Win one of six development systems worth £600 each

Austria Asch. 66.00
Denmark DKr. 67.00
Germany DM 18.00
Greece Dra.1100.00
Helland Dfl. 11.75
Italy L. 8800.00
Malta Lm. 1.55

IR £3.30

Singapore §57.50
Spain Pts. 850

USA $5.95
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1 . ® 0 @ Amplifier polarity reverser
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PCB design in the late 90s - advanced schematic capture can do for you and your company. Unable to hind 2 phase metercircuit that :
and PCB lavout plus: 1 1 3 could guarantee 0.1° accuracy at frequencies Smart. t f itive fi
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32-Bit Application s . v
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ZUK EN'REDAC 920 SPEAKER IMPEDANCE fully-working demonstration of Fast Analog
s Solutions’ design and simulation tools for
. _ MATTERS TRAC - a unique programmable analogue
World no.1 in PCB/MCM design . Doug Self completes his trilogy with an chip. See page 935.
Green Lane, Tewkesbury, Gloucestershire, GL20 8HE England. Telephone: 01684 294161 Fax: 01684 299754 Internet: http://www.redac.co.uk explanation o spegl.(er .1rnpedance and 118 * . :
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Microsoft, Windows, Windows NT and the Windows logo are registered trademarks of Microsoft Corporation. CADSTAR is a trademark of Zuken-Redac. '
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Technology -
shackles or wings?

lectronics and nomads don’t seem to have a lot in

common, but the talk is of a nomadic age of
electronics as MIPS/watt and MIPS/$ ratios in
MICTOpProcessors continue to soar.

In the early eighties, typical microprocessor clock rates

were 4-10MHz. Today typical clock rates are 100-

200MHz and superscalar techniques allow more than one

instruction to be processed per clock cycle.

That means we now have microprocessors capable of
200/400MIPS — a performance improving by a factor of
about 30 every decade. Based on this level of
performance increase, we should have GIPS processors
by 2000.

At 1990 current price/performance levels of $1 per
MIPS, GIPS micros would be expensive but the $/MIPS

ratio has been improving by a factor of 100 every decade

and by 2000 we’ll have a ten cent MIPS.

The MIPS/watt ratio has been improving by a factor of

ten every decade — largely as a result in decline of
operating voltages — from 5V, to 3.3V, 2.5V, 1.8V and
even to 0.9V, Every time you cut the operating voltage
by a third, you halve the power consumption leading to
dramatic reductions in the size and weight of portable
products.

So what kind of products does it make possible? The
way things are going it looks as if a combined
workstation, camcorder, digital-camera, wireless phone,
tv, Internet browser, scanner, fax, speech recognition
system and speech digitiser, organiser and games

machine can be squeezed into a notebook computer sized

portable form factor early in the 21st century.
All those functions will require about 250MIPS of
processing power which the ten cent MIPS will deliver

for $25. Control and memory chips will take the total bill

of costs for chips to $100, suggesting that the final cost
of the product will be about $500. That’s because the
chip cost of advanced electronic products is already
accounting for around 15 per cent of final product cost
and the percentage is increasing.

So what’s all this got to do with nomads? Well,

possessed of such a tool you could be as connected to all

your information and entertainment sources in the
middle of the Sahara as you are at home or in the office.
You wouldn't actually need a fixed office, which
means you wouldn’t need a fixed abode. Does anyone
want to live without a fixed abode? Well, no one really

knows because mainstream human lifestyle has revolved

around having fixed abodes for the past 10,000 years —
ever since humans settled down to farm.

But, for millions of years before that man was nomadic

— following herds of animals, or herding their flocks of
animals from pasture to pasture. The fact that many
people still practise nomadic lifestyle shows that
nomadism is an urge that still beats strong in humans.
Bedouin still roam the Sahara and the Middle East, in
Africa, the Kalahari Bushmen, Masai and Fulani are
modern nomads, several million Gypsies still wander
over Europe, until recently aborigines in Australia and
Red Indians in America practised nomadic lifestyles.
And what of nomadic sophisticates? The executive

&
...possessed of such a tool you
could be as connected to all your
information and entertainment
sources in the middle of the
Sahara as you are at home or in
the office.

who lives out of a suitcase, the retired who go on six
month vacations, the students who back-pack around the
globe. All these groups suggest that there is an intrinsic
desire to travel that suggests the primeval nomadic urge
survives in the human psyche.

“Travel is the world's largest industry in terms of
gross output, approaching $3.4 trillion. It employs 204
million people worldwide. or one in every nine workers
— 10.6 per cent of the global workforce,” wrote John
Naisbitt in his 1994 book Global Paradox.

Last week a company announced it was building a ship
in which the cabins — or rather apartments for they had
many rooms — would be sold for several million pounds
each for people who wanted to cruise permanently.

The airline business grows at around five per cent a
year, at any one time there are 300,000 people in flight
over the USA — a permanent flying city, China plans to
build 25 new airports by 2002. Tourism grows
relentlessly.

The question is, “are people natural nomads or are
they natural settlers who like a spot of travelling?” If it
is the former, then they could just be waiting for the
opportunity provided by ever-chgaper travel and by
ever-improving communications and computing
technologies to cut loose from the bonds of home and
office and adopt nomadism as a mainstream
lifestyle. [ ]

The writer, David Manners, is co-author, with Dr
Tsugio Makimoto executive managing director of
Hitachi Semiconductors, of Digital Nomad o be
published in the autumn by John Wiley and Sons Lid.
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Full Control of Schematic Appearance
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®Produces attractive schematics like you see in the magazines,

@Netlist, Parts List & ERC reports. ®Hierarchical Design. ®@Full

suppert for buses including bus pins. ®Extensive

compeonent/model libraries. ®Advanced Property Management.

PCB Design

® Seamiess integration with simulation and PCBE design

[NERY -5
Land

2
c
L.
<
o
>
S
L
Z

@ Automatic Component Placement. ®Rip-Up & Retry
Autorouter with tidy pass. ®Pinswap/Gateswap Optimizer &
Backannotation. 32 bit high resolution database. @®Full
DRC and Connectivity Checking. ®Shape based gridless
power planes. @Gerber and DXF Import capability
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eNon-Linear & Linear Analogue Simulation. ®Event driven
Digital Simulation with modelling language. ®Pariitioned
simulation of large designs with multiple analogue & digital
sections ®Graphs displayed directly on the schematic

Write, phone or fax for your free demo disk, or ask about our full evaluation kit
Tel: 01756 753440. Fax: 01756 752857. EMAIL: info@labcenter.co,uk
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New UK chip fab on the horizon

eputy Prime Minister John

Prescott has given the go-ahead
for Birmingham’s first-ever wafer
fab. Philips Semiconductors is now
deciding whether it still wants the
site.

When Philips showed interest early
last year in building a billion dollar
wafer fab on a green field site in
Birmingham's green belt area, the
West Midlands Development Agency
applied for planning permission.

Local objections, led by the area’s
MP Sir Norman Fowler, produced a
Public Enquiry. The final decision
went all the way to the Secretary of
State for the Environment and Deputy
Prime Minister, John Prescott, before

getting approval late last month.

Now it is up to Philips whether to
go ahead with its plans or not.
Making the decision at Philips will be
Stuart MclIntosh, chief operating
officer. “When I got back from
vacation last week I saw that the
Public Enquiry into the site was
published and there was renewed
speculation about who would go onto
the site. We never confirmed that we
would use that site. It was one of
several sites we looked at,” explains
MclIntosh.

It is thought Philips is also
considering sites in northern England
like Durham and Washington where it
already has factories. “We have to

decide whether to go to an existing site
or a greenfield site,” said McIntosh.

However, Philips is also
considering a joint venture. “When
you think of the scale of fabs today,
for those people who are not in
memories, it makes a lot of sense to
work with partners to share the risk of
filling a fab,” said McIntosh.

Likely partners are Taiwan
Semiconductor Manufacturing
Company (TSMC) in which Philips
has a 30 per cent stake, IBM with
whom Philips has a joint venture fab
in Sindelfingen, Germany called Sub-
Micron Technology, and SGS-
Thomson Microelectronics with
whom Philips shares a fab.

Future cars — higher rails, lower engines

R evolutionary change in the
electronic architecture of cars is on
the way in coming years with the
introduction of dual-voltage systems,
multimode networks, and the abolition
of the steering column, said Dr Karl-
Thomas Neumann, director of
Motorola’s Advanced Systems
Laboratories, at the company’s
Horizons technology conference in
Florida recently.

Neumann said that future cars may
use 42V systems as well as the
traditional 12V systems. Forty two
volt systems would power such
functions as heated windscreens and
catalytic converters, while the 12V
system would power the usual
functions such as lights.

These systems are getting
considerably more complex with
emerging top-end cars such as the

Mercedes S-class and the next
generation E-class. With each car
system controlled by increasingly
powerful microprocessors, they will
come to resemble a network of PCs,
said Neumann, who added: “They will
have more than 30 networked
systems.”

This trend is already filtering down
market to less expensive cars, said
Neumann. “The VWPassat has a
networked system and it’s coming to
all other cars across the spectrum,” he
added.

The abolition of the steering wheel
column is another important
innovation, he said: “You’ll have a
steering wheel but no steering column.
Without the steering column you can
get the the engine lower down in the
car.” This puts the weight lower in the
car chassis giving better handling.

Gomparison belween Befieclog
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Tile tools... Cambridge Control has announced an updated set of

image processing and analysis tools for Matlab 5 from The

Mathworks. The image processing toolbox gives access to a wide
range of algorithms and analysis tools. It is used by companies in

aerospace, astronomy, remote sensing and research.

Cisco technology cuts congestion on Internet

Technology to help relieve Internet
congestion has been unveiled by
Cisco Systems.

Cisco showcased two technologies: a
cacheing system which stores popular
US-based Web pages on European
servers, and a family of high-speed
switching routers designed to speed up
backbone networks provided by
Internet services providers (ISPs).

The company’s Cache Engine will

provide European ISPs with the ability
to store information held on parts of the
Web located on US computers and
servers. “The key problem is that US
users and Europe-based users always
want to access the same Web pages,”
said Olivier Cognet, Cisco’s
infrastructure marketing manager.
Cisco’s solution is to store
significant chunks of the US-based
Web pages most frequently accessed

by European users.

“Around 80 per cent of a page- the
main text and pictures- will be stored
on the European network,” said
Cognet.

Cisco’s Series 12,000 switching
routers will provide ISPs with between
five and 60Gbit/s switching capacity.
“This is between five and twenty times
more than classical routers are capable
of,” said Cognet.
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UPDATE

DVD launch will miss Xmas stocking

VD video players and software are

not going to be launched in Europe
in time for Christmas. This is despite
the commitment shown to the product
by the major consumer electronics
makers and Hollywood studios.

At the consumer electronics show
Internationale Funkausstellung in
Berlin recently, 14 hardware
companies and movie moguls
confirmed DVD video launch for
spring 1998.

“It has been a long hard run. We
have fully agreed on a single standard
and [will be] rolling all this rich
content in the first quarter of 1998,”

said Doug Dunn, Philips” Video and
Sound chairman and CEO. “This
product will transform the consumer
market which has been pretty flat at
$75bn per year for years”

Despite the importance of DVD as a
consumer product, only a limited
number of titles will be released by
the time of its planned launch next
year. Some industry watchers believe
the DVD Video market will not take
off before 1999. However, other
problems have been linked with the
delayed launch, including the copying
of DVD content onto analogue
formats such as VHS tapes.

“There was a delay introduced by
the MacroVision copyright protection
mechanism used in DVDs which
affected the picture quality. Now they
are pursuing a better standard,” said
Ralf Jakobitz, technical support for
Pioneer Germany.

At IFA the companies confirmed
acceptance of MPEG-2 audio for
Europe. But, Panasonic and Thomson
have already been shipping players
with Dolby Digital (AC-3) which are
incompatible with MPEG-2. “You
can play both discs on our equipment
but the multi-channel capability will
be affected” said Matsushita.

Red light for green outlaws

ome 1000 companies in the UK
have missed the registration
deadline for the latest packaging
recycling regulations and are now
breaking the law.
So claims the Environment
Agency which estimates that 3500

liable under the regulations. To
comply, they muyst have registered
during August either with the
Environment Agency or with
recognised schemes, such as from
Valpak and waste disposal firms.
Of the liable companies, 500 have

Environment Agency, and around
2000 with recycling schemes,
leaving a shortfall of 1000, In the
electronics sector, these are believed
to include medium sized enterprises
and importers.”We do expect to get a
number of late registrations,” said an

companies throughout the UK are

registered directly with the

Environment Agency spokesperson.

Oy s I Drioky

Digital set-top sales could
reach $3.2bn

The burgeoning global demand for digital
satellite set-top boxes will cause sales to
reach the $3.2bn-mark this year alone,
claims In-Stat Multimedia Services, a US
market research group.

In-Stat forecasts that the market for direct
broadcast satellite (DBS) will rise to above
$4bn in 1999 with the advent of digital
satellite technology in geographical regions
Europe, Japan, Asia Pacific, Latin America
and the Middle East.

“As are result of these launches, the
worldwide market for DBS set-top boxes
will be the start of the digital age of
convergence technologies,” said Gerry
Kaufhold, senior analyst at In-Stat.

Trafficmaster en route fo

first profits

Three deals worth up to £30m will drive
Trafficmaster, the road traffic information
specialist, into profits for the first time since
its stock market flotation in 1994.

These are an extended deal with the car
maker Vauxhall for its Oracle units, a
licensing agreement with Mannesmann
Autocom in Germany and a deal with
Cellnet, the mobile phone operator, for the

supply of traffic information over mobile
phones.

Last week, Trafficmaster reported sales
that more than doubled to £2.88m and cuts
in pre-tax losses from £1.42m to £594,000
for the first six months ended June 30, 1997.

Videoconferencing hits 85pc
Eighty-five per cent of Europe’s leading 500
multinationals have implemented
videoconferencing technology, according to
a report commissioned by Sony.

The report, released this week, was based
on a survey of 53 of the 500 European
companies. It found that the average
company from the sample had 29
videoconferencing units — group systems or
desktops — installed.

The companies using videoconferencing
cited travel cost reduction and improved
speed of decision-making as the major
benefits of the technology.

Of those not using it, 58 per cent expect to
being doing so within the next two years.

Wharfdale and Quad

have new owners

Verity Group is to sell its loudspeaker and
hi-fi design and manufacturing groups
Wharfedale and Quad to Pointfield.

Verity entered into a conditional
agreement with Pointfield and its parent
company IAG under which it will sell 60 per
cent of Wharfedale and Quad for £4.8m.

However, Verity will have a 40 per cent
shareholding in Pointfield, an interest which
is expected to end within five years of
completion.

The transaction is a direct result of the
success of NXT flat panel speaker
technology developed under the umbrella of
Verity.

Polaroid shoots license fraudsters
Polaroid has unveiled what it says is the
world’s first driver’s license facial
recognition system. The system is designed
to reduce fraudulent attempts to reissue a
driver’s license by automatically checking
an applicant’s identity.

US state West Virginia says it will be the
first to use the Polaroid system in
conjunction with an automated fingerprint
recognition one.

The system works by taking a digital
picture of an applicant and matching it with
future renewals. However, Polaroid did not
say how the system will deal with changes
in facial features due to ageing, or use of eye
glasses or facial hair.

Racal contracts

Racal has picked up MoD contracts worth
around £100m. Three contracts involve a
satellite-based battlefield radio terminal,
electronic warfare system for Type 23
frigates and a transportable command and
control centre for the RAF.
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MARILOW
INDUSTRIES
EUROPE

Marlow Industries have been leaders for over 20
years in manufacturing fine quality thermoelectric
(Peltier) devices, offering a wide range of
standard products alongside a custom cooler
design service. As a result of listening to our
customers, we have applied more resources to the
provision of design services for thermal
assemblies and their manufacture. If you have a
thermal management problem then contact us for
assistance.

In addition to the custom assembly route we can
provide ready built solutions to thermal
management problems.

One such product is the ST3337 (pictured) which
provides up to 40 Watts of pumping in a small,
convenient package that needs only a 12 Volt supply
and is ideal for picnic boxes, serum transportation,
educational and experimental use, equipment
cabinet cooling, dehumidifiers and component
cooling.

For futher details, to place an order, or to arrange
for an engineer to call contact:

Marlow Industries Europe

Aberdeen House, South Road,
Haywards Heath, West Sussex RH16 4NG
Telephone: 01444 443404
Fax: 01444 443334

The Tl Technical Bookshop currently stocks over 80
Data Books, Design Manuals and User’s Guides.
They cover the entire spectrum of semiconductors
from Texas Instruments - the company with one of
the world’s broadest S/C product ranges, and the
acknowledged leader in Digital Processing Solutions.
If you are a system designer or product specifier you
cannot afford to be without ready access to this
invaluable data bank.

Now, you can once again order this complete range
of reference books from a UK supplier.

Contact the Tl Technical Bookshop (UK)
for the full list of books, prices

and ordering information,

or visit our web site at:

http;//www.ti-techbooks.co.uk

Or writeffax to:

Tl Technical Bookshop (UK)
PO Box 712

Mitton Keynes MK17 8ZH
Tel: 01908 282121

Fax: 01908 585660
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UPDATE

Sega’s 3D deal powers up law suit

marting after losing a potentially

lucrative graphic chipset contract
for Sega’s forthcoming 64-bit video
games console, 3Dfx Interactive has
filed a lawsuit against Sega and NEC.

According to analysts’ reports, UK

graphics firm VideoLogic and NEC -
which manufactures and sells
VideoLogic’s PowerVR 3D graphics
chip — have won the Sega contract
although neither Sega nor
NEC/VideoLogic have publicly
confirmed the arrangement. A
spokesperson for 3Dfx, however,
said: “Sega told us that NEC had the

contract.”

In a $155m damages lawsuit, 3Dfx
is accusing NEC of inducing Sega to
break the contract. The lawsuit
alleges that Sega, an investor in
3Dfx, entered into the contract
knowing that it would break it, in
order to gain access to its proprietary
technology.

“Sega terminated our contract
without justification. We lived up to
all of our commitments, yet they
terminated the agreement. It’s a clear
breach of contract,” said Greg
Ballard, president and CEO of 3Dfx.

Orientation by mobile phone

he first off-the-shelf mobile phones

that transmit user location details
will be available within two years,
according to BT.

BT Labs is working on MOSA
{Mobile Social Alarm), a device that
uses Global Positioning System
(GPS) satellite technology. The
company expects the phone to be
bought by people who are concerned
about becoming lost, or have health
problems, like diabetics.

Steve Furner, engineering
psychologist at BT Labs’ Human
Factors Unit, explained that the idea
for MOSA came about last year when
the research facility held a discussion
between BT technologists and
representatives from the public, “They
were looking at ways in which
telecommunications technology could
be used to reduce vulnerability in the
community,” he said.

According to Furner, MOSA is
being developed because, unlike with
fixed telephones, mobile users are
more likely to “have to find out some
way of describing their location,

which can be difficult”.

One issue to be resolved is how
receivers of calls make use of position
signals being sent to them. A possible
solution being considered is to set up
call centres which hold the MOSA
owner’s details such as age, health
problems, and contact details of next
of kin.

UK BDB licences

in the balance

The European Competition
Commission is reported to be
addressing the issue of whether to
withdraw British Digital
Broadcasting’s (BDB) licences to
supply digital terrestrial television
services in the UK. The EC
Commission is believed to be
concerned about the extent of
BSkyB’s involvement in its supply of
programming.

“We know these issues. They have
been considered before we received
the licences,” said one BDB
spokesman, responding to the reports.

“We have many relationships with
companies and until something is
officially announced, we have
nothing to say,” was the NEC’s
spokesperson’s response. He added
that NEC had not yet been served
with the lawsuit and had no response
until it could study it, but he said
that NEC was surprised to be
named.

Sega is an investor in 3DfX,
owning slightly under five per cent
of the company. Sega’s spokesman
said it would defend itself fiercely
against the suit.

K6 yields down

Advanced Micro Devices says its has
had problems getting good production
yields on its K6 microprocessor,
resulting in far fewer chips than it
originally forecast. The problems will
result in lower revenues for its current
financial quarter,

IBM shuns NetPC

IBM has given up plans to make
NetPCs — the halfway house between
PCs and network computers, NCs —
even though it produced a NetPC
prototype three months ago. NetPCs
were an attempt by Intel and
Microsoft to counter the NC concept
of ‘bare-bones’ personal computers.

PowerPC embedding plan
Motorola’s PowerPC microprocessor
division is expected to soon announce
a new strategy for the PowerPC, with
more attention being given to
embedded microprocessor markets.
The shift is a result of the PowerPC
systems’ market continuing to shrink
following Apple’s problems in
expanding its markets.

Encryption stifles exports
California politicians have asked the
US government to lift export barriers
on powerful encryption technologies
saying that California’s high tech
companies are losing billions of
dollars in business because of the
stringent rules.

Mentor DSP heads off
Control of Mentor Graphics' DSP
Station signal processing design
software is being transferred to its
Dutch subsidiary, Frontier Design.
Development of DSP Station will
continue at Frontier. A spokesperson
said Mentor Graphics will
concentrate on other aspects of the
EDA business. [
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Short Course Training
in the application of
Microcontrollers

Starts:
Microcontrollers Introduction 1 day 15 Oct
Microcontrollers In Circuit
Emulation Systems 1 day 16 Oct
Managing & Specifying
Microcontroller Projects 1 day 17 Oct
Microcontrollers — Programming
in ANSI C 3days 21 Nov
Managing & Specifying
ASIC Projects 1 day 12 Nov
Digital Design with Field
Programmable Gate Arrays 3days 30 Sept
Digital Design with Mask
Programmable Gate Arrays 3days 70«

Analogue Design with Mask
Programmable Component Arrays 4 days 14 Oct

Mixed Signal Design with Mask
Programmable Gate Arrays

Mixed Signal Design with Cell

4 days 21 Oct

Based Integrated Circuits 3days 28 Oct
VHDL Design — Introduction 3 days 25 Nov
Call for details on 01204 903078
or fax 01204 370916
P,f;'i',?lf e | Bolton Institute, Deane Road, Bolton, Lancs., BL3 5AB.
On course fer

Universiy itk Internet: http://www.bolton.ac.uk
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WIRELESS (RF) DESIGN

R. N. Electronics have been established 10 years,
recently our professional design team has been
responsible for developing leading edge technology in
2.4GHz Spread Spectrum design.

® Design Service from 1kHz - 10 GHz

® Project Management

® Antenna Design

EMCTEST FACILITY

All electrical and electronic goods sold within the EC
must comply with the Directive on electromagnetic
compatibility. Let our experienced engineers help you
achieve EMC compliance.

@ Full EMC testing

@ Report Issued

@® CE mark your product

@ Type approval (MPT) pre-compliance

R.N. Electronics Ltd
EMC TEST HOUSE & R.F. DESIGN

Arnolds Court, Arnolds Farm Lane,
Mountnessing, Brentwood, Essex CM13 1UT

Telephone: 01277 352219 Fax: 01277 352968
e-mail: sales@rfdesign.co.uk www.rfdesign.co.uk
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New Circuit Design & SPICE

Simulation Tools from iniusor
for Power Design, RF Design or for
Analog Test Automation

You can use OrCALD®, Viewlogic®, ProteF
or Intusoft for schematic enfry

¢ ICAP/4Rx
Easy to learn and reduced in com
mtegrated simulation system whlch ncludes-pfu:f ion

o ure and ,' etric

analyses, parameter sweepmg) has om ﬁéﬁ
model libraries (over 3000 parts) and is p

enough to
tackle all of your system, board, and IC level circuit jobs (power,
f, mixed signal, mechanical, filters, ASICs, etc).

¢ [ICAP/4Windows, ICAP for
OrCAD, ICAP for Viewlogic,
ICAP for Protel

The Professional’s Analog/
Mixed Mode tool with much more
capability (e.g., biggest parts
libraries available). Use Intusoft's
oown schematics or integrate
intimately with your own OrCAD,
Viewlogic or Protel schematic.

L IGAPMPOVIQI.', ICAP/4RF
For professional Power
designers or RF designers,
includes all the above plus
specialised power or RF Iibrarles

beha\ﬂor, wlth'eaw  set

totd 83 alarms that monitor design PIGE‘?%
Code Model P : %
ot 0 & TestDesigner

s 1 The analog ATE specialist’s too
den_codl 231 Producesacceptancetesiﬂe‘s_‘_' nsand fa

ehnﬂnn :
D T e

| B matic methods for test sequencing and test
~ synthesis.

We offer regular Hands-On Tutorial SPICE seminars in E‘gﬂ‘ﬁeﬂﬁg&w
(for sufficient numbers) at user sites, as part of our comprehensive
customer support systems.
FREE SEMINARS are available in November on Test
Designer, the first and only comprehensive and structured
approach to Analog & Mixed Signal Design & Test
Automation. CALL US TO BOOK IN.
Download your free IsSpice simulation kit, application nofes
and model libraries from our Web Site:
www,softsim.com
email: info@softsim.com
Tol. 01223-516449. Fax 01223-729916

Technology Sources Ltd., 2 Signet 'rf'-15;_\_ygap§R_~_,__.C@mbriégg;é CBS5 8LA
frading as
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Jonathan Campbell

Extremely fine strip
electrodes,
indistinguishable here,
attach to the front and
back of each CZT
chip. When a gamma
ray strikes a CZT chip,
it produces an electric
charge in a strip
electrode. (Picture
Nasa Goddard Space
Flight Center)

Quantum computing not ready to freeze out

Space gamma detector has place on earth

More sensitive brain and heart
examinations, and even
improved environmental monitoring,
and non-destructive evaluation, could
be the dividends of a super-sensitive
gamma-ray detector array developed
by space researchers.

The array, invented by a team at
Nasa's Goddard Space Flight Center,
for gamma ray astronomy, is com-
posed of multiple semiconductor
detectors made from cadmium zinc
telluride (CZT).

The reason for the exceptional
accuracy of these detectors is the
extremely fine strip electrodes

attached to the front and back of each
CZT chip. Each strip in the electrode
is separated by only 100pm from its
neighbour. When a gamma ray strikes
the chip, it produces an electric charge
in the strip electrode. Since so many
strips are packed into such a small
area, the scientists can determine very
accurately where the gamma ray
comes from.”

The novelty of the new array is that
it has many more detectors than ever
packed together before. The area of
the strip detector array is nearly
3660mm? with over 500000 pixels —
100 times more pixels than any other

irst experimental demonstration of a
transistorless approach to computing,
called quantum-dot cellular automata

(QCA), has been reported by University of

Notre Dame researchers.

In their experiment, a single electron was
used for the first time to control the position

of another electron.

Conventional microelectronic technology

has relied on shrinking transistors to
produce increasingly-smaller, faster and

more powerful computers. But, the laws of
physics prevent conventional devices from

working below a certain size, so that
method is nearing its physical limits.

QCA leap-frogs that barrier by using the

quantum dot, a tiny structure in which an
electron can be confined. These quantum
dots can be created and arranged into cells
through microelectronic techniques, and in
turn the cells can be lined up end to end to
form binary wires or arrayed to form Zero.
switches and various computer logic
devices.

If successful, a 100mm-square QCA chip
could contain as many as 40trillion devices,
as opposed to the 6million devices in the
most advanced conventional chip. And
since it does not rely on flowing electrons
to transmit a signal, no electric current is
produced and heat problems are avoided.

In this first demonstration of a basic cell,

array currently available.

One of the non-space potential
applications of the array is in medical
imaging, where Goddard and the
University of Arizona are collaborat-
ing to use a CZT pixel array, devel-
oped at the University of Arizona, in a
brain imaging instrument.

Diagnostic applications will allow
better characterisation of epilepsy and
stroke. The array could also bring a
breakthrough in an entirely new class
of high resolution nuclear medicine
scanners, for such clinical tasks as
heart imaging to assess the amount of
tissue damage subsequent to a heart
attack, and for improved detection of
breast cancer.

Unlike other gamma ray detectors,
the arrays do not require cooling with
cryogenic fluids, so they are portable.
This allows them to be used wherever
accurate detection of gamma rays is
necessary. For example, they can be
used to monitor radioactive waste
storage sites or to verify nuclear
treaties.

Gamma rays are also used to probe
the interiors of structures and equip-
ment, non-destructively looking for
faults. An accurate detector is essen-
tial for constructing a high resolution
image and for reliable fault identifica-
tion.

Nasa says it even has a soft drinks
company that plans to use gamma
rays to determine if its bottles are
filled to the correct level.

the device studied was made of four metal
dots, connected with tunnel junctions and
capacitors. One immediate problem is that
the device needs to be operated at a temper-
ature less than 50mK, very near absolute

Researchers believe it will be another 20
years before computers and electronic
equipment will incorporate QCA.

Contact: Gregory Snider,a assistant profes-
sor of electrical engineering, University of
Notre Dame, Tel: 001 219 631-4148 or more
information can be found at
http//www.nd.edu/~lent/QCAhome. himl.

890

ELECTRONICS WORLD November 1997

Egg Nebula

ﬁ Hubble Space Telescope « WFPC2 *» NICMOS
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RESEARCH NOTES

Dying sun reveals star birth: A long-held model for dying Sun-
like stars is that they eject matter in a slowly expanding
spherical wind, But observations by Joel Kastner, a research
scientist at MIT’s Center for Space Research, made colleagues
at the Jet Propulsion Laboratory and Vanderbilt University, on
the 3000 light-years distant Egg Nebula, are forcing a shift in
this theory. Their work shows that stars also eject matter at
high speeds (preferentially along their poles), and may even
have multiple jet-like outflows from their surfaces.The picture
shows the Egg Nebula as it appears in visible light with the
Hubble space telescope’s wide field and planetary camera 2
(left) and (right) as it appears in infrared light with Hubble’s
near infrared camera and multi-object spectrometer. Blue
corresponds to starlight reflected by dust particles, and red
corresponds to heat radiation emitted by hot molecular
hydrogen. The distance between the tip of each jet is
approximately 200 times the diameter of our solar system (out
to Pluto’s orbit). Studying the death of Sun-like stars is
important for understanding how two of the elements crucial
for human life — carbon and nitrogen, formed from hydrogen
and helium inside stars — are expelled into the interstellar
medium, where they eventually become the building blocks of
new stars and planets.

Contact: Joel Kastner, Massachusetts Institute of
Technology, Cambridge, Massachusetts.

Fire signature will trigger alarm

S mart temperature-sensitive fire detectors that can sense
the signature of an uncontrolled fire could improve
safety in industrial and domestic applications, following
building of a prototype system at Purdue University. The
system does not have to be looking directly at the flame to
see it, but can pick up reflections off the walls, giving it a
very fast response time compared to a smoke detector.

The idea of using near infrared to detect fires is not new.
But the advance made by combustion research specialist
Jay Gore at Purdue, is to apply a unique discrimination
algorithm to the process to eliminate false alarms.

Over the past two years, Gore and his team have
examined the near-infrared radiation given off by several
standard types of fires, covering a wide range of
combustible materials. ‘ '

“We have analysed flames based on the way the intensity
of the light fluctuates as they burn,” Gore explains.

“For example, we may see a peak in intensity every tenth
of a second, and then the pattern is repeated. That type of
fluctuation frequency is characteristic of an uncontrolled
fire.”

Once a flame has been detected, software analyses the
fluctuations in its near-infrared intensity — its infrared
signature — and determines whether to sound an alarm.

The new device uses fibre optics to detect radiation from
a fire, so optical fibres could easily be run from a central
detection unit to each room in a multi-story building,
providing blanket coverage.

In the home, the team has managed to teach the detector
not to respond to common household flames such as
candles, gas stoves and cigarette lighters. It also does not
respond to fluctuations from hot plates, solar radiation or
fluorescent light, which are different than those from
uncontrolled flame.

“We still have a problem with the alarm going off from a
fireplace, which is an uncontrolled flame, but we are
developing ways that may make the device blind to certain
spots in the room,” says Gore.

Another bug yet to be worked out is the difficulty in
picking up smouldering fires — an area where smoke
detectors are also slow to respond because of the time it

takes for the smoke to reach the detector. At present, the

intensities obtained for smouldering fires are too low for
the detector to discriminate from background noise. But
the team is hopeful that more sensitive infrared
technologies are now available that might boost its
capability.

“] believe that in the next few years, the home PC will
control the home security and safety systems and that a fibre
optic communication network will carry such signals in
addition to voice and data. This detector could be easily
integrated into such a communications network,” says Gore.

Contact: Jay Gore, Purdue University, West Lafayette,
Indiana.

Jay Gore, Purdue professor of mechanical engineering
(foreground, below) and his doctoral student Xian-Chua
Zhou use laser technique called particle imaging
velocimetry to investigate how air flows into a fire (right).
Understanding the characteristics of uncontrolled fires is
fundamental to the new fire alarm. (Pictures Purdue
University, Vincent Walter.)
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lan Hickman's

require any
modifications to a
standard domestic ver.

Suppliers

dsecdeodoPOORERBORY

Black and white ced cctv
cameras used in this design
come complete with lens
and microphone and are
type A-921-S, from Anchor
Supplies Ltd. Tel. 0115 986
4902 or 4041, The Cattle
Market Depot, Nottingham
NG2 3GY.

The Basic Stamp2
computer with 16 i/o lines,
up to 600 program lines,
comms to 19200 Baud, is
available from Milford
Instruments Tel. 01977
683665, Milford House,
120 High Street, South
Milford, Leeds LS25 5AQ.

Video

surveillance system

nfortunately, security is a pressing con-
U sideration both for business and domes-

tic premises nowadays. I have recently
been experimenting with a video surveillance
security system, built around economical ccd
ccty cameras. These are controlled by a small
but powerful microcontroller, easily pro-
grammed in a version of the popular and widely
used Basic programming language.

The system is up and running, and only awaits
the installation of the cameras and passive infra
red, or PIR, motion detectors in their final posi-
tions. The development process was both chal-
lenging and absorbing, with — as is usually the
case - the hardware development proving less
problematic than the software.

Design goals

The first task was to decide exactly what the
system should consist of, and just what it should
do. The wish list went something like this,

@ The system should deter burglars.
® It should be reliable and affordable.
@ It should record any activity in the region of any

one or more of its PIR detectors, via the associ-
ated cctv camera(s), cycling around each in turn
if more than one is active.

@® To conserve tape it should record only when a
PIR detector senses motion.

@ It should possess a degree of 'survivability' to an
attack aimed at disabling it. So it should sense if
the lead to any camera is cut, and record sequen-
tially from each of the remaining cameras in turn.

@ It should be possible to start with an installation
of just two cameras, but be readily expandable up
to six cameras without hardware modifications.

The ability to deter burglars demanded that if a
prowler be detected when the system is armed and
active, a good loud alarm bell should sound — with
the object of sending the prowler on its way. Much
better to avoid a break-in in the first place, rather
than rely on the recorded evidence possibly leading
to the apprehension of the burglar.

But a short delay was deemed useful, on two
counts. Firstly, it would reduce the likelihood of
annoying false alarms due to a passing dog, fox,
bird or what have you. Secondly, it would provide a
record of who — or what — triggered the system.
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The Stamp2 microcontroller
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The Stamp2 consists of a PIC16C57 microprocessor Uy, a
2Kbyte eeprom, U, and sundry peripherals, Fig. A. Eeprom
U, contains 32 bytes of ram, six of which are reserved for
i/o control, setting which pins are inputs, which are outputs,
and what their states are. The remaining 26 bytes of ram are
available to the user.

The eeprom’s permanent memory is programmed with a
Pbasic interpreter, and so is not available to the user. The
user’s program is stored in U,, starting at byte 2047 and
working back towards the beginning, Since the available
ram space is limited, further data, variables, etc., may be
stored in U,, starting at byte 0 and working upwards. This is
all looked after by the operating system, as is the allocation
of variables and data to appropriate storage locations. In the
event of the space required by the user’s program plus any
data being more than available in U, the Stamp2
programming software, running on the host pc, will issue a
warning message.

The user’s program is written in Pbasic on the host pc,
using the software supplied which is on a single 3.5in
floppy. The software is very economical on space, as it runs
under MS-DOS, not Windows, and it does not need to be
loaded on to your hard disk. On receipt of the software,
make a working copy, using dos command ‘diskcopy,’ Xtree
or your favourite file manipulator, and bank the original as
your back-up.

To write your application, from the dos C:> prompt type,

A: <ENTER>

CD STAMP2 <ENTER>

STAMP2 <ENTER>
This takes you into the editor ready to start writing code.
Typing (ALT)L brings up a list of programs on the disk - any
you have written plus "EXAMPLE.BS2" supplied. From C:>
you can just type

detailed eeprom usage on a byte by byte basis. The up and
down cursor keys scroll through this, while successive space
bars cycle round the three pages.

Pressing (ALT)R stores your compiled program in eeprom
as a series of ‘tokens’, as in other flavours of Basic. At
compile time, any declared constants are substituted for
their labels and at run time, U; wades through the tokens
and interprets them into the appropriate actions.

Once programmed, the Stamp can be removed from the
carrier board which is connected by a cable to the pc's
serial port, and inserted in the target system. | found
removing it from the vice-like grip of the 24-pin 0.6in DIP
socket on the carrier board a little difficult. | found an Augat
24-pin zero-insertion-force socket which was no wider that
the original and fitted this to the carrier board instead.

Readers who are familiar with one of the fuller versions of
Basic will have to get used to some of the limitations of
Pbasic. For instance, in a FOR... THEN construct, the only
thing that can follow THEN is an address. FOR... THEN is in
fact here just a conditional branch instruction. And another
example is, to test the condition of an input pin, IF IN3=1
THEN... tests pin Py — assuming it is set as an input — and is
ok. But to follow IN with a variable rather than a constant, a
more complicated syntax is required — IF INSBITO(M)= etc
tests pin 0+M. Note that M cannot be computed at run time;
IF INSBITO(N+6)= etc is NOGO; add a preceding line of
code M=N+6.

Once these limitations are taken on board, the Stamp2
microcontroller, with its development system is delightfully
easy to use, and surprisingly powerful into the bargain. It
just requires a little ingenuity to circumvent some of the
limitations of such a small, neat system.

An example is the implementation of an elapsed time
indicator running at a steady rate regardless of variations in
program looping, incorporated in Figs 3 and 4.

A:STAMP2\STAMP2
which is marginally

quicker, but a Y ey
subsequent (ALT)L VoD > Powsr source for all
(LOAD a file) does not - 852 components

bring up a list of the
programs on the disk

Vss —

— it simply brings up a Web | 2
box asking you to e ‘_‘_h I
i “Also called ‘ground” = =
name a file. bresdeosiis
While writing your document, 5V

program, don’t forget U2 26 E€PROM

U4 sV Reg.
L oaur

to regularly save the T|nc _ voofe
latest version. Having 2lne © wel7+
written your program, 3l ne % scLls
(ALT)R stores it in U, #fvss  spals}
program memory — |

assuming that it
compiles
satisfactorily,
otherwise an error
message results. But | Sm
prefer first to run
(ALT)M, which brings
up the first of three
map pages showing
memory usage —
namely the ram
allocation.

The second page
shows the whole of
Uy's eeprom usage

Sout

OTAT1AEETL

<[]
z3
PBASIC2 Interpreter Chip
(Parallax Custom PIC16C57)

Qutput: source 20mA each
sink 25mA each

Input: leakage < 1A

EEEEE treshold 14V s =g s EEEEE
egs TN EEEEIEEZEEES
P S o ©

2

to produce a microcontroller with non-voltatile

and the third shows Fig. A. Few peripheral circuits are need

memory and programmable in Basic.
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51
RESET
+5V ‘
. T s TO VCR R/C 0V
Hardware requirements even wider range of televisions, and takes working from one of the two 6V windings. 1 A, 24 R4
With the requirements more or less mapped  satellite receivers and cable converters in  For this reason, much larger electrolytics are e PIRE=NG 2 100K
out, I started on the hardware, as this would its stride for good measure. needed at Cs and Cyg — a reasonable price to il B By T i -
define just what the system could and could pay for the convenience of getting all the sup- W20 ®a MER % ms R B
not do. With the software, you can do just Circuit requirements plies from a single stock transformer. gt fram / — Stampz +9V 100K 2K2 J; RECORD
anything you want — subject to the required  Figure T shows the suite of stabilised power During testing, note that with this kind of 3::;?; (1 of 6) ‘s :0 mi . 1 ‘E l?ﬁg}
quantity of code fitting into the available supplies, among other things. The cctv camera  interlinked raw supplies, the load current on Input from P; ? : ! * },ﬂ w7
program storage space. modules draw 100mA each at 12V, while the  the +12V supply must exceed that on either of PIRn, {1.016} +5V Pa A0 P:.'Be g
The hardware consisted of the two cctv  rest of the circuitry draws about 60mA from  the others. R3A P4 { )P" IC3A ICBA D2 REC/STOP
cameras, two PIR detectors, and a board the +5V and —5V supplies. Each of the cameras is provided with its RiA  TRIA  S1M PS Big (NO) s ¥ ep | COMMON
full of circuitry which was constructed for On the face of it, the 30VA transformer own +12V supply via a diode and resistor, e.g. 330K BC182 T ° P Pa a0 :ng YELLOW
speed and convenience on a commercial shown should power the whole complement  Dgs, Ry74. An associated comparator, run i‘ T1_12| p7 pg |13 2 3
DIP breadboarding pcb. of a six camera system. But a standard 6V+6V  from the +12V supply, monitors the drop IC1A
For the prototyping, I added my domestic  transformer would not then provide sufficient  across the diode. The bridge of four resistors is v l’;gg’ 9
video recorder to the system. Of course it  raw supply voltages for the stabilisers. On the  necessary, since the comparator’s input com- ted L L
needed to be under the control of the micro- other hand, a standard 9V+9V transformer mon mode range does not include the positive R2A DA C1A D 1c8
controller which formed the heart of the would be overkill, but bespoke transformers  rail. 22k 1N4148 100y RO
system. To avoid having to modify the apart, there are few other options. If you just If the camera is drawing its expected / tl, I JEE
ver’s remote control unit, I bought a sepa-  happen to have a 7.5V+7.5V transformer, that  100mA, the comparator produces a logic 1 at /3
rate unit, with a view to modifying it as  would be ideal. its open collector output, its load resistor Rosa R15A s 7
necessary. The mature system will use a The circuit is arranged to use a bridge recti-  being returned to +5V. 220K
dedicated ver in conjunction with the new  fier for the main load, the raw supply for the Op-amp IC,;; monitors up to four cameras. C3A 10n
remote control. +12V stabiliser. The full-wave rectified raw A second such op-amp can be fitted if expan- ! 1 l 2lp  ols
The remote controller I chose was a ‘4-in-  supply for the +5V stabiliser is via D;. The sion of the system to the full complement of s | 5] s e
1 light-up remote’ from Tandy — a universal circuit doesn’t really manage to provide full-  six channels is envisaged at some stage in the f A== ——] Al e "
type which will work with any of about 400  wave rectification with just a single diode; Dy~ future. AUDIO ! _ 6 8 | 42 —
models of ver from 170 or so different  works on each half cycle in conjunction with Sections of /C'; monitoring channels not yet PRI i 7 1c7 8 c2 iea
manufacturers. It is simply programmed one or other of the diodes in the bridge recti-  fitted with a camera can be forced to return a ! ol Maxzes |3 100N o
with the appropriate three digit code for the  fier BR;. logic 1 ‘camera ok’ signal, by closing S3,, == I
particular ver in use. The raw supply for the -5V rectifier is pro-  S3g, efc., as appropriate. il Y L.
This remote controller also copes with an  vided by a half-wave voltage doubler circuit While a cut lead would obviously put a C3F 10n —21 L Ic2 R12
* ? PIN 2
2 1 (RESET) 1M TR2
. 12 ] BC182
LIVE
T 1A 3 RISF ment could become live. So class Y capacitors
BV -6V 5 BR1 i " (PIR OK). £20K must be used. These are special self-healing
A ! e (RO 7 12V 10n* y s2 high reliability types. A residual-current cir-
_ '€ D6 IN L i_, 7812 = s12v D__. - cuit breaker is always a useful addition.
e A0g1 T ol — To C14A R14A go | q — | 20 If the earth lead becomes disconnected, but
E i - . [— om cfﬁgas — PIR BUSY TSFst 0 ' '1' ' - the capacitor has not failed, then current can
. 2000 0, o ot i TO R1A + . ] AD ¢ - flow through the body of anyone touching the
i g i | - 7| L= AT 48V - equipment, of magnitude limited in the worr?t
”L d T P TooR BH;;:A T vibEo | _9 1 a2 3 ?:: = case by the reactance of the capacitor. For this
g 1 7ai05 1— FiA 1 ) INPUTS 1 4 18 < - reason, class Y capacitors fitted between live
AT D7 1N4001 ‘_L co oK W PIR MOTION DETECTOR cILTADslgfgfpicwon - - e and earth are usually limited to 10nF. The
fo:] < < | 11 TR :
T4?0u T 101 gy J m_— —] -5v ==l reactance t‘hen limits the worst case sfhock one
LN ,L, ol 13 c8 20 L. could receive to about TSOQA. This is enough
E B ‘_L i. it I sk (PO) 15| MAX455 1 Pl 1T to feel but it st!ould be too little t(? cause hm.
2200, Ci1  RooAs R21ALS B 0N y . I~ C4 < Ria SCART Nevertheless, it would very unwise to experi-
3 Amp T Ic11 10K 100K 2 100KS 3 Rooa Fig. 1. Power supplies, 17 | ©6P8 2 ik (PERITEL) ment in this area.
Fused D 79L05 5V 100K CAMERA LEAD ver controller and PIR -~ T [ SOCKET If you don’t like this scheme, you could
Plug R 1blaco1 \f g3a CUT DETECTOR motion detectors. The — always use an opto-isolator instead. In fact,
i motion detectors used — 4 judging by the healthy sounding click from the
,I,, which can be adjusted y i n Fig. 2. Microntroller, multiplexers PIR when it triggers, there is a conventional
to operate even in day- 2 11K6 and i/o circuitry for signals and relay inside. So with a little dismantling, it is
light — were Maplin type [ ver control. possible to free the contact tied to the live side
: 3 BZ18U. and. bring it out separately. _ '
VCR IR REMOTE CONTROL ) : rr Figure 1 also shows the modified video-
! i recorder remote control handset, the heart of
i ] camera out of commission, a cut lead to the  must be class Y capacitors. These are special ~ which is a Motorola 40-pin IC, designated
T L s yeRRICOV : ! PIR detector also represents an attack on the  capacitors designed for interference suppres-  SC426865P. A vcr remote control, being in
3C426! 1 5 RECORD START ) : system. S_o Fig. 1 shows an optional PIR mor'l- sion  circuits, \yhere they are connected effect per_manently on, use‘s straightforward
( 865P | 03 L COMMON ! i itor circuit. In the event of the PIR detector’s  between mains live and earth. ‘ _ level sensing of the contacts, rather than mul-
! ‘6 | | : ! lead being cut, Try turns off while Trs, turns Clearly, in the event of such a capacitor fail-  tiplex scanning as in a computer keyboard.
. [ RECORDSTOP ! R26A D10A mim Ciz2A i on. It this signals a ‘camera’ fault via the ing short circuit and the earth lead of an This simplifies the interfacing task enor-
e SR, T o= o i wired-or connection at the output of IC,. equipment becoming disconnected — admit-  mously.
OPTIONAL PIR LEAD CUT DETECTOR Note in this connection that Cy35 and Cy44  tedly a double fault — the case of the equip- A c-mos switch across the contacts usually
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Fig. 3. Full operating system flow chart for the
surveillance system.
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bridged by a button does the job. The only
minor complication is that the c-mos switches
used run from +5V rails of the equipment,
whereas the remote control uses a four-cell 6V
supply. So the common negative rail of the
remote control was simply strapped to the -5V
rail of the equipment.

Figure 2 shows the greater part of the hard-
ware, including the microcontroller. The con-
troller is represented here as /Cy, but it is in
fact a small pcb with pins that fit a standard
24-pin 0.6in DIL socket. On this pcb are a
number of components, see the panel.

Inputs Py.s (pins 5-10) monitor the six cam-
era cut-lead detectors. Inputs P11 monitor the
outputs of up to six PIR detectors. If only, say,
three of the the PIR detectors are fitted, the
corresponding inputs at Ryp, Ryp and Rop can
simply be left open circuit: they will then be
read as not busy.

Pins 17 to 19 (Pja.14) are used as address
lines, to control which of the video outputs is
switched by the eight-way video multiplexer
[Cg through to the video recorder. Likewise,
I selects the corresponding sound channel,
both outputs going to a Scart, or Peritel, sock-
et.

A Scart plug to plug lead carries the signals
to the ver, most of which nowadays are pro-
vided with such an input. A lead with the full
Scart implementation is not necessary. One
with just composite video and audio suffices.

Whereas the MAX398 at IC7 is a straight-
forward eight-way multiplexer, the MAX455
at ICg includes a wideband output amplifier.
Resistors Ry3 and R4 set the gain of this to x,,
so that it can deliver unity gain to a 75C load
from a back terminated source.

Switch §; requires some comment. It was
included in the early stages of testing, when
the composite video was piped in to a 12in
monochrome portable television. This had
been used as a monitor in the days of home
computers — remember the UKI01? — in the
early eighties.

The signal was simply fed into the output of
the set’s video detector, which worked fine if
the signal was ac coupled. If it wasn’t, the bias
level is upset and the picture a perfect blank.
When feeding the ver it was not needed, and
was switched out of circuit, as on a particu-
larly contrasty picture, it tended to cause line
tear and even occasional loss of frame lock.

Lines Pjy.14 are also used, in conjunction
with Pys, to control the operation of the sys-
tem. Line Py is dedicated to switching the ver
on. The remote control used includes a feature
to minimise the hazard of accidentally record-
ing over a tape which carries a wanted pro-
gramme, but where the record-protect tab has
not yet been broken out. Thus starting the
recorder requires two presses of the record
button, i.e. two closures of normally-open
switch /Cgp. These are indicated by flashes of
diode D. Together with the other leds, this
provides a very useful function monitor during
testing.

With a maximum of six channels, numbered
0 through 5, lines Ay, provide two spare
codes, namely 6 and 7. These are decoded by
IC5 and one section of /Cg, used as an invert-
er, as the inverse codes, six bar and seven bar.
Thus the output of /C5p is normally high, and
normally lit led D5 acts as the equipment’s on
indicator. Briefly asserting a 7 on lines Ag.»
douses the led, and ceases to hold /Cg¢ open,
thus signalling the vcr to stop.

Briefly asserting a 6 causes a negative pulse
at IC3p’s output. This is inverted by one sec-
tion of ICs, toggling /C4 and — via Tr3 and the
relay — turning the bell off or on as required.
With a function controlled by a toggle, there is
the possibility of it getting out of step due to
glitches or race conditions, if these are not
taken into account at the design stage. Here,
the bistable device cannot toggle till long after
the outputs of the various decode gates have
settled, due to Ry; and Cs.

Additionally, bistable IC4 is reset at switch
on, and whenever the reset button is pressed.
Ds acts as the bell on indicator, and usefully
substitutes for the bell, ensuring blissful
silence, during setting up and testing.

Designing the software

The software design started with a flowchart,
which defined what the system was to do, in
response to what stijpuli and circumstances,
and in what order. The flow chart was then
implemented by coding it in the subset of
Basic used by the Stamp2 controller.

Once coded, the program is stored in the
eeprom on the Stamp2 device. It is transferred
from the pc’s serial port via an umbilical to
the controller. Once programmed, the con-
troller is inserted in the target system, in this
case socket IC, of Fig. 2.

Naturally, the first stab at the flow chart
proved to be faulty, the system not behaving
as intended. Modifications followed, only to
reveal different sets of bugs. The development
was further complicated by minor modifica-
tions to the requirements listed earlier. After
undergoing numerous changes, the flow chart
finally looked like Fig. 3.

Each version of the flowchart spawned a
corresponding version of the source code.
Deriving this from the flowchart is relatively
straightforward, once you have mastered the
limitations and syntax of the Pbasic program-
ming language used by the Stamp2 microcon-
troller. But it is not entirely straightforward,
since the source code comes out in a long lin-
ear form, Fig. 4, and not in the two dimen-
sional form of the flow chart.

It would be instructive, if time consuming, |

to recast the flowchart into a single straight
line, corresponding to the source code. It was
certainly easy to get each section of code, cor-
rect in itself, in an unfortunate order, with the
result that program execution ran round in an
endless loop.

To facilitate cross referencing between the
flow chart and the source code listing, the
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labels which are the subject of GOTO com-
mands in Fig. 4 are marked in on the flow
chart in Fig. 3, while the decision boxes on the
latter appear as comments in the source code.

How the system operates

When success was finally achieved, the sys-
tem operated as intended, which is as follows.
The program cycles round all six channels in
turn, looking at each to see if the PIR detector
is ‘busy’, or if the camera lead has been cut.
The course of action is decided at each turn by
the result of tests, indicated on the flow chart
as ‘decision boxes’, numbered DB, DB,, etc.

If the PIR associated with camera channel N
is found to be busy, the vcr, if not already on,
is turned on and that channel is switched
through to the ver input. The channel is
recorded for five seconds, after which the
other channels are tested in turn.

If only the one channel is busy, it remains
switched to the vcr, which records the channel
uninterrupted. If two or more channels are
busy, they are each recorded in five-second
segments in turn.

As soon as a channel becomes busy and
recording starts, an elapsed time counter — ini-
tialised to zero at ver-on time — starts to count
up. As the Stamp2 does not provide a timer-
counter or rtc, this has to be a function of your
own program.

‘When time-out TO1 is reached the outside
alarm bell is turned on, the time being a com-
promise between catching the intruder on tape,
and not giving him — or her — time to break in
at leisure. Time-out TO1 is settable in the soft-
ware to any value you choose, some 20 sec-
onds is currently shown in Fig. 4.

When the last active channel ceases to be
busy, the vcr is tumed off, provided no camera
lead has been cut. The bell is turned off at the
expiry of time-out TO2, regardless of whether
any channel is busy or not, as this is an anti-
nuisance requirement of most local authorities.
However, when the last active channel ceases
to be busy, the bell is re-enabled — provided
no camera lead has been cut — ready in case a
channel subsequently becomes active again.

What happens if the cable is cut?

All of the foregoing assumes that no camera
lead has been cut. A cut camera lead is taken
as evidence of a deliberate attack on the sys-
tem, and results in an entirely different mode
of operation. ;

A camera lead cut flag FS(N), indicating
that camera V has been disabled, is set. A gen-
eral camera lead cut flag FSS is also set. This
results in the ver being started, and five-sec-
ond segments from each camera in turn —
except of course the camera with the cut lead
— being recorded indefinitely.

This continues until the system is reset or
the tape runs out, after up to eight hours with a
240 tape and the video recorder in long-play
mode. The bell starts ringing after time-out
TO1 and stops after TO2. It is not available to
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ring again until the system is reset.

The various timeouts depend upon elapsed
time counter FT being incremented after every
five seconds of record time. This results in the
elapsed time being little more than five sec-

onds times the count in FT, since program
execution proceeds at several thousand oper-
ations per second.

However, if a PIR were active only just long
enough to set off the bell, and FSS were not

Fig. 4. Pbasic program listing for the complete security system. This
routine is downloaded from a pc into the Stamp’s non-volatile
memory.

'"WCR_SECY.BS2 wvideo security system

IF FV = 1 THEN LBL1Q

GOSUB VCR_REC
GOTC LBL10O
LBLY:

IF F558 = 0 THEN LBL7

set, then the route via DB8 and LBL 10, Fig. 3,
would not execute, FT would not be incre-
mented and the bell would stay on for ever.
This could easily be remedied by increment-
ing FT every time the (no recording) route

'S4 DBl1O: IF NOT, IS VCR ALREADY ON?
‘55 IF NOT THEN START VCR
‘56
t8 57}
‘58 DBY9: IF GEM. CAM.

Tl CON 5 ‘01 TIMEOUT1,; BELLON AFTER TOLXS5 SECONDS LEAD CUT FLAG CLEAR

‘02 OR OTHER HOLDOFF IF PREFERRED IF FS(N) = 1 THEN LBL7 '59 DB1l: IF CHANNEL CAMERA
TO2 CON 15 ‘03 TIMEOUTZ, BELLOFF AFTER TO2X5 SECONDS LEAD CUT FLAG NOT SET -

‘04 SAY 15 FOR INITIAL TEST ONLY, ELSE 200  GOTO LBL1O ‘60 (SWITCH CURRENT CAMERA TQ VCR)
CHANNELS CON 3 *05 NUMBER OF CCTVs FITTED LBL7: ‘61
M VAR NIBE ‘06 CURRENT PIR NUMBER FU = FUJ + 1 ‘62 INCREMENT FAST LOOP COUNTER
N VAR NIB *07 CURRENT CHANNEL NUMBER IF FU < 400 THEN LBL3 '63 DB12: 400 OF FU EQUALS ONE FT
P VAR NIB ‘08 PIR INDEX FT = FT + 1 ‘64 SO INCREMENT FT -
FSS VAR BIT ‘09 GENERAL CAMERA LEAD CUT BIT FUO = 0 ‘65 AND ZERO FU
FS VAR BIT(6) *10 CHANNEL CAMERA LEAD CUT BIT GOTO LBL3 '66
FV VAR BIT ‘11 VCR FLAG, 1 = ON LBL10: ‘67
FE1 VAR BIT ‘12 BELL CONTROL BIT oUTD = N ‘68 SWITCH CURRNT CAMERA TO VCR
FBZ VAR BIT '13 ANOTHER BELL CONTROL BIT PAUSE 5000 ‘69 RECORD FOR 5 SECS BEFORE PROCEEDING
FT VAR WORD ‘14 ELAPSED TIME COUNTER - 5-SECOND UNITS FT = FT + 1 '70 NOTCH UP ANOTHER 5 SECONDS ELAPSED
FU VAR WORD *15 AUX. ELAPSED TIME COUNTER, FAST LOOP GOTO LBL4 ‘71
QUTD = 0 ‘16 CLEAR P12 - P15 QUTPUT LATCHES LBL3: *72 ALL FINISHED WITH CURRENT CHANNEL
DIRD = 15 ‘17 SET P12 - P15 AS Q/P (P0-P11 I/P) N=N+1 73 START NEXT -
F88 = 0 '18 CLEAR GENERAL CAMERA LEAD CUT FLAG IF N < CHANNELS THEN LBL1 ‘74 DB13: DO NEXT CHANNEL -
FV =0 ‘19 CLEAR VCR FLAG N =20 *75 OR CHANNEL 0 IF THROUGH
FEL = 0 '20 CLEAR BELL CONTROL FLAG IF FT < TO2Z THEN LBL6 '76 DB14: BELL ON TIMEOUT EXCEEDED?
FB2 = 0 "21 CLEAR BELL CONTROL FLAG IF FBl = 0 THEN LBL6 ‘77 DB15: IF 50 IS BELL OFF ALREADY?
BT =0 ‘22 ZERO ELAPSED TIME COUNTER OUTD = & *78 IF WOT, TURN IT OFF
M =0 '23 ZERC CURRENT PIR NUMBER PAUSE 500 '79
FOR N = 0 T0 5 ‘24 LOOP TO - oUTD = ¥ ‘80 RESTORE CURRENT CHANNEL NUMBER -
FS(N) = 0 '25 ZEROQ — FB1 = 0 ‘81 AND CLEAR BELL FLAG 1
NEXT ‘26 ALL SIX CAMERA LEAD CUT FLAGS GOTC LBL6 ‘a2
N =20 ‘27 CLEAR CURRENT CHANNEL NUMBER LBL6: ‘83
P =10 ‘28 CLEAR PIR INDEX FOR P = 6 TO 11 ‘84 IS ANY CAMERA CHANNEL -
GOSUE VCR_OFF ‘29 TURN OFF VCR - JUST IN CASE IF INS.BITO(P) = 1 THEN LBL1 "85 DB16: STILL -
PAUSE 10000 *30 DON'T CLASH WITH LINE 37 NEXT ‘86 BUSY?
LBL1: *31 LABEL 1 - SEE FLOWCHART IF PSS = 1 THEN LBL1 *87 DB17: GENERAL

IF INS.BITO(N) = 1 THEN LBL2
IF F55 = 1 THEN LBL3
IF FS(N) = 1 THEN LBL4

*32 DELl: CCTV N LEAD CUT?
*33 DB2: ALREADY FLAGGED?
‘34 DB3: IS CHANNEL FS FLAG SET?

FE2 = 0

‘B8

IF FV = 0 THEN LBL1

CAMERA LEAD CUT FLAG SET?
IF NOT CLEAR BELL ON FLAG 2
‘89 DBB: IS VCR STILL ON?

FS(N) = 1 '35 IF NOT THEN SET GOSUB VCR_OFF *90 IF SO, THEN TURN IT OFF
IF FV = 1 THEN LBLS5 *i6 DB4: VCR ON? GOTO LBL1 Y91

GOSUB VCE_REC *37 IF NOT THEN TURN ON VCR_OFF: '92 ROUTINE TO TURN OFF VCR
GOTO LBL5 ‘38 ALREADY ON ouTD = 7 '93 (“PRESSES BUTTON" -
LBL5: 139 PAUSE 500 ‘94 ON VCR CONTROLLER -

FSs = 1 *40 SET GENERAL CAMERA LEAD CUT FLAG ouTD = 0 *95 RELEASES BUTTON)

LBL4: 141 FV = 0 ‘96 CLEAR VCR ON FLAG

IF FT < TOl THEN LBL3 ‘42 DB5: STILL TO REACH TIMEQUT 12 RETURN 8

IF FB1 OR FB2 = 1 THEN LBL3 *43 DB6: BELL ALREADY ON? VCR_REC: '98 ROUTINE TO TURN ON VCR
QUTD = § ‘44 IF NOT THEN TURN IT ON oUT15 = 1 ‘99 THIS “BUTTON" -

PAUSE 500 145 PAUSE 500 *100

oUTD = N ‘46 RESTORE CURRENT CHANNEL NUMBER OUT15 = 0 '101 REQUIRES -

FBl = 1 *47 SET BELL ON FLAG PAUSE 500 '102

FB2 = 1 *48 DITTO oUT15 = 1 *103 TWO -

GOTO LBL3 ‘49 FINISHED LOOKING AT THAT CHANNEL PAUSE 500 ‘104

LBL2: '50 oUT15 = 0 *105 PRESSES

M=N+6 '51 CAMERA INPUT CORRESPONDING TO N FV = 1 ‘106 SET VCR ON FLAG

IF INS.BITO(M) = 0 THEN LBL9Y ‘52 DB7: CH. N PIR DORMANT? FT =0 ‘107 ZERC ELAPSED TIME COUNTER
IF FS(N) = 1 THEN LBEL3 ‘53 DB8: IF NOT, IS CAMERA LEAD CUT? RETURN *108
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from LBL9 to LBL3 executed. But then, with
a six-camera installation, there would be a
delay of up to 30s in looking at a given chan-
nel again, after its PIR became busy,

To avoid both problems, an auxiliary
counter FU is used. This is incremented every
time a channel is found not busy (DB via
L.BLs 9, 7 and 3). When it reaches 400, FT is
incremented and FU reset to zero. This makes
FT increment at a more or less steady rate,
however many or few channels are busy.

Setting up and testing

If the microcontroller has been successfully
programmed as per the listing in Fig. 4, and
the hardware correctly built and connected to
cameras, PIRs and ver per Figs 1 and 2, the
system should work first time at switch on —
you should be so lucky!

In practice, it is better to test the system
stage by stage as each is completed, starting
with the suite of regulated power supplies.
Note the earlier comment that the loading on
the 12V supply must exceed that on the others.

The camera cut-lead detectors can be tested
without the cameras in circuit, by operating
Saa, Sag, ete. Likewise, the multiplexers and
the video-recorder control circuits can be
checked by temporarily patching pull-down
resistors to OV and switches to +5V to address
lines Ag_3, before ever the microcontroller /Cy
is fitted. The leds indicate the appropriate
functions as they occur.

The experienced electronic engineer will
already know the wisdom of this stage-by-
stage approach to equipment commissioning.
If my advice is followed, the less experienced
will not have to learn it the hard way.

With all the peripheral circuitry working, the
cameras, PIRs, ver and the remote control for
the latter can be connected, and IC; installed.
At switch on, red led D should light and then
briefly wink off, indicating the transmission of
a ver off command. This is included as a stan-
dard part of the reset/initialisation routine,
because the ver may already be on when the
reset button is subsequently pressed.

After a ten second delay, to avoid confusing
the ver by sending conflicting commands in
quick order, program execution continues.
Note that as Cja, Cjp... are initially
uncharged, all PIRs signal that they are busy:
consequently yellow led Dy now flashes twice,
indicating a ver on command.

At this stage, the ver should start and as
many cameras as there are PIRs fitted, should
be connected at five second intervals to the
ver. If no PIR is connected to R, that chan-
nel will be read as not busy. Five seconds was
chosen as a suitable sample length for each
camera, allowing a good look at anyone in the
field of view, while not unduly extending the
delay before the next look, in a multi-camera
system.

Early video recorders could take up to a sec-
ond or more to synchronise with a video input
signal, and in this system of course, the com-
posite video from the cameras is not synchro-
nised. Modern vers lock up very quickly when
the video source is switched, and are appar-
ently, unlike their older predecessors, not
harmed by repeated resynchronising.

After a delay of about 0.7CR, each channel
will cease to be busy. The CR in question is
R; Cy, which with the values shown comes to
about ten seconds. This large value was cho-
sen for convenience in testing and C; may be
reduced in value by a factor of ten or more if
desired. There will in any case be a minimum
PIR busy period set by the relevant control on
the PIR. The other control on the PIR men-
tioned has the useful facility to be set so that
detection occurs even in broad daylight.

After ime out TO1, the green led D5 should
light, and when the last channel ceases to be
busy, D3 should briefly douse to signal the
issue of a ver stop command. After the delay
set by TO2, diode D5 should extinguish, indi-
cating bell off.

If the reset button is now pressed, D5 should
indicate the sending of ver off, even though
the machine is off already, but there should be
no subsequent ver on indication from Ds, as
all the Cy capacitors are already charged up.
Now, waving a hand in front of one of the
PIRs should start the ver and switch the cor-
responding video signal to it, followed by the
usual sequence of time outs,

For development purposes, the system was
set up with nominally three channels, although
only two cctv cameras were fitted. This was so
that switch S3c could be opened, signalling
that the lead to camera three had been cut.
This causes the software to cycle around
indefinitely, connecting the remaining two
cameras to the vcr alternately.

Installation

The PIR units mentioned above are listed as
suitable for outdoor installation, although the
leaflet that comes with them recommends that
a sheltered location, such as under eaves is
preferred.

The camera units are bare, and so will need
weather protection. An enclosure from the RS
range of clear lid boxes sealed to IP65 is the
obvious choice. A hole in the underside, cov-
ered with mylar film, may be needed to permit
sound to reach the camera’s built in micro-
phone, although the microphone is remarkably
sensitive. And of course, a hole will be nec-
essary to pass the supply lines to — and the sig-
nal lines from the camera.

It is recommended that the mains supplies to
the PIRs should be from sockets mounted on
the central control equipment itself, This will
ensure that the case is earthed whenever the
supply to a PIR is on.
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The PIR unit is completely enclosed in plas-
tic, there being no available earth terminal in
it. So the third lead of its supply cord was used
to bring back the PIR busy line to Ry 4.

If the optional PIR lead cut detector circuit
is implemented, then a four core mains lead
will be needed. With the two metre mains lead
to the PIR used during development, there was
some residual current via the PIR busy lead
even when the PIR was not tripped. This is
presumably due to capacitance across the relay
contacts and between cores in the mains lead,
and could be a problem with a long run to a
PIR unit.

As mentioned earlier, a dedicated vcr is pre-
ferred, as this can be permanently connected
to the controller, both being mounted out of
sight. After all, if a burglar does gain access,
any video recorder on view will be the first
thing to go.

Customisation

Most of the parameters used by the control
program, such as the number of channels and
the length of time outs, are defined as con-
stants at the start of the listing. This makes
them easy to modify to suit individual require-
ments or preferences, without the tedium of
combing through the listing to change them
wherever they occur. More drastic changes to
the software, such as modifications affecting
the flow diagram, are possible, but you are
then on your own.

I cannot guarantee that the listing shown is
100% bug free — most programs aren’t any-
way. For instance, if a particularly nimble
thief were to manage to locate and cut all N
camera leads in less than TO1 seconds, the
alarm bell would never be turned on. In this
case, only the odd glimpse of what was going
on would be captured, from some of the last
cameras to be cut. However, oddballs such as
this apart, no malfunctions have been
observed in practice.

Likewise, the hardware can be adjusted to fit
your requirements. For instance, if you envis-
age that the maximum eventual number of
installed channels will not exceed five, then
ICs in Fig. 2 can be one section of IC; — as is
the case in my system.

On the other hand, the system is easily
expanded to eight or more cameras and PIRs.
This can be achieved by using multiplexers,
addressed by Ag.2, to select which PIR busy —
and PIR lead cut detector — signal is routed to
one of the Stamp2 microcontroller input pins.
Thus instead of a six channel system requiring
twelve input pins, as in Fig. 2, an eight chan-
nel system would require only two. Additional
address leads would cope with further multi-
plexers, permitting 16 or 32 channel systems
to be built. m
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Includes disk
0471 96268 6, 314pp
UK £54.50, Europe £56.50, ROW £65.00

High Frequency Analog
Integrated Circuits

As one of the first fextbooks
to discuss integrated circuit
design considerations and

High-Frequency
Analog
Integrated
Circuit Design

WIS TS KBICRIAVE Ak OriicAr ERan i
Wl O, St Tdbior -

actual designs from the basic
concepts, this title provides a
solid background in designing
basic circuits, advanced
circuits and synthesis
techniques.

0471 530433 424pp

UK £80.00, Europe £83.00, ROW £95.00

Speech Coding

A Computing Laboratoty Textbaok
This is one of the first lab
manuals with software
dedicated exclusively to
speech processing and
coding. It takes advantage of
the development of the
personal computer by making
this technology accessible to
a wider audience The manual
and Dos based software
together create a user-friendly
digital signal processing lab
which allows the user to

perform a wide variety of
speech coding and speech
processing experiments. The
fext presents and explains a
set of basic speech coders
analytically and in terms of
the specific parameters
controlling each coder. The
manual leads the student
through the experimental
process of undFe:rsiondin how
speech coders work an
sound via over 70 exercises
and projects. The class-tested
menu-driven, Dos-based
software can be operated by
students with little or no
training.

Includes disks

0471 516929, 194pp,

UK £31.97, Europe £33.97, ROW £39.97

Solar Cells and their

Applications

The past decade has
witnessed numerous important
breakthroughs in solar cell
technology, many of which
have occurred in just the past
few years. Far cheaper fo
produce and maintain,
exhibiting a longer lifetime,
and considerably more
efficient than ever before,
solar cells are, at last, in a
position to compete with
traditional technologies for
both small and large-scale
energy conversion
applications. Including
contributions from some of the
world’s leading experts in the
field, this book reports the
most important recent
advances in solar cell
technology. From in-depth
discussions of breakthroughs
in cell, module, and system
technologies to a probing
look at important
environmental, health, and
ssfefy issues in the
photovoltaic industry, it covers
a broad range of topics of
vital interest to solar cell
researches, power systems
designers, and all those with
professional interest in current
and future capabilities of this
important technology.

Offers a detailed look at
cutting-edge solar technology
from an international team

The A-721-S Micro-video
camera with lens outputs
composite video and costs

just £65*

Micro Video Cameras
Direct from the sole
authorised importes

* Wire up in minutes. Only three connections -
ground, +12V and composite video output for
feeding straight to your Scart connector or
monitor input.

Priced at £E125%, the

* Tiny and lightweight. Ideal for surveillance PC-CAM colour camera is

and security, the A-721 Micro-video camera eal for video
pcb measures just 32 by 32mm. The complete conferencing and
camera weighs only 30g. PC video digitising.

* Integral lens. 3.6mm 5-element lens,
interchangeable with our wide range of
replacement lenses.

With the same performance

as the A-721-S the A-721-P

is optimised for use as a

pin-hole camera and costs

just £65*

* Low cost. The A-721 Micro-video camera
costs just £65 - including VAT.

*® Incredible low light performance.The A-721
has a light sensitivity of < 0.1 lux (normal light).

%* Reliable. The A-721 is manufactured using state-
of-the-art equipment and under strict quality control.

'S
\ o R Free catalogue "
NEW FULL COLOUR Send an A4 envelope with 1st class

* Fast delivery mail order. We endeavour to
stamp marked '‘Camera catalogue’ to

dispatch all orders same day.

CATALOGUE AVAILABLE receive comprehensive data on our
% 12 months guarantee. NOW ”““"’sm :; ::ms N:::; video

And more ... This is just a small sample of the huge range of
Camera and Video Surveillance equipment we stock.

Ring 0115 986 4902 now,

or fax us on 0115 986 4667

* Prices include VAT but exclude carriage at £6.00 UK mainland

SPECIAL OFFER
CAMERAS FOR THE VIDEO SURVEILLANCE SYSTEM
ARTICLE IN THIS ISSUE.

Choose 3 A-721-S or 3 A-721-P (Pinhole lens) cameras for use in your own
Surveillance System and pay

ONLY £150 + £6 p/p FOR ALL THREE including VAT (That’s £50 each)

or Choose 3 A-921-S Cameras WITH AUDIO on Board for use in your own
Surveillance System and pay
ONLY £180 + £6 p/p FOR ALL THREE including VAT (That’s £60 each)

or Choose 3 PC-CAMS (Colour with Audio on Board) for use in your own
Surveillance System and pay
ONLY £300 + £6 p/p FOR ALL THREE including VAT (That’s £100 each)

or Mix-N-Match The Cameras of YOUR CHOICE at the Single prices above.
For example 1xA-721-P 1xA-921-S and 1xPC-CAM for ONLY £210 + £6 p/p

WATCH THIS SPACE

For news of our own Video Surveillance System incorporating 4 Cameras with PIR Detectors . . . Sequencer
AND a NEW VCR . . . The entire system BUILT and WIRED for Simple Installation.
This system will give you 24 hours a Day . . . 7 Days a week Video Surveillance
for an Expected Price of ONLY £599.

Single Camera Version will also be available as will a version that uses YOUR OWN VCR as in the article.

Anchor Supplies Ltd.

ne at our showrooms on weekdays from
9am until 6pm and on Saturdays from 8am to 4pm.
Anchor Supplies Ltd is at the Cattle Market in Nottingham. NG2 3GY
(opposite Notts. County FC). Unlimited parking adjacent.

Visit our web site: http://www.anchor-supplies.ltd.uk

or send email to: sales@anchor-supplies.ltd.uk

Callers are

Note: We do not have any further information at time of going to press, but we will be pleased to send you full
details of this exciting new system as soon as we have the details finalised.

JUST Drop us a Line . .. an E-MAIL . ..a FAX. .. or Give Us a Ring
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The Low Cost Coniroller
That’s Easy fo Use

Features

i B

required for most embedded applications
Analogue .

igit
s
Display

Keyboard Upto 8 x 8 matrix keyboard
Memory > 2Mbytes available on board
Low Power Many modes to choose from

The PC Starter Pack provides the quickest method
to get your application up & running
Operating System ¢+ Real Time Multi Tasking

l.anguages e *C‘, Modula-2 and Assembler
Expansion * Easy to expand to a wide range
of peripheral cards
Other Features

Reeal Time Calendar Clock, Battery Back Up,
Watch Dog, Power Fail Detect, STE 1/0 Bus,
8051 interface, 68000 and PC Interface

Cambridge Microprocessor
Systems Limited

) ‘ Units 17 - 18 Zone ‘D’ '
' \m Chelmsford Road Ind Est q
\J Great Dunmow Essex CM6 1XG

he K-307 Module provides the features

4 Channels in 1 Channel out
36 Digital in or out & Timers
RS-232 or RS-485 plus 12C
LCD both text and graphics

a & ® & o @

E-mail cms@dial.pipex.com
Phone 01 371 875 644

CIRCLE NO. 112 ON REPLY CARD

New: Windows software for
TiePieSCOPE HS508 and TP508

This powerful windows software gives you new possibilities and intuitive control of the
five integrated devices (Oscilloscope, Voltmeter, Transient recorder, Spectrum analyzer and
Square wave generator) to perform all your advanced measurements

Oscilloscope:

- Number of samples settable between 10 and 32760

- Up to 32K samples on screen

- Free settable pretrigger between 0 and 100%

- Easy time axis zoom: scaleable scrolibar slider

- Free settable sample frequency from 0.01Hz to 50MHz

- Graphical adjustment of vertical offset and gain

- WYSIWYG trigger level, - hysteresis and slope-adjustment with one control

- Place the mouse over a control, press the right button and adjust all properties of
that control using the popup menu

- Cursor measurements

- Storing and recalling reference signals

- Math channel available

- Speedbutton toolbar

- Colour printing supported

Voltmeter: ;

- Up to six clear, fully configurable displays
- 10 math operations, like true RMS, mean, peak to peak, frequency etc.

- 16 display functions like Ch1+Ch2, Ch2-Ch1, Ch1*Ch2, log{Ch/Ch2) etc.
- Data logging to disk and printer

- Speedbutton toolbar

TP508

TiePieSCOPE HS508
- interface parallel printer port - interface PC-XTIAT ISA slot
- resolution 8 bits - resolution 8 bits Minimum system req 3.1 or higher, 386

- input range 200mV - 80V full scale processor, 4MB RAM, 4MB free disk space
- price £597.00 incl. software, manual

and 2 probes (1:1/1:10 switchable)

- input range 20mV - BOV fulf scale
- price £630.00 incl. software, manual

- and 2 probes (1:1/1:10 switchable) Prices are excluding VAT

TiePie engineering (UK)

28, Stephenson Road, Industrial Estate,

St. Ives, Cambs, PE17 4WJ,

United Kingdom

Tel: +44 1480 460028 Fax: +44 1480 460340

TiePie en%igeering (NL)
P.O. Box 2 E-mail: tiepie @tiepie.nl
8600 WL SNEEK Site: http://www.tiepie.nl
The Netherlands

Tel.: +31 515 415416 Fax: + 31 515 418 819

CIRCLE NO. 113 ON REPLY CARD
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ELECTRONICS
WORLD

INCORPORATING WIRELESS WORLD

der offer

Money back Guarantee.
Receive a full refund on your
subscription within the first
90 days if you are not completely

satisfied. Thereafter, we’ll
refund the unused portion of
your subscription should you

wish to cancel.

Electronics World incorporating
Wireless World is applied
electronic design. We’ll show you
how to use the latest silicon
technology plus...

CAE software

New product reviews

Technology reports

Detailed circuit diagrams

Innovations

N SRR N

Explanations of complex

technology

Comment and much more in

&

order your $120/5L30

your issue.

So whether you are designing your own
system or you're curious about your
competitors, Electronics World will help you
keep the leading edge.

SAVE UP 10

UcHvery ulidigyes aliu 1/7.07 VAL,
Designed for servicing and manufac-
ture, these irons feature 24V/48W heat-
ing elements and an iron-coated bit for
long life. The SL20 has a control range of
150 to 420°C while the 30 spans 160 to
480°C. As standard, an 0.8mm diameter
bit is fitted, but 1.6 and 3.2mm alterna-
tives can be obtained by adding £1.65 1" Please mail this coupon to Vonn Draper Elecronics, together with payment.
: : : 1 Alternatively fox credit card details with order on 0116 2773945 or telephane
inclusive to your order for each exira bit 1 0116 2771400. Address orders ond all correspondence relating to this order o Vann Draper
require d. Please make en q uiries to Vann | Hectronics af Unit 5, Premier Works, Canal Street, South Wigston, Leicester, LE18 2PL.
Draper on 0116 2771400, fax 2773945.

isive special offer price of £59 each
isive special offer price of £69 each

%
0%
Phone number/fax

Total amount ~ £....oovvevvevree
Make cheques payable fo Vann Draper Electronics Lid
O, please debit my Master, Visa or Access card.

Card No
! Expiry date

1 Overseos readers can also obtain this discount but details vary according to couniry.
1 Please ring, write or fax to Vann Draper Electronics




The Low Cost ¢
That’s Easy o

Features
The K-307 Module provides the feat
required for most embedded applicat
Analogue * 4 Channels in 1 ¢
Digff:f 36 Digital in or ¢
Serial RS-232 or RS-4
Display LCD both text ai
Upto 8 x 8 matri
> 2Mbytes availa
Many modes to ¢

&
L

[] Rest of world £101 SAVE 10%

[] Rest of world £56

Development

The PC Starter Pack provides the qu
to get your application up & running

Operating System * Real Time Multi
l.ungunges e “C°, Modula-2
Expansion

» Easy to expand tc

of peripheral car

Real Time Calendar Clock, Battery
Watch Dog, Power Fail Detect, STE
8051 interface, 68000 and PC Interf

Cambridge Micropro
Systems Limited

) ‘ Units 17 - 18 .

' 3 Chelmsford R
\J Great Dunmoy
E-mail cms@c

Phone 01

(] Europe £83 SAVE 10%

[ ] Europe £46

New: Wir
TiePieSCOPI

This powerful windows software gives you new.
five integrated devices (Oscilloscope, Voltmeter
Square wave generator) to perform all your ady

(] UK £58 SAVE 10%

[JUK £32

Oscilloscope:

- Number of samples settable between 10 and

- Up to 32K samples on screen

- Free settable pretrigger between 0 and 100%

- Easy time axis zoom: scaleable scrollbar slide

- Free settable sample frequency from 0.01Hz |

- Graphical adjustment of vertical offset and ga

- WYSIWYG trigger level, - hysteresis and slopt

- Place the mouse over a control, press the righ <<
that control using the popup menu %

Yes, | would like to subscribe to Electronics World incorporating Wireless World.

| Year

2 Years
Name
Job Title
Company
Address

- Cursor measurements

- Storing and recalling reference signals
- Math channel available

- Speedbutton toolbar

- Colour printing supported

Voltmeter: 5 =N

- Up to six clear, fully configurable displays

- 10 math operations, like true RMS, mean, peak to peak, frequency etc.
- 16 display functions like Ch1+Ch2, Ch2-Ch1, Ch1*Ch2, log(Ch/Ch2} etc.
- Data logging to disk and printer

- Speedbutton toolbar

TP508

TiePieSCOPE HS508
- interface parallel printer port - interface PC-XTIAT ISA slot
- resolution 8 bits - resolution 8 bits

- input range 200mV - 80V full scale
- price £597.00 incl. software, manual
and 2 probes (1:1/1:10 switchable)

- input range 20mV - 80V full scale
- price £630.00 incl. software, manual
- and 2 probes (1:1/1:10 switchable)

Country

Post Code
Telephone

Internet Address

Fax
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system requi 3.1 or higher, 386
processor, 4MB RAM, 4MB free disk space

Prices are excluding VAT

TiePie engjgeering (NL) .
P.O. Box 2! E-mail: tiepie @tiepie.nl
8600 WL SNEEK Site: http://www tiepie.nl

The Netherlands
Tel.: +31 515415416  Fax: + 31 515 418 819

TiePie engineering (UK)

28, Stephenson Road, Industrial Estate,

St. Ives, Cambs, PE17 4WJ,

United Kingdom

Tel: +44 1480 460028 Fax: +44 1480 460340
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Post from elsewhere to Electronics World Subscriptions, PHQ-D/1700/RH, PO Box 302, Haywards Heath, RH16 3BR, UK. Telephone +44 1444 445566

([Te1ige]sI [ "(e]d[e}— reader offer

Electronics World readers are eligible for
an exclusive discount on both the SL20
and SL30 soldering stations from Vann
Draper Electronics.

Normally, the SL20 with bar-graph tem-
perature indicator costs £59 while the
SL30 with digital read-out costs £69
excluding VAT and delivery. Electronics
World readers using the coupon along-
side can obtain either of these stations
for the prices above — but without adding
delivery charges and 17.5% VAT.

Designed for servicing and manufac-
ture, these irons feature 24V/48W heat-
ing elements and an iron-coated bit for
long life. The SL20 has a control range of
150 to 420°C while the 30 spans 160 to
480°C. As standard, an 0.8mm diameter
bit is fitted, but 1.6 and 3.2mm alterna-
tives can be obtained by adding £1.65
inclusive to your order for each extra bit
required. Please make enquiries to Vann
Draper on 0116 2771400, fax 2773945.

[ e e e e e B

i Use this coupon to order your SL20/SL30

1
Please send me

_S120(s) at the fully inclusive special offer price of £59 each
__SL30(s) at the fully inclusive special offer price of £69 each

Name
Company (if any)

Address

Total amount  E..ovvvvrerrernneee.
Make cheques payable to Vann Draper Electronics Ltd
Or, please debit my Master, Visa or Access card.

(ard No
Expiry date

Please mail this coupon 1o Vann Draper Electronics, together with payment.

Alternatively fax credit cord details with order on 0116 2773945 or telephone

0116 2771400, Address orders and all correspondence relating to this order fo Vann Draper
Electronics at Unit 5, Premier Works, Canal Street, South Wigston, Leicester, LE18 2PL.
Overseas readers can also obtain this discount but details vary occording to country.
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Radio Technology Direct

Top quality, top technology, fop senvice, That's our commitment
o you. We build both standard and custom modules and ship
direct. We've: been doing so for 20 years, No-one is better.
Every product is made in England, with pride:

Here are some of our products. To order, just ring us direct
{credit cards accepted).

If you' want something you don't see here, ring us. We can
almost certainly help.

The Wood &
Douglas Flagship

@ 500mW output

@ UHF operation

® Fully synthesised

@ Fully ETSI approved

Volumis Ordders

RSX450 n;ﬁ?ﬁ I:ﬁ:’c?gém
® 500mW output

® 9600 baud on air data rate

@ Fully synthesised

® Fully ETS| approved

450

The Discerning

Discretes
® 500mW output
® Separate TX and RX units
® UHF operation
@ Fully synthesised
& Fully ETSI approved
® VHF options available
@ Rich in features
X420 RX*140

Volurme Cholaers

Volume Chrders

AL

® 100mW output

@ Separate TX and
RX modules

® UHF operation

® Crystal controlled

® Fully ETS| approved

1T =50

RADIO
TELEMETRY.
MODULE

Nealurne Orolees

WOOD & DOUGLAS.

Wood & Douglas Limited
Lattice House, Baughurst, Tadley, AG26 5LP United Kingdom
Tel: +44 (0)118 081 1444 Fax: +44 (0)118 981 1567
e-mail. info@woodanddouglas.co.uk
hittp /fwww.woodanddouglas co.uk

44 (0)118 981 1444

Now 4
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@' & 100% Transparent Cable Replacement |
\ Q f & No Special Software Drivers Required |
\J(J #  ® Typically Only 10ms System Latency !
Handles Single Bytes or Complete Files !
@ Dual RS232 + RS422/RS485 Interfaces |

New from Radio-Tech the RTcom Radioc Modems offer
industry a competitive alternative to cables. Fully customised
versions are available to suit customer needs at little or
no additional costs.

A mBER F

LOW POWER
RADIO ASSOCIANION

Radio - Tech Limited, Overbridge House, Weald Hall Lane
Thornwood Common, Epping, Essex CM16 6NB.
Sales +44 (0) 1992 57 6107 (4-lines) Fax +44 (0) 1992 56 1994
e-mail sales@radtec.demon.co.uk
http://www.radio-tech.co.uk
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I I

@ Rack mounting frequency shifter for howl reduction
in public address and sound reinforcement.

@ Mono box types and 5Hz fixed shift boards also

available.

+* Broadcast Monitor Receiver 150kHz-30MHz.
* Advanced Active Aerial 4kHz-30MHz.
* Stereo Variable Emphasis Limiter 3.
* 10-Outlet Audio Distribution Amplifier 4.
* PPM10 In-vision PPM and chart recorder.
* Twin Twin PPM Rack and Box Units.

* PPM5 hybrid, PPM9 microprocessor and PPM8
IEC/DIN -50/+6dB drives and movements.

* Broadcast Stereo Coders.

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh GU6 7BG
Telephone: 01483 275997 Fax: 01483 276477
s.e@ndirect.co.uk www.ndirect.co.uk/~se/se.html
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Fazed by

Having looked at
numerous existing
phase measurement
circuits, Cyril Bateman
found that none of them
could guarantee 0.1°
resolution at frequencies
to 100kHz - so he
designed his own.

t the simplest level, the phase angle of
A two waveforms is the time difference

at their zero crossings as a proportion
of their periodic time. Multiplied by 360, this
becomes their phase angle expressed in
degrees. This principal is used by many dedi-
cated test instruments which measure phase.

But other techniques exist. Perhaps the most
accurate method involves digitising both input
signals, then performing a Fourier transform to
derive their phase information. Essential to
this method is 16-bit, or better, resolution, and
time-coincident, dual-channel analogue-digi-
tal conversion.

Below 20kHz, suitable low-cost integrated
circuits as used for digital audio are available,
but not so for higher frequencies. While this
method works extremely well, it requires sig-
nificant amounts of hardware and software.

I recently needed a low cost, portable, easy
to use phase meter, capable of working to
100kHz with at least 0.1° resolution. To start
with, I researched my library and the Internet
for previously published circuits that could be

TEST & MEASUREMENT

phase?

quickly built. References for a representative
selection of the various techniques that I found
is presented later.

While other circuits undoubtedly exist, none
of the ones found suited my needs. Some
required a known phase source for calibration.
Others gave insufficient phase resolution,
were limited to low frequencies or simply did
not offer the desired accuracy.

One particularly common failure was a mea-
surement ability to 180°, but without identifi-
cation as to whether leading or lagging phases
were being measured.

Ways of measuring phase

A common method for measuring phase
involves the use of op amps or comparators to
produce either a square wave having rising
and falling transitions at the input waveform
zero crossing, or a ttl compatible waveform. A
second identical channel is provided for the
reference waveform.

The time difference between these two
square or ttl waveforms is then extracted using
an exclusive-or gate. The width of this pulse
represents the time difference to be measured.

Having generated the pulse, two techniques
were used to measure its width compared to
the periodic time of the waveform. The most
common was to integrate or average this pulse
over many time intervals, giving a direct mea-

Fourier transform background

2800000 R00R000000000OO0SR00000000D00RRRRORD

The Fourier-transform integral was devised by John Baptiste, Baron de Fourier in
his Analytical Theory of Heat®, published 1822. In practice a modified technique
— the fast-Fourier transform — is more commonly used. This straightforward method
permits conversion to and from the time and frequency domains. It can be
performed using a dedicated spreadsheet routine or simple computer programs,®
as well as by dedicated digital signal processing integrated circuits.

In the context of this article, a time-domain repetitive waveform can be
transformed into its frequency domain components, both amplitude and their
relative phases. Assuming two single-frequency sinewaves of differing amplitudes
and phase have been accurately measured in the time domain, for example by
digitising, then their relative phases can be accurately calculated.

This technique is used in certain high-frequency, superheterodyne vector
network analysers to ascertain both reference and measurement signal phases.
Furthermore, it is a most useful technique” when evaluating the power impressed
by complex waveforms, on both capacitors and inductors.

sure of the phase difference. Less common
was measurement of the actual time duration
of this ‘difference’ pulse, in comparison with
the periodic time, Fig. 1.

Integration method. A difficulty with any
integration method is its dependence on the
accurate generation of a ‘squared-up’ version
of the two input signals — especially equality of
rise and fall times — and ensuring a consistent
pulse amplitude. At audio frequencies this is
simple but at 100kHz and above, becomes
more difficult.

While lIs-ttl circuits can provide reasonably
fast rise and fall times, the mandatory 5V sup-
ply combined with their permitted variation of
output voltage swing, requires the circuit be
accurately calibrated with signals of known
phase. Ideally any circuit should be self cali-
brating or be acceptably accurate when cali-
brated using dc only.

One slightly unusual approach to this inte-
gration problem was found in a Wireless
World article by C. Hodgson!. This circuit
used a number of nand gates to generate a
push-pull output together with full wave recti-

/7\\

\
/ N N

LU L

Phase difference=72°, time difference=0.2
Period=1.0, integrated voltage=0.2V

Fig. 1. Two common and practical phase-mea-
surement methods. Measurement of the time
difference between signals or integration of
this phase difference pulse, give identical
answers.
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Fig. 2. Simulation showing the five different lower frequency phases output with the 4018 IC set
to divide by ten. Also clearly shows that due to edge transition switching, the clock signal

mark/space ratio is unimportant.

More phase meters

Examples of circuits found in my
library search.

Circuits using multiple gates:
Hodgson, C, ‘Stereo Power and

Phase Meter’ Wireless World, May
1978.

Circuits using xor or nand gates:
Wyatt, M, ‘Phase meter uses just two
chips’ Electronic Design, June 1989,

Jones, D, Audio Frequency and phase
comparator, New Electronics,
October 1981,

Nixon, S, Economical Phasemeter for
Education use, New Electronics,
September 1981.

Boreham, N, ‘Phase Meter,” Wireless
World, August 1979,

Circuits using counting or Phase
Locked Loop Systems.

Sabah, N, 'PLL performs accurate
phase measurements’ Electronics,
June 19 1980.

Jarman, H, ‘Digital Phase Display,’
Electronic Product Design, Feb.
1988.

Ward and Walsh, ‘360 degree phase
detector,” Electronic Engineering,
April 1987.

Lucassen, R, ‘Digital Phase Meter,”
Elektor Electronics, June 1991.

Circuit found on Internet:

Simple phase meter operates to 10
MHz, AN9637, Aug. 1996 Harris
Semiconductors.

fication and addition of the two signals.

The integration method can provide unlim-
ited resolution of the measured phase, but
remember that increased discrimination —
while desirable — does not of itself improve the
measurement accuracy.

Time measurement method. My searches
found two approaches were commonly used
to measure time difference. Both used count-
ing techniques together with either a fixed
high frequency clock or a phase locked loop
generated clock frequency 360 times higher
than the frequency being measured.
‘Superficially, this time measurement method
looks the more attractive, especially for low or
audio frequencies. However to provide even
one degree of resolution at 100kHz, requires
clocking the circuit at 36MHz. This is too fast
for c-mos or Is-ttl and approaching the limits of
high speed c-mos. To provide a 0.1° resolution
needs even faster clocking and ecl technology.

Is a different approach needed?
With these problems in mind, the application
notes for the Analog Devices ADG30) looked
most interesting. This precision op amp has
two independent differential input stages
together with a precision comparator used to
select which input stage is active. The combi-
nation of this rapid response comparator with
high slew rate fast settling amplifiers, min-
imises distortion when switching channels.
Having benefited from the hindsight gained
by examining the techniques used in the cir-
cuits found by my searches, I decided to inves-
tigate my own circuit solution, based on some
newer integrated circuits.

Alternative ideas

The AD630 can be used as a balanced modu-
lator or demodulator. In the balanced modula-
tor configuration, its output is directly propor-
tional to signal amplitude and phase
differences. Using squared up constant ampli-
tude reference and measure signals, applied to
the modulation and carrier inputs, the output

after integration, is a precise measure of the
phase difference between these input signals.

This circuit is particularly attractive for
examination of quadrature signals, since sig-
nals having either 90 or 270° phase difference,
produce a zero output.

Following PSpice simulations, a circuit
based on this IC was bread-boarded, and ini-
tially worked quite well. Unfortunately as test-
ing progressed, to provide the needed perfor-
mance at higher speeds, the circuit became
much larger and more complex than expected
or desired. So I sought an alternative.

A new approach

Burr-Brown makes a higher speed, but other-
wise similar, switched input amplifier, the
OPAG78. Again, 1 simulated a circuit using this
chip. While overcoming some of the speed
problems found with the AD630, I concluded
that it was not the solution that I was looking
for.

A problem common to both the AD630) and
OPAG678 circuits stemmed from my use of the
AD790 precision high speed comparator. This
outputs a ttl level signal that can be disabled or
reset according to the voltage applied to pin 5.

Ideally, the AD630 and OPAG678 require sig-
nals balanced to earth, and hence accurate level
shifting. This could be as simple as ac coupling
using a CR network, but it must avoid exceed-
ing the capacitance load limits for the com-
parator. My searches failed to find a more suit-
able zero crossing comparator or one having an
output balanced to earth; all seemed to provide
ttl compatible outputs.

One difficulty when developing a phase
meter is how to generate stable signals of accu-
rately known phase, for calibrating the circuit.
Obviously, generating either zero or 180°, is no
problem, but intermediate phases which are
reliably known and repeatable, are rather more
difficult. The lack of suitable test signals hav-
ing known phase, halted this project for a time.

Producing test signals

while leafing through my c-mos handbook, I
found a method for generating suitable test sig-
nals by chance when I noticed the output
waveforms for the HEF4018B integrated cir-
cuit.

The 4018 is a presettable divide-by-N
counter that can be used to divide a clock sig-
nal by ten. At this ratio, each output goes low,
and remains low for five clock cycles, then
remains high for a further five clock cycles.
The chip has five outputs, which change state
in turn with each rising clock transition.

This circuit only responds to positive going
clock transitions. As can clearly be seen in the
Pulsar simulation, the equality of the
mark/space ratio of this clock signal is unim-
portant, the output waveforms always have a
unity ratio, Fig. 2.

In this way, selectable and equal mark/space
ratio signals at each 36° of phase at the lower
frequency can be generated. These could be
used directly to trigger ttl or c-mos circuits —
or equipped with suitable low pass filters —
could provide acceptable quality sine wave
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signals of known phase relationship.

The phase difference of these signals is
accurately maintained, subject only to use of a
stable clock working within the c-mos clock
rate limits and the intrinsic rise and fall time
variations of the IC itself, Fig. 3.

Accepting the AD790 comparator’s ttl out-
put, it seemed sensible, having once generated
a ttl signal to seek a digital solution, satisfying
my requirements for accuracy, resolution and
ease of calibration. Ideally the final output
would give *1.8V representing +180° of
phase, providing 0.1° resolution with a 3.5
digit or 0.01° with 3.75 or 4.5 digit meters.

Renewed attempt

Having now the means to verify my circuit
ideas, I decided to examine the circuit of a fre-
quency/phase detector often used in phase
locked loop applications® using a dedicated
logic circuit simulator called Pulsar.® This did
not provide a solution, but further examination
of phase-locked loop circuits suggested the
circuit finally adopted which provides one
special benefit.

Like the Hodgson circuit, it has a push-pull
output. Used as a phase detector, it gives a
clear distinction between leading and lagging
phases. Needing no frequency halving of the
signals, it similarly eases subsequent integra-
tion. The simulation results looked very good,
exhibiting no unstable states.

This phase detector triggers only on falling-
edge transitions of the reference and mea-
surement input signals, so does not require
signals having unity mark/space ratio. Many
other circuits use frequency division to ensure
signal equality, aggravating integration at low
audio frequencies.

With two discrete input and output ports,
depending on whether the input or reference
signal is leading, one output stays high while
the other gives a negative pulse of width cor-
responding to the time difference between the
two signals. These output signals can be accu-
rately integrated using a unity gain instrument
amplifier, which automatically provides level
shifting to ensure an output balanced about
earth. Common mode and differential CR fil-
ters, which pre-integrate and slow the very fast
rise and fall times output by the phase detec-
tor, facilitate choice of the in-amp used.

By way of demonstration, this Pulsar simu-
lation uses duplicated circuits to simultane-
ously show the outputs for both lagging and
leading 90° phases. With measurement lag-
ging, outg has a negative going pulse exactly
one quarter the width of the repetition period,
while the outys remains high. With a leading
phase signal, the corresponding outputs ottgs
and outyyy exhibit exactly similar but inter-
changed waveforms, Fig. 4.

PSpice simulations of a Burr Brown INAI 18
instrumentation amplifier confirmed the accu-
racy of this approach. The phase detector’s
push pull output signals were pre-filtered in
CR circuits using 1% resistors and 1% capac-
itors. Capacitors should be either polypropy-
lene or polystyrene, to ensure minimal dielec-
tric absorption.

Fig. 3. Schematic circuit of the relative phase generator, used Ry
to test the prototype phase meter. 88K
+5V CE R4
100n 150k
—1Data
10kHz clock, CK ICy —>
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Reset l R;
1
4018 TPy op .
NQ1p—o o] 3
Cs R 470p
NER— o q00n g 100k
Nasprge et :
NQ4 o—| Ic, >
NQ5 Ry Ci
470k 5né 1 + Reference
-LT 1kHz filter shown.
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Fig. 4. Simulation showing phase detector outputs, outy and outy, for 90° of lagging phase,
while with leading phase the output pulses interchange, see outpz and outyy.

Practical implementation

Originally, to simplify calibration, I planned to
use 74HC integrated circuits powered from a
nominal 3.6V supply rail. These HC op-amps
can use 2 to 6V supplies yet swing within
100mV of the supply voltage and earth. When
powered at 5V, they exhibit equal rise and fall
times of around 4ns.

When bread-boarded, reducing the supply to
3.6V gave two problems. The rise and fall
times were slowed and with the numbers of
gates used, switching simultaneously, resulted
in considerable supply rail and ground-plane
noise levels, for 100kHz and faster, signals.

This noise is caused by both output transis-
tors of a gate conducting simultaneously,
albeit for less than 2ns while switching. It
causes an intermittent near short circuit on the
supply rail. Obviously this supply rail noise
also appears as substantial ringing on the
required output pulses, causing a glitch to
appear on those outputs which remain at the
high level.

The solution was to leave the phase detector
running on 5V then to clean up and adjust the
levels of the final output waveforms. To do

this T used a Schmitt triggered buffer running
on its own 3.6V nominal, adjustable, inde-
pendently stabilised supply line. This line was
increased as necessary to provide a 3.6V out-
put swing, giving a most useful 10mV-per-
degree correlation.

1 considered using the new 3.6V LVC inte-
grated circuits which are 5V input tolerant.
But I found that I needed to increase the sup-
ply above 3.6V, sufficient to considerably
exceed the 3.6V maximum voltage rating of
LVC.

The final solution

Both 74HC and 74AC integrated logic circuits
have an input overdrive limit of 0.5V or
20mA. These limits are exceeded when driv-
ing a chip supplied at say 3.8V, from an HC
circuit having a 5V supply. To prevent reverse
conduction of the chip input diodes exceeding
this 20mA limit, 100€2 series protection resis-
tors were used on both linking inputs.

To clean up the phase detector’s push pull
signals, a 74AC14 Schmitt input hex inverter,
which has very fast rise and fall times and can
both source or sink 24mA from each output,
was chosen.
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The CR filters used to pre-filter the in-amp,
present a large capacitive load albeit decou-
pled by the 10kQ series resistors, to the
74AC14 outputs. To minimise any effect, two
inverter outputs were used in parallel, for each
push pull output signal. The complete circuit
used for the prototype can be seen in the
schematic drawing, Fig. 5.

With the phase detector part of this schemat-
ic already drawn for use in the Pulsar simula-
tions, the final circuit was translated into a
double sided printed circuit board using Easy-
PC Professional XM? to minimise redrawing.
To minimise supply line noise, this design
used one board face to ensure the least possi-
ble ground plane impedance. A wide and short
5V supply, low impedance transmission line,
was used to power the logic chips. All tracks,
and components were mounted on the second
side together with eight wire links needed to
avoid disturbing the ground plane.

Following initial tests, to further reduce sup-
ply line noise, 0.1pF 1206 size ceramic sur-
face mounted chips were directly soldered to
each integrated circuit power pin and to the
ground plane — as close as possible to the chip.

Each integrated circuit, whether analogue

and digital, was thus doubly decoupled using
0.1pF radial-lead multilayer ceramic capaci-
tors on the component side of the board,
together with 0.1pF surface mount 1206 size
multilayer ceramics soldered directly to each
power pin and the ground plane. This reduced
noise to acceptable levels.

To optimise circuit speed, all integrated cir-
cuits used in the phase detector were soldered
directly to the double-sided printed circuit
board, interconnected as far as possible, using
100£2 impedance signal tracks. To avoid the
inductance found with conventional sockets,
but permit chip interchange, all other inte-
grated circuits were mounted using Harwin
ultra low profile individual sockets.

How did this prototype shape up?

Using £15V supplies for the op amps, the cir-
cuit triggers reliably with signals down to
10mV, and can accept signals up to 10V.
Since I use this meter with both 1M oscillo-
scope probes and 50 measurement
impedances using coaxial cable with external
terminators, no attenuators could be built into
the prototype. Used with switchable divide ten
oscilloscope probes the usable range becomes

10mV to 100V, which should suffice.

The prototype was housed in a die cast box
of 150 by 80 by 50mm together with the
PM-128 digital panel meter recently offered
via EW&WW and the £9 volt batteries used
for power. This provides portability and
ground isolation but restricts the input voltage
to 6V without prior attenuation.

While not revealed by my simulations, this
phase detector can occasionally exhibit an
anomalous start up mode with both push-pull
voltages inverted. Instead of one output having
a negative pulse with the other output high,
this second output goes low and the output
pulse becomes positive going hence the built
in 2V full scale meter shows over-range.

While not intended or desired, this mode
facilitates calibration. In this condition, and
with no signals, adjust the nominal 3.6V sup-
ply rail using an external meter until the out-
put circuit reads precisely 3.6V. This com-
pensaies both for the push-pull output voltage
swing of the particular 74AC14 vsed, and any
variation of the instrumentation-amp filter cir-
cuit 1% resistor values.

This anomalous mode is easily corrected.
Simply switch off then re-power the circuit.

soescoened

Applying the phase meter

An obvious use of the meter is for looking at phase change
measurements in audio amplifiers and loudspeaker systems. In
addition, | have used it, together with my reflection bridge
circuit,* to measure capacitor and inductor behaviour at
various frequencies and ac test voltages. This is to me a natural
application, and was the underlying reason for needing both
TMQ and 50Q input impedance levels.

Perhaps less obvious, but also related to component
measurement, it has been used to measure the phase
component in conventional four-terminal volt/amp impedance
measurements. Using 50Q coaxial cable with quality through-
terminator and Ryense resistors, connected to the device under
test with minimal lead lengths, this technique is valid to high
frequencies. It is limited only by the volt and phase meter
frequency limitations.

The simple correlation shown on the diagram below is
possible since the current common to both the device under
test, i.e. DUT, and the R resistor must have the same
phase. These equations also assume that V; probe’s shunt
resistance is much larger than R..nse and its capacitive
reactance is also very large compared to the device under
test's reactance and Reense. FOr most component values, both
conditions are easily met by using a divide ten oscilloscope
probe.

Hence,

esrpyr=cos(phase angle)x|Z—Rsgnse
reactancepyy=sin(phase angle)x|Z).

For negative reactance,
capacitance=abs(1/(2nxfrequencyxreactance))
and for positive reactance,

inductance=reactancel(2nxfrequency)

As with all capacitance and inductance measurements,
accuracy of the minor loss term effective series resistance
depends almost totally on the phase measurement accuracy
and resolution. While the Regnee resistor used should be of
known value, non-inductive and of minimal capacitance, its
absolute accuracy has a lesser effect than any errors in phase
measurement. Thus ensuring a good accuracy for the reactive
term being measured.

To minimise measurement errors, the source impedance and
Ryense should be of similar, low impedance. Much lower than
the resistance and capacitive reactance loading of the test
probes used. In practice using source and Reenee resistances of
508, with divide by ten low capacitance oscilloscope probes,
gives acceptable accuracy when used in the above four
terminal circuit.

There are two easy ways to obtain Rsense- The preferred
choice is an SMA 50Q termination. These are generally made
using thin film chip resistors and rated for 2W power. The
completed termination is specified for voltage-standing-wave
ratio to very-high frequencies, yet for its quality, is
inexpensive. BNC/SMA adapters can be readily purchased if
required.

A poor second choice is 1% surface-mount chip resistors as
these typically have 1nH of inductance. Note that many low-
cost BNC terminations, unspecified for vswr at frequency, are
built using 51 conventional resistor rods, hence are suitable
only at low frequencies.

By adding Reense
b i and through
Phase
500 'I' Het M e terminator, the
Source 'D = meter can
Thiu. s Flyaras examine phase
5002 500 .
Termination Termination compon-ent mn
. conventional
A four terminal
Iput=V2/Rsense volt/amp
IZHDUTHR sonse)=V 1 /1=V %R ensel/ V2 impedance
measurements.
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With no input signals or with the reset switch
set, the output meter should display OV.

Calibrated as described, two frequency and
accuracy limitations result from the logic cir-
cuit rise and fall times and supply-rail noise
related transients,

The 74AC14 integrated circuit has rise/fall
times of typically 2ns. With some allowance
for jitter, this represents perhaps 0.1° of phase
at 100kHz. Supply line noise, particularly the
approximately 2ns wide switching glitch
appearing on the high outputs, causes a similar
error. Both contribute to a small linear over-
statement of the measured phase angle as fre-
quency rises.

Given equal signal and reference voltage
levels, the zero crossing accuracy using the
AD790 without offset trim is excellent.

However, even with an input hysteresis of
only 0.5mV, should the two input signals dif-
fer greatly in amplitude, then some error is
inevitable due to the difference in signal slew
rate at zero crossing. The solution is obvious —

try to equalise input signal levels.

Any offset in the input-buffer amplifier has
a similar effect, so any protection diodes used
must be matched for reverse leakage current.
For simplicity, the prototype circuit was built
without either protection diodes or trimming
of AD711, INA11S8 or AD790 offsets.

I used the 4018 circuit, with its outputs
selected to provide alternately £36 and +72°
of phase difference test signals, as a test
source for the de-calibrated prototype phase
meter. Measurements of this combination,
from 100Hz to 100kHz input frequency, show
negligible phase measurement variations to
10kHz, increasing to less than 0.5° at 100kHz
— inclusive of the 4018 chip’s error contribu-
tion, Table 1,

Due to its c-mos maximum clock rate limits,
the 4018 circuit cannot be used to quantify
errors above 100kHz. Measurement at IMHz
of a common signal source connected to both
reference and measure inputs using equal 0.6m
lengths of RG58 cable, reads zero degrees.

Table 1. Test results of prototype phase meter. Tests used the 4018 phase-generator circuit,
Results measured with the 4.5-digit external dmm used for dc calibration.
Test frequency Test signal Testsignal Testsignal Test signal
-36° +36° =72° +72°
100Hz -35.97 35.99 -71.98 72.00
1kHz —-35.98 36.00 -71.99 72.00
10kHz -36.02 36.05 -72.04 72.05
100kHz -36.32 36.45 —72.22 72.38

Fig. 5. Schematic of the final phase meter pro-
totype as built and tested. Good results could
be further improved by adding offset adjust-
ments to the AD711, AD790 and INA118
stages, combined with balancing of the 1%
components.

Increasing the cable length of one input by
1.25m resulted in a phase reading of 2.20°, very
close to the theoretical 2.25°. This accuracy
more than suffices for my present needs. =

References

1. Hodgson, C, ‘Stereo Power and Phase Meter,’
Wireless World, May 1978

2.Maxim Engineering Journal Vol. 19, Maxim
Integrated Products UK, 01189 303388.

3. Pulsar digital logic simulator, Number One
Systems, St. Ives, 01480 461778.

4. Bateman, C, ‘Looking into impedance,’
Electronics World, August 1997

5. Joules Waltlt, ‘A series of remarks on Fourier,’
October 1987.

6. Omer, W, ‘Faster Fourier Transforms,’
Electronics World, June 1986,

7. Bateman, C, ‘Power dissipation in capacitors,’
EW+WW, April 1995.

Readers interested in pcb layout should send an
sae marked ‘Phase Meter' to the editorial offices.
Add £1.50 for photocapies of layout or nothing for
details of peb film price. Depending on demand,
Cyril may make a pcb available.

November 1997 ELECTRONICS WORLD

911




l wizard. My initial

Fig. 1. Replacement

AltaVista ‘Live
Topics’ search

search using +circuit

+simulator resulted

| in 9000 hits. The

15

2.

Sl e )

refined search

produced 100 high

quality results.

Where to surf

P00 0 ORISR EROOPOORRRBEDED

Hole in Windows 95, NT fixed
http://www.news.com/News/ltem

Microsoft Knowledge Base.
http://www.microsoft.com/kb/articles/q168/7/47.htm
WinNuke Testing Ground.
http://206.148.240.160/~dirk/winnuke.html

The Singapore Privacy Bug.
http://home.netscape.com/info/security-doc.html
Macinsearch.com

http://www.macinsearch.com

Hands on Internet, EW&WW, March 1996
Micro-Cap V version 2.0,
http://www.spectrum-soft.com/news/winter97

COMMUNICATIONS

Hands-on
Internet

hen reporting new Internet features, sometimes
w the ink has barely dried before the words are

outdated. Last month, I mentioned AltaVista’s
‘Live Topics enhancement, which entered Beta testing at
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towards solving
thermal problems in
circuit design. And he
has some good news
for those of you
worried about

Internet security.

On 26 July, AltaVista introduced a revised ‘Live Topics’
user interface, now accessed by clicking on the ‘Refine”
button at the far right of the display. This latest interface
also presents a similar list of key words, for selection or
deselection. You must now open a selection box, in order
to select or deselect its keywords. An optional graphics
interface is also available by simply clicking on ‘Graph’,
Fig. 1.

Bugs

Currently, the Internet is alive with two main news topics
— namely the Presley anniversary and “bugs’. Many reports
describe two major bugs which potentially affect most
Internet users. The ‘Out of Band’ bug, which exploits
weaknesses in the Microsoft TCP/IP stack, is variously
known as ‘SSPING’, ‘JOLT’ or ‘NUKE’.

This bug first appeared in the Internet’s relay chat 'IRC’
channels, as a means to deliberately stop others talking, by
shutting down their computers. It seems that if a Windows-
based machine, on-line via a modem, receives a string of
invalid instructions addressed to its port 139, then
Windows immediately shuts down, leaving a blank screen.
It is claimed this bug affects all Windows operating
systems, Windows NT, Windows 95 even Win 3.11.

According to a ‘CINet’ news report' dated 12 May, these
problems have resulted in glitches or shutdowns on
Microsoft’s own website NT machines, among many
others. In true Internet fashion, this bug is variously and

8. Spice runs thermal analysis.

Wyatt, M, Design Ideas, EDN, 18 August 1994.

9. Flomerics Inc.
hitp://www.flowtherm.com

10. Thermal Engineering Associates.
http://www.thermengr.com

11. Optics, Automation and Instrumentation.
http://www.oainet.com

12. Thermal Solutions Inc., http://www.sauna.com

13. Simulation — Electro-thermal.
http://whirligig.ecs.soton.ac.uk/~mz/da/p212.htm

14. Tera Analysis Co.
http://www.tera-analysis.com

15. Lakeview Software — Therm.zip
http:/ftpsearch.ntnu.no/ftpsearch
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widely reported, including several sites which offer
‘patches’ and some even the facility to deliberately test
your machines vulnerability, if you so request.

A quick search of AltaVista against “WinNuke’
identified a very large number of Web pages offering
comment and advice, including items in Microsoft’s
knowledge? base. Windows 95 users should download the
knowledge base article shown from Microsoft together
with the file Vtcpupd.exe. When run, this file updates two
files Vtcp.386 and Vnbt.386, Fig. 2.

Several of the ‘Nuke’ test sites identified by AltaVista,
now only have messages explaining they had closed due to
external pressures. ‘WinNuke’ however was working
when I used it deliberately to try to ‘Nuke’ my own
machine.? Since I run only native OS/2 Warp 4 Internet
software and not Windows, it was not affected. However if
you are using Windows and feeling really brave, why not
give ‘WinNuke’ etc., a try?

And for Netscape users...

I said two bugs. The ‘Singapore Privacy Bug’ affects the
Netscape Communicator browser software. Apparently it
allows a Hacker to use Netscape’s ‘Live Connect’ feature
to monitor your Web activity, URL’s visited, and data and
passwords you enter into HTML forms. It even allows
monitoring of data placed in a Netscape cookie file.

Some reports have suggested this monitoring could
encompass details of any credit card details you entered on
Internet forms and the contents of your e-mail messages.
Netscape has issued a document* dated 25 July which
accepts that Communicator has this problem but says
Navigator 2.x and 3.x are not affected, Fig. 3.

Macintosh users now have a search page dedicated to
their special needs. Macinsearch.com? hosts the Mac Web
Network of Macintosh dedicated sites together with links to
conventional Internet search engines.

One reader reported difficulty accessing certain addresses
I quoted. All have been taken direct from the page and have
been tested and work. However on occasions I too have
subsequently found that a site’s full address may not work
depending on particular server routeing.

Deleting the last segment out of a long address, it then
does. Once at the page, re-adding the deleted part address,
it then also works perfectly. Occasionally this technique
can be needed to follow up a link, from say AltaVista,
should clicking on a link fail, with error 404.

[ opened by noting how quickly some aspects of Internet
change. Use of Web pages with a browser to download or
upload files, now dominates Internet usage. I was recently
forcibly reminded that the core operating systems for
Internet remain unchanged, even though the latest browsers
may hide this from the user.

Using my Netscape 2.02E browser on a page optimised
for the latest browsers, my download attempt failed and I
was forced to use my dedicated FTP client® instead. This
had gathered dust all year and not been used since
upgrading my operating system to OS/2 Merlin.

Having recalled how to drive this client, FTP worked
faultlessly, performing the failed transfer much more quickly
than is normal when using the Web browser file transfer.
Originally I used this FTP client for all file transfers, but
stopped when many sites only supported browser transfer,
and no longer supported the use of an FTP client.

Simulation and design software
The Micro-Cap V simulator,” version 2.0, available from

COMMUNICATIONS

Presentation of simulation results has been enhanced, now
having ‘Performance’ and ‘3D’ plotting features.
Performance plotting is a method for displaying specific
data from an analysis that contains multiple runs, on to an
X-Y plot. The example shown is of rise time change with
resistance change, for this simple LCR circuit. The 3D
plotting allows simultaneous display of three analysis
variables. This example also shows the affects of stepping

Microsoft Knowledge Base

Last revigwed: June
16, 1397
Arhcle 1D: Q58747

The e w thes arhcle spphac tn

* Bcruslt Wndorrs 55
= hfierasclt Windess 55 DEM Servic Belsasnverions L2 21

SYMPTOMS

ik riv o iy x

Futad wmoyhicn IE o o 3y
e ..n..hun.-g-.-mﬂmt':: + Maseme,

TeCHNOLOCY DVERVIEW
Scoume Socurs SECURITY UPDATE
5/ MVIMEE
Crrmcanes THE SINGAPORE PRIVACY BuG
FORTEZZA i
Muson
Marscare July 25, 1397 I
Myrwcars SEComTy R e B e |
APY
.:'““:n. Ths Singapore Privacy Bug el aftects Netscape:
P p— Comraumicesos s beenidentified and foed The fixis
being tested and will be inclded i the nextrelease of

Wiene CAN You Nebcme Commumicater, #hich i expectad to be avalshle

Liamn More? b —— ap 2xmd Ixare
“'-“‘. uraffected by s bug,
“' S The Singepore Privacy Bug elows & hacker o observe &

m“uﬁ&yu;ﬁsw& Tt aliowws a hacker web it to

Mone Secimery expleit LiveConnect o cheerve which URLS & user vists,
ProoucTs the dele ¢ user endecs iy HTHL forms finchuding
SpenmTy MotEs passwards ), and date placed indo ausex's cookie file. The
tug dees not allow 2 malicious wel site cperatm  1eE,
|_craca as ceal datn from = mwear's hard dide - |
2
T— s ===y,

Fig. 2. Microsoft’s
official response to the
Windows 95 ‘WinNuke’
problem. To become
‘bombproof’, download
this article and the file
‘Vicpupd.exe’,

Fig. 3. Netscape’s
‘Singapore’ security
problem. Since no
‘intrusions’ have been
reported, is claimed to
be a minor problem.

Fig. 4. Micro-Cap V
version two, now with
BSIM3 version 3.
Update to this popular

. ; ‘alternative” Spice
June, now includes the BSIM3 Version 3 mosfet models. oA i
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COMMUNICATIONS

Fig. 5. Flomerics
Inc. suppliers of
the Flowtherm
thermal simulator.
Hosts a large
reference library
and the ‘Cooling’
magazine.

Fig. 6. “Sauna’ by
name, this version
aims to cool your
products. This 3D
simulator provides
easy linking of
components fo
printed board
layouts. Uses the
traditional thermal
resistance grid of
resistors method.

Fig. 7.
Demonstration
pch example
from Therm.zip.
Explore this
multilayer
board example
for yourself.

the resistor value, and plots node 1 Voltage v time v
resistance, Fig. 4.

All electronic circuits generate heat, which must be
dissipated to ensure satisfactory service. While some
estimates using thermal resistances can be made, a final
solution might require ‘cut and try’ methods.

Since a close analogy can be drawn between heat
dissipation and electrical circuit design, some limited
analysis® is also possible using a Spice simulator.
Larger problems however are generally tackled using
finite-element, finite difference or computational-fluid-
dynamics methods, for which specialist thermal
simulation packages have been developed.

Flomerics® has been working with the ‘Delphi’ and
‘Seed’ European projects to develop methods to handle
both board and device-level modelling. Their
Flowtherm simulator merges the traditional thermal
resistance network with fluid-dynamics methods,
offering benefit as the fluid-dynamics analysis grid
becomes less detailed. The company’s page hosts a very
large library of thermal reference papers, some
available by download, together with their Cooling
Magazine, both well worth studying, Fig. 5.

Certain lower cost — even free — evaluation programs
and support data are available for designers wishing to
explore these techniques, before committing to one or
other method. Thermal Engineering Associates!? hosts a
Web page with conference details and links to many
sites. One especially useful introduction is the Data
Handbook offered free on request,!! linked from their
‘freebies’ heading.

An advocate of the thermal resistance network method,
Thermal Solutions!2 offer its ‘Sauna’ 3D program which
runs on pes, Macs and HP Unix workstations. Sauna
claims special benefits for its ‘Gray radiation’ analysis
method used to analyse modules within boxes. Sauna
v3.0 now has the capability to simulate transient and duty
cycle thermal simulations. A working evaluation version
is available on request, Fig. 6.

Most colleges have thermal simulation projects, many
now being targeted specially towards electronics needs.
As part of its Design Automation Group, the
Electrothermal Circuit Simulation project!? is working
to develop accurate thermal macromodels for
dissipative power devices. These are based on the
devices actual physical geometry, with particular
emphasis on power Hexfets and thermal feedback
simulation,

2D thermal modelling
One possibly simpler introduction to the subject is by
way of a 2D thermal modelling package. I mentioned
the excellent Quickfield finite element simulator in the
May issue. Optimised for electronic simulations,
Quickfield is particularly useful when evaluating an
individual component’s thermal characteristics. A
working evaluation version'® can be downloaded.
Targeted more towards board-level analysis,
‘Therm.Zip’ is an older shareware package, quite
suitable for exploring the basic concepts of thermal
analysis. Therm is written by Lakeview Software, and
being only 390k when zip cd can quickly be
downloaded from Winsite!® or most Winsite mirrors,
Fig. 7. =
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HISTORY

St Petersburg is the
home of one of the
world’s oldest
technical museums.
And within its walls
is a wealth of early
British wireless
apparatus - as
Khatskel loffe
reveals.

Fig. 1. Early circuit diagram of
multiple tuner shows that the system
comprises three sections — the
antenna circuit, the intermediate
circuit and the detector.

O Earth

Radio reflections

Communications in St. Petersburg was
founded in 1872 as a telegraph museum. It
was a closed establishment affiliated to the
Department of Telegraphs, Ministry of the Interior.
In 1884, a postal department was set up and the
establishment started to be referred to as the Post-
and-Telegraph museum. Wireless equipment has
been collected by the museum since 1910.

Eventually, the museum became a research and
educational centre for the history of all kinds of
communication — postal communication including
postage stamps, telegraphy, telephony, radio and
television.

The museum has a collection of British equip-
ment dating from the earliest stage of the devel-
opment of wireless.

We have in our collection Marconi coherers in
their original packing cases. The coherer played a
decisive role in the advent of wireless telegraphy
by acting as a radio wave detector in the receiver.
Many of you will recall that the coherer exhibits a
dramatic increase in conduction under the effect of
incident electromagnetic waves.

The phenomenon was described by the French
physicist Edouard Branly (1846-1940) in 1890. It
was extensively studied by many scientists, in par-
ticular Sir Oliver Lodge (1851-1940). It was he
who coined the term coherer to describe an insu-
lating tube with two electrodes and containing

T he Alexander S. Popov Central Museum of

Aerial
Condenser

Detector-- - - —0 Aerial?
]

Intermediate

Detector
ondenser

Condenser

Aerial
lndu%rtlance

Protective
Choking Coil

Intermediate [ Circuiy 1

metal filings between them. The coherers of
Guglielmo Marconi (1874-1937), starting from his
first patent of 1896, had an evacuated glass tube.

We have eight coherers of Marconi’s Wireless
Company. Each is housed in a metal case to pro-
tect it against electromagnetic radiation. We
believe they date from about 1900.

These coherers comprise an evacuated glass
tube, 60mm long and 4mm in diameter. Sealed into
the tube are two platinum wires, each terminated in
an obliquely cut cylindrical silver electrode ground
tightly to the inner wall of the tube.

A small quantity of filings comprising 96% nickel
and 4% silver was poured into the wedge-like inter-
electrode gap, with a minimum width of 0.5mm. For
protection, the coherer is secured to an ivory stick,
with which it was mounted on the receiver.

Marconi’s magnetic detector

In 1902 the Italian government placed the warship
‘Carlo-Alberto’ at Marconi’s disposal. With King
Emmanuel III on board, she came to Kronstadt on
an island in the Baltic Sea, 29km westwards of St.
Petersburg. Marconi established long-range com-
munication with, among others, a Poldhu station
on the southern coast of England.

In his receiver installed on the warship, he
employed a magnetic detector whose principle had
been suggested by the physicist Ernest Rutherford
(1871-1937) in 1896, Photo. 2. This detector
depends on the ability of electrical oscillations to
reduce magnetic hysteresis.

In Marconi's magnetic detector, two grooved
wooden wheels are brought into uniform rotation
by a clock mechanism, or spring motor. An endless
flexible band, comprising several dozens of thin
iron wires, is stretched between the wheels. The
band moves in the inside of a small glass tube with
a speed of around 8cm/s under the poles of two
horseshoe permanent magnets whose like poles are
brought close together.

Slipped over the tube, one over the other, are two
coils of insulated copper wire. The primary coil is
placed into the aerial-earth circuit and the sec-
ondary is connected to a telephone receiver.

Travelling under the magnet poles, the iron wire
band is magnetised first in one direction and then
in the opposite direction. A reversal of the sense of
magnetisation occurs under the inside like poles,
not exactly at the instant the band passes under
them but with a delay due to hysteresis. The rf
field created by the primary coil during the advent
of a signal momentarily reduces the hysteresis,
causing a shock reversal of magnetisation in the
band.

916

ELECTRONICS WORLD November 1997

from Russia

The rapid displacement of the magnetic lines of
force produces an instantaneous current in the sec-
ondary, bringing about a sound in the telephone
receiver. This re-occurs with a frequency equal to
the interruption frequency of the interrupter of a
spark transmitter as long as the telegraph key is in
the down position. The telephone of the receiving
station produces a sound during all this time.

The magnetic detector responds to the peak
value of an electromagnetic wave. As a result, this
detector was suitable for stations with heavily
damped oscillations. It was not until the mid 1990s
that it was replaced by the contact detector.

We have two examples of Marconi’s magnetic
detectors which we believe were manufactured
between 1908 and 1910.

Tuning gear

Photo 3 shows a multiple tuner! — a unit for tun-
ing a receiver, operated in conjunction with a magnetic detector. It
was used in Marconi’s coastal and ship wireless stations in the early
1900s.

Figure 1 shows the circuit diagram of the tuner as represented at
that time?. The tuner is essentially made up of three separate circuits
termed the aerial circuit, the intermediate circuit and the detector cir-
cuit. The variable coupling between the circuits is of the transformer
type.

Switch §; brings the unit to rough or fine tuning. In the former
case, the aerial circuit only is tuned. In the latter case, all the three
circuits are tuned. Switch S, has four fixed positions for the four
subranges in the intermediate and detector circuits. Smooth tuning
is performed by variable capacitors.

Varying the detector coupling allows the intensity of the detector
output signal to be changed and facilitates fine tuning to a possibly
weaker signal.

This instrument marked a great step forward in the development of
practical wireless through a substantial increase in
selectivity.

The earliest valve

Fleming’s diode, Photo 4, is the earliest kind of
vacuum valve?, It is a cylindrical glass envelope,
about 50mm in diameter, filled with rarefied gas and
provided with a Swan type base.

Located in the envelope are a carbon filament in
the form of an arc — the cathode — and a nickel
cylinder enclosing it — the anode or plate.

The anode is secured on a glass stem. Two wires
run from the base through the stem to the cathode.
The plate lead passes through the lateral surface of
the envelope. When placed in a receiver circuit, the
valve conducts in one direction only, from the heat-
ed filament to the cylinder (the electronic current),
and thus serves as a detector.

HISTORY

Photo 2. Marconi’s magnetic detector, circa
1909, relied on the fact that electrical
oscillations reduce magnetic hysteresis. The
band around the wheels is iron wire, which
passes between magnetic poles as the wheels
rotate,

Fig. 2. Schematic of the Marconi-Bellini-Tosi
direction finder. Two variable capacitors
were used to allow coarse and fine tuning.

Photo 3. Multiple tuner from circa 1909 was
used to tune receivers relying on magnetic
detectors.
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HISTORY

Phoro 4. The simplest
type of valve - Fleming’s
diode - from circa 1907.
It has a carbon filament
forming the cathode and
a nickel anode in the

form of a cylinder
enclosing it.

Photo 5. Direction
finder of the

Marconi-Bellini-Tosi
system from circa 1910
helped ships find their
position by indicating
the directions of known

transmitters.

Wireless orientation

Shown in Photo 5 is the direction finder of the
Marconi-Bellini-Tosi system. The Marconi Company
invited all interested persons to send in relevant invention
and patent and offered for them high rewards.

Among such patents purchased by the Marconi
Company was the patent for the ‘wireless compass’ of
the Italians Bellini and Tosi*, This was one of the most
remarkable inventions in the first decade of practical
wireless. In 1908-1909 it hit the headlines of all leading
electrotechnical journals.

We believe that our example is a specimen of the first
implementation of this invention. It dates from about
1910. Its circuit diagram? is shown in Fig. 2.

The apparatus was designed for ships to determine their
location from the known coordinates of fixed wireless
stations. The principle of directed transmission and recep-
tion of Bellini-Tosi is reduced to the use of a radio-
goniometer. This device consists of two fixed field coils
located at right angles to one another. The coils are con-
nected respectively to two symmetrical frame antennas,
perpendicular to one another, and to a moving ‘search’
coil pivoted inside the fixed coils.

The search coil connects to a receiver, and the recep-
tion strength will depend on the position of this coil.
When its plane coincides Wwith the direction of coming
waves, the reception is strongest. Coupled with the pivot
of the moving coil is an azimuth pointer.

Located on the top panel of the instrument are termi-
nals for connecting the antennas and the receiver. There
is also the goniometer knob which has a pointer over a
circular scale of azimuths in degrees. The knob was for
tuning the antenna to a station whose bearings are to be
taken. Antenna switches on the top allowed the unit iso-
lated while the local transmitter was being used or during
a thunderstorm.

On the side wall of the instrument are the knobs of two
capacitors for separate adjustment of the antennas, as

Photo 6. Intermediate
and defector circuit unit
for direction finder -
probably — from circa
1910.

well as the ‘Billi condenser” for fine tuning, In the latter
capacitor, two brass tubes slide over two other brass
tubes along a hard-rubber bushing, the capacitor dielec-
tric.

The goniometer is located behind a hinged front wall of
the case. This is a hollow cylinder having two bases of an
insulating material on different but close levels at both
top and bottom.

Wound round two formers at right angles to one anoth-
er are two coils of copper wire forming rectangular turns.
Variable capacitors are placed in the middle of each coil.
Set true with the axis of the cylinder is the search coil on
its own former, the coil shaft being terminated in the
knob for taking bearings.

The operator tuned into a station, then turned the
goniometer knob to the left until minimum audibility was
attained. Next, the the knob was turned in the opposite
direction and a similar position found. The position
between these points corresponded to the direction to the
station. For higher accuracy, the operator strived for low-
ering the intensity of received signals using the detector
coupling control on the receiver.

Direction-finding receiver?

Photo 6 shows the intermediate and detector circuits of
a receiver. I believe this unit was designed for use in con-
junction with a Marconi—Bellini-Tosi direction finder
and was built at the same time.

Using two terminals at its top, the intermediate circuit
was connected to the corresponding terminals (R, R) on
the direction finder to receive a signal from the search
coil of the goniometer.

The intermediate circuit contains an induction coil and
a variable capacitor — the ‘intermediate tuning condenser’
— which could be connected in parallel for long wave or
in series for short wave using a switch.

Coupled with the coil of the intermediate circuit via a
variable transformer is a detector circuit coil whose con-
trol is brought out to the front wall of the unit to allow
variation of the detector coupling. The detector circuit is
tuned using a Billi condenser.

Fleming’s diode or a contact detector could be selected
as the detector using a switch. The filament of the diode
was powered by an external battery through a rheostat.
The regime of the contact detector was set by a poten-
tiometer. m

In a subsequent article, Khatskel outlines Marconi trans-
mitters and receivers from around 1915 and describes the
museum’s version of Fleming's cymometer.
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ANALOGUE DESIGN

, _f_..‘

Doug Self looks at
how loudspeaker
impedance - which
varies dramatically
with frequency -
interacts with
amplifier output and

k@ tﬁbjﬁg'

Speaker impedance

matters

peakers, from the amplifier/cable point of view, is their
non-uniform impedance with frequency. This has sev-
eral consequences.

The resistance of the cable from the power amplifier is
non-zero, giving rise to response variations in the voltage at
the loudspeaker end as speaker impedance varies with fre-
quency. There may be important effects on the amplifier’s
distortion performance. Impedance dips may activate over-
load protection with cacophonous results,

While an understanding of all the factors that combine to
make the impedance curves of multi-way loudspeaker com-
plex and variable is not strictly necessary for amplifier
design, it does give useful insight. For many years, DIN and
ISO standards specified that the impedance over the audio
band should not vary by more than +20% of the average
value, so that an 8Q speaker should not fall below 6.4, but
this appears never to have been taken seriously.

‘When the electrical model of a single-unit load replaces the

The most important feature of electromechanical loud-
$

standard 8Q resistive load, something remarkable happens;
high-frequency distortion virtually disappears, as shown in
Fig. 1. This was obtained by wiring a 0.33mH inductor in
series with the 8€ resistive load.

A Blameless amplifier driving 82s or more exhibits only
crossover distortion, increasing with frequency as the nega-
tive feedback factor falls, and the magnitude of this depends
on the current drawn from the output stage; with an inductive
load this current falls as frequency rises.

Single speaker units
‘While single-driver designs are now rare in hi-fi applications,
many public-address, disco and sound reinforcement appli-
cations still use single, so-called full-range, drive units. The
impedance variations of single speaker units can be modelled
with fair accuracy.

Figure 2 shows an electrical model of a single speaker unit.
Resistance and inductance of the voice coil are represented
by R. and L. respectively. Components L, and C; model the
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Misconceptions

'..l..........I.........'.

In many audio fields the conventional wisdom is
wrong. The amplifier-cable-speaker system is no
exception, and the misconceptions unearthed in
the writing of this set of articles are summarised
below:

o Amplifier output impedance has no effect on
loudspeaker damping. ‘Damping factor’ is
essentially a meaningless parameter.

« Amplifier output impedance is often not
determined by the amplifier itself, but by the
output inductor winding resistance.

s Output ringing in square-wave testing with
capacitive loads is not from the amplifier and
gives no information on its stability.

s The amount of ringing observed is affected more
by the test square-wave rise-time than any circuit
parameter.

¢ The shunt capacitance of any normal speaker
cable is trivially small, and can have no significant
effect on frequency response or anything else.

s Reactive loads are ‘more difficult to drive’ only
in the sense that they put more electrical stress on
the output stage than a resistance. They do not
cause instability if the usual precautions are
correctly implemented.

electromechanical resonance of the cone mass with the sus-
pension compliance and air-spring of the enclosure; R, con-
trols damping.

Components R,, L, and C; have no physical existence, but
give the same impedance characteristics as the real reso-
nance, determined by mechanical inertia and compliance. At
0.1mH, voice-coil inductance here is fairly low, which might
apply to a modest 8in unit; 18in bass units go to ImH or
more.

The input impedance magnitude this network presents (o an
amplifier is shown in Plot A1, The peak at 70Hz is due to the
cone resonance; without a sealed enclosure, the cone restor-
ing force is lower and the free-air resonance is at a lower fre-
quency.

The rising impedance above 1kHz is due to the voice-coil
inductance L. This part of the model is not very accurate, as
in real life eddy-current losses etc make the voice-coil induc-
tance more of a ‘semi-inductor’ with approximately 45°
phase shift?3, This is more important for crossover design
rather than for assessing amplifier loading at high frequen-
cies.

The phase angle varies from +35 to —35°, passing through
zero at the resonance point. Speaker loads do not show pure
inductance or capacitance, which would give a 90° phase
angle.

This model can be directly related to the electro-mechani-
cal and mechanical-acoustic domains by means of conceptual
‘transformers’ that handle the scaling of the units of mea-
surement.

Multi-way speaker systems
The impedance curve of a typical multi-way hi-fi loud-
speaker is much more complex, with multiple humps and
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dips representing various features of the speaker.

At the low-frequency end these are fairly predictable; the
bass unit resonance will give a significant hump in low-fre-
quency impedance, with associated phase changes. Reflex,
i.e. ported, enclosure designs have a characteristic double-
hump in the low-frequency, with the middle dip corre-
sponding to the port tuning. The impedance in this dip does
not normally fall below the nominal impedance of the speak-
er. A typical plot of impedance against frequency is shown in
Fig. 3 for the Kef Cara — a two-unit system with an auxiliary
bass radiator.

The high-frequency region of speaker impedances is much
more variable, depending in a complicated fashion on the
drive units and their interaction with the crossover compo-
nents. There are significant non-linearities varying across the
audio band.

The ‘semi-inductor’ behaviour of the voice-coil inductance
also becomes important. This means that simulating the elec-
tro-acoustic equivalent of a multi-way loudspeaker accurately
enough to predict its impedance curve is a major enterprise.
It is probably best tackled with specialised loudspeaker sim-
ulation software rather than a general electrical simulator
such as Spice. An excellent example is Abakab* produced by
I W Panzer.

Nominal speaker impedance specifications must be treated
with a good deal of scepticism; they do not represent the
minimum impedance and probably not the 20-20kHz average
either. One example’ has three impedance minima, of 4.3,
3.9, and a frightening 2.7€2, yet still claims to be an 8€2
speaker, I am aware of one British “8€2"” design that falls to
1.6 at low frequencies.

For amplifier design purposes, there is no reason why an
impedance model should express the physical reality of a
speaker in terms of electro-acoustic equivalents; it is suffi-
cient to model the impedance curve itself.

Figure 4 shows an example of this approach, while Plot
B1 gives the impedance curve. This assumes a simple
crossover network that includes Zobel compensation R,, C,
for rising tweeter coil impedance, and is based on a network
proposed by Ken Kantnor in Stereophile.®

Amplifier reviews in Stereophile are currently undertaken
with this load as well as pure resistances. The major effect
that comes to light is frequency response variation due to
excessive amplifier output impedance. Deviations of 1dB
have occurred even with solid-state designs; these have pre-
sumably had resistors introduced into the output circuit in
pursuit of unguessable Subjectivist ideals.

Crossover design

Design of the crossover probably has the most important
influence on speaker impedance. A two-way speaker system
is assumed at this point, as the extra complications of a three-
way CrOSSOVer are serious.

The design process passes through the following three
stages. First, choose the alignment of the crossover system. In
other words, select the order of filters, filter Q, and offset of
filter frequencies that will give the best summation of the
acoustic output of each speaker unit,

In this respect, it is common to talk of Butterworth or
Bessel alignments, and so on. This results in the simplistic
circuit of Fig. 5, where the speaker impedances are assumed
to be purely resistances.

The second design step is to correct for non-resistive speak-
er impedances. Driver impedances are far from pure resis-
tances, so filter responses that assume they are will be wrong
due to mistermination.

As Fig. 6 shows, the main resonance of the hf unit can
manifest itself as an unwanted peak in low-frequency output
just below the crossover frequency.” This can be corrected by
cancelling the impedance rise at resonance by placing a
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Fig. 5. Simple two-way
crossover unit. This
would only work
properly if the
impedance of each
speaker unit was purely
resistive; it is not.

Fig. 6. A is a typical tweeter impedance curve; resonance is at 1.1kHz. The high-
frequency rise is at a higher frequency than Fig. 2 as voice-coil inductance is much
lower at 37uH. B is after correction for voice-coil inductance, while C adds

resonance correction.
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compensates for voice-coil inductance; series-resonant circuit RLC corrects

impedance at resonance.
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series-resonant RLC ‘network in parailel with the high-fre-
guencyunit Figa 7. o . oo L :

For amplifier designers, an unhappy side-effect is that the
impedance seen by the amplifier is reduced. This correction
is not required for the low-frequency drive unit, as the bass
resonance and its associated low-frequency roll-off are a fun-
damental part of the speaker design, and there is no electrical
crossover filter at the bottom of the low-frequency range to
be misterminated.

It is sometimes also necessary to correct for rising driver
impedance due to voice-coil inductance, by shunting it with
a Zobel network R,, C,, as in Fig. 7; Fig. 6 shows this is very
effective. Unfortunately this also reduces the impedance seen
by the amplifier, at high frequencies — where it this is most

Power (W)

--------------- T e e e e e e e
175ms 180ms 185ms 190ms 195r
a fel(g3)xv(l,7) + v(1,7) a 10%ic(q3)
Time

Fig. 8. Instantaneous V,, I, and P, in an output transistor driving 842 to 40V peak
at 50Hz, from +50V rails. Device dissipation peaks twice at 77W in each half-cycle.
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Fig. 9. As Fig. 13, but driving 50Hz into the single-speaker load. At this frequency
the load is partly inductive so current lags voltage and the instantaneous power
curve is asymmetrical, peaking higher at 110W towards the end of the half-cycle.

undesirable. The important point is that both corrections
reduce the average impedance seen by the amplifier.

An excellent example both of the response irregularities
caused by using crossover filters designed for purely resistive
loads when the real load is a speaker impedance, and its cor-
rection by the addition of a Zobel network is given in ref. 3.
Another example is ref. 7.

Equalising the drive units — if necessary — is the third step
in the crossover design process. If the response of a drive unit
is not as flat as required, equalisation networks are used. A
gentle peak in the response is usually nulled by a parallel-res-
onant circuit in series with the drive unit, This increases the
average impedance. If however the response of a drive unit
needs to be increased over a given frequency region, there is
likely to be an impedance dip in this area.®

While this gives insight into why impedance curves can be
complex, an amplifier must still be capable of driving the
impedance at the deepest dip in the curve. It is often assumed that
this will be no lower than 4Q for a nominal 8 multiway speak-
er, and this is in general true for what might be called mainstream
designs. It is less likely to be the case for ‘high-end’ equipment,
which may have precipitous drops to 2Q or even less.

Loading may be much lighter over the rest of the audio
band, but this does not allow any meaningful economies in
the design of the amplifier output stage, heatsinking, or
power supply. This is regrettable as these are by far the most
expensive parts of a power amplifier.

Loads for amplifier testing

Amplifiers are almost universally designed and tested run-
ning into purely resistive loads. But they spend their working
lives driving loudspeakers containing important reactive
components and electromechanical resonances.

At first sight this is a nonsensical situation; however, test-
ing into resistances is neither naive nor an attempt to avoid
the issue of real loads; there is little alternative.

Loudspeakers vary greatly in their design and construction,
and this is reflected in variations in the impedance they pre-
sent to the amplifier on test. It would be necessary to speci-
fy a ‘standard speaker’ for the results from different ampli-
fiers to be comparable. Secondly, loudspeakers have a
notable tendency to turn electricity into sound, and the
sinewave testing of a 200W amplifier would be a demanding
experience for all those in earshot — soundproof chambers are
neither easy nor cheap to construct.

Thirdly, such a standard test speaker would have to be
capable of enormous power-handling if it were to be able to
sustain long-term testing at high power; loudspeakers are
always rated with the peak/average ratio of speech and music
firmly in mind, and the lower signal levels at high frequen-
cies are also exploited when choosing tweeter power ratings.

A final objection is that loudspeakers are not noted for per-
fect linearity, especially at the low-frequency end. If the
amplifier does not have a very low output impedance this
speaker non-linearity may confuse the measurement of dis-
tortion. Amplifier testing would demand a completely dif-
ferent sort of loudspeaker from those actually used for lis-
tening to music; the market for it would be very, very small,
s0 it would be expensive.

Now to those difficult loads

There is an assumption that any reactive load is more diffi-
cult for an amplifier than a purely resistive one; it is devout-
ly to be wished that people would say what they mean by
‘difficult”. It could mean that stability margins are reduced or
that the stresses on the output devices are increased.

Both cases may be true, but I have a deep suspicion that
this is based on anthropomorphic thinking, It is easy to
assume that if a signal is more complex for a human brain to
contemplate, it is harder for an amplifier to handle. This is
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not true; it is not necessary to understand the laws of physics
to obey them. Everything has to anyway.

When amplifiers go unstable it is always at ultrasonic fre-
quencies — assuming you are not contemplating some sort of
historical curiosity with ac coupling in the forward path — and
never in the middle of the audio band. This is so, despite the
fact that many speakers have major convulsions in their
impedance curves around this region.

Reactive loading can — and does — imperil stability at high
frequencies unless the usual precautions are taken, but does
not cause oscillation or ringing mid-band.

QOutput stage stresses are certainly increased by reactive
loads. If you are driving a single speaker unit, with the
impedance curve of Plot Al, impedance magnitude never
falls below the 8Q nominal, and is substantially greater in
some regions; this suggests overall amplifier power dissipa-
tion would be less than for an 82 resistive load.

Unfortunately, this is far from the truth. When pure resis-
tance is driven, the voltage across an output transistor falls as
the current through it increases, and they never reach a max-
imum at the same time.

Figure 8 shows a Class-B amplifier with an 8(2 resistive
load. Instantaneous power is the product of instantaneous
current and voltage drop, and has a characteristic two-horned
shape, peaking twice at 77W during the conducting half-
cycle.

When a typical single-speaker load is driven at 50Hz, the
impedance is resistive-inductive, at 8.12+3.9j€2. This means
that the current phase-lags, altering the instantaneous product
of voltage and power to that shown in Fig. 9.

Over the Class-B half-cycle, the average dissipation is
slightly reduced, but the peak instantaneous power increases
by 30% due to the voltage/current phase-shift. This could
have serious results on amplifier reliability if not allowed for.

Note that this impedance is only equivalent to 8.5 in
series with 10.8mH at 50Hz. Driving this replacement load at
any other frequency, or with a non-sinusoid, will give whol-
ly wrong results. Not every writer on this topic appears to
appreciate this.

In the same way, if the single-speaker load is driven at
200Hz, on the other side of resonance, the impedance is
resistive-capacitive at 8.4-3.4j€, and the current leads. This

14108 14104

M o
He

gives the same result as Fig. 9, except that the peak power
now occurs in the first part of the half-cycle. The equivalent
load.at 200 Hz only is 10.8€2 shunted with 35pF.

When designing output stages, there are four quantities to
compare with output device ratings. These are peak current,
average current, peak power and average power.

I simulated a conventional emitter-follower output stage
driving the single-speaker load with a 40V peak sinewave,
with 50V rails. Separate transient simulations over many
cycles were done for 42 spot frequencies 20Hz to 20kHz, and
the peak and average quantities recorded and plotted.

Many cycles must be simulated as the bass resonance in the
impedance model takes time to reach steady-state when a
sinewave is suddenly applied; again, not everyone writing on
this topic appears to appreciate this.

The steady sinewaves used here are a practical approach to
simulation and testing rather than a good approximation to
music. Arbitrary non-¢yclic transients can be investigated by
the same method, but the number of possibilities is infinite.
It is also necessary to be careful with the initial conditions.

Plots A1, A2 and A3 are the distilled result of a daunting
amount of simulation. Plot A2 shows that the gentle
foothills of the impedance peak at bass resonance actually
increase the peak instantaneous power stress on the output
devices — despite the reduced current drawn. Peak dissipa-
tion is only reduced below that for an 8 resistor, shown
dotted, around the actual resonance peak, where it plum-
mets by 75%.

Likewise, the rise in impedance at the high-frequency end,
where voice-coil inductance is significant, causes an even
more serious rise in dissipation peaks to 50% more than the
resistive case. The conclusion must be that for peak power,
the phase angle is much more important than the impedance
magnitude.

The effects on average power dissipation, and on the peak
and average device current in Plot A3, are more benign, For
this kind of load network, all three quantities are reduced
when impedance increases, despite the phase shifts.

As far as [ am aware this diagram is produced here for the
first time. It shows at a glance that the most dangerous areas
for the amplifier are the sides of the resonance hump where
phase-shift is greatest. The critical quantities for semicon-
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Plot B2. Peak and average
oulput device power dissipation
driving two-way speaker

Plot B3. Peak and average
oulput device current
driving two-way speaker
impedance as Plot B1.
Dotted lines for 8C).
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ductor safety are the peak instantaneous values; for heatsink
design average power is what counts, while for the power
supply average current is the significant quantity.

Plot B1 shows the impedance plot for the simulated two-
way speaker load at 59 spot frequencies. The curve is more
complex and shows dips below the nominal impedance rather
than peaks above, typical of multi-speaker designs. It is no
surprise that these dips give the greatest output device stress
as they combine increased current demand with phase-shifts
that increase peak instantaneous dissipation.

Once again in Plot B2 the bass resonance causes increased
peak dissipation due to phase shift; the other quantities are
reduced. In the high-frequency region there is an impedance
dip at 6kHz which nearly doubles peak power on its lower
slopes. The bottom of the dip itself sharply reduces peak
power where the phase angle passes through zero, giving the
notch effect.

Average power, and peak and average current, Plot B3, are
also increased by the impedance dip, but to a much more
modest extent. Peak power looks like the quantity to watch,

p 1+10* 1410°

|
110

M o

Power device ratings often allow the power and second-
breakdown limits — and sometimes the bond-wire current
limit — to be exceeded for brief periods. If you attempt to
exploit these areas in an audio application, you are living
dangerously, as the longest excursion specified is usually
Sms, and a half-cycle at 20Hz lasts 25ms.

Output stages are often designed by drawing load-lines on
diagrams of the safe operating area of the device. An exam-
ple is given in Fig. 10, where ABCD defines the limits of the
safe operating area.

Line XY is for an 8 resistive load, and line ZY is for 4.
Reactive loads turn these lines into ellipses that are more
likely to intersect the power-limit BC. The width and orien-
tation of such ellipses are set by the amount of load reac-
tance, and this is another independent variable.

To simplify the diagram I have just taken the 4Q-plus-reac-
tance case for all possible reactances, and shown the enve-
lope made up of all the closest approaches to the safe oper-
ating area limit.”? This is another straight line, drawn from the
maximum current point Z to a point W at twice the rail volt-
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age. It represents 4€2 plus any amount of inductive or capac-
itive reactance. Note that this is not the same as ‘all loads
with a modulus of 4Q" which is much more demanding.

In the case of a wholly reactive load, such as a pure capac-
itance of impedance —4jQ, the load-line is a circle of radius
10A — or 40V — centred on Y; this is clearly a very severe
test, as all the amplifier power is dissipated in itself and none
in the load. It is also quite unrealistic. Opinions differ as to
how reactive a load it is reasonable to drive to full output;
both 45° and 60° have been suggested.!0:11 resp.

For safe operation the output protection locus must fit
betv;ecn the load-line envelope and the safe operating area lim-
its.!

And for non-sinusoid signals?

The emphasis so far has been on sinewave drive. You have
to start somewhere. It is plausible that time-varying signal
amplitudes and frequencies, or alternatively arbitrary wave-
forms, could produce more demanding situations for the
amplifier, Eanicularly in terms of peak current.

Cordell'® has demonstrated that waveforms specially
designed to exploit the energy storage in the reactive ele-
ments can increase the currents drawn, by timing a voltage
reversal so that it aids the back-emf due to cone velocity. 1
can confirm this is so, but the correlation between such
waveforms and reality remains uncertain.

I conclude that a truly ‘difficult’ load is one with lots of
small humps and dips giving significant phase-shifts and
increased peak dissipation across most of the audio band.
Low impedances at the high-frequency end — above 5kHz —
are particularly undesirable as they increase amplifier
crossover distortion.

Summarising the system

Looking at the amplifier-cable-speaker system as a whole, I
have already shown in my previous articles'*! that the
amplifier and cable impedances have the following effects
with an 8Q2 resistive load.

= A constant amplitude loss due to the cable resistance form-
ing a potential divider with the 8Q2 load. The resistive com-
ponent from the amplifier output is usually negligible.

= A high-frequency roll-off due to the cable inductance form-
ing an LR low-pass filter with the 8€ load. The amplifier's
output inductor — included to give stability with capacitive
loads — adds directly to this to make up the total series induc-
tance.

The main factors in speaker cable selection are therefore
series resistance and inductance. If these parameters are
below 100m& and 3pH, any effects will be imperceptible.
This can be met by 13A mains cable — especially if all three
conductors are used.

When an amplifier is connected to a typical speaker
impedance rather than a pure resistance the further effects
are:

« The frequency response of the voltage at the loudspeaker
terminals shows small humps and dips as the uneven speak-
er impedance loads the series combination of amplifier out-
put impedance and cable resistance.

« The variable loading affects the amplifier distortion per-
formance. High-frequency crossover distortion reduces as
load resistance increases above 8Q; even 68Q loading
increases high-frequency distortion above the unloaded con-
dition,

For loading heavier than 8€, crossover may continue to
increase, but this is usually masked by the onset of Large
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tection circuitry unexpectedly. Signal amplitudes are higher
at low-frequency so impedance dips here are potentially more
likely to draw enough current to trigger protection. 5]
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any amount of
reactance, for +40V
'far’!s.
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domestic security systems
Build or improve your own intruder alarm system

House break-ins have increased threefold in the UK over the last
20 years. Few have not been touched by the affects, even if only
though the experience of family and friends who have suffered a
burglary. There is a way to recruce significantly the chances of
being targeted by thieves: fit an alarm. But
isn’t that expensive and complicated? Not if
you build your own system. This book
shows you how, with common sense and
basic DIY skills, you can protect your home.

Every circuit is clearly cﬁascribed and
. illustrated, and contains components that
are easy to source. Advice and guidance
are based on the real experience of the
author who is an alarm installer, and the
designs themselves have been rigorousl
put to use on some of the most crime-ridden
streets in the world.

To illustrate the principles , Tony Brown
uses two examples of houses, one a typical
semi-defached home and one an average

three-bedroomed detached bungalow (for which designs would
also suit an apartment]. Working systems are shown in
operation. Designs include all eﬁements, including sensors,
detectors, alarms, controls, lights, video and door entry systems.

*build your own security system
*practical guide to domestic security, including basic systems
*includes all elements including sensors, alarms and lights

CONTENTS: Input sensors; System control architecture;
Output signalling devices; Installation; Testing and
maintenance; Existing systems; Security lighting; Video camera
and door entry systems; Suggested tooling; Index

ISBN 0 7506 3235 6 : 192pp : 216 x 138 mm :
70 line illustrations : Paperback :

UK £15.00 Europe £17.00 ROW £19.00

Intruder Alarms

Specification, installation and
maintenance. Gerard Honey

This book covers Intruder Alarm Systems (C+G 1851 syllabus) as well as
providing the underlying knowledge required to achieve a level 2 NVQ
(National Vocational Qualification) in Understanding, Specifying, Installing
and Maintaining Intruder Alarms (C+G 1863, 1864
and 1865). Familiarity with the contents of this book
are required before an award will be made.
. Gerard Honey is an experienced installer and
writer and has used that experience to produce a
book that not only provides essential information in @
| way that is easy to follow and learn, but also makes
the book a fine practical source of advice. Each
chapter contains summaries, self-tests and other
features designed to help the student to understand
and gain knowledge easily. Intruder Alarms has been
published with the help of SITO, the Security Industry
Training Organisation, who design courses and
organise training for security installers and
professionals.

Cerard Nomesy |
’ "

*Only course book written for syllabus for Security NVQ
*Comprehensive study of intruder alarms
*Author is a practising international security systems expert

CONTENTS: Intruder alarm systems; Circuitry; Detection devices;
Power supplies; Control equipment; Signalling systems; Wiring
systems; Inspection of the mains supply; Commissioning,
maintenance and fault finding; Index

ISBN 0 7506 3238 0: 192pp : 234 x 156 mm :
50 line illustrations : Paperback :

UK £27.50 Europe £29.50 ROW £37.50

Return to Jackie Lowe, Room L333, Quadrant
House, The Quadrant, Sutton, Surrey, SM2 5AS

Please supply the following titles:
Qty Title or ISBN

Price

** All prices on these pages incdude delivery and package **

Total
Name
Address
Postcode Telephone

Method of payment [please circle)
Access/Mastercard/Visa/Cheque/PO

Cheques should be made payable to
Reed Business Information

Credit card no

Card expiry date
Signed
Please allow up to 28 days for delivery

SOLAR CELLS
AND THEIR
APPLICATIONS |

of researchers.

Covers silicon, GaAs, InP,
CdTe, a-Si:H, CulnSess and
GaSh solar cells, cells,
concentrators, multijunction
cell configurations, space -
cells, and more.

Describes a wide range of
applications — from space
cells to terrestrial systems
Provides an informal look
ahead at the future of solar
cell technology.

0471 574201, 596pp,

UK £71.50, Europe £75.00, ROW £92.00

Introduction to High-
Speed Electronics and

Optoelectronics

Lasers, fibre optics, and high-
speed optical systems share
many concepts with
microwave devices.
Furthermore, semiconductor-
based optoelectronics and
microwave integrated circuits
share evolving process
technologies. It is only
natural, therfore, that students
of optoelectronics be
infroduced to high-speed
concepts in a unified manner.
This highly practical intensive
introduction enables electrical
engineers, applied physicists,
and students to develop and
identify tools for
understanding, analysis,
design, and characterisation
of high speed components.
Broad in scope, this unique

| INTRODUCTIONTO |
GhpEED |
EECTRONCS D |
* OIOELECTRONIS

|  MOLEONARD RIAZIAT

|

text/reference examines the
complementary nature of
electronics and optics and
emphasizes high-speed
technology in which the two
fields are less differentiated.
Beginning with an overview
that develops a perspective
and appreciation of analog
high-speed technology in
general, the book goes on fo
cover devices and circuits
used at microwave and
millimeter-wave frequencies,
optical components, and opto-
electronic integrated circuits
and subsystems. Particular
attention is paid to
applications in the area of
high levels of interest in this
area and because many of
the concepts are applicable in
other fields. The book
concludes with important
coverage of the often-
overlooked area of
measurement and
characterization of high-speed
devices. Fully referenced and
supplemented with hundreds
of helpful illustrations,
Introduction to High-Speed
Electronics and
Optoelectronics is equally
useful as a professional
reference or a textbook for
senior undergraduate and
first-year graduate courses.
0471 015822, 312pp,

UK £65.00, Europe £67.00, ROW £77.00

Risc Systems and
Applications

Professor Daniel Tabak has
completely revised and
updated his two previous
books on Reduced Instruction
Set Computer architecture fo
produce this new book, RISC
Systems and Applications. The
text is a unique, concentrated,
defailed description of the
architecture and
implementation of most recent
high-performance RISC
systems, such as DEC Alpha
AXP21164,
IBM/Motorola/Apple PowerPC
620, Sun Microsystems and
Texas Instruments UliraSPARC

‘and SuperSPARC, MIPS

technologies R10000, Intel
i860 XP, Motorola MC88110,
Hewleft-Packard
PA-7100/8000 and the
transputer. It also includes
deicii of pioneering devices
such as Berkley’s RISC Il and
Stanford’s MIPS and
multiprocessor, realtime and
workstation systems.

ISBN 0863 801889, 452pp,
UK £50.50, Europe £54.00, ROW £67.00

All prices are fully
inclusive of packing
and delivery
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ANALOGUE DESIGN
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Il businesses want to confirm that
A their new product ideas work as soon

as possible, and to make sure that fin-
ished products get to market without delay.

In digital electronics, these desires have
been partly met by the adoption of a struc-
tured, top-down design discipline in both soft-
ware and hardware. In addition, the pro-
grammability of digital hardware has enabled
the evolution of universal circuit boards and
ICs which further cut down the design cycle
time.

By contrast, analogue design has essentially
always been a bottom-up discipline — struc-
tureless and with very little computerised
design support, backed by analysis tools. This
has led to a general perception that the quick-
est solution will always be digital.

This situation is compounded by the fact
that the tools available to date have made dig-
ital engineering far easier to teach. And,
because it is a new use of ‘arithmetic’, is
regarded as ‘more exciting’. As a result, uni-
versities produce more designers of digital cir-
cuitry than they do analogue designers —
which helps to reinforce the perception.

Providing analogue designers with the same
benefits available to field-programmable gate-
array users, a device called TRAC - an
acronym for totally reconfigurable analogue
circuit — is intended to address these problems.

David Winch

i
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The real world is analogue

The introduction of TRAC means that busi-
nesses no longer need to make substantial
investments in digital designs in order to solve
what are essentially analogue problems.

By defining the core problems and embrac-
ing the top-down design concept, TRAC
enables new ideas and opportunities for cre-
ative solutions. Claimed to be one of the first
exponents of a structured, top-down approach

e

David is Pragraz;'nmabla Products Manager
at Fast Analog Solutions — a Zetex Group
company focussing on programmable
analogue devic?S.

{

to analogue design, TRAC, like its digital fpga
counterpart, offers rapid prototyping, fast time
to market and easy to use programming tools.

TRAC has other advantages over digital
solutions. It removes the overhead of anti-
aliasing filters, sample and hold circuitry, and
a-to-d and d-to-a conversion. It also works in

Fig. 1. These functions produce a frequency
doubler. Digital frequency doublers are also
easy to produce - unless you want a sinewave
output,

Fig. 2. Log, add and antilog functions combine
to make an amplifier with infinitely variable
programmable gain.

Fig. 3. Analogue multiplexing with TRAC
makes use of the device’s non-inverting pass
function and its almost instantaneous
reprogrammability.
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continuous real time.

Though not an absolute equivalent of an
field-programmable gate array, TRAC offers
all the benefits associated with such a device.
It is supported by quick to learn and easy to
use Windows-based drag-and-drop design
software, ensuring rapid product development.

Design simulation is completed in a few
seconds and provides results in both graphical
and tabular outputs. Downloading to silicon
via the parallel port takes a few microseconds,

A hAA
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Control
voltage

Fig. 4. In the smps design, inverted and non-

inverted outputs from the integrating

oscillator feed two adders. The adders’

second inputs connect to a conirol voltage.

NN = JUT
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Fig. 5. Logarithmic elements are used to
amplify the sudden change in polarity in the
triangle waveform.

Integrating
oscillator

Control
voltage

Fig. 6. How main elements of the smps
controller come together. Combined, the
adder and logarithm functions do the job of
the traditional smps error voltage comparator.
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Fig. 7. Outputs of the integrating oscillator, as
used in the smps example.

to create TRAC silicon, producing a device
that closely matches the simulation.

Uses of the device are limited only by the
designer’s imagination. Whatever the applica-
tion — be it power management, motor driving,
control and instrumentation or phase mea-
surement — TRAC can implement the function.

Think laterally

The key to making the most of TRAC’s pro-
grammable analogue design method lies in the
ability to think laterally. You need to ‘think
outside the box’, as they say. If you have
enough flexibility of vision, almost anything is
possible using analogue design.

What about doubling a frequency for exam-
ple? Your initial reaction may be to suggest
the use of digital signal processing.
Remember though that sin2x can be written in
terms of sin%x. Now, log, multiply and antilog
functions available in TRAC make squaring
analogue signals easy, Fig. 1.

Can TRAC act as a programmable gain
amplifier ? Yes it can, and since the solution
is an analogue one, gain can be made infinite-
ly variable between two values. And how
about a voltage to set the gain? This is simply
an analogue multiplier. Multiplication is easy
with TRAC’s log, add and antilog functions,
Fig. 2.

And analogue multiplexing? Don’t fall into
the trap of implementing existing designs.
The core problem is connecting the right input
to the output at the right time. With TRAC’s
non-inverting pass function and its infinite,
virtually instantaneous re-programmability,
this task becomes almost trivial, Fig. 3.

TRAC can implement the function, whether
it be a switched mode power supply, propor-
tional-integral derivative controller, multi-
plexer or any other application.

Implementing an smps with TRAC

Linear power supplies contain a series regu-
lator and a mains transformer, making them
heavy and inefficient. With linear supplies

ANALOGUE DESIGN

efficiency can be as low as 30% whereas effi-
ciencies for switched-mode designs can be
80% and higher.

Switched-mode designs offer a reduction in
size of the power supply because when used at
high switching frequencies a smaller trans-
former is required. Reduction in size and
improvement in efficiency makes switching to
smps very attractive.

The benefit of using the TRAC device as the
core of an smps is that the design can be read-
ily tailored to the voltage and current required.
With its low offsets, the technology ensures
that good matching is achieved but the best
feature of the device is the ease of re-config-
urability of the design. If changes are required
for a particular solution, then the device can be
altered almost instantly.

The timing parameters — i.e. the switching
period and the width of the output pulse — can
readily be changed because the smps design is
re-shaped by simply changing external com-
ponents.

Behind the smps design

In this design an integrating oscillator forms
the basis for the switched mode power supply.
The output from the integrating oscillator is
fed into an adder, this signal is also inverted
and is fed into another adder. The other input
to the adders are connected to an external con-
trol voltage, Fig. 4.

‘When the output from the integrating oscil-
lator equals the control voltage on the rising
edge, the output from the adder switches
polarity. The sudden change in polarity is
amplified via a logarithmic function which
outputs +Vp.. The change of polarity also
occurs on the falling edge of the integrating
oscillator output when the signal output
switches to —V},.. An output pulse also occurs
on the inverted output of the integrating oscil-
lator, Fig. 5.

Comparator operation is provided by the
adder and logarithmic amplifier functions, Fig.
6. The integrating oscillator is a useful tool

Fig. 8. Configuring the device as a switch-mode psu controller under Windows involves little
more than dragging, dropping and clicking. Once simulated and verified, the design is
downloaded directly to TRAC and the implementation is complete.

‘ -M 114 12 e
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ANALOGUE DESIGN

evaluation of the chip’s design. This can be
done by connecting the external inputs, output
monitors, any necessary external components
to the TRAC device and then programming it
to the given design.

The design of the frequency doubler
requires two auxiliary functions to be config-
ured as X2 amplifiers. This can be done by
inserting 1 and 2kQ resistors in the appropri-
ate sockets on the development board.

External component positions for the fre-
quency doubler are shown in Fig. 14,

Audio phase indicator

Developed for audio applications, this phase
indicator determines whether two loudspeak-
ers are operating in or out of phase.

Incorrect connection at the terminals of an
amplifier or loudspeaker can result in the sig-
nals being out of phase. This reduces the
sound level — particularly at low frequencies
— and causes other more subtle problems.

To use the indicator, two microphones are
placed at equal distances from two separate
loudspeakers. The signals from the micro-
phones are processed using a single TRAC
device, Fig. 15.

A suitable indicator at the TRAC output
would be a bi-colour led or a moving coil
meter. The TRAC carries out the analogue pro-
cessing. An external driver would is needed if
the bi-colour led option is chosen, as the out-
put swing of the TRAC is slightly below that
necessary to drive the diodes.

The phase indicator circuit can be used with
signals derived from a generator — producing,
for example, a sine wave — or from audio
sources. It gives an indication of an in or out
of phase relationship, but does not give
numerical indication of any phase difference
that may exist. This could easily be achieved
by extending the circuit.

Pin 1 /\ ggLearJence
S

Pin 5 /\

Pin 6 /_\

Pin7

Fig. 17. Waveforms found on the phase
comparator’s pins 1, 5, 6 and 7 are a function
of the reference signal only.

Detecting phase difference

This design is based on the assumption that
the inputs from the microphones will either be
in phase or 180° out of phase. The require-
ment is to generate an output that is a function
of the relative phase of the two input signals.

This design benefits from the fact that, at
any particular instant, both inputs have the
same frequency, although they may have
opposite magnitude. The output is the refer-
ence signal, full wave rectified; positive for 0°
phase difference and inverted for 180° phase
difference.

In practice, the design must be tolerant of
amplitude differences and phase variations due
to inaccurate positioning of the microphones.
The output does switch polarity for a small
duration when there are minor phase differ-
ences, in the region * 20°, but a smoothing
capacitor on the output would eliminate this
effect. Amplitudes differences have no major
effect on the circuit performance.

Producing the software

The TRAC circuit is shown in Fig. 16. Note,
the output of any TRAC function, excluding
the OFF and NIP, is inverted with respect to
the input.

The reference signal is applied to pins 1 and
9, while the sample signal is applied to pin 8.
Output is taken from pin 21.

For the purpose of the simulation, the refer-
ence signal is a sine wave. The out of phase
sample signal can be created by defining a
phase offset within the TRAC simulation
menu.

Assume here that both signals have equal
amplitudes. Firstly, consider the reference sig-
nal applied at pin 1. This signal is passed
through a LOG and the output is processed
through two different paths. One path contains
a REC and the other contains a NEG and REC

Note that a REC function is a form of
antilog function that gives a zero output when
the input is positive and a positive output with
a negative input. The results — pins 5 and 6
respectively — are added together giving a sum
which is the reference signal full wave recti-
fied and inverted.

Figure 17 illustrates the waveforms at pins
1, 5, 6 and 7. These waveforms are a function
of the reference signal only and are indepen-
dent of the phase relationship of the reference
and sample signals.

The sample signal applied to pin 8 is invert-
ed by a NEG function. This inverted sample is
added to the reference and the sum is seen at
pin 11.

When the reference and sample are in phase,
the sum is equal to zero and when out of
phase, the sum is equal to the sample ampli-
fied by two. Figure 18 shows the signals at
pins 9, 10 and 11.

Next, the sum is processed in a similar fash-

(a)
Ping /\/
Pin 10 \/\

Pin 11

Av_

Fig. 18 When the reference and sample inputs
are in phase, the sum is zero while when they
are out of phase, the sum is twice the
amplitude of the sample.

(@) (b)

Pin 21 /'\//\\
OLﬂpl.It \_/\-_/

Fig. 19. Intermediate and output waveforms,
for in phase and 180° out of phase conditions.

ion to the reference signal at pin 1, where the
waveform at pin 17 is the signal at pin 11 full
wave rectified and inverted. As the signal at
pin 11 is zero when the circuit inputs are in
phase, this processing path has no effect and
pin 17 will also be equal to zero.

An external link connects pin 7 to pin 20,
thus the reference signal full wave rectified
and inverted is seen at both. This signal is then
added to the signal at pin 19, which in turn is
pin 17 inverted.

Pin 19 is equal to zero for in phase relation-
ship and for 180° phase difference, pin 19 will
be effectively the reference signal doubled in
magnitude and full wave rectified. The circuit
output is pins 19 and 20 added together, Fig.
19.

In summary, the output is a full wave recti-
fied signal, being positive or negative depend-
ing on the phase relationship,

For preliminary evaluation purposes, the
input and reference signal that would normal-
ly come from the two microphones can be
derived from two signal generators. ]

For more information, visit
Fast Analog Solutions' web site at
http://www.fas.co.uk
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Will your TRAC design win you one of
six development kits worth £600?

Competition rules

CH[)] competition

Win one of six TRAC development
kits worth £600 each

TRAC - from Fast Analog Solutions, FAS, the programmable product
arm of Zetex - is a unique analogue building block. It provides a
structured, top-down approach fo solving design problems using
analogue techniques - rather than resorting to digital signal
processing. The uses of TRAC are limited only by the designer’s
imagination. The device has the potential for enabling entirely new
analogue solutions.

In return for your TRAC design idea, FAS is offering one TRAC
development kit to each of the six best entries. In addition, the best of
the designs will be published in Electronics World.

Entries will be evaluated on their creativity and ingenuity as well as
their ability to improve over existing solutions in terms of component
count, circuit complexity, board space requirements, development time,
assembly time and end-product market edge.

Since the development suite on the CD ROM includes simulation,
there’s no need for you to make a prototype circuit. Simply work out
your design using the demonstration CD and send us the resulting
output file together with any notes you think necessary to fell us about
the design and why you think it is a winner.

Details of how to implement the TRAC device are given in the article
on page 930 and in the form of examples on the demonstration CD,
available to UK readers only.

Entries should reach Electronics World's editorial offices no later than
30 November 1997and the envelope that they arrive in must be
clearly marked FAS Competition. Our address is Electronics World
Editorial, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.

On the CD presented free with this month’s edition of Electronics World is not
only the TRAC demonstration design software, but also numerous design
examples and a data sheet for the TRAC chip.

capability to download a design to the TRAC chip is
disabled. Note that to enter the competition, only
a simulation of your design is necessary. You

Using the TRAC demonstration CD

The software is Windows based and fully functioning, except that the

are not obliged to verify the hardware.

With Windows 95, the install prompting
routine loads automatically on closure
of the CD drive tray. Simply follow the
instructions of abort the procedure.

If you have Windows 3.1x, use File
Manager to select the TRAC CD
ROM, which will usually be drive D:.
Next, find the file START.EXE in the
main directory and either double click
on it or select RUN from the start menu
and type START.EXE into the box.
Uninstall facilities are included.

November 1997 ELECTRONICS WORLD
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ALL PRICES PLUS VAT AND CARRIAGE * ALL EQUIPMENT SUPPLIED WITH 30 DAYS WARRANTY
86 Bishopsgate Street, Leeds LS| 4BB
Tel: (0113) 2435649 Fax: (0113) 2426881

Visit our Web site
http:/lwww.mb-radio.co.uk
e-mail info@mb-radio.co.uk

Low cost Programmers for all your requirements
GAL PROGRAMMER

16V8/ 16VEA / 16VBZ 20V8 / 20VEA [ 20V8Z
@ Stylish compact case with quality ZIF socket
® Easy to use software - load/save in JEDEC format
® Plugs into Centronics printer port

® Works on any IBM PC or compatible / !aplops / notebooks ete
@ Fast and reliable prog using algonl‘runs
@ Program pmrecﬂon fuses to prevent unauthorised copying

® Supplied with PLAN Logic compiler software

@ Complete system with ple files, connection lead, and PSU
@ Full 12 months parts and labour

128k x 8 EPROM EMULATOR £89.95

This is the ideal way to test / change "running’ code on CPU based systems. It plugs directly to the
printer lead of an 1BM compatible computer. There are no internal cards so it is ideal for laptops etc.
The unit emulates ALL Eproms from 24 pin 2716 (2k) to 32 pin 27C010 (128k). The memory can be
configured as 128k by 8 bits or 2 x 64k by B bits. A CPU reset line is provided and the user can select
high/low or low/high reset signals. Software supplied (DOS and Windows 3.0/1) has full screen editing
and allows you to save and load code with offsets. Full 12 month guarantee.

MEGAPROM UNIVERSAL EPROM PROGRAMMER

EPROMS / EEPROMS / FLASH EEPROMS / 12C BUS EEPROMS

@ Covers all types of Eprom, EEprom, and flash up to 32 pin

® Fast programming and verification

® Easy to use software - supports Bin / Intel Hex / Motorola S and ASC file
formats

@® Read / Edit / Verify / reprogram etc "

® Supplied with full 12 months parts and labour guarantee N

Megaprom runs on any IBM PC / compatible, connects directly to the .

centronics printer cable and requires 12-18Y AC/DC PSU. Low cost makes it ideal for £99 95

hobbyists and engineers alike,

ENHANCED PIC PROGRAMMER

® Programs PIC54, 55, 57, 58A, 61, 64, 65, 71, 75, 84, 620, 621, 622,
MEMORY CHIPS, 24L.C0O1, 02, 16, 32, &5

@ Read / Write ! Copy / Program fuses

@ Software supports Microchip, Intel Hex. binary format also supplied with
Editor assembler for 54 series and 71/84

Runs on IBM I;C ! E;'L"Em"h’e connects to the centronics printer cable and

requires 12- 18V Al PSU. Full guarantee. £69 95

Leading Edge Technology Ltd
White Rose House, Xintill Street g

Visit our Website a1z
htp:itwww.angelfire.comv/free/leadedge. html

or Email us at: Tarxien, PLA 11, Malta =
johnmorr@émail keyworld net Phone: (00 356) 678509
Postage/packing not included. No VAT or C/C surcharg: Fax: (00 356) 667484 s

PHONE DISTRIBUTORS OF ELECTRONIC VALVES FAX
0181 684 TUBES AND SEMICONDUCTORS AND I.C.S. 0181 684
1166 1 MAYO ROAD ® CROYDON ® SURREY CRO 2Qp 3056
24 HOUR EXPRESS MAIL ORDER SERVICE ON STOCK ITEMS
€ p | KTESChina 10.00 | 5Z4GT 3.00 | 6VeG 8.00
AZ31 6.00 KT88 China 12.00 GADS 2.00 BVEBGT 5.00
cLaa 1000 | N78 8.00 | BARS 2000 | BX4 3.00
EBBCC 850 | oAz 300 | BASTG 7.50 | BX5GT 3.00
E180F as0 | o2 3.00 | BAUSGT 400 | 12477 3.00
EB10F 2000 | oca 300 | BAUS 200 | 12aU7 3.50
EABCEO 200 | OD3 3.00 | BAWSEA 400 | 12A%7 5.00
EBS1 1.50 | PCF80 200 | 6B4G 12AX7A 7.50
EBFB0 1.50 | PCL82 200 | 6BAS 1.50 | 12AX7W 6.00
EBF&9 1,50 | PCLBS/80S 250 | 6BEs 1.50 | 12BA6 200
EBL3 15.00 | PCL8S 250 | BBHE 200 | 12BEe 2.00
ECC33 12.00 | PDS0D 6.00 | 6BQ7A 200 | 12BH7N 10.00
ECC35 1200 | FL3B 3.00 | BBAR7 400 | 12BY7A 7.00
ECCe1 3.00 PLBT 2.00 | 6BR8 4.00 12DW7 15.00
ECCa2 350 | PLSO4 3.00 | 6BWE 400 | 12E1 10.00
ECCa3 500 | PLS08 3.00 | 8BW7 3.00 | 13E1 85.00
ECces 350 | PLSD9/S19 1000 | 6BZ6 3.00 | s728 85.00
ECC88 6.00 | PLBO2 400 | 6C4 200 | B80S 45.00
ECCeos 1500 | PYS00A 300 | BCBBA 3.00 | 807 7.50
ECF80 1.50 | PYB0O/BO1 150 | 6CD6G 500 | B1A 25.00
ECH35 350 | oavoe-s 1200 | 6CL8 300 | 812A 55,00
ECH42 350 | QQvo3-10 500 | &CG7 750 | 813 27.50
ECHB1 300 | QOQVO3-20A 10.00 | 8CH6 3.00 | 833A 85.00
ECL82 350 | QQVDB-40A 1200 | 6CW4 8.00 | BEEA 20.00
ECL86 350 | Wg 800 | &DQS 17.50 | 8727 30.00
ECLLBOO 2500 | UABCSO 1.50 | 80OS8 10.00 | 9314 25.00
EF37A 3.50 | UCH42 550 | 6FEG 6.00 | 20504 12.50
EF33 275 | ucLse2 200 | &FQ7 750 | 5751 6.00
EF40 400 | UCLB3 200 | 6GKE 400 | 5763 6.00
EFBE 1000 | UFsE9 400 | 6J5G 600 | 5814 5.00
EFg1 200 | UL4 1200 | BISM 400 | 5842 12.00
EF183/4 ULB4 300 | &J7 300 | 6o72A 6.00
15.00 | Uv4t 400 | 6JBBA 27.50 | so80 6.00
EL34 800 | Uvyas 200 | GJEBC 2750 | 61468 15.00
EL34G 8.00 | VA105/M0 300 | 6JS8C 27.50 | s201 8.50
EL36 500 | VA150/30 3.00 | BKEGT 400 | 63384 35.00
EL41 350 | zvs9 10.00 | BLEG 15.00 | 6550A 25.00
ELE4 225 | Zeoau 15,00 | BLSGC 15.00 | e883g 15.00
ELS5 200 | 2021 3.50 | sLEWGE 10.00 | 7025 7.50
EL360 1500 | 3828 1200 | sQ7 3.00 | 7027A 25,00
ELS508/519 12.00 | 4cx2s508 4500 | BSA7 3.00 | 7199 15.00
M34 15.00 | SR4GY 750 | 8sC7 3.00 | 7380 25.00
EMB1/4/7 400 | 5U4G 10.00 | 65G7 3.00 | 7s81A 15.00
ENg1 7.50 | 5U4GB 1000 | 65J7 3.00 | 7586 15.00
EZBO/E1 350 |, 5V4G 400 | 65K7 3.00 | 7587 20.00
GZaz 850 | svaGgT 250 | BSL7GT 5.00
GZaaar 6.00 | 523 500 | 6SN7GT 5.00 Prices comect when
KTa1 15.00 5Z4G 6.00 GUBA 1.50 going 1o press.
OPEN TO CALLERS MON-FRI 9AM-4PM. CLOSED SATURDAY
This is a selection from our stock of over 000 types. Please enquire for types not
listed. Obsolete items are our speciality. Valves are new mainly original British or
i American brands. Terms CWO/min order £10 for cradit cards.
Pm P&P 1-3 valves £2.00. 4-6 valves £3.00 w
Add 17.5% VAT to total including P&P.
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ensure you don't miss the next issue of EW.
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SMART CARD READER/PROGRAMMER UNIVERSAL PIC PROGRAMMER

Runs on IBM PC, plugs into centronics printer lead and requires 12-18 volt power
supply.

Powerful menu-driven software to Read, Write, Copy and Edit PIC 16C54, 55, 56, 57,
58A 61, 64, 65, 71, 74, 84, 620, 621, 622 & Memory Chip 24C01 thru to 24LCB5.

Supplied with operating software and 12 months parts and labour guarantee.
* £69.95

Extremely versatile unit to enable the user to Read
and Write to all types of Smart Card. A must for the
sarious development engineer.

Requires an IBM PC and a power supply between
12-18 volts,

Supplied with all operating software and 'useful’
data on various subjects relating to Smart Cards.

GAL/PAL PROGRAMMER

*£79.95

= Programs 168V8, 16VBA, 20V8, 20V8A, 20VBZ OSC2 output, RTCC input

On board 4 channel A/D for PIC16C71 with A3 ref or

« Works on IBM PC compatible, laptops, Notebooks etc.
VCC ref

* Plugs in Centronics port.

Analogue to Digital conversion 17us.

Top quality components used throughout.
Complete package consists of:-

PIC software for 16C54-55-56-57-71-84, PIC ICE

= Easy to use software.
= Supplied with PLAN Logic compiler software.
* Complete with examples, connaction lead, PSU and user

MEGAPROM Ii

manual. hardware, leads and headers to connect to target board,
* £89.95 ASM examples and Circuit Schematics for hardware
projects.
= £89.95

CROWNHILL ASSOCIATES LIMITED
THE OLD BAKERY

* Programs from 2k to 8 Meg 54 New Barns Roap

= Programming voltage from 12-25 volt covering all ELy MASTERCARD
types of Eprom, EEprom and Flash memory. Camves CB7 4PW Visa

= Supplied with operating software and 12 month SwiTcH
guarantee, Tel: 01353 666709 accepted

*£89.95 Fax: 01353 666710

——

CIRCLE NO. 121 ON REPLY CARD

"extremely

good value

for money for such a

comprehensive package”

5 July

QUICKROUTE

§_. 3.6PRO+  £399*

Take a look at Quickroute 3.6 PRO+ and you might be surprised!
For just £399" you get easy to use multi-sheet schematic
capture, 1 to 8 layer autorouting, net-list import/export, links to
simulators, CAD/CAM file export, connectivity checking with
automatic updating of a PCB from a schematic, and over 440
symbols. Further library packs are also available (839" per
pack) and our new plug in 32-bit autorouter SMARTRoute 1.0 for
just £149" rated in catagory ' A' by Electronics World (Nov 96).
*Prices exclude post & packing and V.A.T.

Tel 0161 476 0202 Fax 0161 476 0505 Eall (58 ==

WWW: www.quickroute.co.uk EMail: info@quicksys.demon.co.u

Quickroute Systems Ltd. Regent House
Heaton Lane Stockport SK4 1BS U.K.

Prices and i ub C oul notic |
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CIRCUIT IDEAS

Fig. 1. Phase-lead
shifter in which
shift is controlled
by input voltage E.

Fig. 2. Multiplying
d-to-a converter
provides digital
shift control.

Fig. 3. Simply
reversing the
positions of the R
and C makes a
phase-lag shifter.

Fig. 4. Circuit of the
frequency-independent
90° lead or lag phase
shifter, which operates
over two frequency
decades with good-
quality op-amps.

Frequency-independent 90° phase shifter

igure 1 shows the circuit of a voltage-controlled phase-

lead shifter using an analogue multiplier with input E,

The multiplier behaves as a variable resistance, so that the

10k
—— AN ———
10k
J\V‘Nv e
c 5 —oV,
- 3
i v
|Gl=1

R £G = 2atan[(1-E10)/wRC]
£G 10— 2atan(2/wAC)

Xy
Eo—diy 10
10k
———AMA—
10k
v, c oV,
] +
=R
V, A-toD
x x
111
dy0zds dydy 105«‘,
10k
v, . oV,
Viv +
Gl =1
Al £G = -2atan[oRC(1-E£10)]
2G: 0 = —2atan{2whC)
xRy
Eo—y 1
10k
AN oV,
10k
—AMA— = ooy
Vi o—+4 R ¥ 10
A /
Xy 2 22n
0 4 E T

resistance from point (a) depends on E. Gain is unity and
phase
(1-E/10)

¢ =2arctan ;
aCR

to a maximum of

0= Zarctan[ . )
wCR
Substituting a multiplying digital-to-analogue converter
for the multiplier allows digital control of phase, as seen in
Fig. 2 and interchanging the R and C turns the circuit into
that of Fig. 3, a phase-lag shifter with

¢ = —2arctan[wCR(1 - E/10)),
to a maximum of

~2arctan(2wCR).

Figure 4 shows the circuit of the final circuit — a 90°
phase-lag shifter that is independent of frequency over
about two decades, assuming error and offset in the
integrator op-amp can be kept to about 3mV. It uses the
lag circuit and a second multiplier to provide a direct
voltage proportional to phase shift. The integrator in the
feedback loop attempts to zero this voltage and the result is
a 90° shift, assuming

f> 1, =1/4nCR,
with <1° error if

f < f,=1/36CRAE,

where AE is integrator error. Clearly, the lead circuit of
Fig. 1 can also be used in the 90° shifter.

BA&K £2,800.00
BIRD B325 S00W 3008 coaxal attenuator  £375.00
MARCONI [“cuskwan  CE/24 trequency sefective level mater  £400.00
DATRON 1081 Autocal £400.00
POWER METER DATRON 10614 Autaca £500.00
FARMELL HBO/50 power supply stabilised £600.00
TYPE: 6960+ FARNELL MP10/30 pawer supgly £000.00
RF POWER SENSOR | fUG  Sancwmmanew - soom
£ 45 dual display mustimeter £400.00
FLUKE 52004 programmabie AC cafibrator  £2,000.00
TYPE- FLUXE 5408 thermal transfer standard
TN /w voltage plug-in AS £400.00
= HP 116834 range cakbralor E350,00
6910 10MHz-20GHz 4 16310 logic & e
i He 1725A 275MHz delay sweep oscillostope  £500.00
PHICE 290000 HP 3312A function generator 0-13MHz £350.00
HP 3335A synthesizer level generator
BIMHZ £1,800.00
WP 33388 +A synthesizer level generator  £2,000.00
HP 3455A dipital vottmeter £530.00
HE 34554 digital votmeter £600.00
HP8901A He 35650 system main rame £2,000.00
HP 3575A gain phase meter 1Hz-13MHz  £600.00
MODULATION HP 35804 spectrum anatyser SHz-50Hz £600-£800.00
HP 3581C sslective volt meter 15Hz-50kHz  £650.00
ANALYSER HP 35824 spectrum anaiyser
0.02H2-25.59%Hz £1,500.00
150kHz-1300MHz HP 542004 dugital oscilloscope S0MHz £800.00
PRICE 00 HP 54501A 100MHz digital oscilloscope £1,600.00
- £2500. Hp £002A DC 0.50V 0.104 200W £400.00
HP 62618 DG power supply 0-20V 0-504  £450.00
HP B520A transmigsion refiection test set
500KHz-1.36Hz £500.00
HP BSOSA S00KH2-1.3GHz network
analyser £3,000,00
TEKTRONIX 2245 (-I-A] e 85548 RF section 0-1200MHz £500.00
HP B555A RF saction 10MHz-40GHz £700.00
HP BE20C+ HPBGZZZE sweep generator
150MHz (100MHz) 0.01-2 46Kz £1,500.00
OSCILLOSCOPE . Z‘;ﬁmﬁm 50000
KR 86848 5.4-12.56Hz
PRIGE FROM: WP :?zgugw mission fest unit mm
ns| fest .00
£1400.00 WP 8741A reflection test unit 0.1-2GHz  £350,00
HP 87424 reflection testunlt 2-12.4GHz  £350.00
IWATSU DM/2350 digital memory oscilloscope £400.00
m& m ﬂv::um m:;ﬁ! S ﬁ :
wa |
JRC NIZ/00JN cedlutar tester £500.00
ANRITSU MS420A 75Q - NAD/S36 H rocave £1,000.00
1002W 1000W electronic load £450.00
NETWORK KIKUSU TOSBBS0 W/S1 auto tester £1,800.00
LEADER LOC/TO05 oscilioscope calibrator EB600.00
SPECTRUM ANALYSER LECROY 9100 arbitray funclion generator £500.00
MARCON| 2305 modulation meter £2,250,00
- MARCON| 2362/2380 400MHz spectrum analyser
GOk o [ R
= woit meter SHz-; i
PRICE: £1750.00 MARCON 2955 raci comms st s
©w 2960 tacs unit £2,880.00
MARCON TF20194 AWM signal generator
BOKHz-1040MHz £1,450.00
MARCONI TF2370 110MHz spectrum anafyser £500.00
HP89203B PHILIPS PM3340 26Hz digital oscifoscope. £3,800.00
R&S Palyskop SWOB 5 £1,800.00
AUDIO ANALYSER RACAL 1981 nang second uriversal coumter  £400.00
RACAL 9081 signal £400.00
20Hz-100kHz SPECTRAL DYNA SD345 spectrascope £600.00
; SYSTRON DONNE SD340 microwave FFT analyser £750.00
OPTS: 001 400Hz TEK 2235 100MHz ascilloscape £700.00
TEK 2336 100MHz oscil £850.00
HIGH PASS FILTER AND | 465 100MHz mllmmpam £350.00
W 5654 rece £350.00
C-MESSAGE WEIGHTING | 4. proetiusiind £800,00
Wad 952 recetver E350.00
C/W CALIBRATION WAVETEK 171 synthesizerfunction generator £500.00
WAVETEX 9074 7-12.46Hz signal generator £1,000.00

PRICE: £3200.00

1DD
(while stocks last)

Mai Saleh
Damascus
Syria
(A3)
ADC-42
100k

10

10k

HP54111D
DIGITAL OSCILLOSCOPE | 74z oiimesunpite e
1 GIGASAMPLE/SECOND | 7aisx g chanm anpite ot
DIGITIZING RATE TiGA  Soghchame anplls 5wz
500MHz BANDWIDTH [ 7iim  oualvace it ot
8K MEMORY T8 Duscrame amoe 20N
PER CHANNEL T
PRICE: £2700.00 i Dual e e 100
7880 Tima hase 400MHz delaysd
7885 Tima base 400MHz delayed
TBET Digital ime base 400MHz
7001 Logic analyser
HP33258 T
FREQUENCY, FUNCTION | 7 mmmgm ki
AND WAVEFORM oF1 Display formatter
SYNTHESIZER " S
unit
51 Sampling head 1000MHz
1Hz-21MHz E;g" fm;“ﬁfﬁma
PRICE: £3000.00 e o et s
7854 400MHz mainframe (digitai storage)
7904 S00MHz mainframe

TEKTRONIX 7000 SERIES
DISCOUNT

£450.00

FARKNEL

CLEARANCE SPECIALS e
(no warranty )

FARMELL

ABD AD3522 FFT analyser + results printer  £300.00
ADRET 5104 Driving syrithesizer 90-120MHz E125.00
BOONTON B2AD Modulation meder £200.00
FARNELL B30/20 Power supply stabilised £120.00
FARNELL D562 Synthesized signal generator £185.00
FARNELL £350 Stabllized vottage supgly £120.00
FARNELL [PSG520 Pulse signal genarator

10-520MHz £250.00
FARNELL RB1030/35 Blectronic load 1kW 304 35V E300.00
FARNELL S56520 Signal generator £200.00

TSV70 MK2 stabilized power supply £180.00
FERROGRAPH  RTS2 Recarder test set E200.00
FLUKE 85204 Digital multl meter £250.00
FLUKE 88604 Digital mutti meter £150.00
GIGA GR1101A 12-18GHz Mircowave signal

generator E150.00
GIGA GU1328A 2-BGHz Microwave signal

generator E150.00
HARRIS RF{2305 Receiver/exciter £200.00
HITACH| V5508 50MHz osciioscops E200.00
He 117134 Attenuator switch driver £300.00
HP 17414 100MHz oscifloscope £300.00
HP 17424 100MHz oscifloscope £275.00
HP 1814 Main frame c/w 18404 + 18254 £125.00
HP 34004 AMS volt mater £120.00
HP 35704 Network analyser S0Hz-13MHz £150.00
HP 37708 Telephone line analyser
HP 4333A Distribution analyser £300.00
HP 4354 Power meter E175.00
HP 4358 Power mater £250,00
HP 4894 Microwave amplifier 1-2GHz E125.00
HP 5005A Signature multimeter E150.00
HP 5315A Universal caunter E200.00
HP 53284 Universal counter £120.00
He 5363A Time interval probes £150.00
HP BOO5B Puise generator 0.3Hz-10MHz £150.00
HP B008A Pulse generator 10H2-200MHz  £150.00
HP BO15A Puise generator 1Hz-50MHz E150.00
HP BO16A Word generator E£150.00
HP B405A Vector Voftmeter E250.00
HP 84120 Phase magnitude dispiay E175.00
HP B414A+B Polar display E175.00
HP B443A Tracking generatorfcounter £250.00
HP B4458 Automatic preselector £300.00
HP B5528 IF section £250.00
HP BS538 AF saction 0-100MHz £200.00
HP B5S53L AF spectrum analyser 0-110MHz  £200.00
HP B556A LF spectrum E200.00
HP BEGO1A RF section 0.1-110MHz £300.00
HP B750A Storage normalizer E200.00
HP 4910 Microwave amplifier 2-4GHz £125.00
HP B413A Phase gain ingicatar unil E£175.00
IWATSU SC/7103 Frequency counter E160.00
KEITHLEY 142 Programmable digital multimeter £200.00
MARCON BO568 Signal source 2-4GHz £150.00
MARCON 605782 Signal source 5.5-8.5GHT £150.00
MARCONI Fotary vein attenuaior B052/1

26,5-40MHz £150.00
MARCON TF2337A Auto distortion meter £150.00
PHILIPS. PM5519 Colour TV pattern generator E200.00
POLARAD T105E/FT 0.8-2.4GHz Signal generater  £250.00
R&S SMUV signal generator 10kHz-130MHz ~ E250.00
RACAL 202 Logic state analyser £175.00
RACAL 205 State analyser system E175.00
RACAL 9008 Modutation meter jold type) £175.00
RACAL 9009 Moduation mater (aid type) £150.00
RACAL B063 Two tone ganaralor £120.00
RACAL 5084 Signal generator + 99344 GPB

interface £300.00
AACAL 9104 AF Power mater £200.00
RACAL B30 AMS Volt meter £175.00
RACAL A301A RF Millivoltmeter trus RMS £180.00
RACAL G021 UHF Frequency counter £275.00
RACAL MATT20 Drive unit E300.00
SCHLUMBERGER 1170 Freqlency response analyser £150.00
SCHLUMBERGER 7055 Micro volt meter £150.00
SCHLUMBERGER 7700 140mbiv'S Jitter meter generator  E125.00
SCHLUMBERGER 7710 Maintenance set 34/140MbiS £125.00
SEIMEN D2155 Level meter c/w W3155 tracking

oscillator E150.00
SYSTON DONNER 50004 Sweeper c/w oscillator 5014/26

3.2-6.56H4 £250.00
TEKTRONIX 464 Dscilloscope £300.00
TEKTRONIX 834 Programmable data comms. fester 175,00
TEKTRONIX PB042 Current probe DC-50MHz E200.00
TINSLEY 5761 Resistance bridge £200.00
W) 373TA0 HF Recebver E120.00
W) DMS107 Demodulator £120.00
W 565 Receiver £200.00
Wl DM/112 Demodudator E250.00
W) MTF/1064 Microwave tuning E150.00
Wi WJS51BAES FOM Demodulator £250.00
WAVETEK 157 Programmable wavelorm synthesizer £150.00
WAVETEK 185 SMHz Lin/Logic sweep generator E185.00

UNDER £100 BARGINS
(sold as-is)

ADRET 22304 Fraquency synihesizer TMHz
ADRET Sigral ganerator
AOVANCE TC17 Thmericounter

AREN SHIZ400P 20-100MKE

AMF T736 Digital counter

APLAR LVE32 Reguiated power supply 0-30V 0-2
BRODKDEAL 411 Phase sensitive detector
COSS0R 3334 Test 521

CROMNMITE 53004 Function generator

DANA 4200 Digital mustimter

DATRON 1030 AMS Vot meter

DATRON 10304 AMS Vot meter |

DATRON 1055 DC Volt mater

£50.00
E75.00
£15.00
£15.00

:

1

£25.00
E25.00
E25.00

ROHDE AND SCHWARZ
CMS52 RADIO
COMMUNICATIONS
SERVICE MONITOR
OPTS: B1, B5, B9, B13
and B15
PRICE: £6500.00

TELFORD ELECTRONICS

Old Officers Mess, Hoo Farm, Humbers Lane,
Horton, Telford, Shropshire TF6 6DJ, UK
Phone: (00 44) 01952 605451 Fax: (00 44) 01952 677978
e-mail; telfordelectronics@telford2.demon.co.uk
Carriage: £10+VAT @17.5% to be added to all UK orders
Overseas orders welcome - Please call

940
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2085 AF Power maler
DM131 Digitad raultimeter
Fi&1 Funchon generator

SGIB Signal generator ntertacs
EWE04 walt matar
19534 Coumerimeter

BO10A Syntheszer signal generaloe
T261A Universal counter/timer

123204 Tunad ampiifier and null detector
1362 UHF cacillator 220-320MHz

TC314 Timerfcounter
50064 Signal analyssr
10254A Serial-parallel

convarior
118388 Ampitiar swilch+HPE709B synchrontser

SN5L45255A Countericonverior

(Apower supply
61114 DC pawer Blﬂlﬂy 0-20V 0-1A
maucnvgnang voltage source

BIDSA memwm penaratol
8418AM Auxiliary display holder
B7178 Transistor bias supply
S8/54168A DC-40MHz

77 Mallivolt digital muttimetes

P17 1.0Hz-100kHz Phase meter

PGTSAA Pulse generalor
1000F MK11 10Hz-32MHz P.0. fraquency counter

23047 BOMH2 Digital equency meter
2437 100MH Universal timer counter
283344 Digital line manitar

605043 Fraquency meter

G460 + /1 it Power meter

TF2430 80MHz Digital frequency meser

TF2431 200MHz Dugital frequency meter

TF2432 SE0MHz Digital frequency meter
26008

MIVIE23A BF Millivoltmeter

WS/500 Dacilloscops %
Beoadband isofrogic radiation meler
D1401 Thermometer

6302 RCL bri

TE32 SWR mater

TB41 Power meter

PE1510 Power supply 0-35V 1A
PE1511 Power supply 0-30V 1A
PM2504 Electronic VA meter

PM2423 Digital multimater

PM2EE Power s:m

PM5108 Function generalor 1Hz-1MHz
PM142 0-01Hz LF Synthesizer

generator
PME503 Loakage curraet breskdown voltage meter

PMGE13 250MHz Universal counter

1200 Series uiversal switch controller
4009 Digital mutimetar

5001 Digital mustimetar

D058 HF Selective analyser

8918 UHF Frequercy counter
‘S960A 200MHz Liniversai couner
‘GPY Intertace 110

5908 Lintersal counter timer

A220 Daghtal volt mites
SM2058 Atomatic counter fmer
THBA3D4 Wall meter
lic standard
1120 Transstol tester
191 Constant amptuce signal gereralor
TEX 453 0
TEX Time mark generatar
TEK 106 Squarswave generator
TER/SONY 308 Data analyser
LEQUIPMEN gszomw System
LEQLIPMI o
TELEQUIPMEN D34 10MHz Oscifioscape:
TELEQUIPMEN  DE1A 10MHz Dscilloscope
TE EN
THANDER TA2080 20MHz Logic anafyser
THU 358 Scope mult
TRID (CS/15664 20MHz Oscifloscope
WLE SMP/Z Level mul!rZNHx 4 5MHz
WEG SMP/31Level meter 200Hz-620KkH:
WhS SM/1622 Signal montor
WaJ TOM/1(21 Telephone Demodulator
W) TFC103
WE) UH101 Tuning head
W) UH1S Tisning head
WaJ VK103 VHF Tuning head
e 521A Receivar
WaJ SMiE108 menilor
WEJ TOM/ 10 Basic group demodutatsr
WAVETEK 147 HF Sweep generator 0.0005Hz-10MHE
WHYNE KERR Companent bridge
WER 450 Pawer supply 0.34 0.60V
WILTRON 501 Logic level meter

HHH I T S B R T S

Bt

HHH

EG0.00
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Simple thermostat with hysteresis

555 timer +5V ith a relay and a few other components, a 555 timer
wears yet functions as a precise thermostat with hysteresis.
another hat. Starting with the relay on, its contact open and no current
In this to the heating element, the action of the KT86-206 silicon
circuit it temperature sensor is to reduce the voltage at the trigger
behaves as a input of the 555 to below V,/3, at which point the 555
thermostat begins to oscillate at a frequency determined by.the value
with 0.25°C ~ 820R of Rjand stray capacitance: about 2kHz.
hysteresis. As a result of the oscillation, pin 3 of the 555 goes
positive with a duty cycle of about 98%, which switches
2k7 the relay off, its contact closing and passing current to the
heating element, whereupon the input to the trigger pin
R increases and stops the oscillation. Switching hysteresis is
KTVaB.208 determined by the value of Rs, in this case 0.25°C.

With the input chain shown, adjustment between 10°C
and 25°C is possible, the resistors concerned being metal-
film types for stability.

Sam de Jonge
Geel
Belgium
L]
Relay noise suppressor
As a result of jittery noise on the output of a cmos monos-  sistor, high-frequency oscillation made its appearance on the
table, which was driving a relay by way of an n-p-n tran-  relay coil. Decoupling the rather poor supply brought some
B not fitted improw._arnent, but connf:cting a capacitor b!:tween collector
+5V , = L and emitter of the transistor stopped the noise.

Bl
=

{

Monostable device

ov

This solution to
noisy resulting in

iesl.—ﬁzp

At this point, I realised that it would be more effective to
use the transistor as a Miller integrator by connecting a much
smaller capacitor from collector to base, as shown here. This
has the additional advantage that the usual catching diode
may be omitted, since the value of the capacitor can be such
that the spike from the relay coil stays well within the tran-
sistor’s collector voltage rating.

Relay operation is slowed down a little, but this can be
compensated elsewhere in the circuit, for example by reduc-
ing the time-constant of the monostable.

C J D Catto
Cambridge

spiky relays also =
renders the
cremaerthe  Telephone privacy
redundant. hen several extensions use one telephone line, it hook and around 6V dc when one is lifted. Diacs start to
may become inconvenient to allow another exten- conduct when the applied voltage is above the diac’s
sion to overhear your conversation. This very simple breakover voltage of about 35V dc and continue to con-
circuit arrangement prevents that possibility, cutting off all ~ duct when voltage drops to a low level, ceasing conduction
except the one in use, with no discernible effect on perfor- ~ when current is too low to sustain it. (Diacs are used to
mance. conduct the ringing tone, since they conduct both ways).
As the diagram shows, each handset is connected via a If, then, one extension is lifted, breakover occurs at that
diac. Line voltage is 48V dc when all handsets are on- diac and the extension is operative since the diac is still
conducting at the 6V now across it and with the current
L through the handset of around 26mA. The others cannot
T * SR break over at this voltage.
D, D, E Since different handsets exhibit various impedances, it
Only the may be that large currents could flow, in which case small
telephone ) resistors may be needed in series with the diacs.
extension in use To telephone line If two handsets are lifted simultaneously, only the one
will operate in ~ EX1 Ext2 Ext3 having the diac with the lowest breakover voltage will be
this arrangement, & = ¢ activated.
the others being Ly Rahal Jayawardene
cut off. M- Nugegoda
(A25) Sri Lanka
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System Components from ISO9001 Source
Half Size Single Board Computers
3865X to Pentium with ISA and PC/104 Bus
2 Serial Ports, IDE, FDD & Printer Port
Flash/ROM Disc, Cache, SVGA CRT/Flat Panel Controller
PC/104 Modules
386 & 486 CPUs, Solid State Disc, Isolated RS232/485
VGA CRT/Flat Panel Display & SVGA Controllers
PCMCIA types I, I & IIT
Fast SCSI, Ethernet, Fax/Modem
System Enclosures with Passive Backplanes
System Integration and Support

All-In-One Standard Motherboards & Cases
486/586 to 200MHz Pentium

®
-

Details on our website . ..... http://www.iosis.co.uk /

CIRCLE NO. 124 ON REPLY CARD

COLOMOR (ELECTRONICS) LTD.

Celebrating 30 years 1967 — 1997
Over 6,000 types of valves in stock.

Set of RA 17 valves £29.50
Set of RA 17L valves £31.80 XQ(I;XES £10.25
Set of AR 88 valves £32.25 ES8CC 01 £1 l:‘.-'{l
AR 88 & RA 17L SPARES EBCI £5.80
Please send sae for list. ECCS1 £2.50
Block Capacitors by TTC Dublier ECC82 £2.90
.5uf, 1uf, 2uf, 4uf all at 600V £7.05 ea ECC83 £3.90
8uf, 600V; .Suf, 1KV; 1uf, IKV; ECCS85 £2.70
2uf, 800V; 4uf, IKV £9.40 ea ECC88 £2.35
8uf, 800V £11.75ea ECLS82 £2.55
; ECL86 £2.70
OI! filled Transformer, Gardeners EFS6 £5.10
Primary 110-240V; Secondary EL34 £7.10
250-0-250; 180mA 6.3V, 7A, EL84 £2.50
SV, 3A £5875 | EL86 £3.80
New Mains Isolation Transformers GZ34 £4.05
250V, 50Hz, 1 to 1 3kvA, 13A fused GZ37 £8.25
class F, 13A Skt & Plug £112.00 ea L36 £10.00
UBL1 £4.80
240V Transformer, output 0 18.5V, 21K25 £29.35
26V, 29V, 35A & 26V, 5A £32.25ea 2CI9BA £51.10
z 4CX250B £51.70
0Oil filled Chokes by Parmeko/Gardeners
2.5H, 220ma; 2.5H, 350mA; 4.5H, 150mA; CX1140 £1250.00
4.5H, 220mA; 4.5H, 280mA; 5H, 110mA; Over 6000 types of
5H, 200mA; 5H, 250mA; all at £35.25ea valves in stock. We also
5H, 400mA; £38.78 ea; 7.5H, 250ma £35.25 ea stock magnetrons,
10H, 75mA £23.50 ea; 10H, 170mA £38.78 ea Thyratrons, klystrons,
20H, 50mA £35.25 ea CRTs etc.
Other types/values in stock. Send sae for list. Ring or fax for quotes

All prices include VAT. Carriage extra — on application
170 Goldhawk Rd., London W12 8HJ
Tel: 0181 743 0899 Fax: 0181 749 3934
Email - giacomelli@colomor.demon.co.uk
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Contact Card Professionals for the mos
advanced portfolio of PCMCIA PC Care
StarCards, 38edge Cards and comp:
interface solutions K

Centennial: major franchised stocking
distributor for Centennial PCMCIA cards

ITT Canon: authorised stocking distributor
for 38pin StarCards, 38pin StarCard
connectors and 68pin PC Card connectors

Calluna: authorised stocking distributor for
Calluna’s type Il ATA PC card range

Centennial: 38 edge card flash memories
and connectors

A wide range of Reader/writers are available
with ISA, SCSII, parallel and serial host
interfaces for cards in our portfolio

Card Professionﬁs

Limited

Card Professionals Limited, Cedarmount House,
Owlsmoor Road, Owlsmoor, Sandhurst, Berkshire, GU47 0SS
Tel: +44 (0) 1344 779632.
Fax: +44 (0) 1344 779633.
www.card-professionals-uk.com
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Circuit simulation can be seriously good fun —Ulhose -
i ks Engineers Ltd S
220R —

. - G == When you have the engineering
Transistor polarll'y ek 7 edge, enjoy your work and catch
ircui i before it's

checker 2x 1N4148 subtle circuit behaviour :
too late, fford to be light
Set i et e g

support from practising engineers
who take a genuine interest in your
work and you are really laughing.

An oscillator built on the 4071 quad 2-input nand drives the
gate of the transistor whose type is unknown. Depending on its
polarity, the red or green led in its collector circuit will
conduct; red for n-p-n. If there is no transistor, they both blink

alternately.

Raj K Gorkhali

Kathmandu

Nepal CD4011

If you are unsure of which kind of transistor you have,
these leds blink to indicate p-n-p or n-p-n types.

Transistor under tegt

With a free evaluation kit, you can
test SpiceAge on your own circuits.
The kit comes with an introductory
booklet to show you how.

To hear more about this and other nice

touches in SpiceAge, please contact the

friendly people at

Those Engineers Lid,

31 Birkbeck Road,

LONDON NW?7 4BP.

Tel 0181 906 0155

Fax 0181 906 0969

Email those_engineers@
compuserve.com

Web http://www.spiceage.com

Amplifier polarity reversing switch

Figure 1 shows the circuit of a level- 100k 100k
controlled reversing switch to M MY
produce at the amplifier output an in-
phase or anti-phase version of the
input. It was originally used in a 100k =
linear, ground-referenced vco and is WYY V— b
now used in three-state pulse
generators and lock-in amplifiers.
It depends on the state of the

Input +

analogue switch; if the switch N 12k i —QKM'__' CIRCLE NO. 125 ON REPLY CARD
conducts, amplifier 2/4 (one element k.
of a quad fet-input op-amp) becomes a i Control
unity-gain, non-inverting amplifier, Control 4 Analog J +
reverting to an inverting type when the  line switch in/out
switch is off. _Eumn p—o Output
Figure 2 shows the operation; =
reversal takes place cleanly as the
control input goes low. In Fig. 3(a),
the circuit is in use as a three-state
. / \
ulse generator and Fig. 3(b) shows Control E . —— : ” e
Fhe coﬁtrol circuit trutl? table. cmu;?a | \: Tr,a:5.0V 1ms MultiRouter is “the best Autorouter that | have seen costing less than £10,000!” R.H. - (Willingham, UK)
The analogue switch should be a . inni i
low-resistance type for high accuracy. NN /\| /\ Trya :5.0V 1ms ® Awe:rd Win 2'89 Msll.-lIItl Ro::ter :SGS
Ashwani Karnal and Input \ ' \ the latest 3 it ape base
Hari Om Mahawar \./\/ : L Ll Ri dR t’ T ph l 2
Centre for Advanced Technology Ip-up an e-try 1ecnnoiogy.
Be s | N T\ — e From single sided to 8 layers!
i o Y e SHE e 100% Completion where other
ML | B = (]
; . ill
Logic-level control input determines the J % aUtorOUters fa“"'
P e e . == ' e s
Fig. 1 is top, Fig. 2 middle, Fig. 3 bottom and | A= Ql. L L a210mm ¥ 150mm board in le.ss
Fig: # below. “Conel | T | Tr,a:50V 1ms N , 1 . than 10 minutes! (75MHz Pentium)
3 . ! - ]
Control | Input | Output el : | S - A M . ® From £295! - Could Easily Pa!
line put | )], LA L L ™ : For Itself On The First Project!
| E Prices exclude VATS P&P)
X 0 0 \_I_.' N S =N B e i ] |
1 1 1 Output | L—[L —lj_lﬂuﬂl_ll— E - Number One Sys tems Write, fax, phone or e-mail for full information.
0 1 =4 IRRE SN An) e s i i Tr,a:5.0V1ms UK/EEC: Ref: WW, Harding Way, St.lves, Cambridgeshire, ENGLAND, PE17 4WR. e-mail: sales@numberone.com
Ll | [ = ) Telephone UK: 01480 461778 (7 lines) Fax: 01480 494042 International +44 1480 461778/494042
o = USA: Ref: WW, 126 Smith Creek Drive, Los Gatos, CA 95030 ;
1 corresponds to -5V Telephone/Fax: (408) 395-0249 http://www.numberone.com @
adnfmul
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ohn-Hite 5200 - Sweep function generator .

ry
Marconi 2019 - 80KHz- 1040MHz synth signal
MISCELLANEOUS Marconi 20194 - B0KHz-1040MHz Synthens

Anritsu ME4SZB - D5-3 transmission analyser ..., ..

Marconi 2610 - True AMS voltmeter

g
g
E
g
Z
Hi]

Mummss Radio Comms test set .
Marconi

Marconi 6960A - Power Meter + sensor . ...
PM 5167 - 10MHz function gen .

‘;: 52054 - lesmnpmeramplur‘ur

i Philips

Philips P 5190 - LFsm esiser with GPIB
M|

ke 71054 - Calibration systern [As new] .
Guildline 9152 - T12 Bartery standard cell , .

8 CAVANS WAY, Hewlett Packard 541004 - 1GHz digitzing .
I E I E Hewdett Packard 541000 - 16Kz digiti
BINLAY INDUSTRIAL ESTATE, ‘ NET I Howert e “““zmm&?ff\féﬁ‘n'g" ............
1 IV353F V508,

COVENTRY CV3 2SF Hewlett Packard 87504 - Storage normalisar ... ..., .. Inron 2020~ 2004 gl toage (a3 e ..... 'N
Tel: 01203 650702 Hewlett Packard BT56A - Scalar network analyser ... ....... Ty Iwatsu 55 5710/55 5702 -From ................

G Hewlett Packard BI57A - Scalar network analyser ..., Liwiesd Meguro M5S0 12704 - 120MH1 digital storage (s new
Fax: 01203 650773 Hewlett Packard 8301A - Modulation Analyser ..., .. .. £2500 Kikusui 5100 - 100MHz dual channel .............

” Hoeent Packard sSagA ';ﬁd'a :.":.'! Al . £6000 mw'ﬁn“?mﬁ?{wmmgg%u i
Mobile: 0860 400683 Hewlett Packard 89584 - Cellular radio interface . P Moo 200 LF D e o wsm o3

|Premises situated close to Eastern-by-pass in Coventry with W Packard 117298 - Carrier noise test set . ..
easy access to M1, M6, M40, M42, M45 and M69) Lecroy LW 420 - Arbitrary waveform gen, [New) + TMHZIEH opt

ni 20224 - 10KHz-1GHz - M‘%M signal genafalur

oni 2871 - data communications anslyser .

2 Multifunction Analyser .. 5 i 29658 - Raddio Comms testset ... .. .. ..
Famell 70,30 .S V. - (0.707,0304) ato rang ET50  Macconi 2955 + 2956 - Radio Comms fest Set + tacs ada Lt s 7 w"g’am“gf’?gh
luke 5100A - Calibrator ... ... . ... Marconi 2960A - Radio Comms test set with cellular adaptol £3500 Tektronix TTJDMH:DSEJ ﬂ
1008 - Calibrator , Marconi 6960 - Power Meter « sensor ... ‘ektronix 475/475A - 200,250 MH

Nicolet 3091 - LuwquDSO S AL

Philips 3055 -
nmmum 213 oW 214 P 3207V 3234790
PN3244/PM 326 63

ngramt /PM 3540 - From ..

Philips

Tektronix 434 - ZEMHJ 2 channll analagu! stor
Tektronix 454 - 150MHz 2 chan
Taktronix 455 - S0MHz dual ::llmnel

ektronix 2213 - 60MHz dual ch,
ektronix 2215 - 60MMHz dualch. .
‘ektronix 2221 - 50MHz digital storage

Logic analyser .
Hewlatt Packard 16614 - Logic. anel;w {As new)
Hewlett Packard 3314A - Function penerator
ewlett Packard 3325A - 21MH: synthesiser/function gen,
Hewlett Packard 3336A - Synthesised, signal generator {10Hz-21MHz
Hewlett Packard 3455A - 6% di atmurumewsr wwsca]

l!nnl Dm 5081- %-nlheslsed g Gen 52

| . £1000  Racal Dana 5303 - True RMS AF el metar
. £750  Racal Dana 8321 - 3GH: frequ ¥

Hewdett Packard 42754 - Multi-frequency LCR m

Hewlett Packard 5328A - 100MHz universal frequency counter .

Hewfett Packard 5384A - 225MH: frequa U950 Time 9814 - Voltage calibrator .
w wgsalmma PCM& Imth ep:iunsl
an Golt

331A - Distortion analvser R Re e i B0 Plui PM 5716 - 501 Pulse generator ... ¥
Havwlett Packard 435A or B - Power Mater (with MIWMI -, mﬁ PM B673 - 120MHz high resalution universal counter . £350  Tektronix 2225 - S0MHz dual trace .
Hewilett Packard 1630D - Logic Analyser (43 channels £650  Philips PM 6670 - 1mm high resolution lwnenboun!er iy £350  Tektronix 2235 - 100MHz Dual channe
Hewlett Packard 185004 - Fitted with lsslwraa:smasm.'lmm Philips PM 6652 - 1.5 GHz i £500 }m*ﬁ 5 gmMHl dual ch. (partable)
€800 i

High
Racal Dana 1992 - 1mMH’; frequency ‘“""ﬂ‘ﬁf"" 48455 .

nth. sig. gen. 104MHz ..
m Dml mIA rug Rl FU'F millivofmeter .

£7
Hewlett Pachfd ~ Digital voltm: i Rohde & Schwarz SMDU - 15H SMH: <FM & AM| Sig-Gen . £500
Packard 3478A - Multimater [5.6 ﬂlgl[? HPE il vatfner NSG 200E - Mainframe ..........ooeiiveiniivannnnan -£1000 ektronix 7934 - 500MHz with ﬂorage -
Hewlett Packard 34884 - HP-IB switchicontrol unit (various plug haffner NSG 203A - Line voltage variation simutator .. ..... Y ektronix TDS520 - 500MHY500Ms/s D.S.0. 2ch _
availahle) . .. .E650 hatfner NSG 2224 - Interferance simulatar ., £995 nohqu‘pmm D83 - 50MHz dual channel
Packard 35660A - Dual channel dynamic suganalfier . 3750 var NSG 223 - Interferance generator .......... Lo ET50 T ment DME3 - 20MHz 4 channel

Ha:@n:'l'v:.:eg:: IT11A/3T12A/3791B/3793B - Mmrnwaw link hat NSG % o ache mulator . . . E1250 - 1022 - 20MHz dual channel ., ..............
. E2435 ectrostatic discharge slmu:lamr . 21960 scopes availsble

Hewet Pakar Eﬁ‘m"% ::;mm"?i st sle'[ 1500 hlumberg z0 1250;3\;15: Fr:‘quourr?lar! EE00 i e

ard X
ewlott ry mux analyser . £500/£500 uiimeters from B SPECTRUM ANALYSERS

. £3500 s\wan Donner 19808 - Microwave Sweepsr [12-18GHz}

£250  Tektronix PGS06 + TG501 + SG503 TMS03 — uwllompmuhramr_._mss Hewlatt Packard 8534 with BS5BB - (0.01-1500MHz) ... ..

Hewilett Packard 4278A - 1kHz/ 1M, napaciluncemﬂer . £3750 "sktronix 577 - CurvETlaDel....................._.___........:.EI'ISH u
HowletPackard 2798 - Wiz Cmeter . TRt Toroni - Flugins - Many avaiaie sich a5 P80, 504 SC404 r il e AL s I e e
ard 43384 - Milliohmeter (as new) . E2000 SWEO3, 5 0GHT (BIGHT iAo Pt 4
Hewlett Packard 43424 0 meter . ..., RSB Toktronix TMEOOS » AFGSTD! - Abritrary Funcion Gen, ... ... giy  AEOhE AR C I 0ot BIGh: Wil n L v £7250
ewlett Packard 49484 - transmission impairme . £2000 ‘wktronix 1240 - L%nalvsm Siiea suqaisnrae IO Ando AC 8211 - 5 L ar {7GHE 52950
Hewlett Packard 43534 - Protocol analyser . .. . E1995 ‘eictronix AMS03 = current ‘probe amplifier ... “.,:mp kard -m":ra“ 7 ﬁssln ~ (10MHz-18GHz 4
Hewlett Packard 4372A - Len protocal analyser .. .. ... . 2000 ‘ektronix AAS001 + TM5006 - Mainframe programmanle Hewett P“ KT vith B558 108z J « 1600
FHewlett Packard 5314A - (new) 100MHZ uniersal S0 0 distortion ana £1995 L b e - HO:- 100 5
L E1500
£995
E4750

Y 00l
500 Tektronix 24454 - 1EDMH1 4 channel . .
L. E450 Tektronix 5403 - Hz?u:-ichannel from ...
= Tektronia 7313, ms, 7613, 7623, 7633, - 100MHz 4 ch .

... 450 ‘ektronix 7854 - 400MHz Wavaform Dme&smg osculloscnpe
‘ektronix 7904 - S00MHz .. .

Hewiett Packard 35624 - dﬁnarmc signal analyser, dual chan
Hewlett Packard 35804 -
Hewlett Packard 37098 - Consmla:m Ma!yw with 15709A ngh Impedanne

UBNCY Counter ,

Hewlett Packard 53854 - Frequency counter 1GHz mﬂa

N-Bﬁ!nhni 50314 - 1000 Want auln-ungmg PSU. Waml: :;1” S;Mmsod {unchon gmmalu

Hewlett Packard 62618 - Power suppl\i DOV-B0A sy, 4 wml: 184 - Sweep genarator .
DISCOUNT FOR

QUANTITIES - Precision LCR meter .
Wayne Kerr 4225 - LCR bridge

rogrammable sig. source (0. 0001 Hz 13MHz)

mmhn?-'-" 1, —sulse OIHJ 20MHz . .. Wwp Preclmnho'gmpunenlanatl E&‘i{%ﬁ-]' o it o

ptical average power meter on ragrammable sweep gen Y G e aTuwed S v spec analyser :
wﬁmm ard :g + Ianunugmrwllhopls ’ Takeda Riken 4132 - 1000MH:z X 4
lewlett Packard - progra
tewlett Packard 8180A - Data generator . .. i OSCILLOSCOPES ’ - o -
fewlett Packard 81824 - Data analyser F1500  Beckman 9020 - 20MHz dusl channel . N — MANY MORE ITEMS AVAILABLE SEND LARGE
lewlett Packard W—Mﬁr;w:l:mﬁhandkzn éésﬂn%z”mmm 3050 l:o.mu?gugﬁmuuulcnmu £250 S AE FORLIST - ALL EQUIPMENT IS USED - WITH
lewlett Packard 835544 ImEter wave source 2- ... EADOO 255/ 300, m:{ﬁlﬂow—F R 3 | 3 8 A o
jawlett Packard B3555A - Millmeter wave source 33GHz 50GHz . . £4250  Gould 4074 - 100 MRD.S, Jenanmel .....m e 30 DAYS GUABANTEE, PLEASE CHECK FOR
Mm;md 4054 - g;uowul‘nﬂgm o Hameg 203/203-4/203-5/203-5 CUEs0 AVAILABILITY BEFORE ORDERING - CARRIAGE
{ewdett Packard 8620C Bep 0L mau ame Hewlett Packard 1BGN1MJ|8 an ...................... £200 L\ = # =4
ewlett Packard 86568 - Sy signal g o Hewlett Packard 17404, 17414, 1744, - iDOMH:u‘ualth ........... from £350 SGMELAEEPDOEIORLLGO0DS

] In!srrm ROV o i L i W s s A e A s ko]

"Ufa50  Hewlett Packard BS05A - Network analyser (500K Hz-1.3GHz) &

s Hewlett Packard BS91E - 9KHz-1.8GHz (Calibrated)

L EBS0 Hewlett Packard 87544 - Netwark aﬂalml 1300MH:>

.. 600 Meguro MSA 4901 - 1-300MHz (a5 new) .

. £2750 Meguro MSA 4912 - 1-1000MHz (a5 naw) |
650
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TRANSFORMERS FOR
BALANCED LINES IN HIGH
PERFORMANCE AUDIO SYSTEMS

OWTER®

TRANSFORMERS

E A SOWTER LTD

PO Box 36 IPSWICH IP1 2EL ENGLAND
Tel: +44(0)1473 252794
Fax: +44(0)1473 236188
E.Mail: sales @sowter.co.uk
Web: http://www.sowter.co.uk

Design and Manufacture
of all types of Audio Transformer using
Nickel and Grain Oriented cores

Free catalogue
Free technical support service
Popular types from stock

CIRCLE NO. 129 ON REPLY CARD
946 3

UHF HELICAL BPF FILTERS FOR SECURITY/2ND IF/LO
FOR DIN (CE APPROVAL) AND FCC APPROVAL/310~620M TX/RX FILTER
MASS PRODUCTION,GOOD PRICE,QUICK DELIVERY,LOW GRUOP DELAY,

IL(dB) [FO-OM [FO+QOM [-3BW [APP.
PARTS NAME\ SPEC. TYP.  |dBc dBe HHZ

T6740A-310-3550(THZ)  [TP 4.0 |(30)50 [(30)30 |8.0M |RX/LO
TET40A-319. 5H(THZ) TP 3.0 (30052 |(30)33 |8.0M [RX/LO
T6741B-315-355M(TH2)  [TP 2.5 |(50)23 [(50)29 |19.M |FCC.TX
TG750D-340-390M(THZ) TP 4.0 |(40)45 |(40)32 [7.7M |RX/LO
TG711A-405-455H(TH2) TP 4.0 |(3050 |(30)30 |7.0M |RX/LO
TGT11A-433. GU(THZ) TP 3.5 |(30)50 [(30)30 |7.5M |RX/LO
T67106B-420~465M(TH2) [TP 2.5 |(50)23 [(50)27 [19.M [DIN.TX
T6746D-460-5154(TH2) (TP 2.6 (40023 |(40021 |18.M |TX
T6746A-460-515M(TH2)  |TP 5.0 |(40)55 ((40)40 |[6.0M |RX/LO
TB7484-505-545M(TH2) (TP 4.5 [(40050 |(40040 |7.M [RX/LO
T6759A-555~-590MCTH2)  |TP 4.5 [(40)40 |(40)40 |8.0M [RX/LO
T6796A-590-620MCTH2)  |TP 4.5 |(40)40 |(40)40 [8.5M |RX/LO

EXAMPLES:T6711A-433.9M(THZ)  T6740A-319.5M(THZ)

o By ey ma e mrowm [-.;,-l--e-n- 1ne mas e v s e &2 ~0.omes w8
e e i) e il
- eaanEn fi | { _IJ. ......"" AREER e
——— - e T ‘Hw
| 4p3.g MHp /\\ .[ &g 'ﬁﬂ‘! Y )
K s Pt
N AN N
T I 5 A T / 5
B TP TASEC: 7 ~
LI L IS T
¥ P 1Y
“l_l‘:;._.“ == ]-u—IWL-_-:I = n 190,600 008 ww
IN ADDITIONAL,ANY FO 55M-1.6G YOU MAY SPECIFY ANY BPF,
FULL CAT.SUGGEST YOU.FAX US TODAY! --- ODM WELCOME —-

TENVELL CORPORATION WELL WADE IN TAIVAN
EMAIL: temwel 18ms12.hinet.net,FAX:886-2-5515250/5652287
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CIRCUIT IDEAS

Mains deviation monitor

ince, post 1995, the European mains voltage is the input. On the right, the zener provides a stab}e

230V+10%, —5%; it appears that drops of up to about reference, sourcing or sinking current whf_:n the input
11V could happen without notice. Anyone to whom this varies above or below 230V this current is small and
might be a problem may like to try this monitor, which linearity is preserved. :
reads percentage deviation directly to an accuracy within Diodes across the meter are for protection on extreme
0.5% of reading. input excursions, RV balances the bridge and RV,

The transformer, rectifier and smoothing capacitor provides calibration.

provide an unregulated direct voltage varying directly as N K Goodman

the mains input. On the left of the bridge, the resistor chain ~ Westfield
balances the bridge at 230V, the centre point varying with East Sussex

Ly
D, D, 1N4148
R
Riyi 2
D, 1k'l" y  <470R
il vi
- C,
1= 2204 RV,
W05 16V 10K . !
R, 100 - 0 - 100uA“T 5v6
1k

(if metal case used)

Isolated dc motor control 4B

aving the requirement to control the speed of a fan 4
motor, operating at mains potential, by an isolated,

low-power, 0-10V dc input, we looked at a number of 35 -
methods including isolating amplifiers, de-to-dc
converters and optocouplers. Since precision was not a V out
requirement, this simple circuit was developed instead. ERRY-: N

A microcontroller, operating at line voltage, was
available and was used to supply a 100Hz train of 2 |
negative-going pulses with a duty cycle of 10%. On
receiving a pulse, the current mirror Tr; spasses a current 1.5
of about 1mA through the primary transformer winding to
charge C, via Trs. On the low-voltage side of the circuit, e Vin. divider
Try is a voltage follower which clamps the secondary ol L V_out
voltage to 4V maximum, controllable by the variable input
voltage, Vi,. Since the isolating transformer has a turns 0+ . . 1 . : i
ratio of 1:1, the variable-height pulses are reflected back 0 2 4 6 8 10 12
to the primary, rectified and smoothed to provide the dc V in
output voltage.

Tﬁe circuit draws only ) Im<300‘uA
300pA average on the +f

: ; : v
primary side. It is = 1 Vg
reasonably stable with 5V 'V, D
temperature and, although at
there is some oil"fset due to DC voltage input
transfon'r_ler resistance and Ry, = 50kQ2 Try _
current dlffe:enc';s ' BC8578 - i~
through base-emltt_er LA BC8578  Low for ims, ‘mgh for 9ms
junctions of T 4, it can
be removed and scaled in
the controller’s program. v . b fi "V_sec puise voout DC output voltage

2 V_individer Tx,
Stefan Hansen - = I
Senderborg @ ¢ i Cheaper than some ,
Denmark N1 (o Ry  opto-coupler s_olutmns, this
(A28) BT8R fw Sim  0-10Voutput isolated motor
. . controller draws only 300pA
T Ll K average on the live side.
3 J; Line transformer 'J? (A28-1)
Lp=1H
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CIRCUIT IDEAS — =
4000 SMALL SELECTION ONLY LISTED™ EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
3 : a HP New Colour Spactrum Analysers Tektronix Plug-ins 7A13 - 7A14 - 7TA1B - 7A24 - TA26 - 7A11 - 7M11-7511 - 7D10-7512- 51
g ig. 2. Use of integrator feed HPI4TT + 85528 IF + 85538 RF - Kz 110Mcls- €100, L5256 $52 - PGS06 _ SC50¢ - G502 - SG503 - SG504 — DCE03 DC508  DDSO -
4 . + + - -1 cfs ~ £900. WR501 — DM501A — FG501A ~ 1 - PG502 ~ DC505A — FG504 — 7880 + 85-7B92A
ack sets the dc operating point 3500 | HP141T+8552B IF + 8556A RF — 20Hz-300KHz — £700. Gould J3B test oscillator + manual —£150,
to centre the output. % Spg'plll Offer just in from MOD Qty 40 HPB555A RF Units 10Mc/s — 18GHzS. Tektronix Mainframes — 7603 — 76234 — 7613 — 7704A — 7844 - 7904 — TM501 — TM503 — TM506 —
HP1417T+ 85828 IF + B555A 10Mc/s—18GHzS — £1200. 79044 — 7834 — 7623 - 7633,
4 gimﬂ Uniurnvnlhbflgwtmmm ~ New Colours - Tested Marconi 6155A Sig n;l Sﬁnurcgp-s'f to 2GHz - LED rn?‘ uor:n —£400. e
= i T Mainframe - A Barr & Stroud Variable filter 0.1Hz = 100ke/s + high pass + low pass — £150.
T | Compliance@1mAPSU=4-8V HP85528 IF - £300. Merconi TF2163S attenuator— 1GHz. £200, s
| 7 HPB553B RF 1KHz to 110Mc/s - £200. Farnell power unit H60/50 — £400 testad. HB0/25 — £250.
R Av =1 | v HPB554B RF 100KHz to 1250Mc's — £500. Racal/Dana 9300 RMS voltmeter — £250,
p / HPB555A RF 10Mc/s to 18GHzS — £800. HP 87504 storage normalizer — £400 with lead + S.A or N,A Interface.
: HPB8556A RF 20Hz to 300KHzS - £250. Marconi TF2330 - or TF2330A wave analysers — £100-£150,
C, Fig. 1. Current source 2500 / HPB443A Tracking Generator Counter 100KHz-110Me/s - £300. Tektronix-7514—-7T11-7511-7512-51- 52 - 539547 - 551 - 552 -553 - 7TM11.
1n with capa citive load 3| HPB445B Tracking Preselector DC to 18GHz — £350. Marconi mud_meters type TF2304 - £250.
— | ling h. defined HP3382A 0241 t0 25.6KHe — €2 - B oon Doarse houier W SIBB - J0MCh = 24GHE - LED Feeout = £1Kk
o uplin, G .| it - on Donner coun - = z - readout - .
Lunping. _as ng A £ HP8588A 100Hz-1500Mc/s ANZ - £6k. RmJDII!l 9083 signal source — two tone — £250.
INA111 de operafing point and 2000 | HPB569B 10Mc/s-22GHz ANZ — £6k. Systron Donner - signal generator 1702 - synthesized to 1GHz — AM/FM - £600.
s therefo HP Mixers ara available for the above ANZ's to 40GHz Tektronix TM515 mainframe -+ TM5006 mainframe — E450 — £850.
st is therefore mv TEK ol gﬁ:x = ]:gnz 8pt T SGEADR, Farnall electronic Ioad type RB1030-35 — BB e wine cod cbgll e o
il i = z— 2 0pt 1+2+3—F4.5k. Racal/Dana counters — 9904 — 3905 - 3906 — —-9816 - 9917 — 9921 - 5 —3GHz - £100-
5 Borllc Loty unpredictably unstable. K 492P — 50KHz — 21 GHz Opt 1+2+3 - £5k_ £450 - all fitted with FX standards.
i IC, = OP-285 1500 TEK 434AP 1KC/S - 21GHz - £7k. HP4815A RF vector impedance meter ciw probe — £500-£600.
100k 2 7 TEK 496P 1KHz-1.8GHz - £dk. Marconi TF2092 noise receiver. A, B or C plus filters — £100-£350.
—\AAN— TEK 5L4N 0-100KHz — £400. Marconi TF2091 noise generator. A, B or C plus filters — £100-£350.
TEK7LS + L1 - 20Hz-5Mc/s — £700. Marconi 2017 S/G 10Khz — 1024MHz.
TEK 7L5 + L3 — Opt 25 Tracking Gen — £900. HP180TR, HP182T mainframes £300-£500.
G, 1000 - 80 kHz TEK 7L12 — 100KHz—-1800Mc/s — £1000. Philips panoramic receiver type PM7900 — 1 to 20GHz - £400.
200H TEK 7L18 - 1.5-60GHzs — £1500. \ Marconi 6700A sweep oscillator + 18GHz PI's available.
—] oot oHz & TkHz TEK 491 10Mc/s~12.4GH25—40GHzs — £750. 12.4Ghas—40Ghzs with Mixers. HPB505A natwork ANZ + B503A S parameter test set + 8501A normalizer - £4k.
——— Linear (80kHz) Tektronix Mixers are available for above ANZ to 60GHzs HPB505 network ANZ 8505 + B501A + B503A,
Sy Donner 763 Sp ANZ + 47458 Preselector .01-18GHz + Two Mixers 18-40GHz in Racal/Dana VLF frequency standard equipment. Tracer receiver type 900A + difference meter
500 - Transit Case — £3k. type 527E + rubidium standard type 9475 — £2750.
DC conditions | 2 HPB673D Signal Generator .05-26.5GHz ~ £20k. HP signal generators type 626 — 628 — frequency 10GHz — 21GHz.
" R=1 Systron Donner 16188 Microwave AM FM Synthesizer 50Mc/s 2-18GHzs  HP432A - 435A or B - 436A — power meters + powerheads — Mc/s — 40GHz - £200-£1000.
not defined R&S SWP Sweep Generator Synthesizer AM FM 4-2500Mc/s — £3.5k. Bradley oscilloscope calibrator type 192 — £600,
ADRET 3310A FX Synthesizer 300Hz—60Mc/s — £600. HPBE14A signal generator 800Me/s — 2.4GHz, new colour £400.
0 HPB640A Signal Generators — 1024Mc/s ~ AM FM - £800. HP8618A signal gen 1.8GHz - 4.5GHz, new colour £400.
\I = T = & ] I T 1 ] ﬁ:ﬂﬂ'ﬁ ;% ans l|\-'|l.';dulaat'f&r:II'-;:;Dt;mnudllduIatm’ - £500. HP 3325A syn fu nc:ion gen 20Mc/s -££51 500.
'B651 scillator 22 - 22Mc/s. HP 3336A or B syn level generator— £500-£600.
{A27} 0 500 1000 1500 2000 2500 3000 3500 4000 HP5316B Universal Counter A+B. HP 35868 or C selective ﬁwel meter — £750-£1000,
Ohms HPB002A Power Unit 05V 0-10A 200W. HP 3575A gain phase meter 1Hz — 13Mc/s — £400.
» = HPE825A Bipolar Power Supply Amplifier, HP 8683D 5/G microwave 2.3— 13GHz — opt 001 - 003 - £4.5k.
S' bl .l. th .r e HP461A—485A—467A Amplifiers. HP 8660 A-B-C syn S/G. AM + FM + 10Kc/s to 110Mcfs Pl — 1Mc/s to 1300Me/s — TMcls to
apie currenr source wi capacirive OUprl‘ coupling HPB1519A Optical Receiver DC—400Md/s. 2600Mcls — £500-£2000.
g gm: m}rua;:gsa. " A HP B640B S/G AM-FM 512Mc/s f{; :‘ uz-ﬂr#. c.;_m 0?)1 or 002 or 003 - £800-£1250.
. N . . . i mplitu elay Distortion . HP B6222BX Sweep PI-01 - 2. z + —E1750,
he ac current source shown in Fig. 1, terminals having been transposed so that de suitable for operation from a few hundred hertz HP3770B Telaphone Line Analyser. HP 8629A Sweep Pl - 2 18GH2— £1000.
i iti : 3 s ; > sl = bl HPB182A Data Analyser. HP 862908 Sweep Pl — 2 — 18GHz - £1250.
:‘ab"img papa_f;mdve coup]:_ng to the load, is C};’“?E:}"!S}af;ﬁﬂ by way of [t:le output stage of to over 100kHz, its time-constant being at least HPS9401A Bus System Analyser. HP 86 Series P1's in stock— splitband from 10Mc/s — 18.6GHz — E250-£1k.
unstable, since its dc operating point is the A nist 1 i i HP62608 Power Unit mps. HP 8620C Mainframe — £250. IEEE — £500.
) pe gp : ase margin is t ereby improved ten times the penod_of the lowest frequency for HP3782A Error Detector. HP B615A Programmable signal source - 1MHz — 50Me/s — opt 002 — £1k.
undefined. Output exhibits a tendency to and maximum voltage compliance (the range  good voltage compliance. Components R, and :g;g;i P;?;ﬂ %exraégr. i s HP 8801A Sweep generator .1 - 110Mc/s - £300. R o)
. (: z s fat + n Convertor Oscillator 3.5-6. z. HP 3488A HP - IB switch control unit - £500 + control modules various — each.
wander ugf towards a rail. in which output voltage may lie in order to C|, compensate the control loop, Power supply HP Microwave Amps 491-492-493-494-495~1GHz-124GHz ~ £250. HP 81604 50Mcls programmable pulse generator - £1000.
i LY fe HP105B Quartz Oscillator — £400. HP 853A MF ANZ — £1.5k.
In Fig. 2, th.e output is centred on zero by maintain constant current) boosted to 10V rms  needed is #8V. HP5087A Distribution Amplifier. HP 8349A Microwave Amp 2 - 20GHz Solid state—£1500
means of the integrator feedback to set the at £15V. Alex Birkett HPG034A Systern Power Supply 080V 0-~10A—200W — £500. HP 3585A Analyser 20Hz ~ 40Mc/s — £4k.
; : . P ; 2 ) . HPB131C Digital Voltage Source+ — 100V 12 Amp. HP 85638 Analyser .01 — 22GHz - £5k.
operating point, the non-inverting input and ref ~ Gain of the integrator shown in Fig.2 is London SE22 HP4275A Multi Frequency L.C.R. Meter. HP 3580A Analyser 5Hz — 50kHz ~ £1k.
HP3779A Primary Multiplex Analyser. HP 19808 Oscil p ment sy - £600.
HP3779C Primary Multiplex Analyser. HP 34554 Digital voltmeter — £500.
HP8150A Optical Signal Source. HP 3437A System voltmeter - £300.
HP1630G Logic Analyser. HP 3581C Selective voltmeter — £250.
HP5316A Universal Counter A+B. HP 5370A Universal time interval counter — £450.
HP5335A Universal Counter A+B+C. HP 5335A Universal counter — 200Mc/s — £500.
. HP59501B Isclated Power Supply Programmer. HP 5328A Universal counter — 500Mc/s — £250.
HP8301A Modulation Meter AM — FM - also 8901B. HP 6034A System power supply —0—60V —0— 10 amps - £500.
HP5370A Universal Time Interval Counter. HP 5150A Thermal printer — £250,
X Marconi TF2370 — 30Hz-110Mc/s 750HM Output {2 BNC Sockets+Resistor for S00HM MOD with HP 1645A Data error analyser — £150.
Marconi MOD Sheet supplied — £650. HP 4437A Attenuator - £150.
Marconi TF2370 30Hz-110Me/s 50 ohm Output - £750. HP 3717A 70Mc/s modulator — £400.
Marconi TF2370 as above but late type — £850. HP 3710A - 3715A — 3716A — 37028 - 37038 — 3705A — 3711A - 37918 — 3712A - 37938

I TF23 lak B Case~£1000. microwave link analyser - P.O.R.
m:::::: Tm;g g:;bf::sh:rtogaa—“éggo.mwn el HP 3730A+B AF down converter— P.O.R.
Marconi TF2440 Microwave Counter — 20GHz— £1500. n: gg: Era ns:usslon test set—- £400.
- ™ Marconi TF2442 Microwave Counter — 26.5GHz — £2k., HE eI D etector — £500.
O Marconi TF2305 Modulation Meter — £2.3k. B 3770A Rlﬂitadl t:ansr_nlssmn an alsivssr - Eg;)gb
r I n ows Racal/Dana 2101 Microwave Counter — 10H2-20GHz — £2k. HP 37804 P::‘ll; me ae\‘;| glr:t‘%rrug:t :&z ryfecr_ﬁn .
Racal/Dana 1250-1261 Universal Switch Controller + 200Mc/s Pl Cards, g +

HP 3781A Pattern generator — £400.

Racal/Dana 9303 True AMS Levelmeter+Head — £450, IFFE - £500. =
| h e c om I ete I nteorate d TEKAG6902A also A63028 Isolator — £300—£400. NP 3782A Evroy desector - pagh, | o0
’ g TEK 1240 Logic Analyser — £400. HP 37828 Error detector (bell) — £300.
-~ TEK FG5010 Programmable Function Generator 20Mc/s — £600. HP 3785A Jitter generator + receiver— £750-£1k.
S h t & P c B : P TEK2465A 350Mc/s Oscilloscope — £2.5k + probes —£150 each. HP 8006A Word generator — £100-£150.
C e m a. l C ayout ac age TEK CT-5 High Current Transformer Probe — £250. HP 8018A Word generator — £250,
TEK J16 Digital Photomater + J6523~2 Luminance Probe — £300. HP B170A Logic pattern genarator — £500.
wW ROTEK 320 Calibrator 350 High Carrent Adapror AC-DC - £500 HP SO800A Mt hecomoonae o 153
2 librator + igh Current Adaptor - 3 Multiprogrammer HP — 1B — £300,
indows Ranger 2 FLUKE 51028 AC-DC Calilpralo{r— m.{m ;h:i;s w\usslsﬁ.:‘Ir RAF sﬁn 5 S0,1 ~1GHz—AM + FM = £1000. e
i Ranger 2 Outputs: FLUKE 1120A |EEE — 488 Translator — X .A. Spectral Dynamics SD345 spectrascope 111 - LF ANZ — £1500.
For quows 95_ & NT ! Full \-f"end Of'P Tinsley Standard Cell Battery 56448 — £500. Tektronix R7912 Transient waveform digitizer — programmable — £400,
= New Hierarchical Circuit ull ¥vindows Qutputs Tinsley Transportable Voltage Reference — £500, Tektronix TR503 + TM503 tracking generator 0.1 — 1.8GHz - £1k— or TR502.
= Spli L . Plus - HP-GL FLUKE Y5020 Current Shunt - £150. Tektronix 576 Curve tracer + adaptors — £900.
plit Devices » Gate & Pin Swap Cerb HP745A -+ 746A AC Cal ibrator — £600, Tektronix 577 Curve tracer + adaptors — £900.,
» New Edit Devices in Circui e HPB8080A MF + BOS1A 1GHz Rate Generator + 8092A Delay Generator + Two B093A 1GHz Amps  Tektronix 1502/1503 TOR cable test set— £1000.
cuit NC Drill + 15400A - £800. ;s:ttfon:x AMS03 Current probe + TM501 rm’fral me - mmh pon
L i HP54200A Digitizing Oscilloscope, ; aktronix SC501 — SC502 - SC503 — SC504 oscilloscopes - £75- 1
Copper Fill = Power Planes AutoCad DXF HP117298 Carrier Noise Test Set 01-18GHz — LEF ~ £2000. Taktronix 455 — 4658 — 475 — 2213A — 2215 — 2225 _ 2235 — 2245 — 2246 — £250-£1000.
= Autorouter * Back Annotation HP3311A Function Generator — £300, Kikusui 100Mec/s Oscilloscope COS6100M — £350,
Marconi TF2008 — AM-FM signal generator — also sweeper — 10Kc/s — 510Mc/s — from £250 —  Nicolet 3091 LF gscilloscope — £400.
tasted to £400 as new with manual - prol;:o:gg in wooden carrying box. gl.::: ;?;1 ~ 1992 - 1888 — 1300Mc/s counters — £500-£900.
W' H HP Frequency comb generator typa 8406 — . u -40 High voitage probe in case — BN — £100.
% indows Ranger 2 with Specctra SP2 HP Vector Voltmeter type 8404~ €400 new colour. i Recal Recorders - Store 44D — 7 - 14 channels in stock — £250 - £500.
i HP Sweep Oscillators type A&B + plug-ins from 'sto 18GHz also 18-40GHz. P.O.R.. acal Store Horse Recorder & control — £400-£750 Tested.
anger & SPEC“"{ Autorouter provide the most cost HP Natwork Analyzer type B407A + 8412A + 8501A— 100Kc/s — 110Mcs — £500 - £1000. EIP 545 microwave18GHz counter — £1200,
effective PCB Design system available. A powerful, HP Amplifier type 8447A — 1-400Mc/s £200 — HPB447A Dual — £300, Fluke 5104 AC ref standard ~ 400Hz - £200.
. sl i . HP Frequency Counter type 5340A — 18GHz £1000 —rear output £800. Fluke 355A DC voltage standard — £300.
intuitive system at an outstanding price! HP 8410 - A - B - C Network Analyzer 110Mc/s to 12GHz or 18GHz — plus most other units and  Wiltron 610D Sweep Generator + 6124C Pl - 4— 8GHz — £400.
displays used in this set-up —8411a — 8412 - 8413 - 8414 - B418 - 8740 - B741 — 8742 - 8743 - Wiltron 810D Sweep Generator + 610840 Pl — 1Mc/s — 1500Mc/s — £500.
w. d R 2 U 8745 - 8650. From £1000. S AN Eoen ot gme Elsctronics 9814 goltage calibrator— £750. p
WS Racal/Dana 9301A — 9302 RF Millivaltmeter - 1.5-2GHz - , me Electronics 9811 Programmable resistance ~ £600.
U IrId ¥ E?n'ge;CB P, pkgradew d M il Ll s H;n u'eglns S ' |GD'C' il o o1 atie "E:'ak?fé"ma MF —£250. Both £500
rade your existin ackage i arconi RCL Bridge type TF2700 ~ £150., weep Pl YIG oscillator .01 —4GHz — £300. — £250. Bot .
Pg Y e g0 INAows M i/Saunders Signal S type — B058B — B070A — 60554 — 6059A — G057A — 6056 — Schlumberger 1250 Frequency response ANZ — £1500.
Ranger 2. £250-£350. 4OOCM1:.F5 o 18GHz. SRS Biia Dummy Loads & power att up to 2.5 kilowatts FX up to 1$GHz gmmkcgv;ié\;e ;'nns new and ex
: " . Marconi TF1245 Circuit Magnification meter + : scillators — £100-£300. equipt - refays — attenuators — switches — waveguides — Yigs — plugs —adaptors.
Demo disc available £5.00 (Prices exc VAT/P&P) Mareoni microwave Bsomgsmep osc,, mainframe with 6650 P| — 18-26.5GHz or 6661 Pl - 26.5-  B&K Items in stock — ask for list.
- 40GHz - £1000 or Pl only £600. MF only £250. WEG Items in stock - ask for list. o
Marconi distortion meter type TF2331 - £160. TF2331A - £200. Power Supplies Heavy duty + bench in stock—Farnell— HP - Weir— Thurlby — Racal etc. Ask for list.
a : ﬁ ﬁ_,% [5’— ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EXWORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT DR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE. VAT AND CARRIAGE EXTRA
—_— ¥ (S s ‘_ TTEMS MARKED TESTED HAVE 30 DAY WARRANTY, WANTED: TEST EQUIPMENT-VALVES-PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

Fax 01705 599036 8 Euss Limewors, Kila Lape, Advariecd Sysisas 8. Tectnology for BCR MunHeni Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No: (01274) 684007, Fax: 651160
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Hart Audio Kits and factory assembled units use the unigue
combination of circuit designs by the renowned John Linsley
Hood, the very best audiophile components, and our own
engineering expertise, to give you unbeatable performance
and unbelievable value for money.
We have always led the field for easy home construction to
professional standards, even in the sixties we were using
easily assembled printed circuits when Heathkit in America
were still using tagboards!. Many years of experience and
innovation, going back to the early Dinsdale and Bailey
lassics gives us | design backg in the
needs of the home constructor. This simply means that
building a Hart kit is a real pleasure, resulting in a piece of
equipment that not only saves you money but you will be
proud to own.
Why not buy the reprints and i | for the kit
you are interested in to see how easy it is to build your own
equlpmant the HART way The FULL cost can be credited
inst your subseq kit p

‘AUDIO DESIGN' 80 WATT POWER AMPLIFIER.

This fantastic John Linsley Hood designed amplifier is the flagship
of our range, and the ideal powerhouse for your ultimate hifi
system. This kit is your way to get £K performance at bargain
basement prices. Unique design features such as fully FET
stabilised power supplies give this amplifier World Class
performance with startling clarity and transparency of sound, allied
to the famous HART quality and ease of

Standard model comes with a versatile passive front-end giving 3
switched inputs, with ALPS precision "Blue Velvet" low-noise
volume and balance controls, no need for an external preampl,
Construction is very simple and enjoyable with all the ditficult work
done for you, even the wiring is pre-terminated, ready for instant
usel, All versions are available with Standard components or

iall lected Super Audiophile components and Gold Plated
speaker terminals and all are also available factory assembled.
K1100 Complete STANDARD Stereo Amplifier Kit, .. ... . £415.21
K1100S Complete SLAVE Amplifier Kit, .. .. ...... ... £353.62
K1100M Complete MONOBLOC Amplifier Kit, .. E271.20
RLH11 Reprints of latest Amplifier articles .. ... ... ... £1.80
K1100CM Construction Manual with full pants lists ...... .. £5.50

ALPS “Blue Velvet" PRECISION AUDIO CONTROLS.

Now you can throw out those noisy ill-matehed carbon pots and
replace with the famous Han exclusive ALPS 'Blue Velvet' range

ts only used ively in the very top flight of World
ctass amplifiers. The improvement in track accuracy and matching
really is incredible giving better tonal balance betwaen channeis
and rock solid image stability. Motorised versions have 5v DC
metor.

MANUAL POTENTIOMETERS

2-Gang 100K Lin. . ......... .. R15.67
2-Gang 10K, 50K or 100K Log. ...c.ovviniininiaiiiin, £16.40
2-Gang 10K Special Balance, zero crosstalk and zero centre !
L SR S L e R e R £17.48
MOTORISED POTENTIOMETERS

2-Gang 20K Log Volume Control .........c.cvmvunvrans £26.20
2-Gang 10K RD Special Balance, zero crosstalk and less than 10%
1055 incentre POSIION . . . . c.vvvveiiansinnrransrnsns £26.98

TOROIDAL MAINS & OUTPUT TRANSFORMERS
for EL34, 32W VALVE AMPLIFIER

Special set of toroidal transformers, 2 output & 1 mains for the "Hot
Audio Power" valve amplifier design described in tha Oct. 1995
issue of “Wireless World". Total Wt 4.8Kg. Special price for the set.
£98, Post £8

RJM1. Photocopies of the Article by Jeff Macaulay. £2

PRECISION Triple Purpose TEST CASSETTE TC1D.

Are you sure your tape recorder is set up to give its best? Our latest
triple purpose test cassette checks the three most important tape
parameters withoul test equipment. ldeal when fitting new
heads. A professional quality, digitally mastered lest tape at a

The Home of Wé—?Mw. Its not what you do,

its HOW you do it that counts!.

SHUNT FEEDBACK PICKUP PREAMPLIFIER

If you want the very best sound out of vinyl discs then you need our
high quality preamplifier with Shunt Feedback equalisation. The
K1450 also has an advanced front end, specially optimised for low
impedance maving coil cartridges as well as moving magnet types
Selected discrete components are used throughout for ullimate
sound quality, The combination of John Linsley Hood design, high
quality components and an advanced double sided printed circuit
board layout make this a product at the leading edge of technology
that you will be proud to own. A recent review in "Gramophone”
magazine endorsing this view. Bought in kit form our step by step
instructions it is very easy and satisfying to assemble, or you can
buy a factory assembled version if you wish.

This magnificent kil, comes complete with all parts ready to
assemble inside the fully finished 228 x 134 x 63mm case. Comes
with full, easy to follow, instructions as well as the Harl Guide to
PCB Construction, we even throw in enough Harl Audiograde Silver
Solder to construct your kitl

K1450 Complate KH . voocvrvsvvriainroivaiassmass
K14505A Audiophile Kit e
A14508A Factory assembled Audiophile unit ... ..., . £188.94

“CHIARA" HEADPHONE AMPLIFIER.

Highest quality, purpose designed, 'single ended’' class ‘A’
headphone amplifier for ‘stand alone’ use or to supplement those
many power amplifiers that do not have a headphone facility. Easy
installation with special signal link-through feature, the unit uses our
‘Andante’ Ultra High Quality power supply.
Housed in the neat, black finished, Hart minibox it featuras the wide
!requancy r low-distortion and ' that one
tes with igns from the d John Llnsls'_.r Hood.
Veolume and balance controls are Alps “Blug Velvet” companents.
Very easy to build, or available factory assembled, the kit has very
detailed instructions, and comes with Hart audiograde silver solder.
A valuable personal listening option and an attractive and
harmonious addition to any hifi system.
K2100 Complete Standard Kit . ...........i0ivunennn £112.50
K2100SA 'Series i ile" Kit with sel i il
components ...... PR R R R R R A b Sy
A2100SA ‘Series Audiophil ; .
CM2100 Construction Manual

“Andante” Linear Technology
AUDIOPHILE POWER SUPPLIES

The HART “Andante” series power supplies are specially designed
for exacting audio use requiring absolute minimum noise, low hum
field and total freedom from mechanical noise.
Utilising linear tachnology throughout for smoothness and
musicality makes it the perfect pariner for the above units, or any
equipment requiring fully stabilised +15v supplies.
There are two versions, K3550 has 2 +15v supplies and a single
15v for relays etc. K3565 is identical in appearance and has one
+15v. Both are in cases to match our ‘Chiara’ Headphone Ampiifier
and our K1450 "Shunt Feedback" Pickup preamp.

K3550 Full Supplywithalloutputs . ............c0000n £94.75
K3565 Power Supply for K1450 or K2100 . ... EB4.42
A3550 Factory Assembled Full Supply ..........oo00. 2147 25

SPEAKER DESIGN SOFTWARE.
VISATON “Speaker Pro 6" is a complele speaker design program
for use on IBM machines. Covers cabinet and crossover design and
contains a full expandable database of drive units. Eamning a “most
reccommendable” accolade it tests this program is ideal for the
professional speaker builder or serious audiophile.

0303 Speaker Pro6.3.5'Disk ... ... ... i £45.51
0309 Demo Version with Database .................... £9.28
SPEAKER DAMPING MATERIALS

Palyester Wool and Pure Lambs Wool both have optimal damping
properties and are pleasant to handle. Standard 125g bag is
sufficient for 20 litres enclosure volume.

ROARING SUBWOOFER.

A full revised kit will be available soon for this excellent and imaginative
design from Russel Bredon (WW Feb.97). The latest design will use
the 30mm maximum cone displacement of the 10" VISATON GF250
Drwer to give even betler psrlormance at slightly reduced cost.

g a rubber pole plate,
venled magnel Kapton camet and dual -tohm 'mnce coils the GF250 is
unbelievably good value at only £111.45 each,

SPECIAL OFFERL SOLENOID CONTROLLED
FRONT LOAD CASSETTE DECK SFL800

High quality (0.08%W&F) ¢ mechanism with capability of
using standard or downstream monitor R/P head. Offars all
standard facilities under remole, logic or software control. The
control requirements are so simple that for many applications not
needing all functions manual switches will suffice. Power
requirements are also simple with 12v solenoids and 12v speed
controlled Motor, total power requirement being under 300maA.
Logic control and wiring circuits are included free with each deck.
SFLB00 Deck with Standard stereohead .............. £29.50
SFLB00D Fitted with High Quality Downstream meonitor head. £44,90
(The Head alone is normally over £601)

HART TECHNICAL BOOKSHELF
Try us for:- Bigger Range of Books, Better Prices,
NGO “28 Day Wait"

“AUDIO ELECTRONICS" John Linsley Hood .......... £18.99°
“THE ART OF LINEAR ELECTRONICS”

JohnLingley Hood, 1984 0o i e i sanvaias £16.95°
“THE ART OF ELECTRONICS" Horowitz & Hill . ....... £35.00°
“DIGITAL AUDIO AND COMPACT DISC TECHNOLOGY"
Brd.Edr: 0-240 S1IOTE 4 siisbiiiii s va v s s, £19.95°

ISBM 1870775228 ........ociiieiiinnnns
“ACTIVE FILTER COOKBOOK" Don Lancaster .
“THE ART OF SOLDERING" 0-85935-324-3. 0 £
“TOWERS' INTERNATIONAL TRANSISTOR SELECTOR"

0-572-01062-1 £19,

“AUDIO” FAWISOn. BP111 ... .ooiniinninnainannay £3.95
“HOW TO USE OSCILLOSCOPES & OTHER TEST EQUIPMENT”
RAPBIol. BP2BT 1oe v iosininsaoins s absains s swsissas £3.50
“THE HART PRINTED CIRCUIT BOARD CONSTRUCTION
GUIDE. " o f i e stk e el i e d £2.50
“A SIMPLE CLASS A AMPLIFIER"

J.LLinsley Hood MLE.E. 1969, RLH12 ... ........... £275
“CLASS-A POWER" Single Ended 15W Amp.

J.L.Linsley Hood MILEEE. 1996. BLH13 .. .............. £2.50

LOUDSPEAKERS; THE WHY AND HOW OF GOOD

REPRODUCTION. G.Briggs. 1949. ................... £8.95
“THE LOUDSPEAKER DESIGN COOKBOOK"

Vance Dickason, (SthEdn.) ........coviviiiiiniiies £23.95*
ELECTROSTATIC LOUDSPEAKER DESIGN AND
CONSTRUCTION Ronald Wagner BKTE ... ........... £15.95
“THE ELECTROSTATIC LOUDSPEAKER DESIGN COOKBOOK"
Roger P.Sandors. 1085, . .. .crevnrorny snrvishannsans £24.95
“BULLOCK ON BOXES" Bullock & White ............. £10.95
“AN INTRODUCTION TO LOUDSPEAKERS & ENCLOSURE
DESIGN" V. Capal. BF256 ..+ . criiverivivarannnsanis £3.95
“LOUDSPEAKERS FOR MUSICIANS" BP297 ... ... .. . £3.95
“THEORY & DESIGN OF LOUDSPEAKER ENCLOSURES”

B BBNBON o v m i in s ms AL = o ey £21.95
“QUICK & EASY TRANSMISSION LINE SPEAKER DESIGN”
=Ty 6 e T T SO, SRS TS O T e . £8.95
“THE COUPLED CAVITY HANBOOK" David Purton ... ... £4.90
“VISATON. HOME HI FI CATALOGUE." Full Specifications and
Thiele Small Dataonall Drive Units ... .........0000nas £4.50

“VISATON. CAR HI FI CATALOGUE." In car guide
“VISATON. CABINET PROPOSALS" Book 1. In GERMAN £6.50
“VISATON. CABINET PROPOSALS"” Book 2. In GERMAN £6.50
“SPEAKER PRO 6." VISATON Cabinet Design Software . . £45.51
“SPEAKER PRO 6."” Demo Version with drive unit database £9.28

“VALVE AMPLIFIERS" Morgan Jones. 1985/6
THE VTL BOOK David Manley 1994. BKVT1 .£17.95
MULLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS BKAA27

............................................... £11.95
“THE WILLIAMSON AMPLIFIER.” 0-9624-1918-4 . ...... £6.95
AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN.
BEG 1887~ criudisiesl L it el dalii s pa ik es e £17.95

AUDIO ANTHOLOGIES, articles from Audio Engineering. Six
volumes covering the days when audio was young and valves were
kingl. BKAASN 106, ... ..ocooiiaiiiiiiiions All £12.95 each
“THE RADIOTRON DESIGNERS HANDBOOK" (CD) . . . . £49.00
“PRINCIPLES OF ELECTRON TUBES" H.D.Reich PH.D. £25.95
“POWER AMP PROJECTS” Anthology, 1970-1989. .. ... £15.50
“WORLD TUBE DIRECTORY" 1996-7 Sourcebook of valve

relaed ProdUels: < o e e e s e e £5.95
Fuller descriptions of the contents of all our books is given in our full
o T e £4.50

Postage on all books, unless starred, is only £2 per book,
maximum £4.50 for any number, any sizel. Starred items are heavy
books costing £3.50 to send.

Don'’t forget No waiting at HART!. All listed books are normally
in stock!. Just ring with your Credit Card Number for instant
despatch!,

POSTAGE on UK Orders up to £20 is £2, Over £20 Is £4.50.
OVERSEAS Please Enguire.
Fuller Details of ALL kits are given in our

rice anyone can afford.
ook Cassetis TCTDL OUF HEB 05 s £999 509 ﬁﬁi‘é‘fféé’!“&'a&?’i%s; it G | G EREE S e
Send for Your FREE copy 24 Hr. ORDERLINE 0DI691 652894 All Prices include

of our LISTS

Fax. 01691 662864

UK/EC VAT.
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NEW PRODUCTS CLASSIFIED

ACTIVE

Discrete active devices

Low-power, high-gain rf transistor.
Motorola's MAF317T1 low-power rf,
n-p-n transistor is meant for use in
low-noise, wide dynamic range front
ends in pagers and cellular
telephones. Gain-bandwidth product
is 6GHz typical at 6V/2A and noise
figure 1.7dB at 500MHz (2.3dB at
1GHz). This is a surface-mounted
device in SC-70/SOT-323, supplied
on tape and in reels. Motorola. 001
602 244 6108; fax, 001 602 244 4597

Schottky arrays. Zetex announces
two Schottky diode arrays, in both
s-m and through-hole versions,
designed to reduce noise caused by
reflections, cross talk and switching
on high-speed parallel data lines.
SDA 12 (six diodes) and SDA 32
(twelve) clamp between two supplies,
such as V. and ground, their high
peak forward current and low voltage
and capacitance proving effective in
the protection of data lines.
Packaging is 8-pin and 20-pin SO or
dil for through-hole mounting. Zetex
plc. Tel., 0161-627 5105; fax, 0161-
627 5467.

Linear integrated

circuits

400MHz op-amps. MAX4308/9 are
voltage-feedback operational
amplifiers from Maxim which combine
high speed with very low distortion,
meant for low-level, 12-bit to 16-bit
application in medical imaging and
instrumentation. They are
decompensated versions of the
4108/9 and need closed-loop gain of
5 (4308) and 10 (4309). The 4308 has
a 220MHz -3dB bandwidth, a
1200V/us slewing rate and dynamic
range free from spurii of 93dBc at
5MHz and R_of 10082; the 4309 has
a bandwidth of 200MHz. Further
characteristics include 90mA output
current, 0.004% differential gain and
0.008° difierential phase. Settling time
is 8ns to 0.1% and 12ns to 0.01%.
Maxim Integrated Products UK Ltd.
Tel., 01734 303388; fax, 01734
305511.

Instrumentation amplifier.
Burr-Brown's INA22 precision
differential instrumentation amplifier
takes only 60LLA quiescent current
from a single or dual 2.2-36V supply
and its input common-mode range

extends to 0.1V below ground. A
single external resistor sets voltage
gain from 5 to 10000, offset drift from
the 2501V maximum input voltage
offset being 3uV/°C. Output swing is
within 100mV of the rails. Burr-Brown
International. Tel., 01923 233837, fax,
01923 233979.

Microprocessors and

controllers

Risc microcontrollers. Holtek's
48x00 range of microcontrollers
feature risc architecture and have a
maximum of 224byte of general-
purpose data ram, 16 by 8Kb of
program ram and special-purpose
data memory. There are 63 single-
word instructions, 56 bidirectional ifo
lines and internal and external
interrupt sources. Additionally the
chips possess a programmable
watchdog timer with a built-in
oscillator and, on some of the range,
voice synthesis and tone generation.
A low-cost Windows-based
development package is available.
Joseph Electronics Ltd. Tel., 0121
643 6999; fax, 0121 643 2011.

Mixed-signal ICs

Video capture and decoding.
Brooktree have two new devices for
the capture of analogue and decoding
of NTSC/PAL/SECAM video, both in
single chips. Bi828 is a low-cost
device for pc capture applications
such as image processing,
videoconferencing and interactive
video, supporting both square pixel
and CCIR 601 resolution, with a pixel
port for a number of interfaces. Other
features include chroma/luma filtering,
scaling and closed-caption decoding,
with programmable hue, brightness
and contrast and window cropping.
Bt848 is intended for pc television,
Intercast, H.234 desktop
conferencing, motion video capture,
still capture and VBI data. As a bus
master, no local memory buffers are
needed to store pixel data. It is
independent of the PCI bus. Telecom
Design Communications Ltd. Tel.,
01256 332800, fax, 01256 332810.

Motors and drivers
Rectifier kits. Kits for use in the
design of drives for 230V ac or 460V
ac motor drives in the 370W to 11kW
region can be had from International
Rectifier. PoweRtrain kits contain all
power conversion and contral
circuitry, with or without braking, in
modules significantly smaller than
many other motor controllers.

booooeooeooooOOOOOONGROIOIOOIOBRODOOEBDS
Please quote “Electronics World” when seeking further information

Features include an integrated power
stage, control stage, a bill of
materials, complete circuit diagrams,
Gerber plots for board layouts and a
system specification. International
Rectifier. Tel., 01883 732020; fax,
01883 733410.

PASSIVE

Cameras

Very small camera. DM340 by Dyna
Image is claimed to be the smallest
ced inspection camera with built-in
lighting currently available. The lens is
mounted on a flexible metal tube up
to 300cm long or on a 300cm cable, If
lighting is not provided; a mirror-
image side-view attachment can be
used. Output is EIA or CCIR with 512
by 492 or 512 by 582 pixels
respectively. Auto exposure is 1/60 to
1/10000 or 1/50 to 1/10000 in the two
formats. Case size of the main unit is
55 by 30 by 151mm. Selectronic Ltd.
Tel., 01993 778000; fax, 01993
772512.

Passive components

Square pots. Rotary potentiometers
from Taiwan Alpha have a square
body measuring 9mm per side and a
snap-in board mounting. The pots
come with one, two, three and four
tracks in values from 5k(2 to 200k€2,
all having metal bushing and shafts
and, as options, push-lock
mechanisms, rotary switches and/or
momentary push switches. Ratings
are 0.05W and 50Vac. TW
Electronics Ltd. Tel., 01635 278585;
fax, 01635 278122.

Oscillators

Vcos. Vari-L surface-mounted,
voltage-controlled oscillators use
a supply of 3.3V or 5V (some at
1.2V, 3.5mW) and are available
in 15 centre frequencies
between 773MHz and 992MHz
and one at 1960MHz. All are
single-ended, producing phase
noise of under —108dBc/Hz at
1GHz, suppression of second
harmonic better than —12dBc
and of third harmonic better than
—24dBc. Acal Electronics Ltd.
Tel., 01344 727272, fax, 01344
424262,

Miniature transformers. Dual-output,
board-mounted mains transformers
by Stontronics offer the choice of two

| inputs and five outputs. Each has two

independent secondary windings and
independent primaries to handle 115V
or 230V input voltages. All conform to
|EC742 and BS415 and have double-
section bobbins for maximum
insulation between windings. The
units are designed to confer flexibility
but the company points out that
special requirements can also be met.
Stontronics Ltd. Tel., 01734 311199;
fax, 01734 311145,

Small trimpots. More surface-
mounted trimming potentiometers are
added to the Bl range in the form of
three 4mm square, sealed, single-turn
types, the 23G, 23GL and 23J models.
The first two are gull-wing types with a
mounted height of 2.54mm and
2.31mm, while the 23J is a j-hook

version of 2.1mm height. All three are
available in values of 10€2-2MQ and
are rated at 200V dc at 0.25W.

| Temperature range is —55°C to
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125°C. Bl Technologies Ltd, Tel.,
0116 2781133; fax, 0116 2781199,

Transformer core kits. Philips offers
a range of planar E cores in kits to
simplify design and development of
low-profile transformers for switched-
mode power supplies, in which the
‘windings’ are printed on the board.
Thermal resistance is reduced by
about 50% over conventional
wirewound units. Hawnt Electronics
Ltd. Tel., 0121-784 3355; fax,
0121-783-1657.

Latching solenoids. Permanent
magnets are used in Densitron’s new
range of solenoids for a latching
action without the use of holding
power. For some applications,
medical or chemical processes, for
example, the lack of power supply
and therefore heat is essential. The
solenoids run at high speed and stop
immediately when power is removed
with very little temperature increase.

Low-Z electrolytics. Samwha's
RZ range of electrolytics show
very low impedance at high
frequencies, a 2001LF, 50V type
having an impedance of 0.075£2
at 100kHz and 20°C. Case size
is only 10mm diameter by
25mm, but allowable ripple is
1040mA at 105°C and 100kHz.
Under those conditions, its life is
5000 hours, but at 7°C it would
be 40,000 hours. Range of
values is 1-150000LF at ratings
between 6.3Vdc and 63V dc. All
values are to within £20% and
components are protected
against cleaning fluids. Samwha
Electric UK. Tel., 01748 850555;
fax, 01748 850556.

Densitron Europe Ltd., 01959
700100; fax, 01952 700300.

Ntc thermistors. Shibaura NTC
thermistors are now available in the
UK from BF| Ibexsa. The thermistors
are for use at high temperatures up to
500°C and use a fine ceramic chip
and glass coating, which makes for
stability and reliability. BFI IBEXSA
Electronics Ltd. Tel., 01622 882467;
fax, 01622 882469,

Surface-mounted inductors.
Magnetix CM32/45 general-purpose,
s-m inductors are in standard 1210
and 1812 packages, are wirewound
and epoxy encapsulated. The range
of values is 0.1-1000uH in 10% E6
values, E12 to order. They withstand
wave and flow soldering and come
taped and reeled. Anglia. Tel., 01945
474747, fax, 01945 474849,

Axial inductors. Total Frequency
Control makes a range of miniature
inductors on ferrite cores with axial
leads, the EC36 range, which covers
the 0.1-1000H range of values.
Termination technique used ensures
mechanical strength and an epoxy
coat protects the devices against
humidity. Leads are normally straight,
but can be preformed, and the
inductors are available loose, taped
and reeled or ‘ammo’ packed. Total
Frequency Control Ltd. Tel., 01903
745513, fax, 01903 742208; e-mail,
eddie@tfc.co.uk.

Chip inductors. Type LEM
wirewound, surface-mounted chip
inductors by Taiyo Yuden handle
currents up to 720mA and are made in
hf, high-current and standard versions
from heat-resisting resin. Self-
resonant frequency of the hf type is up
to 4.3GHz with Q at 1GHz to 60 and in
values from 10nH to 100nH at +10%
or £20% tolerance. The miniature
high-current inductors have values in
the 1-33uH range to the same
tolerance and take up to 475mA; srf is
a minimum of 165MHz at 1uH and Q
10-20. In the standard version, values
are 0.12-220uH with the addition of
5% tolerance, current 720mA and srf
over 600MHz at 0.12uH; Qis 10-50.
Taiyo Yuden UK. Tel., 01494 464642;
fax, 01494 474743,

Carbon-film resistors. Including the
RKL2 at 0.8mm by 2.2mm, the RKL
range of miniature carbon-film
resistors have no metal caps and
have the leads soldered in with high-
temperature solder, Power ratings are
from 35mW to 70mW at 70°C and
working voltages 60-100V. The
smallest RKL2 range of components
comes in 5% values from 24Q) to
200k in E24 and 102 to 10MQ in
E12 10% values; RKLS5 resistors have
higher values up to 22MQ. Long-term
stability is better than +2%. Rhopoint
Components Ltd. Tel., 01883 717988;
fax, 01883 712938.

Connectors and cabling

Optical-fibre contacts. BPO optical
contacts and accessories for a single
multi-mode optical fibre are intended
for use with high bit rate or broadband
telecomms, military and broadcast
systems where signals must be taken
through equipment back panels. The
BPO contacts, an extension of the
company's EC range, snap into
DIN41612 housings in 3U Eurocard
and 6U pcb backplanes and can be
combined with coaxial and signal
contacts in the same housing. Single-
mode insertion loss is 0.5dB and
return loss over 60dB. Transradio Ltd.
Tel., 0181 997 8880; fax, 0181 997
0116.

Digital video cable. Alcatel Serial
Digital Video Cable is smaller than
usual in diameter, has a 0.6mm solid
plain copper core and cellular
polyethylene insulation, shielded with
aluminium/Petp tape and a 0.15mm
tinned copper wire braid. Quter is a
low-smoke, zero-halogen jacket.
Capacitance is 56pF/m, resistivity
62.5(0/km. Wadsworth Electronics
Ltd. Tel., 0181-268 6500; fax, 0181-
268 6565.

Flexible circuit connectors. A rotary
locking mechanism eliminates poor
mating and reduces assembly time on
a range of high-density, low-profile,
surface-mounted connectors by JAE
for the connection of flexible circuits
to boards. JAE IL-FHA 0.5mm pitch
connectors contain 6-50 contacts and
protrude only 1.9mm above the
board. The locking mechanism
provides rapid, zero-force insertion,

voltages to 2.3KV in harsh
surroundings are featured
ATE family of precisios
wirewound resistors, de
for reliable operation oy

apart from making for increased
security in the presence of shock and
vibration. There are straight and right-
angled variants and a type to fitinto a
cut-out in the side of the board to
make the assembly even thinner.
Ratings are 50V ac and 500mA,
contact resistance being 20m£2. JAE
Europe Lid. Tel., 01276 21717; fax,
01276 66165.

Crystals

Quartz and ceramic resonators. A
full range of frequency-standard
components from Railtron comprises
everything from simple chip
resonators to rubidium and caesium
frequency standards. Ceramics cover
the 2-6MHz frequency range to within
+3% in a variety of mounting styles,
while in crystals there are ultra-thin

952

ELECTRONICS WORLD November 1997

devices, clocks, oscillators and crystal
units to 622MHz vxcos, 500MHz
txcos, oxcos and filters. High-
accuracy crystals are made in the
range 800kHz to 360MHz to between
+3ppm and £50ppm. Sematron UK
Ltd. Tel., 01256 812222; fax, 01256
812666.

Ceramic resonators. Murata's CSA,
CSAC and CST ranges of Ceralock
ceramic resonators are only about a
third the price of crystals which,
unsurprisingly, makes them popular in
clock generators. They can also be
used in the updating of older designs
and some are available with built-in
capacitors. Frequency range is
1.26MHz to 50MHz in leaded and s-m
versions to a tolerance of +0.25%
over —40°C to 125°C. Surtech
Interconnection Ltd. Tel., 01256
351221, fax, 01256 471180.

Displays

Edge-lit panels. Comled edge-lit
displays by Comtronic are intended
for use in aircraft, road vehicles, trains
and the like, offering improved
performance over filament or
electroluminescent types. Their

‘conventional high-
 transformer to 10%,
{ eat stress and saving

. The driver's life is 15 to
years whereas traditional
itrollers have a life expectancy
f years. Although it has a
regulated output, the unit can still
be used with a conventional
dimmer. Capable of driving lamps
to 60W, Digital Oriver is mains
driven, isolated, and overload
protected. It measures 124 by 42
by 39mm. Universal
Transformers, 2 Hurworth B el

Newton Aycliffe, Co Durham BL5 |
8UD. Tel. 01325 3174:
01325 311081. ‘
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advantages include low power
consumption, long life, variable light
output and blue, green, yellow, orange
or red illumination. Any light source
from 2V to 120V ac or dc may be
used for readability in sunlight. Acal
Electronics Ltd. Tel., 01344 727272
fax, 01344 424262.

Test and measurement

Waveform generator. Waveforms
from the TTi TGA1230 arbitrary
waveform generator may be specified
by front-panel editing controls, from a
digital storage oscilloscope or by
down-loading waveforms from a pc;
Windows-based software is provided
for the creation and editing of
waveforms on a pc. Frequencies in
the range 1mHz to 10MHz may be
displayed and defined with 12-bit
vertical resolution and 4-65536
horizontal points. A ram will store up
to 50 waveforms. The TGA1230 also
operates as a conventional function
generator, providing sine, cosine,
haversine and havercosine signals in
the 1mHz-10MHz range and square
waves to 15MHz. It will also generate
triangle, ramp and sinx/x waveforms.
Several types of modulation can be
applied. Thurlby Thandar Instruments
Ltd. Tel., 01480 412451, fax, 01480
450409,

Hand-held spectrum analyser.
Meant for installation and servicing
work, the Model 3200 RF Field
Analyser marketed by Datalines works
on signal in the 100kHz-2GHz range.
It is powered by rechargeable
batteries, has a liquid-crystal display
and an AS-232 interface to allow
displays to be saved on a pc.
Datalines Communications Lid., Tel.
and fax, 01908 370011.

High-voltage probes. Test and
Measurement Marketing can supply a
range of instrument probes to cope
with voltages up to 40kV, with a
bandwidth of 100MHz in the PHV
4000-3, or 6kV at 400MHz for the
PHVS series. All the probes are
adjustably frequency compensated
and attenuation is 60dB, other ratios
being supplied to order. Input
impedance is 50ME2 and 2pF for the
4000-3 or 50ME) and 6pF for the
PHVS. Test and Measurement
Marketing. Tel., 01626 333455; fax,
01626 53053.

CE wattmeter. Feedback's EW1604
electronic wattmeter, already in
common use worldwide, has been
upgraded to allow it to exceed the
European standards and obtain the
CE mark. Its power range is
250mW-10kW fsd at 0-20kHz. Input
voltage is 5-1000V and current S50mA-
10A, for any waveform. Feedback
Test and Measurement. Tel., 01892
653322; fax, 01892 663719.

FFT plug-in. Tektronix has introduced
the TDS2MM, a plug-in module for the
TDS§200 range of real-time digital
oscilloscopes. The module adds fast
Fourier transform analysis and the
functions of automatic rise-time, fall-
time, positive and negative pulse-
width measurement to the
oscilloscopes and provides RS232,
Centronics and GPIB ports for printing
and remote control. Tektronix UK Ltd.
Tel., 01628 403300, fax, 01628
403301,

Literature

Reed relays and sensors. New
brochures from Crydom are
concerned with ranges of reed relays
and sensors for flow and level
measurement. Reeds are available in
rf types for 0-30MHz and in high-
voltage versions for 0-15kV, in
addition to those for general-purpose
use. Flow switches provide pressures
to 10bar, switching up to 1.5A.
Crydom. Tel., 01202-897 964, fax,
01202-891 918.

New from Fiuke. Fluke has the latest
catalogue of test gear and data
acquisition equipment, and also can
supply several other catalogues
covering digital multimeters,
Scopemeters, the new Industrial
Scopemeter 123 and others in their
range. Fluke UK Ltd. Tel., 01923
240511, fax, 01923 225067.

Cs and Rs. Capacitors and resistors
marketed by Hawnt are the subject of
a product guide, in which are
described components from seven
manufacturers: Arcotronics, AVX,
Beyschlag, Nippon Chemi-Con,
Welwyn and Wima. There are
selection charts for leaded capacitors
and resistors and separate section for
surface-mounted devices. Hawnt
Electronics Ltd. Tel., 0121-784 3355;
fax, 0121-783 1657.

Livingston Rental. Livingston
presents a brochure on Tektronix
oscilloscopes and logic analysers, the
oscilloscopes including exotic
machinery with a bandwidth of 8GHz,
sampling at 50Gsample/s and with
Instavu acquisition. The logic
analysers handle clock speeds to
200MHz. Livingston says it can deliver
any of them, usually within 24 hours,
for short or long-term hire. Livingston
Rental Ltd. Tel., 0181-943 5151; fax,
0181-977 6431.

Rf connectors and
assemblies. 3M manufacture
connectors and
cable/connector assemblies to
work at rf in telecomms, GPS
and consumer equipment.
Surface-mounted female
connectors, supplied in tape
and reel packaging, have a low
c.g. to ease vacuum placing on
the board and contacts for
wave soldering or ir
temperatures. The assemblies
are for 50£2 use up to 6GHz or
7502 to 1GHz and use
shielded, low-profile, straight or
right-angled plugs, with cables
such as RG178, which is a
shielded pliable cable, or a
1mm diameter type, or several
other choices. There is also a
shielded board-to-board
adaptor. Arrow-Jermyn. Tel.,
01234 270027, fax, 01234
214674/791501.

Rf test sockets. Aries Electronics
offers a brochure on its range of
sockets for manual, automatic and
burn-in of rf devices, both surface-
mounted and through-hole types. The
sockets are precision machined and
use the company’s patented
Microstrip contacts, which give
minimum signal loss and long life.
Electrical characteristics, mounting
and associated adaptors are shown
and described.

Aries Electronics (Europe). Tel.,
01908 260007, fax, 01908 260008.

Switches. EAO-Highland has a 34-
page catalogue of all its switches,
indicators and pcb-mounted
components, including emergency
stop switches, led indicators,
keylocks, selector switches,
membranes and buzzers. There is
also information on linear power
supplies and alarms made by EAO.
EAQ-Highland Electronics Ltd. Tel.,
01444 236000; fax, 01444 236641,
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Materials

Sticky labels. CILS has a large range
of |abels that will not turn a hair when
attacked by IR flow, wave soldering,
pc board washes, cleaning agents,
solvents, oils, water and humidity and
that cope with temperatures from
—80°C to 400°C. Labels come in a
variety of materials and with
adhesives, both permanent and
removable, for various surfaces; there
are also those which indicate that
someone has tried to remove them.
Any size or shape of label can be
made, with bar codes, serial numbers
and the like and they will take
additions by laser, dot matrix, thermal
transfer or inkjet printer, if required.
Computer Imprintable Label Systems
Ltd. Tel., 01273 681000; fax, 01273
681144,

Power supplies

High voltage. The 597 range of high-
voltage supplies by Brandenburg
delivers up to 10W from two precise
outputs of +5kV or +10kV with respect
to ground. Outputs are controllable
from zero to the maximum by either a
control voltage or by front-panel
controls and can be made to track
each other for a balanced supply. An
led shows voltage and current.
Brandenburg. Tel., 01384 393737; fax,
01384 440777.

Long-life de-de converter. The
MacroDens PKF2000 6W converters
are said to have a mean time before
failure of 4.9 million hours, which
should see them still fairly sprightly in
February, 2557, give or take.
Efficiency is 84%, inputs 18-36V dc
and outputs 3.3V dc or 5.5V de. Units
take up 47.8 by 23.5mm of board
space and are only 8mm thick. Casing
is epoxy and the units meet all the
relevant standards. Campbell Collins
Ltd. Tel., 01438 369466; fax, 01438
316465.

Programmable 300W. Xantrex HPD
switchers, a family of 300W interfaced
power supplies, are fully protected
against the usual disasters, use
remote sensing and have a 10-turn
pot. for accurate control of voltage
and, as an option, current outputs.
Noise and ripple over 20Hz-20MHz
are less than 1mV rms and 2mA rms.
RS232 and GPIB interfaces may be
used and a single-address
multichannel interface allows single-
channel |IEEE-488-to-multichannel
optical-fibre control of up to 31 units.
The interface, when installed,
activates a front-panel led. Three
models give various combinations of
15V/20A, 30V/10A and 60V/5A.
Thurlby Thandar Instruments Ltd. Tel.,
01480 412451, fax, 01480 450409.

50W dc-dc converters. Astec’s
AA50A 50W converters are meant for
use in inhospitable positions in
industrial electronics. Input is 20-72V
dc, outputs on single models being
5V/10A, 12V/4.2A and 15V/3.4A.
There are triple-output versions to give

5V/6A, 12V/0.75A and —12V/0.75A
and a model with 15V and —15V
instead of the 12V outputs. Internal
output filtering reduces reflected
ripple. The case measures 4 by 2.6 by
0.5in, Chloride Powerline. Tel., 0118
9868567; fax, 0118 9755172.

Pc power supply. Tri-MAP's 5P2-
4400 400W supply fits the PS/2
arrangement and has four outputs: 5V,
50A, 12V, 20A and, for analogue
expansion boards, -5V and —12V,
both 1A, The unit has IEC mains input
and monitor output connectors and a
remote power switch to mount on the
pc case. Input is a universal 90-264V
ac and two autosensing ranges are
switch-selected. All relevant directives
are complied with. Tri-Map
International Ltd. Tel., 01705 424800;
fax, 01705 424801,

High-energy cells. Varta can offer
mare models in its range of nickel-
metal-hydride cells, which now
contains eight types in capacities from
580mAh to 4000mAh. The new
models include the VHE50, which is an
AAA cell and the VH4000, a 4/3 type
giving the highest capacity in the
range and meant for use in laptop
computers. Varta Lid. Tel., 01460
73366; fax, 01460 72320.

Voltage regulators. Five new
regulators in the Zetex ZR78L family,
which are enhanced versions of the
standard 78L type, provide outputs of
4.85,5.2,7.0,85and 12.0V, all
delivering 200mA in SOT23 or TO92
chips instead of the more commonly
used larger packages. Quiescent
current is 350lLA and initial voltage
output tolerance is within 2.5%.
Thermal overload shuts the regulators
down, recovery automatically taking
place on cooling. Zetex plc. Tel., 0161-
627 5105; fax, 0161-627 5467.

Radio communications

products

Hf ssb transceiver. The AEL 2020
high-frequency, single-sideband
transceiver has ten programmable
channels and is suitable for mounting
on a vehicle or as a fixed station for
operation by unskilled users.
Frequencies, operating mode,
emergency channel and antenna
socket selection are programmable at
the factory or by a dealer using pc
software. Two individually tuned hali-
wave dipole base station antennas or
two whips for two-channel networks
caonnect to two separate sockets.
Audio processing increases ‘average
talk power’ by 6dB over earlier
models. Maximum transceiver output
power is settable between 25 and
125W pep. South Midlands
Communications Ltd. Tel., 01703
255111, fax, 01703 263507.

Protection devices

Motor protection. Motor Load
Control from Load Contrals Inc.

prevents damage to industrial electric
motors. It is surface mounted and
shows true power, including power
factor, on a led, high and low power
trips with adjustable delays and trip
timers being standard; the high-power
trips handle overload, jamming,
bearing trouble and blockages, while
the low-power one detects low load or
no-flow conditions. A 4-20mA
analogue output and individual trip
relays allow pump or motor control
and process performance monitoring.
The unit is compatible with three-
phase motors up to 240kW on
230-460V ac. Vidas International
Marketing. Tel., 01252 718466; fax,
01252 718467.

Voltage suppressors. Semtech
offers a new line of transient voltage
suppressors, the
SMS05C/12C/15C/24C family, which
protect five unidirectional and four
bidirectional lines, having common
anodes. Protection for data, signal
and supply lines meets IEC 1000-4-2
Level 4 (ESD) and IEC 1000-4-4
(EFT). Peak pulse power is 300W and
clamping voltage 9,8,19,24 or 43V;
reverse standoff voltage is given by
the designation. Package is the SOT-
23. Semtech Ltd. Tel., 01592 773520;
fax, 01592 774781.

Switches and relays
500A inrush relays. Three relays by
Eberle take inrush current of 100-
500A. 40947 has twin contacts: first to
touch is of tungsten and takes the
inrush, while the silver cadmium oxide
second one does the switching; inrush
current for this one is 500A for 10us.
40957 has one contact of silver tin
oxide to handle 120A for 20ms; this
and the 40947 having 720€2 coils for
24V dc. Lastly, the 42903 has a coil of
140092 at 24V dc and lower power
consumption of 0.41W, its single
contact taking 100A for 20ms.
Radiatron Components Ltd. Tel.,
01784 439393; fax, 01784 477333.

Little relay. ASPF Series single-
pole, solid-state relays by Crydom
take up a mere 0.63in? of board

space and yet perform reliably with
loads of 3A, having an integral
heatsink, the Powerfin, Packages
are single in-line and zero and
random-switching versions are
available. Transient overvoltage is
600V pk. Power switching is by
back-to-back scrs to provide high
dw/dt rating to eliminate the need
for a snubber and higher current
and thermal ratings. Control voltage
is 4-10V dc and output operating
voltage 12-280V rms. Crydom. Tel,,
01202-897 969, fax, 01202-891
918.

Telecomms relays. PVT322 by
International Rectifier is the first
series of two-pole commercial
electronic relays to need no load
derating when both channels
conduct. Maximum load voltage is
+250V dc or ac pk, and max. load
current 170mA/channel at a
resistance of 10 maximum.
Actuation needs only 2mA of led
current and ifo isolation is 4kVrms.
The relays are in the standard 8-pin
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dip plastic package, with either
through-hole or gull-wing pins.
International Rectifier. Tel., 01883
732020; fax, 01883 733410.

Transducers and

sensors

Weighing indicator/controller. To
be used as the link between load
cell and indicator, these devices
from Control Transducers will also
resend output data to a pc. Mode/ L1
has an isolated power supply, the
readout being specified in the user's
units, together with single or dual
set-points and resend outputs in
voltage or 4-20mA current loops.
The company says that you can
install the unit according to tailored
instructions, confident that it will
work as planned. Contral
Transducers. Tel., 01234 217704;
fax, 01234 217083.

Cable extension meter. Celesco’s
Model PT8600 transducer is an
industrial linear-to-rotational device
calibrated to Dynapar encoders. In
this type, the rotation is obtained by
extending a stainless steel cable
from the casing, up to 60in in length;
as the cable extends, the encoder
rotates to give the position of the
cable end, which is fixed to the
object in question. A spring motor

maintains tension in the cable.
Varichm Components Ltd. Tel.,
01327 351004; fax, 01327 353564,

MMX notebook. IN Lite is claimed to
be the first Pentium MMX ruggedised
notebook to become available in the
UK. It has either a 10.4in tft display
that can be seen in sunlight or a
12.1in tft-XVGA type for a wide
viewing angle. A lockable metal case
contains a full AT format slot and a
built-in mains power supply/charger.
Keyboard is detachable and dos
users will appreciate a new graphics
chip that allows the whole screen to
be used. Kontron points out that this
equipment is certified for flight-testing
use by Boeing. Kontron Elektronik
Ltd. Tel., 01923 421521; fax, 01923
254118.

COMPUTER

Data acquisition

Data cards. Fourteen new data
acquisition cards by LeCroy for ISA
and PC| buses provide sampling at '
to BOMsample/s at 12-bit resolution
and 8-bit sampling at 500Msample/s,
with memory lengths to 16Mbyte per
channel. PCI versions of the

SigAcgCard are meant for users
wanting data with a high pulse
repetition frequency, transterring the
data from on-board memory to
storage in microseconds at over
100Mb/s. All the cards give a high s:n
ratio and the design is such that the
frequently met ‘hostile environment’
does not affect the ratio. Software
drivers are available in a number of
forms, including the various
incarnations of Windows, LabVIEW
and LabWindows. LeCroy Ltd. Tel.,
01189 344882; fax, 01189 348300.

Development and

evaluation

Flash development. Smart supports
users of its asynchronous flash
memory modules with the introduction
of programming tools to develop code
for simm and dimm modules. Code
Developers' Kits give read/write
capability for the modules so that
users can develop test code on a pc.
Kits contain a flash simm or dimm
adaptor, programmers' guide, a 4MB
flash memoary, a PCMCIA
reader/writer connecting to a pc ISA
bus and all software. Kits support
fiash modules from all major
suppliers. Smart Modular
Technologies. Tel., 01908 234030;
fax, 01908 234191.

NEW PRODUCTS CLASSIFIED

Mass storage systems

192Mbyte flash. A single-height
VMEbus flash memory from PEP, the
VNEM-F1, has a capacity of
192Mbyte per module, making it the
largest VMEbus board in 3U form.
There are 64Mbyte on the base board
and another 128Mbyte on a
piggyback module, write protection
being set in banks of 4Mbyte and
writing being possible in blocks of
128Kbyte. PEP Modular Computers.
Tel., 01273 441188, fax, 01273
441199,

Software

Fuzzy logic design. Fuzzy Logic
Design for G is announced by
National Instruments. This is an
interactive design software package
for fuzzy control applications that can
build virtual instruments for
BridgeVIEW (G being its graphical
development language) and LabVIEW
software and is also compatible with
National's data and image acquisition
hardware in industrial automation
applications. Systems are designed
by a point-and-click process,
accessing what is virtually an expert
system. National Instruments UK.
Tel., 01635 572400; fax, 01635
524395, | |

ADVERTISE FREE OF CHARGE

Subscribers* to Electronics World can advertise their
electronic and electrical equipment completely free of charge

Simply write your ad in the form below, using one word per box, up to a maximum of twenty words. Remember to
include your telephone number as one word. You must include your latest mailing label with your form.
* This free offer applies to private subscribers only. Your ad will be placed in the first available issue.
This offer applies to private sales of electrical and electronic equipment only.
Trade advertisers - call Joannah Cox on 0181-652 3620

All adverts will be placed as soon as possible. However, we are unable to guarantee insertion dates. We regret that we are unable to enter info
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36M75625 36M76875 36M78125 36MT9375 36MB0625 36MB1875
38MB2125 36MB4375 38BMI00 48MO00 51MOSE33 54M1916
5S5MB00 57M7416 5TM7583 69M545 69M55CI SEMOCO 111Ma00
114M8 | i PRt P - I "

NEW VALVES

AMB152 71M428404 40M17804

TRANSISTORS
MPBAAZ 5 o i b

BC477, BC48B |, 4
BC107 BCY70 PREFORMED LEADS
full spec . . ok

BC238C, BCQOBEI i RN
2N2907 PLASTIC CHOF‘PED .......
BC5488 SHORT LEADS . -

POWEH THANSISTORS

2501520 su'n BF259
TIP 112/428 .
TIP140F .. ..., . SEdi
IRF&20 TO-220 5A ZDW MOSFET o
SEBS301 100V 1DA DARL SIM TIP121 |
BD680 .
BUS48AP
BUWI3A . ......
250315590'DVBA120W s TR T )
2501397 npn TVIMONITDH CN'P TF\ANSJSTOH . .. E2

TEXTOOL ZIF SOCKETS

28 PIN USED .

ZIF 64 WAY SHRINK DIP SKT TEXTOOL 264-1300-00 1.78mm
SPACING ON PCB WITH 4mHz RESONATOR ... . £10
SINGLE IN LINE 32 WAY CAN BE GANGED FOR USE WITH ANY
DUAL IN LINE DEVICES . . . .COUPLING SUPPLIED . ... 2/£1.50

KEYTRONI CS
TEL. 01279-505543
FAX. 01279-757656

e-mail keytronics@btinternet.com

PO BOX 634
BISHOPS STORTFORD

HERTFORDSHIRE CM23 2RX

hitp://www.btinternet.com/~keytronics

POWER FETS
IXFH75N10 75A 200V 20 Milli-ohm 200 WATT |deal for UPS . £5
IRFP450 500V 14A O.dohm 1B0W _ . A
SOLID STATE RELAYS
zero volls switching. Conlrol volts 3.5V to 28U DG
AOAMP DUl ... v e + R .1 ]
S0AMP 240V ac D2450-10 | il e aratiba P |
WAMP24UVBC0240[JSD|OSD o w4 e S
2Z5AMP 240V ac 5 T S ey et £10
MISCELLANEOUS
AAA NICADS HI CAPACITY 240mA/HR 3 CELL PACK ... ... . £3
XENON STROBE TUBE ... wE ... £1.80
OPTO ICS also available TLP550 TLPSSBGF
BB way PLCC SKT 100 available . vensbi s el ok
100 wa PLCC SKT 100 available . .£1.50 each
1250pF POSTAGE STAMP COMPRESSION ‘I'RIMMEH Y. 4 |
LM324 (Quad 741) . . A R 5 |
MINIATURE FERRITE MAGNETS 4x4xdmm . . E9 ¥ coeeAOET
TLO71 LONOISEOP AMP .. ..., f=avis ey BIOEEY
TLDE1 OP AMP . A B e 4 for £1
12 way dil sw Elfor g1
10NF 53V X7R PHILIP.S SUFIF.R.CE MOUNT 100K available
-£30/4000
SWITCHED MODE PSU 40 WATT UNCASED OT\". AVAILABLE »5v
SA, +12V 2A, 12V S00mA FLOATING .............. £9.95 (£2)
CMOS 585 TIMERS .. .. .. TR
2/3 AAA LITHIUM cells as used in oumpact .2/E1.50
PASSIVE INFRA RED SENSOR CHIP + MJH.FIOH - CtF!CUI’T £20a
EURCCARD 86-WAY EXTENDER BOARD | .El0ea
290 x 100mm

DiN 41812 96-WAY A/BIC SOCKET PCB RIGHT ANGLE £1.30
DIN 41612 96-WAY A/B/C/ SOCKET WIRE WRAP PINS .. £1.30
DiN 41612 B4-WAY A/C SOCKET WIRE WRAF PINS .. . E1
DIN 41612 54-WAY A/C PLUG PCB RIGHT ANGLE _ . . P,
DIN 41612 64-WAY AB SOCKET WIRE WRAP {Q-HUW BOD\‘T oyl
BT PLUG + LEAD ... .- |, 4 |
MIN. TOGGLE SWITCH 1 POLE clo PCB m:e 5IE
LCD MODULE sim. LMO18 but needs 150 to 250\1' AC 10!’ dmplay

40 x 2 characters 182 x 35 x 13mm ..., £10
£-32 UNC 5/16 POZI PAN SCREWS ., ... ... . £11100
A b £1.25M00
PUSH SWJTCH CH»\NGEO\"EH Co2E1
RS232 SERIAL CABLE D25 WAY MALE CONNEC'TORS
.£5.90 ea (£1.30)
25 FEET LONG 15 ?-'INS WIHED BFlND * FOIL SCHEENS

INMAC LIST PRICE m
AMEHIC&N 2;'3 PIN CHASSIS SOCKET ... . i

WIRE ENDED FUSES 0.254 . 5 amiaTacn SIII"E!
MEW ULTRASONIC THANSDUCEHS SEkHz Za E2/pr
SMALL CYLINDRICAL MAGNETS | TP | -
SMALL MICROWAVE DICDES AE1 UC1026A Sianae i n R
DL BWITCHES 10-WAY £1 8-WAY 80p 4/5/6-WAY ..... .. 80p
180VOLT 1 WATT ZENERS also 12V & 75V | et
MIN GLASS NEONS .. OET
RELAY 5V 2-pole cl‘mrlwmr looks like RS 365-741 marksd STC
47WBost . . ., SPRRIREIPTN 4 |
MINIATURE COvAK FHEE PLUG FIS 456—0?! Vata s asweiss a0l
MINIATURE CO-AX PCB SKT RS 456-083 |

21

PCB WITH 2N2646 UNIJUNCTION WITH 12V 4- POLE HELAY £1

400 MEGOHM THICK FiLM RESISTORS I

STRAIN GAUGES 40 ohm Foil type m}yesler packed

balco grid alloy . : . E1.50 ea 10+ £1

ELECTRET MICROPHONE INSERT _ . 2181

Linear Hall effect IC Micro Switch no 613 554 sim FIS 304 26?

. £2.50 100+ £1,50
AET

1 pale 12-way rotary switch - A a2
AUDIO ICS LM3BOLM3BE . . ... ..vovviiinnns ..E(oa
555 TIMERS £1 ?4|0PAMP v Tthwi k

COAX PLUGS nice ones ... ....
COAX BACK TO BACK JOINERS .
INDUCTOR 20uH 1.54, .

1.25 Inch PANEL FUSEHOLDERS i TR |
12V\Msmal!welampsﬁlmos|mwemmrs Rema— | |
STEREQ CASSETTE HEAD S TP
MONO CASS. HEAD €1 ERASE HEAD . e i

THERMAL CUT QUTS 50 77 85 120°C ... coElea
THERMAL FUSES 220°C/121°C 240V 154 ...... |
TRANSISTOR MOUNTING PADS TO-5/TO-18 . 31000
TO-3 TRANSISTOR COVERS ..., ... B 12
PCB PINS FIT 0.1 inch VERO | 200/E1

TO-220 micas + bushes

TO-3 micas + bushes . . ., . 161
POTS SHORT SPINDLES 2!(5 10K 25K 1M 2M5 ", -
LM335Z 10MV/idegree C PP g Y -
LM234Z CONST. CURRENT |, C : PP S = ;
BNC TO 4MM BINDING POST SIM RS 455 DBI ........ £1
MIN PCB POWER RELAYS 10.5v COIL 6A GDNTACTS 1 pole cfo
B

LCD MODULE 16 CHAR. X 1 LINE (SIMILAR TO HITACHI LM10) £5
OPI1264A 10kV OPTO ISOLATOR | 5 £1.35 ea 100+ £1 ea
‘LOVE STORY' CLOCKWORK MUSJGAL EOX MECHANISM
MADE BY SANKYO . ... .. R A ' |
Telephone cable clips with hardanod pms
10,000uF 168V PCB TYPE 30mm DIA x 31mm
EC CHASSIS FUSED PLUGB-LEEL2728 . ............... 3E1
2A CERAMIC FUSE 125inchQB .. ... ... ..
46 WAY IDC RIBBON CABLE 100 FOOT REEL
20mm PCB FUSEHOLDER . ciak
ASTEC MODULATOR VIDEO + SOUND UMIZB? st 22.25
BARGRAFH DISPLAY B RED LEDS . Tl

NES67 PHASE LOCKED LOOP |

NESE4 | e 5
TLOB4 |

1R2432 SHJIRF' 12 LED \I'U BAH GHAFH DF{IVER
10A CORCOM MAINS RAF| FILTER EX. EQPT |

101
.85 + CARR
. 5iE1

E! 100 + €1 SD
8 OHM MYLAR CONE LOUDSPEAKER 55mm DIA x 10mm

DEEP | Py
ADSB2AN Tsmperaturn sansor TO—BE packaga with

FATEIBEH, & e e y i e s o N O R 0 2%
DC FANS 12\!'50 6z, 50 Qern : i . .£5 each
DIODES AND REC‘I’!FIEHS

A115M 3A BOOV FAST RECOVERY DIODE ... ......... &€1
1NS819 1A 60V SCHOTTKY wireended . . . ........ .. .4for £1
ANBOT IR ID0OV, - e - n e et i wains s e ... BE1
1N4148. . . 100/£1.50

SEND £1 STAMPS FOR CURRBENT IC+ SEMI STOCK LIST -
ALSO AVAILABLE ON 3'/;INCH FLOPPY DISK

MAIL ORDER ONLY
MIN. CASH ORDER £10.00. OFFICIAL ORDERS WELCOME
UNIVERSITIES/COLLEGES/SCHOOLS/GOVT. DEPARTMENTS
MIN. ACCOUNT ORDER £10.00. PAP AS SHOWN IN BRACKETS (HEAVY ITEMS) OTHERWISE 85p

ADD 17'/:% VAT TO TOTAL
ELECTRONIC COMPONENTS BOUGHT FOR CASH

TNSD04 SD4 1AB00V. . . ..uiniinniiiiiianieanin 100/E3
1NS401 34 100V. . y o' s woayaTur e A s SN
BA158 14 400V I'ast fwcnrw ...................... 100/23
BY254 BOOV 3A. . EURTOTE sy - |
BAIDOVS!MILAHMR751 P T T LUy eApR . |, |
14 600V BRIDGE RECTIFIER . o Py £% L. AE
4A100VBRIDGE . ... . s o T b e D
BN BRIDEE - s e e .21
10A 200V BRIDGE ... ....... VR ST o
25A200VBRIDGEE2 .. ... ... ... volbeme st on g VMEED
25A 400V BRIDGE £2.50 . . P PR S PR |1 = = |
BY297. O g e . |
KEIPCSMBRFDGEREC:M‘OGV B TR TP | = )
24A 200V double diode in TO247 case

S524LCAZ0 fast rectifier . aihan el RISGRSEREA o -1 ]
SCRS

PULSE TRANSFORMERS 1347 . ... ocvnicceinn e, £1.25
MEU21 PROG UNIJUNCTION. . ... .. oooueiiiiiiiiins e
3 LA S T N T (P | DIACS 4/£1
ZNE0T3 4A 400V . civees ... Afor£1 100/£22
NEC TRIAC ACO&F BA BOCI\I' 1'0220 ...... .. B/E2 100/E30
TXALZ25 8A 500V SmAGATE.. ...... . - &E1 100/E35
BTA 08-400 ISO TAB 400V Sm.ﬁ GATE .. . 90p

TRAL2230D 30A 400V [SOLATED STUD . . . s v BN
THIAC 14 800V TLC381T 16k AVAILABLE. ... 5 FOR £1 £15/100

PHOTO DEVICES

HI BRIGHTNESS LEDS COX24 RED . e Byie bl BOER
SLOTTED OPTO-SWITCH OPCOA OPBE1S . .. _..... . £1.30
ZNST77 .. ... el P 1
TIL81 PHOTO TRANSISTOR ., iy amreings s e B3
TIL38 (NFRA REDLED. ... ... SRy e e i
4N25, OP12252 OPTO ISQLATOR. . .. 50p
PHOTO DIODE 50P ... . BIE2
MEL12 (PHOTO DARLINGTON BASE | n.fc} ... 50p
LEDs AED 3 or 5mm 12/81. . 100/86
LEDs GREEN OR YELLOW 10/E1 ... 100/6
FLASHING RED LED 5tnim 50p .. ... 1007240
HIGH SPEED MEDIUM AREA PHOTODIODE RS851-995 €10 ea

OPTEK OPB745 REFLECTIVE OPTO SENSOR. . +rea EVSO
RED LED - CHROME BEZEL , e . .
OPI110B HI VOLTAGE OPTO ISOLATOH
Narrow angle infra red emitter LEDS5C . . . . .
FD410PH Sharp photo diode RS 195-619
TLP371 opto isolator

STC NTC BEAD THEHMiSTORS

G22 220R, G123 1K, G23 2K, (24 20K, G54 50K, G25 200K, RES 20°C

DIRECTLY HEATED TYPE . oo E1 08
FS22BW NTC BEAD INSIDE END OF 'l ROBE RES
20°C 200R. . Elea
A13 DIHEGTL\" HEATED BE.AD THERMISTOH H( nos |deal for
audio Wien Bridge Oscillator. . £ 1]

CERMET MULTI TUHN PRESETS ’!4 inch

10R 20R 100R 200/ 250R 500R 2K 2K2 2K5 5K 10K 47K 50K

TO0K 200K 500K 2M. . - prT e .. 50p ea
ic SOCKETS

14/16/18/20/24/28/40-WAY DIL SKTS . . £1 per TUBE
B-WAY DIL SKTS . 3 . £2 per TUBE
&WAVTURNEDPINSKTS PO S AN - X - g 1 |
SIMM SOCKET FOR 2 x My SIMMS ............ L £

POLYESTER/POLYCARB CAPS
330nF 10% 250V AC X2 RATED PHILIPS TYPE 330 ... .. £20/100
1000, 220n B3V 5mm . .

10n/1 SNEMSM-'&?NGGFI 1ﬂmm rad
100n 250V radial 10mm , "
100n 600V Sprague a)uel e A T Py 22
22 100V 15mm rad .

10n/33n/47n 250V .QC X ralad 15mm
11 600V MIXED DIELECTRIC . .. .........
10 100V rad 15mm, 10 22mm rad
D22, 250VACX2RATING .. ... .......

0.22u 900V ..
RF BITS

FX3288 FERRITE RING ID 5mm OD 10mm _ 3 .10 for £1
ASTEC UM1233 UHF VIDEQ MODULATORS [ND SOUND} 1250
STOCK . . £1.50
M&RCONI MICFIOWAVE DFODES TYPES DCED?S 002962
DCaz2aF1/F2 v e -Elea
XTALFILTEF!S2IM455MO PP R P A o o {
ALL TRIMMERS . N | w3 for 50p
VIOLET, | ...... 5-105pF
RED 10~ ‘I1UpF GFIEY &ZSpF SM&I.L MULLAHD

20 22pF, .. .. s Gtursilpﬂhﬁm
TRANSISTORS 2N4-42? ENSMG S .. B0p ea
CERAMIC FILTERS 4MWW‘9W|OM?. | oY . BOpea
FEED THRU' CERAMIC CAPS 1000pF . | PR [ ]

(BFYS1 TRANSISTOR CAN 5125}
2N2222 METAL. . .
PaNzazza PLASTIC
2N386$+2N442? ST HE R R 3 B
7T4N16 TACS CAR PHONE OFP MODULE

EQUIV MHWB0BA-3 AF IN 40mW O/PE—~8w B40-+510mHz, . £3 ea

VNTOKm + VNIOLM .. ... span ; -4 for €1
BB405B, BEBDSR \mRICnP DIODES . deLean 4 tor £1 ea
MONOLITHIC CERAMIC CAPACITOFIS

10n S0V 2.5mm . 1 H : - 100/£4.50
100n50\f25rnmnr5rru'n B R S R R 100/E6
1000 ax Shor 18T, . . oo veuinninacvinanrearn, .., TOMES
100n ax long leads ... .. siessideis iy JTNES
100n 50V dil package 0.3 mch raﬂ 5 . . 100/£8
1uF 50V 5mm | f Ofw!‘li‘mm

QUARTZ HALCGEN LAMPS

12V S0waltt LAMP TYPE M312 | . £1 2a HOLDERS 60p ea
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Seeing through

noise

nalysing the effect of diffusion of carriers instigated

by the recombination of holes and electrons at a

semiconductor surface using mathematics reveals a
component of carrier concentration that varies with time.

When electrons and holes recombine at the surface of a
semiconductor, equal electron and hole diffusion currents
result. The magnitude of the diffusion current does not
depend on concentration gradients within the electron/hole
systems in the bulk. It is governed by an independent system
— the ‘fast surface states’ in the surface.

An interesting discovery is made when the solution to the
diffusion equation defining the problem is examined closely.
In a layer near the surface — or interface — the concentration
of holes and electrons is reduced.

The amount by which this concentration is reduced varies
with time. What is more, the square of the modulus of the
Fourier transform of this time varying function has a spec-
trum defined by,

1
\f iz + @’
T
where 7 is the lifetime of carriers near the surface and  the
angular frequency. From now on, I will refer to this as “sur-
face diffusion noise’. It describes the low-frequency noise in
silicon junction field-effect transistors, or j-fets, and when
T—eo, it becomes the well-known 1/f noise: it solves the mys-
tery regarding the absence (Buckingham, 1983) of I/f noise
in silicon junction fets and provides an explanation for 1/f
noise in other devices.

Surface diffusion noise is, therefore, a universal source of
noise in semiconductors. A brief mathematical analysis of the
special case when the lifetime of the carriers is infinite has
already been presented (May 1988).

Mathematical analysis
The mathematical analysis appertaining to the diffusion pro-
cess is based on the continuity equation,

Vel=-— (1

where J is the current density and p is charge density.

In order to apply the analysis to the metal-oxide silicon
transistor, the gate is visualised as a strip of n-type crystalline
semiconductor, Fig. 1.

The thickness of the strip is of the order of 3um. The top
face of the strip represents the oxide/semiconductor interface
into which the electrons or impulses are ejected from the

Patrick May’s analyses reveal that we may
not know all there is to know about 1/f noise
in semiconductors, and they provide an
insight into low frequency noise in general.

bulk. The diffusion current which results, is in one dimen-
sion and perpendicular to the surface or interface if the sur-
face states are evenly distributed.

If the current density, J, is assumed to be a diffusion n type
current, eqn. (1) for currents in the x-direction perpendicular
to the main faces becomes,

2

S opES @
dt dx

where n=n(¢x) is the electron density and Dy, is the diffusion

constant. The solution to eqn. (2) for a unit impulse is given

by,
2
FCIEELL P B (682 % 4 ©)
(D, 1)z 4Dt T

n

where T, is the life time of the electron carriers. The square of
the modulus of the Fourier transform of # is,

1

IN(w,x)f = \
D, \/ —lé + o’ @)
Tﬂ
exp| —x i
P D,
For the condition,
2Y (1 I
' 2

X 5‘ 1'.'_ };2- +w |<1 )

in expression (4) the approximation below applies,

1

e —— (6)
/ 1
)D'_J —2+0)2
W
when the electrons are strong majority carriers (T,—<)
expression (5) becomes,

IN@.x)f =

o[22) < ”
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Fig. 1. The n type
semiconductor
strip represents
part of a metal-

oxide-silicon

transistor. Holes

and electrons

diffuse through

the strip to the

oxide/semicon-
ductor interface

where they
recombine.

and expression (6) becomes,

1
N(w,x) =
IN(@,x)| e ®)

n

Corresponding expressions for hole carriers are obtained in a
similar manner.

At the surface — or silicon/silicon oxide interface — the elec-
tron diffusion current is made up of impulses due to the elec-
trons. Each ejected electron, or impulse, reduces the electron
concentration near the silicon/silicon oxide interface at the
surface by the amount expressed in (3) which is a function of
time.

The square of the modulus of the Fourier transform of this
function gives the spectral characteristic expressed in equa-
tion (6).

On n?, the time varying component is many orders of mag-
nitude lower than »? in the sample. It depends on the spectral
expression given in equation (6), the rate of surface recom-
bination per unit area, v, and the thickness of the sample, L.
It is given by

J 1
S (@)= ———o
(@) DL |1 : 9
ato
¥ If

Sy(w) is the power spectral density when the mean square of
the voltage across the sample is V2 then,

S, (@) S, (w) 1 1
T 2 2
Vv n n D"L IL 4 0)2 (10)

Ve

The expression in equation (10) becomes that for 1/f noise
when T,—ee.

Relevance of the mathematical analysis

Note that the expression in equation (3) is capable of being
fully integrated (van der Ziel, 1979). As a result, Carson’s
theorem (van der Ziel, 1979) can be applied so that equation
(3) leads to the conclusion in equation (10).

Also, the noise expressed in equation (10) is not inversely
proportioned to N — the total electron population — but is
inversely proportioned to the thickness. This corresponds
with an important observation made by Weissman, 1988.

Prevailing theories on the origin of 1/f noise are based on
the well established premise that the noise is produced by
fluctuations in conductivity (Voss et al, 1976). The carrier
number theory first proposed by McWhorter, 1957, has been
modified in various ways. In essence, it relies on the precept
that surface states act as carrier reservoirs. These reservoirs
allow an interchange of carriers between the bulk — where
they contribute to conductance — and the surface where they
are held immobile in the surface states.

The interchange is assumed to occur in ‘pulses’. A suitable
weighting of the time constants gives rise to the 1/f noise
spectrum. This implies that all the carriers released by the
surface states take up their positions in the bulk so as to con-
tribute to a change in conductance which faithfully follows
the dictates of the original pulse. No attempt has been made

Onxide/semiconductor interface

to explain how this is accomplished. It also implies that these
carriers are immune to the process of diffusion produced by
the gradients of concentration of the ‘injected’ carriers.

Bearing in mind the necessary long time constants of the
pulses, these implications detract from the credibility of
McWhorter type models. The surface diffusion theory I pro-
pose here takes the opposite stance; here the short pulses pro-
duced by the ‘fast surface states” give rise to a diffusion pro-
cess which is itself responsible for the production of the 1/f
noise spectrum when the diffused carriers are strong majori-
ty carriers.

Evidence that there is correlation between 1/f noise and fast
surface states has been repeatedly reported (Sochava et al,
1960; Macrae, 1962; Klaassen, 1971; Broux et al, 1973) and
the lack of correlation between the slow surface states and 1/f
noise has been recorded (Sochava et al, 1960).

Practical implications

The validity of the proposed theory is made evident when it
is applied to semiconductor devices by using the criteria in
expressions (5), (6), (7) and (8) to explain the presence or
otherwise of 1/f noise in common semiconductor devices.

Enhancement mode mos transistors produce nearly pure 1/f
noise when operating in their linear mode. This is because the
carriers in the channel are strong majority carriers giving rise
to the spectrum expressed in equation (8).

Equation (7) indicates that there is an upper frequency ‘cut
off’. This effect has been observed before (Freight et al,
1971). If the diffusion constant, Dy, is taken as 4.4x10-3mZ2s!
in expression (7), the upper frequency limit for a channel
thickness of 2.5um is greater than S0MHz. In practice, the
channel thickness is less than 2.5pm.

When the mos transistor is biased into saturation, the car-
riers in the ‘throat” are no longer strong majority carriers and
their lifetime is finite. This gives rise to the band limited
white noise described in expression (6). When this compo-
nent is added to the 1/f noise spectrum the typical noise char-
acteristic with a ‘bump’ in it results.

When forward biased, the p-n junction diode produces 1/f
noise as well as other superimposed components
(Kleinpenning, 1978). In this case the 1/f noise is produced in
the emitter where majority carriers prevail and the criteria in
expressions (7) and (8) apply.

As the current enters the depletion region, the criteria
expressed in (5) and (6) apply. Hence the spectral shape due
to both components is similar to that of the mos transistor in
saturation.

Silicon field effect transistors do not produce significant 1/f
noise (Buckingham, 1983). Yet according to the empirical
formula given by Hooge (Buckingham, 1983; Hooge, 1969)
the j-fet is an ideal medium for 1/f noise.

The surface diffusion noise theory proposed here precludes
the presence of 1/f noise in the device. The channel is bound-
ed by two depletion regions so its carriers are of finite life-
time. This means that the criteria in expressions (7) and (8)
do not apply. But the general diffusion noise as described in
expression (6) does apply.

Evidence for the theory

Buried-channel metal-oxide silicon transistors are ideal for
illustrating the validity of the surface diffusion theory pro-
posed here because their channel properties can be altered by
adjusting the gate source potential, Vig.

The way in which the noise spectrum in an n-channel
buried-channel mos transistor varies with Vg has been stud-
ied experimentally (Carruthers et al, 1987). For positive val-
ues of Vg, the observed behaviour is similar to that in
enhancement (surface channel) mos transistors; it has a strong
1/f noise characteristic.

When Vg is positive, the channel is very close to the sili-
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con/silicon oxide interface and has a strong electron con-
centration with T—»ce, This results in the l/® spectrum
described in expression (8).

When Vg is made negative, the observed spectral
behaviour is similar to that of the junction fet. A depletion
layer separates the channel from the silicon/silicon oxide
interface and the channel itself is bounded by depletion lay-
ers. The electron concentration in the channel is decreased
and the carrier lifetime takes a finite value, .

The spectrum takes the form described in expression (6) as
is the case for the junction fet. Note that low negative values
of Vg produce a thin depletion layer at the semiconduc-
tor/oxide interface, which gives rise to Lorentzian spectra
attributed to Generation-recombination (Buckingham, 1983).

In summary

Surface diffusion noise is a universal term. It accounts for
both 1/f noise and the low frequency type of noise present in
junction fets. Low-frequency noise is also prevalent in other
devices. It usually appears when part of the channel in the
device has carriers with finite lifetime and has been passed
off as a bump in the 1/f noise characteristic.

I hope that this discussion of the mechanism of low-fre-
quency noise will lead to improvements in the way that
devices are designed, and that it will contribute to a better
understanding of ‘fast surface states’.

My tharks go to the University of Exeter and its School of
Engineering for providing library facilities. ]
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HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE’S ALWAYS ‘SCOPE FOR IMPROVEMENT!

MARCONI 20194 Sym ASUFM Signa! Gen B0KHe- LO40MMY ., E180y
MARCONI 2013 Sy AMFM Sigral Ges BORHz- L (40MH
MAECONI 2015 Sy MMUFM Signal Ges SOMH-SI0MNY ...
MARCON) 2017 AWM Sigeal Gen JORRI-1026MHE. ..o

PHILIPS PM3217 {This is a proper scope)
Duat Trace SOMHZ Delay Sweep Incl 2 Probes
£400

FARMELL SSGS70 Sym AM/EM Sipnal Gen 1000H2-520MH2__.....
FARNELL PSGS20 Syn AMPTM Sigral Gen 10KHa-S20MMy Partate........
MARCNE 31 rogrameatie Sroep 10N 7068 ...

MARCONI 20 Ges. [DRHI-1GH2 .
HP. H&&lﬁm&mll‘mﬂ! SR00H.......

HC3502
Dual Trace 20MHZ 5mV-20ViDiv; 0.2 y Secs - 0.5
Sec/Div. &-Y; X5 magnifier; TV Sync ete
Hardly Used £150 Un-used £200

THE CLASSIC TEKTRONIX 400 SERIES

CLASSIC AVDB Mk5 in Case FLUKE TTDMM 3% digit with

with Batieries & Leads £50 Camying Case & Leacs £60

468 Digaal Storage Dual Trace 100N Delay.. ... . 850 RACAL COUNTERS
{85 hologn Sirate D roco 0l e, .. o188 9918 10Hz-560MHz £125

AR FIGR TARMISE ey Ao R 9916 10Hz520MHz £150
485 Dual Teace 100NN Delay Sweap ... ... [1] 9904 DC-50MH:2 £60
nmmwz.ﬂ[lnmumwwga. 200

1]

TECTROVN ek s e D Son ot Eise RACAL 1998 Counter 13GHz 6650

TENTRONIX TASAES Dual Trace 100MEH: Deiay Sorsers .
TEXTROMIX TOS340 Dusl Trace 1008 SO0MISamples
TEKTRONIX 2215 Dual Trace E0MHr Delay Sweap..
PRILPS 3085 2+1 Ch S0MHa Dusl TBDelay__......
PHILIPS PMY7 Duad Trace S0Mz SCOPEMETER Dig
GO%LD 051100 DualTrace J0MHE £200 Wits Del&r

GOWLD 05360 Duad Trace 20MHz . .

RACAL 1991 Counter/Timer 1.60MHz £450
RACAL 1990 Counter 120MHz £300
EOULO 5300 Duad Trace

SOLARTRON 7151 DMM 6 digit IEEE £450
SOLARTRON 7150 DMM Bl digit IEEE £300
2L o True RMS
AND REWEMBER AL MQWSJ’RMETWED

558!

8858

STEWART of READING
110 WYKEHAM ROAD, READING, BERKS. RG6 1PL
Telephone: (0118) 9268041. Fax: (0118) 9351696

Callers Welcome 9am-5.30pm Monday to Friday {other times by arrangement)

SPECTRUM ANALYSERS

BP.3SESA 0.0L-22GRE ...
HP 35504 DWHI-1.8GHT 75 ohm
AILTECH 727 0.001-206H1 ...
WP, 182 with BSS3A B.01-216H .......
WP L2 with 85583 100RHz-1500Mhe fiom ...
WP, L4IT with BS55A & 83528 [OMe2-18CHL
Other 1417 Sysiems available

PANASONIC VPBI77A FMIAM SIGNAL GENERATOR
100KHz-100MHz; FM 0-100KHz; Cutput -19dB-9308
AM 0-60%; 32 Preset Memory; Digital Display

Frequency & Output.
Used £450 Un-used £750

PANASONIC VP76374 STERD SIGNAL GENERATOR
Generates Broadcast FM-RDS/ARI, Preset memory; GPIB
Used £400

Un-used £700

KENWDOD FL1BOA WOWIFLUTTER
METER 0.003%-10%; Freq
3KH2/3.15KHz RMS/AVERAGE/PEAK:
Weighted Filters; Digital Display of
rpm; 4 digit Freq Counter (0.01KHz-
9.999KH2/0.01KHz-55KHz)
Used E400 Un-used £500

MARCOM| TF2300-1 1008 ... ...
MARCOM| TF2370 with TF2373 30Mp-
HP. 35824 Dual CHanrel 25RHE
WP, BEZOC Smaep esc with BS2006 2186
WP, BE20C Sweep osc wilh BS22IE 0.01-2.40H .,
MERCONY TF2015 AM/FM Sig Generator 10-S2008z.....
FARNELL 056-2 Sen s 0L0001H- 1015994 SneSq/Smeepd]
SOULD 138 Sine/Sy Drcifator 101000 ... .
FARNELL LI Siae/Squpse Ducitator 10MHE-IMRE ..

WP, 21504 Programmable Precizion Pult
MURCON! 2610 Trus RMS VoRmater GPB._..
L. 34554 6 digit Maltimeter,.....__.......
DATRON 106 1A 1061A B4 sigit True ANS with BEE ...
SOLARTRON P01 75 sigit Multimeter
EIP 371 Source Locking Mecoswave Counter 20Hr-18GH;.
WP, S3A2A Froquency ounter D0Hz-240Hz ... ...
MARCON 2440 Frequency Coander 1042-20CAE BEE ...
MARCOR! 2437 Universal Counter/Timar DC-100MHz Un-used
MARCONI 74308 Fraquascy Counter 106i-80MH2 Un-wsed
HLPA275A Mafts Frequency LCR Meber ...,
HP. 42518 LOR Mebes ...
RACAL 3348 LCF Datadridpe WEE ... ..
WRECONT 2305 Modulatian Meter SO0KHT-2081 ...
RACAL 5009 Automatic bod Meder 30MH;-1 SGir
SAYROSA 252 Automatic Madulation Metes_.
FARNELL AP100Y30 PEU 0- H0OV: 0-304 Acteranging ...

mm| POWER SUPPLY Model HSPI010 0-
|| 30Volts; 0-10 Amps Current Limiting.
2 Meters,

| Used £160 Un-used £200

GODDWILL GYT427 DUAL GOODWILL GAG-BOAG AUDID
CHANNEL AC MILLIVOLTMETER  GENERATOR Sine/Square 10Hz-
10V 300V in12 Ranges IMHz in 5 Ranges 0.1% Low
Frequency 10Hz-1MHz Distortion 5 Steps Dutput Attersator

FARNELL HE0725 0604, 0-25A PSU__.. Used £100 Un-used £125 Un-used £80
FARMELL TSYTONGZ 70V SAZ3SY 104 PSU

TRURLEY TSX1420 Pracisien PSU B8V 204... BODDWILL GFC 8010G FREQUENCY
TRURLBY TSPEIZF Prog F5U 37 24 Twice GPIB Digital . COUNTER Range 1Hz-120MHz B Digit
THERLBY PLIID 30V 24 Digistal PSU with GFY8 ... - & (o i ot . Display 15mV RMS Sensitivity
RACAL 910 AF Fowes Metes INElr-1GHz 10mW. 3000 _. Uneused E75

MARCONI 7167 BF Amplifier S0r-BOMGRE LW 4748 Cai
HUNTRON TRACKER Medel 1000 in Carrying Cas..
STABILOCE 4071 Radia Test St Wih ARALOGUE MULTIMETER Model HC2E0TR AZ/DC Valts; DC Curent
10Amps; 17 Ranges: Continuity Buzzer; Transistor Tester
BIRD 43 ELEMENTS Un-Used £15
Trpes 5. L0k 1004, 58, 0B 100, 5C: 25C: 2507, 50: 250, 50, 10GE) (25 aach. STEREQ AUDID BALANCE TO UNBALANCED CONVERTOR

LDGH, 230; 1000H; 35 each, 1000F £65 ie For Car Radio Servicing Un-used £20

Used Equipment - GUARANTEED. M: I lied if
This is a VERY SMALL SAMPLE OF STOCK, SAE or Telephane for lists. Please check availability before ordersng

CARRIAGE all units £16. VAT to be added to Total of Goods and Camriage.

CIRCLE NO. 132 ON REPLY CARD

Genuine Government Surplus

Racal Dana 9904 universal counter
10Hz-50MHz, 6 digit LED display,
TXO master Oscillator.
Tested & Verified.

Racal Dana 9918 digital frequency
counter 10Hz-560MHz, 9 digit LED
display, TXO master Oscillator.

Tested & Verified.

Racal Dana 9921 digital frequency
counter 10Hz-3GHz, 9 digit LED
display, TXO master Oscillator.
Tested & Verified.

HP SIGNAL GENERATORS
Hp 8640E2520 MHz

*** Free Catalogue ***

Send an A4 envelope with 1st class stamp marked 'High tech catalogue’ to
receive comprehensive data on our entire range of electronic test equipment.

m’

Anchor Supplies Ltd. &wﬁ

Callers are welcome at our massive showrooms on weekdays from
9am until 6pm and on Saturdays from 8am to 4pm.

Anchor Supplies Ltd is at the Cattle Market in Nottingham. NG2 3GY
(opposite Notts. County FC). Unlimited parking adjacent.

Visit our web site: http: //www.anchor-supplies.ltd.uk
or send email to: sales@anchor-supplies.ltd.uk

£50.00*

£75.00*

£225.00*

Electronic Test Equipment

* No Appointments needed. Callers always
welcome, just pop in and have a chat.

* Mail Order a speciality. National and
international fast mail order service.

* Large showroom. Large stocks of electronic
& electronic test equipment always on sale.

* Test facilities available. Try before you buy,
make sure you get the right item.

* Open 6 days a week. 9am till 6pm
weekdays and 8am till 4am on a Saturday.

OSCILLOSCOPE SPECIAL OFFERS

Gould OS 1100 S1 (30MR2)....cceveeeerrenrenerrrenerennn £O5
Iwatsu SS-5711 (100Mhz) £395
TEK 465B (100Mhz) .. GorevigiiRaTs ...£395
TEK 7000 series oscﬂloscope malnframes
{no plug-ms)
7603 (100Mhz).... cerernesenenen 225,00 %
7633 (100Mhz).... e £250.00%
7704 (250Mhz].... ...£300.00*
7844 (400Mhz)... ...£350.00*
7904 (500Mha2)....... . ...£450.00*

Many other oscm'oscopes in stock phone for details.

And more ... This is just a small sample of the huge
range of electronic test equipment we stock.

Ring 0115 986 4902 now,

or fax us on 0115 986 4667

* Prices exclude VAT & Delivery
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‘With over 9000 entries and 250
:ilustratlons this book Is an invaluable
3 ce work far anyone mvoived with

Di_ _tlonary of Gommun lcatmns Technetogy
provides cemprehensuve coverage of data
.-and commumcanons and has entrrés on

-"testmg and chenbsarvar appllcaﬁons —:In

500 pages.
Over 20 major eampames he!peﬁl

Gemmuﬁlea‘t ons. Technolagy, is an_.
imémé’ﬁ@naﬂy respected author who has

used his enormous expertise to make this
work one of the most comprehensive
sources of telecommunications
information.
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together with payment. Alternatively fax credit
card details with order on 0181 652 8111. You
can also telephone your order on 0181 652
3614, but only Mondays, Tuesdays or on
Friday mornings. Address orders and all
correspondence relating to this order to,
Electronics World, Quadrant House, The
Quadrant, Sutton, Surrey SM2 5AS.
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and hosts on an

Internet Activities Board [IAB)

that enable theen to function as a single, barge virtual
network. T When written in uppercase, Intemet
cefers to the set of interconnected networks thal
share the same network address scheme and use
the TERTE protocs]

Internet Activities Board (IAB) The groop which
seas the technical direction and decides which

protocols ane a required parts of the TCPTP suite. Field
Internet wildress A 32-bis address which identifies Tree

the network to which cach computer on & TCRIP Code

metwork is attached s well a¢ the compuier's e —

unique idestification. The three major fypes of

wddresses ant jliosirated below and defined a5 Parameten

foflows:

Infeematse

ACistA 5
than 2% (65 $36) bosts,
A Class B addressed is used for notworks that
have 2* (256) to 2'* hosts.
A Clags C address is for networks thal have
Fewer than 2% hosts.
Internet (IP) addrasses

s1TIEIETE " M u

lass & B cmabifeass BOALL mnssesessnsenn e

Elass 8 18 -nanis-

five fiedds as indicated bel
Siae fhyres)

Internet datagram  The ba
writ oo Internet.

Internet Engintering Tas
grosp in the Imeenet Activi
cencentrases on shart- en
eering problems.

Internet Network Informat]
A joint NSFnel and B

R
for s cireuie having FiAdline

1
1
H
4 FLA weighting
N

weightisg.

adjusted reference level”

Multicasting
Cines © 3 & Sunit]

An sddress witly - miilti-oened hosts A compater with wa or more
tself, A broadcy physical setwerk connectiont.
mmm'mﬂ, Multilan Switch (MLS) A product markoied by
s Aluatos of Fremont, CA, which connects 5p 12 10
integes is the val [t .

Toternet Architec| wied with athes beidging peoducts and roulers.
Activities Board nmu-h. A charsciorisie of tome charscter-

eelented protoools in which more than oat job's

Internet Architect Set of dath e be tranemited, Inteemized, a8 the
with addressing came time.
deveboping solul 1 e { ! : 0 o

Internet Control — wE A progrmmable istarface between a central

portion of the ln SV —

and control me 2 i
matican essage

Multicasting  Transmitiag 8 message fo moro thas
one site.

multichanael The e of 1 common channel o
derive beo or more chasscld through frequency or
time division maltiples

Multicom 3219 A tradetmask of MoliTech Systems
of New Brighton, MN, as well a5 a termizal e=u-
i i g 4

for insertion into & PC sod JITRTY termisal
omlation and file iansfer software

multidomain network In IBM's SNA, & network
contiiing of iwa g mom bost-based system
ints. Usially molti-maindr

mwltidrop  Describes a ielephone lime configuration
in which a singh yransmission facifity b chared by
severu] end stations.

multidrop fime Lise or cipcuit iseercoanecting
seven] stations. Also called mwkipoin line

multiframe  An ondered, funcional sequence of
frames oo & muitiplened dighal ciruit “Mulk-
frame™ it the COTTT standasd termm for 8 “super-

processor und cee O mome Commmicationt
devices. The MLCP can be propremmed to service
specific communications devices.

Multi-Lime IDA A 2048 Mbya peimary rate [SDN
service marketed by British Telecom in B UK.
This service i basd wpon Britich Telecom's
propeietary signaling syiem fo¢ peivate to public
exchange, aad not on the CCITT Q931 intes-
rational standard.

Moltl-bocation Calling Plan (MCF) As ATAT
bulk-sated multi-loestion discoont service that
peovides sepanite bills to each punicipating
location instcad of billing a siegle cusiomer of
recond.

multimods I8 optics] sysiems, Sbers and passive
devices which puide many modes. Large oct siep-
index andd graded-isdex Abers are multimode. A
opiic wavagsids capsble of propagating gt

signais of two or more frequencics of phases.

mubtimede Bber The relativedy large coee o this
Fight pulees t0 2

flrenl patsa. Wy ideal for Eght sources lasger
than lasers. soch at LEDs.

. ; .
than e bound mode o peopagase. May be cither
Eraded index ce siep index fiber.

Dbs (dBrn adjusted) A unit of noise mearment

o Ho

In e cxporied messemnd iecslie level om our
ciruin? If

weighting. 0 ¢4 is raise pawes of 316 picowas
{55 dBm), equivalent to O dBen (90 dBm oe |
picowatt with C-message weighting) adjusied to

DBa (FIA) The noise level measured on & line by &
‘st mesuring se4 having F1A-line weighting.
DBa (HA-1) The noibe level meatured acroas the

recsives of 2 J2-type or similar telephan handsct
measured by & test sei baving HA-leceives
DEAAU  Dial Backap Asto Answer Unic.

DBaO Tho pawer fevel of molse expected ai 4
particubar Jocatlon in & circuil, called “dBr

futt. Abwobare
B is equal
atry, dBm
& 1000 hertz
1000 He
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b oTLR TRe
b ratio (i dB)
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=34 (=13 dBm0} = =16 dBm
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dBem  The abbrevaation for decibel refercace noue.
In their desise 10 muke things easier for the
technician, the carly Wico engincent crested 3
sepurmte scale for noise thal groerded farger
pasitive numbera for Iarger numbers of scise. The
zero difference used in describing foue i -90
dBm ce 0 dBrm. The relarinship betwoen thes
two scales s shown in the follawing table. It i
immpartast o sesmember that dBm fs & meanurement
of naise If s alo important 1o cemember the
redstionahip, for example 60 dm is equal to ~30
dhm

dBem  dlim dirm  dim
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L =k » -4
m -1 R
0 =3 L] -1
F o -

B The ibbreviation fof decibel refeotncs noist
Comestage weighted Molie contiim mumere
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of frequencies and powees. Although sry noie
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LETTERS

Letters to “Electronics World” Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS

Beating

frequencies

Chris Bullman's letter on
sampling a 19.999kHz signal at
44kHz in the September issue
prompted an overwhelming
response. There follows a
sample of the first few that came
in. Space permitting we will
present more in the next issue.

Chris Bulman raises the question of
sampling a signal at close to the
Nyquist frequency, and how this
introduces what looks like amplitude
modulation, see diagram on right.

The answer to Mr Bulman’s
question lies in his own letter, where
he says “‘unless the filter had a time
delay of over a second”. The filter
required to reconstruct a signal as
close to Nyquist as in the example
will indeed have a ringing response
that lasts over a second.

The Nyquist theorem only says
that if you sample fast enough the
samples contain information for the
original signal to be reconstructed.
It does not say that the samples will
like the original signal.

The proper reconstruction
involves passing the sequence of
samples, as impulses, through a low
pass filter with cutoff at the Nyquist
frequency. Each impulse hitting the
filter causes ringing. The sum of
these successive rings reconstructs
the signal. If the signal frequency is
very close to the Nyquist, then the
filter has to have a very sharp cutoff
indeed — so it will have a very long
impulse response, hence the
‘memory’ needed to carry over into
regions where the signal ‘looks’
small.

Chris Bore
Woking
Surrey

Chris Bulman’s letter in your
September issue, in which he
postulates ‘beating’ as a result of
sampling a 20kHz signal at 44.1kHz
set me thinking. This, plus the recent
equipping of my workshop pe with a
sound card stirred me to action.

I wrote a simple C routine to
generate a minute’s worth of
digitised sine wave at 20kHz as a
RAW file.

Having done so, I examined it with
Creative Technology’s Wave Studio
utility. Sure enough, the waveform
looks totally chaotic, with samples
apparently scattered all over the
screen. But, when [ pressed the
‘play’ button and displayed the

I

What you see is
not what you
thought. The
signal can be
reconstructed
from the
samples — but
the samples are
not the signal.

Soundblaster output on an
oscilloscope, I found a clean 20kHz
sine wave. No trace of 4.1kHz either
aurally or on the "scope.

While my matheratical skills are
nowhere near enough to rise to the
challenge of understanding what is
going on, I can only assume that the
effect of kicking the output filter
with the timed and scaled pulses of
energy from the d-to-a converter
causes the reconstruction of the
‘input’.

Chris Miller
Sevenoaks

In response to Chris Bulman of
Bedford, I believe I have a non-
mathematical way in which to
explain the problem he has with
sampling theory. Consider the signal
emerging from the digital-to-
analogue converter: the high pitched
whine going ‘wuhwuhwuhwuh.’

As Chris may be aware, two
sinewaves of different frequency
when mixed together will cause a
similar effect, i.e. they will ‘beat.’
The signal he describes can be
thought of as a high-frequency
sinewave (in this case, at half the
sampling frequency) multiplied by a
lower frequency sinewave (at a
frequency equal to the difference
between half the sampling frequency
and the audio signal that was
sampled initially).

Alternatively, it can be considered
as the sum of two sinewaves: one at
the audio frequency and one at the
difference between the audio and
sampling frequencies. This 1s a
purely mathematical result.

The upshot of this is that if the
signal is considered as two beating
sinewaves, then it can be seen that
as long as the audio signal is below
the Nyquist frequency, then the high
frequency component of the beat

will have a frequency higher than

|l|lII||1|II\|\[I‘\l\ll‘l‘\‘|||||ﬂ||ll,.,. ,‘IEl|Iu|||1|||\||‘ll\‘||\||‘\|\||||l|||||,h., ]

the Nyquist limit. In the first
example he gives it will be
20.001kHz, in the second it will be
24.1kHz.

This is why it is important to use a
high-order filter with a cut-off at the
Nyquist limit if these aliasing tones
are not to be heard. And, of course,
such high-order filters introduce
phase shifts if not necessarily actual
time delays.

D Chrastina
Scunthorpe
North Lincolnshire

Chris Bulman raises the question of
sampling a signal at close to the
Nyquist frequency, and how this

U A high frequency signal

sampled fast enough

may still look wrong

but can be reconstructed

introduces what looks like amplitude
modulation.

The answer to Mr Bulman’s
question lies in his own letter, where
he says “unless the filter had a time
delay of over a second™. The filter
required to reconstruct a signal as
close to Nyquist as in the example
will indeed have a ringing response
that lasts over a second.

The Nyquist theorem only says
that if you sample fast enough the
samples contain information for the
original signal to be reconstructed. It
does not say that the samples will
like the original signal.

The proper reconstruction involves
passing the sequence of samples, as

in between.

gate is left floating.

John Fetter
Bryanston
South Africa

While the pulses can be made quite short —
applications — they must be long enough to see the device through the on
and off switching transitions to prevent any adverse reaction due to the
Miller effect. Once turned on in this way the device will safely handle any
current in accordance with the specification sheet despite the fact that the

A drive on the high side

A thought always worth bearing in mind when designing gate drive circuits
for power switching mosfets and igbts is that once these types of devices
have been turned on, there is no need to sustain the gate drive. The device
gate capacitance will maintain the applied gate voltage until it is time to
turn the device off — using appropriate gate drive circuitry.

I refer to Tan Hegglun's article ‘Driving on the high side,” from the
August issue, in which he describes an elegant way of using low cost gates
to drive the top transistor in bridge configurations. I am impressed with
lan's idea and offer one of my own on this.

A single pulse of short duration applied to the gate via a diode can be
used to turn on a mosfet or ight, and another pulse applied to a shorting
device across the gate can provide turn-off. The gate can be left unattended

less than 1ps in some

The gate drive circuit is required to provide energy only during the
switching transitions. Isolation between gate drive circuit and switching
device can be provided by means of a small hand-wound ferrite-bead
pulse-transformer — a transformer weighing less than five grammes
sufficient to drive a 100A igbt, for example.
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Surplus always
wanted for cash!

LOW COST PC's

SPECIAL BUY .
‘AT 286’

40Mb HD + 3Mb Ram

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems
Made in the USA 1o an industrial specification, the system was
designed for total reliability. The compact case houses the mother-
board, PSU and EGA video card with single 5%" 1.2 Mb floppy disk
drive & integral 40Mb hard disk drive to the front. Real time clock
with battery backup is provided as standard. Supplied in good used
condition complete with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run !

Order as HIGRADE 286 ONLY £,29' o0 (E

Optional Fitted extras: VGA graphics card

1.4Mb 3%" floppy disk drive (instead of 1.2 Mb)

| Wardperfect 6.0 for Dos - when 3%" FDD option ordered
NE2000 Ethernet (thick, thin or twisted) network card £29.00

LOW COST 486DX-33 SYSTEM

Limited quantity of this 2nd user, supurb small size desktop unit.
Fully featured with standard simm connectors 30 & 72 pin. Supplied
wilh keyboard, 4 Mb of RAM, SVGA monitor output, 256k cache and
integral 120 Mb |DE drive with single 1.44 Mb 3.5" Hoppy disk drive,
Fully lested and guaranteed. Fully expandabie Only

Many other options avalable - call for detalls. £399.00 ©

FLOPPY DISK DRIVES 372" - 8"
5%" or 31" from only £18.95 !

Massive purchases of standard 5%" and 34" drives enables us to
prasent prime product at indusiry beating low prices! All units {unless
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, afigned and shipped to you with a 80 day
guarantee and operate from standard voltages and are of standard
size. All are IBM-PC compatible (if 31¢" supported on your PC).

£24.95(B

3%" Panasonic JU363/4 720K or equivalent RFE
3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only
314" Mitsubishi MF355C-D. 1.4 Meg. Non laptop
5%" Teac FD-55GFR 1.2 M?? {for 1IBM pe's) RFE

5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £29.95(B
5%" BRAND NEW Mitsubishi MF501B 360K £22.95(B
Table top case with inlegral PSU for HH 5%* Flopp or HD 229.95[5
8" Shugart 800/801 8" SS refurbished & tested £195.00(E
8" Shugart 810 8" SS HH Brand New £195.GD[E‘
8" Shugart 851 8" double sided refurbished & tested £250.00(E,
Mitsubishi M2894-63 8" double sided NEW £275.00(E}
Mitsubishi M2896-63-02U 8" DS slimline NEW £285.00(E)

Dual 8" cased drives wilth integral power supply 2 Mb £499.00(E)
HARD DISK DRIVE

End of line purchase scoop! Srand new NEC D2246 8" 85 Mbyte
drive with industry standard SMD interface, replaces Fujitsu
equivalent model. Full manual. Only £299.00 or 2 for £525.00 (E)

£25.95(B
£18.95(B
£18.95(B

31" FUJI FK-308-26 20mb MFM I/F RFE £59.95(C)
3%" CONNER CP3024 20 mb IDE I/F (or equiv JRFE £59.95(C
31." CONNER CP3044 40mb IDE I/F }'u::rr equiv.)RFE £69.00 CE
3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acom)  £69.00(C

31" WESTERN DIGITAL B50mb IDE /F Brand New E1 SS.IJO{C
54" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE
5%° SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95(C

5%" COC 94205-51 40mb HH MFM I/F RFE tested £69.95(C
5%" HP 9754B B50 Mb SCS51 RFE tested £89.00 C;
5%" HP C3010 2 Gbyte SCSI differential RFE tested £195.00(C
8" FUJITSU M2322K 160Mb SMD |/F RFE lested  .£195.00(E}

Hard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBO.

Converts your colour monitor into a QUALITY COLOUR TVI1

o TV.SOUND &
VIDEO TUNER

CABLE COMPATIELE *

The TELEBOX is an attractive fully cased mains powared unil, con-
taining all electronics ready to plug into a host of video monitors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The composite
video output will also plug directly into most video recorders, allowin
reception of TV channels not normally receivable on most televi
sion receivers® (TELEBOX MB). Push button controls on the front
panel allow reception of 8 fully tuneable 'off air' UHF colour television
channels, TELEBOX MB covers virtually all television frequencies
WHF and UHF including the HYPERBAND as used by most cable
TV operators. A composile video output is located on the rear panel
for direct connaction to most makes of monitor or desktop computer
video systems. For complete compatibility - even for monitors with-
oul sound - an integral 4 watt audio amplifier and low level Hi Fi
audio output are provided as standard.

TELEBOX ST for composite video input type monitors 8
TELEBOX STL as ST but fitted with lnle?ral speaker £39.50
TELEBOX MB Multiband VHF/UHF/CablefHyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
“For cable / hyperband reception Telebox MB should be connected
to a cable type service. Shipping code on all Teleboxa's is (B)

DC POWER SUPPLIES

Virtually every type of power

s:.appiy you can imagine.QOver
10,000 Power Supplies Ex Stock
Call for info / list.

Issue 13 of Display News now available - send large SAE - PACKE

|- cLecTRONICS -

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

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

6,000,000 items EX STOCK

For MAJOR sAVINGS - CALL FOR SEMICONDUCTOR HOTLIST

VIDEO MONITOR SPECIALS

One of the highest specification
monitors you will ever see -
At this price - Don’t miss it!!
Mitsubishl FA3415ETKL 14" SVGA Multisync colour monitor with fine
0,28 dot pitch tube and resolution of 1024 x 768. A

3 Vﬂmﬂflmmmbamd
ers houdng 1B PC's 1 CGA EGA‘VGA_&O%

faceplte, text switching Low TION MPR
S i s s%gcniﬁcalion. Fully guaranteed, supplied in EXCEL-

it condtion.
Only £119 & wrssvea

Tift & Swivel Basa £4.75
Extemal cables for other types of computers CALL

VGA cable for IBM PC included.
As New - Used on film set for 1 week only!!
15" 0.28 SVGA 1024 x 768 res. colour monitors.

Swivel & tift etc. Full 80 day guarantee. £145.00 (E)

Surplus always
wanted for cash!

19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart
Less than Half Price!

Top qualilE 19" rack cabinets made in UK by
Optima Enclosures Ltd, Units feature
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjustable internal fixing struls, ready punched
tor any configuration of equipment mounting
plus ready mounted Intagral 12 way 13 amp
socket switched mains distribution strip make
these racks some of the most versatile we
have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in multiple bays,
Overall dimensions are: 771" H x 321" D x 22" W. Order as:

OPT Rack 1 Complete with removable side panels. £335.00 (G)

OPT Rack 2 Rack, Less side panels £225.00 (G)

| 32U - High Quality - All steel RakCab

Made by Eurocraft Enclosures Lid to the highest possible spec,
rack features all steel construction with removable

side, front and back doors. Front and back doors are :
hinged for easy access and all are lockable with
five secure 5 lever barrel locks. The front door §
is constructed of double walled steel with a &
‘desi style' smoked acrylic front panel to §

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

PHILIPS HCS35 (same style as CMBB33) attractively styled 147
colour monitor with both RGB and standard composite 15.625
Khz video inputs via SCART socket and separale 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 applications with direct connection
to most colour cameras. High auainy with many features such as
front con&saredfflﬁlp ccngols‘ CR c%rleciion button etc. Good
used condition - fully tested - guarantes

Dimensions: W14" x H12%" x 15%" D. only 295 (E)

PHILIPS HCS31 Ultra compact 9" colour video monitar with stan-
dard composite 15.625 Khz video input via SCART socket. |deal
for all monitoring / 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. onw £79.00 D)

KME 10" 15M10008 high definition colour monitors with 0.28" dot
pitch. Superb clarity and modern slyling.
Operates from any 15.625 khz sync RGB video
source, with RGE analog and composite sync
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 13%" x 12" x
11", Good used condition, Only £125 ()

20" 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & optional sound input. Altractive
leak style case. Perfact for Schools, Shops, Disco, Clubs, etc.In
EXCELLENT little used condition with full 80 day guarantee.

2 n
SPECIAL INTEREST |

MITS, A FA3445ETKL 14" Industrial spec SVGA monitors  £245
2kW to 400 KW - 400 Hz 3 phase power sources - ex stock E£PDA
IBM 8230 Tyfe 1, Token ring base unit driver

IBM 53F5501 Token Ring ICS 20 port lobe modules
1BM MAU Token ring distribution panel 8228-23-5050N
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE
Trend DSA 274 Data Analyser with G703(2M) 64 ilo

M 1 6310 Progr e 2 to 22 GHz sweep generator £6500
HP1650B Logic Analyser £3750
HP3781A Pattern ganeralor & HP3762A Error Detector  £POA
HP APOLLO RX700 system units

HPE621A Dual Programmable GPIB PSU 0-7 V 160 watts
HP3081A Industrila workstation c\w Barcode swipe reader
HPE264 Rack mount variable 0-20V @ 20A metered PSU
HP54121A DC to 22 GHz four channel test set

HP7580A A1 B pen HPGL high speed drum plotter

EG+G Brookdeal 95035C Precision lock in amp

View Eng. Mod 1200 computerised inspection system
Ling Dynamics 2kW rammable vibration test system EPOA
Computer controlled 1056 x 560 mm X ¥ table & controller £1425
Keithley 590 CV capacitor / voltage analyser EPOA
Racal ICR40 dual 40 channel voice recorder system
Fiskers 45KVA 3 ph On Line UPS - New batts Dec.1995
IC1 R5030UV34 Cleanline ultrasonic cleaning system
Mann Tally MT645 High speed line printer

Intel SBC 486/1335E Multibus 486 system. BMb Ram
Zeta 3220-05 AC 4 pen HPGL fast drum plotters
Nikon HFX-11 (Ephiphot) exposure control unit £1450
Motorola VME Bus Boards & Components List. SAE / CALL EPOA
Trio 0-18 vdc linear, metered 30 amp banch PSU. New £550

£1800

enable status indicators to be seen through the 3
panel, yet remain unobtrusive. Imema'lly the rack
features fully slotted reinforced vertical fixin
members to take the heaviest of 19" rack
equipment. The two movable vertical fixing struts
gemas available) are pre punched for standard £
cage nuts’. A mains distribution panel internal- F
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched *
utility socket. Owverall ventilation is provided by ™3
fully louvered back door and double skinned top section ™
with top and side louvres. The top panel may be removed for fitting
of integral fans to the sub plate etc. Other features include: fitted
castors and fioor levelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
mm=1625H x 6350 x 603 W. (64" H x 25" D x 23%"W )
Sold at LESS than a third of makers price !!

A superb buy at only £195.00 ©

Over 1000 racks - 19" 22" & 24" wide
3 to 44 U high. Available from stock !
Call with your requirements.

TOUCH SCREEN SYSTEM

The ulti in “Touch S Technology' made by the experts -
MicroTouch - but sold at a price below cost !! System consists of
a flat translucent qlass laminated panel measuring 28.5 x 23.5 cm
connected to an electronic controller PCB. The controller preduces
a standard serial RS232 or TTL output which continuously gives
simple serial data containing positional X & Y co-ordinates as to
where a finger is touching the panel - as the finger moves, the data
instantly changes. The X & Y information is given al an incredible
matrix resolution of 1024 x 1024 positions over the entire screen
size !! A host of available translation enables direct con-
nection 1o a PC for a %md of applications including: control pan-
els, pointing devices, POS systems, controllers for the disabled or
computer un-lrained etc etc. Imagine using your finger with
‘Windows', instead of a mouse !! (a driver is indeed available 1) The
applications for this amazing product are only limited by your
Imds n{sta’cmﬁ l%%m_ttalete_ syslg_nb'll includin Cclmlroliar. Power Supply
and Data supplied at an incredible price of only:

FUNM!CHDT&JWCH seﬂwmsupportpa%\k % £145¢ 00 (8)
and manuals for IBM compatible PC's £29.95 RFE - Tested

£950 LOW COST RAM & CPU'’S

INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT

and PC-AT compatible card with 2 Mbytes of memaory on board

Card is fully selectable for Expanded or Exlended (286 processor

and above) memory. Full data and driver disks suE%IIad, RFE.

Ful1r tested and guaranteed. Windows compatible. 9.95(A1)

Half length 8 bit memory upgrade cards for PC AT XT expands

memaory either 256k or 512k in 64k steps. May also be used to fill

in RAM above 640k DOS limit. Complete with data.

Order as: XT RAM UG. 256k. £34.85 or 512k £39.95 (A1)
SIMM SPECIALS

1MB x 9 SIMM 9 chip 120ns Only E16.50 (A1
1MBx9 SIMM3chip80ns £19.50 or 70ns £22.95 (A1
1 MB x 9 SIMM 9 chip 80 ns £21.50 or 70ns £23.75 (A1

4 MB 70 ns 72 pin SIMM_-with parity- Only £95.00 (A1
INTEL 486-DX33 CPU £55.00 INTEL CPU £69.00 (A1)
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £££

FANS & BLOWERS

Fujitsu M3041R 600 LPM band printer £1950 :

Fujitsu M3041D 600 LPM printer with network interface £1250 EPSON DO412 40x40x20 mm 12v DC £7.95 10/ £65
Perkin Elmer 2998 Infrared spectropholometer £POA PAPST TYPE 612 60x80x25 mm 12v DC £8.85 10/ £75
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3750 MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.95 10/ £42
Andrews LARGE 3.1 m Satellite Dish + mount (For Voyagerl) £950 MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10/ £48
Sekonic SD 150H 18 channel digital Hybrid chart recorder  £1995 MITSUBISHI MMF-09812DH 92x32x25 mm 12v DC £5.95 10/ £53
TAYLOR HOBSON Tallysurf amplifier / recorder 50 PANCAKE 12-3.5 92x82x18 mm 12v DC £7.95 10/ £69

£7
£485

System Video 1152 PAL waveform monitor
£300

Test Lab - 2 mtr square quietised acoustic test cabinets
Kenwood 9601 PAL Veclorscope - !;]EW £65
Please call for further details on the above items

EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110
or 240 v £6.95. B0 x 80 x 38 mm - specify 110 or 240 v €5,

0 IMHOF B26 1900 rack mnt 3U x 19" Blower 110/240v NEW £78.95

Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

D with bargains!

p— T ALL MAIL & OFFICES [LONDON SHOP DISTEL®
s s H H Open Mon-Fri 9.00-5:30 Open Mon - Sat 9:00 - 5:30 The Original
E D™ P Dept WW. 32 Biggin Way Sy 0uin Nomwood EE On line Database nla] 579 44]4
Sese” 3 Toue Seese o Upper Norwood On 68 Bus Route Info on 20,000 + stock ftems
LONDON SE19 3XF Solhurst Park SR Rail Siations RETURNING SOON ! FAX 0181 679 1927

CIRCLE NO. 136 ON REPLY CARD

ALLT® ENQUIRIES

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepled from Govemment, Schools,

i i g i urnmﬂmm.cmwﬂmammto*mwoﬁhgdaysdaamme,&nﬁgemiss(h}:ﬁ.m (A1)=£4.00,
.00, (F)=£18.00, (G)=CALL. Allow approx 6 days for shipping - faster surcharge C All goods supplied to our
rantees on a retum to base basis. All nghts reserved to

Tl
2 Conditions of Sale and unless staled for S0 days. Al
E @m.ommwmmummwmﬁﬁfz

CALL. Scotland

5 ot : ,
WsM.AImM&M.@%RiME&OE.% =

impulses, through a low pass filter
with cutoff at the Nyquist frequency.
Each impulse hitting the filter causes
ringing, and it is the sum of these
successive rings that reconstructs the
signal.

If the signal frequency is very
close to the Nyquist, then the filter
has to have a very sharp cutoff
indeed — 50 it will have a very long
impulse response, hence the
‘memory’ needed to carry over into
regions where the signal ‘looks’
small.

Chris Bore
Woking
Surrey

Silver and the
Bulman whistle

In the October issue Bob Pearson
suggests that the reason why rf
circuitry is silver-plated, although
the reduction in resistance is modest
at 7%, 1s that oxidised silver is
conductive.

This is not so. Firstly, silver oxide
does not form on silver because 1t is

relatively unstable and cannot be
made by heating silver in air.

Secondly, [ am pretty sure it is
totally non-conductive. The
brown/black tarnish film that makes
your teaspoons unsightly is actually
silver sulphide, which is very
definitely non-conductive. This
derives from atmospheric hydrogen
sulphide pollution — probably from
diesel engines — and can have
catastrophic results on small-signal
switch contacts. This problem
appears lo be getting worse, and the
only cure I know is to abandon
silver, although it is otherwise ideal,
and stump up for gold-flashed
contacts.

As far as [ can determine, copper
in rf circuits is silver-plated not to
reduce losses but to prevent
corrosion. Skin effect means that
any plating must have resistivity as
low or lower than copper. Silver is
the only metal that meets this; it is
not immune to corrosion but it
corrodes much more slowly than
copper.

Turning to Chris Bulman, I can

.J Fields, lines and tremors

Dominic de Mario is to be commended for investigating natural
phenomena usually ignored as too basic to be worth investigating by

mainstream science.

pump.

above ground.

signal taken off the valve cathode.

another story!

gradient.

Anthony Hopwood
Upton upon Severn
Worcestershire

I have recorded the natural electric field since 1980, and can confirm
that the wavetrain at 1.87Hz is probably a mains artefact caused by some
sort of machine imposing pulses on the normal 50Hz mains waveform.
The most likely source is a sensor controlled machine like a compressor or

Mr de Mario’s electric field sensor is elegant but unnecessarily
sophisticated, and likely to detect rfi because it is chip based.

Natural atmospheric electric field activity is energetic and can show
swings of hundreds of volts on a modest wire antenna. High input
impedances and low noise devices are not needed with a reasonable
antenna because the natural voltage gradient approaches 150 volts/meter

Since I wrote an EW feature on natural electric field and ionospheric
interaction in October 1989, I have continuously run a 6Q7GT valve
antenna elecirometer in cathode follower mode as a geoelectric field
detector rather than low voltage silicon devices .because the valve is
lightning and rfi proof To keep the natural electric field within the 600V
valve power supply, the antenna is loaded down by switched resistors For
a horizontal wire antenna 20 meters long and 5 meters high, the antenna
load of 300MQ gives a voltage span of 100-200V on most days. The
induced mains voltage of about 15 volts pk/pk riding on the atmospheric
potential is tumed to good account by using it as a ‘chopper’ to modulate
the atmospheric potential, to give greater sensitivity — if required — than a

This high sensitivity signal is taken off the double diode anodes in the
valve, and the 50Hz mains component filtered out using simple series B
and C because the frequencies of interest are from dc to about 1 Hz.

Using the sensor, it is possible to record lightning activity and cloud
charges, as well as solar flares. The voltage on the antenna relates to the
average height of the lower ionosphere, modulated by relative humidity- it
also carries transients caused by meteors burning up overhead — but that’s

Mr De Mario's device will certainly work, but be unduly sensitive to
local interference from mobile phones and vehicle radios as well as people
moving near the antenna, whereas the loaded long wire antenna on a
cathode follower valve will be rfi and lightning proof and can be
accurately calibrated to directly read the atmospheric field voltage

verify that bipolar transistors do sing
when passing audio. The apparent
high-frequency emphasis may be
due to the small size of the radiating
element — presumably the transistor
die — but in any case this seems to
rule out thermal effects. The absence
of thermal distortion in discrete
amplifiers also argues against a
thermal origin.

Sound level appears to increase
with device current rather than
voltage or power, but the mechanism
is apparently unknown; I have never
seen a reference to the effect in any
textbook or manufacturer’s data.
Does anyone have an answer?

Doug Self
London

Light service

May I suggest a simpler solution to
H T Wynne's ingenious Porch Light
Saver (EW Oct "97). That is to just
use a low-power fluorescent light.
The simplest method is to plug in
one of the modern compact
electronic units. A 7W one should
be sufficient but for a large porch an
11W might be required. My own
porch is lit with a conventional, non-
electronic, 4W straight fluorescent
tube. I originally fitted a 6W one but
found it brighter than necessary.
Although the average life of a
conventional fluorescent light is
only 5000 hours compared to 10000
for the electronic and its light output
about 20% less, the conventional
one is likely to work out a little
cheaper in the long run due to the
rather lower replacement cost.
P F Gascoyne
Wantage
Oxon

Calculating resistances

Some of my comments on the article
‘Resistors in C’ from the April issue
were answered by the author in the
August letters page, but | think the
points he raises require a further
response.

John emphasised that his printed
program listing had merits in its size
and simplicity, but set against those
must be the lengthy processing time
involved. I still cannot see the
program getting much use if the
calculation time can run into
minutes — as stated in the original
article.

For routine E24 calculations it
would be better to have all 1728
permutations listed on a few sheets
of paper, this is the reason why [
encouraged readers to use a more
efficient approach, and not rely on
pure processing power to make a
poor algorithm look good.

As to the algorithm contained in
the ‘more complex’ version of the
program — available via the special
offer associated with the article —
being different from that in the
listing, all I can say is the article

LETTERS

only indicated changes made to the
data entry and presentation of
results,

The order of results in the sample
output is exactly the same as that
produced by the simple version so 1
incorrectly assumed the search
sequence was the same.

When querying the usefulness of
“higher order” parallel combinations
of resistors with values such as
0.01R and 10M, I was surprised they
were included in the search range as
I am not aware of any part of the
industry using such combinations.

John might have guessed that [
have come across the parallel
resistor problem before. The eight-
bit microprocessor | mentioned in
the June edition was in fact the
humble BBC Microcomputer of the
early 1980s, on this I had a program
to design resistive matching pads
and within it a routine to convert the
results to practical resistor pairs.

Just in case I am accused of being
behind the times on this, [ have tried
transferring the original routine into
a Windows program. For those
interested in the results it is available
from the “File Download™ section
on the web site:

http://fourworld.compuserve.com/h
omepages/david_markie

John concluded his letter with:
“...1t 1 easy for a person to belittle
another's ideas, but it is something
else to have the idea and do
something about it. What was it they
said about Marconi.”

Well I am sure quite a lot was said
about him, but what specifically did
John have in mind?

David Markie

EMC rules

I applaud the courage and honesty of
Ivor Catt. His display of courage
begs me to come clean, even though
I would prefer to keep the head
down and pretend that 1 was
thriving. I can personally vouch for
the fatal impact the new regulations
have had on my small company and
on me, in that the game became not
worth the candle,

Thank goodness [ was convinced
in time to contribute to a half decent
pension fund and that I am old
enough to draw it down. Helping
friends and neighbours isn’t all that
bad. For example, I have become a
world leader at repairing wall warts
and I may prepare a paper for the
IEEE/IEE on the technology
involved.

Perhaps some kind reader, up to
speed on the regulations, will let me
know if it is within the law to use
Super Glue 1o stick my wall warts
back together after repair, There are
no approval markings, that I can see,
on the new bottle of glue I opened
today. ||
Ted Crowley
Co. Wicklow Ireland
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» o = < = CLASSIFIED

SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

FAX 0181 652 8956

ARTICLES FOR SALE ARTICLES WANTED

OPERATING & SERVICE MANUALS

PCB CAMERA £39.00.var VALVES and CRTs AVAILABLE
ONE MILLION VALVES stocked for Audio, Receiving, Ti it-
BI w MOD ULES ting & RF Heating. Rare brands such as MullardeslzvglEgc a’x:l"::lle.
. Also MAGENTRONS, KLYSTRONS, CRTs and SOCKETS.
32mm. 3.5 lens or IPIIII'IDIE' £39.00 + vat each Large stocks of Russian and Sovtek items.
42mm e lens with audio add £10 + vat Please ask for our free catalogues of valves or CRTs.
(UK CARRIAGE/PACK/INSURANCE £4 UP T0 10 PIECES) ) VES, etc, WANTED
Most types considered but especially KT88 (£60), PX4/PX25
RUCOUNT FOR QUANTITIES (£60), KT66 (£38), KT77 (£18), EL34 (£15), EL37 (£15), ECO83 (£3),
SEE OUR WEB SITE Valves must be UK manufacture to achieve prices mentioned.
OPEN 6 DAYS A WEEK FOR CALLERS Also various valve-era equipment e.g. Garrard 301, (up to .£80).
MAIL-ORDER OR EMAIL Ask for a free copy of our wanted List.
BILLINGTON EXPORT LTD., Billingshurst, Sussex RH14 952.
H E N RY' s :g:l%%ﬁrvﬂ:‘:&%’w Tel: 01403 784961 Fax: 01403 783519
VISITORS STRICTLY BY APPOINTMENT. MINIMUM ORDER £50 plus VAT
Te_!: 91@71 258 1831 Fax: 0171 724 0322
email: sales@henrys.demon.co.uk internet address: http://www.henrys.co.uk PLE ASE MENTION
CONTACT CONTACT
. _ = ELECTRONICS W
Cooke International - Cooke International WHEN REPLYING TO ADVEHTCI’SEI\’I-EDNTS
ELECTRONIC TEST & MEASURING INSTRUMENTS Unit Four, Fordingbridge Site, Main Road, Barnham, urplus Stock - Capacitors RF DESIGN
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis, West Sussex, PO22 OHD, U.K. Large volume availability of capacitors SERVICES ;
. Bognor Regis, West Sussex, PO22 OHD, U.K. Tel: (+44)01243 545111/2 Fax: (+44)01243 542457 dirt fom manufacurer i pitch izes 5, | Al aspects of RE hardware TOP PRICES PAID i oo e T
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457 NOW AVAILABLE CATALOGUE ON DISC SIS Wh e td a0} || development considerad from For all your valves, tubes, semi
pF 0.001 - uF 0.68 epLiop Y ' '
CIRCLE NO. 138 ON REPLY CARD CIRCLE NO. 139 ON REPLY CARD For further details please contact: [WATERBEACH ELECTRONICS] i o andiCs. nwn::;f 'l;ﬁifﬁ‘ﬁi’?ﬁ:ﬁ%‘;‘?ﬁﬁﬁg ct'?z"&t’ﬁ
L S ag Ottersta osterkobvej K-
Pala Copacitors TEL: 01223 862550 " MayoRoad,Croydan | e e i e entsin.
Fax: 01483 566050 FAX: 01223 440853 Surrey CR0 2QP
TEL:0181-684 1166 T . Sipbes equiptuimat s “opry
FAX: 0181-684 3056 10 DK-3460 Birkerod: Dok soertonee)
44681514,
— INTERESTED Il\_l A HIGHERI DEGREE?
ADVERTISERS INDEX semememee | BR[| ADVERTISERS
: : ‘ewloBooks, Plymouth House, Estover Roa
BDCIOE " b w05 o wianuimtas o B 156 0 S GO SREOB0 (OISO o o m o ol v shasaimyssmsal nrd b s wa el 882 :ﬁﬁ:i’gﬁifg;ﬁiﬁf“ g}%???gz;oﬁ?z;%_ Tel: 01752 202301, Fan.
Boltor INSHIULE: . -2 crmns s vnan v psr s v o BB PO = v i vs o0 o 0 305 e esmrss sesasteg il 0 B SR SR 919 Ii.‘*_Gleﬂufiiu_:&:deoLinks
. 2 erial compinin, stems
Card Professionals s . vs vs ws suivaemes 5 o 993 QUIBKIOUE: ... . oot i e ey B Ay 919 Sowhateier yourAsA NS DAT RECORDER Seny Portable TCD-D§ £299 P L EAS E
CREIEY VAINE (i teerm i sisvosse e smmiesion e i AL RO TE . . o oot osn i s s A 55 e ] 906 Lisra solutions for 2 hours: ony. Tleptone: (01508 426456
S e Wiy B T N W GOL BUGIE ) de 8 il RS ST ARG S 0 RS 968 rmoar@glovaiet.couk i N o I E
COIomor ................................ 943 RD Research 91 5 y
G B St v A0 NF REmEieiinel en B sl U RBLEMESEATOEY Shavesversmmsieaisls ave B o 0 g s FLUKE raphical multi meter, five months
GIOWRRIL, Sorres o et o o s SO e 987 RN EIECHONICS -« « oo oo e 889 _ glld,sﬁ‘;nﬁ?:azggnapamharitsso on. Tol 01483
Dataman ..... R R R R e e G S e I 948 [ Micro ccp camERA =
[E):qs LIJD :]anglectromcs """""""""""" I9|36 é SPWTER Tranformers . . ........oeenuenenn. 946 ,‘;gf}"l;2’:‘1“;’:‘:::;;‘;‘:‘]2}; PRECISION SHEET METAL SERVICES or all your
O g ot s ey oy A e B, (o : - -
--------------- Stewartof Reading .......................960 1/3" b/w PCB. 12V 75mA We specialise in th M
:—(i)":lsrtls ................................... 950 Siiftey 906 N g 2223 200 A mi;?;ﬁnf;,',”,;:el”;;“rg’;g‘i”n’juiz;?gﬁ;';ﬁf fu tu re en q uiries
.................................. 943 anga ine videoio/g; screening cans, ,' ®
Johr's Radi gat TONOI cooiis i ntinn i v s £ 58 s e 941 ONLY £64.95 SALLVEDU CUMTTES. QUK TANAROIO on advertisin
@NMSRACNCE vk ol 1% o8 S verisesd i oa sl 74 w7 e ule pE Please write, fax or phone for quotation g
JPG 945 Technology SOUICES: . v e i o wi ciawnisin o7 889 p&p, and VAT HARRISON ELECTRON
i g 3 RS DR A W R Telnet 946 and 959 Send cheque or PO. to Eh W . S rates
RENIORUCES 200, 0 v bolliesgenbentm st sod, wid i 56838 956 - ML R oie ReTech Lid., Unit 1, TelFax. (01354) 651289
OIIWON 5r5sc et aba 5w min v o s 5. 63 v
tea\t;;sra:;er """""""""""""""""""" ggg TORHES 1.0 s e s St oot B o R SR A 887 S“'indm:’g;s; 5;4‘?.36 P I ease con taCt
St AN o o ER SEIATIE el wik e E B R g Send sae, for details and latest MEGGAR INSULATION TEST
E7ts ][5 1e e T T S S W Ay s g S 936 Those Engineers .............cooovinnnnn. 945 list of AV. and Satellite offers 2500v, hand cranked, excellent oondit!!'::}t'. i J
T NN e R e L e 904 s eones s s o T 173 oannah Cox on
MaTIOWTROUSIES . <. convisns o 05 v 5 oa e 887 Wood&Douglas ............ocoiiiiiiin, 906
NUABSEONE 2 o0 Sl avatme the wials b de 5 02 Q37 ZUMBNE: o v v o s SR SRR R B L i S IFC RTINS s PAL Genlock Test Signal  WANTED = any AYO mode 8 with b
enerator, nsertion Test Signal G jamaged mment. Tel: 01 with hopelessly
E‘i\;:?é? Aﬁ’m’:ﬁ:ﬂfgt (ﬁgg;}%{]mz\:;vcfmm 15601326 312901, Te': 0 I 8 l -6 5 2 3 620
;‘;‘:g I,En'ﬁzfof“‘. S61A oscilloscopes. rvgﬁgm{ﬁss \_»\E;ld f‘rrzgqufsfq?sa Ploe FaX: 0 I 8 I '6 5 2 89 5 6
£60 paie Details te: 01273 saygy - K8 OTder:  selec Dicase te, 01530 §ogser Ot informa-




T & M EQUIPMENT

ADVANTEST R3762AH 3.6GHz vector network
analyser £5
ANRITSU ML93A optical power meter

(MASEA 0.75-1.8uM) £1000
ANRITSU MS420B 10Hz-30MHz network/
spectrum analyser 75 ohms £3000

ADVANTEST TR407 fft spectrum analyser to 1MHz
£3500

BRADLEY 192 oscilloscope calibrator
HP8720C/6/10 microwave vector network analyser
HP35660A dynamic signal analyser, with 01 option
HPE753C vector network analyser with 6GHz option
HP1B2T/8559A 21GHz spectrum analyser

HP3582A dual channel fft analyser

HP546204 15 channel 500MS/sec logic analyser
HP83475A lightwave communications analysar
HP83572A sweeper plug-in (for 8350B) covering
26.5-40GHz

HP8557A/182T 350MHz

HPB591E 1.8GHz portable, 750hm option 01 and

TV option 301

HP8756A scalar network analyser

MARCONI 2019 synthesized signal generator
80kHz-1040MHz

MARCONI 2380/2382 high specification, 400MHz
spectrum analyser

FARMELL AP70-30 power supply 0-70V 0-30A 500W
FARNELL 5562000 10Hz-2GHz synthesized signal
generator

PHILIPS PM5193 synthesized function generator
SCHAFFNER NSG500C/506C interference generator
SCHLUMBERGER 7081 8.5 digit precision valtmeter
WANDEL & GOLTERMANN PCMA4 test set
WILTRON 560A scalar analyser, 66478 sweeper,
6669A sweeper

e ralfe electronics e

« 36 Eastcote Lane » South Harrow » Middx HA2 8DB + England »
TEL (+44) 0181-422 3593 - FAX (+44) 0181

exclusively

-423 4009

_; e

professional TECM ©

16408 serial data generator

¥ ‘ 11581A attenuator set
3336A synthesizer/level generator
DISTRIBUZIONE E ASSISTENZA, ITALY: TLC RADIO, ROMA (06) 871 90254 § 3235A switch/test unit
3325A synthesized function generator /01/02

£500
£sold
£4000
£sold
£3500
£2500
£1250
£3250

£7500
£1000

£4000
£1250

£1750

£4500
£650

£2000
£2000
£3500
£1500

£15K

Call

TEST EQUIPMENT

* URGENTLY REQUIRED »
HEWLETT PACKARD 8720 series
network analysers £20,000+paid for 'C’
HEWLETT PACKARD 8510 series
microwave analysers,
anything considered
HEWLETT PACKARD 8566€B series
spectrum analysers
£10K-£20K paid
HP8753C + vector network analysers,
we pay top prices for late models.
Guaranteed top prices paid for all
current model spectrum/
network analysis.

FOR EXCLUSIVE ACCESS TO OUR COMPLETE STOCK
INVENTORY AND SPECIAL BARGAIN DISPOSAL DEALS
PLEASE CHECK OUR WEBSITE
http://www.ralfe-electronics.co.uk

333206/33322G programmable attenuators 4GHz,
with driver 117134

As above but 18GHz set

35650A mainframe

E3615A bench power supply

37724A/04 digital hierarchy test set

379000 signalling test set with 2 x 379154 interface cards

4140B pA/meter, DC voltage source
4275A multi-frequency lcr meter
4948A (/04) in-service TIM set
40938 pratocol tester base (PT300)
545100A 1GHz digitizing oscilloscope,

now inc 2 x 1GHz active probes
54620A logic analyser
6633A systems power supply
B018A serial data genarator
B0B2A pulse generator 250MHz
B111A pulse generator 20MHz
83411C lightwave receiver 1300/1550nm
83440C lightwave detector 20G6Hz 1300/1550nm
83508 with 835924 10MHz-20GHz sweep generator
86222A/8620C 10MHz-2 4GHz sweep generator
87510A gain-phase analyser 100kHz-300MHz
89018 modulation analyser
J2215A FDDI portabla multimode test set
J2304 internet advisor with ethernet interface

HEWLETT PACKARD

£500
£350
£2000
£1000
£1500

£1000
£1500
£2000

£175
£9500
£5500
£4000
£3000

£500
£3500

£1500
£1200

£600
£1000
£2000
£1250
£1750
£2000
£ call
£1500
£6500
£4500
£1500
£2500
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CIRCLE NO. 139 ON REPLY CARD

ELECTRONIC UPDATE

A regular advertising feature enabling

Contact Joannah Cox on

readers to obtain more informa:tion
on companies’ products or services.

0181-652 3620

Comprehensive new
LCD brochure

The widest range of colour LCDs,

LCD monitors and plug and play kits
available in the UK, all in one easy to
use brochure, is now available FREE!

It includes products ranging from
2.9" monitors to 16.1" colour LCD
screens, monofeolour STN TFTs and
touch screen technology from the
worlds leading manufacturers.

Phone Trident today
for your free copy.

Tel:: 01737 765900
Fax: 01737 771908

CIRCLE NO. 140 ON REPLY CARD

New for ‘97 Free Data

and Software.

Acquisition Software Tool

DAQ Designer 97 is a free system
configuration software tool for the
PC that takes you through your
application step-by-step, asking
you questions, and recommending
all the right equipment, including:
PC plug-in DAQ boards, PCMCIA
DAQ cards, Signal Conditioning
and Sensor Interfacing, Cabling

Call National Instruments for
your free copy on (01635) 523545

CIRCLE NO. 141 ON REPLY CARD

NEW Feedback T&M
Catalogue

The latest edition of the Feed-
back Test & Measurement cata-
logue is now available. Over 60
pages packed with more than
800 products divided into over
20 sections. The catalogue is
indexed for both product and
manufacturer and is fully illus-
trated. Whether you are looking
for an individual product, a com-
plete workstation, or a solution
to a particular Test & Measure-
ment need the NEW Feedback
catalogue will sove your prob-
lems, send for a copy NOW!

CIRCLE NO. 142 ON REPLY CARD

World Leader in Tool Kits

CATALOGUE

service/support of

hard-to-find togls, PC/LAN

and more.
Ring 0800 833246 or

Northampton NN3 9UD

NEW JENSEN TOOLS

Colourful new Catalogue, hot off
the press from Jensen Tools,
presents unique new tool Kits for

communications equipment. Also
latest test equipment from many
major manufacturers. Includes

diagnostics, bench acccessories,
static control, technical manuals

Fax 01604 785573 for a free copy.
Jensen Tools, 10-12 Ravens Way,

CIRCLE NO. 143 ON REPLY CARD
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Featuresinciliide

& Wicro-Pro for. Window
Programmer Inter;
Software

S EPGA hardware ensures
future device support:

® Supports most DIL devices
up to 40 pinswithoutan'd

® Adaptors available for mafy
other package types

.8
Order code: MPW-SYS £149.00 A

Optimising C Compiler
Macro Assembler
Software Simulator
Device Programmer
Evaluation Module
v Atmel AT89C2051
¥ Hardware/Software Documentation

PAUS £Res Atmel cD ROM data book
Order code; AT-89C-2K-5T £199.00
r

Igrammng Adaptor

. A Order code: AD-8051-1CPP £425,00 (Requires Micro-Pro Programmer to operate)

PROGRAMMING SOLUTION FOR 8051 MICROCONTROLLERS & MUCH MORE”

SHE0 108 P10

(0 unLock
\o>) NEW LIBRARIES

Atmel - 89C, 895
(see table below)

Philips/intel -
87C-51/52-Fx

Dallas - 87C520

Atmel
E2- 24C, 25C, 28C,
59C, 93C
FLASH - 29C, 49F
Order Code
MPW-LIB MEM AT
Cornes as standard

A Security Dongle is »
libraries Order €

the above
C £24.00

The 4WE 8051 FLASH microcontroller family

Almel Part Code | 89c51  89C52 BYCSS | B9SE252 89553 | 89C1051
Flash Code ROM (bytes) 4K 8K 20K 8K 12K i1
RAM (bytes) |18 256 256 56 % N
EEPROM - - - 2K - -
In-system re-programmable = = - YES ves | S
O Pins 32 3z

16-bit Timer/Counters L 3 : % 3

Watchdog timer - = A YES

Interrupt sources | 9

Serial UART (full duplex)

SP! Interface = : YES

Analogue comparator -

Data pointers

Package Pins (DIL)

89C2051

extern vold extasn(void);
matn()

{
wiile(1)
1

do

extasm();
¥ while (1p3°1);
H

7 Inclode i Lok Dhiect |
ﬂtlﬂm_‘ nn?_-' . I :n ]

..l KEIL in!egrare_d Deve!apmen?fn Jmn_n1e31t_-_c u—)mpi'fer + Assembler output restricted to
2K total program codle.

r

=

The mbcddcd Solutions Company

Visit our web page at: www.equinox-tech.com
Email: sales@equinox-techcom
229 Greenmount Lane, Bolton BL1 5JB UK
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Jataman 54

Programs 8 and 16-bit EPROMs, EEPROMS,
PEROMs, 5 and 12V FLASH, Boot-Block

FLASH, PICs, 8751 Microcontrollers and more,

EPROM emulation as standard!
Rechargeable battery power for total
portability.

All-in price includes emulation leads, AC
charger, PC software, spare library ROM,
user-friendly manual.

Supplied fully charged and ready to use.

a4 Ol Modute

Programs wide range of 20 and 24 pin

logic devices from the major GAL vendors.

Supports JEDEC files from all popular
compilers.

Plugs straight into your parallel port of PC
or laptop.

Programs and verifies at 2, 2.7, 3, 3.3 and 5 V
True no-adaptor programming right up to
48-pin DIL devices.

Free universal 44-pin PLCC adaptor,

Built-in world standard PSU - for go-
anywhere programming.

Package adaptors for TSOP, PSOP, QFP, SOIC
and PLCC.

Optional EPROM emulator.

alpport

3 year parts and labour guarantee.
Windows/DOS software included.

Free software updates via BBS/Internet.
Free technical support for life.

Next day delivery - always in stock.
Dedicated UK supplier, established 1978.

I10th = Claim Verified

Secure for own use without delay. Order via
credit card hotline - phone today, use
tomorrow. Alternatively, request more
detailed information on these and other
market-leading programming solutions.

i
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Dataman Programmers Ltd, Station Road,

Maiden Newton, Dorchester, Dorset, DT2 0AE, UK
Telephone +44/0 1300 320719 Fax +44/0 1300 321012
BBS +44/0 1300 321095 (2dhr) Modem V.34/V.FC/V.32bis
Home page: http:iwww.dataman.com

FTP; ftp.dataman.com Email; sales@dataman.com

Orders received by dpm will normally be despatcied same day.
Order today, get it tomorrow!

Try the Dataman 54 or Dataman-48LV without
obligation for 30 days. If you do not agree that these
truly are the most powerful portable programmers
you can buy, simply return your Dataman produict
within 30 days for a full refund.
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