market Study, and
the MPLAB PM3 adds a number
of improvements. These include
faster programming, USB con-
necfivity, improved socket mod-
ule connection, SD and MMC
card storage and a builtin InCir-
cuit Serial Programming inter-
face.

The new programmer can be
connected to a PC via a USB or
serial port, or can be used as a
stand-alone unit. For maximum
ease-of-use in standalone mode,
it features a larger and brighter
128-64 pixel graphic LCD
screen providing menus, pro-

gramming statistics and status
information, and an SD/MMC
flash card slot for easy and
secure dafa storage and fransfer.
When connected to a PC, the
MPLAB PM3 is fully integrated
info Microchip’s free MPLAB Inte-
grated Development Environ-
ment (IDE) software, or can be
used via a separate commarnd
line interface. Other key features
of the MPLAB PM3 include:
Complete line of interchange-
able socket modules to support
all programmable Microchip
devices and package opfions
(sold separaiely).

Adapter allows PRO MATE I
socket modules to be used on
MPLAB PM3 (sold separately)
Serialized Quick Turn Program-
ming®™ for encoding unique
serial numbers in PC host mode
Buzzer nofification for noisy envi-
ronments.

The MPLAB PM3 Universal

Device Programmer is supplied
with a power supply, serial and
USB cables, and an ICSP cable,
and is available now for $895.

Microchip House, 505 Eksdale Road,

Winnersh Triangle,
Wokingham RG41 5TU.

Tel. (+44) (0)118 921 5858.
Fax (+44) (0)118 921 5835.

WWW.ITICT n_d_g_.m

MP3 Surround Sound Multiple<channel MP3

Hans Weber

The Fraunhofer Institute
has released an MP3-com-
patible compression
scheme for surround
sound.

The Fraunhofer Institute for Inte-
grated Circuits IIS in Erlangen,
Germany, developed the MP3
compressed audio format in
1992. Since then it has become
a standard worldwide. From tiny
porfable players to music on the
Internet, the MP3 format can be
found everywhere where high
quality stereo sound is required
but the available data rate or
storage space is limited.

How can it be improved? The
opporiunities for greater com-
pression and hence lower data
rates would seem to be
exhausted. However, with the
frend towards multichannel

audio and surround sound,
development has progressed in
another direction: MP3 now also
supports multiple channels. The
new product is called ‘MP3 Sur-
round’ and was developed over
the last year by the Fraunhofer
Institute in collaboration with the
American company Agere Sys-
tems. It was shown af the AES
Convention in Berlin.

Despite offering greater capabil-
ities, MP3 Surround operates at
data rates not significantly
higher than normally used in
ordinary stereo MP3 files. The
trick is very simple: the 5.1 input
signal is ‘mixed down’ into a
two-channel stereo signal. This
has the additional advantage of
perfect backwards compatibility.
Today's MP3 decoders can read
the new format and produce
stereo sound as before. A ‘Spa-
tial Audio Encoder” is then used
to generate a relatively small
amount of ancillary data which
is added to the stereo MP3 bit-

stream. The decoder employs
this ancillary data to reconstruct
the other channels. Although the
results are not quite of the qual-
ity that can be achieved using
genuine 5.1 playback, most of
the people involved in listening
tests, professionals and non-pro-

fessionals alike, described the
sound as excellent. The first com-
mercial applications for MP3
Surround are expected as early
as this summer.

Web pointer:
www.iis.fraunhofer.de
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New PC Oscilloscopes

Pico Technology, has announced
a new series of high-perform-
ance PC oscilloscopes. The
3000 series debuis with three
instrumenis: the PicoScope
3204, 3205 and 3206. All
three are costeffective replace-
ments for fraditional bench top
instruments. The top of the range
oscilloscope boasts a sampling
rate of 10 GS/s, an analogue
bandwidth of 200 MHz, and a
record length of 1 MB.

The combined high sampling rate
and large memory buffer of the
PicoScope 3206 enable the cap-
ture and display of fastoccurring
and complex signals. With 1 MB
of memory, the 3206 can capture
at least 30 fimes as much data,
allowing the user the ability to
zoom in on areas of inferest.

All three PicoScopes in the 3000
series connect to a PC via
USB2.0: drawing their power
from the PC, 50 no need for a
separate power supply. In addi-
tion fo being high-performance
oscilloscopes, the PicoScope
3204, 3205 and 3206 all feo-
ture a spectrum analyser mode
and (when used with Picolog
software) can also be used for
high-speed data acquisition.
The 3205 and 3206 also
include builtin signal generators,
capable of sweeping up to
1 MHz. The signal ouiput on the

oscilloscopes’
‘external trigger’
BNCs, can be o
sine, square or iri-
angular wave.
The PicoScope
3000 series fea-
tures more than
30 auiomated
measurements
such  as:  fre-
quency; pulse
width; rise time;
THD and SNR;
and five
enhanced display
modes including
Digital ~ Colour
lideal for spotting
intermitfent
glitches in digital
signals] and Analogue Intensity
(useful for displaying video
waveforms and analogue modu-
lation signals).

The three instruments in the Pico-
Scope 3000 series have the fol-
lowing features:

PicoScope 3204 — 2.5 GS/s
sampling rate (repefifive signals),
50 MS/s single shot sampling,
50 MHz analogue bandwidth,
and record length of 256 K.
Specirum range 0 to 25 MHz.

PicoScope 3205 - 5 GS/s
sampling rate [repelitive signals),

100 MS/s single shot sampling,
100 MHz analog bandwidih,
ond record length of 512 K.
Specirum range 0 fo 50 MHz.

PicoScope 3206 - 10 GS/s
sampling rafe (repetitive signals),
200 MS/s single-shot sampling,
200 MHz analogue bandwidih,
and record length of 1 MB.
Spectrum range 0 to 100 MHz

Using these instruments, it is easy
to share waveforms and instru-
ment seltings with other users
{and waveforms can even be
exported as JPEGs for posting on

a web sife or using in reports).
The three new PicoScopes are
supplied with PicoScope and
Picoleg software — demo and
full versions of which can also
be downloaded free of charge
from www.picotech.com. The
3204 retails for £399 + VAT, the
3205 for £599 + VAT and the
3206 for £799 + VAL

Pico Technology Ltd., Mill House,

Cambridge Street,
St Neots PE19 1QB.

Tel. (+44) (0)1480 396395.
Web: www.picotedh.com

Backlighting goes blue

Lascar Electronics has added the
SP 400-BLUE to their popular SP
Series of digital voltmeters. The
SP 400-BLUE is a 31/2digit
LCD voltmeter with bright blue
LED backlighting providing
exceptionally clear visibility
under low light condifions. Other
features include a low battery
warning, a 200-mV DC meas-
uremeni range with aulo-zero
and aufo-polarity, and userselec-
table decimal points.

The SP 400-BLUE features a neg-
ative rail generator which
enables the meter fo measure a

11/2004 - elekior elecironics

signal referenced to its own
power supply GND. A one-
piece housing ensures splash
proof profection when correcily
mounted with the supplied seal.
The SP 400-BLUE is available
immediately af a cost of £19.95
(£11.97 in OEM quantities of
250+).

shire SP5 25). Tel. (+44) (0)1794
884567, Fax (+44) (0)1794 884616.
www.loscarelectronics.com
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ABC OF RECHAI

Basics, pitfalls & recommendations

Gert Helles,

Maxim Integrated Products Inc.,

Hadsten, Denmark

The use of batteries has never been greater. Batteries are
becoming smaller and lighter even as they package more and
more energy per unit volume. The main driving force for battery
development has been the boom in portable equipment such
as mobile phones, laptops, camcorders, and MP3 players.

The following brief overview of charging methods and
current battery technologies is intended to lend a better
undersitanding of the batteries used in portable
devices. It includes discussions of nickel-cadmium
[NiCd), nickel-metal-hydride (NiMH) and lithium-ion
(Li+) battery chemisiries. The article also describes a
product for protection of singlecell lithium-ion and
lithium-polymer batteries.

Definition of a battery

Calling a battery an energy storage system poses a defi-
nition that also includes such things as flywheels and
clock springs. In the context of modern technology, how-
ever, batteries are usually portable, self-contained chemi-
cal systems that produce elecirical energy.

Disposable batieries (called non-rechargeable or primary
cells) create eleciricity from a chemical reaction that per-
manently iransforms the cell. Discharging a primary cell
leads fo a permanent and irreversible change in the cell
chemicals. By contrast, rechargeable batteries, also
called secondary cells, can be recharged by a charger
afier having been discharged by the application.

The charge or discharge current is usually expressed (in
ampéres) as a muliiple of the rated capacity (called the C-
rate). For example, a C/10 discharge current for a bat-
tery rated at one ampére-hour (1 Ah)is 1 Ah/10 =

100 mA. The rated capacity of a cell or batiery (in Ah or
mAh) is the amount of eleciricity that it can siore (produce)
when fully charged under specified conditions. Thus, the
total energy of a battery is its capacity multiplied by its
voliage, resuliing in @ measurement of wait-hours.

Defining battery performance

The chemisiry and ihe design of a batiery cell together
limit the current it can source. Barring the practical fac-
tors that limit performance, a battery could produce an
infinite current, if only briefly. The main impediments to

infinite current are the basic reaction rates of the chemi-
cals, the cell design, and the area over which the reac-
tion takes place. Some cells are inherently able to pro-
duce high currents. Shorting a nickelcadmium cell, for
instance, produces currents high enough to melf metals
and start fires. Other batteries can produce only weak
currenis.

The net effect of all chemical and mechanical factors in a
battery can be expressed as a single mathematical factor
called the equivalent internal resistance. Lowering the
internal resistance enables higher currents.

No battery stores energy forever. Unavoidably, the cell
chemicals react and slowly degrade, causing degrada-
tion in charge stored by the battery. The ratio of battery
capacity fo weight (or size) is called the battery’s storage
density. High storage density enables the storage of more
energy in a cell of given size or weight.

Table 1 lists nominal voliage and storage density
(expressed in watthours per kilogram of weight, or
Wh/kg] for the major chemisiries used in storage batter-
ies for personal computers and cell phones: Table 2
contains quick comparison data to enable designers to
choose the best cell type for a particular application
(note that NiCd will be banned scon).

So why not always choose secondary cells, if primary

and secondary cells fulfil the same purpose? Secondary

cells have drawbacks:

— All practical secondary cells lose their elecirical charge
relatively quickly, through self discharge.

— Secondary cells must be charged before use.

— Secondary batteries supply less energy at the same vol-
ume and weight.

Charging batteries
A new rechargeable battery or battery pack (several bat-
teries in one package) is not guaranteed io be fully
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charged; in fact, it is likely to be nearly discharged. The
first thing to do, therefore, is to charge the baitery/pack
in accordance with the manufacturer’s chemistry-depend-
ent guidelines.

Every charging operation applies voltage and current in
a sequence that depends on the batiery chemistry. Thus,
a look at battery-cell chemisiries reveals different require-
ments fo be met by the charger and the charging algo-
rithm. The terms most commonly found in battery charg-
ing are constant current (CC), used for NiCd and NiMH
cells, and constani current/constant voltage (CC/CV),
applied to lithium-ion and lithium-polymer cells (Figures
1-6). Table 3 summarizes foday’s most frequently used
charging techniques and the associated parameters per
cell type. The methods fo determine the very important
‘end of charge’ moment are listed separately in Table 4.

Charging nickel-cadmium cells

NiCd cells are charged by applying a constant current
in the range 0.05 C to more than 1 C. Some low-cost
chargers ferminate the charge by means of absolute tem-
peraiure. Though simple and inexpensive, that method
of charge termination is not accurate. A better choice is
fo terminate charging when the condition of full charge
is indicated by a drop in voltage. The —AV phenomenon
is most useful for charging NiCd cells at 0.5 C or
greater. The AV end-ofcharge detection should be com-
bined with battery-temperature measurement as well,
because aging cells and mismatched cells can reduce
the voltage delta.

You can achieve a more precise fullcharge detection by
sensing the rafe of temperature increase (dT/dt), and that
method of charge detection is kinder fo the battery than
is a fixed-temperature cutoff. Charge termination based
on a combination of AT/di and -AV cutoff enables a
longer life cycle by avoiding overcharge.

Fast charging improves charge efficiency. At 1 C, the effi-
ciency is close o 1.1 (91%), and the charge time for an
empfy pack will be slightly more than one hour. When
applying a 0.1 C charge, the efficiency drops fo 1.4
(71%) with a charge time of about 14 hours.

Because the charge acceptance of a NiCd baitery is
close to 100%, almost all energy is absorbed during the
initial 70% of charging, and the battery remains cool.
Ultra-fast chargers use this phenomenon to charge a bat-
tery to the 70 percent level within minutes, applying cur-
rents equal fo several times the C-rating without heat
build-up. Above 70% the charging continues at a lower
rate uniil the battery is fully charged. Eventually, you iop
off the battery by applying a frickle charge in the range
0.02C10 0.1 C.

Charging nickel-metal-hydride cells
Though similar fo NiCd chargers, an NiMH charger
employs the AT/di method, which is by far the best
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GEABLE BATTERIES

Table 1. Storage density values.

Cell type '::;::;i[;:[ [St;nprjge density
Lead Acid 2.1 volis | 30 Wh/kg

Nickel Cadmium 1.2 volts | 40 to 60 Wh/kg
Nickel Metal Hydride | 1.2 volis |40 to 80 Wh/kg
Circular Lithium lon 3.6 volts | 90 to 100 Wh/kg
Prismatic Lithium lon 3.6 volis | 100 to 110 Wh/kg
Polymer Lithium lon 3.6 volts | 130 to 150 Wh/kg

Table 2. Quick comparison chart.
Nickel

3 Nickel e

Atiribute : Metal Lithium-len
Cudmlum Hydride

E‘:‘E?t); low Medium High
Energy low Medium Medium
Storage
Cycle life High High High
Cost Low Medium High
Safety High High Medium
Environment | Low Medium Medium

Ug
IcH

—>1t[h] 6.8

Figure 1.
Semi-constant cur-
rent charging —
chiefly used in
applications like
shavers, cordless
phones and foys.

Figure 2.
Timer-controlled
charging is used
mainly in applica-
fions like notebooks
data terminals,
wireless equipment
and cellular phones
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Table 3. Battery charging methods.

Charge
. # of -
5 Charging . |Charge |Charge |Trickle |level at .
Chemistry Method Feansre :Ieﬂr;;“ time Current |Current |End of Figure
charge
Semiconstant | Mosi typical system
current p 2 15 Hours |0.1 CmA | — — 1
charging. Simple and low cost.
fime More reliable than semi- 1/20-
, r fant f system. |
Controlled | CUTENTYEEM 1, 68 hours[02CmA |1/30C |4RrOx: 2
charging Relatively simple and low- mA 120%
Nickel i
based AV cut-off | Most popular 1/20-
— J ; : Approx.
(NiCd & |charging P e 2 1-2 hours | 0.5-1 C mA ;‘{‘EOC 110-120% 3
NiMH)
More costly but over-
DT/dt ) . 1/20- .
cut-off “h"{ﬁ.‘"g b b‘““lff“""deld 3ord |12 hours| >1CmA |1/30C 'f‘gg‘]’;‘m, 4
charging | 2"obling longer life cycle =y o
than the others
Simple and low cost
Trickle
charging Applicable for contfinuous |2 15 hours |0.1 CmA | — i 5
charging
Mot recommended for the
main charge control sys-
g:nnse':;“ tem for NiCd /NiMH bat-
1#hi = teries.
Lithium | cop ot il 2 1-3 1C mA e Approx. 6
based Voltage Prevailing charge method Hours 100%
(cccy) for Liion and Li Polymer
_ Relatively complex charg-
er design

method for charging NiMH cells. The end-of-charge volt-
age decrease for NiMH batteries is smaller, and for small
charge rates (below 0.5 C, depending on temperature)
there may be no voltage decrease at all.

New NiMH baiteries can show false peaks early in the

charge cycle, causing the charger to terminate prema-
turely. Moreover, an end-of-charge termination by -AV

Table 4. End-of-charge detection.

Chemistry | NiCd NiMH Li+
b Constant Constant e g W
Charging current current e
stant Voliage
-AV/di AV/dt=0 |lgarge =
Zl.;lrlez?arge and/or and/or eg 0.03C
AT/dt AT/dt and/or time

detection alone almost ceriainly ensures an overcharge,
which in turn limits the number of charge/discharge
cycles possible before the battery fails.

It seems there is no available —dV/dt algorithm that
works well for charging NiMH batteries under all condi-
tions: new or old, hot or cold, and fully or partly dis-
charged. For that reason, don’t charge a NiMH battery
with a NiCad charger unless it utilizes the dT/dt
method for end-of<charge termination. And because
NiMH cells do not absorb overcharge well, the trickle
charge must be lower (about 0.05 C) than that recom-

mended for NiCd cells.

Slow-charging a NiMH battery is difficult if not impos-
sible, because the voltage and temperature profiles
associated with a Crate of 0.1 C to 0.3 C do not pro-
vide a sufficiently accurate and unambiguous indica-
tion of the full.charge siate. The slow charger must
therefore rely on a timer to indicate when the charge
cycle should be terminated. Thus, fo fully charge a
NiMH battery you should apply a rapid charge of
approximately 1 C (or a rate specified by the battery
manufacturer), while monitoring both voltage (AV=0)
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and temperature (dT/di) to determine when the charge
should be terminated.

Charging lithium-ion
and lithium-polymer cells

Whereas chargers for nickel-based batteries are current-
limiting devices, chargers for lithium-ion batteries limit
both voltage and current. The first lithium-ion cells called
for a charge-voltage limit of 4.10 V/cell. Higher voliage
means greater capacily, and cell voltages as high as

4.2 V have been achieved by adding chemical additives.

Modern Li-ion cells are typically charged to 4.20 V with
a folerance of +0.05 V/cell.

Full charge is achieved after the terminal voltage has
reached the voltage threshold and the charging current
has dropped below 0.03 C, which is approximately 3%
of lehorge (Figure 6). The fime for most chargers to
achieve a full charge is about three hours, though some
linear chargers claim to charge a Li+ battery in about
one hour. Such chargers usually terminate the charge
when the battery’s terminal voltage reaches 4.2 V. That
kind of charge determination, however, charges the bat-
tery only to 70% of its capacity.

A higher charging current does not shorten the charge
fime by much. Higher current lets you reach the voltage
peak earlier, but then the topping charge takes longer.
As a rule of thumb, the topping charge will take twice as
long as the initial charge.

Protection modes

Overvoltage: If the cell voliage sensed at Vpp exceeds
the overvoltage threshold Voy for a period longer than
the overvoltage delay toyp, the DS2720 shuts off the
external charge FET and sets the OV flag in the protec-
tion register. The discharge path remains open during
overvoliage. The charge FET is reenabled (unless
blocked by another protection condition) when the cell
voltage falls below the charge-enable threshold Vg, or
discharging causes Vpp - Vpis > Voc.

Undervoltage. If the cell voltage sensed at Vpp drops
below the undervoltage threshold Vyyy for a period
longer than the undervoliage delay tyyp, the DS2720
see insel) shuts off the charge and discharge FETs, sets
the UV flag in the protection register, and enters sleep
mode. After the cell voltage rises above Vijy and a
charger is present, the IC turns on the charge and dis-
charge FETs.

Short Circuit. If the cell voliage sensed at Vpp drops
below the depletion threshold Vs¢ for a period of tscp,
the DS2720 shuts off the charge and discharge FETs and
sets the DOC flag in the protection register. The current
path through the charge and discharge FETs is not re-
established until the voltage on PLS rises above
Vop—~Voc. The DS2720 provides a test current through
internal resistor Rrs (from Vpp to PLS) to pull up PLS
when Vpp rises above Vsc. This fest current allows the
DS52720 to detect removal of the offending low-imped-
ance load. In addifion, it enables a recovery charge path
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—t[h] 1.2

through Ryst from PLS to Vpp.

Overcurrent: If voltage across the protection FETs
(Vpp—VPLS) is greater than Vo for a period longer

than tocp, the DS2720 shuts off the external charge
and discharge FETs and sets the DOC flag in the protec-
tion register. The current path is not re-established uniil

Figure 3.
Charging is termi-
nated vig AV cut-
off in applications
like notebooks, dai
terminals, cam-
corders, wireless
equipment, and ce
lular phones.

Figure 4.
Charging is termi-
naled via —dT/dt
cut-off in applica-
tions like power
tools and electric
fooks.

Figure 5.

Trickle charging is
mainly used in
applications like
emergency lights,
guide lights, and
memory backup.

Figure 6. Constant-
current, constani-

vollage charging is
used in application
like cellular phones
wireless equipmant
and Notebook PCs.
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the voltage on PLS rises above Vpp—Voc. The DS2720
provides a test current through internal resistor Ryt
(from Vpp to PLS) to detect removal of the offending
low-impedance load.

Overtemperature. If the DS2720 temperature
exceeds Typay, the device immediately shuts off the exter-
nal charge and discharge FETs. The FETs are not furned
back on until two conditions are met: cell temperature
drops below Tyax, and the host resets the OT bit.

Charging at high and low temperatures.

Efforts should be made to charge at room temperature.
Nickel-based batteries should only be fastcharged
between 10°C to 30°C (50°F to 86°F). Below 5°C (41°F)
and above 45°C (113°F), the charge acceptance of
nickel-based batteries is drastically reduced. Li-ion batter-
ies offer reasonably good charge performance through-

out the femperature range, but below 5°C (41°F) the
charge rate should be less than 1 C.

Conclusion

NiMH chargers can accommodate NiCd batteries, but
not the other way around. Chargers dedicated to NiCd
batteries will overcharge a NiMH batiery. The cycle life
and performance of nickel-based batteries are enhanced
by fast charging because it reduces the memory effect
due to formation of internal crystals. Nickel- and lithium-
based batteries call for different charge algorithms.

Li+ baiteries need protection circuitry to monitor and pro-
fect against overcurrent, short circuits, over- and under-
voltage, and excessive temperature. Remember to
remove a battery from its charger when the battery is not
used regularly, and apply a topping-charge before use.

Lithium-ion safety — meet the DS2720

Because overcharging (or overdischarging] a Li-ion
cell can cause it fo explode and injure people, safety
is a major concern in handling this type of storage
cell. As a result, commercial Lision battery packs con-
tain a profection circuit such as the DS2720

(Figure A), which provides all electronic safety func-
tions required for applications involving rechargeable
Li+ bafteries: protecting the battery during charge,
protecting fhe circuit against excess current flow, and
maximizing battery life by limiting the level of cell
depletion.

DS§2720 ICs control the conduction paths for charge
and discharge currents with external switching devicas
such as low-cost nchannel power MOSFETs. The IC's
internal 9-V charge pump provides high-side drive fo
the external n-channel MOSFETs, yielding lower on-
resistances than do the same FETs operating in a more
common low-side protection circuit. FET on-resistance
actually decreases as the battery discharges

(Figure B).

The DS2720 leis you control the external FETs from
the data interface or from a dedicated input, thereby
eliminating the redundant power-switch conirols other-
wise required in a rechargeable Li+ battery system.
Through its 1-wire interface, a DS2720 provides the
host system with read/write access fo the siaius and
control registers, insirumentafion registers, and gener-
alpurpose data storage. A factory-programmed 64-bit
net address allows each device to be individually
addressed by the host system.

The DS2720 provides two types of user memory for
battery-information storage, EEPROM and lockable
EEPROM. EEPROM is a frue non-volatile (NV) memory
whose contents (important battery data) remain unaf-
fected by severe battery depletion, accidental shorts,
or ESD events. When locked, a lockable EEPROM
becomes a readonly memory (ROM) that provides
additional security for unchanging battery data.
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Figure A. Typical application diagram for the DS2720 lithium-cell
proteciion IC.
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Figure B. The resistance of protection FETs conirolled by the
DS§2720 (*high-side modz’) is lower than FETs operating in the
traditional low-side mode. FET resistance-controlled by the
DS52720 actually drops with battery voltage.
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This design is a follow-up to

the triumphant ‘Battery
Revitaliser’ project published in
the September 2001 issue of Elektor

Electronics. From numerous reader responses, it appears that
defective batteries are a common problem. Since prevention is
naturally better than cure, here we present a circuit that can keep
your battery in shape in a simple but effective manner.
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JOGGER

The quality of lead-acid storage batter-
ies has always been an awkward sub-
ject. Motorcyclists among our readers
will be the first to agree with this. The
most common example is a motorcycle
that's put in storage for the winter and
proves to have battery problems when
spring comes. This involves more than
just the fact that the battery has
become partially discharged, since in
many cases the battery has also
noticeably deteriorated. That can be
seen from the fact that even immedi-
ately after being charged, it performs
poorly and quickly loses it charge.
This is also true for all situations in which
lead-acid batteries are not used for an
extended length of time. You might
immediately think of cars ‘put away' for
the winter, but this problem also occur in
other situations, such as batteries in
backup power supplies (UPSs) that are
not used for a while, batieries used with
voltage inverters (in caravans), and bat-
teries in pleasure boats that simply sit
around doing nothing for most of the year
after the boating season is over. It's thus
easy to think of situations in which lead-
acid batteries age prematurely due to
lack of use. The inset provides additional
information about the background of the
process responsible for all of this, which
is called ‘sulphation’.

idleness is deadly

For the purpose of this article, it's actu-
ally not necessary to know exactly
why unused batteries deteriorate. It's
sufficient to note that a bit of exercise at
the right time can help keep them in
shape. And that's what the circuit
described here provides.

Unlike the ‘Battery Revitaliser
described in the September 2001 issue
of Elektor Electronics, this design is not
intended to resuscitate apparently
defective batteries, but instead to pre-
vent premature aging due to lack of use.
To avoid possible misunderstandings, it
should be noted that this circuit cannot
counteract normal aging or other condi-
tions that can lead to defects.

As the whole idea is to keep the bat-
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tery a little bit active, the circuit does
not require a separate power supply.
The necessary energy is simply taken
directly from the battery itself. In the
process, sulphation is prevented by
loading the battery with a hefty cur-
rent (40 A) for a short interval (50 us)
approximately every two minutes. Of
course, this will ultimately cause the
battery to discharge more quickly, but
a fully charged car or motorcycle bat-
tery will easily make it through the
winter. After all, the current consump-
tion at 12 V is only around 2 mA.

Operafion

The first 555 timer (IC1 in Figure 1)
operates as an astable multivibrator
and generates a continuous stream of
pulses. The second 555 is a monostable
multivibrator that is triggered on each
negative edge of the pulses coming
from its companion. As a result, it gen-
erates short pulses that drive power
FET T1 fully on. The FET connects the
battery directly to a power resistor,
causing a heavy current to flow. The
size of this current is primarily deter-
mined by the value of resistor R8.

The FET is intentionally driven here via
a gate stopper resistor with a relatively
high value. This causes it to switch on
and off somewhat more slowly, which
reduces the amount of interference gen-
erated. In this case, 'slow’ means a few
microseconds; a FET that's driven hard
swiiches within a few nanoseconds.
Here it isn't necessary to switch quickly,
and there’s no need to be concerned
about a bit of extra power dissipation.
Despite the relatively slow switching,
rather large voltage spikes can occur
when the FET switches off. It is thus
essential to connect a fast Zener diode
(D5) across the FET for protection.

Consfrucfion

It's important to ensure that the ICs and
IC sockets are fitted with the corrsct ori-
entation. The sockets usually have a
notched or bevelled comner, and the ICs
have a dimple in the package. As seen

keeﬁ your battery
and young

from above, the topmost pin to the left
of this marking is pin 1. It's best to use
CMOS versions of the ICs, since this
will keep the standby current consump-
tion as low as possible. Several differ-
ent manufacturers make the CMOS ver-
sion of the 555, so type numbers such
as TLC555, ICM7555 and LMC555 (as
well as many others) all refer to the
same kind of IC. However, the NE5G55,
SE555 and LM555 are not CMOS types.
They can also be used, but the current
consumption will then be quite a bit
higher (more than 10 mA).

Most of the current is actually used by
the LED, so you should use a low-cur-
rent type here (also referred to as a ‘2-
mA LED'). When fitting it to the circuit
board, make sure the long lead goes
next to the triangle marking.

The capacitors in the circuit (except for
the electrolytic capacitors) are ceramic
types. That's because component
value tolerance is not terribly impor-
tant in this case, and a bit of tempera-
ture dependence also doesn't particu-
larly matier.

New electrolytic capacitors also have
one lead that's longer than the other
one. That's usually the positive lead.
On the circuit board, it must be placed
next to the open rectangle. There's
usually also a white stripe with minus
(-) signs printed on the case of the
capacitor. This marks the negative
lead, which is indicated on the circuit
board by a solid rectangle (the open
rectangle is the + terminal).

Safety

Most people don't realise that despite
the modest voltage, working with vehi-
cle batteries can be quite hazardous.
This is because such batteries can
deliver especially high currents. That
means you have to be especially careful
with metal objects in the vicinity of a
charged battery. A dangerous short
circuit can be caused not only by a
simple screwdriver or wrench, but also
by dangling jewellery and wrist-
watches, both of which are notorious
causes of avoidable suffering.
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Prevent short circuits; make sure you use a properly insulated cord!

If something goes wrong with the cir-
cuit, there's thus an especially good
chance that something will bhe
destroyed. Normally, the victim will be
the power resistor, the FET (see the
inset) or a track on the circuit board. It's
certainly possible for this to be accom-
panied by the release of heat, orevena
bang and a bit of smoke. Consequently,
you should always fit the circuit in an
enclosure and ensure that no flamma-
ble materials are in the vicinity. Discon-
nect the circuit before charging the bat-
tery in the usual manner. Use flexible
mains cable with a reasonably large
cross-section (2 x 0.75 mm?, for exam-
ple) for the connections to the battery.

Everything OK?

For initial testing, we recommend leav-
ing C1 off the circuit board and tem-

Figure 2. The circuit can be safely built using this printed circuit board design. Copper track layout available from our website.

COMPONENTS

LIST

Resistors:

R1 = 6MQ8

R2 = 3MQ3

R3 = 4kQ7

R4,R5 = 10kQ

R6 = 2k02

R7 = 100kQ

R8 = 00215, 5W or 10W
R9 = 150Q

Capacitors:
C1,Cé6 = 10uF 25V, radial
C2,C5 = 10nF
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C3 =1nF
C4 = 4nf7
C7 = 100nF

Semiconductors:

D1 = LED, low current

D2 = IN4148

D3 = zener dicde, 13V 0.5W

D4 = Schottky diode, e.g., BAT43,
BAT85

D5 = fast zener dicde, e.g., BZTO3 24V,
27V ar 33V) ;

T1 =BUZ10, BUZ11, BUZ100 or IRF540

IC1,IC2 = 7555 [CMOS)

PCB, ready-made, order code 044021-
1 (ses Readers Services page). PCB
layout available from Free Downloads
seciion on www.elektorelectronics.co.uk
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[0)

o[ R7]

(o] [T (o]
olle

elekior eledronics - 11/2004



FETs

We have listed several options for FET T1, but the choice here is

Safe Operating Area
not critical. It's also unnecessary to make any changes fo the cir- In[A]
cuit if you use it at 6 V. Siill, in this case the preferred type for T1 z;
is the IRF540. That's because this fype of FET works with a lower ¥
gate voltage than the FETs in the BUZ family. For the same reason,
FETs designated as ‘logiclevel FETs" are more suitable if you want 10!
fo use the circuit at 6V, but they aren’t essential. In principle, you :
can thus use any desired type of nchannel power FET that can 4
handle at least 20 A at 50 V. z
You're probably wondering how a FET rated at 20 A can handle 102,
a current of 40 A or more. To understand why this is possible, 2
have a look at the ‘Safe Operating Area’ chart for the BUZ10
(Figure 3). It shows how much current can flow confinuously z
{20 A), and how much current can flow for a short time. As ihe T
FET only conducis for a few tens of microseconds each fime, the 102 10!

maximum allowable current during this short interval is just under
100 A. This information can also be obiained from the ‘Absolute
Maximum Ratings’ in the date sheet, which specify 23 A and

92 A respeciively.

Figure 3. Safe Operating Area: maximum currents
and voltages for the BUZI0.

porarily soldering a 100-nF capacitor to .
the board in its place. The LED should |
then flash approximately once a sec-
ond. With a 10-uF capacitor fitted in
this position, the period is a lot longer (2
to 3 minutes), and that's not so nice for
testing. If the lamp blinks, you can con-
fidently solder the 10-uF capacitor in
place on the circuit board.

Voltages are marked at various places on
the schematic diagram. If the circuit does
not immediately work the way it should,
you can compare your circuit with our
tried & tested prototype by measuring |
these voltages. Here we should note that
if you make measurements on pen 2, 6 or
7 of IC1, proper operation of IC1 will tem-
porarily be disturbed, and you may have
to wait a little while for the reading to
stabilise. The stated values were meas-
ured using an electronic multimster
(10 MQ impedance).

CAR AND DEEP CYCLE BATTERY FAQ

Car and Deep Cycle battery answers to Frequently Asked Quastions (FAQs), tips, Information,
references and hyperlinks are contained on this free consumer oriented Web site about car,
motorcycle, power sports, truck, boat, marine, RV (recreational vehicle), and other starting and
deep cycle applications.

You can learn a lot more about lead-acid batteries and the dreaded sulphation
process ([among other things) at www.uuhome.de/william.darden/.

Six veolts feeo

Many old-timers (vintage cars and
motorcycles) use 6-volt batteres.
Strictly speaking, this voltage is usu-
ally bit on the low side for switching a

Sulphation

FET fully on. As a result, in practice
the current through T1 will be a bit
smaller, but it will still be sufficient to
ensure obtaining the proper effect
(keeping the battery fresh). It's thus

not necessary to reduce the value of
R8B, since the circuit is designed to be
used with 6-volt and 12-volt batteries
without any moedifications.

The capacity of a leadacid battery gradually decreases during its service life due to normal wear and tear, for a variefy of reasons.
However, the aging process is considerably accelerated if an uncharged battery is stored for longer than a week at a femperafure
below 10 °C or remains unused (while charged) for on extended length of time. That's because in such situations, a layer of non-
conductive lead sulphate (PbSO4) forms on and around the electrodes. This reduces the effective surface area of the electrodes, thus
decreasing the capacity of the battery. This process is difficult or impossible to reverse by normal charging and discharging.

However, it is possible to break down sulphate crystals info lead and sulphuric acid by using high (or very high) charging cur-
rents. This method can be used fo restore at least part of the lost capacity (see “Lead-acid battery revitaliser’ in the September
2001 issue). Still, it's betier to prevent the formation of sulphate. One way to do this is fo pericdically apply a load to the idle
battery. The circuit described in this article is especially suitable for this purpose.
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SEALED LEAD-

SLAs still going strong

lead-acid batteries sfill form an essential part of the on-board
power systems in cars, motorcycles, boats and caravans. In ifs
new form, featuring a fixed electrolyte and a sealed
enclosure, this veteran battery technology (invented in 1850

is now more versatile than ever.

Sealed baiteries with a fixed elecirolyte have been in pro-
duction for more than forty years. The elecirolyte (dilute
sulphuric acid) is fixed either using silica gel (lead-gel, or
‘dryfit’ battery) or using a glass fibre mat (AGM or
‘absorbed glass mat’ technology). This allows the oxygen
produced at the positive elecirode when the battery is
overcharged fo diffuse to the negative plate where it can
recombine into water. This cycle of recombination makes
the battery emit practically nothing in the way of gases,
and so it can be built into a sealed enclosure. To prevent
ruplture in the event of the pressure getting too high, the
cells {as in almost every sealed battery) are equipped
with self-closing safety valves. The combination of fixed
electrolyte and a sealed enclosure allows operation in
any orienfation (although AGM batteries must not be
charged upside-down). The most important advantages

of sealed lead-acid batteries, besides their low price, are
their low self discharge, simple charging method, and
long life, especially when continuously charged.

Although the basic principles of operation of the sealed
lead-acid battery have not changed, steady development
over the years has led to significanily better battery char-
acteristics:

- Improved behaviour when overcharged

- Relatively low sensitivity to deep discharge
- Improved life

- Higher specific capacity

- Improved cycle life

- Quicker charging

- Improved current output
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CID BATTERIES

Manufacturers such as Yuasa, Panasonic and Sonnen-
schein/Exide offer various ranges of batteries optimised
for one (or more) different applications. So, for example,
there are batteries available optimised for long life
designed to last for 20 years and 1500 cycles.

The most imporiant application areas today are emer-
gency power supplies of various types (for example for
alarm systems, IT equipment, lighting, and medical
devices), electric vehicles (such as golf buggies and
wheelchairs), eleciric starter motors, on-board power sup-
plies in boats, caravans and gliders, and, last but not
least, solar power systems that are independent of the
mains.

Voltage, current and capacity

The state of charge of a lead-acid battery can be deter-
mined by measuring its noload voltage. Figure 1 shows
fypical values for sealed 6 V and 12 V batteries. The fig-
ure also indicates the accuracy that can be expected
using this measurement: the voltage varies from around
2.2V for a fully-charged cell to 1.9 V for a discharged
cell. These values are valid at room temperature (20 =C).
If the batery has recently been charged or discharged,
the values are respectively higher and lower.

The usable capacity C of a sealed lead-acid battery,
measured in amp-hours (Ah), depends to a great extent
on the discharge current. The lower the discharge cur-
rent, the lower the losses during discharge, and so the
higher the usable capacity. For this reason, the discharge
current is generally quoted in CA, giving the current as a
fraction of the nominal capacity C. For example, a
capacify C specified at C/10 (or 0.1 CA) for a 1 Ah bat-
tery means that the capacity given is valid for a dis-
charge current of 0.1 A (100 mA). In this case the capac-
ity may also be written as Cq (capacity for 10-hour dis-
charge). Nominal capacities of lead-acid batteries
quoted according fo the German DIN standard are given
for a 20-hour discharge [i.e., at 0.05 CA) and with a
final discharge voltage of 1.75 V per cell.

Charging

In principle sealed lead-acid batteries can be charged at
a constant voltage. The maximum charge voltage that
can be used depends on the temperature, and it is impor-
tant that this voltage is not exceeded during charging.
Figure 2 shows the relafionship between temperature
and voltage for two different charging regimes. The
higher value is used for normal (cyclical) operation, while
the lower value is for when the battery is tricklecharged
fo maintain ifs condifion over a long period. In standby
operation a voltage that is even only slightly too high will
have a negative impact on the life of the battery, and so
if the operating temperature will not be constant a tem-
peraturecompensated charging circuit is essential. What
can happen if the charge voliage is not adjusted to suit
the temperature is clearly shown in Figure 3.
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Charging at constant voliage is very simple. Any regu-
lated power supply can be used as long as its output volt-
age can be set to the correct value. At room temperature
(20 °C) a value of 2.45 V (say between 2.4 V and

2.5 V) per cell is suitable for normal cyclical charging;
for trickle charging a suitable value is 2.275 V (say
between 2.25 V and 2.3 V) per cell. Cells should not be
charged for too long at higher voltages. One criterion
that can be used to determine when to stop charging is to
test when the charge current, which falls confinuously dur-
ing the first few hours of charging, reaches 0.07 CA (or
less) and remains unchanged for three further hours. If
this fest is not used, then time-controlled charging should
be limited fo a maximum of 16 to 20 hours.

The initial charge current is determined by the internal
resistance (or, if available, current limiting) of the power
supply. Raising the maximum initial current does not
reduce the charge fime as much as might be expected.

n
-

Figure 2. Charge
voltage [par cell] in
relation to
temperalure for
cyclic charging
{above) and trickle
charging (below).

e
m

1] 10

charging voltage
{Vicell]
&

-
B

B

20 30 40
temperature [~C] [0t

8

-
o

Figure 3. Effect of
femperature on
batery life with
confinuous charging

ot a constant
2.275V percell.

et |ife [years]

(=]
=

10 20 a0 40 50 0
> femperature [-C] o0s2-12

27



Figure 4. Charging
behaviour at
constant 2.275 V
per cell of four
different current

limit seftings.

Figure 5. Effect of
depth of discharge
on life in cyclic
opergiion.

Figure 6. Typical
fall-off in capacity
in frickle-charged
operation.

Figure 7.

This simple circuit
meefs all the manu-
facturers” main rec-
ommendations for
c!":arg.:ﬁg sealed
{ead-acid baiferies.
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Figure 4 shows how the charge current changes when
the charge voltage is set to 2.275 V using four different
current limit seffings. The charge current (in amps) is
shown on the vertical axis as a percentage of the battery
capacity Cyg. If the C;q capacity is, for example, 1 Ah,
then we are considering initial currents from 450 mA (or
45 % of Cyg) down to 100 mA (10% of Cyq). The figure
shows that the initial limit current only flows at the begin-

Typical values

(all voltage data are per cell and at 20 °C)

Recommended charging voltage:
2.45V (2.4 V 1o 2.5 V) for normal charging
2.275V (2.25 V 10 2.3 V) for rickle charging

Recommended current limit:
0.25 CAtc 0.4 CA

Maximum charge time (normal charging):
16 hio 20 h

Final discharge voltage:
1.75V

Open circuit voltage:
2.2 V (charged)

2.1 V (halfdischarged)
1.9 V [(discharged)

ning of the charge cycle. The current proceeds to fall off
exponentially, almost fo zero at the end of the charging
procedure. Manufacturers recommend initial current limit
values in the range from 0.25 CA to 0.4 CA; values
above 0.5 CA are best avoided in the interests of pre-
serving the life of the battery.

Batiery life

The life of the battery depends fo a great extent on the
depth of discharge, expressed as a percentage of the
nominal capacity. Figure 5 gives an idea of the effect of
cyclic operation on battery life. To maximise the number
of useful cycles it is best to choose a battery with a larger
capacity so that the depth of discharge is reduced.
Although discharge depth is the main factor, temperature
also has an effect on life. Temperatures above 50 °C
should be avoided, and below -15 °C there is a signifi-
cant drop in capacity. Charging at too high a voltage, or
for too long, will damage the battery.

Temperature and charging voltage are the main factors
affecting life in continuously<harged operation.

Figure 6 illustrates typical performance in this case,
where 60 % of the battery’s capacity siill remains avail-
able after 5 years’ use. The 60 % level is considered fo
mark the end of the useful life of the batiery in indusirial
applications.

In addition to the factors mentioned above, the construc-
tion of the battery also affects its life. For example, in
standby operation the small charge current that continu-
ously flows results in the plates gradually becoming thin-
ner and thinner. Batteries with sturdier plates last consid-
erably longer in such use. There are also batteries avail-
able that are optimised for cycle life. Exact specificalions
for the various ranges can be found on the manufactur-
ers’ websites (see list).

Not recharging the battery after a deep discharge also
has a negative effect. Sealed lead-acid batteries should
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Gel and AGM-lead batteries

Conventional lead-acid batteries have a few decisive disadvantages:
they are filled with highly acid and therefore hazardous liquids which
may spill info the environment nof just when the battery case is cracked
but also when far from positioned upright. Also, these bateries are
marked by a high degree of self-discharging and a limited number of
charging cycles. This may be tolerable for a vehicle starter battery, but if
the baitery is fo power a vehicle supply system (and be subject to com-
plete charging cycles including deep discharging) then it will protest by
developing amounts of sulphate.

With the above in mind, it is nof surprising to see lead-acid baiteries
with fixed electrolytes used in such applications as back-up PSUs and
solar systems. These variants are sealed, maintenancefree and will not
easily spill their contents. Sulphation can hardly cccur because the free
sulphuric acids are ‘captured’ by the internal gel mass. Selfdischarging
is noticeably smaller, alihough charging insiructions must be observed
closely. Unfortunately sealed lead-acid (SLA) batteries exhibit consider-
ably lower energy densities than their liquid acid counterparis, which
makes them generally unsuitable for use as vehicle starier batteries.

Apart from the wellknown lead-gel technology there is another method to fix electrolyte in a lead-acid battery: AGM.
AGM stands for ‘absorbent glass mat’; a separating layer pressed between the elecirodes. The construction of an AGM
battery is shown diagrammatically in the illusiration [source: Hawker). The capillary action of the mat causes the elec-
irolyte to be fully absorbed, preventing it from moving around freely. AGM batieries typically supply higher currents than
gel fypes and are also cheaper. On the down side, they are marked by some excess elecirolyte as well as worse heat dis-

sipation — ot high femperatures, AGM baitteries are susceptible to drying out.

not be lefi in a deeply-discharged state for more than a
few days, and should be recharged as soon as possible.
The deep discharge capability of a battery indicates
whether (and how quickly) it will accept charge again
after being left discharged for a long period. Modern
AGMtype batteries accept charging relatively quickly
after a month in a deeply-discharged state and subse-
quently return to their normal charging characteristics. To
avoid the possibility of leaving the batteries discharged
for a long time, they should be stored in the charged
state. Recharging is recommended when the open-ircuit
voltage reaches 2.1 V per cell, which corresponds to a
self-discharge to about 50 % of the nominal capacity. A
healthy battery at room temperature will discharge so
slowly that this value will only be reached after about

18 months. At 30 °C it will take around 9 months to
reach half capacity, and at 40 °C, around 4.5 months.
At lower temperatures ([down to —15 °C) charge is lost
even more slowly than at room temperature. The low self-
discharge and associated long storage life, along with
long life in siandby operation, are the most important
advantages of sealed lead-acid batteries over other bat-
tery technologies.

In practice

Most battery manufacturers recommend charging using a
constant voliage and current limiting, with temperature
compensation. A simple charging circuit that satisfies
these recommendations is shown in Figure 7. An
LM317 is used as the voltage regulator with a current
limit of 1.5 A. To ensure that the charge voltage is main-
tained at the level set by P1, the voltage at the input to
the LM317 must be kept at least 3 V higher than that at
the output. The input voltage can be provided from a
(plug-in) mains adaptor (unregulated is fine) or from a

14 V boat power supply. The latter option is only suitable
if the battery to be charged contains no more than four
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cells.

The charge voltage is set using P1 to the optimal value
for the number of cells, battery type (see manufacturer’s
data) and type of charging (normal or frickle). The volt-
age at the output of the charger should be checked using
a digital multimeter with the battery not connected. The
range of voliages offered by P1 can be altered if neces-
sary by changing R2 1o suit the number of cells in the bat-
tery.

If charging is always to be carried out at room tempera-
ture, the temperaiure compensation diodes between R2
and P1 (shown dotted) can be dispensed with. Otherwise
it is necessary fo find out what femperature coefficient
(TC) the manufacturer recommends for compensation. A
TC value in the range from -2 to -5 mV/°C can be
realised using our circuit as follows.

Inserting as many 1N4148 diodes in series between R2
and P1 as there are cells in the batiery will give a TC of
-2 mV/*C: for a 12 V battery, that means six diodes. If
the number of diodes is doubled fo 12, the TC value will
be —4 mV/=C; with nine diodes, the value will be

-3 mV/=C. As you can see, the TC can easily be
adjusted by varying the number of diodes. In order o
correct for the voltage drop across the diodes, the resist-
ance of R2 must be decreased by about 120 Q for each
diode added.

Web pointers:
hiip://vrwnw.yuasabatteries.com

hiip:/ /vwww.networkpower.exide.com/

hiip:/ /wrww.batterypoweronline.com/
hitp://wvew.panasonic.com/indusirial /battery/

h_frp://mvacnusonic_com/induskinl/boﬁegg cem/ l:hr?.m{|
seal/index.himl
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BRING OUT YOL

Chris Bayliss

In 2006 European legislation on electrical and electronic
waste comes into full force. Across North America, states are
passing laws to deal with electronics waste. These measures
reflect a hidden but growing problem.

As any elecironics enthusiast who has recently iried to
repair a consumer product will know, it is more likely to
be cheaper to dispose of and replace an item than fo
repair it. Worse still, many items on the market are likely
to be in good working order at the end of their life. The
keen electronics consumer faces a dilemma; a desire to
own the latest fechnology leaves perfecily good products
obsolete. At the root of this problem manufacturers are
beginning to supersede their own technologies and prod-
ucls af an unsustainable rate. The EU estimates that 4% of
household waste consists of elecirical and elecfronics
products and this figure is increasing at a worrying rate

of 16-28% every five years.

A glance at the statistics and lisiening o green organiza-
tions would suggest a depressing future. There exists
however, a movement fo exploif the elecironics waoste
problem where a positive attifude and creativity results in
novel solutions.

I#'s all around us

A potential mountain of elecironic waste surrounds us all
in our homes and offices. The gap befween recognizing
the elecironics waste problem and acfing upon it has left
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us with products not designed to be repaired, or dis-
posed of efficiently or safely.

Substances & methods

Common substances found in elecirical and electronic
waste include cadmium, PCB's, mercury, lead and
bromine. The sheer volume and toxicity of these materials
means landfill is no longer an option. After iaking away
the small percentage of goods sold on as ‘second hand’
a large quantity of obsolete and unwanted goods
remain. If these are o avoid the landfill then a method of
recycling is required.

Recycling an electronics product involves reducing it fo
component paris and converting these back info usable
paris or raw materials. This can be performed by one
of two methods, manual disassembly or destructive dis-
assembly. Put simply, destructive disassembly involves
the product passing through an industrial grinder. The
granules produced are smelted and the raw materials
separated for re-use. Considering the toxicity of some of
the materials involved destructive disassembly is a
rather crude method. A large quantity of destructive dis-
assembly is performed in the Far East where labour
costs are low and environmental laws relaxed. Ironi-
cally, many of these couniries sell the salvaged raw
materials back fo the couniries that exported them. A
greener and more economically viable solution may be
provided by manual disassembly.

If it ain’t broke...

Electronics from waste products has undergone a ‘burn
in" period and as such, could be considered to be of a
proven quality and equal to or more reliable than compo-
nenfs fresh off the production line. The lifespan of many
components now realistically exceeds that of the parent
product. In theory ‘harvested’ components can be re-used
in new products. Research has suggested that whilst theo-
refically possible, a psychological barrier exists at the
manufacturer and consumer level af the thought of utiliz-
ing harvested components in new products.

Electronic Data Logging (EDL)

Researchers at the power tool manufacturer Bosch have
made a suggestion that may help to overcome the

above (quite natural) fear, the Electronic Data Logging
(EDL) device.

EDL records general informafion ranging from life hours
of the product to more specific component operaing his-
tory. In theory, this information could be retrieved by the
recycling agency via a ‘green port’ on the device with re-
usable parts identified, harvested and incorporated
directly info new products. Successful implemeniation of
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Solutions to
electronic waste

EDL in the fulure may promote more recycling of parts. If
harvesting offers an opportunity for a greener elecironics
future then how would this be performed?

Current harvesiing operations are either performed
manually or using robotics. Manual disassembly
involves the application of heat to remove components
from boards and is a labour-intensive operation. It has
enabled charities and other non-profit organizations to
recycle old elecironics for good causes. Computer Aid
for example refurbishes PCs from corporate donors and
distributes them to worthy causes in the developing
world (Figure 1).

Many charilies have also been successful in raising funds
from the sale of reconditioned or recycled mobile phones
to Eastern Europe. Manual harvesting has one major
drawback. The cost of skilled labour required to perform
the fask has proven a barrier to widespread commercial
parts harvesfing. This makes robotic harvesting a more
atiractive opfion. Whilst efficient for large batches of the
same product, robots have to be programmed fo disas-
semble each new product they encounter. This can make
the disassembly of small batches or single electronics
products impractical. The search for a commercially
viable method of disassembling baiches of small and

*a

1ZM-EE Toolbox

Figure 1.

Student of CIDA
University of
Johannesburg. PCs
donated by
Computer Aid
Infernational.

Figure 2.

[ZM/EE Toolbox
promotional image.
(Fraunhofer Institute
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mixed elecironics waste could be considered the holy
grail of the emerging electronics waste indusiry.

An alternative: ADSM

Like all good problems a surprisingly simple solution
emerged, a team from Brunel University in the UK devel-
oped the self-disassembling product. The method known
as ‘Active Disassembly Using Smart Materials’ (ADSM)
involves the incorporafion of aciuators and componenis
made from smart metals and plastics. At a pre-defined
value above the ambient and operating femperature,
these materials change shape. Now imagine these smart
materials integrated info an electronics product. Disassem-
bly of the product is achieved by the application of heat,
no costly labour or robofics requiring programming.
Smart material screws shrink and simply fall out of the
product, a carefully placed smart material actuator such
as a spring expands splitiing open the housing. Internal
componenis break loose from the main assembly ready
for easy removal. The selfdisassembling product offers an
exciting future for recycling. Assuming the majority of
manufaciurers chose to use smart materials, recycling of
mixed batches of elecironics waste becomes possible.
Self-disassembly offers a cheap solution, neatly sidestep-
ping cosily robofics and harmful desiructive disassembly.

. L] L3 Ll
DeSIinng for minimum waste
The Fraunhofer Instifute has developed a software prod-
uct fo assist the electronics designer. The software-based
IZM/EE Toolbox (Figure 2) enables the electronics
designer to investigate a range of areas from foxicity and
recyclability of a design to more absiract areas such as
the energy required to produce the raw materials
required, even the energy consumed by the product. In
the future the elecironics designer may integrate complex
green issues at the design stage with the push of a but-
ton. Creative thinking af the design stage has the poten-
tial to both clean up the product life cycle and provide
the consumer with desirable new technologies. Sony
recenily demonstrated this with their Blu-ray disc.
(Figure 3). Consisting of 51% paper, the new disc pro-
vides greater data storage than existing DVD technology
(Figure 4) ond offers greener mass production opportu-
niies. At the end of its working life the product can sim-
ply be shredded and recycled, offering both a green end
of life solution and enhanced data security.
Dealing with electronics waste effectively either at the
design or end of life stage could be considered an insur-
ance policy for the elecironics indusiry. The European
Union already predicts that 10,500 new jobs could be
created by electronics waste recycling. For the electronics
consumer and enthusiast the future not only looks greener
but we could be seeing some innovative new fechnolo-
gies emerge. Today's green elecironics pioneers will lead
the market fomorrow.

Looking East

ADSM and EDL offer pioneering solutions using available
technology. All this technology siill requires one essential
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ingredient, imagination. If we want fo see electronics
waste management in action then look no further than the
heartland of electronics, Japan.

In 2001 Japan implemented its Electrical Home Appli-
ances recycling law. The recycling law covers only four
types of appliances; air conditioning units, televisions,
fridges and washing machines. These were found to
constitute a significant proportion of Japanese con-
sumer waste.

Consumers in Japan can now return their old appliance
to the vendor of their new purchase irrespective of the
brand. The vendor passes the used appliance over fo a
recycling company. Each refurned product is tagged and
iis recycling history recorded and stored for three years.
This gives companies a unique perspective on the life
cycle of their product and provides an overall picture on
recycling. From the consumer end the returned product
can be tracked via websites. Information regarding
where the product was recycled is available. If this
sounds too good fo be true then you would be right. The
Japanese consumer covers the cost of iransporting and
recycling the waste.

And West again..

Absorbing the cost of recycling the product may not
prove to be a popular option with the European con-
sumer. Avoiding added cost means returning to the draw-
ing board and thinking about the design process.

All electronics products begin their life as a design. An
integral part orihis is the product life cycle. Tradifionally
the life cycle of an electronics product ended at the con-
sumer. Legislation and corporate social responsibility
now means manufaciurers look at the impact of their
product from the manufacturing process through to prod-
uct disposal. To make electronics recycling work, all parts
of the indusiry need to be involved. Redlistically, not all
companies have the funds or the resources available to
spend time looking at issues such as recyclability and fox-
icity of their products. However, over recent years com-
puter software has been developed to address this issue.
Examples include two more utilities from Fraunhofer's
[ZM/EE Toolbox: the Toxic Potentials Indicator (TPI) (Fig-
ures 5, 6, 7) and the Recycling Potential Indicator (Fig-
ure 8). Just before printing this article, Fraunhofer Insti-
tute kindly advised that an updated and extended version
of the IZM/EE Toolbox documentation is due for release
by the end of this year.

Web Pointers

[1] htip://europa.eu.int/scadplus/ leg/en/Ivb/121210.him

[2] waww.ban.org

[3] waww.computer-aid.org

[4] wvew.brunel.ac.uk/research/adsm/home.himl

[5] waww.matsushita.co.jp/environment/en/metec/index.himl

[6] wawnw.pb.izm.fhg.de/ee/070_services/75_toolbox/
010_Einleitung.html

[7] www.bly-raydisc-official.org/

[8] vaww.electronicsrecycling.org hitp:/ /www.icer.org.uk/
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Figure 5.

Toxic Potential
Indicator (TPI)
software enables
calculation of
product foxicity
during product
design stage.
(Fraunhofer Instiut

Figure 6.

A more in-depth
descrfpﬁon of the
TPl calculation
process,
(Fraunhofer Institut

Figure 7.

Example of TPl in
aclion.

(Fraunhofer Instituie

Figure 8.

The Recycling
Potential Indicator
(RPI) utility from the
1ZM/EE Toolbox
allows calculation o
proportion of
recyclable material
in producf atan
early stage.
(Fraunhofer Institute
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Figure 1.

A busic soffware
structure for
implementing an
application that is
divided info 3

functional elements,

or tasks.
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CXEXI8 AND P

Lourens le Grange

bitcraft@global.co.za

This article describes the development of a multi-tasking
operating system for the PIC18xxx micro controller from
Microchip. The code and RAM memory requirements are
minimal and the basic idea straighttorward, but it can
simplity the implementation of an application on this micro

controller considerably.

Applications are easier fo specify, design, code and
debug if you start off by separating it into functional ele-
mentis, or call it tasks. A software structure fo handle the
tasks could then look like Figure 1.

Here our ‘operating system’ is nothing more than a cou-
ple of CALL instructions with a GOTO MAIN instruction
at the end. The CALL instruction acfivates the task, and
the task must cooperate by executing a RETURN instruc-
tion fo pass control back fo the operating system.

The above could do for some small applications, but usu-

ally the functions/tasks making up our application
require some form of conirol over their own execution
and that of other tasks. For example a key-scanner task
could continuously monitor a few push buttons. When
one is operated the task associated with that bution
needs to be activated by the key-scanner task. Or a
sequence (fask) could be executing one of its (many)

Initialise

—D’ MAIN

oLO14s-11

steps and then proceed fo the next step (code section)
once a particular condition is met.

It is clear that we will require more than RETURN instruc-
tions for the scanner and sequence tasks above to coop-
erate in a system. The key-scanner task needs to activate
one of a few dormant (switched OFF) tasks, while the
sequence task must have the ability to modify its own
eniry point so that only a particular section of its code
(i.e. the active step and ifs criteria) is executed at a fime.
A task’s eniry point is the memory location at which the
task’s code will start executing when the operating system
passes conirol fo that fask.

PICXEX18 functionality

In PICXEX18 the following functions are provided in the
form of macros that the programmer uses in his task
code.

XexTaskON TaskNr

With this macro the user can activate any task in the
application. It can also be used in code outside a task,
for instance an interrupt service routine can start a fask.

XexTaskOFF TaskNr
With this macro the user can deactivate any task in the
application. It can also be used in any code.

XexTaskExit
A macro used in a task to pass control back fo the oper-
afing system.

XexSetEPoint TaskNr, EPoint
Medify a task’s eniry point. It can also be used in any
code.

XexEPNext TaskNr
Set a task’s eniry point to the next instruction. Only to be
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Operating System and Monitor
for PIC Microcontrollers

used in the code of the task of which the entry point is fo
be modified.

In Figure 1 the operating system’s ‘task activation code’
is a single CALL TASK_X instruction. This will have fo be
extended. Firstly we need to add a test to prevent a task
from being activated if it is switched OFF. Secondly we
must be able to change a task’s eniry point during run-
time, in which case a CALL instruction cannot be used as
the destination address of this instruction is fixed at
assembly time.

The ON/OFF test for a task is implemented by assigning
a bit variable to each CYCLE TASK, which if set, will indi-
cate that the task is in the active state. The facility to mod-
ify a task’s eniry point is implemented by using the
PIC18’s ability to push an address on its refurn stack.

So the CYCLE TASK activation code needs fo first test the
task’s ON/OFF flag, if it is set then get the task’s current
eniry point value, push it on the Return Stack, and exe-
cute a RETURN instruction.

For each CYCLE TASK 3 RAM bytes are reserved. The
first byte holds the ON/OFF flag in its Bit<7>, and the
next two bytes the task’s current Entry Point value.
Application design can be further simplified by adding to
our operating system the ability to execute tasks at selec-
table time rates. This allows the programmer to concen-
frate on the task code ifself without having to be con-
cerned about how to code timing or counting mecha-
nisms io regulate execution of that code.

PICXEX18 allows for 8 TIME TASKS with the execution
rate of each task being set at assembly fime in the file
xextaskl.def. As their execufion depends on time these
tasks cannot be switched ON or OFF by the user, and
their eniry points cannot be modified. PICXEX18 uses a
CALL instruction to activate a TIME TASK. This allows for
a simple activafion mechanism — if the task’'s ON/OFF
flag is set then CALL the task’s code. To pass control back
to the operating system the programmer uses the Xex-
TaskExit macro inside the task code. If you look at the
actual code for this macro you will see that @ RETURN
instruction will do the same job. Using the macro is just a
better way of indicating in your code where the task’s
exit point is.

The basics of the PICXEX18 multitasker can now be
described by referring to Figure 2. Before a CYCLE
TASK is activated a test is made to determine if there are
any TIME TASKS waifing fo be executed. If there is, then
control is passed (with a CALL MAINOT instruction) fo the
code in Figure 3.

Here those TIME TASKS, of which the Task Request Bits
are sei, will be executed. At the end of the TIME TASK list
is a RETURN insiruction, which will take us back into the
CYCLE TASK loop of Figure 2, so execution of CYCLE
TASKS carry on from where it left off.
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As shown in Figure 2 we test for requests to execute TIME
TASKS between the executions of CYCLE TASKS. It is
therefore important for CYCLE TASKS not to refain control
of the CPU for longer than about 5 ms. A PIC running at
a modest 8 MHz can get through a lot of code in 5 ms!
A scheduler subroutine in PICXEX18 conirols ihe activa-
tion of TIME TASKS by setting the Task Request Bits at the
required fimes.
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Figure 4.

For the TIME TASK
scheduler of
PICXEX18 to func-
tion the user must
arrange for a timer
routine fo execute a
CALL SCHEDOO
instruction every

i0 ms.

Figure 5.
Functional diagram
of the example
application, a
combined
Pulse/Ramp
Generator.

Figure 8.

PicWin8 monitor in
action. Here, the
Fuzzy’ version is
shown [still under
development].

36

Timer
Interrupt

L
i M ]
1 1
1 1
Da0145-14
Time Task 1 Cycle Task 1
Pulse, 0 : ==
_Pulse I oo Count (16)
‘Generator Couex T 1
Time Task 2 Saw (8) Cycle Task 2
T 11 e
~_ Ramp Sequence Stephr (8)
Generator Zero, 0
A 4
Step 1
e
Step 2
Step 3
1
040143-15

3 Tsod bata 3
i Charge the Following

Figure 4 gives the basics of a fimer interrupt service rou-
fine {which is your code) containing a call fo the subrou-
tine SCHEDOO. The following execution rates (in ms) are
available for Time Tasks:

10, 20, 40, 50, 100, 200

The fime task scheduler uses a 20-eniry look-up table to
save the task timing information. Every 10 ms the sched-
uler routine fetches the next eniry in this table and OR it to
the RAM location holding the 8 TIME TASK request bits.
The eniries in the look up table are generated at assembly
time using information from the file xextask1.def.

The source code for PICXEX18 is contained in the follow-
ing three files:

Xextask1.def
Xex18isk.mac
Xex18mak.asm

Xextaskl.def

This is the only file that requires modification. The file is
used to define the following:

Number of CYCLE TASKS.

Label at the start of each TIME TASK.

Execution rate for each TIME TASK.

Bias ftime for each TIME TASK.

Xex18tsk.mac
Source code for task control macros.

Xex18mak.asm

This file contains the code for PICXEX18. When this file is
assembled it will generate the CYCLE and TIME TASK
loops and the scheduler fable.

Using PICXEX18
The archive file 040149-11.zip you can download for

free from our website contains all the source code
required for the following example application to demon-
sirate the use of PICXEX18. To generate the .HEX file sim-
ply assemble the file ELEKTOR.ASM using the MPASM
assembler (free from Microchip). The latier file contains

Free
Downloads

All assembler files for
PICXEX18 and the
Pulse/Ramp demo
program.

PICWin8 executable and
user guide.

File number: 040149-11.zip

www.elektor-
electronics.co.uk/dl/dl.him,

select month of publication.

Da1E2-18
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the directives to include the other files required. The
application contains two Cycle Tasks and two Time Tasks.
Time Task 1 is a pulse generator. It will pulse the bit
‘Pulse,0’ at a rate of one pulse every 400 ms.

Time Task 2 is a sawfooth generator. It will cause the
byte ‘Saw’ to ramp up in 2550 ms to a value of 255 and
then reset to 0. On every reset the bit ‘Zero,0" is set (it
will be reset by the active step of the sequence).

Cycle Task 1 is a pulse counter. Every rising edge on
the bit ‘Pulse,0 will increment the 161 value ‘Count'.
Cycle Task 2 is a sequence with three steps. The
sequence will remain in a step until the bit ‘Zero,0’ is set.
This bit will be cleared and the sequence advance fo the
next step. When in the third step and bit ‘Zero,0" is sef,
then the sequence will revert back to step number 1. The
byte ‘StepNr’ indicates the number of the current step.
Once you have assembled this application, it can be fested
by running it using the MPLAB simulator. To verify that the
two fime tasks are in fact being executed at the required
rates of 200 and 40 ms, use a breakpoint at the tasks's start-
ing point PULSE_GEN and RAMP_GEN) and MPLAB's Stop-
watch function to see how long it fakes beiween executions.
The application was programmed into a PIC18F452
clocked at 8 MHz.

PICWin8

When testing an application where a few things are hap-
pening at the same fime it is very helpful fo be able to

see how the different signals are behaving. In the ELEK-
TOR.ASM file, right after te sefting of the configuration
bits, you'll find a statement to set the assembler variable
‘PicWin'. This is used o include the assembly code for an
interrupt service routine for the UART to handle the daia
exchange with a PC uiility to monitor and modify vari-
ables in the PIC. The screenshot of the PicWin monitor in
action, Figure 6, shows trend iraces of the four vari-
ables of our application, which, as you can see, is func-
tioning as required.

The ‘PicWin" monitor has the following features:

- VB6 application

— Baud rate 9600 (fixed)

— Can display & trend up to 6 values simultaneously

— 4 fields supplied for commands (medify PIC RAM loca-
fions).

— Each irend buffer = 800 samples. Display = 400 sam-
ples with scroll

— Data types: bit, byte, word, Fpoint

— Adjustable scan rate

— Performance: the screenshot shows four iraces scanned
at 87 ms. Each frace was shifted fo get a befter view of
what's happening.

A user guide and setup instructions for the PicWin moni-
tor may be found in a texi file included in the zip archive
for this project. Happy Pic’king!

PicoScope

3000 Series

PC Oscilloscopes

The PicoScope 3000 series oscilloscopes are the latest
offerings from the market leader in PC oscilloscopes
combining high bandwidths with large record memories.
Using the latest advances in low power electronics, the
oscilloscopes draw their power from the USB port of any
modern PC, eliminating the need for mains power.

* High performance: 10GS/s sampling-rate
& 200MHz bandwidth
* 1MB buffer memory
* Advanced display & trigger modes
* Compact & portable
* Supplied with PicoScope [oscilloscope/spectrum

analyser] & Picolog (data acquisition) software.

Tel: 01480 396395
www.picotech.com/scope222

l Technology Limited
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GOODBYE ‘16, WE

Part 2: ROM (program memory) and long lookup tables

The 18Fxx2 series of processors have
either 16 k or 32 k of Flash ROM.
However, each program instruction takes
at least one word (i.e., two bytes) so in
terms of the number of lines of program
code you could write, you are looking at
a maximum of 8 k or 16 k.
Consequently, in terms of programming,
you can only ever address even
numbered ROM locations.
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IF you look at the program memory window for a 16F
series program, the program address increments by one
for each line, i.e., 0000, 0001, 0002 eic. The same
code in an 18F would produce a program where each
line incremented by two; 0000, 0002, 0004 etc.

This doesn’t matter in the normal course of events, but
when we come to lookup tables, it does.

The whole of the ROM memory is completely linear and
there are no problems with CALL or GOTO instructions,
no mafter what the length of the program.

Look up tables

One of the features of PIC processors which has come in
for some crificism in the past has been that lookup tables
of any reasonable length were difficult to implement.
One of the most useful features of the “18 series is that
you can write lookup tables of virtually any length that
will fit in the amount of Flash ROM available.

It might be useful at this point to look in detail at the only
way you could implement a look up table in the ‘16
series.

This was called a ‘computed goto’ by Microchip and
required the programmer to prepare the lookup table as
a subroutine starting with the command to add the value
in the W register to the program counter. This was fol-
lowed by a list of the values that were io be refurned. To
use the table you had to ensure that the value in W was
the required table position before you called the subrou-
tine. After the subroutine, the main program would have
the looked up value in W.

The following example would return the maximum speed
a driver should do in any intermediate gear. We will call
the subroutine SPEED.

SPEED ADDWF PCL
RETLW 0xFF
RETLW 0x02a
RETLW 0x20
RETLW 0x3C
RETLW 0x50

If the main program had the value of the gear (1, 2, 3 or
4) in W, then calling this subroutine would cause the pro-
gram to jump to the line corresponding to the gear and
return the maximum speed as a hex number. Note that
the first line of the table corresponds to a value in W of
zero. Since in this instance we would never have a value
of zero, a dummy value (FF) is inserted.

The limitation of the above is that the value in W can
only vary between 00 and FF (or O to 255 in decimal).
And so you can only have 256 lines in the fable. If you
need a longer table that this, you have fo split your table
info 256 line chunks and use additional calculations to
make sure you look up the right chunk. Clearly for values
of several thousand, this is not practical.
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The above method can siill be used on the “18 series and
is sfill useful for short tables. However the situation is
even worse now, as the program counter only recognises
even numbers. This means that whether W contains 0 or
1 makes no difference and the program will jump to the
first line of the table (OxFF in the above example). For the
program above to work properly with an 18F, you would
need values of 2, 4, 6 and 8 in W. This also means that
the maximum length of your table is now only 128.

If you need longer look up tables, you need to use an
alternative method. This is described in detail in section 5
of the Daia Sheet but these are general principles only.
Any amount of the available Flash ROM can be used by the
proegrammer as a lookup table (or series of lookup tables).
So if we were using a chip with 32 k of ROM and we only
needed 4 k for the program iiself (remember this would be
the equivalent of about two thousand lines of code), then
28 k would be available as look up table space.

This is a very significani step forward and may well
mean that applications which previously used an external
EPROM to store data can now become irue “single-chip’
applications with considerable savings in complexity,
PCB size and, of course, cost.

There are also larger 18F chips available with up to

128 k of ROM. Consult the Microchip website for the lat-
est information on these.

The ability to address this amount of space hinges on table
pointers. There are three of these, TBLPTRU (Table Pointer
Upper) enly 5 bits of which are available, TBLPTRH (Table
Pointer High) and TBLPTRL (Table Pointer Low). Together
these are used to form a 21-bit long address which can
access up fo two megabytes. In practice, with the proces-
sors that we are falking about, TBLPTRU can be left at zero
since the sixteen bits of the other pointers is more than suffi-
cient to address the amount of ROM available.

These tables can be read and written to during program
operation so you need to be careful with the setting of
the pointers as it is perfectly possible fo overwrite your
program code.

So how do we get the data into these tables? This is a
point where the data shest is strangely silent. What you
can't do is write it in with the program, in the way that
you do with the computed go to. You can go to the Pro-
gram Memory window in MPLAB and directly amend the
values, and indeed this is useful for debugging purposes.
However there is no way of saving these amendments
and as soon as you exit the editor, the information is lost.
In any case if you have got an eight kilobyte look up
table you hardly want to input all the values by hand!
We can think of two ways of doing it, and perhaps read-
ers could suggest others. As an example let's take the val-
ues of a sound sampled musical instrument, for example,
a piano. It would be normal to use a PC fo manipulate
and store data of this type, so we will assume that the
table you want to get into the PIC is presently residing as
a file in your PC.
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If you can write a suitable program for the PC, then
either the parallel or serial port could be used to down-
load the file. The PICs we are discussing all incorporate a
hardware USART (Universal Synchronous/Asynchronous
Receiver Transmitter) which can easily be set up to com-
municate with the RS$232 serial port of a PC.

If your skills do not extend to programming PCs, then an
alternative method is to use an EPROM programmer to
transfer the information to an EPROM, and then write a
program in the PIC to fransfer the information from the
EPROM to the PIC's memory. This is rather long winded
as it means you have to program in the code (using o
PICSTART programmer or equivalent), then fransfer the
PIC to a board which has been made up just to transfer
data from EPROM to PIC, before finally using the PIC in

the target application.

Transferring an existing
16F application

Page one of the 18FXX2 data sheet has the rather opti-
mistic statement that the 18F is ‘source code compatible
with 16C ...instruction sets’. This might make you think
that all you have to do with an existing application is
amend fhe references to the model number of the PIC
and all will be well. In fact you will probably get a long
list of error messages but it is not difficult to sort this out.
First of all, the status register bits RPO and RP1 which
were used for bank switching in the 16F, no longer exist.
You will certainly have references to these as you could
not otherwise have set up the 1/O ports with the TRIS reg-

See your design in print!

Elektor Electronics (Publishing)

are looking for

Freelance Technical Authors/Designers

If you have

3 an innovative or otherwise original design you would like fo see in print
in Europe’s largest magazine on practical electronics
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3 experience in writing electronics-related software

¥ basic skills in complementing your design with an explanafory text
3 a PC, email and Internet access for efficient communication with our
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Elekior Elecironics
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isters. All references to these must therefore be deleted.
Another problem will exist only if your original proegram
used indexed addressing. If it did, you will certainly have
made references to the FSR registers. We now have three
FSR registers labelled FSRO, FSR1 and FSR2 and each of
these has a low and high byte. So all references to FSR
will have to be changed to FSROL. A similar problem will
occur with references to the INDF register. These can be
quickly sorted out by using the search and replace facility
in the editor.

Finally, if you embed your CONFIG statements in the
source code, these will also show up as an error. The
CONFIG statements for the 18F series are completely dif-
ferent in format to the 16F and the best way is fo delete
the 16F statements and start again using the 18F
INCLUDE file as a guide.

Syntax errors like these can be quickly sorted out. It is just
as important that you review the program structure to
make sure you are taking advantage of all the goodies
these new chips provide.

Further outlook: DSP

Up unfil the beginning of this year, the 18F series were
the most powerful processors that Microchip produced.
That all changed a few months ago with the introduction
of the dsPIC series. These are full 16 bit processors which
also incorporate features usually found only on Digital
Signal Processors (DSPs). As always Elekior Elecironics
will be the first to bring you details of these. Waich this
space...

PO. Box 75, NL-6190-AB Beek, The Netherlands, Fax: (+31) 46 4370161

Email: k.walraven@segment.nl
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Electronics is not always plain sailing. Although a small
circuit can be built quickly without jotting down complex
rformulas, a deeper or more theoretical approach soon calls
for equations and basic maths. There is no need however
to know everything from the top of your head as the Internet

is available to assist.
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Electronics can be downright easy...
but also horrendously difficult. Once
you've mastered a few basic ‘laws’
and have an idea of the operation of
a number of passive and active
parts, you'll get remarkably far in
designing a circuit. However, far
more learning is in order for a theo-
retical approach or more accurate
calculations on elecironic circuits.
Soon, you may feel drowned in for-
mulae and equations and the fun
wears off quickly. Those of you who
have completed a formal education
in elecironics probably don’t have fo
be told how complex a circuit design
can furn ouf fo be.

In addition fo a solid base in electron-
ics and mathematics there are many
bits of knowledge you do not need
every day — just think of the horrors
of a Laplace transformation or a
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Fourier series. In those cases it is useful to have
an overview handy of where io find such sub-
jects. Sure, they are covered in electronics text-
books, but where exacily?

The Internet contains nice compilations of cal-
culations for a multitude of electronics sub-
jects. Even if you do not have your maths
ready just there and then, it is good to know
you can almost instantly refresh your memory.
A good base for such a “calculus collection” is
found at the RF Cafe [1]. Right at the top of
the homepage you'll find a fable that begins
with Equations & References. Below it you can
click on two links, Electrical and General. Both
supply an alphabetical list of technical sub-
jects, where the first is of course the most inter-
esting to us. Although the RF Cafe is mosily
dedicated to high frequency (radio) design,
this overview does not fail to cover a muc
wider range: from the size of miniature bulbs
right up to the design of PCB microstrips. Even
browsing around in this overview will soon
enable you to pick out some really useful bits
like the elementary calculations for various
passive components and all filter transfer func-
tions. Not forgetting, of course, copper wire
gauge comparison fables and resistor series.
The more RF inclined among you will certainly
appreciate the VSWR calculations and the
Smith chart.

Nearly all subjects have their own page in the
RF Cafe website. Some links head off to other
websites, unfortunately including some dead
ones. However, the amount of ready to use
information crammed into the website is such
that these errors can be excused.

On the General page you'll find general-pur-
pose information like bolt & nut sizes, the
Greek alphabet, global timezones, sound
properties in different materials, thermocouples
and heatsink calculations just to mention a few.
Although the Calculator section contains sev-
eral links to commercial software packages, it
does include lots of nifty calculation programs
for direct use.

The RF Cafe has lots more fo offer, particularly
of course on RF design. We'll hold the subject
over to another instalment of electronics
online; else we should have called this instal-
ment ‘RF Cafe’ siraight way! There's one link
however we simply must tell you about: on the
Elecirical Conversions, Formulas & References
page is a reference io the entire (scanned)
Handbook of Mathematical Funciions, a more
than 1,000 pages thick standard textbook
containing just about any formula, graph and
table we could think of. The entire book (origi-
nally published in 1964) is available free of
charge from Convertlt [2].

(D25074-1
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USB - CYBERCI

Quartz oscillators are the way fo go when you need a
precise, stable frequency source but what do you do when an
application calls for a non-standard frequency? Custom-made
crystals are an expensive option but now Cypress has come
up with a cheaper alternative. ..

The buzzword is CyberClock and describes a relatively
new technology in the field of clock generators for use in
complex systems like PC motherboards. If you take a look
at an old motherboard it is easy to spot the crystal gener-
ators dotted around the board providing all the different
clock sources. More modern systems are increasingly
employing just a single clock generator and deriving all
the other signals from this one source.

PLL Technology

The clock generator chips contain a Phase Locked Loop
[PLL) with the fastest versions having an output frequency
range from 100 MHz to 400 MHz. The PLL layout is
shown in Figure 1. It differs from a standard PLL by hav-
ing programmable dividers at the input and output and in
the feedback path. The input clock Fper (fypically a crys-
tal) is connecied fo a programmable divider Q. This
clock signal is now compared in the Phase Detector (PD)
with the oufput frequency from the Voltage Controlled
Oscillater (VCO) divided by P and fed to the Charge
Pump (CP). The CP ouiput is a function of the phase dif-
ference and contfrols the VCO. The VCO output is passed
through the output divider N to produce Fgy7. Aliogether

there are three dividers (Q, P and N all of which can be
independently programmed.

We shall take a closer look at two of the Cypress clock
chips. Firstly the CY22393 (ThreePLL Serial Programma-
ble, Flash Programmable Clock Generator’) has six con-
figurable outputs (Figure 2). The device can be flash-
programmed (non volatile) from a special external pro-
grammer. The programming algorithm is not in the public
domain presumably for licence protection and to guard
against over<locking or similar abuse. While the oscilla-
for is running it is possible for the contents of internal reg-
isters can be overwritien via the 12C-Bus but this storage
is volafile and they will be lost on power down.

The CY27EE16 (‘One-PLL In-System Programmable Clock
Generator with Individual 16K EEPROM’) is particularly
interesting for low volume production applications or cir-
cuit development. The internal EEPROM does not need a
special programmer; it can be programmed via the built
in 12C bus interface. Register conients can also be over-
written ‘on the fly’ as above. A default configuration can
be programmed into the chip and this will be loaded
each fime at power up. This facility brings the concept of
an individually programmable oscillator one step closer.
The internal structure of the chip (Figure 3) shows the
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possibilities for clock generation using just one PLL. The
output dividers can be internally connected to either the
VCO output or direcily from the reference clock. One fre-
quency can be freely chosen while the other outpuls must
be derived from the VCO or reference frequency.

Both ICs allow direct connection of a crystal in the range
befween 8 MHz and 30 MHz. The output frequency is
selectable up to 200 MHz.

A range of evaluation boards from Cypress featuring
USB connectivity supports the family of clock generator
chips. These boards are known as ‘Candy Boards’ (pre-
sumably because they are simple fo use). The ‘Pepper-
mint board’ has the CY22393 fitted while the ‘Blueberry
board’ contains the CY27EE16. Each of these evaluation
boards is a versatile stand-alone universal frequency gen-
erator and can be used in many applications. Cyber-
Clocks (Figure 4) is a free program that greatly simpli-
fies the process of directly programming and controlling
the Candy Boards.

Cypress also produces free downloadable software sup-
porting the entire range of clock generators. From the
CyberClock start menu select the sub-family then the chip
part number. The CY22393 can be found under
CyClocksRT while the CY27EE16 is under ISR.

The program displays a window for the selected chip
with the programming options. The desired output fre-
quency and the input clock frequency can be entered
along with the pin-out configuration and the software will
calculate the division factors Q, Pand N and also dll the
necessary infernal register values. The seftings can be
saved in a JEDEC format file that is compatible with most

hardware programmers. The starter boards also feature a
USB interface.

The Peppermint Board

The demo board type CY30701 (Peppermint Board) is fit-
ted with the CY22393 and contains an on-board

10 MHz crystal together with a USB interface. The
CyberClocks program can be used fo configure the chip
once the desired output frequencies are entered.

The example in Figure 5 shows the generation of three dif-
ferent frequencies in the range between 6.55 MHz and

122 MHz. A buffered output clock from the quariz oscillator
is also used as an output. With the software in Advanced
Mode it is possible to see all the configuration seffings.
Details of each of the PLL and divider setiings as well as all
the internal links are shown. Another program feature that
proved useful during system development is the Bil-Viewer,
this displays the contents of all the internal registers.

When the Peppermint board is first connected fo the PC it
should be automatically detected and the appropriate
Human Interface Device (HID) driver will be loaded by
Windows. An on-board status LED will blink to indicate
successful USB communication.

The board takes its power directly from the +5 V USB
and has an onboard 3.3 V voltage regulator. Pro-
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grammed seftings will be retained on the board as long
as it is powered up. Once power is disconnected the sef-
tings will revert fo their default example values.

The Blueberry Board

For use in the lab the Blueberry Board (CY30703) with
the CY27EE16 is particularly inferesting. The double ‘E’
in the part number gives away the fact that the chip con-
tains an EEPROM. This has space to store 2 kbits for reg-

s 11

Figure 1. The PLL
pr.l'ncipl'e with
feedback divider

Figure 2.
The CY22393 bl
diagram.

Figure 3.
The CY27EE16 |
and divider.

Figure 4.
The CybarClock
programming fc
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Figure 5. Frequency
selection on the
peppermint board.

Figure 6.
USB data fransfer.

Figure 7.
Programming the
seftings info
EEPROM.

Figure 8.

Factors P Q and N
in the VCO
calculator.
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ister contents and a further 16 kbits for general program
use. No special hardware is necessary to program the
device. The clock configuration parameters can be stored
either in RAM or EEPROM. Storing to RAM allows the
clock to be configured ‘on the fly’. After a power
down/up cycle the clock will be reconfigured to the

Candy Board List:
1.CY2538  «

(& SZISwpu-vd

=0 1

~ Shutdown/DE

[SEC &1

==

Load Jedec | ga |

4" Candy Boaid - Collect all flavors oz \ x|

Candy BoardList
1. CY27EE1E +

W ke to non-volatle memogi

i
Refeerce.  PLL Divider Desred Aot B
fio £ BT o= = fo
p o

parameters stored in EEPROM.

This chip has only one internal PLL but with careful pro-
gramming of the dividers many different clock frequen-
cies can be generaied. To increase flexibility the output
dividers can be swiiched fo either the PLL output or fo the
oscillator frequency and an output crosspoint switch
matrix routes the clocks to the user defined output pins.

RF applications

These signal generators are essentially intended as clock
sources for microprocessor systems and their peripherals
but we are all in favour of a bit of experimentation so
why shouldn’t we try it out for RF applications2 The main
concern is whether the generator can meet the more sirin-
gent requirements of an RF environment. In particular the
increased level of phase noise in a PLL system compared
fo a Direct Digital Synthesiser (DDS) could impact on a
receiver’s performance. The acid test would be to use it
in place of the synthesised signal at the first injection
oscillator input to the digital (DRM) receiver published in
March 2004 of Elektor Electronics. For example, to
receive DRM transmissions from the German station RTL
(broadcasting on 6095 kHz) we require a first oscillator
of 6550 kHz (with an IF of 455 kHz, 6095 + 455 =
6550 kHz). Afier substituting the PLL clock for the DDS
clock the resulting performance was surprising good: The
DRM signal was completely clean and indistinguishable
from the quality achieved with the DDS clock source.
Based on this result there seems to be no good reason
why the programmable oscillator should not be consid-
ered for use in critical RF applications also.

Anyone who has worked with PLLs will be aware of the
usual problems: A VCO is conirolled by the output signal
from a phase comparator and a loop filter, this configura-
fion gives rise to relatively high levels of phase noise and
the effects of loop resonance. In critical RF applications LC
oscillators with high Q characteristics are used to reduce
these tendencies but never the less PLL based receivers
usually tend to have higher levels of phase noise than for
example, DDS controlled receivers. The performance
achieved here is therefore remarkably good.

The VCO Calculator in CyberClocks details how

6.550 MHz is derived from the 10 MHz clock. The Q
divider is set to 4, giving a fairly high comparison fre-
quency of 2.5 MHz. The PLL (the P divider] multiplies the
frequency by a factor of 131 io produce 327.5 MHz.
The VCO output is divided by 50 in the output dividers to
give an output of: 10 MHz / 4 - 131 / 50 =

6.550 MHz.

The secret of the high qualify signal lies in the fact that
the VCO and comparison frequency are relatively high
and the VCO phase noise on the output signal is effec-
tively divided down by the output divider chain (N]. By
comparison a conventional PLL system with a channel
spacing of 10 kHz would typically use a comparison fre-
quency of 10 KHz with the output frequency sourced
directly from the VCO output, this setup makes it far
more difficult to produce a clean signal.

The Blueberry board can generate signals higher than
those produced by the DDS of the Elekior Electronics
DRM receiver so it is now possible fo explore the short
wave region around 26 MHz. The receiver design uses a
wideband first mixer stage connected directly fo the aer-
ial so it is also possible to push the oscillator frequency
up a bit more and receive signals in the VHF band. It is
perfecily possible fo cover fransmissions in the aircraft
and 2 m amateur radio band; all we need now are some
DRM stations up there to listen to.

elekior eledronics - 11/2004
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www.distel.co.uk

GIANT 10” 7 SEGMENT DISPLAYS
A bulk purchase enablies us to bring B you thess
GANTT digial dspiays =t a now affordable
price? The 107 character size ghves excesfionsl read-
ahiity & long distances and enables a hest of sppiica-
fors incuding. score boards, digital docks, coun-
ters, event timers sic. As the units are 2 smple
siadromechanical device and opersls fom 12 VDG,
siTgie swiching via swiches, relays, PIC or PC may
be wsed B confod singlis o muiple digis. Unils Estre
[ Zem Power which greafly smpifes
design. For an excellent DIY practical article, sse the May ssue of

& Practical Blecironics’ magazine. ldeal School | Coliege con-
struction project Suppiied in good RFE condifion, compiess with o= shest.

Less than 30% [
of ol Ongfg‘&%.a) or4/£99.00p)
THE

Orcir P15
AMAZING TELEBOX

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE *

o

e
T Rpnasr Sasiys

= - T rasREEE
Converts your colour monitor into a QUALITY COLOUR TVI!
The TELEBOX i an stv=cive fuly cased mans powersd unit, contsning =1
sieciunics ready o piug infD 3 host of viden moniiors or AV equipment which
ﬁﬁﬁdwﬁ?}amvﬁmammﬁ\em\mm
wil giso piug directly IntD most video recorders, aliowing recepton of TV
h is not iy receivable on most television receivers® (TELE-
EQX MB] Push buion confrmis on Te Font perel alow receciion of 8 fily
Lreshie 'of ar UHF coior Sievision dhannss. TELEBOX MB oovers wite
ally &l E=evision fequencies VHF and LEHF including the as
used by most cable TV operstors. idesl for deskiop computer video sys-
tems & PP {picire in picire) setps. For compisde compeshility - even or
moniors wihout sound - snnsgE 4wl audoanpfer ad ow el HE
2o oufput are provided as standand. Brand new - fully gueranised,

TELEBOX ST for composite viden input type monit £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Muitband VHF/UHF/Cable/Hyperband tiner £63.95

For overseas PAL versions state 5.5 or 6 mHz sound spacification.
*For cable / hyperband signal recepfion Telebax MB should be con-
nected to a cable type service. Shipping on all Telebo's, coda (B)

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - BULK

10,000,000 items EX STOCK

For MMAJOR savinGs
CALL or see web site www.distel.co.uk
COMPUTER MONITOR SPECIALS
Legacy products
High spec genuine multysynec.
CGA, EGA, VGA, SVGA
Mitsubishi FA3415ETKL 14" SVCGA Multisync colour moniior wih fne

028 dot pitch fube and resolon of 1024 x 768, A vart
£ - gy of npus aloss conreciion b 3 host of comoutes

inciuding IBM PC's in CGA, EGA,VGA & SVGA
modes, (Tucuding Amiga 12001
ARCHIMEDES and APPLE. Many featisres Fichad
facepiaie, t=d switching and LOWY RADIATION MPR
speciication. Fully gusranteed, in EXCELLENT Foe
usad condfion. Tit & Swivel Base £475

VGA cabla for included. Orderas

b Only £129 5 “Gors

Extemal cables for other of computers availshle - CALL

Generic LOW COST SVGA Monitors
We chioose the make, which includes Compag,
Mitsubushi, IBM, etc. Supplied ready to run with all
cables. Standard RTB 80 day guaraniee.

14" 15" 17
£59.00| |£69.00( |£79.00
order TD84 | order TG21 order TJ66

Supplied in good used condition. Shipping code (D)

VIDEO MONITORS

PHILIPS HCS535 (same style as CMBB833) attractively styled 14”
colour monitor with both RGB and standard composite 15.625
Khz video inputs viz SCART socket and separale phono jacks.
Integral audio power amp and speaker for all audio visual uses.

State of the art PAL (UK spec) UHF TV tuner module

with composite 1V pp video & NICAM hi fi siereo sound

oulputs. Micro electronics 3l on ona small PCB only 73 x

160 x 52 mm enabie fil hming conrol via a simple 3 wire fink to

an IBM pc type computer. Supplisd comglets with simple working

program and documentation. Requires +12V & + 5V DC to oparsts.

BRAND NEW - Order as MY00.  Only £39.95 code (B)
See www.distel.co.uk/data_my00.htm for picture + full details

HARD DISK DRIVES 21" - 14

5" TOSHIBA MK1002ZMAV 1.1Gb laptop{12.5 mm H) New £59.95
TOSHIBA MK4313MAT 4.3Gb laptop (8.2 mm H) New£105.00
¥2" TOSHIBA MKE40SMAV 6.1Gb laptop {12.7 mm H) New £98.00
213" TOSHIBA MK1814GAV 18 Gb laptop (12 mm H) New£149.35
234" to 3" conversion kit for Pc’s, complete with conneclors £15.95
COMPAQ 313706-821 (IBM) 9 gb ULT/SCSI3  MNew £199.00

2" FUJI FK-309-28 20mb MFM UF RFE £59.95
335" CONNER CP3024 20 mb IDE LF (or equi

.) RFE £59.95

335" CONNER CP3044 40 mb IDE UF {or equiv.) RFE £69.00
315" QUANTUM 405 Prodrive 42mb SCSI UF, New RFE £49.00
7" MINISCRIBE 3425 20mb MFM UF (or equiv.) RFE £49.95

53" SEAGATE ST-238R 30 mb RLL UF Refush
S%" CDC 84205-51 40mb HH MFM UF RFE tested
524" HP 97548 850 Mb SCS| RFE tested

514" HP C3010 2 Ghyte SCS| differential RFE tested £195.00
8" NEC D2246 85 Mb SMD interface. New £99.00
B FUJITSU M2322K 160Mb SMD UF RFE tested £195.00
8" FUJITSU M2352K 2 Gb SMD UF RFE tested £345.00

Many other floppy & H drives, IDE, SCSI. ESDI efc from stock,
see website for full stock list. Shipping on all drives is code (C)

TEST EQUIPMENT & SPECIAL IN

MITSUBUSHI FA3445ETKL 14" In
FARNELL 0-£0V OC @ 50 Amps, bench Power Supphes
FARNELL AP3020 0-30V DC @ 80 Amps, banch Suppy
KINGSHILL CZ403/1 0-50V @ Am;

1k to 400 kWY - 400 Hz 3 phasa powsr sources - ex stock
[BM 8230 Type 1, Token ring base umt driver
Wayne Kerr RAZ00 Audio frequency response anat
INFODEC 10, 24 porl, RM5 network palchpanels. #THS3 £493
3COM 18670 12 Port Ethemet hub - RJ45 connectors 5097 £69
3COM 16671 24 Port Ethemet hub - RJ45 conneciors
3COM 16700 8 Port Ethemst hub - RJ45 connectors NEW
IBM 53F5501 Token Ring ICS 20 pod lobe modules

IBM MAU Token ring distribyt B228-23-5050N
AlM 501 Low g: o 330Khz, IEEE 1O
Feybrid power comb
Trend DSA 274 Data Analyser with GTO3(2M
Marconi 6310 Programmabls 2 to 22 GHz swesp generator
Marconi 2022C 10KHz-1GHz RF signal generalor
HP16508 Logic Analyser

HP3TB1A Pati=m generator & HP37B2A Emor Datecior
HPB8621A Dual Programmable GPIB PSU D-7 V 160 watts
HPG284 Rack mount variable 0-20V @ 20A metered PSU
HP54121A DC to 22 GHz four channel test se
HP8130A opt 020 300 MHz pulse genarator, GPIB st
HP A1, AD B pen HPGL high speed drum plotiers - from
HP DRAFTMASTER 1 B pen high speed plotter

EG+G Brookdeal 35035C Precision lock in amp
Keithley 530 CV capacitor / voitage analyser

Racal ICR40 dual 40 channel voice recorder system
Fiskers 45KVA 3 ph On Line UPS - Naw batieries
Emearson AP130 ‘A industria! spec UPS

Mann Tally MTE45 High spa=d lins printer

Intel SBC 486/1335E Multibus 485 system. 8Mb Ram

Wil connect ditect to Amiga and Atari BEC computers. Ideal for all
video monitoring / security zppfications with direct connection
to most colour cameras. High quality with many features such as
front concealed fiap controls, VCR correction bution etc. Good
used condition - fully tested - guaranieed Only ,Egg 00

Damensions: W14 x H123%" x 15%" D. (3]

PHILIPS HCS31 Uitra compact 9" oolour video monitor with stan-
dard composite 15.625 Khz video inpui via SCART socket ldeal
for all monitoring [ security applications. High qualty, ex-squipment
fully tested & guaranieed (possiie minor screen bums). In attrac-
tive square black plastic case measuring W10® x H10™ x 135" D.

Only £79.00 o)

240 V AC mains powered

INDUSTRIAL COMPUTERS

Tiny shoehax sized industrial 40 Mhz 386 PC system measuring
only (mm) 266 w X B8 h X 272 d. Ideal for dedicated control apps-
bons running DOS, Linux or even Windows ! Steel case con-

s 85 to 265 V AC 50/ 60 hz 70 Wait PSU, a 3 siof

ISA passive
bac ne and a Rocky 318 (PC104) standard, single board com-
putar with B MByte NON VOLATILE solid state 'Disk On Chip'

RAMDISK. System comprises: Rocky 318 (FC104) SBC iSA card
with 40MHz ALl 3885X CPU, 72 pin SIMM siol with 16 Mbyte
SIMM, AMI BIOS, battery backed up real tme clock. 2x 9 pin D
16550 sesial poris. EPPVECP printer port, mini DIN ke?tcam con-
nector, fioppy port, IDE port for hard drives up to 5238 MByte
capacily, walchdog Bmer and PC/104 bus sockst The B MByle
soiid state 'disk on & chip’ has its own BIOS, and can be fdisked,
formatied & boolad. Supplied BRAND NEW fully tested and guar-
anteed. For full dats ses featured Hem on websie. Orderas 0G36

100's of applications inc:
firewall rou?grs robotics etc Only £99.00 )
s marked NEW, items in

ES T ITEMS ljlm section are pre owned

HPB030A 0-200V DC @ 17 Amps bench power supply £1950
Intel SBC 486/125C08 Enhanced M us (MSA) New £1150
Nikon HFX-11 (Ephiphot) exposure conirol unit £
PHILIPS PM5518 pro. TV signal genarator £1250
Motorola VME Bus Boards & Compenents List. SAE/ CALL FPOA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New
Fujitsu M3041R £00 LPM high speed band printar
Fujitsu M3041D 600 LPM prnter with network interfacs
Siemens K4400 84Kb ts 140Mb damux analyser
Perkin Elmer 232B Infrared spaciropholomatar
Perkin Elmer 537 Infrared specirophoiomats
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3250
LightBand 60 output high spec Zu rack mount Video VDA's E495
Sekonic SD 150H 18 channe! digital Hybrid chari recorder  £1995
B&K 2633 Microphons pre am £300
Taylor Hobson Taliysuri ampifier / recorder £750
ADC S5200 Catt snode gas detecior / monilor £1450
{ smer) + drive electronics £75
I DC-2 5G/b waveform monitor
ANRITSU MLS3A optical power mater

ANRITSU Fiore optic characieristic test set

RA&S FTDZ Dual sound unt

Surplus always
wanted for cash!

19" RACK CABINETS

Europe’s Largest Stocks of
quality rack cabinets,

enclosures and accessories.
Over 1000 Racks from stock

g’bqé’ S
(3%

This month’s special
33742147 U - High Quality
All steel Rack Cabinets

Made by Eurocraft Enclosures Lid o the highest pos-
sible spec, rack features all steel construction with o
removable side, front and back doors. Front and =

back doors are hinged for easy access and 21 i "'//,//;}/

fockablz with five secure 5 lever barrel locks.
The front door is constructed of double walled
stesl with a ‘designer style' smoked scnyiic front |
panel to enable status indicators 1o be seen |
through the panel, yet remain unobtrusive. |
Intamally the rack features fully slotted rein- |
forced vertical fidng members to take the heavi- |
est of 197 rack equipment. The two movabls |
vertical fixing struls (extras availabls) are pre

punched for siand=rd ‘cage nuts’. A mains dis- |
tribution panel intemaily mountad to the botiom &
rear, provides 8 x IEC 3 pin Ewro sodkeis and 1 x
13 amp 3 pin switched utility socket. Overald ventis-
tion = provided by fully louvered back door and double skinnad to;
seclion with top and side louvres. The top panel may be remo
for fitting of integral fans {o the sub plale eic. Cther faa
incude: fitted castors and fioor levelers, prepunched utiity par
kower rear for cable [ conneclor sccess efc. Supped in excallent,
shightly used condition with keys. Colour Roya! blua. some gray

y ble - CALL - Can be suppSed in many other configurations.

33U 42U 47U
Order as BC44 | Orderas DT20 | Order as RV36
Extemal dimensions|External dimensions|Exiemal di =
mm=1625H x 6350 x|mm=201SH x 635D x|mm=2235H x 6350 x
603 W. (84" H x 257|603 W._ (795" Hx 257|603 W. (88" H x 25
DxZ3WW) Dx23"W) Dx23%'W)
Only Only Only

£245 | £345 | £410

Call for shipping quotation
COLOUR CCD CAMERAS

Undoubtedly = miracle of modern technol
our special buying power ! A quali
turing = fully cased COLOUR CCD camera at a
give away pnice ! Unit features full sulolight sensing for
= - Us2 in low light & high light

= applications. A 10 mm fixed focus
wide angle lans gives excellent focus
4 and resolution from close up to long
& fEnge. The composite video cutput wis
! conneci o any composite monitor or TV
(viz SCART socket) and most video
recorders. Unit runs from 12V DC so
ideal for security & portable applica-
tions where mains power not availzhi
5 66 mm wide x 117 deep x 43 high. Sup
D NEW & fully guaranteed with user data, 100's of apps
fions inchuding Secunty, Home Video, Web TV, Web Cams eic, sic

OrderaslK3is  ONLY £79.00 or 2 for £149.00 &

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM packaged. ONLY £89.00 =

ENCARTA 95 - COROM, Not the latest - but at this prica | £7.95
DOS 5.0 on 314" disks with concise books ciw QBasic . £14.95
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks  E£55.00
VWindows 95 COROM Only - No Licence - £19.95
Wordperfect 6 for DOS supplied on 3%4° disks with manual £24.95

shipping charges for software is code B

SOLID STATE LASERS

Visibie rad, 670nm laser diode assembly. Unit runs from 5V DC at
approx 50 mA. Orniginally made for continuous use in industrial bar-
coda scanners, the laser is mounied in a removsble sobd atuminium
biock, which functions as a heatsink and rigid op i of
block are 50 w x 50 d x 15 h mm. Integral features include over tem-
perature shutdown, current control, laser OK ouput, and gated TTL
ON I OFF. Many uses for experimental opbics, comms & Bghtshows
eic. SuppSed complete with data shest

ONLY £24.95 (4

Order as TD91

DC POWER SUPPLIES

Virtually every type of power supply you
can imagine.Over 10,000 Power Supplies
Ex Stock - Call or see our web site.

RELAYS - 200,000 FROM STOCK

Save EXfe's by choosing your nex relay from our Massive Stocks
covering typss such as Matary, Octal, Cradie, Hermetically Sealsd.

R&S SBUF-E1 Vision modulator £775
WILTRON E630B 12.4 / 20GHz RF swesp generator £5750
TEK 2445 150 MHz 4 trace oscilioscope £1250
TEK 2465 300 Mhz 300 MHz osciioscope rack mount £1955
TEK TDS380 400Mnz digital realtime + disk drive, FFT sic  £2900
TEK TDS524A 500Mhz digital reaftime + colour display etc  £5100
HP3585A Opt 907 20Hz to 40 Mhz spectrum analysar 950
PHILIPS PYW1730/10 BOKV XRAY i & acs £ £POA

VARIACS - Large range from stock - call or ses our website
CLAUDE LYONS 124 240V sing'e phase aulo. volt. regs £325
CLAUDE LYONS 100A 240V415V 3 phase auto. volt regs  £2900

Continental, Contaclors, Time Delsy, Reed, Mercury Wailed, Soid
Stale, Printed Circuit Mounting efc. , CALL or see our web site
wwav.distel.co.uk for more information. Many obscists fypes from

Al prices
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ALL MAIL TO
Dept EK, 29/ 35 Osborne Rd
Thornton Heath
Surrey CRT 8PD, UK
Open Mon -

for UK Mariand. UK cusiomers add 17.5% VAT © TOTAL order amout Minimum order £10. Bona Fide acoount orders

accepied fom £ Schoois,
Creges over £100 are sbject © 7 woking days cieararce. Camisge charges (AFE3 50, (BFEES), (CFE10.

versties Locs Aufhoriies - minimum acoound order £100

([QFE15.00, (EFE18.00, (FFCALL Alow aporax 3 days for shipping - aster CALL All goods supoiied
uniiess sisfed Al guarani=es on 3 el 10 base bese Alrighis resened b
i CASH prices pad for supls goods, Al radamans, tadenames e ackoow

Fri 9.00 - 5:30 ey

18 Million Items On Line Now !
Secure Ordering, Pictures, Information

véisgr www.distel.co.uk

email = admin@distel.co.uk

stock Save £EELs
ALL ENQUIRIES

0208 653 3333

FAX 0208 653 8888

Government.

1 cer Stendard Condifio ns of Sale which can be viewsd &t o websis and
chenge prices | spedficabons wihout prior nofice. Orders sufisd i sodc
© Display Bectonics 2002 EAQE.

49



NOISE SUPPRESSION

In the three-part article for the ClariTy 2 x 300-W final am
the various input and output filters

were not described. #
In this article we
remedy that situa-
tion. The circuits
described here can
also give excellent
results when used
with other designs.




FILTERS

Extremely high currents at relatively
high frequencies are present in ampli-
fiers such as our ClariTy design (Elek-
tor Electronics June, September, Octo-
ber 2004). In such situations it is recom-
mended to take measures to suppress
interference signals (electromagnetic
interference, or EMI for short). This can
be done by using additional filters for
all connections to the outside world.
For an amplifier, three different types of
filters are necessary. They are respec-
tively used for the loudspeaker connec-
tions, the signal inputs and the 230-V
mains connection.

For the inputs and the loudspeaker
connections, it is common practice to
filter only the interference currents
shared by the two conductors (signal
and ground), which is called ‘common-
mode suppression’. This causes the
least possible effect on the audio spec-
trum. At the inputs to the 2 x 300-W
amplifier, for example, it is clear that
only common-mode interference can
be present. This is because an ana-
logue gain stage is present at the input
of the TA3030 amplifier IC, and there is
also no question of interference arising
directly from the signal source.
Another factor is that here the loud-
speaker outputs drive loads having
very low impedance, which means
large currents can occur. However, the
filters already present on the circuit
board of the ClariTy amplifier suppress
only the PWM signal. Such a signal is
actually a purely differential-mode
interference signal.

In the case of this amplifier, common-
mede interference primarily arises from
the amplifier as a whole. This interfer-
ence can thus be found on all of its
connections. That means that separate
filters for suppressing common-mode
interference must also be used for the
loudspeakers in order to reduce EMI.
As a PWM amplifier also loads its
power source with a ‘nasty’ signal, it's
a good idea to use a combination of
common-mode and differential-mode
suppression for the mains filier. This

11/2004 - elektor electronics

For ClariTy and
other final amps

can be implemented relatively easily
by winding the filter coil in a special
manner.

Toroidal cores are used for all of the fil-
ters described here. This minimises
inductive coupling to the surround-
ings. Another advantage of using
toroidal cores is that they make it pos-
sible to wind inductors that only gen-
erate an inductance for common-mode
signals. By now it should thus be clear
that inductors for mains filters gener-
ally have to be would differently than
inductors for loudspeaker filters.

Inpu# filter

Let's start at the beginning: the input.
In practice, it's clear from measure-
ments made using an Audio Precision
analyser that a sturdy input filter can
provide significant benefits. Without
such a filter, the measurements made
on the ClariTy amplifier were instable
and in fact unusable.

The input filter (Figure 1) thus pro-
vides common-mode isolation between
the signal source and the amplifier. In
addition, capacitors for differential-
mode suppression are included as a
precaution. We prefer not to use
ceramic capacitors in the signal path
for audio applications, but in this case
they are present in parallel with the
ouiput of the preamplifier for audio sig-
nals. If the preamplifier has low output
impedance, the effect on the sound
quality will be negligible. The two
channels are kept fully apart on the cir-
cuit board, so the entire signal paith
between the preamplifier and the final
amplifier remains separate for the two
channels. The two grounds must be
connected together at a single point at
the analogue power supply neutral
potential. In the case of our amplifier,
this point is thus on the amplifier
board. The filter also prevents ground
loops from arising.

The inductor uses a very small toroidal
core with dimensions of 10 x 4 mm. It
has two windings, each just a bit more

than a single turn. In practice, this
proves to be more than adequate (for
our application). Two short (but suffi-
ciently long) lengths of 0.5-mm diame-
ter enamelled copper wire (ECW) are
passed through the centre of the small
toroidal core and wound together
around the core (bifilar) in a single
loop. The other ends thus emerge on
the opposite side of the core. This
yields a seli-inductance of twice 14 uH
and a leakage inductance of less than
100 nH. The leakage inductance is the
virtual inductor that contributes to the
differential-mode effect of the filier.
Incidentally, it's difficult to measure
the leakage inductance.

From the value of 14 uH, it's apparent
that each winding behaves as though
it had nearly two turns. This can be
seen from the fact that according to the
data sheet, the value of the At factor
for this toroidal core is 3470 nH. You
can calculate this for yourself using the
formula L = N2 x A; (where N is the
number of turns).

Just as for the filters described later
on, a printed circuit board has been
designed for this filter. The inductor
should be fitted vertically on the circuit
board, and its leads must be pulled
tight and soldered to the circuit board
under tension. This avoids the need for
any additional fastening. The compo-
nent overlay (Figure 2) and photo (Fig-
ure 1) clearly show what is intended.
Cinch sockets can also be fitted to the
circuit board. The bhoard should be
fixed firmly in place using the five
mounting holes.

The connections marked with the ‘out-
put’ arrows and ground symbols must
be connected to the amplifier inputs
using good-quality screened audio
cable. The pin between these connec-
tions must be connected to the enclo-
sure via the shortest possible path.
This can be done by fitting an M3
washer with soldering lugs fo one of
the fastening screws.

In the dimensioning of the capacitors,
the primary consideration was the
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Figure 1. The input filter suppresses both common-mode and differential-mode signals. Pay particular attention to how the
inductors must be wound and placed. Copper track layouts from our website.
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Figure 2. A single printed circuit board has been designed for all of the filters. The portions for the loudspeaker filters are laid out

as mirror images of each other.

Components
list

Resistors:

R1,R2 = 470kQ

R3,R4 = Varistor 275V [Epcos SIOV-
S20K275, Farnell # 580-284)

Capacitors:

C1,C2,C3,C6 = 390pF

C4,C5,C7,C8 = 100pF

C9,C10,C13,C14 = 1nF 400V, lead
pitch Smm or 7.5 mm
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C11,C12,C15,C16 = 10nF 400V, lead
itch Smm or 7.5 mm
C17,C18 = 10nF 275 Vuc, Class X2,
[eﬂd piich 15mm
C19, C20 = 100nF 275 V¢, Class X2,
lead pitch 15mm

Inductors:

11,12 = 2 x 1 turn (bifilar) 0.5mm dia.
[5W026]l enamelled coppper wire on
Ferroxcube core TL1 0/6)14—355 (Farnell
# 305-69460)

13,4 = 2 x 18 turns [bifilar) 1.5mm dia.
[SWG16) enamelled coppper wire on
Ferroxcube core TX36/23/15-3E25
[Farnell # 305-7021)

L5 = 2 x 16 turns 1.5mm dia. [SWG16)
enamelled coppper wire on core
TN36/23/15-3E5 [Farnell # 305-7010)

Miscellaneous:

K1,K2 = PCB mount cinch socket (709G
from Monacor/Monarch)

K3 = 3-way PCB terminal block, lead pitch
7.5mm

K4 = 2- way PCB terminal block, lead
piich 7.5mm

8 x spade terminal (faston), PCB mount,
3mm screw mouniing

PCB, order code 030217-1 [see Readers

Services)

elzkior elecronics - 11/2004



Figure 3. The mains filter is a quite
conventional desfgn, and like the input
filter it suppresses both common-mode
and differential-mode signals.

For safety, the two inductor windings
must be separated as far as possible.

capacitive load on the preamplifier.
With this filter, it is only 880 pF (C1 +
C3 + Ch).

Mains filter

The mains inlet naturally amountstoa
second input. Here we chose a conven-
tional design (Figure 3). We used the
largest possible core here (in terms of
availability), which resulis in a large
load capacity as well as high induc-
tance. For mains filters, the inductance
normally decreases as the load imped-
ance increases (for the same dimen-
sions). By using a large core (36 mm
outside diameter) with 1.5-mm diame-
ter wire wound in only a singly layer
(which increases the maximum per-
missible current), we obtained a filter
that can easily handle loads as high as
1000 VA.

The inductor has two identical wind-
ings, which are well coupled but sep-
arate. The separation is important due
to the mains voltage connecied
between the two windings. For supe-
rior coupling, we selected 3E5 core
material. It has very high permeability;
the A factor for this core is no less
than 11,400 nH.

The two windings are wound tightly
on the core. This takes a certain
amount of strength, since they are
wound using 1.5-mm copper wire and
a gap of at least 3 mm must remain
between the opposing windings (for
Class 1 insulation). If you can't man-
age this, just reduce each winding by
one turn. Note that the two windings
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must be as nearly possible identical.
This prevents premature saturation of
the core.

With 16 turns per winding, you will
have two windings with a self-induc-
tance of somewhat more than 3 mH
£30 % (which is also the self-induc-
tance of the inductor for common-mode
signals) and a leakage inductance of
around 15 uH.

The filter also coniains two robust
varistors that provide additional pro-
tection against sporadic mains distur-
bances (transients), although they
don't protect against common-mode
transients.

R1 and R2 ensure that the capacitors
are quickly discharged if no mains
voltage is present (and after it's dis-
connected). This prevents dangerous
voltages from remaining present on
the mains connector. For safety, use
plastic stand-off bushes for mounting
the circuit board in order to maintain
adequate clearance between the cir-
cuit board tracks and protruding con-
nections on the copper side and the
metal paris of the enclosure. For a
Class-1 device, a separation of 3 mm
is in principle sufficient, but 6 mm is
recommended.

As the inductor is attached to the cir-
cuit board quite securely by its four
leads, additional mechanical fastening
is not required. For anyone who never-
theless considers mechanical fasten-
ing necessary, a hole is provided in the
circuit board in the middle of the
inductor. Be sure to use only plastic
parts for any such fastening, in order
to avoid affecting the inductance of the
coils. The layout of the printed circuit

board is shown in Figure 3.
Capacitors C19 and C20 form part of
the differential-mode suppression
network, but given the low imped-
ance of the power supply and mains
network, they have less effect than
C17 and C18, which provide common-
mode suppression. These two capac-
itors are configured in parallel for
common-mode signals, so they con-
stitute a 20-nF capacitor that forms
an LC filter in combination with the
self-inductance of L.5.

The impedance of the amplifier for
common-mode signals primarily
depends on the parasitic capacitance
between the primary and secondary
windings of the supply transformer
(as well as the impedance of the
wiring inside the enclosure), and it is
reasonably high. This means that the
self-inductance of the inductor is pri-
marily responsible for filtering com-
mon-mode signals.

The values of C17 and C18 cannot eas-
ily be increased, since they also gener-
ate leakage currents to ground when
the filter is connected to the mains
voltage (via one of the two capacitors,
depending on which one is connected
to the live mains lead).

The ground rail of the filter is con-
nected to the enclosure together with
the ground connection of the mains
inlet connector.

Speaker filter

In contrast to the mains filter, the
inductors for the loudspeaker filters
(Figure 4) are would bifilar (see Fig-
ure 5). Consequently you have to wind
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Figure 4. The output filter for the loudspeaker signals is

specifically intended to provide common-mode suppression.

two lengths of 1.5-mm copper wire on
the core at the same time, which takes
even more strengih.

Bifilar winding ensures excellent cou-
pling between the two windings and
causes the leakage inductance to be
very small. You have to bear in mind
that peak currents of around 20 A can
flow through the wires of the inductor.
If the windings are not identical, the
inductor will saturate and the filier will
be ineffective.

Naturally, using these filters slightly
increases the output impedance of the
amplifier. Flat tab connectors are used
for the connections, due to the poten-
tially high currents. This zalso makes it
possible o connect leads directly to
the circuit board using M3 solder lugs
(spade terminals). This helps avoid a
certain amount of contact resistance.
Another possibility is to solder the
leads directly to the copper side.

Here we selected 3E25 core material.
It has somewhat lower permeability
than 3Eb material, but it can be used
over a wider frequency range and is
less prone to saturation (although that
isn't so important if the inductor is
wound properly). The selected core
has the same dimensions as the one
used in the mains filier.

As no special insulation between the
two windings is necessary here
(although the copper wires must natu-
1ally have a heavy enamel coating), it's
easily possible to add two more turns.
The two 1B-turn windings of 1.5-mm
enamelled copper wire yield an induc-
tor with a self-inductance of approxi-
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mately 2 X 24 mH =25 % and a leak-
age inductance of only 2 uH.

Be sure to leave the windings leads
long enough to allow them to be prop-
erly fitted to the circuit board. This will
require a bit of ‘cut and try’. The induc-
tor is held reasonably firmly on the
board by its four leads, but we recom-
mend using a small sheet of plastic
and plastic screw to secure it fo the
circuit board. These filters should be
placed as close as possible to the
amplifier ouiputs.

Next a few remarks about the capaci-
tors. C1, C12, C15 and C16 are actually
intended to filter out RF interference
(in differential mode); they do not have
any effect on common-mode signals.
However, they are connected in paral-
lel with the output of the amplifier, so
they have intentionally been kept
rather small in order to keep their
effect as small as possible. They
increase the filter capacitance by just
less than 10 %.

There are also capacitors in the filier
that do provide common-mode sup-
pression: C9, C10, C13 and C14. They
are effectively in series for differential-
mode signals, so they can practically
be ignored for such signals. For com-
mon-mode signals, by contrast, they
are effectively in parallel and provide a
capacitance of 2 nF. The junction of
C9/C10 and C13/C14 must be con-
nected to the enclosure.

If you use our printed circuit board
design, be sure to pay atiention to the
polarization of the filters for two-chan-

Figure 5. The inductors are wound bifilar.

nel applications, since they are oppo-
site to each other. For stereo use,
swapping the phases of the outputs
wouldn't be obvious, but if the ampli-
fier is used in bridge mode, it is essen-
tial ensure that the phasing is correct.
For this reason, the circuit boards for
the two channels are designed as mir-
ror images of each other, so equivalent
connections are close together and on
the same side of the board.

Speaker cables

Finally, we mustn't forget the cabling.
Generally speaking, cables make
excellent aerials, with a common-mode
impedance of approximately 150 Q.
Particularly with the pulse-width mod-
ulated signals coming from our ampli-
fier, the cables can be blamed for a sig-
nificant portion of the interference radi-
ated to the surroundings.

The simplest way to counter this is to
keep the distance between the ampli-
fier and the loudspeakers as short as
possible. Another possibility is to slide
a pair of substantial ferrite cores over
the cables (at the amplifier end), which
can increase the common-mode
impedance by a factor of as much as
several hundred. Another option is to
run the loudspeaker cables inside
metal screens connected to the ampli-
fier enclosure.

Ferrite cores of various sizes can also
be fitted to the other cables (mains
cable and input signal cables).
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Parallax BASIC Stamps - still the easy way to get your project up and running!
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THERMOELEME

Easy processing with the MAX6675

Design engineers like to use thermoelements when it comes to
probing around in really wide temperature ranges. Modern
infegrated circuits are available that act as sensor interfaces to

a microcontroller.

The operation of thermoelements is based on the See-
beck effect: o temperature difference across a wire
causes movement of free elecirons. The amount of charge
displacement is dependent on the elecirical properties of
the wire.

As illustrated in Figure 1, thermal energy is applied to
electrons normally moving inside a crystal grid structure.
The applied energy causes the elecirons to move faster
and eventually diffuse from the hot to the cold end. There
they slow down again, releasing their energy. As elec-
trons concenirate at the cold end, a negative electrode is
formed relative to the hot end. At the same time an elec-

Os

trical field is established maintaining a dynamic balance
befween the electrons.

If the voliage behween the hot and the cold end is to be
measured, one thing you have fo do is connect the hot
end to an elecirical conductior that's also exposed to the
temperature changes. If this second conductor has the
same electrical properties as the first one, then no volt-
age can be measured between the charge density points.
However if two different conductors are used, a voltage
exists between the two “cold’ ends that’s dependent on
the temperature difference and the electrical properties of
both conductors.

In the test arrangement shown in Figure 2, no absolute
thermovoltage can be measured, only differential levels.
In order to establish the temperature at the measurement
point, the temperature at the connection terminal has to
be known as well as constant. Datasheet values like ‘ther-
movoltage at 200 °C’ always relate to a comparison fo
the thermovoltage at 0 °C.

If the end of the thermoelement is at an unknown temper-
ature (and far removed from the measurement electronics)
it has to be extended right into the area of known temper-
ature (comparison point), using a special compensating
conductor. A problem arises with the measurement of
thermovoltage using an instrument whose connection ter-
minals are made of a different material. These create two
additional thermoelements, which may be compensated,
though, either by keeping the comparison point at a
known temperalure, or perform an uppropriuie correction
al the instrument terminals.

figure I. Ina conductor,
valence electrons are
equaf{y distributed {a), but
diffuse fo the cold side
when the conductor is
heated ot one side (b). IF
two conductors of different
material are connecied at
the hot sides, the free
elecirons cause a voltage
difference by concenirating
i af the cold sid=.
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Thermoelements

The voltage caused by the thermoeleciric effect is very
small ot just a few millivolis per Kelvin, depending on the
metal or alloy combination. As a result, thermoelements
are not used for measuremenis in the range -30 °C to
+50 °C because the femperature difference with ihe ref-
erence is simply too small to ensure a reliable signal.
Consequenily thermoelements are fypically used for
measurementis up fo 1000 *C.

From the multitude of metal and alloy combinations, a
few have been selected and their voliage series laid
down in DIN standard EN 60584 (types L and U are
obsolete and now replaced by J and T). The element
fypes differ in respect of maximum temperature and their
characteristics as shown in Figure 3. The maximum tem-
perature is the highest value at which the tolerance is
maintained. Under ‘defined up to’ you find the highest
temperature at which the thermovoltage complies with the
standard. With the thermocouples lisied, the first material
is always the positive terminal.

As you can see from the response curves, the voliage
supplied by thermoelements is not a perfecily linear func-
fion of applied temperature. If you want really accurate
readings, then a linearisation circuit is required specifi-
cally designed for each type of element. Figure 4 shows
that for a K element the maximum deviation from the lin-
ear function is no more than 0.5 K a 750 °C. If you can
live with such a small error in a relatively narrow meas-
urement range, then a complex linearisation circuit is not
in order.

Processing the values

In a previous publication from our archive, ‘Fast, Precise
Thermometer’ (Elekior Elecironics January 1992), we
already proposed a thermoelement application. In that
circuit, the comparison point compensation was handled
by discrete components. Today, the semiconductor indus-
try supplies complete, dedicated converfers in a chip. An
example is the MAX6675, a 12-bit A/D converter with
SPl interface (and complementary control) and a noise-
suppressing, buffered differential measurement amplifier
in front of it (not shown). The internal diagram

[Figure 4) also reveals a compensation dicde that cap-
tures the temperature at the comparison point and so pro-
vides the necessary correction of the measured value.
The MAX6675 is ready for measurement point tempera-
tures from 0 °C to 1023.75 °C and is capable of com-
pensaling comparison point temperatures of —20 to
+85 °C. This resulls in an impressive resolufion of

0.25 °C. By comparison, another IC from the series, the
MAX7774 with 10-bif resolution achieves a resolution
of 1 °C.

SPI

The ‘cleaned’ measurement value is finally digifized by the
A/D converter, serialized, and may be requested by a
microcontroller (read-only). The exiremely simple SPI proto-
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compensation
terminal
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col supplies a 16-bit word in response to a clock signal.
Not much needs fo be said about the fiming, as lots of liter
ature on the protocal is available from Infernet. Figure 5
shows the structure of the 16-bit word. A sequence of
zeroes at positions 3 (LSB) through 14 [MSB) means a tem-
perature of 0 °C, while fwelve ones indicate 1023.75 °C
which is just another rather uncomfortable level.
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Figure Z. Struciure
of a thermoslzmeni
with a hot measure
ment junction and c
cold comparison
junction. A compen
sation wire alfows
the comparison
point fo be remote
from the connectior

point.

Figure 3. Thermo-
voltoges from a
number of sfan-
dardised metal anc
alloy combinations.

Figure 4. Infernal
diagram of the
MAX65675.
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Figure 5. Struciure
of the 16-bit word
supplied by ihe
MAXGE75.
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Thomas Johann

Thomas Johann Seebeck was
born on April 9, 1770, in Revadl,
now Talinn, the capital of Estonia,
info a wealthy merchant family.
His father being of German ori-
gin, medical science studies at the
Universities of Berlin and
Goitingen were more or less
imposed on young Thomas
Johann. In 1802 he graduated as
a medical doctor and although he
did set up practice in Gotiingen,
Seebeck decided to change fo
physics research, hence he is
known from his experiments in
‘physics rather than his achieve-
ments as a general practitioner. Mostly self-educated and @
‘freeman student” he went to Jena, Bayreuth and Niimberg
where he deepened his knowledge of physics. He met Johann
Wolfgang von Goeethe and joined him in his work on the (anfi-
Newionian) theory of colour and coloured light.

Seebeck investigated the heating effect of different colours in
the solar light specirum. In 1808, he was the first to produce
potassium-amalgam and in 1810 he noticed the colour suscep-
tibility of moist silver oxide (a precursor to colour photography).
In the same year, observed the magnefic properties of
nickel and cobalt. A few years later, in 1818, he discovered the
opfical acivity (rofation of the polarized areq) of sugar solu-
tions. He then returned to the University of Berlin where he
researched electrical magnefization of iron and sieel. In 1821

Bit 2 has a special function. It is normally low, but will

carry a High when the thermocouple input is open, for
example, as the result of a cable malfunction. This will

only work, however, when the T- input is grounded (as
close as possible fo the GND connection).

Practical use

A number of requirements should be fulfilled in order to
achieve maximum accuracy.

- Selftheating of the MAX6675 should be avoided. Pro-
vide for sufficient ventilation and large ground planes.

— The thicker the wire used for the thermoelement and the
compensation line, the smaller the risk of measured val-
ues being corrupted by the wire resistancels).

—If you cannot avoid the use of a thin thermoelement,
you sfill need to employ a thick compensation wire.

— Mechanical siress on the cable and the element is to be
avoided.

Seebeck discovered the thermoelectriceffect and two years later
proposed a thermoelectric voltage series as well as published
the fruits of his research in ‘Magnetic Polarization of Metals
and Ores by Temperature Difference. Proceedings of the
Prussian Academy of Sciences’. Seebeck continued fo work at
the Berlin Academy for 13 years. He died in Berlin on 10
December 1831.

Paositive
Element Max. temperature  Defined up fo e
J: Fe-GuNi 730 °C 1,200 °C black
T: Cu-CuNi 350 °C 400°C brown
K: NiCrNi 1,200°C 1,370°C green
E: NiCr-Cui a00 =C 1,000 °C violet
N: NiCrSi-NiSi 1,200<C 1,300 <C lilac
S: Pt10RR-Pt 1,600°C 1,540°C orange
R: Pi13Rn-Fi 1,600°C 1,760 °C orange
B: Pi30Rh-Pi6Rh 1.700°C 1.820 <C -

— Twisted-pair cable should be used with long thermoele-

ment connections.

— Sudden temperature changes are fo be avoided.

— Users should always observe the maximum temperature

specified for the thermoelement, as well as the much
lower value for the compensation line.

— The mechanical loading of the element is to be

maiched to the application.

— Despite the use of a low-noise measurement amplifier

inside the MAX66735, the thermoelement, all wires and
connections should be kept far removed from of eleciri-
CCI] noise sources.

(040077-1)

For further reading

MAX6675 datashest

htip://pdfserv.maxim-ic.com/en/ds/MAX667 5.pdf

hitp://en.wikipedia.ora/wiki/T. J. Seebeck

o | DUMMY 12-BIT THERMOCOUPLE| DEVICE |
SIGN BIT TEMPERATURE READING INPUT D
Bit 5 |1a[13|12]|11|w0]o]8]|7]|6]|5]|a]s 2 ; 0
o |mse LSB 0 s
siaie
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Haiping you mais tha right connection]

Motor Drivers/Controllers

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

CREDIT CARD
SALES

Controliers & Loggers

Here are just a few of the controller and
data acquisition and control units we have.
See website for full details. Suitable PSU
for all units: Order Code PSU445 £8.95

NEW! Bidirectional DC Motor Controller
Controls the speed of
& most common DC
=, motors (rated up to
¢ 32VDC/5A) in both
the forward and re-
verse direction. The
range of control is from fully OFF to fully ON
in both directions. The direction and speed
are controlled using a single potentiometer.
Screw terminal block for connections.
Kit Order Code: 3166KT - £14.95
Assembled Order Code: AS3166 - £24.95

DC Motor Speed Controller (SA/100V)

= Control the speed of
almost any common
DC motor rated up to
< 100V/5A. Pulse width
*= | modulation output for
maximum motor torque
at allspeeds Supply 5-15VDC. Box sup-
plied. Dimensions (mm): 60Wx100Lx60H.
Kit Order Code: 3067KT - £12.95
Assembled Order Code: AS3067 - £19.95

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

Kit Order Code: 3179KT - £8.95

Assembled Order Code: AS3179 - £16.95
Assembled Order Code: AS3113 - £24.95

NEW! Bi-Polar Stepper Motor Driver
Drive any bi-polar stepper =
motor using externally sup-
plied 5V levels for stepping
and direction control. These

running on a computer. A e
Supply: 8-30V DC. PCB: 75x85mm

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

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

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

Kit Order Code: 3180KT - £41.95

Assembled Order Code: AS3180 - £49.95

Computer Temperature Data Logger
4-channel temperature log-
s = ger for serial port. °C or °F.
¢ Continuously logs up to 4

; -“‘_- separate sensors located

: . = 200m+ from board. Wide
=" == range of free sofiware appli-

cations for storing/using data. PCB just
38x38mm. Powered by PC. Includes one
DS1820 sensor and four header cables.
Kit Order Code: 3145KT - £19.95
Assembled Order Code: AS3145 - £26.95
Additional DS1820 Sensors - £3.95 each

NEW! DTMF Telephone Relay S\mtcher
Call your phone number
using a DTMF phone from
anywhere in the world and =
remotely tumn on/off any of |
the 4 relays as desired. = =
User settable Security F'aaword Anh—
Tamper, Rings to Answer, Auto Hang—up and
Lockout. Includes plastic case. Not BT ap-
proved. 130x110x30mm. Power: 12VDC.

Kit Order Code: 3140KT - £39.95

Assembled Order Code: AS3140 - £49.95

Serial Isolated /O Module

Computer controlled 8-

channel relay board.

- 5A mains rated relay

. outputs. 4 isolated

= digital inputs. Useful in
====F 3 variety of control and

sensmg appllcahons Controlled via serial

port for programming (using our new Win-

dows interface, terminal emulator or batch

files). Includes plastic case 130x100x30mm.

Power Supply: 12VDC/500mA.

Kit Order Code: 3108KT - £54.95

Assembled Order Code: AS3108 - £64.95

P17 7168

Infrared RC Relay Board
Individually control 12 on-
board relays with included 1
infrared remote control unit.
Toggle or momentary. 15m+
range. 112x122mm. Supply: 12VDC/0.5A
Kit Order Code: 3142KT - £41.95
Assembled Order Code: AS3142 - £51.95

PIC & ATMEL Programmers

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

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £15.00
18V DC Power supply (PSU010) £19.95
Leads: Parallel (LDC136) £4.95 / Serial
(LDC441) £4.95 / USB (LDC644) £2.95

NEW! USB "All-Flash' PIC Programmer
USB PIC programmer for all S 1
‘Flash’ devices. No external
power supply making it truly
portable. Supplied with box and
Windows Software. ZIF Socket
and USB Plug A-B lead not incl.
Kit Order Code: 3128KT - £34.95
Assembled Order Code: AS3128 - £44.95

Enhanced “PICALL“ ISP PIC Programmer I
= Will program virtually ALL 8

“4 to 40 pin PICs plus a range
i of ATMEL AVR, SCENIX

j} SX and EEPROM 24C de-
———>" yices. Also supporis In Sys-
tem ng:amming (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 - £49.95

ATMEL 89xxxx Programmer
Uses serial portand any g
standard terminal comms _{3
program. 4 LED's display
the status. ZIF sockets i ;

not included. Supply: 16-18VDC. 1
Kit Order Code: 3123KT - £29.95
Assembled Order Code: AS3123 - £34.95

NEW! USB & Serial Port PIC Programmer
USBISenaI connection. Header

- soﬂwdre. See website for PICs

& {lf *supported. ZIF Socket/USB Plug
1 =—=— A-B lead exira. Supply: 18VDC.

Kit Order Code: 3140KT - £34.85

Assembled Order Code: AS3149 - £49.95

www.quasarelectronics.com

Secure Online Ordering Facilities |Full Product Listing, Descriptions & Photos  Kit Documentation & Software Downloads
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AUTOMATIC PRESEI

for our DRM receiver

Burkhard Kainka

A PC-controlled
receiver is very con-
venient, especially for
DRM, since it makes
it easy to locate your
favourite stations.
However, this advan-
tage is lost if you
have a manual prese-
lector and must tune
the antenna by hand:
an automatic prese-
lector is what you

need!

With a PLL-controlled receiver things
are very simple. The PLL tuning volt-
age can be used simultaneously to
control the first RF stage. Instead of
one varicap diode two are used. If DDS
tuning is used, then although we have
better phase purity, which is a decisive
advantage in DRM applications, there
is no tuning voltage available for the
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first stage. What is needed is a circuit
to generate a suitable tuning voltage
automatically.

Tracking Filter

The circuit can be seen as a kind of
passive PLL. Rather than a tracking
oscillator, here we have a tracking res-

onant circuit. The resonant frequency
of the circuit is made to track the fre-
quency of the controlling signal.

At the heart of the tracking circuit is
an NE612 mixer (IC1) which is used
here as a phase detector. The NE612
was used in a similar way by Gert
Baars in ‘Alignment-free FM Detector’
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in the July/August 2001 issue of Elek-
tor Electronics.

The controlling input signal can, for
example, be taken directly from the
VFO pin on the TUF-1 ring mixer in the
DRM receiver. This goes directly to the
mixer input (pin 1) of the NE612 as
well as to the oscillator input (pin 6)
via a resonant circuit tuned by a vari-
cap diode (L1 and D2). A DC difference
signal is available at the output of the
mixer which carries information as to
the phase lag between the direct sig-
nal and that coupled through the reso-
nant circuit. At resonance the phase
difference and hence the differential
voliage is zero.

The control loop amplifier constructed
around IC2.A controls the resonant fre-
quency in such a way that it tracks the
VFO frequency. The output voltage
thus automatically follows this fre-
quency as well. The final result is that
we have at the output of the opera-
tional amplifier a tuning voltage that
varies from about 1 Vat 5.7 MHzto 7V
at 16 MHz. These values are obtained
with a BB112 tuning diode for D2 and
a fixed 1.8 yH inductor for L1. The res-
onant circuit needs to be fairly heavily
damped by a 1 kQ resistor (R1) to pre-
vent the control loop oscillating.

The second varicap diode (D1) receives
the same control voltage and thus
automatically tunes the first stage res-
onant circuit formed by L2 and C10. As
in any superheterodyne receiver it is
not easy to achieve optimal tracking
between oscillator and input circuit.
The received frequency always lies
455 kHz below the oscillator frequency.
L2 in the input circuit is a tunable coil
and can be adjusted for maximum sen-
sitivity at the lower end of the tuning
range. A similar adjustment for the
upper end of the range can be made
using trimmer capacitor C10. This
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should then also give good tracking
over the middle part of the range. Qur
prototype worked without problems
from 5 MHz up to 16 MHz.

The first amplifier stage itselfis a JFET
source-follower built around Ti1. A
BF245 may be used instead of the
J310. The resonant circuit is only
lightly damped. The voltage gain is
determined by the transformer ratio
between the antenna input and the
resonant circuit. In our prototype we
used 15 turns of 0.3 mm enamelled
copper wire on a ferrite coil former
with a diameter of 5 mm. The antenna
tap was on the third turn.

The BB112 has a capacitance of about
500 pF with a tuning voltage of 1 V.
Higher values can be achieved by
reducing the voltage further, down to
nearly 0 V. The disadvantage of doing
this is that the Q factor falls rapidly. In
practice tuning works without prob-
lems in the 75 m band, and so the DRM
station at 3995 kHz can be received. In
this case the tuning voltage is only
around 0.1 V.

Hints and fips

Varicap diodes for AM frequencies are
not easy to get hold of. The BB112 can
be obtained from Geist Electronic in
Germany and from the online shop of
the German magazine Funkamateur.
Equally suitable are the dual tuning
diode type BB313 and the similar
KV1270NT from Toko. Most of the AM
varicap diodes that are still available
appear to come from surplus stock.
However, they must still be being
made somewhere (presumably in
China) as otherwise we would have no
PLL-based medium wave, shortwave
or long wave receivers! There are prob-
ably considerably more broken radios
thrown away every year than there is

demand for varicap diodes for home-
built receivers: a few minutes with a
soldering iron can prove very worth-
while: see, for example, www.b-
kainka.de/bastel99.htm (in German).
Finally, a brief note on using the auto-
matically-tuned preamplifier. In most
cases DRM will work perfectly well
without preselection. In just a few
cases is the SNR significantly
improved by preselection. The device
is of course particularly useful when
there is interference at the image fre-
CUEncy.

However, in AM mode there is a signif-
icant improvement. Every dB of image
frequency attenuation can reduce
interference by 1 dB. For example, the
Austrian ORF transmissions on
6155 kHz (O1) often suffer interference
from strong SSB transmitters in the
40 m band. The automatic preselector
completely solves this problem. The
effect is even more marked when try-
ing to pick out very weak amateur
transmissions from among the broad-
cast programmes: in this case a tuned
preamplifier is essential.

With a little extra effort a second pres-
election stage can be added for even
greater image rejection. Either a two-
stage tuneable bandpass filter can be
used or a further tuning circuit can be
added after the preamplifier, that is,
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ROOM THERMOMETER

Just add an A/D converter and a few discrete LEDs to this

temperature sensor chip and you get a simple thermometer.

This application builds an accurate and stable thermometer

displaying room temperature with a resolution of 1 °C.

The MAX6610 from MAXIM is a rela-
tive newcomer to the field of tempera-
ture sensing IC's. The chip has & built-
in voltage reference and an analogue
output scaled to simplify integration
with an 8 or 10-bit A/D converter (see
textbox). A simple room thermometer
does not usually require such precision
and we run a risk of being accused of
using a sledgehammer to crack a nut
but the chip is quite versatile and this
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application provides a useful introduc-
tion to some of the features of the
device. For more information on this
device see the inset.

The complete room thermometer block
diagram is shown in Figure 1. The
MAX6610 precision temperature sen-
sor outpuis an analogue signal that's
linearly proportional to temperature.
The signal is converted into a digital
value by the 8-bit MAX152 analogue fo

digital (A/D) converter. Only five bits
of the output byte are used by the
decoder to light a single LED to indi-
cate room temperaiure. Finally two
monostables (monoflops) are used to
generate all the timing signals neces-
sary to control events in the circuit.
The first produces the conversion sig-
nal to the A-D converter while the sec-
ond conirols a MOSFET in the power
supply line to maintain power to the
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circuit during the measurement
process. After an adjustable period it
switches the thermometer off. It is only
necessary to press S1 briefly to acti-
vate the circuit and the temperature
will be displayed for a few seconds.

On closer inspecfion

Figure 2 shows the complete circuit
diagram of the room thermometer. IC1
contains the temperature sensing ele-
ment and can be used in the tempera-
ture range from —40 °C to +125 °C. The
Sensor contains an on-board reference
so that it does not require any calibra-
tion and is designed to interface with
an analogue to digital (A-D) converter.
It outputs a reference voltage of
2.560 V from pin 5. Pin 4 is the ana-
logue TEMP output; the voltage level
at this pin is proportional to tempera-
ture. If an 8-bit A-D converter is used
to produce a digital value each single
bit change corresponds to exactly 1°C
temperature change. With a VREF of
2.560 V and an 8-bit A-D converter
each bit change of the output is equal
to an input change of 10 mV. IC1 pro-
duces an output signal with a charac-
tenstic of 10 mV/K with a DC offset of
0.750 V. The voltage Vg is given by:

VTEMI-‘: 750 mV + Tx 10 mV
(with T in °C)

Table 1 shows the output from an A-D
converter represented as decimal
(dec) hexadecimal (hex) and binary
(bin) values.

The sensor will be used at room tem-
peratures so it is not necessary to dis-
play the complete temperature range.
Table 1 shows that we only need to
look at the least significant five bits at
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Figure 1. The rcom thermomefer block diagram.

the output of the ADC if the displayed
temperature range is limited from
+5 °C (0101 0000) to +36 °C (0111
1111). The codes between these tem-
peratures are not repeated. Table 2
lists the digital output values for tem-
peratures within this range.

Each degree is represented by a sin-
gle LED so a total of 32 LEDs are
required if a temperature range of
32 degrees is to be displayed. A 4 to
16 way decoder is used to decode bits
D1 to D4 from the output f IC2. The
least significant bit, DO, is used to
switch either transistor T3 or T4, these
drive two columns of eight LEDs. T4 is

conducting when DO output is low
while T3 conducts when DO is high.
This arrangement effectively produces
a 5 to 32-way decoder function. Only
one of the green LEDs will be lit at any
one time so current limiting on each
column can be performed by a single
resistor (R6 and R7).

Although the decoding is available to
display a temperature range of 32 °C
this can be reduced by simply omitting
any LEDs that are not required. The
circuit diagram shows just 15 LEDs fit-
ted to display a range from +15 °C to
+29 °C. Any other range can be chosen
providing it falls within +5°C to 36°C.

Table 1. Correlation between temperature, sensor output voltage
and digitised measurement value.

i Temperature Vieme ADCge, ADCpex ADCy;,

| —40°C 035V | 35 23 0010 0011
-20°C 0.550V | 55 : 37 00110111

| -10°C 0650V | 65 41 0100 0001

| =5°¢ 0.700 V 70 46 01000110

! 0°C . 0750V | 75 - 4B 0100 1011

| +5°C | o800V | 80 j 50 0101 0000

| +10°C 085V | 85 : 55 | 01010101
+15°C | 0500V | %0 ' 5A 0101 1010
+20°C | 0950V | 95 5F 0101 1111
+25°C | o000V | 100 64 0110 0100
+30°C 1.050V | 105 5 69 0110 1001 |
+35°C 1.100V | 110 i 6E 01101110
+40 °C 1150V | 115 , 73 0111 0011

| +50C 1250V | 125 7D 0111 1101
+80 °C 1550V | 155 | 98 1001 1011
+100 °C 1.750 V 175 AF 1010 1111
+125°C 2000v | 200 | s 1100 1000 |
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Figure 2. The circuit diagram showing test points and voltage levels.
Temperafure
+5°C 0800V | 0010000 | T4 | as The MAX152 (IC2) 8-bit A-D converter
6 °C 0.810V 0101 0001 | 13 i Q8 operating from a +3 V supply is used
e ! to digitise the analogue output volitage
HG 0.820V 0101 0010 T4 Q9 from IC1. A logic low on the read input
+8°C 0.830V 0101 0011 13 Q9 (RD, pin 8) and the chip select input
(CS, pin 13) configures IC2 to stand-
= alone mode so that a pulse at the WR
+H77€ 0.920 vV 0101 1100 T4 Q14 (pin 6) input will cause the converter
B +18 °C 0.930V 0101 1101 T3 Qi4 to sample the analogue input voltage
119 °C 0.940 V 0101 1110 T4 Q15 and output its digital value. The digi-
= tal data is valid approximately 2 us
+2_q -C 0.950V 0101 1111 T3 Q15 after this sising edge of the WR pilse.
[ +21 °C 0.960V 01 I‘q 0000 T4 Q0 Fig'ure 3 shows the t]_mj_ng d_iag{ams
+22°C 0.970 vV 0110 0001 13 Qo corresponding to the numbered test
+23°C 0.980 V 01100010 T4 Ql L et -y e A
- > = Pressing S1 switches power to the cir-
| #24°C 0990V 01 ]_0 0011 13 Ql cuit and starts the temperature meas-
+25°C 1.000V 01100100 T4 Q2 uring process. The monoflop IC4.B sup-
26 °C 1.010V 01100101 13 Q2 plies the WR pulse to the A/D con-
verier but the start of this pulse is
-] delayed (T1 = 500 ys) by C3 and R9 to
+31 °C 1.060V 0110 1010 T4 Q5 allow the temperature sensor (IC1) to
+32°C 1.070 V 0110 1011 13 Q5 stabilise before its output is sampled.
= The WR pulse width (T2 = 1 us) is gov-
+33°C 1.080V 0110 1100 T4 Qs erned by Ri0 and C2. The conversion
+34 °C 1.090V 01101101 T3 Q6 time (T3) of IC2 is approximately 2 Us
+35°C 1.100 V 01101110 T4 Q7 so the output signals to the decoder
= (IC3) and transistors T3/T4 will be sta-
s il & mar i =2 ble after a total time of T1+T2+T3
64
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(503 us). This time period is so short
that any LED that may incorrectly light
during this period should go unnoticed.
The trigger for monoflop IC4.A is also
preduced by the C3/R9 network during
power-up and generaies a 3-second
pulse (pin 10) to switch transistor T2
and MOSFET T1. The MOSFET is con-
nected in parallel to S1 so the pushbut-
ton can be released and monoflop
IC4.A ensures that the circuit will stay
powered for about 3 seconds.

Resistor R8 discharges the supply at
the end of the timing period to ensure
that the supply voltage falls to zero rel-
atively quickly when the circuit
switches off (Figure 3). At the end of
the 3-second measurement period the
inverting output of IC4.A (pin 9) will go
high and residual charge in the supply
is discharged through R8. This ensures
that the circuit will be ready to take

@
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¢
g
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A precision temperature sensor

The MAX6610/MAX6611 is a temperature sensor with a buili-in
voltage reference. The digital output is conveniently scaled so that
when it is connected to an 8-bit A/D converter the LSB of the out-
put is equivalent to 1 °C change of temperature. With a 10-bit
A/D the output LSB is equal fo a temperature change of 0.25 °C.

reference oulput features a proprietary temperature-coefficient,
curvature-correction circuit and laser-frimmed thin film resistors that
result in @ maximum temperature coefficient of 50 ppm/°C and an
initial accuracy of £0.5 %. During normal operafion the maximum
current consumption is 250 pA, this is reduced fo 1 pA in shut-
down mode. The supply voltage range is 4.5 V to 5.5 V for the
MAX6611 and 3.0 V to 5.5 V for the MAX6610.

The MAX6610/MAX6611 reference oufput voliage can be used by
an external A/D converter. It can supply @ maximum of 1 mA with
a maximum loading capacitance of 1 pF. The reference voltage has
been chosen so hat if an 8-bit A-D converter is used each step
value of the digital output represents a 10-mV change of the ana-
logue input . A 10-bit A-D converter will offer greater reso-
lufion with each step in output representing 2.5 mV change of the
analogue input.

The analogue temperature output voliage is a linear function of the
chips die temperature:

Vigwp = 1.2V + [T°C x 16 mV/°C) [MAX6611)
Vigwe = 0.75 V + [T°C x 10 mV/°C) [MAX6610)
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Figure 3. Timing waveforms at the circuit test points.

another temperature reading again rel-
atively quickly after each measure-
ment cycle is completed.

E31-1)

The slope of the output voltage is equal to Vzze/256 per °C

(16 mV/°C for the MAX6611 and 10 mV/°C for the MAX6610).
The MAX6610/MAX6611 have an active low shutdown input
(SHDN]. In this mode the reference voltage is pulled to ground
via a 150 kQ resistor and the TEMP output is switched into a
high impedance state. Current consumption in this mode is less
than 1 pA. SHDN should be connected to V¢ if this feature is
not needed.

If the MAX6610/MAX6611 is used to measure the temperature of
an active component for example, the chip must be mounted in

close proximity to or on that
component. There is a good

thermal path between the Tﬂﬂmnfr:é‘gmm
sensing element in the chip o2 ¥ TEMPERATURE

and its external pins, this 1= I 1 T D
ensures that the devicewill  _ | Ll L L P
accurately measure the tem- 2 12 [ | : //
perature of the PCB on g 12—+ Pd =
which it is mounted. et E S NN
The MAX6610/MAX661T  Zos | L2 L1 L (]

is a low-power deviceand /. . ' B
the self-heating effect pro- & R
duced by ifs own power dis- T

sipation is negligibly small. T
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BISTABLE RELAY
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By B. Chiron

Although bistable relays boast significant advantages, their use
appears limited to niche applications, probably because their
practical use requires just a tad more attention to design details than
classic relays. Those days may be over soon with the infroduction of
a special driver IC from Quasinil (what's in a name?).

It appears that most manufacturers of bistable relays have
now succeeded in simplifying their products to the extent
that a demagnetising circuit is no longer required, and a
single swilching signal does the job. In some cases it is
possible to realise a driver circuit based on just a few dis-
crete components. In this article we show the intricacies
of bistable relay control, analyse a few simple circuits,
mention the pros and cons and, finally, introduce the ded-
icated drivers type DRT5 and DRLS.

that position without consuming energy. This unique char-
acteristic has quife a few consequences: no current con-
sumption means less heat production, hence smaller
heatsinks while the (rechargeable) batiery sees ifs load
current much reduced. In some cases, the use of @
bistable relay allows a circuit to be simplified.

Disadvantages

— In general, the drive circuit is a liile more complex than
with a classic relay. Depending on the type of bistable
relay, we need to either reverse the current flow or

Pros and cons of bistable relays

Advantages
The main advantage of a bistable relay is evident from its
name: as scon as the relay has switched, it remains in

drive just one of the two coils. If we are looking at
demagnetisation circuits, then it is also necessary o
limit the current in compliance with the manufaciurer’s
specifications.
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— To be able to benefit from the bistable character of the
relay the driver needs to have a timing element in the
form of an RC network or an IC with a few passive
components around it.

— It we're after energy reduction only, then the bistable
character can work against us. To enable the relay to
toggle when the supply voliage drops, a small amount
of energy needs to be stored for use by the relay circuit
watching the supply level.

Classes of bistable relay

Bistable relay with two coils

This is the most commonly found type. Each coil is
responsible for a certain state of the relay. Some manu-
facturers indicate that series connection of the two
coils allows the relay to be controlled as if it had just
one coil,

Bistable relay with one coil

Less frequently seen, but very interesting if you are after
significant energy reductions in your circuit. The enfire
coil is used to energize the contacts, as opposed fo just
half the coil length in the case of a 2-coil relay. With
relays requiring a demagnetisation circuit, the demagneti-
sation has to be effected by means of a special resistor.
In general, reversing the current in a coil is a bit more dif-
ficult. Further on in this article, a special circuit is shown
for that purpose.

What to take into account

— To begin with, there’s the minimum drive signal length,
which should not be confused with the relay’s energis-
ing time. We're looking af the fime needed to make the
relay change over to its new position and remain in
that state. IF ihis time is specified in the datasheets, it is
usually called ‘min. signal width’ or ‘pulse length’. Lack-
ing this information we may use the ‘set fime’ and ‘reset
time’ specifications and add a safety margin.

— Minimum switching voliage: ‘must operate voltage’,
thus is the lowest voliage at which the relay is guaran-
teed fo toggle. It is essential to check whether the drive
voltage reaches this level during the minimum pulse
duration,

— Maximum switching voltage: just as with a classic
relay, this voltage may not be exceeded.

-With regard fo isolation and contact ratings, the same
applies as with tradifional relays. If a relay is used as an
isolator for the sake of electrical safety in a circuit, then a
lower coil resistance results in better isolation properies.

— Distance to other relays: some manufaciurers specify a
smallest distance to other relays in order to minimise
mutual disturbances.

— Maximum energising time: some relays do not with-

stand continuous driving, having been opfimised for the
duration of the swiiching pulse only. With this type of
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relay, pay special aftention to an accurately defined
switching pulse.

Some really thrifty conirol circuits

Relay drive with hold by way of switching con-

tacts (Figure 1)

Principle

When a logic High level is applied, T1 will conduct and

current will flow through coil “SET'. As soon as the relay

pulls in, T1 blocks, cutting the relay coil current. When

the contfrol signal goes logic Low, the same happens with

T2 and the ‘RESET’ coil.

Advantages

— Excellent for equipment that needs fo be turned on, even
in the case of a malfunction or a slowly rising supply volt
age.

— Suitable for a 5-V suppy.

— No capacitor required.

Disadvantages

— One relay contact is sacrificed for the control method.

— Isolation sets higher demands to board layout.

— Depending on the relay type used, the relay switching
time may be shorter than the prescribed minimum swiich-
ing time, hence a risk of intermittent switching is created.

— The position of the contacts when powering off depends
on the decay time of the supply voliage.

Adapiations

— Add energy buffer for switch-off phase.

— Add bridge reciifier for single-coil variant.

— Delay switching contacts to increase switching time.

Relay drive with a series capacitor

(Figure 2)

Principle

At an input voltage of 12 V, C1 is charged, causing a
brief current through the coil so the relay toggles. Next,
the current remains limited to level defermined by R1. If
the input voliage drops abruptly to O V, the capacitor dis-

Figure 1. Relay
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charges via the relay coil with a reversed current, caus-
ing the relay to change fo the reset siafe.

Advantage
— Simple structure for applications with clearly defined
switching voltages.

Disadvantages

— Short pulses at the input may charge or discharge C1
without the relay switching (for example, while the sup-
ply is switched on or off.

— Functions badly at switching voltages of just 5 V.

Adapiations

— Schmitt trigger to be added when faced with slowly ris-
ing or dropping supply voliages.

- Modification possible for 2<oil relays.

— Possibility to add an energy-wise conirol input.

The DRT5 driver

The Quasinil company offers a series of driver ICs specifi-
cally designed for driving bistable relays. The ICs are
best described with the aid of a few examples. In the first
of these, the basic operation is explained, while the sec-
ond allows us to benefit from one of the most inferesfing
and worthwhile characteristics: low-energy drive. A third
example, finally, shows an example illusirating guaran-
teed switching levels.

Switching by logic level (Figure 3)

With V. =5 V and Cy, = 5 V the driver swiiches the
relay to the ON position (10 ms pulse). When Cde
returns fo O V, the OFF siate is switched on (20 ms pulse).
Take into account that the driver will attempt fo swiich fhe
relay to the OFF state when Vce drops below about

3.7 V. The success of this operation is wholly dependent
on Vec.

Advaniages

— Uncluttered, only one part needed.
— Suitable for 5V powering.

— No capacitor required

Disadvantages

— Slightly lags the control signal (approx. 20 ms).

-V, not allowed fo exceed 5.5 V.

- IFV_. drops too quickly, the relay may not make it fo the
OFF state.

Adapiations

— Also works with 2-cail relays.

— For a simple method of supply voltage detection it is suf-
ficient to connect Cap and Cde (although in that case the
supply voltage has to drop very slowly].

Dusk/dawn switch (Figure 4)

Principle

Direct current furnished by solar cells charges capacitor
C..- When the voltage across C,,; exceeds about 4.4V,
the relay will switch to ON. When the light intensity
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drops, the voltage across C,, drops also. At a level of
3.7V, the relay switches to (SFF again.

Advantage
- No battery required.

Disadvaniages

— Relatively long charge and discharge times (approx. 1
minute assuming two solar cells exposed to daylight).

— large hysteresis: much more light is required to switch the
relay to ON than to OFF

Adaptations

— For poor light conditions, use solar cells that supply a
higher voltage. Protect the circuit with a low-drop voltage
regulator (LP2950CZ-5).

— Although the configurafion may also be used with a 2-
coil relay, this opfion is less appealing because the capac-
itor becomes larger and with it the charge time.

~ This type of circuit (fyp. current consumption 20 mA) rep-
resents a cheap alternative to an optocoupler input.
Depending on the source and the length of the cable it
may be necessary to protect the driver’s C4, input.

- Employ a power relay if larger currenis are fo be

switched.

Controlling the mains supply in an USB device
(Figure 5)

When the PC is swiiched on, capacitor C, is charged
via a current limiting resistor. Once the capacitor voltage
has risen o 4.4 V, the relay follows the state of the USB
microcontroller, switching to ON. When the PC is
switched off, the relay returns it its initial state. In this
way, the supply in a peripheral device is switched syn-
chronously with the PC.

Advantage
— OFF state guaranieed when PC is switched off.

Disadvantages

— Slightly lags the control signal (approx. 20 ms).
— Supply voltage not o exceed 5.5 V.

— Driver is relatively expensive.

Adapiations

— The relay in the example is a power relay, hence the
value of the capacitor. Depending on the power to be
switched and the desired degree of isolation, a small
relay may be chosen. A single<oil relay allows a smaller
capacitor o be used.

— If the peripheral is to receive its supply voltage together
with the PC, the microcontroller is not required. Simply
connect the 5 V of the USB connector to Cy,, and fit a
100Q resistor between Cde and ground.

Choice between DRT5 and DRL5

In the three above examples we discussed a few aspecis
of these new driver ICs. The choice of the type of driver
is closely related to the application and the relay to be
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conirolled. Below is a short discussion of the parameters
for these drivers and some advice fo choose the right

fype.

DRT or DRL: The DRL5 driver is suifable for use in
equipment with a supply or control voltage greater than
4.75 V. By conirast, the DRT5 may be used at a lower
supply level starfing at 4.4 V. This difference in supply
voltage is also relevant to applications using an external
capacitor.

Maximum current of the control input: This
parameter is especially important if the driver is used
without a power supply. In that case, capacitor Cext
needs to be charged from, say, a logic gate. Depending
on the allowed or desired control current we choose the
version with current limiting at T mA, 10 mA, 20 mA or
50 mA.

Control pulse length: This time has to exceed the
‘minimum switching fime’ required by the relay. Possible
times are 5, 10, 20, 30 or 50 ms. The OFF switching
pulse is twice as long, which allows the value of the
external capacitor o be optimised if necessary.

Really useful!

Compared with existing solutions, the DRT5/DRL5 drivers
enable relays to be confrolled with very low currents
indeed, take the switching characteristics of the relay
fully info account and guarantee ihe state of the relay
when the equipment is swiiched off. Unfortunately the
down side of the new drivers is their relatively high cost.
Of course, we hope that the price will drop with volume
production. In any case, these new devices offer the elec-
tronics designer extra opfions in circuits where energy
consumption is a prime consideration, such as all newly
designed equipment powered by batteries or solar cells.

More information on these componenis may be
obtained from Quasinil’s Internet site at
hitp://www.quasinil.com
and in particular this address
htip://20gp.ovh.net/~quasinil /drivers eng.him
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kitchen table

EAR

Experience

Rev. Thomas Scarborough

an auditory illusion

This month we invite all fans of the ‘kitchen table’ series to

build a classic auditory illusion that has had psychologists and

neuroscientists puzzled for decades. Although we're

presenting a mini project built from a handful of cheap parts,

it will not fail to produce stunning effects and results.

This article is of the ‘zero-hardware /
huge background’ variety and as such
fits perfectly in our ‘kitchen table'
series of mini projects aimed not only
at developing electronics skills but alsa
at triggering experimentation. This
month, a dead simple two-tone two-
phase oscillator produces a mind-bog-
gling effect (quite literally) — guaran-
teed to cause a good deal of wonder &

70

excitement in the physics and electron-
ics classroom.

In a nuishell

A two-tone ‘siren’ or octave switcher
plays into stereo headphones. To best
create the illusion you or your guinea
Dig(s) are about to experience, the two
tones are separated by one octave (a

factor of two in frequency) and alter-
nate at about 4 Hz (250 ms). The siren is
played out of phase into each head-
phone.

According to biology texitbooks, each
ear would hear a two-tone siren. Howr-
ever what you will actually perceive is
best described as a two-tone ping-
pong effect which seems to jump from
ear to ear. So what has our mind done
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The circuif
Figure 1 shows a circuit diagram
that's low in confusion and rich in sim-
plicity. Two oscillators, IC1.Band ICLE
are buffered by IC1.C and IC1.D
respectively to play into stereo head-
phones. The frequency of the oscilla-
icic . tors is being modified by switching R2
2| sﬁ_n l_ G and R5 in or out of parallel with R4 and
10u R3, by means of T1 and T2. These two
23V FETs are in turn being switched on
alternatively (‘out of phase’) by means

BS170

IC1.A

IC1 = 40106 K1 of slow square wave oscillator IC1.F
and inverier IC1.A. Since the oscilla-
- tion frequency of IC1.B (IC1.E) doubles
R as R2 (Rb) is shunted into circuit by T1
PRl | (T2), a regular jump of one octave is
IC1.D ;
cs achieved.

Ao P Although almost any power MOSFET
€1 10 should be suitable for T1 and T2, we've
- A2e opted for a small-signal FET type

I?\:r BS5170 which also achieves clean
040118 - 11 —

switching and a sufficiently low ‘on’
resistance in the drain-source junction.
In this circuit, you should aim at using
matched components for the tone fre-
quency determining devices, i.e., R2,
R4, C2, R5, R3 and C3, to make sure the
tones played into each channel maich
each other — the better the match, the

Figure 1. Just another synchronised dual-fone oscillator, sure, but wait until you've
actually listened to the output on headphones.

with the missing tones? Are they
being suppressed or what? To add to
the confusion, just reverse headphones

handedness — the tones are likely to
jump back to where they were before.
However, let's not get carried away

better the illusionary effect.
The circuit is powered from a stable 5-

and — depending on the person’s and first look at the electronics. VDC source like a lab supply or an

Dichotic Effect, Octave lllusion and Handedness

Avre you sfill there? The illusion comprises an octave interval played high-low in one ear, and low-high in the other ear. It is important o fis-
ten with headphones so that the signal fo each ear is well separated. Where do you hear the high pitch? Right-handers typically hear the
high pih:h in the righl ear and the low pi1c|1 in the lefi ear. For left-handers the results are mixed. For some, the illusion does not work well.
Now reverse the headphones. Where do you hear the high pitch now2 Most people hear it in the some ear as before. So, how did the high
piich switch channels2 Well, it did not — this is the illusion. High-low is played to each in opposite order, however, one ear hears

high tone — silence — high tone — silence and the other: silence — low tone - silence — low tone

The psychoacousic defails of ihe illusion are sill not fully
undarsiood, but Diana Deutsch was inquisitive enough fo dis-
cover the effect as early as in 1974. Deutsch reporied on her
research at the Spring 1974 Mesting of the Acoustical Society
and in Nature, 1974, 251, 307-309. Further investigations
into the basics of the octave illusion appeared the Journal of
Experimental Psychology and the Journal of the Acoustical
Society of America (JASA).

It seems the illusion is correlated with what is known as brain
lateralizafion and that certain funclions are localized fo one
hemisphere or the other. It has also been discovered, first by
Paul Broca (a French neurosurgeon) in the 1800 that right-
handed people have language functions in the lefi brain hemi-
sphere and spatial funcfions, in the right hemisphere. Whereas
lef-handed people can have the same laferalization as right-
handers or sometimes the opposite! More recent research
using PET scans indicates that brain lateralization is not so
simple and that the brain is a highly interconnected network
with many regions aciive or ‘firing” when complex tasks are
performed. Hopefully that excludes reading this article!

L] >

L
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LIST

Resistors:
R1 = 100kQ
R2-R5 = 15k0

Capacitors:

COMPONENTS

C2,C3 = 100nF
Cé = 100pF 25V radial

Semiconductors:
T1,72 = BS170
IC1 = 40106

Miscellaneous:
PCB no. 040118-1, available from The

C1,C4,C5 = 10pF 25Y, radial

PCBShop (EuroCircuits)

Figure 2. Component mounting plan of the small PCB designed for the project. The copper track layout may be found on our

website (Free Downloads).

existing supply using a 7805 regulator
IC. Current consumption will be no
more than a few milliamps.

Consfrucfion

The circuit may be built on Veroboard
or, for a touch of sophistication, on the
printed circuit board shown in Fig-
ure 2. The copper track layout of the
board may be found on our website,
look for file no. 040118-1 in the Free
Downloads section, under month of

publication. Ready-made boards may
be ordered from The PCBShop (Euro-
Circuits).

Building up the board should not
pose insurmountable problems as
long as you stick closely to the parts
list and the component overlay. Polar-
ized components like the four elec-
trolytics, the two FETs and the 40106
IC must, of course, be fitted the right
way around, not forgetting the 5-volt
power supply wires!

Warning. This circuit is not approved
for medical use or research. When
using headphones, every precaution
should be taken to prevent ear damage
by excessive sound levels. The experni-
ments described in this article should
not be carried out on persons suffering
from seizures or epilepsy.

Further reading
Musical [lusions and Paradoxes,
Diana Deutsch (1995).

Postings on www.auditorv.org

Advertisement

Forest Electronics — PIC and AVR ANSI C Compiler Products

FED’s ANSIC Compiler for PIC or AVR processors

o Fully integrated editor with syntax highlighting, multiple pages etc.

« Full project support - include and manage multiple source files, simulator,
assembler files and notes/comments within one project

« Fully integrated simulator and waveform analyser step from C line to C line,
or examine code in assembler form. View device pins using a logic analyser
application.

» Simulator supports LCD modules, keypad, butions, LED’s, displays,
analogue inputs, serial and asynchronous daia.

» Designed to ANSI C standards

» PIC - Supporis 18xxx. 16xxx. 12xxx series 14 and 16 bit core processors

» AVR - Supports standard and MEGA core pracessors

» Generates MPLAB/AVR Studio projects and source files and completely
standard hex output files.
Prices from £45.00 — www.fored.co.uk for full details.

WIZ-C / AVIDICY
Drag and Drop rapid application development
using ANSI C for PIC and AVR

» Rapid Application Development for the PIC or AVR microcontroller using the
C language (WIZ- C for the PIC, AVIDICY for the AVR)

» Drag and drop your software component selections on to your design

e Included components support timers, serial interfaces, 12C, LCD, 7 Seg
displays, keypads, switches, port contrals, many bus interfaces including IIC
and Dallas iButton, AVR/PIC Hardware, and more.

» Connect software components o MCU pins by point & click

» Parameters set from drop down list boxes, check boxes, or text entry

» Links your code automatically into library events (e.g. Button Pressed, Byte

P e —— [ o]
’ﬁT_lnn !r-_-lrn |t b | : ]
7 ) 4 ol |
Bl = e %
P | tegte o _.H‘ 20 » i
Famew | fepwens | st | Covec Fri| PALTOOF =
. Dy 3oz moad D) I IR '
Sy bt s =57 I‘ wit o
EPRpa—— F Sl e _— "
=y £
ra | +

« Automatically generates your base application including full
initialisation, interrupt handling and main program loop

e The complete C Compiler and AVR Simulator programs are
integrated into AVIDICY - iotal editing / compilation /
assembly / simulation support in one program

» Also includes the Element Editor to enable you to create
your own components with ease.

« Demonsiration available from our web site

Prices from £50.00 - full details from www.fored.co.uk

Received eic.)
' Forest Electronic Developments
12 Buldowne Walk, Sway
LYMINGTON, Hampshire, SO41 6DU.

T 01590681511 (Voice/Fax)

Full details from - www.fored.co.uk
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More information on www.elektor-electronics.co.uk

Robotics

A large collection of data-
sheets, sofiware tools, tips,
tricks and Internet links to
assorted robot constructions
and general technical infor-
mation. All aspecis of modern
robotics are covered, fram
sensors to motors, mechanical
paris to microcontrollers, not forgeiting
maiching programming tools and libraries

for signal processing. £12.05 (USS 21.25)

ECD

The ECD gives you easy
access to design data for over
5,700 ICs. more than 35,000
transistors, FETs, thyristors
and friacs, just under 25,000
diodes and 1,800 optocouplers.
All databank applications are
fully interactive, allowing

the user to add, edit and

complete component data.  £12.95 (USS 22.90)

- pP
pC-pP

PERIPHERAL

2 METWORKS

Toolbox 2
The second Toolbox CD-ROM
contains a vast collection of
carefully selecied software
tools for, and information
about, microcontrollers.

This CD-ROM is a must-have
for all electronics enthusiasts.

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

Elekior Electronics (Publishing)

P.O. Box 190 = Tunbridge Wells TN5 7WY

ENGLAND

Telephone +44 (0) 1580 200 657 * Fax +44 (0) 1580 200 616

FAVOURITE PRODUCTS EVERY MONTH
INTHE ELEKTOR SHOP

304

CIRCUITS

305

CIRCUITS

L | Samm | Secmres E =
302 Circuits 304 Circuits 305 Circuits
ISBN 0-905705-25-4 ISBN 0-905705-34-3 ISBN 0-905705-36-X
354 pages 366 pages 369 pages
£10.35 (USS 21.00) £13.45 (USS 27.00) £15.55 (USS 31.00)

Complete your 30x circuits series now!

The 30x series of Summer Circuit compilation books have been

bestsellers for many years. You can use these books not only for
building the circuits
described, but also
as a treasure frove | |

308

of ideas or circuit CIRCUITS

CIRCUITS | |

'1
adaptions for your !
own experiments. i
Many readers have ',

I

found in these books
that new approach,
new concept, or
new circuit they
were looking for.

307 Circuits
ISBN 0-905705-62-9
342 pages

£18.20 (USS 37.00)

308 Circuits
ISBN 0-305705-66-1
367 pages

£18.20 (USS 37.00)

Gameboy Digital Sampling
Oscilloscope

The GBDSO is a plug-in module that turns
the popular Nintendo Gameboy Classic,
Pocket, Colour or Advanced into a versatile
dual-channel oscilloscope. An opiional link to
a PC even allows measured oscillograms
to be viewed or stored on the PC. The GBDSO
rocked the elecironics hobby world and that's
why we coniinue offering ready-built
GBDSO modules (including the associated
PC software and the magazine articles).

£90.00 (USS 160.00)



74

inside out

David Daamen

READY, STEADY,

Body Fat Monitor Scales

iSensible people look after their health: no smoking,
moderate drinking, regular exercise and a healthy
diet. And of course you want to keep an eye on your
condition, for example with scales that also show
your body fat percentage. Perhaps you already have
one of these at home, but how do they work?

It wasn't that long ago when
the body weight was the most
important quantity when we
looked to see if we were over-
weight. These days your body
fat percentage is considered to
give a betier indication of your
overall health. It tells you
something about the chances
of developing certain illnesses
when you are too fat, such as
heart and circulatory diseases,
certain types of cancer and
type-2 diabetes. Too little fat
can also give rise to problems,
especially in women. It can
affect the menstruation and
there is a greater chance of

developing osteoporo-
sis (calcium defi-
ciency in bones).

It is generally
accepied that it is
sensible to keep
your percentage body
fat within certain limits.
Table 1 gives an overview of
the ideal values.

Determining the

body fat percentage
Good electronic scales use the
so-called bioelectrical imped-

ance analysis (BIA) to calcu-
late your body fat percentage.

How to obtain the best resulis

You should first go fo a specialist for an accurate body. fat measure
ment. This resulf can then be used fo esiimate how accurate your
body fot monifor scales are. There is liffle point in comparing your
score with that of others. You should only use the body fat menifor
to observe any changes. The following guidelines will help keep
any possible measurement errors as small {and constant) as possi-

ble:

— Toke the measurement at a fixed time of the day.
— Take the meosurement at the same ambient temperature, as the
temperaiure of the skin affects its conductivity.

With this
method the elec-
trical impedance Z of
the body is measured. This is
put into a formula along with
the length of the ‘conductor’, 1,
(in this case your body) and
the resistivity of body tissue p:
TBW=pxI/Z

The
result
gives the
total volume
~ of water in your
" body (TBW = total
& body water).

When this is used along
" with your weight, which
was measured at the same
time, a good estimate can be
made of your body fat percent-
age.

This method is widely used in
the medical world and nor-
mally uses electrodes on leads,

— Make sure that your feet are clean and dry. For the best result

you should use alcohol.

— One hour before every measurement you should drink an idenfi-

cal amount of water.

—Don't take @ measurement directly affer exercise. The perspiration
causes a loss of bedy fluids, which affecis the measurement.

18-30 years | 31-40 years | > 40 years
Men 15% 175% 20t025%
Women 25% 275% 30135%

Toble 1. Ideal body fat percentoge for different oge groups and gendar,
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which are connected to the
wrist and ankle, causing the
alternating measurement cur-
rent to flow through the whole
body. On body fat monitor
scales for use in the home we
have to make do with fixed
electrodes, which are under-
neath the feet.

Operation

BIA is based on the difference
in conductivity between fatty
and lean tissue in the body. A
constant alternating current
is fed through the body via
iwo electrodes, with one
placed underneath each foot.
Typical wvalues are about
800 pA and 50 kHz. The
resulting voltage is measured
using two different elec-
trodes, also placed under-
neath the feet (Figure 1). This
then allows us to calculate
the impedance of the body.

The impedance of lean tissue,
which contains the most intra-
cellular fluids and electrolytes,
is lower than that of fatty tis-
sue. The measured impedance
therefore gives an indication of
the total volume of water in
the body. An estimate of the

11/2004 - elekior elacironics

total guantity of lean tissue
can now be made with the
help of several standardised
formulae. The amount of fatty
tissue is then calculated by
subtracting the weight of lean
tissue from the total body
weight.

Better accuracy

A more accurate result can be
achieved when you take into
account that tissue consists of
a combination of resistive and
capacitive conductors (Fig-
ure 2). The fluids inside the
body provide the resistive part
of the impedance, whereas call
membranes have a capacitive
effect. Fat cells don't have cell
membranes, so they don't con-
tribute to the capacitive part
of the impedance.

When a wide-band signal is
used to measure the imped-
ance over a larger frequency
spectrum, a better distinction
can be made between the
contribution of extracellular
fluid (low frequencies) and
the impedance of all fluids
(higher frequencies). This
method is often called ‘multi-
frequency BIA'. The Tefal

AC
constant current
source
reference
AC <
prmim voltmeter pr -
electrode

ficld fines

OOOTE- 12

Figure 1. The impedance is measured using a consfant current AC

source and four electrodes.

scales that we looked at in
the lab also operates accord-
ing to this principle.

Dependability
Although the BIA method is
based on known physical phe-
nomena, a few question marks
remain about its dependabil-
ity. For example, it assumes
that the body can be repre-
sented by a uniform cylinder
filled with tissues. You don't
have to be an expert to see
that this is not the case.

In general we can assume that
a simple setup (with elec-
trodes only connected to the

feet), which is used in uncon-
trolled conditions (as far as
temperature, hydration and oni-
entation of the body are con-
cerned), is unsuitable for tak-
ing absolute measurements.

Scales with a (multi-frequency)
BIA can be used to keep frack
of changes in the body fat per-
centage over the long term.
More so when several ground
rules are followed when taking
the measurements (see inset).

{040FTe-1)

Figure 2. Body fissue can be represented by an RC equivalent.
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Battery Charging

on USB

Harry Baggen

Besides being handy for connecting and
disconnecting equipment while the comput-
er is running, USB includes a builtin supply
line that can provide a certain amount of
power to connected devices. That can be
handy for quickly charging a battery when
you can't find a real charger.

Nowadays every computer has
several USB ports, which have
taken over the task formerly han-
dled by the RS232 bus. USB
cables have different conneciors
at each end 1o prevent incorrect
connections. Figure 1 shows
types of device receptacles,
which are used in peripheral
equipment.

A USB connection has only four
lines, consisting of a data line in
each direction, a ground line,
and a supply line. The supply line
can be used to power peripheral
devices. The host device (a PC or
notebook computer) can source a
maximum of 500 mA from each
USB port. In USB terms, this is
called five unit loads. A hub with
its own power supply can provide
the same amount, but a buspow-
ered hub can provide only one
unit load per port. However, the
host will only provide a current of
500 mA after communication
with the connected USB device.
Immediately after a connection o
a USB device has been estab-
lished, the device cannot draw
more than 100 mA from the bus.
The host does not decide whether
io allow the device to draw a
maximum current of 500 mA until
the identification phase (‘enumer-

ation’) has been completed.
Simple devices actually do not
need this enumeration, as long as
they ensure that they don't draw
more than 100 mA from the bus.
This can be exploited to simply
tap off a bit of current from o USB
port without causing the computer
any problems. Some examples
are mini-lamps and small fans
with USB cables, which are cur-
renfly sold for use with notebook
computers. They ‘misuse’ the USB
port in exactly fthis manner.

This 100 mA can also be used to
charge a couple of batteries
when you dont have a real
charger fo hand. That's very easy
fo do, as can be seen from Fig-
ure 2. A diode and a resistor
are sufficient for charging two AA
[penlight] or AAA cells connected
in series, either NiCd or NiMH.
It takes a while, since you're lim-
ited to a current of 100 mA, but
in an emergency ii's a perfecily
good solution.

The component values for the
circuit assume that the supply
voltage on the USB line has o
nominal value of 5 V and a min-
imum value of 4.5 V. The diode
is for protection, to prevent dam-
age fo the USB port if the batfer-
ies are connected backwards.

+5V

[ D+

SERIES B

SERIES MINI-B

D40GT4 - 11

Figure 1. Two commonly used fypes of conneciors for USB ports on

peripheral devices.

Resistor R1 is dimensioned for a
current of approximately 90 mA
through the fwo NiCd or NiMH
cells. They can handle this for
days on end without becoming
overcharged, but it also means
that they can't be fully charged
in just a few hours. But once
again, this is intended as a
makeshift solution.

Professional producis
Various semiconductor manufac-
turers have now developed spe-
cial preducts for charging batter-
ies using a USB port. Some of
them are intended to be used for
charging lithium-ion batteries,
but that's not particularly inferest
ing for DIY circuits, due o the
difficulty of obtaining that type
of batiery.

Maxim has developed an idea
for powering a circuit from a sin-
gle NiMH cell ihai can be
recharged from the USB port.
Figure 3 shows such a design
using two Maxim [Cs. The
MAX1692 (U1) is a DC/DC step-
down converier with current limit
ing. It charges the NiMH penlight
cell (B1) from the USB supply line
at a current of 300 to 400 mA.
Although the converter is not actu-
ally a true current source, i is

good enough (even with a
shoried cell) o effeciively charge
the battery. The advanioge of
using a DC/DC converter is that
the current drawn from the USB
port is only 150 mA when the
NiMH cell is being charged at
current of 400 mA. This leaves
350 mA for directly powering the
connected device, in addition to
the charging current. The second
IC, U2, is a DC/DC boost can-
verfer (MAX1722) that fransforms
the voltage from the single
rechargeable battery back fo
3.3 V. When the battery is being
charged, this converter is dis-
abled and the output voliage is
4.7 V (derived from the USB volt-
age via diode D1). The drow-
back of the charging circuit in Fig-
ure 3 is the absence of over-
charge proteciion; the user must
manually disconnect the circuit
from the USB port when the bat-
tery is fully charged.

Protection

The USB specifications do not
make any clearly defined state-
ments regarding protection of
USB ports. Some PC manufactur-
ers provide reliable elecironic cur-
rent limiting for each port, while
others only provide simple fuses
on the circuit board. It is thus pos-
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Figure 2. Two NiCd or NiMH batteries connected in series can easily be

charged using a diode and a resistor.

sible to ‘blow up’ a USB port if
you fry fo draw too much current
from it. National Semiconductor
has developed a special IC that
protecis host ports against exces-
sive output currenis. The block
diagram of this IC (LM3525) is
shown in Figure 4. As soon as
the oufput voltage drops more
than 100 mV below the input sup-
ply voltage, the output current is
limited to 1 A by the builtin
power FET. Even with simple
charging circuits such as the one
shown in Figure 1, it's a good

o=vn BuRE
Figure 3. This Maxim design uses two DC/DC converiers fo charge o
NiMH cell and power the connected circuit with a supply voltage of af
least 3.3 V.

idea to include an LM3525
betwsen the USB connector and
the charging circuit, in order to
prevent damage fo the PC or
notebook computer.

LM3525

ouT

VVir

A 4

Controller

Error
-
Detact
and
Shuldown
Cantral

Figure 4. The National Semiconductor LM3525 provides a simple solu-
tion for profecting USB host ports against overloads.
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+9V...+15V

| mOKIOR

@

IC1 = LM358N

3 P1
4k7

* see text

30-mA
LED Dimmer

Eberhard Haug

If you've ever tried dimming a
LED with a simple potentiometer,
you know that the opproach doss
not work very well. Just as with
ordinary dicdes, ihe voltage<cur-
rent characteristic of LEDs is far
from linear. The result — depend-
ing on the potentiometer sefting
the LED brightness will hardly
change most of the time as the
pot is turned and a sudden varic-
tion at the end.

The best method fo tackle this
problem is to power the LED from
a current source with zero to
100% adjustment range. The cir-
cuit shown here is an example.
A low-current LED [D1) is used fo
generate a reference voltage
that's first buffered by one half of
an LM358. The actual current
source that powers the LED(s) is
built around the second opamp
in the chip.

The potentiometer allows the out-
put current fo be adjusted, with
R2 aciing as a current sense, the
resistor dropping the same volt-
age as the one oblained from the
pot. Using Ohm's law we find

that the maximum current through
R2 amountis fo about 29 mA (ke
=1.6V /5649

If necessary, the current may be
adapted to suit other LED types,
for example, 20 mA is cbiained
with R2 = 82 Q and 10 mA at
R2 =150 Q.

It is also possible to connect sav-
eral LEDs in series. The fofal volt
age available for the LEDs is
deiermined by the voliage drop
across series resistor and the
opamp, and, of course, the sup-
ply voliage. In this way, the high-
est number of LEDs may be found
from Uiep, 1101 = Upgr— 5.1 V. In
principle, it is possible to increase
the supply voliage to 30 V in
order to connect even more LEDs
in series. This does, however, call
for the value of series resistor R1 fo
be increased to prevent overload-
ing the low<current LED used in
the voliage reference.

If you intend fo experiment with
larger numbers of LEDs (say, in
arrays) then the maximum load-
ing of the opamps becomes an
issue. The DIP version of the
M358 may dissipate up 1o
830 mW. The power, P, is calcu-
lated from P = Uy, — 1.6 -

Ul.ED,fG.‘ﬂ| x ‘(IED,mcx
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SERVICING YOUR COMPLETE PROTOTYPE NEEDS

" & Profolypes at a fraction of the cost
. £ Tooling and setup included

o Any cantour

| © Fr4 1.6mm, 35um Cu

FRCE BIRFLE
- 1 EUROCARD sszrs
+ Tooling

+ Photoplots
+ VAT

£ Industry standard gualily
= Folfow up series nns
i CAM ] CAD consuiting

\

s

=

——t 29.89*

*Siarfing rates may vary Price = €43 i

i WD Tt e

FREE

fus EEcin oy
=
- 4353 AT TN
For +363 B0 TO1TEA
Simply send your files ond order ONLINE

WWW.pPCB-POOL.COM

g Profel| ; orcad orcad _ GrophiGode GIRES 45 Servors

= llektor

FRUSTRATED!

Looking for ICs TRANSISTORs?
A phone call to us could get a result. We
offer an extensive range and with a world-
wide database at our fingertips, we are
able io source even more. We specialise in
devices with the following prefix (to name
but a few).

WMNWS 'MPSA MPSH MPSU
OP PA PAL PIC PN RC S SAA SAB

TTA TM TAGTBA TCTCA TDA TDB
ATLTLCTMP TMSTPU UUA

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

Iectronlcs Sami R

Flash Microcontroller
Starter Kit

Elektor Hardware & Software

Contents of Starter Kit:
bundle on CD-ROM. Article compilation on CD-ROM:
* Microcontroller Basics FAQ (September 2002)

(December 2002)

e Chess Computer using the Flash Micro Board.

Step into the fascinating «+—
world of microcontrollers <

8958252 Flash Microcontroller board (ready-assembled and tested
PCB), 300-mA mains adapter, serial cable for COM port an a software

* 8958252 Flash Microcontroller Board (December 2001)

* Microcontroller Basics Course parts 1-6 (January through June 2002)

* Port Line and ADC Extension for 8958252 Flash Micro Board

........

(ptus postage)

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

this issue.

Elektor Electronics (Publishing) P.O. Box 190
Tunbridge Welis TNS 7WY England
Telephone +44 (0) 1580 200 657

Fax +44 (0) 1580 200 616

See also
www.elektor-electronics.co.uk
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Quizz’AWAY

Solution to the
September 2004 problem

{p. 80, resistance meosured in on infinitz array)

As of the September 2004 issue Quizz'away is a regular feature in Elektor Elec-
tronics. The problems to solve are supplied by Professor Martin Ohsmann of
Aachen Technical University.

Assuming ideal components are being used and L1 =12 = 2 mH, inductor L1 ini-
tially (f < O) passes a current 11{0) = 1 A while for 12 12(0) = 0. At insfant t = O switch

S is opened.

How much energy
W, is converted
into heat by resis-
tor R if you wait
infinitely long?

Hint 1:
Wg= iLI I7(0)= ImWs
the likely solution

for ideal, lossless inductors is
not correct in this case.

w1

14 Ir Ia
R
L1 a L2
S | u
40272-3-11
Hinf 2:
Make use of ‘dual notions’ like
valtage & current

capacitor & inductor
resistance < conducfivity
charge refention & €
electrical energy = magnetic energy
series network & parallel network
switch open = swiich closed
perfect conductivity = perfect isolation

Quizz’ away

and win!

Send in the best answer to this
monih’s Quizz'away question
and win this

DRM Receiver Board

worth £85 [wwav.ak-modul-bus.de).

All answers are processed by Martin

Ohsmann in cooperation with Elekior edi-
forial staff. Results are not open to discus- |
sion or correspondence and a lucky winner
is drawn in case of several correct answers.

11/2004 - elektor electronics

Inject @ current of 1 mA into one fest node; call it
node A. By symmetry the current will divide
equally among the 4 resistors terminafing of node
A; ie. 0.25 mA per resistor. Exfract a current of
1 mA (the refurn current) from the test node adjo-
cent fo nede A; call it node B. Again by symmetry,
the current converges in equal values from each
of the 4 resistors terminating at node B, ie.,
0.25 mA per resisfor.

Using superposition and observing the current
directions, the injected and exiracted currenis
flowing in the resistor linking nodes A & B are
algebraically summed, adding up io 0.5 mA
through Raz.

A resisiance of 1 kQ x 0.5 mA gives Vag = 0.5 V.
For an injected/exiracted current of 1 mA,

Rag = 500 mV/1 mA = 500 Q.

Quizz’away condifions

Please send your answer fo this month's
Quizz'away problem by email, fax or letfer to:

Quizz'away, Elektor Elecironics, PO Box 190,
Tunbridge Wells TN5 7WY, England.

Fax (+44) (0}1580 200616.

Email editor@elektor-elecironics.co.uk,
subject: ‘quizzaway 11-04".

The closing date is 22 November 2004
{solution published in January 2005 issue).
The ouicome of the quiz is final. The quiz is not
open fo employees of Segment b.v,, ifs business
partners and/or associated publishing houses.
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To book your website space contact Bernard Hubbard

Tel 00 44 (0)1242 510760

Fax: 0044 (0)1242 226626

ALLGOOD TECHNOLOGY
www.allgoodtechnology.com

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

AUDIOXPRESS
www.audioxpress.com
The premier do-it-yourself

» Hands-on projects
o Helpful arficles

» Expert advice

= New fechnologies :
Full range of books, back issues on CD

BETA LAYOUT
www.pch-pool.com
Beta layout Lid Award-
winning site in both
English and German

~ E8PCR-POOL i
i ﬁmaa-.f

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

http://wawnw.burntec.com

Test & Measurement Equipment
Distributors

» Anemometers » Clamp Meters
o Light Meters » LCR Meters

¢ Sound Meters e Multimeters
© Device Programmers

Burn Technology Limited, Winfrith Technology
Centre,Dorchester, Dorset, DT2 8DH

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

COMPUCUT

ntip://wnwnw.compucutiers.com

Computer Numerical Control from your home PC.
Great for fricky jobs, and accurate repetitive
work. We supply: - Software - Interface - Manual
- Support

Price £250 plus postage.

CONFORD ELECTRONICS
hitp://vwew.confordelec.co.uk

Lightweight portable battery/mains audio units
offering the highest technical performance.
Microphone, Phantom Power and Headphone
Amplifiers. Balanced/unbalanced signal lines with
extensive RFI protection.

DANBURY ELECTRONICS
hitp://www.me-h.demon.co.uk/transformers.html
Here you will find our mains and output
transformers in Mike Holme’s range of valve/tube
amplifiers (PP & SE). Also circuits, paris lists,
chassis, advice.

DEBUG INNOVATIONS UK
hitp://www.debuginnovations.com
Introducing hassle free prototyping
o RF / Analogue
High speed digital
Surface mount
0.1" grid

Power planes
Unique patch
architecture
Forget custom PCBs, start your project now!

EASYSYNC
hiip://wnww.easysync.co.uk
EasySync Lid sells a wide
range of single and multi-
port USB to RS232/RS422 4

and RS485 converters at {:ampet]twe prices.

ELEXOL PTY LTD
hitp://www.elexol.com
Developer and manufacturer of
» USB Development Modules.
e USBMOD Series.

e USBIO24 Digital Input/Output Module.
* MP3 Solutions.

e MP3MOD4 Module.

Distributor inquiries welcome.

ELNEC =

www.elnec.com v

s device programmer
manufacturer

» sglling through

contracted distributors all over the wond

universal and dedicated device programmers

excellent support and after sale support

free SW updates

once a months new SW release

reliable HW

three years warranty for most programmers

ERVAN INTERNATIONAL CO.
http://wwaw.ervan-int.com

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

Discount prices of:

e |itra Bright LEDs

PCB LED Cluster Kits

e |aser Pointers

¢ Solar Modules

o Batteries

Compiler, Prog ‘n Drop Visual Development and a
well featured debugging environment.

FOREST ELECTRONIC
DEVELOPMENT

hitp://www.fored.co.uk

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

FUTURLEC
hitp:/fenww.futurlec.com

Save up to 60% on

s FElecironic Components

* Microcontrollers, PIC, Atmel

= Development Boards, Programmers
Huge range of products available on-line for
immediate delivery, at very competitive prices.

FUTURE TECHNOLOGY DEVICES
hitp:/fwwnw.fitdichip.com .

FTDI designs and sells
USB-UART and USB-FIFO ™
interface i.c.’s.

Complete with PC drivers,
these devices simplify the task of designing or
upgrading peripherals to USB

HAMMOND ELECTRONICS
hitp://www.hammondmfig.com,
sales@hammond-elecironics.co.uk
tel: 01256 812812.

Small die-cast, plastic and
metal enclosures for the
hobbyist and professional.
Widely available from
major distributors.

ILP DIRECT LIMITED
hitp:/fwew.ilp.com

ILP has been in the audio g . 2 .- F
industry for over 30 years

primarily manufacturing both standard and custom
audio medules and pre-amplifiers.

IPEVA LIMITED
hiip://erenw.ipeva.com

IPEVA sell low cost USB FPGA
deveinpment boards. IPEVA
provide Design Consultancy ETF=

for Embedded Systems, OpenCores-IP, FPGA, ASIC,
HDL translation and migration. Tel. 0870 080 2340

KOMCARD

http://weww. komcard.com

Learn how to design a PCl card, and write a PCI
device driver. We lead you step by step with
practical PC! projects you build.

LONDON ELECTRONICS COLLEGE
hitp://wwaw.lec.org.uk
Vocational fraining and
education for national
qualifications in Electronics
Engineering and Information
Technology (BTEC First
National, Higher National NVQs, GCSEs and
Advanced Qualificafions). Also Technical
Management and Languages.
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MQP ELECTRONICS

hitp//Awwnw.mgpelectronics.co.uk
Leaders in Device

PHYZX

hitp://erwrw.phyzx.co.uk
Automatically Plot and Drill PCB’s

Programming Solutions. * Accurately
e Online shop * Repeatably
* 'ﬁ?t;';rionf:rﬁ:ptem forall * Mains operated
; * Robust Steel Construction
e Single Site and Gang Programmers :
* Support for virtually any Programmable * Gerber R3274X compatible
Biice e Full XYZ RS232 Control
¢ Including Accessories

HEw WAVE coHcEPTs ® Complete system Under £500
nitp://wwan.new-wave-concepts.com ™
Software for hobbyists: PICDOS . 5 o
* Livewire circuit simulation hitp://www.picdos.com &b Vi

software, only £29.36 Hard disk, DOS & files on e
* PCB Wizard circuit design PIC16F877.

software, only £29.36 SmariMediaTM based.
Available from all Maplin Electronics storesand ~ No complex hardware just
www.maplin.co.uk wires.

Run-Debug existing PIC code & interrupts.
Free schematics, software, debugger

QUASAR ELECTRONICS

www.Quasartlecironics. cum
Over 300 electronic kits, [==

PCB WORLD

nttp://wean.pcbworld.org.uk
World-class site: Your magazine project
or prototype PCB from the artwork of
yaur choice for less. Call Lee

Tel: +44 (0) 870 246 1826
Fax: +44 (0) 870 460 1045
Email: sales@QuasarElectronics.com

for your passives and semis.

Instant identification, measurement and
validation. Connect anyway round.

The Peak Atlas family staris from £59.

on 07946 846159 for details. projects and ready built WW 3
Prompt service. units for hobby, b et '
education oo
PEAKELECTRONIC (D, wimasen  SEEeints
DESIGN LIMITED &%/ awpicatons e T
nnw.peakelec.co.uk including PIC/ATMEL
5001 component test gear programming solutions. Online ordering facilities.

PROMOTE YOUR WEBSITE HERE

Elektor Electronics have a feature to help customers = For £300 + VAT for the year (£27.27 per issuc

10 promote their websites, Net Links - a permanent for eleven issues) we will publish the above plus

feature of the magazine where you will be able to run a 3cm deep full colour screen shot from your

highlight your site on a regular basis. site.

» For just £120 + VAT (£10.90 per issue for eleven Places are limited and spaces will go on a strictly
issues) Elektor will publish your company name, first come, first served basis, please fax back your
4 25-word description and your website address. order today!

| 1 T wish o promote my company, pleas_e book m) space:
1 * Text insertion only for £120 + VAT = Text and photo for £300 + VAT

1

1

]
: NAME: .. ORGANISATION: ... .
{ JOB TITLE: :
: ABDRESS: s s ann T s g ey sl L :
. 1
| PLEASE COMPLETE COUPON BELOW AND FAX BACK TO 00-44-(0)1242 226626 -
: COMPANYINAMEL. oo ot aumet - o= 2l o S -
| WEB ADDRESS

125-WORD DESCRIPTION

-
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ROBOT ELECTRONICS

hitp://wnow.robot-electronics.co.uk

= Uitrasonic rangefinders -
Motor H-Bridge controllers
Magnetic Compasses

RC servos and controllers |
PIC programmers and components

Elecironic Design/Development and
Manufaciurer to industry

TECHNOBOTS
hitp://wenw.technobots.co.uk
Welcome to Technobots - :
the one stop shop specially for the remote
operated robot builder, radio coniral and
engineering hobbyist.

TELNET
http://vrwrweielnet.uk.com
The site shows graphically
Telnets wide range of quality
second-user test and
measurement equipment,
including oscilloscopes and
spectrum analysers.

ULTRALEDS
hitp://wwnw.ultraleds.co.uk
tel: 0871 7110413

Large range of low cost Ulira
bright leds and Led related
lighting products. Major credit
cards faken online with same day despaich.

USB INSTRUMENTS
hiip://wwaw.usb-instruments.com

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

VIEWCOM

hitp:/fwnww.viewcom.f9.co.uk

tel: 020 8471 9338 fax: 020 8552 0246

¢ Mail Order supplier of:

Integrated Circuits and Components.

» Kit and paris for Elekior projects.

* Transistors, FETs, Capacitors, Resistors,
Crystals, etc and hard to find devices.

Viewcom Electronics, 77 Upperton Road West,

Plaistow, London E13 9LT

IR@I@T

'F, === L\
e s e

ELECTRONIC
ENTHUSIASTS

Only one magazine tests its projects and
circuits in its own lab before publication

ELEKTOR ELECTRON
!H. ! SUBSCRmE
0l u;f;'h
Contact:
Worldwide { Service Ltd,
Unit 4 Gibbs Reed Farm, Pashley Road, Ticehurst TNS THE
Telephone: [+44) (0] 1580 200657

Fax: (+44] (0] 1580 200616
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readers services

Please Nole

Software #ems marked (@ are avaiabiz from the Fres Downloads page

of the Publishers’ website 3t www slsktor.ciscironics,

Diskettzs are suppied for the Comveniznce of readars wihaut Intemst access.

READY-BUILT PROJECTS
ClariTy 300-W Class-T Amplifier

030217-91 Ampiher board with SMDs pre-fiied; coes for L1 212

Flash Microcontroller Starter Kit

010208-31 ready-assembled PCB incl. software, cable, adapler & refsted articiss

1230

Gameboy Digilal Sampling Oscilloscope (GBDSO)
980082-31 ready-assembled board, incl the BC softwars and refated articles

160.00
Micro Webserver with MSC1210 Board

030050-3 !.'mﬂm&&i Board, ready-assembled

044026 01  Network Bt Board, ready

044026-92 Combined package (030060-91 & 044026-91 & related articies) 10330

EVERGREENS

Elekior Electronics Help Disk
956022-1  Disk, Windows varsion

Elekior Electronics Item Tracer 1985-2003

D45003-11 contenls d L=
Universal Prototyping Boards

UPBS-1 PCB

UPBS-2 2Pg8s

UPB5-4 4 PCBs

No. 337 NOVEMBER 2004
Hoise Suppression Filters
@ 030217-3 P8
Vehicle Batiery Jogger
@ 0440211 PCB

No. 336 OCTOBER 2004

ClariTy 300-W Class-T Amplifier

@ [0217-2  PC8

Four in a Row

© 0301461 PCA

@ 030146-17  [isk soance & hexcodz
03014641 ATB0S2313-10PC, proorammad

No. 335 SEPTEMBER 2004
Ralling Dice
@ 0402481 PGB set (6 sies)
@ 040248-11 Disk sporce & hex files
@ 04024841 ATB9C2051-1271, programmed
Swiss Army Knife ;
@ 0304481 PCB ==t MCU, RS232, U8

YEFSI0N)

@ 030448-11 Dick s=t (a+b), 2 projoct software

03044341  ATB9S8252-24PC, programmed

No. 334 JULY/AUGUST 2004

IR Servo Motor Interface

@ 020356-11 Disk, RCX peogram and PIC source & object code

02033641 PC16F528, programmed
020336-42 PC16F628, programmed
Micro Webserver with MSC1210 Board

@ 044026-1

R/C Analyser

@ 03017811 Disk PIC source code
03017841 FICIGFEZ7-4/CR programmed

USB Converler Controlled via HTML

2 04403411  Disk. eample programs

Waorking with AcliveX

@ 03343111 Disk

Neo. 333 JUNE 2004

Multi Programmer

@ 0203361 PCB

© 020336-11 Disk frmware & sorce cods

Packet Pong

@ 03032011 Disk. PIC software

Rail Router

@ 0304031 PCA

@ 030403-11 Disk, PIC & PC software
030403-41 FICIBFETT-20/P propammed

Smooth Operator

@ 030208-11 Disk PIC sofiware
03020041 PC16FBL-10P programmed

No. 332 MAY 2004

Design Your Own IC
@ 0303831 PCB

Network Extension Board, PCB only

34-50

6300
4195

B15

2445
410
635

1335

6735

1590

1315
490
740

1375
&

B-70
950
630
2585

450
10-00
10:00

490
10-25

A

1380

21-45

a2
4

1470

1565

5370

6300

90-00

112.50
7355
184.85

1445

1435

430
%
1155

2385

11.95

28.10

2325
863
13.10

2430
B85
15.40

16.80
1150
4575

-8.65
17.70
17.70

18.50

B85
18.15

885

BE5

1560
BES

8.85

19.15

3795

885
26.00

27.70

PAST ISSUES

mwdmmmmm

panel foiis, ROMs, EPROMS, PALs, GALs,
trofers and) disketies for profects which have
appeared i Eleidor Escimnics may be ordered 15g
be used ip croer Doods (priveiz cosiomers only).

-Tmﬂmmmam:md\ﬁmw

= EPR{NS; GALs, PALs, (EJPLDs, MACHS, PICs and
other microcontrollers =8 suppieed Eady-pro-
orammad.

Prices 2nd #=m Cesoripoions Sobisct D change. The

mmehmbmmm

ide Substription Service Lid, Unit 4, Gibbs
MF&AP&MMMM‘H&
England, telephons {+44) 1580 200657, fax (+44)
1380 200618, email wess@wwis demoncouk
Pricss of past isswes (except July/Augest and
Decamber), nchoding postage for single copies, are
£4.75 (UK 2nd Eire); £5.30 (air madl Furope); F5.10
(zirmal cutsids Furope). Prices of past Jufy/Angust
and December Esues, incloding postage i singls
copies, ae €665 (UK 2nd Eirz); £7.35 (aitmai
Ewrops); and £8.45 (armed cutside Emops).

PAST ARTICLES

For infrmaSon 00 past arfickes, pleass cocdact e
Eciiorial and Administrafive Oifices, Elephons
{01580) 200657; f=x 200516, emad siesBelkeiion
elechrics.co.uk

£ uss
High-End Preamp
@ 0200461 PCS— man board 845 1485
@ 020045-2  PC3— relay board 7-50 1330
@ 0200463 PCB— P5U board 670 1185
@ 02004611 Disk 420 B85
020046-41 PIC1BLRS52-VL. programmed 2820 4830
Wind Speed & Direction Meter
@ 03037111 Disk proiect software 420 865
030371-41  PACIEFET1, programmed 1755 31.05
No. 331 APRIL 2004
Drop-in Microconiroller Board
@ 0201481 FC8 860 1520
@ 020148-11 Disk sempis project fil # 855
Pandora’s Sound & Music Box
@ 0304021 PCB 1060 1875
@ 030402-11 Disk, source 2nd hex cods fiss 490 885
030402-41 PIC16FET1/P progammed 2155 3640
VHF-Low Explarer
@ 020416-1 PCB 8:80 1550
Neo. 330 MARCH 2004
Build Your Own DRI Receiver
@ 0303651 PCB a0 1610
@ 03036511 D=k DAM =@ program 490 B8
Code Lock
@ 0202341 FCB 560 1885
@ 02043411 Disk, source & hex ooda fiss 450 885
D20434-41 Pici6F84A-4P programmed 1470 2600
Hands-on CPLDs (2)
@ 0300521 PCB B2 1575
@ 03005211 Softwars 490 865
030052-41 EPM71285LC84-15, programmed 3340 -59.10
Multichannel Failsafe for Radio Conirolled Models
@ 020382-11 Disk, sowvee coda fi 450 865
02035241 ATBIC52-24), programmad 870 1540
Multifunction Frequency Meter
@ 0201351 PCB 933 1655
@ 060135-11  Disk, progct soitwars 440 865
03013641 ATS052313-10PC, programmed 745 1405
No. 329 FEBRUARY 2004
Digital Alarm Clock
@ 030056-11 Disk PIC smsce and hex code iz 865
030026-41 PIC167B4-04p, programemad 1520 2650
iAccess
@ 020163-11 Disk set. sourcs code and confrod sofiware 750 1330
02016341 ATBIS8252-12PC, programmsd 1390 2460
Simple 12-10-230V Power Inverier
@ 0204351 PLB B850 15.05
Touch-controlled Switch
@ 03021411 Disk PIC source code 490 8565
03071441 PIC12C508A04/508, programmed 615 1090
No. 328 JANUARY 2004
64-K 80C552 Flash Board
@ 0300421 PCB G35 1655
@ 03004211 Désk, misc. profect software 490 865
030042-21 237010, programmsd 1000 17.70
03004231 GAL 16VED150R progrmmsd 610 1080
Climate Logger
@ 0300761 PCB 775 1370
@ 030076-11 Disk, Windows software 480 B85
FMS Flight Simulator Encoder
® 0300661 PCB 10:20 18.05
030086-41 BTLPCTG7BN, programmed 173 3015
LED Roulette
@ 0301831 FeB 1780 3160
@ 030163-11 Disk sowrcs and hex s 420 8.65
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03016841 BAC2051-12PC, programmed 805 1425 @ 010202-11 Dk Windows software 450 865
Multi-event Alarm Clock 01020241 FCI6FB74-20F programmed 23535 4185
@ 020304-11 Disk. C (source) hex fles 490 885 Polyphonic Doorbell

020304-41 ATS9C2Z051-12PC, programmed 610 1080 @ 02035411 Disk, profect software 430 865
Stepper Motors Uncovered 02035441 PICIGFBLA-107 programmed 1445 2535

02012741 PICIGFE73-205P 1810 3¥8 Precision Measurement Central

030080-81 Hezdy-assembled & tested board 6300 11250

No. 327 DECEMBER 2003 Valve Preamplifier (1)

FM Remote Control Transmitier & Receiver @ 0203831 P03, amglifier board 1155 2040
@ 0340441 PCB 10-20 18.05 @ 020383-2 PGB, power supply board 1140 2020
LED Christmas Decoration @ 0203833 PC8, [0 board 1o-10 1780
T e P il No. 323 JULY/AUGUST 2003
@ 030313-11 Disk, peoject software 450 855 Add a Sparkle
Project Timekeeper @ 020293-11 Disk HEX znd sowrce filss 483 885
@ 020350-11 Disk source & object cods iss 430 865 02023341 PIC12C508A-DA3M, programmid 74 1310

020350-41 PICIEFBL-108 programmed 1315 2375 AT9052313 Programmer
Stepper Molors Uncavered (2) 0340361 PCB 505 16.00
@ 020127-11 Disk sowce cods e 430 8685 Hard Disk Selector
Universal Clock Generator @. M1 tis 2 5 e
@ 02038511 Disk source cods file 490 285 Mini Running Text Display
Wireless RS232 Link @ 020355-11 Disk source code fils 450 865
@ 0302041 PGB &70 1540 Mini Test Chart Generator

@ 02040311 Disk PIC source cods L= 885
No. 326 NOVEMBER 2003 Programming Tool for ATtiny15
Precision Measurement Cenlral @ 0300301 735 1335
@ (300504 PCB 570 15.40 @ 03003811 Dsk. ot software 299 865
Quad Bridge Car Amp
No. 326 NOVEMBER 2003 @ 0340331 PCB B0 1533
Rev Counter for R/C Models Remote Light Confrol with Dimmer
@ 0241111 PCB 1750 3100 @ 020337-11 Disk, HEX2nd source les 490 285

024111-11 Disk, source and hex code 49 865 020337-41 ATBOC2051-12, programined 6525 1.6

02411141  8002051-12PC, programmed 883 1565
Running Text Display No. 322 JUNE 2003
@ 02040711 Disk, source and hex cods 440 885 AVR TV Tennis
USB Analogue Converter @ 030026-1  ManPCB 870 1540
@ 0203741 PCB 765 1350 @ 030026-2  Pushbutton FL8 860 1525
@ 02037411 Disk hex codz 2nd Windows software 490 855 @ 03002611 Disk, AVA sowrce cod 490 885

020374-41  PIC1BCTES, programmed 1375 2345 030026-41 AT908515, programemed 1520 26.90

Electronic Knotted Handkerchief
No. 325 OCTOBER 2003 @ 02030811 Disk PE 2nd controdir software 480 853
DDS RF Signal Generator 020303-41 AT2052313-107C, programimed 12560 2230
@ 0202932  PCB, control'supply 1216 2145 Low-Cost LCD Contraller {2)

020299-41  ATS0S3515 BPC, programmed ans5 5405 @ e0nisd PCB 870 1535
Minimalisl Induction-Balance Metal Detector @ 02011411 Dk project software 420 865
it Pmpmgrammr o R gmg;ul;?shlmmw cods 150 885

i Swce
glﬁ'fum Software 420 865 020115-41  ATS052313-10°C, programmed 1233 2275

Universal XA Developmenl Board
i PTEMB @ 0101031 PCB 1320 2335
mﬁomﬁ“ v . @ 01010311 Disk, GAL cods, EPROM hex files, XADEV 450 883
Generalor 01010321  EPROM IC8, 270256-90, propramimed 10:00 17.70
@ 02028571 D=k soumce & fex cod fiss 450 865 010103-22 EPROM IC9, 27C256-90, programmed 1000 1770

0202964; ngum progrEmmEd :gg _ﬁ 01010331 GAL 16VB, programmad 480 850
DTHE Remote Teephone Swtch ' No. 321 MAY 2003

020294~ 1165 2060

‘ : Countdown Timer
@ 02029411 Disk, project stftware 43 855 : 2
@ 020285-11 Disk sowrce and hex cods 490 865

020294-41 PiCIGFBAA-20P programmed 1470 25.00
LG Display with 12€ Bus 02023541 ATS051200, programmed 1390 2480
@ 030060-2 PCB 735 13.00
PICProg 2003 Products for older projects (if available) may be found on our web site
@iz Pes 203 1600 htip://www.elektor-elecironics.co.uk

Pmtoﬂhés and small series up to 1000 pcs
’5f’>>( Value for Money
: Up to 6 layer-boeards

AlwaysAvailable:
Attra 5 Y 100 mm x 160 mm
1 pc = 45.74 Euro

100 mm x 80 mm
mtecl Ci cuit Boa ds 5 pes = 68.97 Euro




sneak preview sncak preview sneak previe

Ultrasonic Distance Meter & Liquid Level Gauge
When it comes fo measuring relatively short distances, room and
obiject sizes electronic instruments have a number of advantages
over fraditional tools like ihe yardstick.

The circuit we've in mind is also suitable for liquid level measure-
ments in fanks and containers.

DECEMBER 2004 BUMPER CHRISTMAS ISSUE
Alongside 20-odd regular-size articles and columns the December 2004 issue
will contain a collection of about 40 small circuits and design fips
fo get you through the Chrisimas holidays.

Do not miss this exira-thick issue — place an order now with your newsagent!

Home Bus Systems Also...
A number of processes in and around the Home Compliant 12C Bus
home lend themselves to automation. However, System, Frequency Meter,
an infrasfruciure is required before you can The Road to Delphi,
connect equipment and sensors to a ceniral X10 Bus System,
PC. In this arficle we describe a number of Telephone Amplifier,
existing (professional) bus systems and reveal Opamp Tester,
opfions available for home autemation. R/C Mcdel Finder.
RESERVE YOUR COPY NOW! The December 2004 issue goes on sale on Friday 19 November 2004 (UK distribution oaly).
UK subscribers will receive the mogazine o few days before this date. Arficle titles ond magozine contents subject 1o change.

NEWSAGENTS ORDER FORM

SHOP SAVE / HOME DELIVERY uﬁ_, Ie kt o r

Please save / deliver one copy of Elektor Electronics magazine for me each month I
ectronics

o) F2171 15 pome e S e S Rl S Do P Lo S o s S i T S e i s

A e g e e e oy ey o e e sl Please cut out or photocopy this form, com-

Posbcode:; il ini e RSt i A e e e R R plete details and hand to your newsagent.

Telephonas = gBv.L o Asadeiass T oy S MLV AN Elektor Electronics is published on the third

Date: by 0 ol aii e e R R R e e s o Ly e Friday of each month, except in July.

istri i .O.R. S ur (NS).
Signature: . i e e st BN NS Distubution's O by Seyaac{s)
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PLEASE USE BLOCK CAPITALS.

Description Price each Qty. Total Order Code

co-rRom Audio Collection 2 @]

cD-RoM Robotics £ 12.05
2x300W Amplifier board
with SMDs pre-fitted £ 34.50

Micro Web Server:

Please supply the following. For PCBs, front panel foils, EPROMSs, PALs, GALs, microcontrollers and diskettes, state the part number and
description; for books, state the full fitle; for photocopiss of ariicles, state full name of ariicle and month and year of publication.

METHOD OF PAYMENT

(see reverse before ticking as appropria

Note: cheques not made out
in sterling must be increased
by the equivalent of £15.00

D Bank draft

D Cheque
(payabls to Elekior Elsctronics Publishing

Giro transfer
(aur account no.-34 152 3801)

shown here superseds thoss in previous issees. E & 0E

e == Postal/money order

Network extension £ 41.95 e e

Combined package £ 103.50 L1 "visA HastrGand !
Flash Microcontroller Starter Kit £ 69.00 S
e 2 onee IERERRRRNRANAID
without prior noiification. Prices and ifizm descripfions: P&P Please send this order form to *

(see reverse for conditions)
Elektor Electronics (Publishin

P.O. Box 190
Tunbridge Wells TN5 7WY

Tel.: (+44) (0)1580 200 657
Fax: (+44) (0)1580 200 616
Internet: www.elektor-electronics.co.uk

*UISA and Canads residents may

{but are not obliged to)

use S prices, and send the ordar form o

0ld Colony Sound Lab

P.O. Box 876, Pelerborough

Nt 03458-0876. Tel. (603) 924-8371, 024-6526,
Fax (603) 924-0467

Email: custserviZandioXpress com

Total paid '
SWITCH only: issue number:
Name ENGLAND
Address
Post coda
Tel. Fax Email
Date - - 2004 Signature
EL11
Yes, | am taking out an 18-month lektor -

subscription to elektor electronics
and receive a free MP3 player with

128 MB Memory*.
I would like:

D Standard Subscription (17 issues)

|:| Subscription-Plus
(17 issues plus the Elektor Volume 2004 CD-ROM)

See reverse for rates«and conditions.
* Offer available to Subscribers who have not held a Subscription’to Elektor Elecironics
in the last 12 Months. Offer Subject to Availability.

METHOD OF PAYMENT

(see raverse belore ticking as appropria

Note: cheques not made out
in sterling st be increased
by the equi%alent of £15.00

Bank draft

Cheque
(payabie to Eiektor Electronics Publishin

Giro transfer
{our account no. 34 152 3801)

B
BExpiry date; e

Postal/money order

e
VISA
s

OO O of

Titte (DriMriMrs/Ms®)  Initials Sumame
Name
Address
Post code
Email
Date S — 2004 Signature

* cross out what is not applicable

EL11

|||llIlII"IMJIWIIL

Fiease send this order form io

Worldwide Subscription Service Lt
Unit 4, Gibbs Reed Farm

Pashley Road

Ticehurst, nr. Wadhurst

East Sussex

ENGLAND TN5 7HE

Tel. (+44) (0)1580 200857

Fax (+44) (0)1580 200616
Email wwss@wwss.demon.co.uk



ORDERING INSTRUCTIONS, P&P CHARGES

Except in the USA and Canada, all orders, excepi for subscriptions (for which see below), must be sent BY POST or FAX to our Tunbridge Wells
address using the Order Form overleaf. On-line ordering: hitp/wwnw elekior-electronics.co.uk

Readers in the USA and Canada may (but are not obliged to} send orders, except for subseriptions (for which see below),

to the USA address given on the order form. Please apply to Old Colony Sound for applicable P&P charges. Please allow 4-6 wesks for delivery.
Orders placed on our Tunbridge Wells office must include P&P charges (Priority or Standard) as follows:

UK: £4.00 Europe: £5.00 (Standard) or £7.00 (Priority) Ouiside Europe: £8.00 (Standard) or £12.00 (Priorily)

HOW TO PAY

Unless you have an approved credit account with us, all orders must be accompanied by the full payment, including postage and packing charges
as stated above. Payment may be made by chegue drawn on a London clearing bank (bui see para. 4 below), posial order, VISA, Access,
MasterCard or EuroCard (when paying by credit card, the order must go the cardholder’s address). Do not send cash through the mail. Cheques and
postal orders should be crossed and made pavable to ‘Elekior Electronics (Publishing)’. Payment may also be made by direct transfer from a private
or business Gire account to our Giro account No. 34-152-3801 by completing and sending to the Nafional Giro Centre, in a National Giro post-
age paid envelope, a National Giro transfer/deposit form. Do not send Giro transfers direct to us, as this will delay your order. If you live outside the
UK, payment may also be made by Bankers' steriing draft drawn on a London clearing bank, Eurocheque made out in pounds sterling (with
holder's guarantee card number written on the back), or US or Canadian dollar cheque drawn on a US or Canadian bank. If you pay by Bankers’ ster-
ling draft, make clear to the issuing bank that your full name and address MUST be communicated o the London clearing bank. Our bankers are
NAT WEST PLC, 1 St James’s Square, Wadhurst, East Sussex TN5 6BH, England. Our account number is 3512 5225,

Sorting Code 60-22-15. IBAN code: GB40 NWB K6 022 15 3512 5225 BIC code: NWB KGB 2L

COMPONENTS

Components for projects appearing in Elektor Electronics are usually available from ceriain advertisers in this magazine. If difficulties in the supply
of components are envisaged, a source will normally be advised in the ariicle. Note, however, that the source(s) given is (are) nat exclusive.

TERMS OF BUSINESS

Delivery Although every effort will be made to dispatch your order within 2-3 weeks from receipt of your insiructions, we can not guarantee this
time scale for all orders. Returns Faulty geods or goods sent in error may be refurned for replacement or refund, but not before obtaining our
consent. All goods returned should be packed securely in a padded bag or box, enclosing a covering letier stating the dispatch note number. If the
goods are refurned because of 2 misiake on our part, we will refund the return posiage. Damaged goods Claims for damaged goods must be
received at our Tunbridge Wells office within 10-days (UK); 14-days (Europe) or 21-days (all other countries). Cancelled orders All cancelled
orders will be subject to a 10% handling charge with a minimum charge of £5-00, Patents Patent protection may exist.in respect of circuits, devi-
ces, components, and so on, described in our books and magazines. Elektor Elecironics (Publishing) does not accept responsibility or fiability

for failing to identify such patent or other proiection. Copyright All drawings, photographs, artictes, printed circuit boards, programmed integrated
circuits, disketies and soffware carriers published in our books and magazines (other than in third-pary advertisements) are copyright and may

not be reproduced or transmitted in any form or by any means, including photocopying and recording. in whole or in pari, without the prior permis-
sion of Elektor Electronics (Publishing) in writing. Such written permission must also be obtained before any part of these publications is stored in
a retrieval system of any nature. Notwithstanding the above, printed-circuit boards may be produced for privaie and personal use without prior per-
mission. Limitation of liability Elektor Electronics (Publishing) shall not be liable in contract, tort, or otherwise, for any loss or damage suffered by
ihe purchaser whatsosver or howsoever arising out of, or in connexion with, the supply of goods or services by Elekior Electronics (Publishing) ofher
than to supply goods as described or, at the option of Elekior Electronics (Publishing), to refund the purchaser aniy money paid in respact of the goods.
Law Any question relating to the supply of goods and services by Elsktor Electronics {Publishing) shall be determined in all respects by the laws of

England. January 2004

SUBSCRIPTION RATES SUBSCRIPTION RATES
FROM JANUARY 2004 ISSUE FOR 18-MONTH SUBSCRIPTION

Standard Plus Standard Plus
United Kingdom £39.50 £45.50 ‘United Kingdom £59.25 £65.25
Economy Mail Economy Mail
Rest of the Worlid (excluding Europe) £51.30 £57.30 Rest of the World (excluding Europe)  £76.95 £82.95
Priority Airmail Priority Airmail
Europe & Eire £52.50 £58.50 Europe & Eire £78.75 £84.75
Middle East, Africa.Southwest Asia, Middle Easi. Africa,Southwest Asia,
Central & South America £64.00 £70.00 Central & South America £96.00 £102.00
Ausiralia, New Zealand, Ausiralia, New Zealand,
Far East & Pacific Territories £66.00 £72.00 Far East & Pacific Territories £99.00 £105.00
Airfreight _ Airfreight
USA & Canada only USS88.00 USS96.50  USA & Canada only USS132.00 USS140.50
Payment should be made by: SUBSCRIPTION CONDITIONS

= Cheque or bankers® draft in sterling drawn on a London clearing bank
(except in the USA and Canada — see below);
= USS cheques drawn on a US or Canadian bank — only by subscribers
in the USA or Canada.
= Direct transfer to our bank (NAT WEST PLC. 1 St James's 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
+ Postal order.
» Credit card: VISA, ACCESS, Euro/MasterCard, JCB Eleciron or Switch.
* Transfer to our Giro Account number 34 152 3801. Giro transfers
should bz made by completing and sending the appropriate transfer/
deposit form to the National Giro Centre (UK) or to your national
Girg Centre.

Cheques and postal orders should be made payable to Elekior
1Elecironics (Publishing). Do not send cash through the mail.

The standard subscription order period is twelve months. if a permanent
change of address during the subscription period means that copies
have to be despafched by a more expensive service, no exira charge will
be made. Conversely, no refund will be made, nor expiry date extended,
if a change of address allows the use of a cheaper servica.
Student applications, which qualify for a 20% (twenty per cent) reduction
in current rates, must be supporied by evidence of studeniship signad by
the head of the college, school or university faculty. A siandard Student
Subscription costs £31.60, a Student Subscriplion-Plus costs £37.60
(UK only).
Please note that new subscriptions take about four weeks from recsipi of
order to become effective.
Cancelled subscriptions will be subject to a charge of 25% (twenty-
five per cent) of the full subscription price or £7.50, whichever is the
higher, plus the cost of any issues already dispatched. Subsciptions
cannot be cancelled after they have run for six months or more.
January 2004




BK ELECTRONICS

OMP MOS-FET POWER AMPLIFIERS
HIGH POWER, TWO CHANNEL 19 INCH RACK

10,000's
SOLD
TO PRO
USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS

FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)
MXFE00 (300W + 300W) MXF300 (450W + 450W)

GS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN
indepandent power supplies with_ iwo foroidal iransformers
Meters * Level controls * llluminated on/off switch * Jack / XLR i
ts *Standard 775mv iy “Open and Short drouit procf Latest Mos-Feis
into virtually any % slewrate * Ver)r low distorfion * Aluminium
fan cooled with D and thermal prob

ALL POWER RATIN
FEATURES:- *
*Twin LED. Vu

kon

for stress free
cases " MXFG00 & N

USED THE WORLD OVER N CLUBS, PUBS, CINEMAS, DISCOS ETC
MXF200 W19~ D117 H -
MXF400 W18~ D12°

D137
MXF900 W19~ D14° H5Y" (3U
PRICES:- MXF200 £175.00 MXF400 £233.85

MXFB600 £329.00 MXF900 £449.15

SIZES:-

» POWER AMPLIFIER MODULES-L OUDSPEAKERS-MIXERS
19 INCH STEREO AMPLIFIERS-ACTIVE

i Try us for Tivoli Radio
Trvol Radio 1 st £91.95 Camiage £8.00

CROSS/OVERS.

XLS 200 Subwoofer Sytem
Save £100’s buying factory direct

We have combined the famous Peeres XLS10
with our renowned BSBP200/4 sub bass panel
in 2 compact MDF cabinet that measures only
D390 x H295 x H295 to produce a truly
awesome sub woofer system suilable for both
Hi-Fi and AV use.

C

Features:- "High and low leve! inputs *Frequency
adjust "Continous phase control *200W RMS
*Seperate control of high and low level gain
*Automatic Speaker Protection. Comes
complete with mains lead, 5m sterso phono
lead, 10m High level lead and Spikes
Available in Silver or Black, for further
information please look on our website at
http:/iwww.bkelec.com

£279.00 Each plus £8.00 carriage within the UK mainland. Intermnational carriage charges
to Germany, France, Belgium, Luxebourg and Holland at only £16.00 par XL5200

XF1200D 600W Per Channel Class D By A7 SA

Carriage £8.00

The MXF1200D & not only a must for PA and Disco use, but #s shning performance lends
itssif readily to Shudio and High Power AV Cinema instalis, # s also suitshle for HiEnd HHR 1se.
Can be diiven direct from a CD player and has balanced XLR input, unbalanced jack input.
The latest in high-tech Class D amplifiers couplad to two independant switch-mode power
supples. Front Panel:- Presence Led’s, Clip Led’s, Independant volume controls and

SPECIALIST CARRIER DEL £12.50 Each 3
ABSOLUTE HIGH END CLASS D AMPLIFIER
The OMP MFD600 can be used as a stand alone

monoblock amplifier or fitted into existing loudspeakers to
make them active

e Compact design due to switch mode P.S.U.
e 90% Efficient high switching frequency

e Small size, fits in a 110mm x 92mm opening
o Neutrik® Combi input balanced / unbalanced
e Ouiput fully protected

e Status LEDS - Presence / Clip / Protect

e 600W /2 Ohm - 500W /4 Ohm - 300W /8 Ohm
e All powers in R.M.S.

e Volume control. Input sensitivity 7756mV

e Freq. Response 2Hz-20kHz

e Light weight 3kg Stunning performance

For further information please Audiophile Quality
look at our website at
www.bkelec.com and click on
the modules and hybrids button

Special quantity pricin
and customised ariwork ngl'
OEM's.

Price £281.12 Inc Vat Each or
£499.00 Per Pair when quot-
ing this advert

Carriage UK Mainland Only £8.00

5 ® ;«smm"?a""* 3—

50W to 500 WATT ACTIVE SUB BASS AMPLIFIER PANELS

The BSB RangeofSuhBassAmpme:s consists of 5
panels with power outpuis of S0W to S00W to suit most
d’ﬂleDNenhﬂasfsnaed&Mmﬂs

are aitight and
come equipped with both high and low level inputs with
seperale gain confrols, frequency adjust and 0-180
Deqg. continous phase control adjustment A full
connection lead pack induded

MODEL PRICE IMP. * Please
BSBP50 £89.95 8 Ohm State 4
BSBP100 £117.44 *4/8 Ohm or 8 Ohm
BSBP200 £149.50 *4/8 Ohm when
BSBP300 £184.50 4 0Ohm  ordering
BSBP500 £219.50 4 Ohm

Model Shown:- BSBP200

SPECIFICATIONS:-* POWER 200W RMS @ 4 or 8 OHMS "FREQ RESP. 10Hz 15KHz
-3dB * DAMPING FACTOR >200 * DISTORTION 0.05% * S/N A WEIGHTED >100dB *
SUPPLY 230V A.C. "WEIGHT 5.0Kg * SIZE H254 X W254 X D95mm

THERE ARE 2 VERSIONS OF THE ABOVE PANEL AVAILABLE :-2S5B200/8
8 OHM VERSION BSB200/4 4 OHM VERSION CHECK WEBSITE FOR PANELS UP TO 500W

power On/Off swilch with cool blue #luminsted summounds. Rear Panel:- Mains |EC input.
Neutrik Speakon outputs and Neutrik Combi inputs

Golf Ball Height  gpacification:- Output power 800W RMS info 2 Ohm, 500W RMS
E into 4 Ohm, 300W RMS into 8 Ohm Frequency response 2 Hz o
Sl 22kHz, Input sensitivly 775mV, Input Imp.7.5% Ohms, THD. 0.1%

— S/N 85dB, Power Supply 230V AC 50Hz, Switching Freq. -150i<1~lz
Weight 8.0kg, Size H44 x W4B2 x L376mm

OMP MDS—FET POWER AMPLIFIER MODULES Tzt

Tresenmfes'\oaa'p, mwmmmmymmmmaammm
modsls zre gvaiiable io it fie nesds of hoblby markst i Indishy, Lesrs, Instumental
aﬂ%ﬁﬁ&t&\?ﬁnmmhommanmmmﬂmm, mt‘ﬁaﬁf&
giass fore PC.B. and dive couits fo power 3 compatible Vi meter. AR models are open and short crou proof

_THOUS'ANDEOF‘HUDULES PURCHASED BY PROFESSIONAL USERS |
OMPIMF 1004“0(}15-Fet Gulpu'l Power 110 waﬂs

] RMS! ms fre(é

| 100kHz —3clB Dampil actor >SDB ew Rale
—| &5V/uS, THD. Bdca 0002% Input_ Sensitivity
500mV, SNR 1 Size 300 x123x5€}mm

- Price:- £43.85 + £4.00 P&P

OMP/MF 200 Mos-Fet
| RMS!into 4 chms,fn
— 100kHz -3dB. Dampin

0.001%, Seus.truﬂy

SDWuS TH D tr&lczl
54)0 R. 1 Sizeaﬂﬂx 55x100mrn
Pnca £67.35 + £4.00 P&
OMPIMF 300 Mos-Fet Output Pmirex 300 walis
Iﬂ l]!!’l]

uency response 1Hz -
1OBKH SdBUDampmig actor =3 Slew Rale
1 B. Size 330 x|

a_lrl Sensn
Prica:- £84.75 + £5.00 P&
F_Aﬁﬂ Mns-Fet Output Pcwer 450 watls
_M S, into_4 dsmaﬁla«i:uer:g :mgunse 1Hz! -
.vﬂkﬁz SdB Damp&nlg ac Slew Rale
EVfu 0 Input Sensiti
Re 110 2 S..}anl D

S oled, D.C.
= nudspeaker econd Anti Thump
in De!ay Size 385

Fnr.e 213'.-" 55 + Eﬁ IJU F&P

n e'ggctor >304, Slew Rate
BVius xyp;m 1%, [nput Sensiti
i 500m\L S N R. 4 ﬁdB——F i led, | D.¢
_an.zdspe_aker Protéction,—2- Second Anfi Thump
| " Delay: 23422x300x1251m | .
:- £264.00 +

ower 260 wau.s
uency res| _,_nse 1Hz: -
actor > te

seﬂ-[z-

: eerless XLS10 Sub Woofer Driver

The rencemed Peeress XLS10 Drive unit is possibly one of the best 10
inch sub woofer drivers avaiishis today. Made in Denmark by Peerless,
a company synonymous with quality and craftsmanship. This drive unit
is ideal for inclusion into smafl encloswres of around 17 Gtres and will
give a tight controfled deep bass oulput. To further enhance the quas-
ties of this unit greater cutput and deeper bass can be achisved by cou-
pling the XLS10, with it's companion passive radistor the XLS10P
Peerless XLS 10 £89.00. Peerless XLS10P 32.80
Carriage £8.00

For full specification and prices goto our website at http://wwnw.bkelec.com
and try our new shopping basket facility

DELIVERY CHARGES:- PLEASE INCLUDE AS
L —— Muucmeem:fammnmmummoum
VISA OFFICIAL ORDERS FRO

‘ ETC.
CARD ORDERS ACCEPTED BY POST

2 B

PLCs
CREDIT CARD PHONE ORFAX.

B.K. ELECTRONICS w=

UNIT 1 COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR.
EL.: 01702-527572 FAX.: 01_702-420243
Web:- http /lwww.bkelec.com E-Mail sales@bkelec.com
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= unlnnunu 1

= SPICE
- f Simulation =

3 = é::" S TII I Iel

& cpPu

Schematic & : 5 Models - :'.‘- : ..
pCB Layout [ s j = New Features

e -. e "E.'_ "_ x . Si::" & H
® Powerful & flexible schematic capture. ===_f%f in Version 6.5

Auto-component placement and rip-up/retry PCB routing. .
Polygonal gridless ground planes. Textual library part search.

Libraries of over 8000 schematic and 1000 PCB parts. User defined keyboard map.
Bill of materials, DRC reports and much more. CADCAM output to ZIP file.
: ST - Bitmap import function.
Mixed Mode SPICE Circuit Simulation Truetype fonts on PCBs.

Enhanced printer output.

* Berkeley SPICE3F5 simulator with custom extensions for
true mixed mode and interactive simulation.

* 6 virtual instruments and 14 graph based analysis types.

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

* Fully compatible with manufacturers’ SPICE models.

Proteus VSM - Co-simulation and debugging for popular Micro-controllers

e Supports PIC, AVR, 8051, and BASIC STAMP micro-controllers.
* Co-simulate target firmware with your hardware design. NEW
* |ncludes interactive peripheral models for LED and LCD displays,
switches, keypads, virtual terminal and much, much more. ELECTRA

® Compatible with popular compilers and assemblers from SHAPE BASED
Microchip, Crownhill, IAR, Keil, and others. AUTOROUTER

NOW AVAILABLE
b Alcer Tel: 01756 753440
(:I C e e Fax: 01756 752857
E Il e c t r oniec s Coniact us for www.labeenter.co.ulk
53-55 Main Street, Grassington. BD23 5AA Free Demo CD info@labeenter.co.ulc

Call Now for Upgrade Pricing




