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Getting your product to market first can make
all the difference, that's why Electronic Design
Studio 3 (EDS) combines 3 powerful programs
into one truly integrated package. You'll spend
less time switching between different programs
and worrying about netlists, and more time
designing. But that's not all, with EDS 3 we are
introducing Desk Top Manufacture (DTM) which
works together with precision CAM hardware to
machine a range of prototype PCB's directly on
your desktop!

for you.

Project Navigator Jumps to it!

EDS is project based, and with our project and
net navigators, you can jump to any document,
module, symbol, gate or pin with the click of a
mouse! No more hunting for schematics sheets
or symbols. The new overview window lets you
zoom 1o any part of your document with a single
click, and our CADCheck system can keep your
PCB synchronised with your schematic in
realtime - no more netlist worries!

Hierarchical Schematics the way you want.
EDS is now available with fuil support for
modular, hierarchical, multi-sheet schematics.
Visual tags make linking between modules and
sheets easier, and there is full support in the
project navigator. Editing is easier too! New
“follow me” wiring tools and intelligent symbol
pins provide instant feedback on your wiring.

- — -—
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'ff-Quickroute Systems Ltd Dean Clough Halifax HX3 5AX _
Tel 01422 255010 Fax 01422 255014 www.dotqgr.com

’ Conyright © 2007 Quickmuts Systems Ltd. £ & O,
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PCB Creation with Polyblend
EDS features a range of exciting new PCB

editing tools including “foliow me” wiring,
intelligent pads which change colour when

4

e

Be The First

Why woit for prototype PCB’s or spend time switching between different progroms for schemotic ond PCB design? Why worry
obout netlist files or poy extro for outorouting? Introducing Electronic Design Studio 3, integroted EDA with built in
simulotion, outorouting ond now ovoiloble with new DeskTop Monufocture (DTM).

New document schemes aiso let you instantly
change the look of your schematics. Whether its
flashy presentations, or serious technical
schematics, EDS’s DTP quality output can work

SPICE/XSPICE Simulation - its in the Box!
EDS 3 includes an enhanced SPICE/XSPICE
based simulator. All the symbol & simulation
properties can be set directly within EDS, and
you can create your own models, extend the
libraries supplied, or use external SPICE models.
All output is displayed in graph windows within
EDS ready for pasting into your reports!

6 and prices subject to change without 0
- . - ,

p.-bunce@cumulus
media.co.uk

"do justice to the new millenmum” Elektor 06/0!

EDITORIAL FAX
020 8722 6098

CLASSIFIED FAX
020 8770 2016

correct links are made, and our new polyblend
module which lets you weld polygons, punch
holes in polygons and more. There is also our
dynamic copper pour zones, Viper rip-up and
retry autorouter, and online shape based DRC
features. Inm resolution and support for
unlimited layers is also available!

NEWSTRADE ENQUIRIES
020 7907 7777

ISSN 0959-8332

DeskTop Manufacture

Incredibly, EDS 3 can also link directly to
CADCAM hardware to manufacture your PCB on
your desktop using standard copper clad board.
Copper tracks are machined using precision
floating head technology, and drilling and 2
layer support is also available.

Customisable Power at an Affordable Price!
EDS 3 features fully customisable toolbars,
including the ability to add links to your
favourite tools and programs in the new Tools
menu. With the latest “XP" look and feel, EDS 3
is available in 4 variants, with prices starting at
under £100 for systems with autorouting and
simulation! Why not call us now on +44 1422
255010 for a FREE demonstration pack or visit
our web site www.dotgr.com for more
information? We look forward to talking to you!

SUBSCRIPTION HOTLINE
Tel (0) 1444 475662
Fox (0) 1444 445447

SUBSCRIPTION QUERIES
rbp.subscriptions@rbi.co.uk
Tel (0) 1444 445566
Fax (0) 1444 445447

Over 18,000 licensed users of our Quickroute
and EDS software packages!
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Igniting the spark and fanning the flames

One cold autumn afternoon, when I was five, I came
within a cat’s whisker of killing myself. I'd been
kept home from school with a minor illness and was
playing upstairs on my own.

There was a 2kW electric bar fire blazing away in my
bedroom. By that age, I already knew that metals
conducted electricity, but I didn't really understand the
consequences of mains electricity. So as an experiment, [
removed the fire's plug from the socket, wrapped a
padlock chain around its pins, and rammed it back in.

If | close my eyes now, I can still see the dazzling blue,
hemispherical flash, fringed with brilliant orange sparks.
Still, I can hear the sound — a surprisingly soft popping
noise, like a balloon bursting under a duvet.

Apart from a few stern words, I was never punished for
my ‘experiment’. In retrospect my parents probably
thought | had punished myself enough. In any case, I
suspect my father had a sneaking regard for such a bold
experiment (as a boy in Poland he had blown the cellar
door off its hinges making gunpowder).

Lalready had a love of scicnce. My father was an engineer
who encouraged my interest. Much of my early childhood
was spent in my father’s garage, amidst a plethora of tools,
car batteries, bits of old televisions, mode! steam engines,
dynamos, valves, tobacco tins crammed with nuts and bolts,
bottles of mysterious and wonderful-smelling chemicals,
electric motors, relays, bulbs, strange actuators filched from
scrapped aircraft, timber, sheet metal, hardboard, paints,
vamishes and Holt's Cataloy.

I would sit on the floor, playing with wires, while he
made a rotary saw from an old school desk, a washing
machine motor and a fan belt. The thing was lethal and
made a hideous noise but it cut wood like a knife through
butter. He taught me to solder when I was nine, and
together we built my first short wave radio.

These carly influences stood me in good stead during
secondary school and university, when science got
tougher and more and more maths crept in. Somehow |
knew that beyond the slog, the essential wonder of science
remained, and all the techniques that I found difficult
were just so many tools in helping you achieve something
really worthwhile.

In order 1o write this leader, I circulated a questionnaire
to the students in my department here at UMIST. It asked
them about their impressions of science and scientists
while they were at school, and why they chose to pursue
science or engineering at university.

Individual experiences aside, there was a considerable
degree of conformity among the replies. First, most students
chose science because they liked it — not necessarily because
itimproved their career prospects. Sccond, the reasons most
people gave for students avoiding science and engineering
was because it was perceived as being hard.

All agreed that teachers played a crucial role in promoting
an individual's enthusiasms: almost all thought that while
science was well-taught at school within the bounds of the
national curriculum, not enough was being donc during the
carly stages. And herein lies the kemel of my argument.

As any parent knows, the younger the child, the more
readily he or she will respond to encouragement. The
inverse applies equally — dishearten a child in the early
years, and you will have a mountain to climb later.

I like to think this can be encapsulated in a simple
equation that is no doubt inaccurate but which serves the
point - ‘effect equals encouragement divided by age’. It
follows that if a child has a gift or spark for any subject,
and encouragement is given, his or her enthusiasms will
buoy them up through the turbulent waters of formal
cducation.

Although there are clear implications here for our
primary school system, the roots of the issue lie elsewhere

in the home. Perhaps some children, who would
otherwisc blossom as scientists and engineers, do not
receive sufficient support in the domestic environment.
This may be because the perceptions of science and
scientists amongst the general public is at best ambiguous;
science is certainly not considered trendy or fashionable —
as indicated by the questionnaire.

Many view science with suspicion, regarding scientists as
remote, aloof and even arrogant. It must be said, there is
somc truth in this argument. We, the scientific community,
have some work to do to put our house in order.

Earlier this year, the Government commissioned an
independent review into the supply of scientists and
engineers, chaired by Sir Gareth Roberts FRS, published
on June 2] (www.hm-
treasury.gov.uk/docs/2001/scientists_2006.htm!). This
review, a consultation document, was commissioned “in
response to concerns that innovative businesses in the
UK sometimes find it difficult to recruit the skilled
researchers they need”.

In reply to this, the Institution of Electrical Engineers
(IEE) submitted a detatled reply to the Government
(www.ice.org/Policy/Submis/s589.cfm) outlining the
reasons it believed the problem existed. One of these was
the desperate shortage of qualified and high quality maths
and science teachers. Even more worrying, the UK has
done poorly in comparison to other countries in attracting
women into science carcers. Although some progress was
made, recent statistics show that the situation may have
regressed.

These days my thrills come in the form of abstruse
equations having a very real effect on the digital audio
signals processed in our labs. But these connections are
abstract, and do not appeal to a child’s mind.

There is no question that schools play a vital role in
addressing this issue, but so do parents, and probably
more so. Maybe we need to take risks again, and show
young people what science can really be like. 1'm not
suggesting that we take a party of tots down to the local
swimming pool, sit them in the balcony and hurl a chunk
of potassium into the water, but you know what [ mean.

Science can be thrilling, and we need to prove that to our
youngsters. a

Patrick Gaydecki
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UPDATE

New software tests electronic kit remotely

Communications specialist Esgem
from Bristol has developed test
software for distributed network
systems that can isolate problems
when products are in the field.

By including extra hardware and
software probes, a product can be
accessed through the network when
in use.

Called Assayer, the tool is aimed
at products such as mobile phones,
home entertainment networks and
automotive systems.

“Testing is part of the whole life
cycle of a product - including after
you’'ve shipped it,” said Pete
Moore, Esgem’s product manager.

Will FPGAs kill

Programmable logic firm Altera has
formed a link with The MathWorks
and its Matlab tools to improve digital
signal processing in its field-
programmable gate arrays.

Altera has developed a tool called
DSP Builder, which can take designs
from Matlab and Simulink and
convert them into a form suitable for
Altera’s Quartus software.

“We want to make our design flow
much more like the DSP designer is
used to,” said Paul Hollingworth,
marketing director at Altera.

DSP Builder carries out the
conversion, creating code in the
VHDL hardware description
language.

But, “designers need know nothing
about VHDL or Verilog”, claimed
Hollingworth.

The move is driven by the
increasing use of DSP in wireless
communications systems. ‘“The move
from 2G 10 2.5G to 3G adds a lot of

“We think you need to be able to
test when devices are in the field.”

Moore cites a home
entertainment system, which might
be working perfectly until a new
node, such as a DVD player is
added. However, when the system
crashes, the DVD machine might
not be at fault. Instead another
device, working close to the limit,
was the cause.

Such problems need to be
identified in the field to find the
offending equipment.

Assayer consists of test-bed
controller software that, through
the network, interrogates the

off Asics?

data processing to voice. It’s causing
the DSP requirements to go up
exponentially,” Hollingworth said.

GSM requires about 400Mflops of
processing, but full speed 3G will need
over 12000Mflops. “That’s a
spectacular increase,” said
Hollingworth.

FPGAs are more suited (o this
processing than dedicated DSPs, he
said, especially in terms of cost. “It’s
not to say we're going to take over the
DSP business, but for many
applications we can be more
efficient,” Hollingworth said.

Moreover, he reckons the recession
is causing firms to shy away from
Asics and the huge up front charges
they bring.

“In five years’ time the Asic market
as we know it won’t exist. We’re just
starting 0.13um in the fab and non-
recoverable engineering costs are
three-quarters of a million dollars,” he
said.

This gadget from
Seiko may be for
you if you think in
diagrams and use
a PDA. SmartPad
hides a page-sized
digitiser under the
paper and copies
sketches to your
Palm or clone. For
text entry there is
an alpha-numeric
keyboard to peck
at under the pad.

devices on the network.

“Testing is actually something
that’s part of the design flow, it’s
not something you do at the end,”
pointed out Stephen Maudsley,
CEO of Esgem.

Via the Internet protocol
network, or whatever connects the
products, the probes could look at
individual electrical signals,
through to snooping a bus, or
downloading application data.

Even if only one device in a
network has been designed with
Assayer probes, it can often figure
out which other device is causing a
problem, said Maudsley.

This is a hand-cranked generator
for charging mobile phones.

Developed by clockwork radio
company Freeplay in conjunction
with Motorola, it is expected to
provide between three and six
minutes of talk and several hours of
standby time for each 45 second
hand-cranking session, claims
Freeplay.

Neither company wants to reveal
exactly what is inside yet, although
Electronics World has been told
that there is no energy-storage
spring.

Initially it will be aimed at
Motorola phones. “A wireless
phone user, using the new
accessory, will never again be
faced with a situation where he or
she can’t make a wireless phone
call because their battery is dead
and they have no access to an
outlet,” said Gary Brand!, business
director in Motorola’s Personal
Communications Sector.
it should be on UK shelves before
Christmas with the two companies
sharing global distribution.
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Strong magnetic fields make rats walk in circles

Strong magnetic fields can alter rat
behaviour and may affect humans,
according to two Florida scientists
after experiments on rodents.

Thomas Houpt and James Smith
claimed the animals not only devel-
op strong taste aversions after
exposure but also walked in circles
for a time.

The field used by Houpt and Smith
was 9.4 teslas — not much more than
that used in hospital MRI scanners,
and exposure lasted 30 minutes.

The effects were that the animals,

which enjoyed drinking sweetened
water before the experiment, would
not drink it after exposure. Control
rats did.

In addition, rats oriented toward
the south pole without exception
walked in anti-clockwise circles and
those facing the north pole tumed
clockwise. All settled down soon,
and circling behaviour diminished to
nothing after several exposures.

Medical MRI scanners used in
hospitals generally work between 0.3
and 1.5T, with some operating at 4T.

More powerful machines are pro-
posed, at 17T the health of individual
cells can theoretically be determined.

According to researchers, MRI-
scanned patients don’t complain of
aversions to food after scanning —
even at 3T, but there is some anec-
dotal evidence that research workers
operating near powerful magnets
have suffered nausea.

Subsequent analysis of test rat
brains showed high neural activity in
the stomach, intestines and inner ear
control regions of the brain.

Low-cost InP chip provides alternative to
erbium-doped fibre amps

An optical chip that amplifies multi-
ple wavelengths of light has been
developed by British start-up
Kamelian.

Based on Kamelian's indium
phosphide (InP) semiconductor
optical amplifier technology, the
optical linear amplifier (OLA) could
replace expensive erbium-doped fibre

Paul May, Kamelian’s CEO

Java for the masses

Croydon-based OneEighty Software
has created a Java virtual machine
(JVM) that can run on cheap $1
processors such as the venerable - yet
popular - 8051.

The software, called Origin-J, is
aimed at bringing Java to low cost
systems such as smartcards, domestic
appliances and Internet gateways.

“Origin-J is a very, very compact full
implementation of Java,” said Peter
Dzwig, the firm’s chief executive.

OneEighty has created a clean-
room version of the JVM that can run
on almost any processor, including
the 8051.

“Origin-J on an 8051 comes in at
between 40k and SOkbytes,” said
Russe] Winder, the firm’s chief
technology officer and formerly
Professor of computing science at

amplifiers in certain applications

“There is an opportunity for a low-
cost replacement for an EDFA in a
metro environment,” said Paul May,
CEO of Kamelian.

A metropolitan area network will
usually make use of fewer wave-
lengths of light than longer haul
systems, perhaps eight or fewer. An
OLA is smaller and cheaper to
produce than an EDFA, the latter
being more suited to long distance
transmission.

Kamelian’s OLA has variable gain,
dependent on an injected current.
Normally the amplifier would be
designed into a closed loop system to
maintain a consistent power output.

“We can vary the level of gain
easily,” said May. “Typically a
system designer will want a certain
output power.”

The OLA will be produced at

King’s College, London. No other
company, he believes, can run a
complete JVM on so simple a
processor.

“Performance is slightly slower than
native C, but you would expect that,”
added Winder. “We’re not trying to
compete against ARM’s Jazelle.”

The software has already been
ported to several processors including
the 68HC12, ARM and 1386. It also
runs on Cyan Technology's 16-bit
XAP processor.

Porting to other processors can take
just hours for a simple von Neumann
architecture or a couple of weeks for a
more complex Harvard architecture.

Multi-threading allows several tasks
to be run concurrently, without
running multiple instances of the
software.
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Kamelian’s Oxford fabrication plant,
which is close to coming on stream.
“It’s unique. Not many companies
have growth, processing and packag-
ing of indium phosphide,” said May.
“That puts us in a very strong posi-
tion.”

Artificial personality... In an attempt to make an easy-to-
use computer interface, Carnegie Mellon University is
developing Vikia.

’She’ is an artificial personality being jointly created by
the University’s Robotics Department, the Human
Computer Interaction Institute and Entertainment
Technology Center. Vikia has, apparently, already been
given her own personal history as the first robotic student
at the university,
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UPDATE

Voice recognition keeps tabs on
young offenders

Young offenders released into the
community will have a new security
check in the future — voice
recognition.

Rather than keep tabs on offenders
with personal visits by parole officers
and tagging, voice recognition will
allow their whereabouts to be
monitored by telephone.

Manchester-based systems firm On
Guard Plus has integrated voice
recognition technology into a security
system for monitoring offenders in
the community.

Called Vgvoice, the technology
could be used, for example, to
confirm that an offender has turned

This very humanoid robot has gone on sale in Japan.
Developed by Fujitsu, the HOAP-1 weighs 6kg and stands
half a metre tall. It is aimed at development of motion
control applications such as two legged walking. Fujitsu
hopes to sell a hundred of the robots in the next three years
— with the price described as ‘open’.

up for work, or is at home during
curfew hours.

“Vqvoice is already being used by
Securicor as part of the Youth Justice

Board’s intensive supervision and
surveillance programme,” said
Stephen Freathy, business
development manager at On Guard
Plus.

Tagging is the traditional method of

confirming location and is also used

but this only registers a presence near

the transponder, usually at the home
address.
“Voice verification allows the

offender to be tested for his presence

at various locations,” said Freathy.

“It’s not a replacement for tagging,
but they could be used in
conjunction.”

Vqvoice is based on technology
developed by Belgian firm Keyware.
A biometric server enables multiple
identification algorithms to run, such
as fingerprint, voice or iris scan.

The voice recognition uses
algorithms developed by Lernout &
1 Hauspie, but any other algorithm
could be included.

The error in the system, either
falsely rejecting or passing, is about
two per cent, so the password or
phrase is normally repeated, cutting
errors to 0.04 per cent.

Words on wheels

Adflash, a Devon-based company, has spent five years developing
WheelFX, which uses LEDs synchronised to the rotation of a wheel to
display messages — from five to over 200mile/h said the company.
WheelFX has been adopted by film star Paul Newman and the Newman-
Haas Racing Team to advertise on their car wheels and got its first outing in

Britain this year at the Rockingham
Championship.

Motor Speedway in the CART FedEx

Formula ] teams are said to be interested and taxi drivers need not be left
out as Adflash is working on a version for them called ‘Taxsee’.
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Niobium looks set to replace
tantalum for capacitors

Restrictions in the supply of
tantalum, and environmental and

human tragedies linked to its Congo

sources, are turning capacitor

makers to niobium as an alternative.
Technical difficulties have held up

the introduction of niobium into
commercial capacitors. The higher
dielectric strength of its oxide
should make for more compact
capacitors, but leakage current and
temperature stability are inferior to

tantalum. And niobium capacitor
production is not so well
understood.

As it is, niobium capacitors tend to
be slightly larger than the tantalums
they replace.

The latest company to introduce
niobium capacitors is Vishay which
is sampling solid niobium capacitors
in the industry-standard 293D,
292D, and 595D form factors, from
4 to 16V and 4.7 to 680pF.

896

ELECTRONICS WORLD December 2001

New technique knocks spots off FFT

Pipeline Frequency Transform could
soon be the expression on the lips of
spectrum analyser makers and radar
scientists.

Developed on the Isle of Wight by
start-up company RF Engines, PFC as
itis called is a hardware digital signal
processing (DSP) technology that
knocks spots off fast Fourier
transforms and uses far less hardware
than conventional multi-channel
digital filters — or so claims its
inventor John Lillington.

The technology “gives exactly the
same output as a bank of filters”, said
Lillington, who is CEO of RF
Engines, “but 16 384 filter modules
are needed to filter 16k channels with
conventional filtering. PFT needs only
14 modules”.

PFT uses a series of filter modules
one after the other, each one splitting
the incoming spectrum into two half-
width bands.

This architecture would seem to
lead to a ‘tree’ structure with each
layer having twice the number of
filters as the previous layer, but this is
not the case.

Lillington realised that, although
twice the number of filters is needed,
each filter has half the processing load
of filters in the layer above.

This means the total processing load
at each level is the same. One
identical filter block can be for each
layer, the lower ones time-
multiplexed between channels.

The only thing that increases in the
lower layers is memory, as swap files
are needed for each channel.

On a demonstration board, using
four Xilinx Virtex FPGAs, Lillington
claims that he can handle in excess of
100MHz bandwidth signal at eight-bit
resolution and extract 1024 channels
with sharp (stop band rejection better

UPDATE

Extracting 30ps pulses switching between four frequencies and an 80GHz/s sweep
signal would give most spectrum analysers a headache. A pipeline frequency
transform can do it with very little hardware, claims its inventor.

than 75dB) filter characteristics.

With two XCV2000E FPGAs and
some RAM, an entire 4MHz band can
be monitored with better than 200Hz
resolution, an update rate of 200Hz, a
dynamic range of over 130dB and
pass band ripple of 0.2dB.

And this kind of performance is
where the threat to spectrum analysers
and warships comes from.

If these claims are correct, a few
FPGAs executing a PFT can spilt a
spectrum into narrow channels, with
little hardware, at very high speed and
in one go — with no need for sweeping
filters.

This performance makes good
spectrum analysers look pretty silly
and makes covert frequency-hopping
military signals stand out clearly from
surrounding noise.

As well as looking at instrumentation
and defence applications, RF Engines
is looking at communications
applications as PFT is suited to
decoding several comms modulation
schemes, particularly OFDM. This is
the coding scheme used in Digital
Audio Broadcasts and could well be
the coding technique chosen for 4G
mobile phones, said Lillington.

www.rfel.com
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UPDATE

Better and cheaper chip ESD protection

Improved circuitry for electrostatic
discharge (ESD) protection could
shrink /O areas on chips by 30 per
cent, according to developer Samnoff.

The chip process technology firm
developed the technology, called
TakeCharge! at its European sub-
sidiary in Belgium.

“We’ve found a way to shrink an
area of the IC, the /O and ESD
protection area, that’s been stuck at the
same size for years. We reduce it at
least 30 per cent, while improving
device performance,” said Koen
Verhaege, technical director for device

Camera technology sends pictures direct to Internet

Cambridge Consultants has unveiled
a digital camera concept product
called ‘SEE’. It has no memory to
store images: instead it writes direct
to the Internet, perhaps via a
Bluetooth link and a mobile phone.

SEE includes both stills and video
capability. A touch screen allows
images to be edited and a pen allows
messages to be added on top of
captured images.

Reconfigurable design tools aid
pipeline pigs

Pipeline inspection firm PII is using reconfigurable
hardware design tools in its ‘intelligent pigs’. The pigs are
autonomous inspection tools for pipelines that need
processing capability of up to 6Mbyte/s.

The Northumberland company will use Celoxica’s DK
software and Altera FPGAs to replace obsolete, custom
hardware in the pigs.

“We were using VHDL schematic entry tools but it was
a struggle to maintain our in-house VHDL capability,”
said Gary Brayson, team leader for electronic design at

“Each inspection tool, including circuits, drive
elements, data capture and storage, costs the company
around £6m to develop. Typically the return is realised
over a 10 to 15 year term of service so component
obsolescence between generations of inspection tool is a
major issue,” said Brayson.
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costs further.
Two other changes help improve

design at Samoff Europe.

“TakeCharge! typically allows $100
in extra parts to be placed on a wafer,
and often several times that figure,
with no additional masks or process
line changes.”;

Part of the process is to get rid of the
silicide blocking of transistors in the
/O area of the chip, a technique called
‘back-end-ballast’. This reduces
resistance in the diffusion and the gate,
thereby increasing speeds.

An added bonus is that if this is the
only use of silicide on the chip, then a
whole mask step is saved, reducing

of two to three.

In a 0.25um process, the ESD
circuitry held out against 8kV dis-
charges for over 10000 repetitions,
Samoff claimed.

in0.25, 0.18 and 0.13um CMOS,
while 0.35 and 0.11um are going

the first publicly named licensees of
the technique.

“The limits on file size and battery
life can compromise the potential of
digital cameras,” said Donna
Wilson, group leader with CCL’s
product definition team.

The camera will take up to one
hundred stills or half an hour of
video on one set of batteries, she
said.

SEE uses a VideoCore chip from
Alphamosaic, a recent spin-off from
Cambridge Consultants.

New £300 000 prize for mathematical
achievement

Mathematicians have long been denied the honour of being considered for
the Nobel Prize, so the setting up of their own special award should be
welcomed.

The Norwegian government has set up a prize for maths called the Abel,
after Norway's most famous mathematician Niels Henrik Abel.

The award will be made annually with a cash prize of around £300 000.

“An international prize in mathematics dedicated to his [Abel’s} name, is
an expression of the importance of mathematics, and is intended to
encourage students and researchers,” said Norway’s Prime Minister, Jens
Stoltenberg.

Niels Henrik Abel lived until the age of just 26 at the beginning of the
19th century. His countrymen rate his achievements alongside those of
Ibsen, Grieg and Munch, for their respective contributions to literature,
music and art.

Surgeons in New York remove French woman’s gall

bladder — while she’s still in France

A medical operation has been carried out by a remotely controlled robot.

Claimed to be the first use of Telemedicine, ‘Operation Lindbergh’
involved a team surgeons in New York and a patient in Strasbourg, France.

Surgeons in New York controlled a robotic system manufactured by
Computer Motion to remove the woman’s gall bladder. The link between
the surgeons and the robotic system was an end-to-end high-speed fibre
optic service provided by the France Telecom Group. The patient is said to
be recovering without complications.

www.websurg.com, www.eits,org and www,computermotion.com

ESD by up to 60 per cent and reduce
the area of the region by up to a factor

Test devices have been manufactured

through testing. Toshiba and Hynix are
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A new look a

Douglas Self has been investigating one of the lesser-

known classes of audio power amplifier - Class-G. His

findings reveal that this class is considerably more power-

efficient than Class-B when handling realistic signals.
Class-G has a reputation for sacrificing linearity for
efficiency, but the innovative design to be presented

features a distortion figure that’s lower than all but the

very best of Class-B.

to the best of my knowledge, no constructional pro-
ject for a Class-G amplifier has ever been published.
This deficiency is now remedied.

In the field of audio it is easy to find amplifiers less effi-
cient than Class-B; Class-AB is markedly less efficient at
the low end of an amplifier’s power capability, while it has
to be faced that Class-A squanders huge amounts of cner-
gy. Finding something with higher efficiency is rather
more difficult.

Class-D, using ultrasonic pulse-width modulation,
promises high efficiency and sometimes delivers it, but it
is inescapably an awkward technology. Class-D efficiency
depends crucially on details of circuit design and device
characteristics. The LC output filter will only give a flat
response into one load impedance, and there are daunting
EMC difficulties. It is not an attractive proposition for
high-quality amplifiers that must work with separate speak-
ers.

This pretty much leaves the Class-G principle, in which
power is drawn from either high or low voltage supplies as
the signal demands. This important technology is used
extensively in very-high-power amplifiers for large PA
systems, where the power savings can be crucial, and is
now appearing in home theatre applications; if you have
five amplifiers instead of two, their losses are significant.

C lass-G amplifiers have been around since 1976, but

Class-G has also recently begun (o appear in powerful
sub-woofers, and even in ADSL drivers. It has historical-
ly been used in high-power sonar transmitters, but since
these tend to be fitted to nuclear submarines, details are
scarce.

Basic principles of Class-G

It is the large peak-to-mean ratio of music that makes
possible improved efficiency in Class-G. By large peak-to-
mean ratio, [ mean that most of the time the power output
is much below the peak levels. Statistics on typical values
for this ratio for various kinds of music are surprisingly
hard to find, but it is generally accepted that the range
between 10dB for compressed rock, and 30dB for classical
matcrial, covers most circumstances.

Clearly, the signal spends most of its time at low powers,
if the peaks are much greater than the average level. As a
result, a low-powered amplifier will be much more effi-
cient. However, when the occasional high-power peaks do
come along, they must be catered for by some mechanism
that can draw high power, causing high internal dissipa-
tion, but only for brief periods.

In the usual Class-G configurations, there are two or
three pairs of supply rails; for most of the time lower out-
put levels are supplied from the lowest-voltage rails, with
a low voltage-drop between rail and output, and corre-
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spondingly low dissipation. The infrequent peaks above the
transition Jevel are supplied from the high-voltage pair of
rails.

Clearly the switching between railg is the heart of the
matter, and anyone who has ever done any circuit design
will immediately start thinking about how easy — or oth-
erwise — it will be to make this happen cleanly with a
20kHz signal.

There are two main ways to arrange the dual-rail system,
series and parallel, i.e. shunt. This article deals only with
the series configuration, as it seems to have had the great-
est application to hi-fi. The parallel version is more often
used in high-power PA amplifiers.

Series-configured Class-G

A series-type Class-G output stage with two rail voltages is
shown in Fig. 1. The inner devices are those that conduct
continuously; those that perform the rail-switching are the
outer devices.

In all cases in this article, the emitter-follower, or EF,
type of output stage is used; the complementary-feedback
pair, or CFP, configuration can be used for inner, outer, or
both sets of output devices, but [ fear [ have insufficient
space to deal properly with this issue here.

For maximum efficiency, the inner stage normally oper-
ates in Class-B, though there is no inherent reason why it
could not run in Class-AB or even Class-A; more on this
later. Therefore if the inner devices are in Class-B, and the
outer ones conduct for much less than 50% of a cycle, the
outer devices are effectively in Class-C.

According to the classification scheme I proposed in ref-
erence 1, this configuration is Class B+C. The plus sign
indicates the series connection of the outer and inner
devices. This basic configuration was developed by Hitachi
with the explicit intention of reducing amplifier power dis-
sipation2-3.

Musical signals spend most of their time at low levels,
due to the high peak/mean ratio. Dissipation is greatly
reduced by running off the lower =V, supply rails at these
times. The inner stage Tr3 4 operates essentially in normal
Class-B. Transistors Tr) 5 are the usual drivers and R, their
shared emitter resistor.

The usual temperature-compensated Vj,,, generator is
required, shown here split in half to maintain circuit sym-
metry when the stage is simulated; note that it is the inner
output devices whose tempcrature must be tracked.

Low-level supply power is drawn through diodes Dj 4.
These are often called the commutating diodes, because of
their rail-switching role. Using the word ‘commutation’
avoids confusion with the usual Class-B crossover at zero
volts.

When the positive-going instantaneous signal level
exceeds +V, D conducts, Trs and Trg turn on. Diode D;
turns off, so the entire output current is now drawn from
the higher +V, rail, with the voltage-drop and hence the
dissipation shared between Tr3 g. Negative-going signals
are handled the same way. Figure 2 shows how the col-
lectors of the inner power devices retreat away from the
output rail as it approaches the transition level.

Class-G is often said to have worse linearity than Class-
B, the blame being placed on problems with diode com-
mutation. As usual, received wisdom is only half of the
story, and there are other linearity problems that are not
due to sluggish diodes, as you will see shortly.

It is characteristic of Class-G that such glitches only
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Fig. 3. Power partition diagram for a conventional Class-B
amplifier handling a typical music signal with a triangular
probability-density function. X-axis is volume.
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Fig. 4. Power partition diagram for Class-G with V1/V2=30%.
Signal has a triangular PDF. X-axis is volume; outer devices
dissipate nothing until =15 dB is reached.

> P

%0 -2 15
Volume in {(dB)

Fig. 5. Power partition diagram for Class-G with V1/V2=60%.
Triangular PDF. Compared with Fig. 4, the inner devices
dissipate more and the outer devices almost nothing except at
maximum volume.

occur at moderate power or above, and they are weli dis-
placed away from the critical crossover region. A Class-G
amplifier has a low-power region of true Class-B linearity,
in much the same way as a Class-AB amplifier has a low-
power region of true Class-A performance.

Class-G and efficiency

The standard mathematical derivation of Class-B efficiency
with sinewave drive uses straightforward integration over
a half cycle to calculate internal dissipation against valt-
age-fraction, i.e. the fraction of possible voltage swing.

As is well known, dissipation reaches about 40% of max-
imum output power, at a voltage-fraction of 63%, which
also delivers 40% of maximum output power to the load.
The mathematics is simple, because the waveforms do not
vary with output level. Every possible idealisation is
assumed, such as zero quiescent current, no emitter resis-
tors, no V(.. losses and so on.

in Class-G, the waveforms are a strong function of out-
put level, requiring variable limits of integration... it all
gets rather unwieldy. The simulation method detailed in
reference 4 is much easier - if rather laborious - and can
be used with any input waveform, to yield a power-parti-
tion diagram, or PPD. This diagram shows how the power
being drawn from the supply is distributed between output
device dissipations and useful load power.

It is recognised that sinewaves and the like are very poor
simulations of music for this purpose. Their main advan-
tage is that they allow direct comparison with the purely
mathematical approach.

However, the whole raison d’etre of Class-G is power
saving. With this technology in particular, the waveform
used has a strong effect on the results. For this reason, |
have concentrated on the PPD of an amplifier with real
musical signals, or at any rate, their statistical representa-
tion. The details of the triangular probability distribution
function, or PDF, approach are given in reference 5.

Figure 3 is the triangular PDF PPD for conventional
Class-B EF, while Fig. 4 is that for Class G with V,=50V
and V=15V, i.e. with V/V,=30%. The PPD plots power
dissipated in all four output devices, the load, and the total
drawn from the supply rails. It shows how the input power
is partitioned between the load and the output devices. The
total sums to slightly less than the input power, the remain-
der being accounted for by the drivers and Re losses.

In Fig. 4, the lower area is the power in the inner devices
and the larger area just above is that in the outer devices;
there is only one area for each because in Class-B only one
device is on at a time.

The outer device dissipation is zero below the rail-
switching threshold at —15 dB ref maximum output. Total
device dissipation at full output is reduced from 48W in
Class-B 10 40W. At first glance, this may not appear to be
a good return for twice as many power transistors.

Figure 5 shows the same PPD but with V=50V and
V=30V, i.e. with V/V3=60%. Here, the low-dissipation
region now extends up to —6dB, but inner device dissipa-
tion is higher due to the increased lower rail voltages. The
overall result is that total device power at full output is
reduced from 48W in Class-B to 34W, which is a definite
improvement.

The efficiency is very sensitive to the ratio of rail voli-
ages used. Very few domestic amplifiers are operated at
full volume all the time. In real life, the lower V, voliage is
likely to give lower general dissipation. 1 do not suggest
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that V;/V,=30% is necessarily the optimum lower-rail
voltage for all situations, but it looks about right for
domestic hifi.

Practicalities
1 have wrestled with many ‘new and improved’ output
stages that proved to be anything but. My first thoughts on
Fig. 1 ran something like: “Will this work in SPICE sim-
ulation?” It did. "And will this work for real at 1kHz?”" It
did - first time.

The second question is more subtle than it looks. It is all
too easy to design complicated output stages that work
beautifully in simulation but prove impossible to stabilise
at HF. Some of the interesting output-triple configurations
seem to suffer from this.

1 also asked myself, “Will this work for real at 20kHz?”
It will - and indeed at 50kHz too. 1 haven’t pushed it fur-
ther. This is a very different question from “Will this work
for real at 1kHz?". It is quite possible to come up with a
configuration that either just does not work at 20kHz or is
provoked into oscillation that is not triggered by a 1kHz
stimulus.

Having settled these points, I proceeded with the design.

The biasing chain

The biasing requirements are rather more complex than for
Class-B. Two extra bias generators V.3 4 are required to
ensure Trg turns on before Tr; runs out of voltage. This
voltage is not critical, so long as it does not fall too low, or
become much too high. Fixed zener diodes of normal com-
mercial tolerance are quite good enough.

If this bias is set too low, so that the outer devices turn
on late, then the V., across Tr3 falls too low, and its current
capability declines; when evaluating this bear in mind the
lowest impedance load you plan to drive. Alternatively, if
the bias is 100 high, then the outer transistors turn on oo
early, and the dissipation in the inner devices is greater
than it need be.

If the bias is too high, this is less of a problem. If you're
in doubt, make this bias higher rather than lower. The orig-
inal Hitachi circuit in reference 1 put zener diodes in series
with the signal path to the inner drivers to set the output
quiescent bias, Fig. 6. This effectively subtracted their
voltage from the main bias generator, which was set up at
10V or so, much higher than usual. Simulation showed that
Zeners in the forward path caused poor linearity, which is
not exactly surprising.

There is also the problem that the quiescent conditions
will be affected by changes in the zener voltage. Also, if
the 10V bias generator is the usual V,, -multiplier, it will
have much too high a temperature coefficient for proper
thermal tracking.

To alleviate these problems, I rearranged the biasing as
in Figs 1 & 11; the amplifier forward path now goes
directly to the inner devices, and the extra bias voltages are

Fig. 7. Spikes due to charge storage of conventional diodes,
simulated at 10kHz. They only occur when the diodes turn
off, so there are only two per cycle. These spikes disappear
completely when Schottky diodes are used in the SPICE
model.

device
Class-C

b Dy

AUDIO DESIGN

Fig. 6. The original
Hitachi Class-G
biasing system, with
inner device bias
derived by subtracting
Vbiasz,4 from the main
bias generator.
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AUDIO DESIGN AUDIO DESIGN
Temperature : in the path to the outer devices; since these do not control rent when the collector voltage increases, even though the 11000 7 Er AT IS s S S et ras o o i Terperature: 25 0
"""""""""""""""""""""""""""""""""""""" the output directly, the linearity of this path is of little Ve remains constant. : ’-
Output importance. When unexpected distortion intrudes into a SPICE sim- : ‘
{ortage The zener diodes are out of the forward path and the bias ulation, and beta effects seem unlikely, a handy diagnostic p - :
generator can be a standard type. It must be thermally cou- technique is to turn off Early effect for each transistor in 0.9954 . ; :
pled to the inner power devices; the outer ones have no turn. In PSpice models the Early effect can be disabled by ' i~ '
effect on the quiescent conditions. setting the parameter VAF to a much higher value than the ! ' y l E
d default of 100. This quickly proved that the gain-steps Class A bt g
Linearity problems of series Class-G were caused wholly by Early effect acting on both inner 0,990+ //"_— - ‘. :
+15Virail Series Class-G has always had a question-mark against its drivers and inner output devices: the gain-steps are com- : '
linearity because of difficulties with the rail-switching. The pletely abolished. : 5 : :
diodes D3 4 must be power devices capable of handling a When Trg begins to act, Tr3’s V,, is no longer decreasing 3 . ;
dozen amps or so. as the output moves positive, but substantially constant as 2 985'5 . | | H
Conventional silicon rectifier diodes take a long time to the emitter of Trg moves upwards at the same rate as the ‘Class B f"ﬁ\ \/\a /‘—""\‘ :
turn off due to stored charge carriers. This has the follow- emitter of Try. This has the effect of a sudden change in 1 / o ', | ]
ing deleterious effect: when the voltage on the cathode of gain, which degrades linearity. 0 980-' ( | i :
Dj rises above V), the diode attempts to turn off abruptly. The effect appears to occur in both drivers and output ! :
L‘ Its charge carriers though sustain a brief but large reverse devices in equal measure. It can be easily eliminated in the E s
Blowscuirest current as they are swept from its junction. This current is drivers by powering them from the outer rather than the d i
\ : supplied by Trg, attempting as an emitter-follower to keep inner supply rail. This prevents the sudden changes in the 0.9754 4
its emitter up to the right potential. So far so good. rate in which driver V., varies. The improvement in lin- : 5
However, when the diode current ceases, Trg is still con- earity is seen in Fig. 10, where the gain-steps are halved A H
ducting heavily, due to its own charge-carrier storage. The in size. : :
_____________ Sy O ey BRI W TR o el e extra current it turned on to feed D3 in reverse now goes 0. 970 +------Fee gt ey ee e reahe-q
0s 20us 40us 60us 80us through Try's collector, which accepts it because of this -60v -40v ~20V -ov 20v 60V
o v(7) o 1(d3) Time transistor’s low V,,, and passes it onto the load via its emit- .o Vil
ter and emitter resistor. o’\g%’v y ) 2 : .
Fig. 8. Close-up of the diode transient. Diode current rises as output moves away This process is readily demonstrated by a SPICE com- Fig. 10. Connecting the inner driver collectors to the outer V, rails reduces Early
from zero, then reverses abruptly as charge carriers are swept out by reverse- mutation transient simulation, Figs 7 & 8. Note that there effect nonlinearities in them, and halves the transition gain-steps.
biasing. The spike on the output voltage is aligned with the sudden stop of the diode  are only two of these events per cycle - not four — as they Outer
reverse current. Frequency 10kHz. only occur when the diodes turn off. In the original Hitachi power
design, this problem was reportedly tackled by using fast Hevite Figure 11 shows the resulting circuit. Driver power dis-
transistors and relatively fast gold-doped diodes, but Class-C sipation is naturally increased, but this is such a small part
0, T X RIS TS LTS 1 s (S B Temperature: 25 according to reference 2, this was only partially successful. Vit of the total that the overall efficiency is not significantly
=y . O L It is now easy to eradicate this problem. Schottky power +15V degraded. It is clearly not practicable to apply the same
! i+ diodes are now readily available - as they were not in 1976 method to the output devices, because then the low-voltage
' ¢ — and they are much faster due to their lack of minority rail is never used and it isn't Class-G any more. The small-
0,995 ok g i carriers and charge storage. They also have the added signal stages before the drivers naturally have to work
s Gain step E advantage of a much lower forward voltage drop at large from the outer rails 10 generate the full voltage swing.
E e H 50A forward currents. At this stage we have eliminated the diode glitches, and
¢ E The only snag with Schottky power diodes is their rela- halved the size of the gain-steps. With these improvements
0990+ Class A v tively low reverse withstand voltage. Fortunately, the it is now practical to design a Class-G amplifier with mid-
: +  diodes are only exposed at worst to the difference between band THD below 0.002%. My second article on this topic
: ; V, and V), and this only in the low power domain of oper- shows how to do just that, presenting a complete, working
: »  ation. Class-G power amplifier design. [ ]
0.985+ - - ' Another good point about these components is that they in @ Ruoag
iClass B[ »  appear to be reasonably tough; I have subjected 50A J_ 145V
: {  Motorola devices to 60A-plus repeatedly without a failure.
1 : The spikes disappear compietely from the SPICE plot if
0.9804 ! the commutating diodes are Schottky rectifiers. Motorola
: i MBRS025L diodes capable of SOA and 25 PIV were used
E 2 in simulation.
4 ' of i3 ; Vi~
Loy ¢+ Static linearity 215V
: ' Spice simulation reveals in Fig. 9 that the static linearity — References
! i ie. that revealed by a DC analysis - is distinctly inferior to 1. Self, D., ‘Self On Audio’ Newnes, ISBN 0-7506-4765-5, p. 347.
DRG0 R el L e L R — oy s . St i Class-B. There is the usual gain-wobble around the 2. Sampei er al, "Highest Efficiency & Super Quality Audio Amplifier Using
~60V —40V 20V -0V 20V 40V 60V crossover region, exactly as for straight Class-B, but also MOS Power FETs in Class-G Operation’ [EEE Trans on Consumer
5 VIN there are now gain-steps at +16V. Electronics, Vol CE-24, No 3, Aug. 1978, p. 300.

The result with the inner devices biased into push-pull v 3. Feldman, "Class-G High Efficiency Hi-Fi Amplifier’, Radio-Electronics,
0’2

Class-A is also shown, and proves that the gain-steps are st Aug. 1976, p. 47.
not related to crossover distortion. Since this a DC analy- 4. Self, D., 'Self On Audio’, Newnes, ISBN 0-7506-4765-5, p. 369 (simulation

Fig. 9. SPICE simulation shows variations in the incremental gain of an EF-type
Class-G series output stage. The gain-steps at transition - at 16V - are due to

Ear{y effect in the transistors, The Clafs-A trace is the top one, with Class-8 \ sis, the steps cannot be due to diode switching-speed or g, . ) PPD).
optimal below. For both, the inner driver collectors are connected to the switched  1her dynamic phenomena, and Early effect was immedi- f'g- 1. Class-G output stage with inner drivers powered 5. Self, D., ‘Self On Audio’ Newnes, ISBN 0-7506-4765-5, p. 386. (Triangular
inner rails, i.e: the innet power detice colleclors, as in Fig. 1. ately suspected. Early effect is the increase in collector cur- i Ersaptyrals PDF).
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www.QuasarElectronics.com

Dept. EE, Unit 14 Sunningdale, BISKOPS STORTHORD, Herts, CZs 2PR

FAX: 07092 203496

'I'EL: 01279 467799

Our electronic kits are supplied complete with afl components, high quality PCBs
{NOT cheap Tripad strip board!) and detailed assembly/operating Instructions

* 2 125W CAR BOOSTER AMPLIFIER Connects 1o the
output of an esting Car stereo Cassette playe:, CD player
or 1adio Heatsinks provided PCB 76x75mm. 1046K7,
£24.95

* 3-CHANNEL WIRELESS LIGHT MODULATOR

No glectrical connection with amplifies Light modulation
achieved via a sensitive eiectret microphone. Separate
sensitivity control pef channel Power handwng 300W/
channet PCB S4x112mm Mains powsred Box pronded
BOVAKT £24.95

» 12 AUNNING LIGHT EFFECT Exciting 12 LED light effect
1deal for partws. discos, $hop-windows & eye-catching
signs. PCB ges.gn aliows replacemaent of LEDS with 220V
buibs by nserting 3 TRIACS Agjustabie rotation speed &
direchon PCB S4x112mem. 1026KT £15.95; Box {tor maing
operation) 20268X £9.99

* (ISCO STROBE LIGHT

Probadiy the most excaing of all hgnt eftacts Very bnght
strobe lube Adpustable strobe frequency. 1-60Hz Mains
powered PC8 60xb8mm Box provided 6037KT £28.95

« ANIMAL SOUNOS

Cat, dog chicken & cow deai for lnds farmyard toys &
schools SG10M 313.95 £5 95

* 3% DIGIT LED PANEL METER

Uss 1or basic voltage/current dispidys of customise 1o
measure the temperature, fight, wesght. movement. sound
levels, #1c with appropriale sensors (ot supplied]. Vanous
nout circuit designs peowded 306IKT £13.9%

* IR REMOTE TOGGLE SWITCH

Use any TV/VCR remote controf unit to swatch onboarg 12v7
1A relay onvott. 3058KT £9.95

» SPEED CONTROLLER tor any common DC motor up to
100V/SA. Pylse wadth modulation grves maxmum torque al
it Speeds 5-15VDG. Box prowded 3067KT £12.96

338 CHANNEL IR RELAY BOARD

Control eight §2VAA reiays by Infra Red (R} remote control
Over 2 20m @nge in sunight 6 relays tum on only 2 toggle
onvoft 3 opsration ranges determined by uMpers
Transmitter case & all components provided Receiver PCB
76x89mm 3072KT £52.98

SURVEILLANCE

HIgh Derformance SuraNaNcE 5ugs AOOM DINSITATETS SCD'NC 1T SANSOVE NeCtTe! MeCrophone & Dafiery Moigwi/cip Ad TansowaIws
o D8 1aceved On 8 DTNy YWF/EM racho Detweert 89- 100MMZ Avadadie it KA Form (KT) or Assembled & Testes (AS)

ROOM SURVEILLANCE

» MIX - MINIATURE 3V TRANSMITTER Easy to buls &
Quarantesd to transmat 300m @ IV Long dattery Ide 3-5V
aperaton Only 45x18mm. 3007KT £9.95 AS3007 £11 95
MRTX=~ MINIATURE 3v TRANSMITTER OQur best seilmg bug
Super sansitive, high power — S00m range © Sv (over 1km
with 18V supply and beter aeral). 45x19mm. 3018 KT £7.98
AS3018 £12,95

HPIX - HIOH POWER TRANSMITTER High pertormance, 2
stage tranamittar gives

greater stabiity & Righer

quality recaption 1000m

range 6-12v DC operation e
Size T0x1Smm. g
3032KT£9.95 AS3032 £13 98

* MMTX - MICRO-MINIATURE 9V TRANSMITTER The
uitimate bug for Rs size, performance ang price. Just
i} 500m range € 9¥. Good staddity. 6-18V operation
30S1KT €8 95 AS3051 £14.95

» YTX~VOICE ACTIVATEO TRANSMITTER Operates ooy when
sounds Oetected Low standdy current. Variabie trigger
sensithaty. 500m range Peaking Grtunt suppued for madmum
RF out-put Onvef! switch 8V operation. Only 83x38mm
3028KT £12.95 AS3028 £21.95

HARD-WIREQ BUG/TWOD STATION INTERCOM Each station
1as s own amplfier. speaker and mic. Can be set up as
®ther & harg-wired bug o two-station mtercom 10m X 2+
core cabiq supplied 9V operation J621KT £15.95 (kit form
only)

TRVS - TAPE RECOROER VOX SWITCH tUsed b0 automatically
opetate a tape recorder { not supplied) vis s REMOTE socket
when Sounds are detected. All conversations recorded
Adustable sensdivity & turn-off delay 1t5x19mm_ 3013KT
[9 95 AS3013£21.95

TELEPHONE SURVEILLANCE

© MTTX ~ MINIATURE TELEPNONE TRANSMITTER
Attaches anywhbere 10 phane hine. Transmits only when
phoae 13 used! Tune-n your racio 3nd hear doth parties
300m range Uses ing as aerat 8 power source 20xéSmm
3016KT El 9553016 £14.9%

© TR! - TELEPHONE RECORDING INTERFACE Automatcally
recard all conversadon Connects between phone line &
tage pecorer { RO supplied). Dperates recorders with 1.5~
1.2V battery systems Powered trom hine. 50x33mm
303IKT £9.95 AS3033 £18.95

o TPA - TELEPNONE PICK-UP AMPLIFIER/WIRELESS
PHONE BUG Place pick-uo con on the phone line Of near
phone earpiece and hear both sides of the conversabon
3055KT £11.95 AS3055 £20 98

HIGH POWER TRANSMITTERS

<1 WATT FM TRANSMITTER FEasy to construct Delivers a
crisp, clear signal. Two-stage circuit. Kit includes
Microphone and requires 3 Simple open dipole aeral 8-
OVDC. PCB 82:45mm. 1009KT £14.95

* 4 WATT FM TRANSMITTER Comprises three RF stages
and an Judio preamplifier stage Prezosectnc microphone
Suppied Of you Can use & separale preampliher Circult
Antenna can be an coen dipole or Ground Plane ideal project
fot those who wash 10 get started » the Rascinabon worid
of FM broadeasting ang want 3 good basic circudt 10
expenment with. 12-18VDC. PCB 4<x146mm. 1028KT.
£22.95 AS1028 £34 95

« 15 WATT FM TRANSMITTER { PRE-ASSEMBLED &
TESTED) Four transrstr based stages with Philips BLYS3
in final stage 15 Watts RF power on the ale. 83-108MHz.
Accepts open oipole, Ground Plane, $/8. J. or YAG)
antennas. 12-18VDC PCO 70x220mm SWS meter nesde
for abgnment 1021KT £99 95

© SIMILAR TO ABOVE BUT 25W Ostput. 1039KT £109 95

Order RM

urnmer
Assembied AS3123

ATMEL 89xxxx Programmer

Powerlul programmes for Atmel 8051 micro controlier
family, All fuse and lock bits are programmable. Connects to
senal port. Can be used with ANY computer & operating
system. 4 LEDs t0 indicate programming status. Supports
891051, 89C2051, 89C4051, 89C51, 89LVS1, 89C52,
89LV52, 89C55, 8ILVSS, 8358252,

89158252, 89553 & 89LSS3 devices. KO special software
required — uses any terminal emulator program (duik into

Windows). NB ZIF sockets not Included.

» SOUND EFFECTS GENERATOR Easy to builg. Create an
almost ifinke varsety of Interesting/unusual sound
effects from birds chirping t0 sikens. SVDC PCB
54x85mm 1045KT £8 95

« ROBOT VOICE EFFECT Make your voice sound simitar
to a tobot or Darkek Great fun for discos, schodl piays,
thaatre productons. radio stations & piaying jokes on
your [rends when answering the phone! PCB 42x7 tmm
T13IKT £8.95

» AUDID TO LIGHT MOOULATOR Conirois intensdy of
one or more lights in response to an audio input. Safe.
modern p10-Coupler design Mains vottage expenience
required. 3032KT £8.95

« MUSIC BOX Activated by light Plays 8 Christmas
songs and 5 othes tunes 3104KT £7.98

« 20 RECOROER SECONO VOICE Uses noavolatile
memary - no battery backup needed Record/repiay
messages over & over. Playback as requised to greet
Customers eic. Valume control & buit-in mic. 6VDC
PCB S0x73mm

313IKT £12.95

«TRAIN SOUNDS 4 selectabie sounds whistie blowing,
level crossing dell, clickety-clack & 4 in sequence
SGO1IM £8.85

Eg FACTOR
PUBLICATIONS

THE EXPERTS IN RARE &
UNUSUAL INFORMATION

Full oeads of 37 X -FACTOR PUBL ICATIONS can 2 hound It o
catatogoe WD, Mavewem 01082 chavpe for reperts and plas & £3.00
ALUS nomis PEP.

* SUPER-EAR LISTENING DEVICE Complete plans 1o build
your own parabolic dish microphione Listen 10 distant vorces
2nd s0unds through open windows and even walls! Mace
from readily avalabie parts ROO8 £3.50.

« LOCKS Mow they work and how 10 prck them Thes fact
filled report wili Jeach you more about iocks and the art of
1ok picking than mamy DOOKS we have seen at 4 himes the
price Packed with information and ilustrations R00S £3.50
» RADIC 8 TV JOKER PLANS We show you how 10 bulld thres
diftecent circurts for disrupbing TV picture and sound plus FM
ragip. May upset your neighbours & 1he authoritiesth
OISCRETION REOUIRED, 017 £3.50

<INFINITY TRANSMITTER PLANS MM‘ plars for busding
the famous Infinity Transmittet. Dnce instailed on the target
phone. devics acts fike 3 r0om bug. Just call the target phore
& actvate the uni to hear aWl ro0m sounds Great far home/
office security | RO19 £3.50

« TNE ETHER BOX CALL INTERCEPTOR PLANS Grabs
telephone calls out of thin a1 NO need 10 wire-in 8 phone
bug Simply piace this device aear the phone lings to hear
the conversations aking place! RO2S £3 00

» CASH CREATOR BUSINESS REPORTS Need kieas for
making S0me cash? Weil this could be st what your need!
You get 40 reparts (approx . 800 pages) on Mappy disk that
Qive you miormat:on oA sething up ditterent businesses You
480 gt valuabie reproduction and duplication rights so that
you can sell the manuals as you kke R03Q £7.50

« PC CONTROLLEO RELAY BOARO
Convert any 286 upward PC into a dedicated automatic
controtier (0 independently tTum On/off UP 10 eight lights,
motors & other devices around the home. office. laboratory
o tactory using 8 240VAC/12A onboard relays DOS wtitftes,
sample test program, full-featured Windows utilty & all
components (except cable) providad. 12v0C. PCE
70x200mm. 3074KT £31.95
* 2 CHANNEL UHF RELAY SWITCH Contains the same
transmitter/receiver pair as 30A15 below plus the
components and PCB to conrol two 24DVAC/10A relays
{also supplied) Uhra brght LEOS used to indicate relay
status 3082KT £27.95
* TRANSMITTER RECEIVER PAJR . 2-button keytod style
300-37SMHz Tx with 30m range. Recever encoder module
with matched decoder IC. Components Must be buik into
circuit ke ket 3082 above 30A1S £14.95
PIC 16C71 FOUR SEAVO MOTOR DRIVER Sumuttanaousty
control up to & serve motot. Software & all components
(except servos/control pots) supplied. SVOC. PCB
SOx70mm  3102KT £15.95
» UNIPOLAR STEPPER MOTOR DRIVER tor any 5678 tead
motor. Fasi/siow & single step rates Direction control &
onvofl Switch \Vave, 2-phase & halt-wave step modes 4
LED indicators. PCB S0x65mm. 3109KT £14.95
* PC CONTROLLEO STEPPER MOTOR DRIVER
Control two unipolar steppe motors {3A max. eacn) via PC
printer port, Wave, 2-phase & halt-wave step modes
Software accepts 4 aigital inputs trom external switches &
with single step motors PCB fits in D-shell case proviced
3113KT £17.95
+12-8IT PC OATA ACOUISITION/CONTROL UNIT Simitar to
kit 3093 above but uses a 12 bit Analogue 10-Oigital
Converter (ADC) with imternal analogue muttipiexor Reads
8 single ended channets or 4 dtterential iInputs or a modure
of both. Analogue inputs read 0-4v. Four TTL/CMOS
compatibie digital input/outputs ADC conversion time<iOuS
Sottware (C, DB & Win), extended D shell case & 3)l compo-
nents (except sensors & cabie) proviced JIIBKT £52.95
+ LIQUIO LEVEL SENSOR/MAIN ALARM Wi indicate fhud
Jeveis O $IMply the presence of Huid. Retay output to control
2 pump 1o atc/rernave waiter when & reaches 3 certain Tevel
1080KT £5.95
+ AM RAOID KIT 1 Tuned Racdho Frequency trontend, single
chip AM adio iC & 2 stages of audio amphtication. AJl
inc. speaker idea. PCB 32x102mm.
3063KT £10.95
< ORILL SPEEO CONTROLLER Adjust the speed of your
electric drifl accarding to the job at hand Suttable for 240V
AC mans pawered drills up to 700W power PCB. 48mm x
65mm. Box provided. 6074KT £17.95

-
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* 3 INPUT MONO MIXER independent level control
for each put and separate bass/rebls controls
Input sensitivity: 240mV. 18V DC. PCB. 60mm x
185mm 1052KT £18.95

* NEGATIVE/POSITIVE ION GENERATOR

Standard Cockeroft-Walton multiplier circuit. Mains
voltage experience required. 3057KT £10.95

 LEO 0ICE Classic tntro to electronics & circuit
analysis, 7 LEDs simulate dice roll, slow down &
land on a number at random. §5$ 1C circuit
3003KT £9.95

» STAIRWAY TO HEAVEN Tests hand-eye co-
ordination. Press switch when green segment of
LED tights to cimb the stairway - miss & Start
againt Good intro to several basic circults. 3005KT
£9.95

* ROULETTE LEO Bail spins round the wheal, Slows
down & drops into a shot. 10 LED's Good intro to
CMOS decade counters & Op-Amps 3006KT
£10.95

* 9V XENON TUBE FLASHER Transtormer circuit
steps up 9V battety to flash a 25mm Xenon tube
Adjustable flash rate (0.25-2 Secs). 3022KT £11.95
*LED FLASHER 1 5 ultra bright red LED's flash in 7
selectable patterns 3037MKT £5.95

* LEO FLASHER 2 Similas to above byt flash in
sequence or randomiy idea! for model railways.
3052MKT £5.95

« INTROOUCTION TO PIC PROGRAMMING. Learn
programming from scratch. Programming
hardware. a P16FS4 ctip and a two-part, practicat,
hands-on tutoriat sertes are provided, 3081KT
£22.95%

« SERIAL P)C PROGRAMMER for 2/l 8/18/28/40
pin DIP seral programmed PICS. Shareware
software supplied limfted to programming 256
dytes {registration costs £14 95). 3096KT £13.95
= ATMEL 89Cx051 PROGRAMMER Simpie-touse
yet powerful programmer for the Atmel 89C1051,
89C2051 & 89C4051 uC's. Programmer does NOT
require special Software other than a terminat
amulator program (built into Windows). Can be
usad with ANY computer/operating System.
I121KT £24.95

» 3VA.5V TD 9v BATTERY CONVERTER Replace
expensive 9V batteries with economic 1.5V
batteries. 1C based ¢ircurt steps up 1 or 2 *AA"
tatteries to give SV/18mA. 3035KT £5.95

* STABILISEC POWER SUPPLY 3-30v/2 5A

1deal for hobbytst & p | fab y. Vety
reiiable & versatile design at an extremely
reasonable price: Short circult protection. Variable
OC voitages (3-30V). Rated output 2.5 Amps. Large
heatsink supplied. You just supply 3 24VAC/3A
transtormer. PCB 55x112mm. Mains operation
1007KT £16.95

v STABILSEQ POWER SUPPLY 2-30V/SA As it 1007
above but ated at SAmp Requires a

24VAC/5A transtormer. 1096KT £27.95.

« MOTORBIKE ALARM Uses reltable vibratlon
sensor {. y) 10 detect

0of the brke to trigger the aiarm & switch the output
relay 10 which a siren, bites horn. Indicators ar
other warning device can be attached. Auto-reset,
6-12v0C. PCB §7x64mm. 1011KT £11.95 Box
20118X £7.00

* CAR ALARM SYSTEM Protect your car from
theft. Features vibration sensor. courtesy/boot light
voltage drop senscr and bonnel/boot earth switch
sensof. Entry/ext delays. auto-reset and adjustable
alarm duration. 6-12vDC. PC8: 47mm K 55mm
1019KT £11.95 Box 20198X £8.00

» PIEZ0 SCREAMER 11008 of ear piercing notse
Fits In box with 2 x 35mm piezo elements buift
ino their own resonant cavity. Use as an alarm
siren or just tor fun! 6-9vOC 3015KT £10.95

» COMBINATION LOCK Versatile electronic lock
comprising main circult & separate keypad for
remote opening of fock. Retay supplied. 3029KT
£10.95

» ULTRASONIC MOVEMENT OETECTOR Crystal
locked detector frequency for stability & relrability.
PCB 75mmx40mm houses all components. 4-7m
range. Adjustable sensitivity. Qutput will drive
external relay/circuits 9VOC 3049KT £13.95
»PIR DETECTOR MOOULE 3-lead assembled unit
just 25x35mm as used M commercial burglar
alarms systems. 3076KT £8.95

« INFRARED SECURITY BEAM When the Invisible
IR beam is broken a retay is tripped that can be
used 10 sound a bell or atarm. 25 metre range.
Mains rated relays provided. 12VDC operation.
3130KT. £12.95

* SOUARE WAVE OSCILLATOR Generates square
waves at 6 preset frequencies infactors of 10 from
1H100KH2. Visual output Indicator. 5-18V0C.
Box provided 3111KT £8.95

» PC ORIVEN POCKET SAMPLER/DATA LOGGER
Anaiogue vohage sampler records voltages up to
2V or 20V over periods from milli-,seconds to
months. Can also be used as a simple digital scope
to examine audic & other signals up 10 about
SKHz. Software & 0-shell case provided. 3112KT
£18.95

* 20 MHz FUNCTION GENERATOR Sguare. tri
angular and sine waveform up to 20MHz over 3
ranges using ‘coarse’ and “fine’ trequency adjust-
ment controls, Adjustable output from 0-2V p-p.
A TTL output IS aiso provided for connection to a
frequancy meter. Uses MAX038 IC. Pastic case
with printed front/rear paneis & ad componants
provided, 7-12VAC. 3101IKT £69.95

=Sajes§ pie) JpaiL)

66LLOY GLZTO

puY!

much more! NO

30-in-ONE
Electronic Project Lab

Graat introduction to electronics. Ideal for the budding
electronics expert! Build a radio, burglar alarm, water detector,
morse code practice circurt, simple computer crcurts, and

Q. 100iS Or p ¢

(phone for buik discount)

knowiedge required. Circuits can be buift and unassembled
repeatedly. Comprenensive 68-page manual with explanations,
schematics and assembly dagrams. Sutable for age 10«.
Excellent for schoots, Requires 2 x AA batteries. ONLY £14.95
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READER OFRFEERS

KENWOOD

CS4125A 20MHz 2 Channe! £ 299.00
CS4135A 40MHz 2 Channe! £ 450.00
{Comptete with x1: x10 Probes)

£81010% 0MHz Single Tigee
(snciugay *so0e) €158.00

TAC 30-3
TAC 30-6

ALL PRICES INCLUDE VAT AND DELIVERY IN UK

Tecstar Electronics Ltd
1 Nuffield Road. St. Ilves, Cambridgeshire. PE27 3LX

Kenwood and Tecstar test and measurement range:
CD/DVD Test AV Test *Oscilloscopes *Power

TAC 30-3D Ouat 0 {0 30v G0 3 A 00
Single 010 30V 0t 3 A
Single 0o 30V Qo8 A

£185.00
£293.00

Send the coupon or order by phone quoting Ref W1001

Post Code ......
Credit card No.

Expires Date .....

Amount £.......
Telephone No.

Liet items required......c.cccceiiiiancasonnaans

Allow up to 28 days lor dalivery

Supplies *Generators *Meters *PMR Radio

www.tecstar.co.uk

Tel;01480 399499 Fax: 01480 399503
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KENWOOD

SPECIAL OFFERS

TEKTRONIX 2445A 4 Ch 150MH2
Delay, Cursorsetc. ONLY @
Supplied with 2 Tektronix probes

TEXTRONIX 2232 Digitat Storage Scope. Oual Trace 100
MS with probes ... _£525
H.P. 54501A Oxgrtizing Oscilloscope 100MHz. 4Ch, £425
H.P. 33124 Fun Gen 0 1Hz-13MHz AWFM Sweep / Tri /
Gate / Burst et £300
FARNELL Duel PSU XA35-2T 0-35V 0-2A Twice UMD

LCO Orsy

URRUS 1254 Sound Levél Meter with Callbvw 80
{OOVSTDNE 1002 Recerver 150!011 30MH1 .
Broadcast FM. Unused £125
fAR'CLL AMM25S Automatic Mod Meter I SMHI 22%
FARNELL DSGT tow F'EQUMC?T_,HIS Geﬂ 0.0001H2

to 99 OOkNL Low Distortion vare l Pulse
Outputs etc €95
FLUIG 80604 Nandneu True RMS MM 44 o

ot .. RS TEW £150.

MARCONI 2019A

AM/FM synthesised signal
generator 80kHz-1040kHz
NOW ONLY

MARCONI 893C AF Power Meter Sinag Measurement
Unused £100

Used £60
MARCON! 8938 - ho Sinad.... £30
MARCON) 2610 True RMS Voltmeter Autorangin SHz-
25MHz £195
GOULD J38 SinesSq Osc 10HzZ-100KMz. Low dist 56125

AVO 8 M«6 in Ever Ready Case, with ieads ofS.. £80
Others Avos from £50
GOODWILL GVT427 Dual Ch AC Millvoltmeter tOmMVe

300V in 12 Ranges Freq 10Hz-1MHz ... ... £100£125
SOLARTRON 7150 DMM 6% dignt True RMS - IEEE £95-£150
SOLARTRON 7150 PWSeenes . snsaneens OO0
RACAL TRUE RMS VOLTMETERS
9300 SHz-20MHZ usabie to 60MHz. 10V-316V ..£95
93008 Version £150
930173302 RF Version to 1.5GHz from..........

AF T .£200-£300
::“ 33/1’9 lseun Geﬂ 0. oosm-swu Sine /Sq/ ré ’25 g A R
mnm LFM4 Sine/Sq Osciltator 10H2-1MHz low 9904 Uneversal Thmer Counter, 50MHE 250
distortion. TTL Dutput Ampiitude Meter.........£125 3916 Counter, 10rz-520M:. 15
g‘ 1; 535A Logic Probe with 5464 Logic Pulser anum 9918 Counter, 10Hz-560MHz. S-sigh --£50
A Curent
&3& % geumma;er 34 dight Handheld. SOLARTRON 7045 BENCH
rnes
HEVE 1000 LCO Camp Were 00-1030A In MULTIMETER
Carrying Case. it 4% digit BRIGHT
AUTOMATIC m ONLY @
MODULATION ~TRL T'S SO CHEAP YOU SHOULD HAVE [T AS A SPARE
METER AM/FM ONLY @
= HUNTRON TRACKER Magel 1000, £125
PoldHz 2l H.P 5315A Unwversa) Counter, 1GHz, 2-ch £80
H.P, 8494A Attenualor DC-4GHz 0-1108 N/SMA £250  FLUKE BOSOA OMM 4% digt 24 True RMS £75
H.P, 8492A Attenualor DC-18GHz 0-60B APC7 €95 FLUKE B010A OMM 3% digt 10A .£50
MANY OTHER ATTENUATORS, LOADS, MARCONI TF2015 AM/FM sig gen. 10-520MMz £175
COUPLERS el¢ AVAILABLE R{AVC;LL 9%)2 0%«:‘ :.“,’,% gm 1 5»1::}33:: :fw
1) 3
DATRON 1061 HIGH QUALITY 5% | Sy Mo beten omates ouns et cupied)
DIGIT BENCH MULTIMETER .
True RMS/4 wire Res/Curren TIME 2051 Ugw Ghm ResiBox @D
Convertor/IEEE 0.010hm steps. Unused

STEWART of READING
110 WYKEHAM ROAD, READING, BERKS RGS6 1PL

GOULD 0S 300 OSCILLOSCOPE
- == DUAL TRACE
P 20MHz TESTED

s 94 | WITH @
S MANUAL
MARCONI 2024 Sig Gen 9&Hz-2.4GH2... .£3000
MARCONI 2022E Synthesisad AWFM Sig Gen. £525-£750
10kM2-1.01GHz LCO Display etc
WP, 8657A Synthes:sed 2-18GHz Sig Gen.............. £4000
H.P 8657A Synthes:sea 100kHz-1040MHz Sig Gen. . £2000
H.P. 86568 Synthesised 100kH2-990MHz Sig Gen. . £1350
H P 8856A Synihesised 100kHz-990MH2 Sig Gen.......£995
H.P. 8640A AM/FM S00Hz-1024MH2 Sig Gen £400
HP 8640A AMFM 500kHz-S12MHz Sig Gen. £250
PHILIPS PM5328 100kHZ- 180MHKz with 200MHz Sig Gen
Freq Counter IEEE ... 6550
RACAL 9081 Synth AMFM Sig Geﬂ 5-520MHz .£250
H.P. 3325A Synth Functon Gen 21MH2 €600

MARCON 6500 Ampiitude Anatyser .£1500
H.P. 4275A LCR Meter 10ikHz-10MHz 82750
H.P. 83034 Distornon Amalyser -£1000
WAYNE KERR 3245 inductance Analyser ... .£2000
H.P BY12A Pulse Generator SOMMHz.............. .£1250
OATRON AgtoCal Multimeter 5%-7'4 dml 1065/1 061N/
1071 _trom £300-£600
MARCONI 2440 Frecuency Counter 20GHz. ...£1000
H.P 53508 Fraquency Counter 20GHz, .£2000
WP 5342A 10Hz-18GHz Frequency Counter . £800

BAK Accelerometsr type 4366.. £300
H.P. 116920 Dual Orrectonal Coupler 2MHz-18GHz  £1600
H.P. 116910 Dual Directhona) Coupler 2MH2-18GHz...£1250
TEKTRONIX PE1098 Probe 100MHz Readout Unused...£60
TEKTRONIX P6106A Prode 250MHz Readouk Unused...£85
WP, Logic Anatyser 80 Channel £1000
MARCONI 2305 Modt meter, S00KMz-2GH2 £750

ROHOE & SCHWARZ APK 62

SYNTHESISED 1Hz- 260k Hz
SIGNAL GENERATOR. BALANCED/
UN-BALANCEO OUTPUT. LCO OISPLAY

WP 80128 OC PSU 0-60V. 0-50A 1000W. .£1000
FARNELL APSO/50 $kW Autoranging ... .. £1000
FARNELL H60/50 0-60V; 0-50A.... £750
FARNELL H60v25 0-60V; =254, .£400
Power Supply HPS3010 0-30V, 0-10A. £120
FARNELL L30-2 0-30V. 0-2A £80
FARNELL L30-1 0-30V, 0~ 1A oo £60
Many other Power Suppies avaiabie

Isoating Transtormer 240V InvOu1 S00VA. £40
| PORTABLE APPLIANCE TESTER

MEGGER PAT2  Only

RADIO COMMUNICATIONS TEST SETS

MARCONI 2955/2955A from €1 500
SCHLUMBERGER 4040

ADVANTEST R4131B 10kHz-3.6GHz Synth
H.P. 8591E 1MHz-1.8GHz 75 Ohm e £4500
EATON/AILTECH 757 0.001-22GHz . £1500
H.P. 85588 with Main frame 100kHz-1500MHz. £1250
H.P. 853A (Dig Frame) with 85584 100kH2-21GH......

et 0, 2250

H.P 3580A Aud Analysev SHz-50KHz. As new.£1000
B & K 2033R Signal Anatyser...... -£1500
H.P. 182 with 8557 10kH2-350MHz. ...... ..£500
MARCONI 2370 30Hz-110MHz..... ....from £500

HP141 Systems 8553 1kHz-110MHz from . £500
8554 SODKH2-1250MHz from £750, 8555 10MHz-
18GH; from £1000

H.P 5372 Frequeﬁ & ﬂme Interval Anaisevmso

TEKTRONIX TOS380 Dual Trace 400MHz 26/S.£2000
TEXTRONIX TOS350 Duat Trace 2000Hz 1675 ...
Unused EISOO
IEKIRONIX T0$320 Dual Trace 100MHz S00MAS......
£1200
TEXTRONIX 705310 Dual Tuee SOMHZ 200M/5.£950
LECROY 34004 Dual Trace 175MHz 5G/S..... .. £1500
TEKTRONIX TAS485 4 Ch 2001Hz etc .. Unused £300
TEKTRONIX THS720A Dval Trace L.C.O. 100MHz
S00M .Unused £900
HITACHI VCBSZ:! Ouai 'I'uce 20MHz 20MS/S Deiay
Cursor, etc ... UNUSED £600
PHILIPS PM3092 202 Ch 200MHz. Delay etc £800. .
As new £950
PHILIPS PMJO&Z 202 Ch 100MHz Delay et £700.....
As new £800
TEK TAS465 Dual 'l’uce IOOM'Iz. Delay ..........E750
TEK 24658 4 Ch 400MHz. Defay Curs . ..£1500
TEK 2465 4 Ch 300MHz. Delay Curs.......coue.rr.n£900
TEK 2445/A/8 4Ch 150MHz. Oelay etc...... £500-£900
TEK 468 Dig Storage. Dua) 100MHz Delay ..........£450

TEK 466 Analogue Storage. Oual 100MHz .. £250
TEK 485 Dual Trace 350MH2. Defay.......co.... £550
TEX 475 Dual Trace 200 MH2. Delay. -£400
TEK 4658 Dual Trace 100MHz. Defay .. ... £325

PHILIPS PM3217 Dual Trace SOMHz Delay . £200-£250
GOULD DS1100 Dual Trace 30MMz Delay ..........£200

HAMEG HM303.4 Oual Trace 30MHz ... - £325
HAMEG HM303 Dual Trace 30MHz oo £300
HAMEG HM203.7 Gual Trace 20MHz ...£250
FARNELL DTV20 Oual Trace 20MHz .£180

MANY OTHER OSCILLOSCOPES AVAILABLE
RACAL RECEIVER RA1772

kHz-30MH £250

m Telephone: (0118) 9268041 Faxc (0118) 9351696

Callers weicome 9am-5.30pm Monday to Friday (other times by arrangement)

SED EOUII’MENT GUAHANTEED Manuals supplied
This is VERY SMALL SAMPLE OF STOCK. SAE or telephone tor lists. Please check availability before
ordering. CARRIAGE all units £16, VAT 10 be added 1o total of goods and carrage.
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Joe Carr explains the basics of
one of the hottest topics in
today’s electronics design arena -
EMI shielding. In this first article
of a set of two, Joe gives
practical tips on grounding the
circuit and its shield, and on
physical enclosure requirements.

t is almost an article of religion in electronics that
shielding electronic circuits prevents EMI
problems. A good shield will keep undesired
signals inside in the case of a transmitter — or
outside in the case of other forms of circuits.

All transmitters generate harmonics and other
spurious signals. If they are radiated, then they will
interfere with other services. Signals that go out
through the antenna terminal usually pass through
either tuning or filtering networks, which tend to clean
up the emission. But if the circuits are not shielded,
then direct radiation from the chassis will defeat the
effects of the filtering.

In theory, shields are a good idea. Unfortunately
though, many shields are essentially useless. In some
cases, they may even cause more problems than they
cure. The problem is not just on transmitters, or even
just RF circuits in general, but on all electronic
circuits. I once worked with medical and scientific
electronic instruments that rarely used frequencies
above 1000Hz, and they were subject to severe EMI.
And where did it come from? It came from the 60Hz
power line.

Let’s look at shielding materials and methods.
Figure 1a) shows a universal ‘black box’ circuit with
three ports: A is the input, B is the output and C is the
common. The term ‘black box’ means any form of
electronic circuit. It is used to universalise the
discussion so that ideas are not associated with any
specific class of circuit.

What’s inside the black box enclosure could be a
circuit, or a system such as a transmitter, receiver,
audio amplifier, or a medical electrocardiograph
amplifier. It doesn’t matter for our present purposes.

Shielding involves placing a metal screen or barrier
around the circuit. In Fig. 1b) the black box circuit is
placed inside a shielded compartment, as indicated by
the dotted lines. In addition, the input voltage V¢ and
output voltage Vge are shown: the subscript letter
refer to the port designations.

Any time that two conductors are brought into close
proximity to each other, but not touching, a
capacitance exists between them. Sometimes, the
capacitances are intentional. But in other cases, the
capacitances are incidental to construction. An
example of such incidental capacitance is an insulated
wire laying on a chassis. In the case of Fig. 1b) there
are three ‘stray’ capacitances represented: C,p, Cap,
and CCD‘

Shielding of the sort shown in Fig. 1b) is not terribly
effective. It can lead to instability — and outright
oscillation under some circumstances. The feedback
path that causes the problem is better seen in the re-
drawn version of the circuit shown in Fig. 1¢).

Capacitors Cgp and Ccp form a capacitive voltage
divider, with the “output” connected through Cup to
the input terminal A of the black box. Under the right
circumstances, this circuit can lead to very bad
EMI/EMC consequences.

Shielding rule No 1

The solution to the problem is to apply shielding rule
No 1: the shield must be connected to the zero signal
reference point in the circuit being protected, i.e. the
common line between output and input.

In some cases, the common might be a floating
connection that is not earth grounded, i.e. a
counterpoise ground plane. The common point may be
at a non-zero voltage, but for the purposes of the input

‘Black-box'
circuit

Fig. 1. When considering shielding, it often helps
to think of a circuit as a ‘black box’ with three
terminals - input, output and common, as in a). In
b), the black box is shown inside a shielding
enclosure. 8ul this method of shielding has
drawbacks due to a feedback that is clearer to see ‘
in the redrawn version of the set-up in diagram c).

in d) is a configuration wired with the shield
connected to the zero signal reference point - as it
should be for reliable shielding.

i —————

and output signals it is the zero-signal reference point.
In most cases, the zero-signal point is, in fact, at a
potential of zero volts.

Application of this rule is shown in Fig. 1d). The
common, C, is connected to the shield D, effectively
shorting out capacitance C¢p, and the common node of
the feedback network evident in Fig. Ic). To restate the
general rule: connect the shield and common signal line
together.

In the case of Fig. 1, the *black box’ circuit is single-
ended, so the common line of the internal circuit is
connected directly to the shield.

Figure 2a) shows a situation that’s a little more
complex. In this case, some ‘black box’ circuit is inside
a shielded enclosure, and supplies output signal to some
sort of resistive load. The load connects to the shielded
enclosure by some sort of shielded cable. Similarly, a
shielded signal source V,, is connected to the input of
the ‘black box’ by andther length of shielded cable.

In this case, there could be too many grounds. Suppose
that the common signal point inside the main shielded
compartment is connected to the shield, and the shield
is, in turn grounded at point A. The signal source is also
grounded, but to a different point, namely point B.

If current I flows in the ground plane resistance Rg,
then a voltage drop Vg will be formed across the
resistance of the ground path. The current might be due
to external circuits, or it may be due to a potential
difference existing between two points in the circuitry
inside the shielding.

Whatever the source, however, a difference of
potential between points A and B gives rise to a spurious
signal voltage V; that is effectively in series with the
actual signal voltage V,y. Thus, the total signal seen as
valid by the circuit is V=Vj+Vg. This is the ‘ground-
loop’ problem.

The key to solving the ground-loop problem is to
connect the shield to the ground plane at the signal end,
B, and not at any other points. An application of rule No
! might say: “The shield and common of the internal
circuitry should be connected together at the point where
the signal source is grounded.” In other words, break the

‘Black-box’
circuit
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RF DESIGN

connection at point A and rely instead on point B, as
shown in Fig. 2b).

This class of problem is representative of a class of
problems in which a common impedance - in this case a
resistance, Rg — couples two segments of a circuit. If a
voltage drop appears across the common impedance,
then a problem will surface.

Two approaches to shielding
There are two basic approaches to shielding: absorption
and reflection. These mechanisms often operate
together.

Suppose a large external field is present. In the case of
absorption, the field may penetrate the shield but is
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RF DESIGN

greatly attenuated. In the case of reflection, the field is
turned back by the metal shield.

The absorptive method is usually used at frequencies
below 1000kHz for magnetic fields. The types of
materials tend to be the ferromagnetic materials such as
steel and a special material used especially for magnetic
shields called ‘mu-metal’ or p-metal.

At higher frequencies - especially where the electric
field is of more importance than the magnetic field -
better shielding materials are copper, brass and
aluminium.

Skin effect and skin depth

Alternating currents do not flow uniformly throughout
the cross section of a conductor as is the case with direct
currents. Due to skin effect, AC currents flow only near

the surface of the conductor.

This effect creates a situation where the AC resistance
of a conductor will be higher than the DC resistance. If
the current density from the surface to the centre of a
cylindrical conductor is graphed, then it will be found
that the curve is a section of a parabola.

The critical depth for a cylindrical conductor is the
depth at which the current density falls off to 0.368
times the surface current density. It is this current that
we use to determine the AC resistance.

Sheets or plates of metal used for shielding also show
a skin effect when currents flow in them. The skin
depth, Fig. 3, is analogous to the critical depth in
cylindrical conductors. In both cases, 63.2% of the
current flows in the area between the surface and the
skin depth, d. The skin depth is calculated from:

‘Black-box'

circuit

Fig. 2. In the situation shown
in a) there are too many
grounds, which could cause

problems. Diagram b) shows
a rewire to eliminate the
problems cause by multiple
ground points.

‘Black-box'

circuit
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2,602k

VP e

Where: d is the skin depth in inches, Fy, is the
frequency in hertz, and constant k is 1.00 for copper,
1.234 for aluminium and 0.100 for steel.

Why is this important? In the case of absorptive loss,
the attenuation is 8.7dB/d. For example, at 60Hz a steel
shield has a skin depth of 0.86mm (0.034in). If 1.6mm
(Y16in) stock is used, the total depth is equivalent to
1.849, so the attenuation for magnetic fields would be

8.7dBx1.84=16dB.

To obtain maximum reflective loss at radio frequencies,
the thickness of the shielding material should be about
three to ten times the skin depth. The thicker the shield,
the better the shielding — up to a point.

At 10MHz for example, aluminium has a skin depth of
0.0254mm (0.001 in), and copper has a skin depth of
0.020mm (0.0008in), so the shield thickness should be
0.254mm (0.010in) for aluminium and 0.2mm (0.008in)
for copper or more. Given that common Y4in thick
stock is 1.6mm thick, alumintum will be marginal while
copper would be more than sufficient.

It is only fair to note that some textbooks say a shield
should be at least three times the skin depth... but that is
for minimal shielding.

9

Ground planes and wire size

The ground plane might be an actual earth ground. In
most electronics circuits though, it will be either a
printed circuit board or a chassis.

In the case of printed circuit boards, it is usually
recommended in RF circuits to use a double-sided board
with the top-side copper used as a ground plane, and

| possibly to carry DC power-supply lines.

In RF circuits, it is not advisable to use small wires or
printed circuit tracks as ground lines. The AC resistance
of cylindrical wire conductors is a function of both the
wire diameter and the frequency. For any given wire
size, the AC resjslance:

R.c = kRpc Fup, @

The value of the k factor depends on the wire size:
Wire size (AWG) k-factor

8 35
10 28
14 18
18 1
22 74

Thus, when you use #22 AWG solid hook-up wire to
carry a IMHz RF current, the AC resistance is seven
times the DC resistance. If this wire is a ground, and
carries a current, the AC resistance of the wire might be
considerable, and create a nasty ground-loop voltage
drop.

Even if the wire is large enough to reduce the effects
of AC resistance at radio frequencies, the inductance
might be a problem. The inductance of a straight length
of #22 AWG wire is about 600pH/1000ft.

A one foot run of wire will have an inductance about
0.6uH. This inductance will not be noticed in an audio

RF DESIGN

Fig. 3. In cylindrical
conductors carrying
AC, more current is
carried in the
conductor’s ’skin’
than in its core, This
effect is also
apparent in sheet
metal and needs to
be taken into
account when you
are designing an
enclosure intended
for EMI shielding.

|« Shield
plate

L .

circuit, or even many low-frequency RF circuits, but as
the frequency climbs it becomes significant. In the upper
HF and lower VHF regions it is a significant portion of
lumped inductances intentionally placed in the circuit.

If the wire is in a ground path, then it is a common
impedance. Any RF voltage developed across its
inductive reactance forms a valid signal, and may cause
problems. The key to the problem is star grounding, i.e.
grounding all circuit elements to the same point. If the
signal source is grounded, then its ground connection
ought to be used as the overall grounding point.

Shielded boxes

A number of manufacturers sell prefabricated shielded
boxes. Spme of them are quite good, while others are
not very good at all. Figure 4 shows one of the poorer
forms of aluminium shielded box from an EMI point of
view. It consists of two half-shells. The bottom shell is
bent into a ‘U’ channel shape (see end view). The top

Top shell —\

™ I

N

Bottom shell
(end view)

L Bottom shell

at higher frequencies,
—

Fig. 4. Many prototype pressed aluminium and steel enclosures have a
bottom with an open-ended channel structure and a lid with folded-over
ends. Such an enclosure does not provide an effective screen - particularly
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RF DESIGN

Fig. 5. This type of
enclosure has the same
basic construction as
that of Fig. 4, but it has
added lips, resulting in
improved screening
properties.

S

CL 8

Fig. 6. At UHF, the improved enclosure in Fig. 5 also starts to leak because of
the distance between the screws. Adding screws to bring the spacing down to
at most 0.052 of the highest frequency involved will solve the problem.

I 1
N T

_. -
|

Fig. 7. An enclosure specifically designed for RF work may have many small
lips in its lid, each of which will dig into the mating part of the enclosure
and provide a low-resistance electrical path between the two parts.

Fig. 8. Slots in an enclosure can provide very effective radiation paths. A slot for {
a standard ‘D’ connector is a good example. Such a slot will allow radiation ’
g even with the connector fitted. |

! —

shell is slightly larger, and designed to fit over the
bottom shell.

A pair of tabs on each side of the top shell either
overlap or fit into mating notches in the bottom shell.
This type of box is suitable for low frequency - up to
a few kilohertz — and DC applications that are not
particularly sensitive to external EMI.

A somewhat better form of box is shown in Fig. 5.
The bottom shell is essentially the same as in the
other box, but the top shell is built using an
overlapping lip rather than tab-and-notch
construction. This form of construction is good up to
several megahertz, but may fail in the VHF and up
region.

Holes in shields

Ideally, a shield should contain no holes. In practice,
this is impossible though. There are always some
connections — input, output, power supplies — that
must go in or out of the shielded enclosure.

In other cases, the circuitry may generate
considerable heat so some holes are provided to
ventilate the interior. The holes must be very small
compared to the wavelength of the highest frequency
signal being protected against.

The general rule is that screw or mounting holes
should spaced not more than 1/20 wavelength (i.e.
0.05A) apart at the highest frequency of operation. At
1MHz, this is not hard to meet, because 0.05A>49
feet. But at VHF and up it might be a bit tricky
because the wavelengths are much shorter.

For example, spacing the screws that keep a shield
firmly in place three inches apart may be sufficient
for mechanical strength, and will shield at lower
frequencies. But three inches is 0.05A at 197MHz.
Above 197MHz the shielding effect is therefore
reduced.

In the shielded enclosure of Fig. 5 the screws are on
the end portions of the flange. At UHF frequencies
this can be a problem. A better solution is shown in
Fig. 6 where spacing S is less than 0.054,

The effects of wide spacing of mounting screws can
be dramatic. I once saw a case where a mechanical
engineer had ‘re-engineered’ the specification for an
RF enclosure without understanding the RF effects.

The electrical engineer who designed the original
box demonstrated the effects to her by taking a well
shielded pulsed RF transmitter and connecting it to a
dummy load. He then used a spectrum analyser with a
whip antenna on it to monitor the energy emitted
from the RF box.

He started by removing every other screw. As soon
as the first screw was loosened, the harmonics and
spurs showing on the spectrum analyser display
began to rise. He eventually reached the screw
spacing recommended by the mechanical engineer...
and at high frequencies the shielding was almost
ineffective.

Another form of box is shown in Fig. 7. This type
of box used a bottom shell that is enclosed on all
sides but the top. A top cover with RF ‘fingers’ can
be used to shield the top side. The fingers dig into the
metal of the bottom shell, creating a tighter RF bond.
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One popular form of this type of box is
manufactured by SESCOM, and is made of tinned
steel.

Slots in enclosures

Be really wary of slots in shielding enclosures. They
are relatively efficient radiators — so much so that
some microwave antennas are little more than arrays
of slot apertures.

When the slot approaches !/g wavelength or longer,
then it may radiate rather effectively. This could
occur when connectors such as the ‘DB-x’ type used
for digital interfaces like RS-232C are mounted to the
shielded enclosure, Fig. 8.

Connectors are not the only form of ‘slot’ found in
some equipment. If covers or shell halves in
aluminium project boxes are just butted together, as

shown previously in Fig. 4, then the lack of a tight fit
might form a radiating slot. The best solution is to
use boxes with an overlapping ‘lip’ to join the halves
together, Fig. 5.

Other accidental slots are created when internal
shielding panels are put in place to create multiple
shielded compartments, and the mechanical fit is not
good. One reason to use copper or brass to make
enclosures is that a bead of solder can be used to
ensure these panels are firmly anchored to ground
with no ‘slotting’ effects. |

In the second article on this shielding, | will be looking
at mounting connectors, multi-compartment enclosures,
spray-on shielding, guard shielding and ground foops.

RF DESIGN

Valve Radio and Audio Repair Handhook

* A practical manual for collectors, owners, dealers and

service engineers * Essential information for all radio and

audio enthuslasts *

This book is not only an essential read for every professional working
with antique radio and gramophone equipment, but also dealers,
collectors and valve technology enthusiasts the world over. The
emphasis is firmly on the practicalities of repairing and restoring, so
technical content is kept to a minimum, and always explained in a way
that can be followed by readers with no background in electronics. Those
who have a good grounding | cjub
in electronics, but wish to
learn more about the
practical aspects, will
benefit from the emphasis
given to hands-on repair
work, covering mechanical
as well as electrical aspects
of servicing. Repair
techniques are also
illustrated throughout.

This book is an expanded
and updated version of
Chas Miller's classic Name
Practical Handbook of
Valve Radio Repair. Full

UX Price: £22.50 Europe £25.00 ROW £21.00
** Price includes delivery and pocking **

Post to Jackie Lowe, Cumulus Business Media,
Anne Boleyn House, 9-13 Ewell Road, Cheam, Surrey, SM3 8BZ

How to pay

Credit Card No:

{Valve Radio and Audio Repair Handbook) paperback

Q | enclose a cheque/bank draft for £
(payable to Cumulus Business Media)

Please charge my credit/charge card
Q Mastercard QO American Express Q Visa Q Diners

Expiry Date:

Signature of Cardholder.

Cardholder’s statement address: (please use capitals})

coverage of valve amplifiers | Address
will add to its appeal to all
audio enthusiasts who
appreciate the sound quality
of valve equipment.
Post Code Tel:
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Anadigm is producing a programmable analogue chip that is quite
different from Zetex’s Trac device, featured in last month’s issue.
Described as a ‘field-programmable analogue array’, Anadigm’s chip
uses switched-capacitor technology and comprises a configurable

matrix of 20 programmable cells.
technology behind this field-programmable analogue array,
highlighting its design and cost benefits.

Ithough a variety of
programmable analogue
arrays have been
available on the market
for about the past ten
years, none of them has provided the
reconfiguration flexibility that makes
FPGAs such invaluable devices for
digital designers. Now, by combining
general-purpose analogue resources
with static random access memory
configuration logic, Anadigm has

created a field-programmable analogue

array. or FPAA, that looks set to

revolutionise analogue system design.
The ANI10E40 FPAA comprises a

20-cell op-amp array arranged in a 4-

Filter design made simple

by-5 matrix, surrounded by a
programmable interconnect and /O
structure. The device is packaged as an
80-pin 14mm? QFP, requires a single
5V+5% DC supply, and has a typical
power consumption of less than 13mW
per active cell.

Many of the more common signal-
conditioning functions such as
rectifiers, gain stages, comparators and
first-order filters can be implemented
using just one cell. More complex
functions such as high-order filters,
oscillators, pulse-width modulators and
equalisers can be implemented using
two or more cells.

The frequency range of the FPAA

Anadigm has recently added a filter synthesis tool to its free FPAA configuration
software. Known as FilterDesigner, the new tool provides users with an extremely
versatile means of creating high-order classical filters and then combining them with
additional signal conditioning circuitry to implement complete, single-chip, ana-
logue solutions.

The tool enables high-pass, low-pass, band-pass and band-stop filters to be created

in minutes, using combinations of the standard bi-linear and bi-quad filter configura-
tions from the AnadigmDesigner analogue function library.
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describes the

Fleld-programmable
analogue array

depends on the circuit functions being
implemented; the amplifiers have a
bandwidth of SMHz and the maximum
switching clock rate is IMHz.
Typically, the entire array can handle
signal frequencies from DC to S00kHz,
making it ideal for filtering,
instrumentation and contro!
applications in industrial, medical,
automotive and low-to-medium
frequency communications markets.

The FPAA's circuit elements are
dynamically configured each time the
device powers-up, using data held in
on-chip SRAM; the SRAM is loaded
automatically direct from a low-cost
serial EPROM during the power-up
sequence. Digital field-programmable
gate arrays are configured in a similar
way.

Alternatively, the FPAA can be
reconfigured on-the-fly by data from a
microcontroller, making it an
extremely versatile and space-saving
component. Reconfiguration can be
accomplished within 100us. This is
more than fast enough to allow, for
example, several signal inputs to be
multiplexed to a single analogue signal
conditioning circuit. The ability to
handle in-service changes to
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configuration - or even functionality
- brings unprecedented flexibility to
the world of analogue design.

Optimised technology

Each configurable analogue block,
or CAB, comprises an amplifier
surrounded by a switched capacitor
feedback network, as shown in Fig.
1. These binary-weighted capacitor
clusters can be set to any one of 256
different values. It is the use of this
technology that is key to the
FPAA's versatility, enabling highly
stable RC-equivalent networks to be
implemented using just switches and
capacitors.

Figure 2 contrasts a conventional
resistor-based circuit with a
switched capacitor circuit; the
charge that is transferred from node
| to node 2 depends (to the first
approximation) on the capacitor's
value and the switching duty cycle,
effectively making the FPAA an
analogue sampled-data device.

As a point of interest, the
ANI10E40 is an all-CMOS device,
Although it is difficult to fabricate
semiconductor capacitors with
accurate absolute values, it is
relatively easy to ensure that all
capacitors on the chip have exactly
the same value — which is precisely
what's required for this application.

The effects of temperature and
ageing are alleviated by the fact that
all components are on the same die
and therefore track each other. The
AN10E40 FPAA also includes 13
buffered analogug /O cells, two
uncommitted op-amps, four
programmable clocks and a
programmable voltage reference
source.

Each configurable analogue block
can connect to adjacent neighbours,
and there are also 10 horizontal and
12 vertical routes for giobal
connections; each block can drive
up to eight adjacent blocks and an
/O buffer.

‘Drag-and-drop’ design ease
Designing an analogue system
based on the AN10E40 FPAA
demands minimal circuit
knowledge, analogue simulation
skills or maths abilities. A free
CAD tool known as
AnadigmDesigner enables the
entire ‘design’, simulation and
FPAA SRAM download process to

Local Inputs

AR TR

Global In

Contfiguration memory (SRAM)

A%
R
+ +

VI. ‘Vz

Conventionai circuit

be accomplished in as short a time
as 10 minutes. You can download it
from www.anadigm.com if you
want to find out for yourself.

The software runs on a standard
PC. and includes a library of more
than 50 configurable analogue
circuit functions that range from
simple amplifiers, comparators,
integrators and differentiators
through to complex functions such
as bi-quad filters. Most of the
functions consume just one of the
FPAA's 20 cells, and none takes
more than three.

Building an analogue circuit is
simply a case of selecting the
appropriate analogue functions
from the library. This is done by
‘dragging and dropping’ them onto
the screen display of the complete
array, and ‘click-dragging’
appropriate signal interconnects.

Performance characteristics of
each function are specified via pop-

December 2001 ELECTRONICS WORLD

]

—
— Global outputs
\-w‘:\-
el RE
£t =
of . — Local outputs
Sl m—
Sl
ot .
.os, 2 Op-amp
g j—
©
5
o1
Fig. 1. Each FPAA cell comprises
an op-amp surrounded by a
switched-capacitor feedback
network and routeing resources,
1 2

Fig. 2. Switched-
capacitor technology

+
@, oo ecino
substitutes capacitors
and switches for

¢ resistors to enable
digital control.

A )

Switched-capacitor circuit

up dialogue boxes. Should a chosen
signal interconnect route not be
available, the software
automatically advises the user to
choose an alternative.

The software also provides
facilities for programming the
array's clock generators and voltage
reference source. There are also
facilities for connecting or
disconnecting a mid-rail voltage
reference source, or VMR, to the
array's analogue signal ground.

This approach to design means
that users do not need to worry
about the underlying circuit
implementation. For example, to
build a signal-conditioning chain,
users simply select a summing
amplifier and filter from the
function library. They then specify
the desired offset correction, gain
and low-pass frequency parameters,
and interconnect the array cells,

AnadigmDesigner includes a
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Flexible development
environment
Electronics engineers who want to
evaluate FPAAs — especially if they
are interested in exploring the
concept of adapting FPAA
functionality in the field — will
probably choose to use the
AN10DS40 FPAA development
board, Fig. 4. This provides an
ANI10OE40 FPAA and an RS-232
interface to facilitate downloading
of configuration data from the PC
running AnadigmDesigner software.
The board is equipped with
numerous connectors, interfaces and
status LEDs. and includes a socket
for a serial-boot PROM, as well as
an on-board | MHz oscillator and a
regulated +5V supply. It also
incorporates a Motorola 68HC908
microcontroller to allow dynamic

Exclusive reader offer:

The subject of this month's exclusive
reader offer is more than the average
development board. Anadigm’s
development system for field-
programmable analogue arrays
includes a microcontroller to investigate
programmable-analogue technology as
a peripheral to an embedded system.

The regular cost of this designer’s kit
Is £349. Anadigm will discount this by
almost 30% to £249+VAT for EW
readers — and include free postage and
packing for anyone in the EU.
(Interested readers from outside the EU
please e-mail for shipping details
rebecca.shade @ anadigm.com).

This offer is valid until 31 December
2001. Electronics World dispatched by
surface mail can take a while to reach
its destination so the cut-off date for
claims from outside the UK has been
extended to 31 January 2002.

What do | get?

The kit includes the FPAA board, power
supply, cable and manual. The FPAA
configuration software is available as a

FPAA functionality by reloading a new
device configuration file — an operation
taking just 100us. This feature aliows
users to explore the concept of
adapting analogue performance in a
software-controlled, event-driven
fashion.

Four pushbutton switches are
provided to manually trigger interrupt-
based reconfiguration, to simplify the
real-world test of this innovative new
capabillity.

A standard peripheral interface (SP!)
1S also provided on the AN10DS40
board to allow the FPAA to be
controlled from an altemative
microcontroller — and/or a user's own
prototype hardware.

Dynamic reconfiguration can be used
by an engineer to radically improve
product performance, and lower costs —
potentially replacing multiple PCBs with
one chip.

For example, a general purpose data
acquisition board could reconfigure its
front-end signal conditioning for
different sensors sequentially — as it

Own a development
system for field
programmable
analogue arrays for
£249+VAT - normal
price £349

Altematively, FPAA functionality could
be modified according to operating
conditions, such as a change in light
level, providing analog designers with a
practical low cost method of
implementing real-time adaptive
capability for the first time.

The EEPROM-based configuration
method also provides designers with
considerable flexibility, allowing one
standard PCB to be configured for
different applications at the end of the
production or during installation.

Ordering details

Please send the coupon below,
together with a cheque, to Anadigm Ltd,
3-5 Mallard Way, Crewe Business Park,
Crewe CW1 6ZQ, UK. For queries or
for corporate purchasing enquiries,

of the FPAA’s virtual signal generator and WAV-format files. modification of FPAA functionality, free download from the web site. scans channels — providing major please call +44 (0)1270 531 990 or fax
configuration oscilloscope to be placed Once the design has been and a standard peripheral interface The FPAA development board savings in both PCB space and cost. +44 (0)1270 531 999
software. strategically within the array, Fig. 3.  functionally checked with the which enables users 10 empioy provides an environment for rethinking

The signal generator provides
standard waveforms such as sine,
square, triangle and ramp, as well as
pulse outputs and arbitrary
waveforms.

The software also accepts linear
descriptions of arbitrary waveforms
in numerical text-file format - just
like many of the digital storage
'scopes on the market. It is capable
of processing Windows' standard

stmulator, the configuration data can
be downloaded to the FPAA’s
SRAM and the circuit's ‘real world’
performance evaluated using
standard bench test equipment. This
‘electronic breadboard” approach to
analogue design reduces
development time and costs
significantly, helping users to
accelerate the introduction of their
products to market

different microcontrollers or host
systems if they wish.

In a second article in Electronics
Worlid, 1 will be taking a more
detailed look at the filter-design
tool. I will describe how to build an
etghth-order band-pass filter and
allied signal processing system (o
implement a universal single-chip
programmable tone-detector circuit
for telecoms applications. ]

analogue electronics strategy. it
introduces concept of analogue system
as reconfigurable peripherai of a
microcontroller.

Designated AN10DS40, the board
provides a range of resources to help
electronics engineers evaluate FPAA
technology and develop working
systems. It additionally incorporates an
onboard microcontroller to demonstrate
the way that FPAA functionality may be
adapted in the field, to help users

Name

Use this coupon to order your designer’s kit
Please send me one AN10DS40 kit at the special offer price of £293
fully inclusive of VAT and shipping (£249 ex. VAT).

Address

Fig. 4. The field- understand the technology’s potential

programmable for radically reshaping the way ——
analogue array electronics products function.
development The board provjdes an FPAA - with P e — i B
board. its 20 configurable analogue cells — and

a serial interface for PC connection.
This interface allows programs created
using the free AnadigmDesigner CAD
package to be downloaded.

Also onboard are numerous
connectors, interfaces and status LEDs
to simplify development,

‘ interconnection and test, including
! stereo jacks for convenient interfacing
in applications involving audio signals.

Users can develop two kinds of
FPAA-based analogue systems. The
first is a fixed-function FPAA to
integrate discrete analogue component-
based circuitry, which boots from a
serial EEPROM - for which a socket is
provided.

Phone number/fax

Total amount £..........

| enclose a cheque

For queries or for corporate purchasing enquiries, please call +44
{(0)1270 531 990 or fax +44 (0)1270 531999
e-mail rebecca.shade @ anadigm.com

More information
For more information on the
FPAA, have a look at
www.anadigm.com

For details of how to order,
contac}: Anadigm Ltd, 3-5
Mallard Court, Mallard Way,
Crewe Business Park,
Crewe CW1 62G, UK. Tel:
+44 (01270 531990, fax:
+49 (0) 8142 4485840

Please send this coupon to Anadigm Ltd, together with payment.
Address orders and all correspondence or queries relating to this
order to Anadigm Ltd, 3-5 Mallard Way, Crewe Business Park, Crewe
CwW1 6ZQ, UK. For queries or for corporate purchasing enquiries,
please call +44 (0)1270 531 990 or fax +44 (0)1270 531999

e-mail rebecca.shade @anadigm.com, quoting ‘EW Anadigm offer’.
Make cheques payable to Anadigm Ltd

HC08 microcontroller
The AN10DS40 board’s powerful HC08
microcontroller can dynamically modify

December 2001 ELECTRONICS WORLD N7

. -

916 ELECTRONICS WORLD December 2001




Even as early as 1904, society was seeing the
benefits of wireless. Anthony Hopwood has been
looking at the first Cunard Daily Bulletin - a
newspaper for transatlantic liner passengers that
could not have existed, were it not for wireless
communication.

918

first transmission across the

Atlantic, it’s interesting to look
back 97 years to June 1904, when the
first regular daily newspaper appeared
aboard a transatlantic liner, showing
how quickly the new medium had
become established.

The ship was the Cunard liner RMS
Campania, which left Liverpool on
Saturday 4 June for New York with
Marconi on board.

The first issue [ have, No 32
(because earlier Bulletin numbers were
single issues per trip) is dated Sunday
5 June and states:

I n this centenary year of Marconi’s

*“ although it was not intended
to publish the Cunard Daily
Bulletin before Monday morn-
ing, the Cunard Company
decided 1o print a limited
number of Souvenir Bulletins for
distribution to the Press..."

Needless to say, these issues were
jealously guarded by their recipients.

The eight-sided bulletins were
printed via photogravure. Sunday's
1ssue records the distance from the
Poldhu station as 220 miles at 1pm.
The news by Marconigram, ‘direct to
the ship’ covers events in the Russo-
Japanese war, including the use of
carrier pigeons by the Russians under
siege at Port Arthur. American news
mentions floods in Kansas with all
traffic on railways and tramways
suspended.

Business in Wall street was ‘stagnant
and featureless’. Tabloid interest was
met by a story that Frank J. Young, ‘a
well known bookmaker and horse
owner’ was fatally shot in a New York
cab on his way to the White Star Line
pier where he intended to join his wife
to sail to Europe. His companion in the
cab. a Mrs Nan Peterson told the
coroner that the deceased ‘had shot
himself without taking the pistol from
his pocket’.

The story develops in the ‘Stop
press' section — “The coroner has
commitied Peterson (ex-actress) to the
Tombs without bail”. One wonders if
the story would have featured at all if
Mr Young had been booked with
Cunard!

Front cover from the second issue of
Electronics World’s predecessor.
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Daily changes

Side six of the Bulletin also changes
daily. Under the strapline, ‘Smoke-
room gossip’, it seems to be a
resting place for old music hall jokes
and shaggy dog stories. Here's a
sample:

“A man bought a horse at a
horse fair, and found the
dealer had short changed himn
by half a crown. He remon-
strated with him and was told
— ‘Naw sir, we never gives
money back, but you can have
an extra horse if you like.’

You get the idea.

On the 6th, radio communication
was established with the Canada
Marconi station at Cape Breton
when the ship was still 2000 miles
from New York. Apart from the
Russo-Japanese war news, the
positions of icebergs reported by
other ships were given.

On the 7th, it was reported that
striking miners at Cripple Creek,
Colorado had gone on the rampage
and killed 12 while placing dynamite
under the raiiroad station. In a
subsequent battle with State troops
at least 22 were killed. The West
was really wild in those days.

Aboard ship, things were quieter,
with the 505 third class passengers’
breakfast menu promising:

Oatmeal porridge and milk -
Golden syrup.

Smoked red herrings. Beef steak
and onions.

Boiled jacket potatoes,

Fresh bread and butter -
Marmalade.

Tea or Coffee.

In the high summer of Empire, cargo
details that would be secret today
were a matter of pride, and pub-
lished in the daily Bulletin. Apart
from 8000 packages of fine manu-
factured goods and 1650 mail bags.
there were several parcels of dia-
monds and sapphires worth about
£10000, and £5000 worth of minted
silver coin in 17 large cases. To
deter opportunist thieves, “the
precious stones and coin are securely
stored in the ship’s strong room.”
On the 8th, Lord Inverclyde,

Chairman of Cunard sent the
following message to Marconi on
board;

“I trust this message will
reach you promptly and wish
you continued success with
your Wireless Telegraphy.”

During the 8th, while still some
1000 miles from New York the
running log recorded that from 4am
to 8pm, the sea temperature rose
from 58 to 67°F as the ship entered
the Gulf Stream.

On the 9th, the sporting news
section reported that the amateur
champton Travis was playing
‘infertor golf” at the British Open,
and subsequently retired.

Elsewhere, the Canadian Cape
Breton Marconi statton reported that
Mary Virginia Rhodes, beneficiary in
the Will of the late Cecil Rhodes,
had been found at Washville,
Carolina working as a missionary.

In a postscript to the first week’s
run of the Daily Bulletin, the Editor
remarks that

“Wireless Telegraphy has
indeed struck a staggering
blow at the hitherto absolute
power of Father Neptune, so
that he is no longer in supreme
command of his own domains."”

A sharp reminder that the old tyrant
was still at work would come eight
years later, when the White Star
liner Titanic foundered on a clear
cold calm night. Wireless was only
able to save a third of those aboard
after a Cunard liner, the Carpathia,
scorched the paint off her funnel in a
dash to rescue the survivors.

In the single ‘Arrival Supplement’
sheet on | Ith, there is a less than
prompt reply from Mr Marconi to
Lord Inverclyde's message on the
8th.;

‘Sincere thanks for your
cordial wishes received
Wednesday mid-ocean. Happy
inform you Daily Bulletin
entirely successful and greatly
appreciated’.

Even Marconi was watching call
charges at 7/6d (38p) a word!
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Visit our website
www.distel.co.uk

Convarts your colour monhor into a QUALITY COLOUR TVit

TV SOUND &
VIDEO TUNER

CABLE COMPANIBLE

The TELEBOX is an anraawah»ymmdmahswedu&conta’rml
electronics ready 10 plug nto a host of video monitors or AV equipment

are ftted with a composte wdeo or SCART input. The composte video output
wil also plug drectly rto most video recormiers. alowng reception of TV chan-
nels not normally receivable on most television receivers® (TELEBOX
MB). Push button controls on the front panal aflow recestion of 8 fully tuneable
‘oit ar UHF oolour television channels. TELEBOX MB covers vitually al telew-
sion frequences VHF and UHF including the HYPERBAND as used bg
most cabie TV opersators. Ideal for desktop computer video systems & P
(pcture in peture) setups. For complete compatiity - even for monfors without
sound - an ntegral 4 watt audio ampifier and low level Hi Fi audo output are
provided as stancard Brand new - fully guararteed.

TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but ftted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification
‘For cable / hyperband signal reception Telebox MB should be con-
nected tg a cable type service. Shipping on all Telebox’s, code (B)

State of the art PAL (UK spec) UHF TV tuner module
with composiie er video & NICAM hi fi stereo sound
outputs. Micro electronics alt on one small PCB only 73 x 160
*'x 52 mm enabie full tuning control via a simple 3 wire link to an
IBM pc type computer. Supphed complete with simpte working pro-
gram and documentation. Requires +12V & + 5V DC to operale.

BRAND NEW - Order as MY0O. Only £49.95 code (B)

See www.distel.co.uk/data_my00.htm for picture + full dataiis

8"

All units (unless stated) are BRAND NEW or removed from often
brand new equipment and are fully tested, aligned and shipped to
you with a full 90 day guarantee. Call or see our web site
www.dlistel.co.uk for over 2000 unlisted drives for spares or repair.

225.95?8

FLOPPY DISK DRIVES 22" -

3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only

3%" Mitsublshi MF355C-D. 1.4 Meg Non 1aptog

5%" Teac FD-5SGFR 1.2 Meg (for IBM pc's) RF!

5%" Teac FD-55F-03-U 720K 4(0/80 (for BBC's atc) RFE

5%* BRAND NEW Mitsubishl MF501B 360K £22.95(8

Table top case with integral PSU for HH 5%° Fioppy / HD £29 95(B

8" Shugart B00/801 8° SS refurbished & tesled 0.00(E€

8" Shugart 810 8° SS HH Brand New t|95 00(E}

8" Shugart 851 8° double sided refurbished & tested £260.00(E

8" Mitsubishl M2894-63 double sided NEW £295.00(E

8" Mitsubishl M2896-63-02U DS shmline NEW £295.0{E
£499.00(E

14"

Dual 8° cased drives with integral power supply 2 Mb
2%" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £79.95
2%"

HARD DISK DRIVES 272" -

OSHIBA MK2101MAN 2.16 Gb laptop (19 mm H} New £89.50
2%" TOSHIBA MK430SMAT 4.3Gb laptop (8.2 mm H) New £105.00
2%" TOSHIBAMKG409MAYV 75.1Gb laptop (12.7 mm H) New£190.00
2%*10 3%° conversion kit fcr Pc's, complele with connectors £14.95
3%" FUJI FK-309-26 20mb MFM UF RFE £59.95
3%" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95
3% CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00
3%" QUANTUM 40S Prodrl ve 42mb SCSI I/F, New RFE £49.00
5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95
S%* SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95
5%* CDC 94205-51 40mb HH MFM I/F RFE tested £69.95
5%* HP 97548 850 Mb SCS! RFE tested £99.00
5%° HP C3010 2 Gbyte SCS! differential RFE tested
8° NEC D2246 85 Mb SMD interface. New
8" FUJTSU M2322K 160Mb SMD LF RFE tested
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested
Many other drives In stock - Shipping on sli drives Is code {C 1)

MITS. S FA3445ETKL 14" industrial spec SVGA monftors  £245
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies £995
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy ~ £1850
1kW 0 400 kW - 400 Hz 3 phase power sources - ex stock POA
18M 8230 Type 1, Token ring base unit driver £760
Wayne Kerr RA200 Audio frequency response analyser £2500
IBM S3F5501 Token Ring ICS 20 port lobe modules £750
1BM MAU Token fing distribution panel 8228-23-5050N £95
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550
ALLGON 8360.11805-1880 MHz hybrid power combiners £250
Trend DSA 274 Data Anal\éser with G703(2M) 64 Vo E£POA
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500
Marconi 2022C 10KHz-1GHz RF s}gnal generator £1550
#arconi 2030 opt 03 10KH2-1.3 GHz signal generator,New £4995

HP16508B Logic Analyser £3750
HP378tA Pattern generator & HP3782A Error Detector £POA
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675
HP54121A DC to 22 GHz four channel test set £POA
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900
HP A1, AQ B pen HPGL high s drum plotters - from £550
HP DRAFTMASTER 1 8 pen high speed plotter £750
EG+G Brookdeal 95035C Precision lock in amp £1800
View Eng. Mod 1200 computerised inspection system £POA
Sony DXC-3000A High qualty CCD colour TV camera £995
Keithley 590 CV capacitor f voltage analyser £POA
Racal ICR40 dual 40 channel voice recorder system £3750
Fiskers 45KVA 3 ph On Ling UPS - New batteries £9500
Emerson AP130 2.5KVA industrial spec. UPS £2100
Mann Tally MT645 High speed ling printer £2200
Intel SBC 486/133SE Multibus 486 system. BMb Ram £945
Siemans K4400 64Kb to 140Mb demux analyser £2950

DISTEI. on the web Il - Over 16,000,000 items from stock - www.distel.co.u

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

THE AMAZING TELEBOX

IC's -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - BULK
10,000,000 Items EX STOCK

For MAJOR savinGs
R SEE OUR W
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One of the highest specification
* monitors you will ever see - *
At this price - Don’t miss it!!

Mitsubishi FA3A15ETKL 14" SVGA Muttisync colour montor wih fine

028 dot ptch tube and resoiution of 1024 x 768. A
vanety of nputs allows connection 10 a host of comput:
ers 1BM PC's in CGA, EGA. VGA & SVGA
modas, COMMODORE (raadngAmba 1200),
ARCHMEDES and APPLE. Ma'\¥ tures E!dnd

facepiate, text swiching and LOW
) specication. Fully guaranteed, n BCELLENT Imb
Tt & Swivel Base £4.75

Only £119 5 Order as
VGA cable for IBM PC included. y E) MITS-SVGA
External cables for other types of computers available - CALL

used condtion

Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro
monitors, Full multisync etc.
Full 90 day guarantee. Only £199.00 (E)

Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors.
Good SH condition - from £299 - CALL for Info

PHILIPS HC535 wame saﬂe as CMB833) attractively styled 14"
colour monitor wil GB and standard composite 15.625
Khz video Inputs via SCART socket and separate phono jacks.
Integral audio power amp and speaker for all audio visual uses
Will connect direct to Amiga and Atari BBC computers. ideal for all
video monitoring / security appiications with direct connection
to most colour cameras H@auality with many features such as
front concealed !lap controls, VCR correction button etc. Good

used condition - fully tested - guaranteed
Dimensions. wie: x Hizw xagw- o Only £99.00

PHILUPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. |deal
for all mondoring / security applications. High quality, ex-equipment
fully tested & guaranteed (possible minor screen bums). In attrac-
tive square black plastic case measuring W10° x H10° x 13%* D.
240 V AC mains powered. Only £79.00 ©

KME 10° 15M10009 high definition colour monitors with 0.28° dot
pltch. Superb clarity and modern styling
Operates from any 15,625 khz syn¢c RGB video
source, with RG[; analog and composite sync
such as Atari, Commodore Amiga, Acomnj
Archimedes & BBC Measures only 13%* x 12° x
11°. Good used condttion Only £125 (g)

20" 22" and 26" AV SPECIALS

Superbly made UK manufacture. PiL alt solid state colour monitors.
complete with composite viceo & optional sound input. Attractive
teak style case. Perlect for Schools, Shops, Disco, Clubs, etc.in
EXCELLENT little used condition with full 50 day guarantee.

20"...£135 22"...£155 26"...£185(

We pvobablr have the largest range of video monitors in
Europe, All sizes and types from 4* 1o 42° calt for Info,

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.

EQUIPMENT & SPECIAL INTEREST ITEMS

HP6030A 0-200V DC @ 17 Amps bench power supply
Intel SBC 486/125C08 Enhanced Multibus (MSA) New
Nikon HFX-11 {Ephiphot) exposure control unit
PHILUPS PMS518 pro signal generator £1250
Motoroia VME Bus Boards & Components List. SAE / CALL £POA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM high speed band printer £1950
Fujltsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 2998 infrared spectrophotometer £500
Perkin Elmer 597 InirareEE‘?ectrophotometer £3500
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3250
LightBand 60 output high spec 2u rack mount Video VDA's £495
Sekonlc SD 150H 18 channel digital Hybrid chart recorder
B&K 2633 Microphone pre amp £300
Taylor Hobson Tallysurl amplifier / recorder

ADC 55200 Carbon dioxide gas detector / monitor
BBC AM20/3 PPM Meter (Ernest Tumer) + drive elecronics  £75
ANRITSU 9654A Optical DC-2.5G/ wavetorm monitor £5650
ANRITSU MS9001B1 0.6-1.7 uM optical spectrum analyser £POA
ANRITSU ML93A optical power meter £990

£1950
£1150
£1450

ANRITSU Fibre optic characleristic lest set £POA
R&S FTDZ Dual sound unit £650
R&S SBUF-E1 Vision modulator £775
WILTRON 66308 12.4 / 20GHz RF sweep generator £5750
TEK 2445 150 MHz 4 trace oscilloscope £1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955

TEK TDS380 400Mhz dighat realtime + disk drive, FFT etc  £2900
TEK TDSS524A 500Mhz digttal realtime + coiour display etc  £5100
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950
PHILIPS PW1730/10 60KV XRAY generalor & accessories £POA
CLAUDE LYONS 12A 240V single phase auto. voll. regs £325
CLAUDE LYONS 100A 240/415V 3 phase auto. volt, regs  £2900

Surplus alway
wanted for cas
19" RACK CABINETS

Superb quality 6 foot 40U

Virtually New, Ultra Smart
Less than Half Price!

Top quality 19° rack cabinets made s UK
Optima Enclosures Ltd. Units feat
designer, smoked acrylic lockable front dg)
full height lockabte half louvered back dg
and louvered removable side panels. F
adjustable internal fixing struts, ready punc
for any configuration of equipment mount
.plus ready mounted integral 12 way 13 a
socket switched mains distribution strlp m
these racks some of the most versatile
have ever sold. Racks may be stacked side by s:de and therefq
require only two side panels to stand s-ngly or in myltiple bays.
Overall dimensions are: 77%° H x 32%° D x 22° W. Order as:
OPT Rack 1 Complete with removable side panels. £345.00
OPT Rack 2 Rack, Less Side panel £245.00 (¢

Over 1000 racks, shelves, accessories
19" 22" & 24" wide 3t0 46 U hngh
Available from stock !!

32U - High Quality - All steel RakCat

Made by Eurocratt Enclosures Lid to the highaest possible sp
rack leatures all steel construction with removable
side, front and back doors. Front and back doors are /
hlnged for easy access and all are lockable with /

five secure S lever barrel locks. The front door
is constructed of double walled steel with a
‘designer styla' smoked acrylic front panel to
enable status indicators 1o be seen through the #
panel, yet remain unobtrusive. Internally the rack
features fully slotted reinforced vertical ﬂxing;
members to take the heavlest of 19" rac
equipment. The two movable vertical fixing stnuts H
(emas avaulable) are pre punched for standard
‘cage nuts’. A mains distribution panel intemal-
ly mounted to the bottom rear, provides 8 x IEC 3 &
pin Euro sockels and 1 x 13 amp 3 pin switched %y
utllity socket. Overall ventilation is provided by
fully louvered back door and double skinned top section
with top and side louvres The top panel may be removed for i
of integral fans to the sub plate etc. Other leatures include: fi
castors and floor levelers, prepunched utility panel at lower real
cable / connector access etc. Supptied In excelient, slightly u
condition with keys. Colour Royal blue. External dimensiol
mm=1625H x 6350 x 603 W. (64" H x 25" D x 23%" W

Sold at LESS than a third of makers price If

A superb buy at only £245.00 @
42U version of the above only £345 - CAL

12V BATTERY SCOOP - 60% off !

A special bulk purchase from a cancelled export order brings ya
the most amazing savings on these ultra high spec 12v DC 14

rechargeable batteries. Made by Hawker Energy Lid, type SBS!
featunng pure lead plates which ofter a far superior shelt & guara
teed 15 year service life. Fully BT & BS6290 approved Supp
BRAND z{Ew and boxed. Dimensions 200 wide, 137 high, 77

M6 bolt terminals. Fully guaranteed. Current makers price ovet

eachDur Price £35 each (, or 4 for £99 ¢
RELAYS - 200,000 FROM STOCK

Save £E££'s by choosin your next rs/ag from our Massive Stocl
covering types such as :mry. Octal, Cradle, Hermetically Seak
Continental, Contactors. Time Delay, Reed, Mercury Wetted, S0
State, Printed Circuit Mounting etc. , CALL or Seé our web
www.distel.co.uk for more information. Many obsolete types
stock. Save ££££°s

COLOUR CCD CAMERAS

Undoubtedly a miracle of modern 1ecrmolo?y &
our special buying power ! A quality product
turing a fully cased COLOUR CCO camera at a ™
give away price | Unit features full autolight sensing for
" use in low light & high light
applicatlons. A 10 mm fixed focus
¥ wide angle lens gives excellent fo
and resolution from close up to 10
range. The composite video output
connact to any compostte monitor of
{via SCART socket) and most vidé
x recorders, Unit runs from 12v DC &
&( ideal for security & portable app!ich
tions where mains power not availabh
Overall dimensions 66 mm wide x 117 deep X 43 high. Suppht
BRAND NEW & fully guaranteed with user data, 100's of appl
tions including Security, Home Video, Web TV, Web Cams etc, efc)

Webrel=LK33 ONLY £99.00 or 2 for £180.00
SOFTWARE SPECIALS

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

ENCARTA 95 - CDROM, Not the Iatest - but at this price t £7.
DOS 5.0 on 3%" disks with concise books c/w QBasic £14.
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks  £55.
Wordperfect 6 for DOS supplied on 3%° disks with manual £24.

shipping charges for software is code B
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ALL MAIL TO
Dept ww, 29/35 Osborne Rd
Thornton Heath
Surrey CR7 8PD
Open Mon - Fri 9.00 - 5:30

Local Authonties - mnemum account order

of Saie and unless stated guaranteed
10 stock. Discounts for volume. Top CASH prices paxd

LONDON SHOP

Open Mon « Sat 9:00 - 5:30
215 Whitehorse Lane
South Norwood
On 68A Bus Route
N Thornton Heath &
Selhurst Park SR Rail Stations

Alprbes'oruKMalmUKmawsadd175'/.VATtoTOTALome:amm Minimum order £10. Bona Fide account orders accepted from Govemment,
£50. Cheques over £100 are subyect 1o 10 working days dlearance. Camage charges (A)=£3.00, (A1)
(B)=£5.50, (C)=£8.50. (C1) £12.50, (D)=£1SGJ.(E)=€18m.(F)=QOw (GbCNLAb«awoxedayshm fastec CALL Al goods

rantoes ON a retum to base bass. Al rynsrma\mloaungepmslsoa:fm(u\swﬂul
surplus goods. All tradermarks, tradenames etc acknowledged. ©

for 90 days. All
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DISTELO

Visit our web site
www.distel.co.uk
emall = admin@dlstel.co.uk

ALL T ENQUIRIES

0208 653 33

FAX 0208 653 8888
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Innovative ideas

Updates onr

New product news

esearch
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Tools for professionals

Current issues
— on your doorstep

Keep up-to-date with an
Electronics World subscription,
delivered direct to your door

every month.

WATCH SLIDES ON TV
MAKE VIDEOS OF
YOUR SLIDES
DIGITISE YOUR
SLIDES

{using a video capture card)

“Liesgang diatv’ automatic slide viewer with built in high quaiity col

lour TV camera It has
a composite video output to a phono plug (SCART & BNC adaptors are available). They
are In very good condition with few signs of use. For turther details see www,diatv.co.uk

£91.91+ vat = £108.00

Board cameras all with 512x582 pixels 8.5mm 1/3 inch sensor and composhte video out.
All need to be housed in your own enclosure and have fragile exposed surface mount

parts. They all require a power supply of between 10 and 12v DC 1
47MIR size 60x36x27mm with 6 intra red LEDs (gives the same i
torch but is not visibie to the human eye)

SOmA.

llumination as a small
£37.00 + vat = £43.48

30MP size 32x32x14mm spy camera with a fixed focus pin hole lens for hiding behind a

very small hole

40MC size 39x38x27mm camera for ‘C' mount lens these give a
than with the smaller lenses

Economy C mount lenses all fixed focus & fixed ins

VSL1220F 12mm F1.6 12x15 degrees viewing angle

VSL4022F 4mm F1.22 63x47 degrees viewing angle

VSL6022F 6mm F1.22 42x32 degrees viewing angle

VSLB020F 8mm F1.22 32x24 degrees viewing angle

Better quality C Mount lenses

VSL1814F 16mm F1.6 30x24 degrees viewing angle

VWLB13M  8mm F1.3 with iris 56x42 degrees viewing angle
1206 surtace mount resistors E12 values 10 ohm to 1M ohm 100
1000 of 1 value £5,00 + vat

866 battery pack originally intended to be used with an orbitel
mobile telephone it contains 10 1.6Ah sub C battenes
(42x22dia the size usually used in cordless screwdrivers etc.)
the pack is new and unused and can be broken open quite
easily £7.46+vat = £8.77

£35.00 + vat = £41.13

much sharper image
£32.00 + vat = £37.60

£15.97 + vat = £18.76
£17.65 + vat = £20.74
£19.05 + val = £22.38
£19.90 + vat = £23.38

£26.43 + vat = £31.06
£77.45 ¢ vat = £91 .00
of 1 value £1.00 + vat

Please agd 1.66 + vat = £1.95 postage & packing per oraer

JPG ELECTRONICS

Shaws Row, Old Road, Chesterfield, S40 2RB
Tel 01246 211202 Fax 01246 550959 Mastercard/Visa/Switch

Callers welcome 9:30 a.m .to 5:30 p.m. Monday to Saturday

CIRCLE NO. 113 ON REPLY CARD
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Circuit diagrams

PPM5

20 pin DIL Peak Programme Meter
PROFESSIONAL MEASUREMENT OF AUDIO LEVEL

+Vee
Tas-asv

iH 7

Mother Board MB1

Consumption 3mA. Fully meets BS5428-9

B 1

% PPM10 In-Vision PPM and Chart Recorder % Advanced Active |
Aerlal 4kHz-30MHz % Stabilizer frequency shift units for howl
reduction & Stereo Variable Emphasis Limiter ¥ PPM9, PPM5
hybrid and PPM8 IEC/DIN -50/+6dB drives and
movements & Broadcast Monitor Receliver 150kHz-30MHz %

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh GU6 7BG
Telephone 01483 275997 Fax: 01483 276477




Yes I'd like to subscribe to Electronics World Today!

Please enter my subscription for one of the following
terms. When | subscribe for three years, | pay the price THE OSs CILLOSCOPE IS MOVING ON...

| enclose a cheque for £ made payable to Electronics World.
for just two years. Please charge my Visa/Mastercard/American Express/Diners
UK Europe Rest of World Club/Switch/Delta (Please delete as appropriate)
3 years (36 issues) [ £72 []£103 []£123 Card number Features:

A A fraction of the cost of benchtop scopes

1year (12issues) [1£36 []£51 [ £61 EEEEEEEREEEEEEEEIEEN

{Switch/Delta anly)

Ask for a FREE catalogue and
demo software, or visit:

Expiry date | /| j Valid from |__IL_J/L Issue no. ‘.f'
e Detailed circuit diagrams Signed Date / www picotech c0m
s L
* New product RIS Please invoice me/my company. Purchase Order No. {
» Informative design-orientated explanations
Name
» CAE software
Job title
Company
Address

If you're not completely satisfied with Electronics World
within the first 60 days we'll refund your money in full Tel No. Fax No.
- no questions asked.

E-mail address

Please allow 28 days for delivery of your first issue. x
Company VAT registration number

Zumulus Business Media Limited may use this information for direct marketing Return your completed form to:
surposes, from ourselves or other companies. If you do not wish to receive Electronics World Subscriptions, Cumulus Business Media Limited,
Jirect marketing please write to us at Cumulus Business Media Limited, Perrymount Road Haywards Heath, West Sussex RH16 3DH

Yerrymount Road, Haywards Heath, West Sussex, RH16 3DH.

Fax: +44 (0)1444 445447 ...DON’T GET LEFT BEHIND

C ulus 13 Ewell Road, Cheam, Surrey SM3 88Z, UK. Credit Card Orders - (quoting code 159) — 2 d
wmanmon (Regisiered No. 4189911). Teli -+ 44(0)1 444 475662 Tel:+44 (0) 1480 396395, Fax:+44 (0) 1480 396296, E-mail: post@picotech.com
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Cumulus Business Media Limited, Anne Boleyn House,
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5% TOSHIBA MK4303MAT 4.3Gb laptop (8.2 mm H) New £105.00 TT, 9, I
5% TOSHIBAMKGAOSMAY 3 1Gb la;O:((12 .’":n"r"n '_z) Nowe190.09  Superbly made UK manufacture. PIL afl solid state colour moniors, 12V BA ERY SCOOP - 60% off |

b K N complete with composite video & optional sound input. Altractive
25410 38" converson e s complte i cornocirs E1495 ik syl case: Partctor Sohaots: Snops, D1cor Cbs, G121 g e et sovings o sl ap abee 13v bC. 101
gg: gg::g; gg%: % mg :8E :;FF ocr'equiv, SFE 95 0256!;9‘ i:"}"';;“ 2";:“’“ ;:":‘gg'% ;;y..g"ar;;ee' 'rechargeabio vatiries. ag: by Hawker Energy Lid, type SBS| WATCH SLIDES ON TV
3% GUANTUM 40S Prodrl ve 42mb SCSIIF, Now RFE .00 S Joed 15 Joo: senvics :::‘Fulr;hno'l”“: %éasrzsslapi:o;r:'\:ﬂ “Srs
5%° MINISCRIBE 3425 20mb MFM UF (or equiv.) RFE 95 “é' P'ON::( ';“' "‘:’"'9“"“099,01 video monitors In BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 de MAKE VIDEOS OF
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11 voltage measurements take
A place between two points.

Using a battery-powered
multimeter to measure DC or low
frequency AC, both measured points
may differ from ground. However at
higher frequencies - and especially
using a conventional mains powered
tnstrument - measurements are
usually referred to one common
point, electrical ground.
Consequently, using a conventional
oscilloscope to observe a voltage
waveform, you are constrained to
making ground-referred
measurements.

Many two-channel oscilloscopes

include a facility to add or subtract
their ‘A’ and ‘B’ channel waveforms.

This feature allows the voltage
differences between two points to be
displayed.

In many cases, if your oscilloscope
can accurately subtract out the
common voltage, you are able to
display the difference voltage'
However this method has limitations:

@ Both the ‘A’ and "B’ signals must
be able to simultaneously ‘fit’ on
the oscilloscope screen. This
limits the maximum screen
display sensitivity that can be
used. If the required difference
waveform is small relative to the
‘A’ or ‘B’ voltage waveforms, this
difference waveform simply
cannot be seen.

Fig. 1. Low-capacitance differential probes and amplifier, provide excellent
performance from audio to 100MHz. When measuring single-ended signals
using one probe only, a short ground lead should be clipped to the test prod
body. For differential use, ground leads are not needed.

dntum Fregueney 100 Midz AC, coupled.

Divide 100 45< inpul 190 valts,

Differential-in
100MHz scope prohe

® Both oscilloscope input amplifier
channels and any probes used
must be carefully matched for
gain and phase over frequency —
certainly to better than 1%.
However the thickness of most
screen traces make these
adjustments difficult — if not
impossible. As a result, relatively
small input amplifier gain
variations can drama(icallzy change
your displayed waveform

In an attempt to avoid these
problems, many engineers disconnect
their oscilloscope’s earth, hoping that
‘floating’ the oscilloscope will
suffice. Apart from causing a safety
hazard, this imposes an ill-defined
and unbalanced load on the test
circuit.

The only satisfactory way 1o
observe the difference waveform
between two voltage points is by
using a differential-input amplifier
with phase-matched probes or a
differential probe attachment.

Such equipment is avatlable
commercially, intended either for
low-frequency, high voltage
measurements or for high-frequency
but lower voltage measurements.
Both types can be extremely
expensive.

This article describes the design
and assembly of two 100MHz AC-
coupled, high-impedance probes
having less than 4pF capacitive

Designed for RF test and measurement, Cyril Bateman’s differential-

input scope probe system provides useful results at more than

100MHz and features switchable gain together with 4pF loading. As

with Cyril’s previous designs, this one follows the philosophy of

high performance at low cost.

Both probes are powered with +5V
obtained from the differential
amplifier. Each includes a range-
switching relay, controlled from a
switch on the case of the differential
input amplifier.

The differential-input amplifier is
designed to mount directly onto the
oscilloscope’s front-panel BNC
input connector. Powered from a
nominal £9V, it includes two ‘three-
leg’ linear stabilisers that provide a
stabilised +5V for its own use and to
power both probes.

The three relays used are each
powered from the +9V input via
1802 current limiting resistors.
They are controlled by a switch to
select between gains of =100, =10 or
unity.

Common-mode rejection
performance

This design ensures an excellent
common-mode rejection. It is more
than 70dB to 10MHz, 60dB to
30MHz, 50dB to 90MHz and 49dB to
120MHz. These figures are relative to
a 1V input with the attenuator set to
divide by ten.

At lower frequencies, CMR exceeds
80dB, being limited mostly by noise.
Using a 3MHz bandwidth voltmeter,
divide by 10 or 100 noise measured
0.07mV and 0.62mV in unity gain
mode.

This low noise allows you to use an
oscilloscope display sensitivity down
to 10mV/cm. Small difference
voltages can be displayed — even with
common-mode voltages up to 100V.

With an input common mode
voltage of 10V and the differential
input amplifier set to unity gain, a
10mV peak difference voltage is
clearly visible, Table 1

Using the maths facility of a dual-
channel oscilloscope with
conventional probes, a 10mV
difference signal in a common-mode
voltage of 10V is completely
invisible. In this case, the difference
voltage would have to approach 0.5V
for clarity.

Excellent CMR and the extremely
flat frequency response allow a single
probe to be used. This can replace a
conventional scope probe, providing
the benefit of a much lower
capacitance loading on the test
circuit.

loading. Each can be switched to
accept maximum common-mode
inputs of 10V or 100V. The article
also describes a matching differential
input, low-noise, low-distortion

Diside 10 Vs tnput 10 sulty.
Divide § Mas npt § volis.
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amplifier, having switched gains of |
or 10, Fig. 1.

Design details

Each probe is designed to be hand
held and is connected to the
differential amplifier using a one
metre length of RG179B/U coaxial
cable.
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Measured performance of completed probes and differential input amplifier

Gain error by frequency using Probe 1 as input CMR with differential probe input,

Gain select +100 +10 +1 +10 +1

Frequency (Hz) Input 10dBm Input 10dBm  Input 0dBm Frequency (Hz)  Input 1 volt Input 1 volt

1k , 0dB 0dB 0dB 1kHz —-86.4dB(5V) -74.7dB

M 0dB 0dB 0dB 1MHz -87dB -63dB

10M 0dB 0dB 0dB 10MHz —-73dB -59dB

20M -0.05dB 0dB -0.1d8 20MHz -66dB -54.5dB

30M -0.1dB odB -0.1dB 30MHz -62dB -52dB

40M -0.4dB 0.05dB -0.1dB 40MH2 -58.5dB -50dB

50M -0.2dB 0.2dB -0.2dB S0MHz -61.5d8B -52dB

60M -0.1dB 0.2d8 -0.25dB 60MHz2 -56.5dB -48.5d8B

70M —0.8dB 0.1d8 0dB 70MHz -56.5dB -45.5dB

80M -1.2dB 0dB -0.4d8B 80MHz -51dB -41.5dB

90M -1.8dB -0.3dB -0.5dB 90MH2 ~-51dB -39.5d8

100M -3.0dB -1.2dB -0.75dB 100MH2 -49.5dB -37d8

110M -4.0dB -3.2dB -4.0dB 110MH2 -49dB -36dB

120M -7.5dB -5.5dB -6.0dB 120MHz -49dB -36.5dB

Max safe 100V 10v 2V v 0V

input (volts)

Equipment used: HP331A voltmeter and the HP8405A vector voltmeter both have high impedance low capacitance inputs. The 331A meter
is specified to 3MHz, the 8405A from 1MHz to 1GHz. To ensure consistent test signal voltage with frequency, the signal generator output
was loaded with a 10dB attenuator and a Macom 50%2 through termination. The HP331A fitted with a divide-by-10 probe and the HP8405A
were used to monitor test signals at this termination. See box ‘Measurement equipment’

| '8
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Fig. 3. Using an identical set-up to that
used for Fig. 2, but with the sinewave
replaced by a triangular wave, shows a
square wave input-output difference,
as the op-amp struggles to follow this
input signal. Even this difference
waveform is not visible using the A-B
facility on my 100MHz scope.

Fig. 4. My second prototype PCB for
the differential input amplifier. Note
the extensive decoupling capacitance
and enlarged power supply tracks,
introduced after the failure of my first
PCB. With the later addition of three
small COG capacitors, this PCB was
used for all performance test results.

Fig. 2. Top trace, a Coline 250MHz
divide 10 probe shows oulput at
0.1V/cm, from a TLO71 voltage
follower. Bottom trace at 0.01V/cm
clearly shows a voltage difference
between the signal input, pin 3 and
output pin 6. This difference cannot
be seen using the A-B facility on my
scope.

Applications of the probe

This differential design allows you to
measure small voltage differences
between two points on your circuit. It
provides a simple and quick means of
ascertaining in-circuit distortions and
actual op-amp input output voltage
differences.’

As an example, suppose you
configure a unity gain voltage
follower using a TLO71 IC with a
1kQ load resistor. Supply voltage is
=10V and input is a 4V pk-to-pk
sinewave at 100kHz. Using my
divide-by-10 Coline 250MHz scope
probe with the ‘A’ channel's 'Y’ gain
set to 0.1V/cm, the output waveform
in Fig. 2, top trace, is identical to the
input waveform. Or is it?

The lower trace is the result of a
differential voltage measurement
between pins 3 and 6 of the TLO71.
For this trace. the differential probe
was also set to divide by 10 but the
‘B’ channel’s ‘Y’ gain has been set to
0.01V/cm. This clearly shows that a
difference does exist between the
input and output waveforms.

Even more dramatic results are
obtained if the sinewave is replaced
with a triangular waveform at the
same amplitude and frequency, but
leaving everything else as above, Fig.
3. Using a difference voltage
measurement, you can quickly
explore the effects of changing load
impedances and waveforms on your
circuits.

Throughout this article | have

concentrated on using this differential
probe with an oscilloscope, because
that seems its most natural
application. Because of its excellent
single probe accuracy and differential
CMR performance though, it can
equally well be used as input to an
AC voltmeter having with an
oscilloscope equivalent input
impedance of 1MQ and 18 pF.

Differential probe design - ICs
Fundamental to this design was the
choice of differential input amplifier
to be used. In the past I have used the
AD830 amplifier from Analog
Devices®. The AD830 provides an
excellent 100dB CMR at low
frequencies, but by 10MHz this has
reduced to 50dB.

To provide operation to 100MHz, |
needed better high-frequency
performance. It would also be
preferable to have a gain of two to
offset the loss incurred through using
a back terminated cable between the
probes and the amplifier.

I searched Internet and distributor
catalogues and eventually settled on
Maxim’s MAX4144.5 It is designed
as a high-speed, low-distortion,
differential line receiver with a
gain-of-two bandwidth of 130MHz. It
provides 70dB CMR at 10MHz, S0dB
at 80MHz and more than 45dB at
100MHz. Its -90dBc spurious free
dynamic range at 10kHz and some
12nV/AVHz noise at 1 MHz looked
worthy of further investigation.

I now needed a 100MHz
bandwidth, low-noise. low-distortion,
output amplifier with a gain of 10 for
an overall unity gain system, Fig. 4.

I choose Maxim’s MAX4107 - an
uitra low noise 300MHz op-amp. I
decided to use it in a vaniation on the
MAX4106 design that proved so
successful in my unity gain, low
capacitance 100MHz, active
oscilloscope probeS.

The 4106 is optimised for a gain of
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5, while the 4107 is optimised for
closed loop gains of 10 and above.
With an input noise level of just
0.75nVAHz at 10kHz, a large
spurious-free dynamic range, low
distortion and 500V/us slew rate, this
IC looked a good starting point for
my design.

The choice of IC for my =10, =100
probes was easy. Maxim’s MAX4005
had already proved successful in my
unity gain probe design®.

Design - relays and trimmers
Choosing relays suitable for the gain
switching proved quite difficult. As a
first requirement the relay must be
physically smail in order to.mount in
a hand held probe and switch using a
5V supply.

More important however, to design
a system capable of working to
100MHz, the effects of self

considered. But it was vital that I took
these parasitics into account in my
frequency domain simulations.
Contact capacitances at low
frequency and resistance at DC were
easily and quickly measured. Contact

Fig. 5. This first probe PCB prototype

was modified and used for the final
build and measurements. Note the
150pF 1210 COG ceramic adjacent
to the orange trimmer. Resulting
from tests, the earth tracks from this

inductance and self capacitances of
the relay contacts on circuit
performance must be minimised.
Specifications for these parasitics
were not available for any relay that I

choice but estimate contact

inductance was much more difficult
to determine. In the event | had no

inductance for my simulations. Using
the relay’s physical dimensions and

capacitor were later ‘improved’.
These differences can be seen by
comparing with Fig. 7.

Both probes should be assembled then pre-calibrated sepa-
rately as stand-alone items.

Solder a temporary 759 0805 surface-mount resistor from
each probe output to its ground plane and take all output
voltage measurements across this resistor.

Apply £5V power, taking care to note the location of the +5
and -5V terminals on the PCB. Set probe capacitor C, to mid
value.

Input a known 1kHz signal not exceeding 10V to the test
prod from a signal generator. This generator should be termi-
nated in a through-load matching its output impedance.
Measure and note the voltages across the temporary 75Q
resistor when the relay is energised from +5V and when de-
energised.

With the same generator output voltage, increase signal
frequency to TMHz and energise the relay. Using a non
metallic trimmer tool, slowly adjust .C, to attain the same
relay energised output voltage as noted for TkHz. This is an
extremely sensitive adjustment, tiny movements of C, will
affect output at IMHz and above.

De-energise the relay and adjust G to attain the same de-
energised relay output voltage as noted at 1kHz.

These trimmer adjustments affect high-frequency perfor-
mance and can reduce the CMR at higher frequencies. Take
care to match the TkHz and 1MHz levels for each probe.

Since C4 and Gy interact, repeat the above 1MHz adjust-
ments as needed.

Remove the temporary 75Q resistor from each probe. This
completes the probe pre-calibrations.

Connect both probe outputs, via matched lengths of 75Q
coaxial cable to the differential amplifier inputs. | used metre
lengths of RG179B/U because its PTFE inner facilitated direct
soldering to the PCB ground planes and simplified cable
length matching. Matched coax lengths are needed to min-

imise phase differences between the probes at high frequency.

The coax cable from the signal generator should be termi-
nated in a through load. Fit oscilloscope probe ‘BNC’ adapters
to each probe’s test prod. Attach a ‘T’ adapter to this load to
provide two equal-length BNC output paths. Attach one probe
with its BNC adapter to each output such that each probe
*sees’ the identical test voltage and signal delays.

Apply a known 1kHz voltage not exceeding 10V, to both
test probes. Energise the relays in both probes but do not
energise the relay in the differential amplifier.

Using a suitable voltmeter, monitor the differential amplifier
output. Carefully adjust VR, for best CMR, minimising the
differential amplifier output. This should be much less than
1mV for a 10V input.

Remove one probe’s test prod from the signal source and
attach a 50Q terminator to this prod.

With a 1V 1kHz signal applied to the second probe’s test
prod, check output while switching the relays. The differential
amplifier should now output exactly 1V, 0.1V and 0.01V
respectively.

Apply a known signal, up to 10V at 1MHz to the above
probe. Energise the probe relays but not the differential
amplifier relay. Note the voltage output from the differential
amplifier.

Increase frequency to 30MHz. Adjust Cys in the differential
amplifier for the same voltage as noted at 1MHz.

Reconnect both test prods to the ‘T’ adapter and input a
known 1MHz signal to both probes. Energise both probe
relays and monitor the differential amplifier output. Calculate
CMR as -20l0g(V,ud Vi).

If you can adequately measure this small output voltage,
then very slowly and gently, slightly adjust C, in probe 2 only,
to maximise CMR.

This completes all necessary calibration.
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Spice-based, low-frequency
+5V simulator.
For my needs, I cannot justify the
Cio cost of obtaining a ‘proper’ frequency
100n domain or harmonic balance high-
Cas Co frequency simulator and related PCB
3-10p AL, ,,J,,m design software. In the past [ have
w e used the ubiquitous ‘Touchstone’ and
il To the ‘MDS’ microwave design
R c C;10p «+100 | §NC ial systems.’
1 2 ———o coaxial
910k  100n S s cable Such specialised CAD packages do
1 . : MAX4005 o £
o—m], "‘E‘W Cyy much to facilitate high-frequency
90,9k csl o 1n 1 con simulations and PCB layouts, but
" o Rys 150pL 650 L C, in they still need to be fed with the
2.2p 10.2k M 100n c correct modelling data. When it is not
- > T - | 188 available from the component maker,
i e Sk ?(;6 9 data can be obtained from practical
M measurements, using perhaps a
HP8753 vector network analyser.
T -5V To de-embed component data from
Fig. 6. Schematic for both test probes. Note the 1500 resistor R, now inserted between the relay measured values, a pre-calibrated test
and input of the MAX4005. This resistor, combined with the IC input capacitance, damps out a jig suited to the part being measured
very high frequency resonance between the relay contact inductance and this input capacitance. is essential. From my work measuring
All signal path capacitors are COG ceramic. capacitors and EMC filters to 3GHz, |
know that designing and calibrating

high-performance test jigs, is

assuming the tnductance might be
stmilar to a stngle turn coil, [
estimated a value.

At least one trimmer capacitor
would be needed for each probe and
the differential amplifier. The
differential amplifier would also need
a pre-set resistor, to compensate for
variation of probe gain and maximise
low-frequency CMR.

Again | was unable to find any self-
inductance specifications for these
components, so | prepared estimates
based on the component’s physical

LpSiZes!

At high frequency, each component
pad and track introduces capacitance
and inductance. Each PCB layout or
component change should be
reflected in the simulation, Fig. 5.

Implementing the design
Developing a prototype proved
extremely time-consuming, requiring
repeated refining of PCB layout and
re-simulation with amended circuit
strays. This highlights only too
clearly the difficulties of designing
moderately high frequency circuits
using an essentially time-domain

extremely difficult and time
consuming.

However repeated simulations and
PCB layout refinements culminated
in a prototype printed board assembly
1 believed was ready for performance
testing.

Prototype PCBs for the probes
My onginal hope was (0 use close-
tolerance capacitors and resistors,
with just one trimmer capacitor to
compensate the switched attenuators
for stray capacitances. However
during my simulations I realised this

Frequency-domain simulation

The capacitor, resistor and inductor models built into Spice
based simulators assume ideal loss-free components having a
constant value regardless of frequency.

Some simulators include a relay model, but only for the
switching mechanism’s delay and contact bounce. This is no
help at ail with contact capacitance or self-inductance.

For transient or time-domain simulation, Spice automatically
provides a facility for amplitude dependent changes for
semiconductors, but not for passive components.
Unfortunately, with real-life components, almost all parame-
ters are frequency dependent.

The latest simulators still assume ideal passive components
in their libraries. Some though, including Microcap 6, provide
the facility to override the internal constant value model using
a frequency dependent expression. Regrettably, as far as | am
aware, suitable model libraries are not provided.

A restricted number of component models® can be down-
loaded from Intusoft, and are supplied with the company’s
simulators. These offer a limited choice so usually do not
exactly fit ones needs. The modelling approach used was
initiated in 1994, by John Prymak of Kemet.

Kemet'® now offers a Spice based data sheet for their
Ceramic and Tantalum capacitors as a free download. This
software provides on-screen plots of capacitor behaviour with
frequency, including capacitance, ESR, tand, inductance,
impedance, series and parallel resonances.

For any one frequency of interest, the simulation circuit used
and its component values can be displayed on screen. These
can then be used in transient analysis and narrow-band
frequency sweeps.

Unfortunately these simulation component values cannot
easily be extracted for use in wide-band frequency domain
analysis.

The main problem is that this frequency-dependent expres-
sion relates to an individual element. A resistor that possesses
resistance, capacitance and inductance then requires three
elements.

Capacitor models may be considerably more elaborate. It
would be convenient if one could download manufacturers
macro models for passive components — or better still S
parameters — as has long been possible for many ICs.
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would not work out and two trimmer
capacitors would be needed. Both
trimmer values would then interact,
Fig. 6.

By choosing suitable capacitor and
resistor values | was able to arrange
for simple calibration at two low
frequencies only, 1kHz and IMHz. At
1kHz these trimmer capacitors have
no effect. Attenuation can be
accurately measured at the probe
output, for both relay settings, when
subject to a known input voltage.

Increasing frequency to IMHz with
this same input voltage, the timmer
capacitors should be adjusted to attain
output voltages identical to those
measured at |kHz. However because
of their interaction, these trimmers
will need re-adjusting in turn several
times, as the relays are switched.

With the trimmer capacitors set
correctly for IMHz outputs, my
initial probe PCB, size 63mm by
25mm worked well. It provided flat
response to 5SOMHz. At 100MHz, a
1dB rise in output was measured
when the system was set to divide by
100, Fig. 5. This rise was caused n
part by an unnecessarily inductive
PCB track associated with Cs.

Soldering in place a scrap of copper
foil easily modified the board. This
modified track is shown in the figure,
but the photographs were taken prior
to this modification, Fig. 7.

Prototype PCBs: differential
amplifier

My initial differential-amplifier PCB
required more substantial
modifications, such that the first
board was eventually scrapped.
Following careful in-circutt probing
using the HP8405 vector voltmeter
and repeated simulations, the layout
was improved. Revised boards
measuring 68mm by 40 mm were
assembled and used for the test
results. Fig. 4.

The MAX4144 and MAX4107
together draw some 28mA from +5V.
When driven to produce +2V output.
the decoupling used on my original
board was inadequate. Extra
capacitance was needed and the |mm
wide tracks used to supply power to
each IC had to be widened. Finally
the impedance of the two-sided
ground plane had to be reduced.

Decoupling capacitance and ground
plane improvements were made on
my original board. Copper shim was
soidered around all four sides to
bridge top and bottom ground planes
together. The design then worked
well, but looked decidedly
‘modified’.
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Fig. 7. Final double-sided PCB layout as used for the divide-by-10, divide-by-
100 low-capacitance probes. The PCB track modifications with the addition of
the 150Q R, provided a flat gain and excellent consistency between switch
ranges. At the highest frequencies, the self inductance of trimmer Cg becomes

significant.

Fig. 8. Revised double-sided, differential amplifier PC8 now shows the three
capacitors introduced to reduce excess high-frequency gain and noise levels
when viewed on an oscilloscope. The 18pF added to the output attenuator,
enables operation with a wide range of capacitive loads, without compensating
adjustments.

Measurement equipment

The HP331A meter has an oscilloscope-
equivalent input impedance and is speci-
fied for use to 3MHz. The HP8405 is a
narrow bandwidth sampling vector volt-
meter that uses permanently attached
100kQ/SpF probes. It is specified for use
from 1MHz to 1GHz.

To ensure consistent test signal voltage
with frequency, the signal generator output
was loaded with a 10dB attenuator and a
Macom 50€2 through termination. The
HP331A fitted with a divide-by-10 probe
and the HP8405A were used to monitor
test signals at this termination.

These instruments were then used to
measure output from the differential ampli-
fier. To compensate for the HP8405
probe’s 5pF capacitance, additional capaci-
tance was added to the differential probe
output connector to produce an 18pF
oscilloscope load. The 0.8% resistive load
change, from the HP331A’s 1MQ to the
HP8405A 100kQ, when in parallel with the
910%2 output resistor Ryg, was ignored.

My high-impedance RMS meter could
also have been used.8 However, the
HP331A and HP8405A both provide direct

readings in decibels relative to OdBm.
Using these instruments avoided a consid-
erable number of calculations.

In the table, results for probe 2 are not
listed. As you can see from the CMR
results, they must be indistinguishable from
those for probe 1. With differential mea-
surements, CMR at higher frequencies is
most important. Thus frequency perfor-
mance was optimised for CMR and noise
level, rather than for flattest response.

Using the HP331A voltmeter and with
probe relays set to divide by 100 or divide
by 10, noise level measured 0.07mV. Set to
unity gain noise level measured 0.62mV.

With the relays set to divide by 10 or
100, less than 1mV peak noise is seen
using a 100MHz oscilloscope. With gain
set to unity, noise level is less than 5SmV
peak.

Because the maximum permitted input to
the HP8405A vector voltmeter is 1V, no
divide-by-100 CMR results could be
sensibly measured at higher frequencies.
But at 1kHz with 30V input, a divide by
100 differential measurement gave
-109.5dB CMR.
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Probe 2

unconnected

Fig. 9. Final schematic of the differential input amplifier as used for performance tests. Trimmer C,s is a slow adjustment that
only affects high-frequency single probe gain linearity. This can be replaced by a fixed 2.2pF capacitor with little effect on
differential measurements, should a suitable 30MHz test and measurement system not be available. Note that the two three-

terminal regulators are not shown.

1MQ/10pF

Rg27  scope load

Cas

Rio
g10 | 18P

A revised PCB was asscmbled and
used for final tests. This revised
design ts shown in the photographs
and figures. With this design and
using the ground plane through links
as shown, copper shim soldered
around the PCB edges was not
needed, Fig. 8.

Interconnected to the finished
probes using one metre of
RG179B/U coaxial cable, the
complete assembly worked
extremely well. Common-mode
rejection and frequency response
were both excellent

With no signal input and the
relays set to unily gain, noise
measured less than ImV on a 3MHz
bandwidth voltmeter. Noise output
viewed on a 100MHz oscilloscope
however was much higher than
desired.

Following further measurement
and simulations, noise output was
found to pcak near 100MHz. At
frequencies below 60MHz, noise
output was acceptably low.

Reducing noise

Careful measurements using my
HP4805 vector voltmeter indicated
an increasing voltage input to the
differential amplifier. This rise was
not found measuring the probe
outputs terminated in 75, or the
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differential amplifier with 75Q
input.

Investigations indicated this rise
was probably due to inductance
contributed by the trimmer resistor
VR. To replicate this peak, my
simulations necded a much higher
self inductance than I originally
estimated for this component.

Two small 100pF, [ % capacitors,
Cy4 and Cys, were soidered between
the VR, terminals and ground. They
were 0805-sized COG types. At
100MHz these provided a 0.5dB
reduction of signal input to the
MAX4144 differential amplifier
without compromising the CMR
performance.

To further reduce high-frequency
noise, | decided to roll off some
output gain above 70MHz. This was
achieved by adding an 18pF COG
capacitor, Ca, in parallel with Ry,
The differential amplifier can now
be used with oscilloscope input
capacitances ranging from 15pF to
22pF without compensating
adjustments for changing load, Fig.
9.

These changes reduced the output
noise viewed on my 100MHz
oscilloscope. It is now less than
ImV peak with relays switched to
divide by 10 or 100. Less than SmV
pcak when switched for unity gain.

All the above changes were
included for the results shown in
Table 1, and are also shown in Figs
610 9. Note that these capacitors
were added after | took the
photographs.

Final performance results

I said earlier that this project
required a considerable design effort
and many repeated simulations
caused by the lack of high-
frequency data for components.
However as you can see from the
table, this very low cost, easily built
design, provides excellent CMR and
high frequency performance.

While obtaining these
performance figures required a
capability to measure small changes
in low-level signals over a wide
frequency range. much simpler
facilities suffice to calibrate the
three trimmer capacitors and the
resistor.

To calibrate for accurate
measurements to 10MHz, all that is
needed are a signal source able to
supply from 200mV to 1V at 1kHz
and 1MHz when terminated in 50,
and the ability to accurately measure
these voltages at both frequencies.

For higher-frequency use, ideally
a source and measurement at
30MHz is also preferred to
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Final assembly

Assembling the differential amplifier PCB and its housing
requires little comment. With the exception of the two
three-leg 100mA stabilisers, pre-set resistor VRy, trimmer
capacitor and relay, components used are designed for
conventional surface mounting.

For pre-set resistor VR;, | used a small single-turn
Bourns trimmer, Farnell part 345-994. Its legs were bent
to surface mount on the PCB pads.

The relay was an Omron CGE134P, through-hole
mounted from the underside of the PCB. This relay,
Farnell part 176-323, was similarly used for the test
probes.

The 1-5pF trimmer capacitor was a Murata COG ceram-
ic with its legs flattened and trimmed to suit the PCB pads.
Farnell part number 108-218, Fig. 10.

For each probe PCB, the larger 6-50pF trimmer capaci-
tor was a similarly modified Murata COG ceramic, Farnell
part 108-222.

The very tiny 3-10pF trimmer was an AVX CTZ2
designed for surface mounting. Farnell part 578-370.

The PCBs were arranged as far as possible to accept
either 0805 or 1206 size components. Resistors were all
1% or better and capacitors of 1nF or lower were COG
ceramic types. Where possible, other values were X7R
material with Z5U used for 1pF. The largest capacitors
were surface mounting AVX type TA) tantalum chips.

The most difficult part of final assembly was to find a
suitable housing for the probes. | searched many cata-
logues with no success. However, a traveller’s toothbrush
case from the local supermarket proved to be an appropri-
ate size and shape, Fig. 10.

To effect screening, | attached some copper foil to some
thin Mylar insulation using two-sided adhesive tape. This
laminate was cut and formed to fit tightly inside one half

{1eryeiel tape PTe Srennge Fratin

Fig. 10. Composite view of the prototype differential probes as
tested. Both probes are housed in one half of a plastic traveller’s
toothbrush case. This has a wrap of copper foil inside to act as a
Faraday shield. For ease of assembly the differential amplifier was
housed in a 110 by 60 by 31 mm die-cast box. This PCB could
easily fit in a much smaller box.

of the toothbrush case, and grounded to the PCB using a
short flying lead.

The test prods for each probe were assembled from a
short length of 4mm inside-diameter thin-walled brass
modelling tube. The centre contact was a 0.7mm outside-
diameter sewing needle with the point biunted. Two PTFE
insulators, intended as PTFE stand offs, provided a tight fit
into the brass tubing®. These test prods on their own
measured just 1.5pF.

accurately adjust Cs in the

differential amplifier. This is a

‘slow’ adjustment that affects single 3.
probe =10 and =100, high-frequency

Oct. 2000
Gerstenhaber, M., ‘Active

response. performance a-to-d conversion’,
However it has only a small effect Electronic Design, April 2 2001.
on the accuracy of high-frequency 4. Bateman, C.. ‘High-frequency

differential measurements. For
differential measurements, Cys
could simply be replaced by a fixed 5.
2.2pF COG ceramic capacitor,
shown as Cysa on the PCB.

Clearly, Cs has a noticeable
effect on the accuracy of single 6.
probe measurements above SOMHz,
using an RF volimeter. The
amplitude accuracy of many -
perhaps most — oscilloscopes at
these frequencies will already have
badly deteriorated. The effects of
using a fixed value of 2.2pF Cs will

World, p. 24, Jan. 2001.
High-speed low distortion
differential line receivers,
4144

probe’, Cyril Bateman,
2001

system

/hpeesof

facts’, Electronics World, p. 760,

feedback amplifier enables High-

Impedance Meter', Electronics

hup://www.maxim-ic.com/MAX
Bateman, C.. ‘Active RF scope
Electronics World, p. 842 Nov.

7. Touchstone Microwave design

PCB availability...

This design completes a series of four simple, self
assembly, double sided PCB designs, targeted to
assist high frequency measurements. While one-
off single sided PCBs are easy to reproduce, one-
off double sided boards are more difficult. If
sufficient readers desire boards, | can arrange for
the PCBs for this series to be professionally
produced.

If you are interested, send a 220 by 110mm
SAE to C. Bateman at Electronics World,
Cumulus Business Media, Anne Boleyn House,
9-13 Ewell Road, Cheam, Surrey SM3 8BZ.

hutp://contact.tm.agilent.com/tmo

then not be noticed. m 8. Bateman, C., ‘High impedance
RF probe’, Electronics World,
p-778 October 2001.
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FED — Comprehensive PIC micro-controller support

Powered from the application circuit (3.3V to 5V)

Can program and re-program applications in circuit
Up to 3 breakpoints

. . = Auto Run application if ICD not connected
In Circuit Debugger

Board

® 8 o 5 8 0 0 s 0 o+ 0

Uses a standard (3 wire) serial interface to a PC

Features
Allows real hardware to be examined & programs to be debugged and to be run In real time on your application

In Circuit Debugger - Operates with FED PIC Development apps (PIXIE, WIZPIC, PICDESIM, C Compiler)

What is In-Circuit Debugging (ICD) ?
In Circult Debugging is a technique where a monitor program runs on the PIC in the application circuit. The ICD
board connects to the PIC and to the PC. From any of our applications it Is then possible to set breakpoints on

the PIC, run code, single step, examine registers on the real device and change their values. The ICD makes
debugging real time applications faster, easier and more accurate than simulation tools available for the PIC.

The FED ICD requires only one data //O pin on the PIC which can be chosen from any of ports B, C or D.

Run, single step and step over, run to cursor line, set PC to any value in the program
Trace execution in the original C or Assembler source files
Animate operation to trace variables at breakpoints or watch the program executing

View and change values of PIC special function and general purpose registers, W and the ports.
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Prices

In Circuit Debugger Board - £30.00
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« An application designer for the FED PIC C Compiler FULLY including the
FED PIC C Compiler

« Drag a software component on to your design & set up the parameters
using check boxes, drop down boxes and edit boxes (see shot right).

*  Connect the component to the PIC pins using the mouse

+  Select your own C functions to be triggered when events occur (e.g. Byte
received, timer overflow etc.)

+  Simulate, Trace at up to 10x the speed of MPLAB

+ Generate the base application automatically and then add your own
functional code in C or assembler

+  Supports 14/16 bit core PICS - 16F87x,16C55x,16C6x, 16F8x, 16C7xx 18Cxx

*  C Compiler designed to ANSI C Standards

Yongping Xia’s PC add-on allows an 18-bit

analogue-to-digital converter to be read via a printer port.

axim’s MAX132
is an |8-bit plus
sign, serial-output
analogue-to-
digital converter.
Its multi-slope integration
conversion method provides high
resolution as well as speed.

The chip is designed to interface
with many common
microcontrollers through thrce
inputs and a data output. One input
selects the chip, one clocks the data
and the third line carries the data.

With a few external components
and £5V power supply, the
MAX132 can provide a high

length depends on the magnitude of
the input.

When input is shorted, the output
of MAX 132 should be zero.
However, the circuit may not be
perfect and the reading is likely to
have some value.

Under software control, the
MAX132 can short its input
internally. This allows the zero
value to be read without physically
shorting the input. Once
determined, the zero value can be
subtracted from the reading later to
compensate the offset error.

To reduce the error further, the
zero error value and normal a-to-d

resolution a-to-d conversion with a conversion results are averaged by A-to-d converter input is displayed

Prices -512mV to +512 mV measurement  eight readings. a millivolts. Length of the horizontal
PIXIE with Introductory manual (C Manuals on CD) - £70 range. giving an easy-to-assimilate anal
PIXIE with WIZPIC, Seriat Programmer, or Development Board £50.00 CD-ROM A PC’s printer port can be used
3 - for general-purpose input/output.
PIC & AVR Programmers NEW - PIC Development Boar “’.'l‘,t't‘,["’g';““”' Bt (1 Printer port plug-in provides 18-bit a-to-d conversion for displaying
wi e rogram, a can voltages on screen
" h . h 5 )
PIC Serial Programmer For ALL 40 pin PICS from :E:::Z:ei: :?i,re?gg.z e 3_ &
(Left) including 18Cxxx 16cxxx, 16Fxxx and 18cxxx e . = ) . e,
Handles serially programmed AR = In this design, outputs pin 4 to » R, 10k =15
. clu -Circui . p E SN \'T 4 3
x PIC devices in a 40 pin multi- Programmer — NO separate L usgd b .CS' Din R, 10k a3 *LOOPLOO"
3 width ZIF socket. 16C55X, programmer required a"d, SCLK signals re§pecl1vely ¥ 5 A— Uecs V+
< 16C6X, 16C7X, 16CBx, 16F8X, LCD module interface (1:1) Senal a-to-d conversion d.ata is read 6 Ry 10k 2 -L.LJ
o 12C508, 12C509, 16C72XPIC p|U$ contrast contro! into PC through pin ]3 Pin 18-25 N DIN BUF OUT
14000, 16F87X, 18Cxxx etc. «  Hex keypad interface are grounded. 7 3! bouT  INT OUT
(&) glso Ir:-Clrcul;grogr?Tmlzg- + 4 LED's and driver As the MAX132 is ‘bipolar”. it 8
. Pfiif i °::‘ i SIkiste"a PO . '3;2 /O pins available on IDC needs both +5V and -5V power = SCLK INT IN LM385-1.2V
’ eaders . ; . 9
L®) £50/built & tested 3 bl et KD ;Upplle&sh\ll 9;dgeef l:r::emdp:;;yalhe — | —i— 3l 0sc2  CREF- TL7660
3 esign, —J Vv 1S gen: 10 6 A 18 |
2 PIC Introductory - Programs 8 & 18 pin devices : 16C505, 16C55X, X fzcs“str::' . EEHTO:S charge-pump DC-to-DC converter Vv 0SC1  CREF+ Crami R ;
o 16C61, 16C62X, 16C71, 16C71X, 16C8X, 16F8X, 12C508/9, 12C671/2 £25/kit. R i -~ e built around a TC7660. . 7 po REF+ | —2cAp+ osci-
A\/R - AVR1200,2313,4144,8515, 8535, 4434 etc. in ZIF. 4.5V battery powered. Prices «  CD-ROM supplied with FED A reference voltage for the 12 8 py REF— —3GND vie
"l— Price : £40 for the kit or £45 built & tested. Kit with integrated PIC BASIC and Compiler MAXI132 is provided by a diode D, 13 g‘; ‘2322 > cap- voutt®
All our Programmers operate on PC serial interface. No hard to handle parallel || Programmer hardware £35.00 - Peripherals operate only on ke < & o Sl e et L6,
cable swapplng ! Programmers supplied with instructions, + Windows CDéRgM mcl_udlr;:g FED PIC port D and E leaving others input range of the a-to-d converter |14 10) g INLO = a7y
3.1/95/98/NT software. Upgrade programmers from our web site ! BASIC compiler £5.00 free is from =512mV to +512mV. The 15 1 14 o+ ——__.T._‘
Other options available — Manual on CD-ROM or download measured data shows on a PC’s = ~{ ECO INHI Input
b . o
; please ring or see web site free from our_web site screen in two forms. One is the 16 12 DGND v 13
Al Forest Electronic Developments 18C452 D o 17
Bl 12 Buldowne Walk, SwaY,LYMINGTON, HAMPSHIRE, S041 6DU. gives anl AN OB &1 18.25
s a Email - info@fored.co.uk, or sales@fored.co.uk e New architecture (more instructions the form of a horizontal bar whose
web Site - http://www.fored.co.uk “PHoraBEEN R 15 OMHz clocd

—_— d
01590-681511 (Voice/Fax) - RAB I DRcHG from 1oFor
Prices are fully inclusive, Add £3.00 for P&P and handling to each order. @
Cheques/POs payable to Forest Electronic Developments, or phone with 18C452/JW £20.00
credit card details. 18C452/0TP £8.00

CIRCLE NO. 114 ON REPLY CARD
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Annotated C listing for reading the 18-bit analogue-to-digital converter interface through a PC’s parallel LPT port. For an electronic bar (310, 0, {(current_x+310), 10); /* show a bar on screen */

copy of this listing, send a request via electronics.world@ntiworld.com with the subject heading '18-bit converter, December 2001, setviewport (280, 240, 630, 300, 1);
Note that using this address for any other correspondence will result in disappointment! clearviewport(};
if (data_dis>512 || data_dis<-512) More on the MAX123...
:J:.nciuge <g§3§>i‘1écks‘.h> y sprintf(msg, “Overrange!”); The MAX132 is a CMOS, 18-bit plus sign, serial-output,
include <stdlib.h> else ‘o : - .
#include <stdio.h> sprintf (msg, "%.2f mV*, data_dis}; analggue—tp—dlgltall cr_)nverter. leltl-slppe lntggra-tlon
#include <conio.h> outtext (msg) ; /* show data on screen */ provides hlgh—re§o ution conversions in less time than
#include <dos.h> ) standard integrating a-to-d converters, allowing
#include <bios.h> operation up to 100 conversions per second.
void init_screen{void) /* initialize display screen */ Low conversion noise provides guaranteed
#define CLOCK_LOW 0xfb {
#define CLOCK_HIGH 0x04 setbkcolor (BLUE); T
#define DIN_LOW Oxef setcolor (WHITE) ; S e ! —’l
tdefine DIN_HIGH 0x10 line(2,2,637,2); \ , / \
#define CS_LOW Oxf7 line(5,4,634,4); -—t3
#define CS_HIGH 0x08 line(2,2,2,477); 1 "’V_—_.“"""’Y’hm /\ /%C"]
#define POWER_ON 0x01 line(5,4,5,475); ey | 1 [
#define POWER_OFF Oxfe line(5,475,634,475); B
line(2,477,637,477); " M8 IN Bs B1 { 3] \—,
typedef unsigned int WORD; line(634,5,634,475); 1y
line(637,2,637,477); el , Aﬂ it
int out_port, in_port, out, power_boost_status=0; line(3,350,634,350); bo MSB (U1 x £ 81 x 1SB0UT
char msg [80]; setviewport (450,440,630,460,1); ¥ !
sprintf{msg, “press any key to quit”); rers
float read_data{int measure) /* read data from MAX132 */ outtext {msg) ;
{ setviewport{0,0,639,479,1); T
int i, j, test_bit, data(3], command{4]; )
float data_dis; operation with £512mV full-scale input range
-0 ; R % N LR A O 1 v
g:iz }g};g; J{.nt init_graph(void) /* initialize graphic mode */ (2pV/LSB). A'simple four-wire ser_ial interface
data[2]=0; int gdriver = DETECT, gmode, errorcode; connects easily to all €OMMON Microprocessors, and
if (measure==0) initgraph(&gdriver, &gmode, *““}; two’s-complement output coding simplifies bipolar
command [0}=0x92; /* set to read zero offset */ errorcode = graphresult(); measurements.
else if (errorcode !'= grok) /* an error occurred */ i i i A
command[0)=0x82; /* set to read input voltage */ { lTyplcaIdsupl?Iy CU"_‘:]‘Il Is 60“2’ redel:jcljr]gi(t; 1()"’? ";
command [1]=0x04; printf ("Graphics error: %s\n", grapherrormsg(errorcode)}); sleep mode. rour serially-programmed dig| utputs
command [2] =0x00; printf (“Press any key to halt:"); can be used to control an gxlernal multiplexer or
command (3] =0x00; getch(); programmable-gain amplifier.
out{=CS_HIGH; exit(1}; /* return with error code */) The MAX132 comes in 24-pin narrow DIP and wide
gg:“:;’fg@;gfﬁ:;, RUEN: ) SO packages. It's absolute maximum analogue input
{ void find_port{void) /* find printer port address */ range is from the positive supply to the negative
out&=CS_LOW /* CS low*/ ( supply.
outportb{out_port, out}); out=0;
delay (1) out_port=*{WORD far *)MK_FP(0x0040, 8}; Feature summary
test_bit=0x80; in_port=out_port+l; 1 i
ey PTiMO T L08  Sied] i S ER OuUE | SPOWER_ON; Supply Current: ?OI;\A' Inormal gperatuon
outportb(out_port, out}; HA, sleep-moage
if ((command[j]&test_bit)==0) delay(100); +0.006% FSR Accuracy at 16 conv/s
out&=DIN_LOW; ) 15pV RMS noise
else . Serial /O interface
out | =DIN_HIGH; void clean_up{void) /* close graphic mode */ Programmed output for MPX and PGA
outportb{out_port, out}; { Perf 100 /
delay(1); closegraph() ; erforms up to 100 conv/s
out |=CLOCK_HIGH; /* clock high */ out&=POWER_OFF ; +2pA input current
outportb{out_port, out}; outportb(out_port, out); /* turn off power supply */ 50Hz/60Hz rejection
delay(1}); )
if (3!=0) F .4
datalj-1]=data[j-1]*2+(inportb(in_port)&0x10)/16; void main(void) AN NSRS CAEUEN
out&=CLOCK_LOW; {
outportb(out_port, out); /* clock low - /7 int channel, measure=0, k;
delay(1); float tp, measured_data=0, zero_offset;
test_bit/=2; find_port{): MAXIM
) init_graph()}; g SR, LI, NG oot ' LA . (L0 RN, LAy LEHREEH
out | =CS_HIGH; /* CS high */ init_screen{);
outportb{out_port, out}; delay (1000) ;
delay(1l}); read_data (measure) ;
if (j==0) read_data (measure) ;
delay (100} ; /* wait 100ms */ read_data (measure} ;
) for (k=0; k<8; k++)
data_dis=((float)dataf2])/64+({float)datafl])*4+((float) (data[0)&0x07))/512; measured_data+=read_data(measure) ;
if ((data[0)&0x08)==0) zero_offset=measured_data/8;
return {data_dis}; measure=1;
else do{
return (data_dis-1024+1/512); measured_data=0;
) for (k=0; k<8; k++)
{
void display_data{float data_dis) tp=read_data (measure) ;
{ measured_data+={tp-zero_offset); .
int current_x; )
current_x=(int) (data_dis/2); display_data{measured_data/8) ; .
setviewport (10, 200, 630, 220, 1}; ) while('kbhit(}); /* quit if hit any key */ Functional block diagram of the MAX123, above, and its
clearviewport(}; " clean_up(}; serial timing flow, top.
setfillstyle{(1l, YELLOW); )
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Understanding

o ——

T

,nsformers

lan Hickman delves into the inner workings

of transformers.

rudimentary mains transformer

with a 1:1 ratio. The simplified
equivalent diagram in Fig. 2 of that
article shows the magnetising
inductance in parallel with a perfect
transformer.

On load, the efficiency will fall
short of 100%, due to losses in the
winding resistances. These have been
bundled up together as an equivalent
total winding resistance R, in series
with the primary winding. The loss
in R, will be I,,2xR,, where the total
primary current [, is the vector sum
of the magnetising current and the
current in the primary required to
support the demanded secondary
load current.

This all describes what happens
when the transformer is supplying
the load in the steady state. At
switch-on though, things may be
very different.

I n the August issue, I described a

A transformer at switch on
Imagine the supply switch closes
when the mains voltage is at its
positive peak. Obviously, at the
moment of contact, the current is zero,
the same as a microsecond earlier. But
a given voltage applied to an inductor

causes the current through it, and the
resultant flux, to increase, as happens
here. And as the applied voltage falls
from its peak to zero, the magnetising
current and the flux increase from
zero to their usual maximum values,
lagging the primary voltage by a
quarter of a cycle as shown in Fig. 4
and Fig. 5 of the earlier article. This is
the nice scenario.

Now imagine that the switch closes
when the mains voltage is zero, and
positive going. When the voltage
reaches the positive peak, the current
and flux will have increased from
zero to their normal maximum
values. But the voltage won’t be zero
until a quarter of a cycle later, so to
provide the back emf balancing the
applied voltage, the flux will have to
g0 on increasing, up to twice its
normal maximum.

Unless the transformer has been
very conservatively designed with a
much larger core than usual, the core
will run into saturation, to some
degree. As the effective permeability
drops, so the magnetising current
will have to increase by leaps and
bounds to provide the flux and hence
back emf, to balance the applied
voltage. This is the not so nice

I R, L -
ley [ ls
T FRE
|

Fig. 1. In a transformer model, ‘core loss’ can be represented by a
resistance R. in parallel with the magnelising inductance L.

scenario, and explains why the fuse
used with a transformer is often
specified as of the ‘slow-blow’
variety.

If the relative permeability of the
core dropped right down to unity -
complete and utter saturation — the
current would rise dramatically,
being limited only by the primary
winding resistance and the effective
inductance of the primary without a
core.

While in practice things are never
quite that bad, if the switch closes at
zero mains voits, the current drawn
on the first half cycle will be much
greater than usual. This will result in
a significant volt drop across R,
alleviating the peak applied voltage
somewhat.

On the following negative half
cycle, however, the drop across R,
will be much smaller. Thus the ‘volt-
second product’ applied to the
winding will be greater, and at the
end of the first complete cycle the
flux will have returned to, and passed
through zero, reaching some negative
value. The same sort of thing hap-
pens during the second cycle, and so
over succeeding cycles, the positive
flux peaks will decrease and the
negative increase, until in the steady
state they are equal.

Volt-seconds

The volt-second product is a key
concept when dealing with inductors
of any sort, it is the thing that
determines the change of flux
between zeros of the applied voltage.
A transformer designed for mains
operation at 240V AC will see a peak
voltage of 240xV2=339V. The volt-
second product, with 50Hz mains,
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will be less than 339Vx10ms by a
factor 2+m=0.637, giving a figure of
2.35Vs.

Some inverters, providing a
‘mains’ output from 12 or 24V
batteries, produce what amounts to a
lightly filtered squarewave.
Exceeding the volt-second product of
any transformers that may be sup-
plied by the inverter would cause
them to heat up and possibly fail. So
such an inverter’s peak voltage is
limited to not much more than 235V,
giving the required 2.35Vs product.

For some applications this is
acceptable, but in others, it causes
problems. For example, a piece of
test equipment powered from sup-
plies derived from its mains trans-
former may malfunction, due to the
raw supply voltages to the stabilisers
being inadequate.

The simplified treatment in the
earlier article ignored the ‘core loss’,
which in practice must be considered.
It can be represented by a resistor R,
in parallel with the magnetising
inductance L,,, as in Fig. 1.

On full load, the core loss will
actually reduce somewhat. This is
because the voltage across it falls
slightly due to the additional drop
across the winding resistance R,, and
the leakage inductance L;.

Resistance R, is a fiction, repre-
senting the heating in the core at
rated mains voltage<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>