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Dallas 87C520
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PLUS FREE Atmel AT89C2051 microcontroller + Atmel CD-ROM
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This directional coupler works at
gigahertz frequencies but is
fabricated using standard
fibre -glass pcb - page 763.

Gyroscopes aboard the Gravity
probe B mission could answer a
lot of questions posed by
Einstein's theories on gravity as
a field - page 728.

Measuring 21.5 by 8.5 by
7.6mm, the ENC-05E
gyroscope handles up to 50
changes in direction a
second and a maximum
angular velocity of 1907s.
EW readers can buy one for
around £80 - see page
734.
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Quickroute 3.5 is a powerful, affordable and easy to use integrated schematic & PCB design
system for windows. With its multiple button bars,' tool tips' , and ' parts bin' Quickroute helps you
to get working quickly and efficiently

Quickroute is available in 4 different versions (see Table) all of which offer great value for money.
Quickroute is available with multi -sheet schematic capture, 1-8 layer auto -routing, copper fill,
engineering change, and a range of popular file import/export features allowing connection to
simulators and other software packages (details on request). Prices are Personal (£68), Designer
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SMARTRoute 1.0 is a new 32 bit auto -router that offers
amazing flexibility & power at an affordable price!
Compatible with Windows 3.1/95/NT, SMARTRoute gives
you total control over routing strategies including
layers used, track & via sizes, design rules, etc.

SMARTRoute is completely compatible with Quickroute

3.5 and offers improved
completion rates compared
with Quickroute' s built in auto -
router (ask for details)
SMARTRoute is available for
£149 plus P&P and V.A.T.
Special bundle pricing for
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Testing time for EMC
Ukrile most engineers would agree with Anthony Hopwood,
V V Letters EW March, that there is too much pollution of the

electromagnetic spectrum, the way that the European EMC laws
have been drafted by our politicians is sure to stifle innovation at
grass -roots level. What small company can risk such swingeing
fines or what individual engineer can risk three months in prison?
To a professional engineer this is comparatively more devastating
than similar sentences presently being handed out to low -life
rapists and muggers, so I am sure the attitude of many engineers
and small firms will be 'why bother bringing a new product to the
market place in Europe?'

I have never believed that membership of the EEC has been, per
se, a good idea for UK industry. The theory that the UK would
sink without EEC membership has never been proved. It must
rank as one of the more nebulous political arguments promulgated
by Euro-fanatics but despite this it is always trotted out on a
regular basis to silence critics of the EEC as though it were
irrefutable truth.

Any benefit from the EEC - if there has in fact been any - has
been overshadowed by such dismal concepts as the Common
Agricultural Policy and the monetary policy. Both of these have
been disasters for the UK. Industry has also had an extra
bureaucratic burden in the form of Value Added Tax - that most
European of taxes. And now we have the EMC harmonisation
laws. But if you think these were bad, wait until the Low Voltage
Directive comes into effect on 1 January next year. I can see many
small electronics firms just giving up when faced with both.

I expect that many of those small businessmen who voted us
into the Common Market expecting to enjoy a free trade area are
now wringing their hands at the never-ending avalanche of
bureaucracy aimed at them from that very source.

These two pieces of legislation have all the hallmarks of having
been put together by that fatal combination of big business,
bureaucrats, and lawyers; fatal that is for entrepreneurs and
innovation. Under this legislation, the outlook for any aspiring
small electronics company in Europe is grim. The large multi-
national conglomerates probably had a large say in how the
legislation was drafted and will not feel the pinch at all. They are
sure to use the legislation against any small competitor if they
attempt self -certification, but the only alternative to self -

certification is the high cost of third party certification.
I recently observed the demise of two projects due to the new

EMC legislation. Due to both the cost and the uncertainty
associated with complying with the new EMC regulations, the
plug was pulled on these specialised short -run projects. It doesn't
take much imagination to see that this will be happening to a
greater or lesser extent all over Europe, with many of those useful
electronic gadgets and devices produced by small firms - which
oil the wheels in industry, commerce and the home - not being
brought to market.

One reason why this legislation has been thrust upon the
industry is that engineers have never organised themselves into a
quasi -political pressure group in the way that other professionals
like doctors, lawyers and those running Britain's newspapers and
financial institutions have done. This could explain engineers' low
status in society, relatively low pay and the almost total lack of
political clout that could have prevented the present predicament
with the EMC laws - a situation that shows every sign of
persisting indefinitely. The professions mentioned above all have

"Common sense should have
dictated that the EMC problem be
resolved in a different way..."

self -regulation in their chosen field of operations. If it were
suggested that the heavy hand of the law were applied to them -
as it has been proposed often enough - there would be political
uproar.

Even in the absence of such an engineering body to protest
against such severe legislation, common sense should have
dictated that the EMC problem should have been resolved in a
different way from this big -stick approach. In particular, small
companies and individual engineers should have been provided
with an easier route to conformity. In their case, a type of test
similar to the MoT test for cars, at a flat rate, and at government
approved laboratories would be sufficient.

Such tests could be limited to interference emission only and the
tests for EMI susceptibility could be omitted. A case could be
made that EMI susceptibility tests are unnecessary, except in some
obvious applications such as in aviation, where they may well be
critical. In other areas, tests are unnecessary because at lower
technical levels, market forces can sort out susceptibility offenders
in the usual way. For example, hi-fi amps that are susceptible to
EMI are soon picked out by reviewers in the hi-fi press. With an
active consumer press - for example magazines such as Which? -
few products which do not work because of susceptibility to EMI
can escape the glare of publicity.

We often hear the maxim that 'tall oaks from little acorns grow'.
And we have all seen examples of that in the pc sector of the
electronics industry very recently. It is obvious that no acorn will
grow in an unfavourable climate, so why have the people who are
in control of the industrial climate in Europe created such hostile
conditions for small electrical/electronics firms? At the root of this
problem is, I believe, the almost total lack of understanding of the
electronics industry by our politicians. They are in the curious
position of looking enviously at the immense revenues generated
by the electronics -based high-tech, relatively unregulated and
bureaucracy -free tiger economies of the Far East, most of which
sprouted comparatively recently from small beginnings, while at
the same time putting another nail in the coffin of their own local
small businesses.

How else can such oppressive pieces of legislation be explained?
Rod Cooper
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OD DATE       
New memory technology holds more than one bit per cell

The first use of multi -level cell
MLC) technology - storing more

than one bit on a memory cell - is
likely to come in the form of a rom
from NEC in the next few months.
Early next year, SGS-Thomson
expects to introduce a one-time pro-
grammable eprom based on the tech-
nology and, by mid -1997, Intel
expects to have an MLC-based flash
memory.

"We are developing a 64Mbit mask
rom using multi -level technology for
a games cartridge," Dr Hajime
Sasaki, senior executive vice-presi-
dent of NEC told EW, "the price tar-
get for a games cartridge is very
tough; by using multi -level you can
reduce the chip size. We already have

a prototype and we are discussing it
with customers." NEC's MLC tech-
nology stores two bits of memory on
one cell, which in the case of a rom is
made up of a single transistor.

SGS' implementation of MLC
technology also uses two bits per cell.
"A test vehicle has been made at
Bologna University and the first
product, a multi -level one time pro-
grammable eprom, will be laid out in
Q4 this year", said SGS' Tony Watts.
"First silicon is expected in Q1
1997."

MLC technology has been pursued
by the Big Three flash suppliers -
Intel, AMD and Fujitsu - as a way of
increasing density without reducing
process geometries. Intel demon -

BBC sends Ceefax via digital radio
A non -interactive Internet -style information

service is being broadcast to radios in the
UK. The BBC is transmitting Ceefax infor-
mation in HTML format over its digital audio
broadcast (DAB) network.

Glyn Jones, the BBC's DAB project direc-
tor, said: "We are calling the experimental
transmissions BBC Digital Text, but will
probably think up a snappier if we provide the
service long term."

The transmission illustrates two points.
Jones said: "It shows that HTML, which is
universally recognised and requires no expen-
sive licensing, can be used with DAB. It also
proved we can transfer data from the Ceefax
data base fully automatically through to the

DAB multiplex, making broader use of our
Ceefax information gathering capability.

Part of Jones' brief is to explore the possi-
bilities of DAB. "We have also tried trans-
mitting live RDS-type data along with pro-
grammes. This kind of service might be used
to provide the 'story so far' if you switched on
the radio mid -way through a play," continued
Jones.

While the Ceefax information transmission
is designed to be displayed on pcs linked to
DAB receivers, at least one potential receiver
manufacturer is thinking of incorporating a
graphics display. Jones said: "DAB radios
could display photographs and graphics along
side station names and music titles."

A motorcycle simulator system from Virtuality is the first product to be EMC pre -compliance
tested using Chloride Powerline's free service. Dr Paul Sheppard, Virtuality's senior engineering
manager, said: "Powerline's free service was very useful as it allowed us to ensure that the
simulator hardware would pass its formal EMC compliance at an approved laboratory." The
simulator allows learner riders to experience dangerous situations without the worry of
crashing a real bike.

strated MLC-based flash at this
year's International Solid State
Circuits Conference (ISSCC) and,
according to Anne Hall of Intel, an
MLC-based product will be intro-
duced in the first half of next year.
Samsung also demonstrated MLC at
the ISSCC -a 128Mbit, two bit -per -
cell, memory made on a 0.4 micron
process.

Peter Heinrich at AMD said MLC
was some years away for them.
Asked if NEC was considering using
multi -level technology for flash,
Sasaki laughed, replying: "It's diffi-
cult enough, for the moment, making
ordinary flash."
David Manners,
Electronics Weekly

New guidelines clear CE confusion

r`onfusion that exists in the CE -marking of
\-power supplies is being addressed with the
issue of new guidelines for manufacturers.

The guidelines have been drawn up by a
working party of the European Power Supply
Manufacturers Association (EPSMA).

EPSMA Chairman Mr Jan Tipps said: "Our
objective in drawing up these guidelines was to
clear up the confusion surrounding the inter-
pretation of the regulations as far as the power
supply is concerned."

The guidelines summarise the following:
what a CE mark is; and how the low voltage
and EMC directives apply to both stand alone
and component supplies. The EPSMA repre-
sents 28 European manufacturers responsible
for the sales of $1.3bn worth of power supplies
into the European market.

EMC checks
down under
(-Nur friends down under are soon to expe-

rience the joys of Euro-style EMC regu-
lations, with a vengeance.

Based on the European EMC directive, the new
Australian system will initially cover emissions
only. New products must comply from 1 January
1997, older products from the start of 1999.

Even low -volume manufacturers, originally
excluded from the regulations, will now have
to comply.

Unlike in Europe, where the issue of enforce-
ment is yet to be fully resolved, compliance
documentation in Australia will be audited on
a random basis.

The Australians' no-nonsense approach is
typified by its Spectrum Management Agency,
overseer of complaints of interference, which
has said it will investigate any bona fide com-
plaints received.
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'Independence Day' for MPEG-4 standard
The latest multimedia hardware
standard, known as MPEG-4,
moved a step closer to commer-

cial products with new component
standards agreed at a meeting in
Finland last month.

MPEG-4 is being developed to
enable the efficient communication of,
and interaction with, audio and video
objects.

Paul Fellows, a project manager at
SGS-Thomson involved in MPEG4

JPEG 2000 proposed
JPEG 2000, a new still image com-

pression standard, is being proposed
by the Joint Photographic Expert
Group (JPEG) and the Joint Bi-level
Image Experts Group (JBIG).

The intention is to improve on the
current JPEG standard in several areas,
including low bit -rate and bi-level
(text) encoding performance.

JPEG is said to introduce unaccept-
able subjective distortion of detailed
grey -level images at low bit -rates (less
than 0.25bpp). It is also optimised for
natural images, and does not perform
well on bi-level and computer generat-
ed images. This poor performance has
precluded the widespread acceptance of
JPEG for use on compound documents.

In addition, JPEG 2000 will offer
both lossy and loss -less compression,
and feature a single decompression
architecture (JPEG has 44 decompres-
sion modes, many of which are appli-
cation specific).

Moves are also afoot to provide the
coding tool, or tools, for JPEG 2000
compression with an interface to those
proposed for use in MPEG4 video
encoding.

JPEG 2000 will remove JPEG's
64,000 by 64,000 pixel limitation with-
out tiling.

development work, said: "The encod-
ing and decoding of various shaped
video objects has already been demon-
strated in MPEG-4. Now it's just a
case of refining the techniques used."

According to Fellows, the standard
is still on course for ratification in
November 1998.

The scope of the new standard
means that whereas MPEG-2 was con-
cerned with the delivery of TV to
enable more channels or reduce cost,
MPEG-4 reflects the advent of multi-
ple, separate audio and video 'objects'.

Fellows cited 'virtual' TV studios
and films such as 'Independence Day'
as examples of what is being done at
present with composited objects. The
current MPEG-4 work includes the

development of verification models
(VMs) for video, audio and the sys-
tems and description language.
Currently over 150 contributions to the
video VM are being evaluated.

The audio group is investigating
an audio standard which is non -
backward compatible to MPEG-2's
audio standard. It uses multiple
channels and offers comparable
quality at a lesser bit rate.
Meanwhile, the systems group is
working on the definition of how the
various objects are to be multiplex
into a single bit -stream. The group is
also defining the various
Application Program Interfaces
(APIs) for the various decoding and
composition tools.

Ambulances to test linear radio

The
National Health Service (NHS) is to test a new

5kHz narrow band, linear modulation, radio system
for its ambulances, to replace an existing fm system
before the introduction of Tetra digital systems.

The system, based on products from Securicor Linear
Modulation, will replace its traditional 2.5kHz fm sys-
tem in a trial in Kent.

John Burnside, chief executive of Kent Ambulance,
said: "We are faced with a pressing need to replace our
current radio system. In the period prior to Tetra digital
systems coming on -stream, LM is claimed to offer a
number of potentially useful advantages in both spectral
efficiency and data transmission."

Richard Percy, a spokesman for Securicor, said: "The
linear modulation technique was developed at the Bath
University. It uses dsp for modulation and demodula-
tion, relying on an 'invisible tone' introduced by the
transmitter to act as a reference for the receiver."
Securicor has licensed the technology through the
British Technology Group.

Data relies on a variable rate modem at up to
9.6Kbit/s. Dependent on the outcome of the trial, LM
may be allowed to go forward as a technology option
for ambulance trusts currently procuring radio services
under the government's Private Finance Initiative.

Euro trial for CDMA
ellular mobile operator T -Mobil of Germany is to run trials of a CDMA (code division

\-...multiple access) system from Motorola - one of the first in Europe.
The 800MHz system from Motorola's European Cellular Infrastructure Division has a

planned start for a technical field trial of the fourth quarter this year.
Motorola believes the trials will show that CDMA can offer competitive advantages and

open up new markets worldwide.
CDMA is said to offer higher capacity and better sound quality while using less power than

competing systems. However, hardware is still in the development phase.
The current European cellular system, GSM, based on TDMA (time division multiple

access),, is two-thirds the cost of CDMA in terms of chip content. Even though prices will
reduce, the imbalance is expected to remain for some time.

Anti -terrorism ID chip from Micron
In an effort to combat terrorism, Micron
Technology has introduced a new chip
designed to be used as an identification
device on shipping containers or luggage.
Dubbed MicroStamp, the postage stamp
sized chip, includes radio telemetry,
processing and memory functions. The
emitted signal can be detected within a
range of three metres by an electronic
scanner. Along with replacing bar codes, the
company believes that the chip can be used
to help combat terrorism through its ability
track packages throughout their journey.
Sources state that Micron has been awarded
a research contract by the Federal Aviation
Administration involving the use of
MicroStamp in the development of a
luggage security system.

Drop in pay rises
Pay rises are at an 18 month low in the
engineering industry according to the
Engineering Employers' Federation (EEF).

The EEF's July Pay Bulletin analysed 449
company's settlements, with a June average
of 3.11%.

Pay settlements are continuing to fall, with
85% of rises at 4% or less and 44% of
companies offering 3% or less.

New FPGA aimed at designers
A new field programmable gate array
(fpga) synthesis tool from Exemplar
Logic aims to convince designers to move
from schematic capture to VHDL design
entry. Dubbed VHDL Discovery, the new
tool is a simplified version of the
company's Galileo software. Priced at
$4,000, the software can be updated to
either Galileo or Leonardo, adding
simulation, timing verification other
features.
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wirirrirWO". HART AUDIO KITS YOUR VALUE FOR
MONEY ROUTE TO ULTIMATE HI-FI

Hart Audio Kits and factory assembled units use the unique combina-
tion of circuit designs by the renowned John Linsley Hood, the very
best audiophile components, and our own engineering expertise, to
give you unbeatable pert ormance and unbelievable value for money.
We have always led the field for easy home construction to profes-
sional 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 classics gives us incomparable design back-
ground 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 construction manual for the kit you are
interested in to see how easy it is to build your own equipment the
HART way. The FULL cost can be credited against your subsequent
kit purchase.

K1100 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 UK 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
of components and ease of construction.
Useful options are a stereo LED power meter and a versatile passive
front end giving switched inputs, with ALPS precision Blue Velvet
low -noise volume and balance controls. Construction is very simple
and enjoyable with all the difficult work done for you, even the wiring
is preterminated, ready for instant use!. All versions are available with
Standard components or specially selected Super Audiophile com-
ponents at £29.60 extra per channel, plus 02.40 if you want to include
Gold Plated speaker terminals.
K110013 Complete STANDARD Amplifier Kit, £395.21
A11008 Factory Assembled. £499.21
K1100SC Complete SLAVE Amplifier Kit, £333.62
Al 100SC Factory Assembled £422.62
K1100M Complete MONOBLOC Amplifier Kit, ...... .£261.20
Al 1 OOM Factory Assembled. £329.20
RLH11 Reprints of latest Amplifier articles £1.80
K1100CM Construction Manual with full parts lists . ......£5.50

"CHIARA" SINGLE ENDED
CLASS "A" HEADPHONE

AMPLIFIER.

This unit provides a high quality headphone output for 'stand alone'
use or to supplement those many power amplifiers that do not have
a headphone facility. Easily installed with special link -through feature
the unit draws its power from our new Andante Ultra High Quality lin-
ear toroidal supply. Housed in the neat, black finished, Hart minibox
it features the wide frequency response, low -distortion and 'musical-
ity' that one associates with designs from the renowned John Linsley
Hood. Pm -terminated interconnecting leads and PCB mounted sock-
ets prevent supply polarity reversal and on -board diagnostics provide
visual indication of supply line integrity. Volume and balance controls
are Alps "Blue Velvet" components. Very easily built, even by begin-
ners, since all components fit directly on the single printed circuit
board. The kit has very detailed instructions, and even comes with a
complementary roll of Hart audiograde silver solder. It can also be
supplied factory assembled and tested. Selling for less than the total
cost of all the components, if they were bought separately, this unit
represents incredible value for money and makes an

attractive and harmonious addition to any hifi system.
K2100 Complete Kit £109.50
K2100SA Series Audiophile version with selected audiophile
components £112.46
A2100SA Series Audiophile version, factory Assembled. . . £149.46
K3565 "Andante" Power Supply Kit to suit "Chiara"...  185.42

CM2100 Construction Manual.
£128.42

£2.50
A3565 Power Supply. Factory Assembled

SPECIAL OFFER. Both units together, Kit Form..... £184.92
Factory Assembled and Tested. £267.88

"Andante" SERIES 20VA
AUDIOPHILE POWER

SUPPLIES
Specially designed for exacting audio use requiring absolute mini-
mum noise, low hum field and total freedom from mechanical noise
this unit is a logical development from our highly successful 1550
series.
Utilising linear technology throughout for smoothness and musicality
makes it the perfect partner for any module requiring fully stabilised
±15v supplies.
Two versions are available. K3550 has 2 *15v supplies and a single
15v for relays etc. and can be used with our K1400 preamp and our
K1450 RIM pickup preamp, as well as other useful modules soon to
be introduced. The K3565 is identical in appearance but only has the
x1 5v lighter current supply for use with the K1450 RIM pickup pre
amplifier or "Chiara" headphone amplifier.
K3550 Full Supply with all outputs £93.75
K3565 Power Supply for K1450 8 K2100 £85.42

ALPS "Blue Velvet"
PRECISION AUDIO

CONTROLS.

Now you can throw out those noisy ill -matched carbon pots and
replace with the famous Hart exclusive ALPS 'Blue Velvet' range
components only used selectively in the very top flight of World class
amplifiers. The improvement in track accuracy and matching really is
incredible giving better tonal balance between channels and rock
solid image stability. Motorised versions have 5v DC motor.
MANUAL POTENTIOMETERS
2 -Gang 100K Lin £15.67
2 -Gang £16.40
2 -Gang 10K Special Balance, zero crosstalk and zero
centre loss £17.48
MOTORISED POTENTIOMETERS
2 -Gang 20K Log Volume Control £26.20
2 -Gang 10K RD Special Balance, zero crosstalk and less than 10%
loss in centre position £26.98

JOHN LINSLEY HOOD SINGLE
ENDED CLASS 'A' POWER

AMPLIFIER
This amplifier represents an extremely novel concept in that it has
been developed from a design in an earlier part of the evolutionary
cycle. to meet the needs of modem users who want the warmth and
purity of sound given by valve amplifiers from the vintage years,
without the problems of cost, deterioration and danger associated
with trying to use valves today.
It employs the newly re -discovered single -ended circuit configuration
to give total freedom from crossover artifacts and to give a sound that
is indistinguishable from the famous 'Williamson' design, the undis-
puted leader of the field, with its triode connected KT66s and all -
triode drivers.
The new circuit, described in the September 1996 issue of Electonics
and Wireless World, the same magazine that published the William-
son desilgn back in 1947, it itself a development of an earlier 19600
design by the Author, The new version retains the basic simplicity
and purity of the original but with modem components and an
increased power rating of 15W RMS per channel.
Hart have developed a completely new and highly sophisticated kit,
incorporating all the important options, within a very high quality 3U
high 19" rack mountable case.
Please ask for your free copy of our list which gives full details.

Our List of these and many other Kits 8 Components is FREE In UK.
Ask for your copy now. Overseas customers are very welcome, but
PLEASE send 2 IRCs if you want a list sent surface post, or 5 for
Airmail.
Ordering is easy. Simply write, telephone or fax your order anytime.
Let us know what you require. with your name address, cheque or
credit card number and expiry date. Your daytime phone number is
useful in case we need to get back to you. Further information on all
our kits is given in our FREE lists. Overseas/trade orders are welcome
and we can send anywhere in the World. Post on UK Orders up to
£25 is £1.50, over £25 - £4.50. Express Courier £10. OVERSEAS
postage- please enquire.

VALVE & EARLY
CLASSIC BOOKS

THE VTL BOOK David Manley BKVT1 . £17.95
LOUDSPEAKERS; THE WHY AND HOW OF GOOD REPRODUC-
TION. G.Briggs. 1949 0-9624-1913-3. £8.95
MULLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS BKAA27

£13.95
"THE WILLIAMSON AMPLIFIER." 0-9624-1918-4. £6.95
AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN.
GEC 1957, 1-882580-05-2 £18.95
AUDIO ANTHOLOGIES, articles from Audio Engineering. Six voumes
covering the days when audio wasyoung and valves were king!.
BKAA3/1 to 6. All £13.95 each.
"A SIMPLE CLASS A AMPLIFIER" J.L.Linsley Hood M.I.E.E. 1969.
RLH12 £2.50
Postage on all books, unless starred, is only 01.50 per book, maxi-
mum 04.50 for any number, any size!. Starred items are heavy books
costing £2 50 to send.
No waiting!. All listed books me normally in stock!.
SPECIAL OFFER. All book orders over £15 will receive a FREE John
Linsley Hood monograph entitled "Digital versus Analogue, Black
Disks or Silver?"

SPECIAL OFFER
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 thethree most important tape
parameters without test equipment. Ideal when fitting new heads.
A professional quality, digitally mastered test tape at a price anyone
can afford. Test Cassette TC1D. Our price only £9.99.

HC80 Replacement Stereo
Cassette Head.

The excellent performance of modern cassette recorders depends
totally on the quality of the R/P head.Even the slightest amount of
wear can impair the frequency response and distortion levels. Our
HC80 is atop quality head from one of the foremost manufacturers in
Japan, easily fitted to most standard stereo recorders (except Sony)
and will transform the performance over a work head. Only the fact
that we buy these in vast quantities enables us to offer them at the
amazing price of only £11.70 each or 2 foi £17.60.
We also stock a range of other heads, including reel-to-reel stereo
heads.

SOLDERING
The size of modern components makes the right soldering equipment
essential for good results. Everything we offer we actually use in our
own workshops! See our Lists for the full range. 845-820 XS240
ANTEX 240v 25w Soldering Iron. This is the ideal Multi -purpose iron
as the bit is designed to totally surround the element giving the best
heal transfer. This excellent design also means that although it is

small and handy enough for modern components its heating capacity
is better than larger irons of conventional construction. Excellent
Value £12.43
845-080 ST4 Lightweight Soldering Iron Stand. This has provision for
the classic damp sponge for bit wiping £3.95

HART SUPER AUDIOGRADE
SILVER SOLDER.

Hart Super Audiograde Silver Solder has been specially formulated for
the serious audiophile. Not only does it give beautiful easy -to -make
joints but it is designed to melt at normal soldering temperatures
avoiding the possibility of thermal damage to components or the need
for special high temperature irons. A very low residue flux makes per-
fect Joints easy but eliminates the need for board cleaning after
assembly.

845-007 3mtrs 22SWG in Hart Mini Tube £3 90
845-008 100g. Reel Special Valve Grade, 20swg £12.90
845-009 100g. Precision PCB Grade, 22swg £14.75
845-110 100g Reel Superfine 245wg for ultra precise control and
easy working £21.45

QUALITY
Aunt() KITS

24 hr. Orderline 01691 652894
Faxline 01691 662864

ALL PRICES
INCLUDE
UK/ Fe VAT

111117,,,,To
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Gel helps take the pressure off snorers
Development of a new optical fibre
transducer could mean good news

for serious snorers. Researchers at
Leicester University who have
designed the probe hope that the
transducer will be used to provide
valuable feedback on the pressure
profile in the upper airways. The fibre
transducer is able to measure pressure
at various sites in the airway
simultaneously. It could indicate if the
snoring is a result of the potentially
serious obstructive sleep apnoea
syndrome, osas.

Many of us snore at one time or
another, with little harmful effect -
except to the sanity of our partners.
But for some, the snoring is a result of
the involuntary occlusion of the
airway that occurs in osas, where
breathing stops for ten or more
seconds. Periodic hypoxaemia and
sleep fragmentation are the result.

The problem for doctors is that the
condition is only apparent when we
are asleep, when our muscles -
including those of the upper airway -
relax. During respiration, the ensuing

negative gauge pressure causes the
airway to collapse. Then the patient
awakens momentarily, tone returns to
the muscles and the obstruction is
overcome. The airway may be
collapsing at the palate, behind the
tongue or at both sides. Unfortunately,
successful treatment demands that the
site of the obstruction must be
identified reliably.

This has been the impetus behind
the work of Paul Goodyear and
colleagues who have developed a
seven transducer system within a
single 3mm diameter catheter,
allowing measurements to be taken at
selected points along the airway ("The
design of an optical fibre pressure
transducer for use in the upper
airways," IEE Transaction of
Biomedical Engineering, Vol 43, No
6, pp. 601-606) .

Each transducer is less than lmm in
diameter, and consists of one emitting
and two receiving fibres. The second
receiving fibre sits in a slightly
different location and at a different
distance from the transduction element,

Darts in space: You're floating around with your other astro-buddies
twiddling your thumbs and gently bumping around inside the confines
of the multi -million rouble 'tin can' (0 David Bowie) that is the Mir
space station. "How about a nice game of darts?"

As unlikely as it might seem, darts is very much on the approved list
of activities, as part of an experiment designed by engineers at MIT to
produce a better understanding of how crew members physically affect
their environment. The data could save millions in the design of future
space structures like the scheduled international space station.

Currently there is very little data on the forces astronauts exert on
spaceships, so engineers must over -design the racks housing sensitive
experiments that could be disturbed by astronauts' movements.

As part of the experiment, the researchers will videotape crew
members playing darts to study how they adapt to zero gravity. With
the help of four cameras, scientists back on Earth will be able to trace
out the entire arm motion to obtain three-dimensional data. The plan is
to have the Mir travellers perform the experiment as soon as possible
after they arrive on Mir, then at the middle and end of their time there,
to show how they adapt to their new environment.

As part of the same study, data will also be collected on the forces
applied as the crew uses specially instrumented footloops, a handhold,
and a push -off pad to get around or anchor themselves.

Back in 1994, aboard the Space Shuttle Columbia, related
experiments yielded the first data on the forces associated with
astronauts' everyday activities, and showed that previous estimates of
those forces were off by an order of magnitude. That study showed
each astronaut had an average force value of 28N, while for the space -
station models, 800N was being used for crew input, based on
experiments in the 1970s with astronauts aboard Spacelab. Those
studies, however, represented the 'extreme', with astronauts 'pushing
off one wall and soaring to another wall as fast as they could',

Emitting optical fibre Reflective surface

Receiving optical fibres
t,

so that when the transducer is bent on
its progress through the airway, the
second fibre will be available as a
reference to determine signal loss.

But the real breakthrough in the
design of the miniature transducer has
been in development of a replacement
of the normal rigid diaphragm which
would be too brittle at these diameters.
Here the team has used a gel coated
with reflective titanium dioxide. In
response to pressure changes, the
meniscus deforms and modulates the
intensity of light reflected back into
the optical fibre system.
Contact Paul Goodyear at the
Department of Engineering,
University of Leicester, University
Road, Leicester LEI 7RH or email at
pdg@leicester.ac.uk

Three -fibre
pressure
transducer
designed to
overcome
amplitude
modulation
problems caused
by optical fibre
micro -bending.
The reflective
surface is a coated
silicone gel.

Has anyone seen my dart? MIT have put game into space to see how space
travellers aboard the Mir space station react to weightlessness.

according to MIT.
But as anyone who has ever tottered up to the ockey in their local on

a Friday night with a beer in one hand and a dart in the other will
know, such behaviour is anything but extreme.
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Gyroscopes that could put Einstein in a spin
Gyroscopes built to provide a reference system a million times
better than the best inertial navigation gyroscopes currently

available are at the heart of a space mission to be launched in year
2000 that could lead to a rethink of our understanding of time and
space. Researchers at Stanford University are working with scientists
at NASA on the project which some physicists believe could lead to a
possible rewriting of Einstein's General Theory of Relativity.

The gyroscopes, part of the gravity probe B project, are designed to
be so free from disturbance that they can provide an almost perfect
space-time reference system. As such, scientists hope they will be able
to measure how space and time are warped by the presence of the
Earth, and how the Earth's rotation drags space-time around with it.

Calculations suggest that a gyroscope in polar orbit at 400 miles
should turn with the Earth through an angle amounting after one year
to 42milliarc-seconds. Up to now this vitally important frame -
dragging effect has never been seen. But gravity probe B should be
able to measure it to a precision of 1% or better.

A second, much larger change in spin direction is the geodetic
effect, following from the gyroscope's motion through the space-time
curvature. For a gyroscope, the predicted effect is a rotation in the
orbit -plane of 6600 milliarc-seconds per year - quite a large angle by
relativistic standards. Gravity probe B will measure the change to 1
part in 10,000 or better, the most precise qualitative check yet of any
effect predicted by general relativity.

The Stanford team explains that the experiment itself will comprise
four gyroscopes and a reference telescope sighted on Rigel, a binary
star in Orion. In polar orbit, with the gyro spin directions also
pointing toward Rigel, the frame -dragging and geodetic effects come
out at right angles, each gyroscope measuring both.

To be able to make the measurement, the gyroscopes must provide
a reference system stable to 10-11°/hour. Fortunately, two factors -
space and near zero temperature - help to make the problem slightly
less impossible.

Electrically suspended gyroscopes have long been among the best
inertial navigation instruments but ordinarily their performance is
limited by support forces. Space, enhanced by 'drag -free control',
allows the support to be reduced almost to nothing. Low temperature
operation greatly improves the mechanical stability of the instrument;
and it also brings means of shielding the gyroscopes against non -
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Thruster
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Gyroscopes aboard the Gravity probe B mission could answer a lot of
questions posed by Einstein's theories on gravity as a field.

gravitational disturbances and of reading their directions of spin.
The complete Gravity Probe B instrument is made of a core of

fused quartz 530mm long, bonded to a quartz telescope and
containing the four gyroscopes plus the drag -free proof mass.

The gravity probe B Mission is planned for launch aboard a Delta II
rocket from Vandenberg Air Force Base in October 2000.

 Information on the gravity probe -B mission, a great deal of
interesting background on relativity and Einstein, can be found on
the Internet World Wide Web at
http://stugyro.stanford.edu/RELATIVITY/GPB/GPB.html

Weeds get the robot treatment
How do you tell a plant from a
weed? It's sometimes difficult for

the ordinary person (and impossible for
the Research Notes office gardener). So
how do you lay down the rules to
enable a robot to make that distinction?
R Brivot and J A Marchant at the Silsoe
Research Institute think they have
found the answer, and hope they have
the basis of a robot that can move along
lines of plants, selectively picking out
the weeds to spray them with
chemicals.

Motivation for the work is the huge
amount of chemicals currently used in
crop protection programmes, and
pressure from consumers and
environmentalists to make reductions.
Using a robot sprayer to put the
chemicals only and precisely where
they are needed could help achieve that
goal.

But first the robot has to be able to

see the difference between the weed
and plant. Brivot and Marchant have
developed an infrared -based system
that, under the right conditions, is
showing good results ("Segmentation
of plants and weed for a precision crop
protection robot using infrared images",
R Brivot and J A Marchant, TEE Proc -
Vis Image Signal Process, Vol 143, No
2, pp. 118-124).

The system relies on a high resolution
sensor in the form of a ccd camera,
permitting the use of grey -level
distribution of the infrared images as
well as texture information. The camera
is fitted with a near -infra -red filter and
is linked to a data acquisition system
which stores 256 x 256 pixel image
sequences.

Key to successful discrimination is
the strength of the algorithms used to
process the images and these are based
on a number of hypotheses - for

example plants are defined by single
blobs which do not touch each other.
Most of the time the grey level
distribution is sufficient for
discriminating plants and weeds (and
certainly good enough for
discriminating plants and soil). But
where it isn't, texture information can
be used, because the grey -level surface
of the plants is more constant than the
weeds and the plants appear brighter
than their centres.

Results so far show a 92% correct
classification with "good" images and
up to 72% with "bad" images. The
processing can be carried out in real-
time too as most of the algorithms do
not need a knowledge of the whole
image so multiprocessors can be used.

Unfortunately, there is some way to
go yet before a robot can be built to
keep the Research Notes garden free of
weeds - and in that case it would need
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to be fitted with a flame thrower rather
than a chemical spray. For instance, the
Silsoe study was carried out on the
specific problem of tending
cauliflowers transplanted from
greenhouses into lines in a weed -free
bed. The plants are nearly always
bigger than the weeds, but the situation
does reflect commercial practice. The
work was also carried out in diffuse
lighting conditions rather than direct
sunlight. Even so, with 23,000tonnes of
chemicals used for treating crops last
year, the incentives for continuing with
the work are high.
More information from Biotechnology
and Biological Sciences Research
Council, Silso Research Institute, Wrest
Park Silsoe, Bedford MK45 4115, UK

Rocket engine
shows promise

Tests on the prototype of NASA's
xenon ion engine, which fires

electrically -charged atoms from its
thruster, are reportedly progressing well
at the Jet Propulsion Laboratory,
Pasadena, California. Once validated by
the test, a similar engine will power the
first New Millennium mission, called
Deep Space -1, to an asteroid and a
comet in 1998. The comet will be West-
Kohoutek-Ikemura and the asteroid will
be McAuliffe, named after the school
teacher Christa McAuliffe who died in
the Challenger accident.

In space, the 300mm diameter engine
will use xenon gas as fuel and be
powered by more than 2000 watts from
large solar arrays provided by the
Ballistic Missile Defence Organisation.
The actual thrust comes from
accelerating and expelling the
positively -charged ions. The thrusting
action is similar to that of chemical
propellant engines which expel burning
gases, except that such engines can
produce up to millions of pounds of
thrust.

The roaring engines in rockets that lift
the Space Shuttle quickly lift the Shuttle
to more than 17,000mile/h. An ion
engine, however, starts with only about
20 -thousandths of a pound of thrust and
there is no roar, just an eerie blue glow.
While the atoms, charged by an electric
arc which removes one of the 54
electrons around its nucleus, are fired in
great numbers out the thruster at more
than 70,000 miles an hour, their
accumulative mass is so low, the
spacecraft moves only millimetres per
second in its early stages of flight.

However the advantage of ion
propulsion is that is more propellant -
efficient than chemical propulsion
because it expels molecules from the
engine at a much higher speed.

DSP slows speech - and speeds
understanding
t makes sense to speak a little moreI

slowly to elderly people who are
hard of hearing - particularly in the
light of studies that have shown that
temporal processing factors other
than peripheral hearing loss can be
involved.

Now Japanese researchers have
used recent improvements in digital -
signal processing technology, dsp, to
design a portable speech converter
that can be used by a listener to slow
down speech in real time conversation
- without affecting pitch.

A user simply operates the device
by pressing a button, to cause speech
signals to be recorded into memory
while previously -recorded signals are
being slowed and generated. A 16Mb random-access memory allows two to
three minutes of speech to be recorded at once, which should be enough for
normal conversation.

To keep the size of the device small and reduce the complexity of dsp
operation, a simplified pitch -synchronous time -scaling algorithm has been
developed. Time scaling expands only the duration of those signals above a
certain power level and does not change the duration of signals below that
level - such as consonants. This dynamic processing feature helps minimise
extra distortion in the output device.

The device's hardware, which has been squeezed into a unit that fits in the
16Mb memory and 14bit 13.3kHz

analogue -digital interface circuits specially designed for the dsp. The dsp
program itself is stored in a 256K eprom.

Initial results (A portable digital speech -rate converter for hearing
impairment," Yoshito Nejime et al, IEEE Transactions on Rehabilitation
Engineering, Vol 4, No 2, pp. 73-83) showed improved understanding by
seven out of ten elderly subjects who had hearing difficulties and were
allowed to use the device.

The researchers say the results suggest that speech -rate conversion can be
used to overcome the deterioration of peripheral ability by helping auditory
memory processing. In this it may have a function complementary to that of
conventional hearing aids and could be used in conjunction with them.

A smaller version of the device, with lower power consumption and using a
low -voltage risc chip is currently under development.

Contact J Nejime at the Central Research Laboratory, Hitachi Ltd, Kokubunji,
Tokyo 185, Japan or email at nejime@crLhitachi.cojp

Pressing a
button on the
speech rate
selector allows
speech to be
slowed down so
that it is easier
to understand.

16Mb dram
gives enough
storage to
handle two -
three minutes
of speech
which should
enable
listeners to get
through a
normal
conversation.
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A problem with
headphones is that when
you move your head, the
sound source moves with
you. As an exercise in
applying a low-cost
gyroscope, Ian Hickman
has designed a

headphone rig that
emulates a stationary
sound source - but why
does it only work in
mono?

Listening to music through headphones has
several advantages, perhaps the main being
that you can have the volume as loud as

you like without disturbing anyone else. But the
main disadvantage is perhaps that the music
sounds as though it is inside your head.

Many years ago, I was told by a colleague
that this is because there is no differential
change in the phase of the signals reaching the
ears when the head is turned. Normally, there
would be, this being the mechanism that
allows you to determine which direction a
sound is coming from.

I had long wanted to check out whether
adding delays to the signals to the left and right
earpieces - delays which varied whenever the
head was turned - could 'externalise' the
sound. But the opportunity to do so had not
arisen. Doubtless the experiment has been per-
formed before, but that is no reason for not try-
ing it oneself. Besides, implementing such a
concept presents some very interesting design
problems.

Recently I saw an advertisement for a minia-
ture all solid-state gyroscope. Here surely was
a solution in search of a problem. One of the
uses envisaged by the manufacturer is auto-
mobile navigation systems. Clearly there are
many others - among them the aforemen-
tioned psychoacoustic experiment. The gyro-

scope could be used to sense rotation of the
head, and this signal used to adjust the delays
in the left and right channels.

Gyroscope details
The piezo-vibrating gyroscope uses a trian-
gular prism of Elinvar metal, to which are
attached piezo-electric transducers. These
transducers are maintained in a flexural mode
oscillation by an oscillator operating at the
assembly's resonant frequency, Fig. 1a).
Vibration is maintained by a set of three elec-
trodes, Fig. 1 b), two of which are also used as
sensors. When the unit is rotated about the
longitudinal axis of the prism, an additional
component of force is applied to the piezo-
electric material, Fig. 1c). This results in a dif-
ferential component in the voltage at the two
detection electrodes as in Fig. 1 d). The dif-
ferential component is picked off and syn-
chronously detected, filtered and smoothed,
providing a voltage proportional to the rate of
change of direction.

Figure 2 shows an application circuit from
the manufacturer's data sheet for the device.
Note that the signal output is ac coupled. This
is to allow for a possible standing offset
between the signal output and the reference
voltage to which it relates - in particular for
temperature variation of this offset. There is

Fig. la) Murata's piezoelectric
vibrating gyroscope uses a
triangular prism, maintained in
a flexure -mode vibration.
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also a temperature coefficient of the nominal
1.11mV/°/s scale factor.

In an automotive navigation system, it is
assumed that the vehicle will return to a
straight-line course after each turn before the
high-pass filter introduces too much signal
loss. If you were to drive round and round a
roundabout however, the system might pre-
sumably lose track of the vehicle's direction.
Since the device produces a signal output rel-
ative to the reference, which indicates the rate
of turn, this signal must be integrated to obtain
an output giving the actual direction of travel.

It is however possible to engineer a 3dB cor-
ner frequency much lower than the 0.3Hz, Fig.
2, avoiding this problem while still blocking
the much slower variations in output offset
due to temperature variations.

Head -mounting gyroscope
For the purposes of the psychoacoustic exper-
iment, I fixed the gyroscope to the headband
of a pair of earphones, to detect head move-
ments. The gyroscope was mounted on a
small piece of 0.lin matrix copper strip board.
A couple of metres of screened lead was used -
for the signal and earth connections, and two
other wires, for the +5V supply to the unit and
its reference output Vref. Signal output was
passed through an ac coupling with a time
constant of 300s, giving a low -frequency
cut-off of about 0.0005Hz.

Figure 3 shows the arrangement, in which
the gyroscope output is applied via a low-pass
filter to the input of a unity gain buffer stage
At. Designed to further suppress switching
ripple in the signal output, the filter before the
buffer comprises a 1001d1 resistor plus 10n
capacitor.

The 10M12 resistor at the non -inverting
input of Al is returned not to Vref, but to a
point at 97% of A1 's output. This effectively

Piezoelectric
ceramic (L)

w

Piezoelectric
ceramic (L) Piezoelectric

ceramic (R)

Piezoelectric
ceramic (FB)

Oscillation
circuit

Differential
application

Phase
compensation

Synchronised
detection

Fig. ib) All three
electrodes, one on
each face, are used to
maintain oscillation,
while two are also
used to pick off any
differential voltage
due to rotation.

DC
amplifier

0

When there is no rotation, R - L 0, indicating that there is no change in angular velocity

no

(Force generated when x

Piezoelectric ceramic for detection
Piezoelectric ceramic for feedback

Y (The vibration transmitted to
the ceramic is the compound of
x and y)

Piezoelectric ceramic for detection

Fig. 1c) When rotation about the longitudinal axis occurs, force transmitted to the prism
contains extra component 'a'.

Piezoelectric
ceramic (R)

Piezoelectric
ceramic (FB)

Oscillation
circuit

Differential
application

Phase
compensation

Synchronised
detection

When rotating, R - L = +2A, indicating rotation to the right

DC
amplifier

Fig. 1d) This results in a corresponding differential voltage between the detection electrodes,
proportional to the rate of rotation.

multiplies its value by a factor of 30, giving in
conjunction with the 1 pF capacitor, a time
constant of 300s.

For A1_4, I used a TLE2064 quad op -amp on
account of its low bias current 1b of 3pA and
offset current /0 of 1pA - both typical values,
at 25°C. Buffered high and low -passed signal
output, together with the reference output, are
applied to A2. This op -amp is connected as a
bridge amplifier providing rejection of the
common -mode reference voltage. Its output is
thus ground referenced, adequate common
mode rejection being obtained due to the use
of 1% metal film 100ki2 and 270IcQ resistors.

Op -amp A2 provides a gain of x2.7. A fur-
ther gain of x10 is raised in A3, at which stage
an offset adjustment is introduced, to allow for
offsets in Al and A2.

In practice, at switch -on, it was necessary to
temporarily short the 10MQ resistor at the
non -inverting input of A1, to avoid a very long
wait for the dc conditions to settle. On remov-
ing the short, there was still an offset due to
flowing in 10MS2 rather than a short circuit.
So a 10MQ resistor was included in the
inverting input also, bypassed by a 330pF
capacitor, to maintain stability.
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A normally -open two -pole switch was used
to short both 10MS2 resistors at switch -on, to
allow for settling. Even so, drift of the output
of Al was still experienced. I finally removed
the 1pF capacitor and the resistors, and recon-
nected Al as a simple dc coupled unity gain
buffer.

Offset between the signal and reference out-
puts of the gyroscope turned out to be only a
few millivolts, and could thus be nulled with
the offset adjustment at A3's input. As ambi-
ent temperature changes in a domestic envi-
ronment are small and slow -acting, this
proved acceptable for the purposes of this
experiment.

To obtain the absolute rotary position of the
headphones, the output of A3 was integrated.
But here there is a problem; integrators have
an annoying but unavoidable habit of heading
off, over the long term, to one or other of the
supply rails. This is because in practice, the
input voltage never remains exactly at zero.

The solution used was twofold. Firstly,
when the listener's head is stationary, giving
no output from the gyro and hence none from
A3, the 271d2 resistor at the integrator's input
is effectively disconnected by the two diodes.

Furthermore, to prevent the integrator from
integrating its own input bias current, a 3G52
resistor was connected across the 1 pF inte-
grating capacitor. Actually, a 10MLI resistor
was used, but since only one thirtieth of the
integrator's output is applied to it, its effect is
that of a 3GS2 resistor. This means that, in the
absence of head movements, the 'sound stage'
will over a period of many minutes, revert to
straight ahead. This is where it should be of
course, assuming that you will not want to
spend long periods with your head cocked
uncomfortably to one side or the other.

Note that considerable gain has been used
ahead of the integrator. As a result, even com-
paratively small, slow movements of the head
produce a large enough output from A3 to turn
on one or other diode. This effectively recon-
nects the 27kf2 resistor at the integrator's
input.

Checking the delays
Output of the integrator, indicating the rota-
tional position of a listener's head, was used to
control the relative time delay of the sounds
reaching the ears. To find out what this should
be, some simple measurements and calcula-
tions were needed.

With the aid of a ruler and a mirror, I deter-
mined that my ears were about 14cm apart.
Thus, when the head is turned through an
angle of 45° to left or right, one ear moves to
a position, in the fore -aft direction, 10cm
ahead of the other. So each channel needs to
be able to produce a delay equivalent to ±5cm,
or, given the speed of sound is about 1100 feet
per second, ±150ps, Fig. 4.

Bucket -brigade devices were used to pro-
duce a delay in the signal to each earphone.
The delay was varied by altering the clock fre-
quency used to drive the bucket -brigade
devices. The 1024 stage bucket -brigade chips
used, namely Panasonic MN3207s, were each

Vcc Out

ENC - 05E

GND Vref

4

2

4

100k

High-pass filter

NJM2100 or equivalent

90k

Low-pass filter

The high-pass filters cut-off frequency is approximately 0.3Hz
The low-pass filters cut-off frequency is approximately lkHz

Fig. 2. Sample amplifier circuit from the ENC-05EA1 solid state gyro data sheet. Note that the
base diagram shown is confusing; Vref is actually on the same side of the device as V,.

driven by a matching MN3102 cmos clock
generator/driver. This generator contains a
string of inverters which are usually used in
conjunction with an external R and C, setting
the clock frequency.

For this application, the R and C were omit-
ted, and the first inverter driven by an external-
ly generated clock. The two clock
generator/drivers were driven by two voltage -
controlled oscillators, or vcos. These in turn
were controlled by an long-tailed pair, driven
from the output of the integrator in Fig. 3.

Initially, an elegant vco using an opera-
tional-transconductance amplifier and a TL08x
op -amp was designed and tested. This had the
advantage of providing a unity mark/space
ratio independent of output frequency.
However, I abandoned the transconductance
amplifier as it would not run fast enough.

Murata
ENC-05E Al

Solid-state gyro

+5V 1

Vref 2

Vs;94

OV 3

+15V

0

Drive to the clock generator/driver chips has
to be at twice their clock output frequency. So
a pair of simple vco circuits, using two sec-
tions of a CD4093 quad two -input schmitt
nand gates, were used, Fig. 5. These gates run
at about 230kHz, providing a clock frequency
of around 115kHz from the MN3102s for each
bucket -brigade device.

The output waveform of the vcos is dis-
tinctly asymmetrical, and varies with the long -
tail pair control input. But the MN3102 device
turns this into two antiphase non -overlapping
clock waveforms with near unity mark/space
ratios.

Differential delays
The long -tail pair provides differential control
by subtracting a greater or lesser amount from
the available charging current via the 271d/

10p 10p T +15Vn
78L5

OI 100n 11'

r_TI:0C:( I

2m
CABLE

270k 100k 270k
-15V

A1

330p

270k 1M

-"VW-
A3 1N4148

\AN --
÷F 27k

1N4148

Fig. 3. Circuit diagram of the gyro output signal -
conditioning stages, plus the integrator which turns the
rate -of -rotation signal into an azimuth position signal.

A4

-II 1,

10M

3k3

To LTP
see
Fig 3

100k

3k3
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resistor, at the input of each vco. In this way,
as one vco frequency increased, the other
reduces by the same percentage -at least, to a
first approximation - Fig. 5. The bucket -
brigade device provides delays, of 2.56 to
51.2ms for clock frequencies in the range
200kHz down to 10kHz. As a result, at the
115kHz clock frequency used, the delay is
nominally 4.45ms. So to provide the required
±150ps delay variation for a head movement
of 45°, the frequency of the voltage -controlled
oscillators must be varied 0.15/4.45, or about
±3.4%.

As this is but a small variation, the integrator
output is attenuated before being applied to the
long -tail pair, the transconductance of which is
adjustable by means of a 101d2 potentiometer
between the emitters. This potentiometer pro-
vides an adjustment for the spacing between
the ears of a listener. A fat -headed person will
require a lower resistance setting of the poten-
tiometer than a narrow-minded type.

Non -overlapping clocks from each MN3102
are applied to the corresponding MN3207
bucket -brigade device. These also each
receive an audio input, see Fig. 6a). Delayed
audio output from each bucket -brigade device
is applied to a three -pole Chebychev filter, to
suppress the clock ripple which appears in the
bucket -brigade device outputs.

The filters are of a slightly unconventional
kind, taking into account the output
impedance of the bucket -brigade devices, the
input capacitance of the opamps, circuit strays
etc.. As a result, the capacitor values are not
what you would obtain from the usual tables
of normalised filters. Nevertheless, the
response is flat to within 1dB to beyond
15kHz, 4dB down at 20kHz and already 33dB
down at 50kHz.

The output filter op -amps could not be
expected to cope well with the loads imposed

From
Integrator

A4

10k

82k

2k2

1:`o

deg

10cm is equivalent to 150us

Fig. 4. Showing the differential delay to
binaural sounds as a function of head
rotation. 10cm is equivalent to 150ps.

by 320 headphones, so a dual audio amplifier
was added. This was a National
Semiconductor LM4880 dual 250mW audio
power amplifier, which operates on a single
supply rail in the range 2.7-5.5V. On a 5V
supply it provides 85mW continuous average
power into 3252 or 200mW into 85I, at 1kHz
with 0.1% thd. It features a shut -down mode,
which reduces current drain from a typical
3.6mA no -signal quiescent drain, to around a
microamp.

For speed and convenience, I used
National's 'Boomer' evaluation board, carry-
ing the small outline version of the device. Its
circuit is shown in Fig. 6b). Output coupling
capacitors Co are each two 100pF electrolytics
in parallel. Strapping the shut -down input to

Fig. 5. Showing the differentially
controlled voltage -controlled

+15V
oscillators driving the clock generators
which service the bucket -brigade chips.

BC184 BC184

10k

10k 10k

4k7

BC184

22k
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1k

1/4 CD4093

1 n

+15V

22k

1 N4148
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- CP2
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+5V

Vgg

10k Tin 1/4 CD4093

MN
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- CP2
GND

CP1

7- +5V
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To left
channel
bbd

To right
channel
bbd

VDD activates the shut down feature, but as
this was not required, the SD pad was strapped
to ground.

Testing the prototype
During design and implementation - which
proceeded in parallel - each section of cir-
cuitry was tested for functionality as it was
added, starting with At and working through
to the audio output stage. But any serious
overall evaluation of the scheme was obvi-
ously not possible until the whole equipment
was complete.

As I mentioned earlier, the ac coupling at Al
was discarded due to extended settling prob-
lems, the alternative dc coupling being ade-
quate for an experimental set-up.

With the circuitry complete, a 250Hz
sinewave was applied to the two audio input
channels strapped in parallel. The offset poten-
tiometer had been set up for zero output at A3
while the gyroscope was stationary, and the
integrator output zeroed. Strapping the two
inputs together provided a path for a little
leakage of bucket -brigade chip clock fre-
quency between devices. This resulted in
some low level 'birdies' being audible in the
background, which were ignored at this stage.

On turning my head to either side, a most
bizarre effect was noted. The pitch of the
sound in the advancing ear, i.e.the right ear
when turning the head to the left, momentari-
ly rose while that in the other ear fell. At this
point I realised that the attenuator between the
integrator output and the long -tail pair input
had been omitted. The result was an enormous
transient delay, i.e. phase change, in the signal,
resulting in Doppler effect shifting of the fre-
quency. This would indeed occur on turning
your head provided that your ears were a few
tens of metres apart.

With a suitable degree of attenuation added,
as shown in Fig. 5, the long -tail pair emitter
potentiometer was adjusted to give ±-0.15ms
delay in one channel and ±-0.15ms in the other
for a 45° rotation of the head. The result was
quite distinct. While facing front, the sound
appeared to be arriving centrally, but from the
right as the head was turned to the left and
vice versa.

Interestingly, the sound in the ear nearest the
front actually sounded louder than that in the
other ear, although of course the two signals
were identical, except for their phase.
Evidently the ear/brain system is quite capable
of resolving differential times of arrival of
sound of the order of 100p s.

Next, tests were carried out using program
material, from an fm radio. The signal was
taken via a couple of two -pin DIN speaker
plugs from the set's external speaker outlets.
Taking the signal from two separate low
impedance outputs like this largely suppressed
the birdies mentioned earlier.

With reception switched to mono, program
material of all sorts behaved in exactly the
same way as the continuous sinewave, the
`direction' of the source being readily identi-
fiable. Much the same applied to speech in
stereo, but since a microphone is usually used
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Fig. 6a) The BBD audio delay stages, followed by three
pole Chebychev low pass filters to remove clock ripple
from the output of the BBDs.

MN3207

Oil

Audio 47 K

left From
channel MN3102

519 MN3207

777

Audio 51 K.
in CP1 Vag CP2
right From

channel MN3102
Fig 5 Note:  indicates setectian-test for min.

distortion (max. dynamic range)

which is near - or actually on - the speaker,
stereo speech is usually virtually mono any-
way.

Why no effect on stereo?
Disappointingly, results with an extended
sound source, such as orchestral music in
stereo, were not noticeably amenable to 'exter-

To
LM4880
Fig 60)

To
LM4880
Fig 6a

AL
82 or 322

AL
8(1 or 3201

 see text for information on selection of input and output coupling capacitors

Fig. 6b) The audio output stage, using an LM4880 dual 250mW audio
power amplifier with shutdown mode (not used in this application).
Note, if the sound stage moves to the left instead of the right when the
head is turned to the left, the audio connections between a) and b)
should be interchanged.

nalisation' by the gyroscope system. The
sound stage remained doggedly stuck to the
head, turning with it. The reason for this is not
clear to me, so I hope that one of you is able
to provide enlightenment.

Possibly the ear/brain system is so domi-
nated by the abundance of positional infor-
mation cues contained in a stereo signal, that it

cannot but hear the sound as coming from a
sound stage fixed relative to the head.
Whatever the explanation, the scheme is vir-
tually ineffective on stereo material.

But that's engineering for you; the results of
an experiment are what they are, not what one
might like them to be. Hypotheses have to fit
the facts, not the other way round.

Solid-state gyroscope - 15% reader discount
Until 31 December, Willow Technologies is offering Murata's ENC-
05E solid-state gyroscope for the discount price of £70 instead of the
normal price of £82, excluding VAT and delivery.

Measuring 21.5 by 8.5 by 7.6mm, the ENC-05E gyroscope han-
dles up to 50 changes in direction a second and a maximum angu-
lar velocity of ±90°/s. This velocity produces a swing of about
±200mV dc about the zero angular velocity output reference of 2.3V
dc. Requiring a maximum of 5mA, the ENC-05E is suitable for
portable navigation systems.

Rotational sensing applications of the ENC-05E include camera sta-
bilisation, model -aircraft control, virtual -reality headsets and robotics.
Willow Technologies Ltd is at Shawlands Court, Newchapel Road,
Lingfield, Surrey RH7 6BL, tel. 01342 835234, fax 01342 834306.

'Force generated when x

he S20 rotation is added)

Piezoelectric ceramic for detection Piezoelectric ceramic for feedback

Y (The vibration transmitted to
the ceramic is the compound of
x and y)

Piezoelectric ceramic for detection

In common with all viratory gyroscopes, the ENC-05E relies on the Coriolis
effect, where rotation of a vibrating beam about the vertical axis produces
a force perpendicular to applied rotation.

ENC-05E ORDER COUPON
PLEASE PRINT CLEARLY

Please send me ENC-05E gyroscope(s) at £70 each

excluding VAT and £7.95 postage and packing, for which

I enclose a total of £

Your name

Company (if applicable)

Address

Post code

Phone number Fax

Please make your cheque payable to Willow
Technologies Ltd and send it to Willow at
Shawlands Court, Newchapel Road, Lingfield,
Surrey RH7 6BL, tel. 01342 835234, fax 01342
834306. Note that this offer is limited to five units
per reader. Please allow 28 days for delivery.

Measuring 21.5 by 8.5 by 7.6mm,
the ENC-05E gyroscope handles
up to 50 changes in direction a
second and a maximum angular

velocity of ±-907s.

734 ELECTRONICS WORLD October 1996



Advertisement Feature

NEW programmers
start at only £295

r.

Aypth prices starting as low as £295, ICE
W Technology's new range of parallel port

programmers offers something for every budget.

All programmers support dual in line devices
directly in the socket - no adapters or modules are

needed for any families of devices, providing
extensive device coverage at very affordable prices.

The full range of programmers is shown in the

panel on the right. Our new easy to use device

support checklist will help you to choose the
programmer that is right for you, just call or use our

faxback for a copy. All programmers come with

FREE software updates on our BBS or our ftp site,

full technical support direct from the manufacturer

and one year's guarantee. All models can run from

batteries or mains - ideal for use with laptops.

Low cost EPROM programmer
A t only £295, the EPMaster LV is a powerful

iEPROM programmer which offers so
much more than other EPROM programmers.
With it's 40 pin socket it can support all types of

EPROMs including 16 bit wide with no need
for additional modules. Serial PROMs, Serial
EEPROMs, Flash and EEPROMs are all

included in the device support at no extra cost.
In addition, low voltage parts are fully supported

with the programmer's separate 1.8V, 3.3V and

5V logic circuits. EPMaster LV connects to the

parallel port of any PC compatible and can be
operated from batteries or mains electricity. You

can also add a built in ROM/RAM emulator
with a capability of up to 512k by 16, turning the

EPMaster LV into a powerful development tool.

CIRCLE NO. 151 ON REPLY CARD

Universal programmer only £525
The Speedmaster 1000+ and

Micromaster 1000+ offer new levels
of affordability in device programming.
At only £395, the Speedmaster 1000+
supports all types of memory devices, plus
8748/51, BPROMs, GALs and erasable
PALs. The Micromaster 1000+ at just
£525 extends this support to include
PALs, EPLDs, MACH, MAX, PSDs and
over 180 microcontrollers including PIC,

ST6, MC68HC705, MC68HC711,
TMS370, TMS320, 87Cxxx, 89Cxxx,
COPs etc. The Micromaster 1000+ can
support all device types, even Motorola
micros, with NO ADAPTERS or
MODULES for any dual in line devices
up to and including 40 pins. As with all
our programmers free software updates
are included via BBS or our ftp site.

CIRCLE NO. 149 ON REPLY CARD

High Speed Gang Programming

The Speedmaster GLV-32 Gang/Set

programmer offers simultaneous high speed

programming for up to 8 EPROMs and Flash (up

to 8Mbit) at 3.3V and 5V. The 3.3V facility ensures

that programmed devices will work correctly at
their nominal operating voltage. Functions include

gang programming, set programming and full
editing. The Speedmaster GLV32 works in PC or
stand alone mode.

CIRCLE NO. 152 ON REPLY CARD

LV40 Area&
Reaching the parts other programmers can't reach

The NEW LV40 Portable stands head
and shoulders above other portable
programmers with it's

comprehensive device support which
includes EPROMs, EEPROMs, Serial
PROMs, BPROMs, Flash, NVRAMs,
PSDs, PALs, GALs, PEELs, EPLDs,
MACH, MAX and over 180
microcontrollers. Unlike other portables,
no adapters or modules are needed for any
of these devices up to 40 pins dual in line.
With socket adapters the LV40 is capable
of supporting devices of over 40 pins and
other package types.
At £995 for the complete package you'll
soon see why the LV40 Portable is the best
value, most powerful portable programmer
in the world.

CIRCLE NO. 150 ON REPLY CARD

 Portable Universal

Programmer

 High speed

 PC software included

 No modules to buy

 Supports memory,

programmable logic,

high density logic, and

over 180 micros.

 Support for 1.8, 3.3 and

5V devices

 Battery or Mains

operation

 Lifetime free updates

PROGRAMMER MODELS AND PRICES

(SUPPORT

EPMASTER LV

LV MODELS
1.8V, 3.3V and 5V DEVICES)

EPROMs, EEPROMs, Flash, Serial PROMs,
Serial EEPROMs 8 to 40 pins all without
adapters. Built in emulator modules:
128k by 8: £395 128k by 16: £465

£295

SPEEDMASTER 1000+
EPROMs, EEPROMs, Flash, NVRAMs, Serial
PROMs, Serial EEPROMs, BPROMs, GALs,
8748/51

£395

MICROMASTER 1000+
EPROMs, EEPROMs, NVRAMs, Flash, Serial,
BPROMs, PALs, GALs, PEELs, MACH, MAX, PSD,
over 180 microcontrollers without adapters.

£525

SPEEDMASTER LV
EPROMs, EEPROMs' Flash, NVRAMs, Serial
PROMs, Serial EEPROMs, BPROMs, GALS,
PALs, EPLDs, MACH, MAX, 8748/51.

£495 SPEEDMASTER GLV32
High speed EPROM/Flash 8 way Gang/Set
Programmer. Supports 3.3V and 5V £645

MICROMASTER L11

EPROMs, EEPROMs, NVRAMs, Flash, Serial,
BPROMs, PALs, GALs, PEELs, MACH, MAX,
PSD, over 180 microcontrollers without
adapters.

£625 COP GANG

PROGRAMMER
8 way Gang programmer for National
Semiconductor COP family of micros £1500

LV40 PORTABLE
All devices supported by Micromaster LV, plus
completely portable with built in keypad and .

LCD display.

£995 SOCKET ADAPTERS for PLCC, TSOP, OFP, SOIL, SSOP etc.
from
£65

All prices exclude VAT and delivery

For details on any of our range of programmers, call or fax us now.
You canobtain information immediately by using our faxback service or homepage.
ICE Technology Ltd, Penistone Court, Penistone, South Yorkshire S30 6HG. United Kingdom.
Tel: +44 (0)1226 767404 Fax: +44 (0)1226 370434 Faxback: +44 (0)1226 761844 email: sales@icetech.com
Homepage: http://www.icetech.com BBS: +44 (0)1226 761181 (14400 baud, 8N1)

CALL OUR SALES HOTLINE ON 01226 767404 OR USE OUR FAXBACK FOR FULL DETAILS 01226 /61844

erg=
CE



PC ENGINEERING

via the COM port
Interfacing via the pc's
COM port and accessible
using simple Basic
routines, David Gains'
a -to -d converter can log
up to four differential
sensors with fast
sampling.

My requirements were for a data
acquisition system that would
acquire analogue signals from trans-

ducers such as temperature sensing integrated
circuits. The system had to use my PC's
unused COM2 port, and it had to be capable
of sampling a single channel at, say, 1-2kHz,
or a few channels on demand at infrequent
intervals. Further, to accommodate signals of
different voltage levels, and to improve reso-
lution, each channel had to have software pro-
grammable gain.

The resulting design, Fig. 1, provides the
following features:

 four differential input channels,

Table 1. Receiver output bits from the uart are used to configure the
a -to -d conversion circuitry.
RBR8 RBR7 RBR8 RBR8 RBR4,3 RBR2,1
Unused Unused ConversionScan Gain Channel
x x 0=single 0=off 0,0=x1
x x 1=running 1=on 0,1=x2
x x 1,0=x4
x x 1,1=x8

Table 2. Three bits configure the uart serial data
framing as follows.

0,0=channel 1
0,1=channel 2
1,0=channel 3
1,1=channel 4

CLS1 CLS2 SBS Format bits
data stop

0 0 0 5 1

0 0 1 5 1.5 Table 3. Programmable oscillator - applicable
1 0 0 6 1 bit -rate settings.
1 0 1 6 2 Input Frequency Data rate
0 1 0 7 1 S3 S2 Si kHz bps
0 1 1 7 2 1 1 1 76.8 4800
1 1 0 8 1 1 1 0 153.6 9600
1 1 1 8 2 1 0 1 307.2 19200

 four gains of 1, 2, 4, and 8,
 single -conversion, or free -running conver-

sion mode, and
 single -channel, or scanning channel mode.

All of the above features are software pro-
grammable. In addition, the capture module
can be configured for either unipolar or bipo-
lar input signals.

Serial interface
The MAX232 line driver -receiver, IC1, pro-
vides the communications interface between
the computer and the data acquisition system.
Ostensibly, it converts signals between RS-
232 compatible levels of ±12V and 5V ttl lev-
els, but only requires a single 5V rail.

A single byte -long character command is
passed to the CDP6402 universal asyn-
chronous receiver -transmitter, IC3. This uart
takes the serial data from the receiver input
RRI and converts it into a parallel word.
Provided that this word has been received cor-
rectly, it then appears at the receiver buffer
register output, RBR1_8.

In my design, if a framing error or an over-
run error occurs, it is ignored. In any case, if
an error does occur, the RBR 1_8 outputs adopt
a high impedance state. The RBR1_8 outputs
are then decoded to provide the functions
shown in Table 1.

The uart is configured for a data format of
eight data bits, and one stop bit, Table 2. In
addition, there is no parity bit; the parity inhib-
it PI input is held high.

The serial data rate is set by programmable
oscillator, IC2, which is an EXO-19.6608. This
device allows data rates of 4800baud up to
1228800baud. However, the MAX232 sup-
ports RS -232C standard, and this is only guar -
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Listing 2. Object -oriented implementation of the functions used to interface to pc and a -to -d converter, in Turbo C++
// Standard libraries
#include <bios.h>
#include <conio.h>
#include <dos.h>
#include <process.h>
#include <stdio.h>

// Function key codes
#define Fl Ox3B
#define F2 Ox3C
#define F3 Ox3D
#define F4 Ox3E
#define F5 Ox3F
#define F6 0x40
#define F7 0x41
#define F8 0x42
#define F9 0x43
#define F10 0x44

// COM port settings
#define COM2 1
#define DATA READY Ox100
#define SETTINGS
(COM9600 I COMCHR8 I COM STOP1 I COM NOPARITY)

// Implementation of interface to unit. No error checking.
class serial {

private:
unsigned _port; // Port identity
unsigned settings; // Port settings
// Configuration
unsigned channel, _gain, _scan, _run;
char str[40];

public:
// Constructor - Configures serial port
serial(unsigned p, unsigned s) : _port(p), settings(s) {

bios serialcom( COMINIT, _port, _settings);
channel=gaincan=_run=0;

};

// Change run mode
void run() {

run=! run;

// Change scan mode
void scan() {

scan=! scan;

// Change gain
void gain(unsigned g)
_gain=g;

1

// Change channel
void channel(unsigned c) {

channel=c;

// Get port status
int status() {

unsigned s=_bios_serialcom(_COM_STATUS, _port, 0);
return s;

}

// Read value from port
unsigned read(unsigned& v) {

return v=_bios_serialcom(_COM_RECEIVE, _port, 0);

// Write a value to port
void write() {

bios serialcom(COM SEND, _port,_
channel I gain<<2I _run<<4 I scan<<5);

1 -

Listing 3. Turbo C++ routine applying the
objected -oriented software, Liting 2.
void main(void) {

unsigned in, out;
class serial s(COM2, SETTINGS);
// Define and setup port

clrscr();
for(;;){
if (s.status() & DATA READY)
// Print unit's configuration and

value read
cprintf ("%s %3d\r", s.config(),

s.read(in));

if (kbhit()) {

out=getch();
if (out=='\x1B')
// Escape key pressed. Quit.
exit(1);
else {

if (out=='\x00') {

// Extended key pressed
out = getch();
switch (out) {

case Fl: s.channel(0); break;
case F2: s.channel(1); break;
case F3: s.channel(2); break;
case F4: s.channel(3); break;
case F5: s.gain(0); break;
case F6: s.gain(1); break;
case F7: s.gain(2); break;
case F8: s.gain(3); break;
case F9: s.run(); break;
case F10: s.scan(); break;

1

s. write();

// Get a -to -d unit's configuration
char* config() {

sprintf(str, "Channel:%lx Gain:%ld %s %s", channel, 1<<_gain,
scan?"Scanning":"Fixed", run?"Running"ingle");

/7 -If scanning, keep track of channel
if (_scan) {

channel++;
channel%=4;

return str;

}; // End of class definition
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anteed to work up to 19200baud. Switches,
S1-3, program the oscillator, Table 3.

Selecting channels
Selection of the analogue channel is carried
out by the MPC509 four -channel differential
multiplexer, IC6. This device offers up to
70Vp_p over -voltage protection, and should it
lose power, it does not cause problems for the
signal sources.

Channel addressing for the multiplexer is
produced by the asynchronous presettable
two-bit counter -latch formed by the JK
bistable devices, IC10 and the steering logic,
ICI . Operation is as follows.

When scan mode is off, i.e. RBR5 is low, the
JK bistable device clocks are disabled, and the
channel address on RBR1_2 is used to preset
the counter -latch outputs. The PRESET signal,
created by data -received signal DR going high
and triggering monostable IC8b, enables the
NAND gates, IC11. These then derive suitable
logic levels for the bistable clear and set
inputs. These inputs are clock independent, or
asynchronous. Since the multiplexer's
ENABLE line is tied high, the analogue input
channel is immediately selected.

In channel scanning mode, with RBR5 high,
the counter -latch is preset with the channel
address, as before. In this case, however, after
each conversion has completed, the counter is
incremented by the NEXT pulse. This pulse is
derived from the BUSY signal going inactive,
and enabled by the inputs RBR5_6 on NAND
gate ICI2e. It results in the next analogue
channel being selected.

Programmable -gain amplifiers
The PGA205 programmable amplifier, IC5,
provides fixed programmable gains of 1, 2, 4,
and 8. Its gain -selection inputs are ttl-com-
patible and bits RBR3_4 are connected directly.
With the a -to -d converter configured with a
reference voltage of 2.5V, the PGA205 gives
the system the full scale ranges and resolu-
tions shown in Table 4.

Conversion mode
The conversion mode allows the unit to make
either a single conversion when requested, or
continually provide conversions, i.e. free run,
at a rate governed by the uart.

If the single conversion mode is selected,
i.e. RBR6 is low, the a -to -d converter starts
converting the selected channel shortly after
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Fig. 1. Programmable via
the pc's COM port, this
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the command is received from the computer.
The data received status line DR goes high,
and edge -triggered monostable IC8b provides
a low level pulse of about 82us duration to the
WRITE input of the a -to -d.

On the rising edge of the same low-level
pulse, the a -to -d converter starts converting.
The duration of the pulse is long enough to
ensure the PGA205 gain network and multi-

plexer have settled. It is also fast enough for
conversions to be performed and transmitted
at up to about 19.2 kilobaud, i.e. the sampling
rate is about 1.9kHz.

NAND gates within IC9 select the source to
be used for the start conversion signal. With
RBR6 low, only DR is used as the basis for the
WRITE signal. When RBR6 is high however,
the start conversion signal is derived initially

Table 4. Full scale range, or fsr,
Gain Unipolar

FSR Resolution
1 2.5V 9.8 mV
2 1.25V 4.9mV
4 0.625V 2.4mV
8 0.3125V 1.2mV

and resolution at different gains.
Bipolar
FSR Resolution
±2.5V 19.5 mV
±1 .25V 9.8 mV
±0.625V 4.9mV
±0.3125V 2.4mV

Listing 1. QuickBasic routine showing how simple it is to grab an
analogue sample from channel 0.
REM Continually poll channel 0 (unity gain)

CLS : PRINT "Press any key to stop."
OPEN "COM2:9600,N,8,1" FOR RANDOM AS #1
A$ = ""
WHILE (A$ "")

PRINT #1, CHR$(0);
LOCATE 2, 1: PRINT "Channel 0: "; ASC( PUTS

1))

A$ = INKEY$
WEND
CLOSE #1
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from DR, but then from the transmitter register
empty, TRE, status flag of the uart. This sig-
nals that the last conversion has been sent to
the computer, and that the UART is ready for
new data. Again, the pulse is about 82µs dura-
tion.

Analogue -to -digital conversion
The a -to -d converter, IC4, is a ZN448 8 -bit
successive approximation converter with inter-
nal band -gap reference and clock.

The converter is configured, by connecting
the 100pF capacitor to the clock input, pin3,
for conversion times of about 10Ons. The
input to the a -to -d converter can be either
unipolar or bipolar according to the position of
switch S4. The resistor network sets the input
voltage range to either 2.5V for unipolar oper-
ation or ±2.5V for bipolar.

During a conversion, the BUSY signal,
active low, goes low, and when finished it
goes high. On this rising edge, monostable
multivibrator IC7a creates a pulse that:
 automatically increments the channel

IC12b

0
RBR2

-5V

o IN 1A

oIN 113

o IN 2A

o IN 2B

o IN 3A

o IN 3B

O IN 4A

o IN 48

1p

address of the multiplexer,
 load the converted data into the uart's

TBRL transmitter buffer register,
 reset the data received status flag of the

uart, by taking DRR low.

Configuration and control
When the unit is powered up, the transistor,
Tr1 and associated passive components apply
a low going pulse of 15µs to the uart's master
reset MR input, and so ensures all the error/sta-
tus flags, and transmitter buffers are reset.

The unit is easily configured and controlled
by outputting byte commands - or appropriate
ASCII characters - to the serial port.

An example Quick -Basic program is given
in Listing 1. It shows how samples can be
acquired from one channel, namely channel 0
with unity gain.

A further example is given by way of an
object -oriented program using Borland Turbo
C++, Listings 2, 3. Listing 2 gives the class
implementation of the functions used to inter-
face with the unit, while Listing 3 is an exam-

ple of the class being used. The pc's function
keys are used to configure the unit's operation,
and the escape key exits the program.

Neither of these examples check for framing
errors nor overrun errors, which would be nec-
essary to ensure samples are not missed, or, if
scanning channels, that the channel being
sampled does not become misaligned with
what the program thinks is being sampled.

The serial communications functions pro-
vided by Turbo C++ are implemented with
hardware handshaking. In this case, a null
modem can be used; link the request -to -send
line RTS and clear to send, CTS, together, and
link data set ready DSR, data carrier detect,
DCD, and data terminal ready, DTR. In Quick
Basic, setting parameters in the OPEN state-
ment that ignore handshaking is possible.

Setting up
The only setting up required is that of the
ZN448. This is easily achieved with either of
the above example programs, set to sample a
channel continually.

Zero adjustment is required for the unipolar
range. This is done by applying 5mV to a
channel, and adjusting VR1 until the most sig-
nificant bit flickers between one and zero with
all the other bits at zero. No gain adjustment is -

provided in this design.
Only offset adjustment is required for the

bipolar range, as this design offers no gain
adjustment. In a similar way to the unipolar
zero adjustment, apply -2.49V to a channel,
and adjust VR2 until the most significant bit
flickers between one and zero with all the
other bits at zero.

Further development
There are two bits of the uart's received data
word spare, namely RBR7..8. These could eas-
ily be used to expand the unit's capability.
Obvious enhancements are to provide eight
channels of differential input, or 16 channels
of single -ended input, or to make the unipo-
lar/bipolar modes software selectable.

If greater accuracy is required, gain adjust-
ment for both unipolar and bipolar input
ranges could be added to the ZN448.

Further reading
MAXIM Integrated Products, MAX230-241

Data Sheet, pp 2-25 to 2-40.
Universal asynchronous receiver transmitter,

RS Data Sheet 4046, March 1985.
Crystal Oscillators - KSS Kinseki, KSS-EXO-3

Series Data Sheet.
MPC508A, Burr Brown Data Sheet.
8 -bit A to D converter ZN448, RS Data Sheet

5291, March 1985.
PGA205, Burr Brown Data Sheet, pp 4.175 to

4.187.
MM74HC221A Dual Non-retriggerable

monostable mulitvibrator, National
Semiconductor Data Sheet, pp 3:204-3:208.
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
HP New Colour Spectrum Analysers
HP141T+855213 IF + 8553B RF- 1KHz-110Mc/s - £700.
HP141T+ 85526 IF + 8554B RF -100KHz-1250Mc/s - £900.
HP141T+ 8552B IF + 8556A RF - 2OHz-300KHz - £700.
Special Offer just in from MOD Qty 40 HP8555A RF Units 10Mc/s - 18GHzS.
HP141T+ 85526 IF + 8555A 10Mc/s-18GHzS -£1200.
HP ANZ Units Available separately - New Colours - Tested
HP141T Mainframe- £350.
HP8552B IF - £300.
HP85538 RF 1KHz to 110Mc/s- f200.
HP855413 RF 100KHz to 1250Mc/s- f500.
HP8555A RF IOWA to 18GHzS - f800.
HP8556A RF 20Hz to 300KHzS -£250.
HP8443A Tracking Generator Counter 100KHz-110Mc/s - £300.
HP84456 Tracking Preselector DC to 18GHz - £350.
HP3580A 5Hz - 50KHz ANZ - £750 -E1000.
HP3582A .02Hz to 25.6KHz-E2k.
HP8568A 100Hz-1500Mc/s ANZ -E6k.
HP85596 10Mds-22GHz ANZ- £6k.
HP Mixers are available for the above ANZ's to 40GHz
TEK 492 - 50KHz - 18GHz Opt 1+2 - £4k-C4.2k.
TEK 492 - 50KHz - 18GHz Opt 1+2+3- £4.5k.
TEK 492P- 50KHz -21 GHz Opt 1+2+3 - f5k.
TEK 494AP 1KC/S -21GHz - £7k.
TEK 496P 1KHz-1.8GHz - f4k.
TEK 5L4N 0-100KHz - £400.
TEK 7L5 + L1 - 20Hz-5Mc/s -E700.
TEK 7L5 + L3 - Opt 25 Tracking Gen - £900.
TEK 7L12 - 100KHz-1800Mcis - E1000.
TEK 7L18 - 1.5-60GHzs -£1500.
TEK 491 10Mc/s-12.4GHzs-40GHzs- £750. 12.4G hzs-40Ghzs with Mixers.
Tektronix Mixers are available for above ANZ to 60GHzs
Systron Donner 763 Spectrum ANZ + 47456 Preselector .01-18GHz + Two Mixers 18-40GHz in

Transit Case -E3k.
HP8673D Signal Generator .05-26.5GHz -E20k.
Systron Donner 1 61 8B Microwave AM FM Synthesizer 50Mc/s 2-18G Hzs

R&S SWP Sweep Generator Synthesiier AM FM 4-2500Mc/s - E3.5k.
ADRET 3310A FX Synthesizer 300Hz-60Mds - £600.
HP8640A Signal Generators - 1024Mc/s -AM FM - £800.
HP3717A 70Mc/s Modulator -Demodulator -£500.
HPB651A RF Oscillator 22KC/S - 22Mc/s.
HP53166 Universal Counter A+B.
HP6002A Power Unit 0-5V 0-10A 200W.
HP6825A Bipolar Power Supply Amplifier.
HP461A-465A-467A Amplifiers.
HP81519A Optical Receiver DC-400Mc/s.
HP Plotters 7470A -7475A.
HP3770A Amplitude Delay Distortion ANZ.
HP37708 Telephone Line Analyser.
HP8182A Data Analyser.
HP59401A Bus System Analyser.
HP62608 Power Unit 0-10V 0-100 Amps.
HP3782A Error Detector.
HP3781A Pattern Generator.
HP3730A+ 3737A Down Convertor Oscillator 3.5-6.5GHz.
HP Microwave Amps 491-492-493-494-495-1GHz-12.4GHz-E250.
HP10513 Quartz Oscillator - E400.
HP5087A Distribution Amplifier.
HP6034A System Power Supply 0-60V 0 -10A -200W- £500.
HP6131C Digital Voltage Source+ - 100V 1/2 Amp.
HP4275A Multi Frequency L.C.R. Meter.
HP3779A Primary Multiplex Analyser.
HP3779C Primary Multiplex Analyser.
HP8150A Optical Signal Source.
HP1630G Logic Analyser.
HP5316A Universal Counter A+B.
HP5335A Universal Counter A+B+C.
HP59501B Isolated Power Supply Programmer.
HP8901A Modulation Meter AM - FM - also 890113.
HP5370A Universal Time Interval Counter.
Marconi TF2370 -30Hz-110Mc/s 750HM Output (2 BNC Sockets+Resistor for 500HM MOD with

Marconi MOD Sheet supplied - £650.
Marconi TF2370 30Hz-110Mc/s 50 ohm Output - £750.
Marconi TF2370 as above but late type - £850.
Marconi TF2370 as above but late type Brown Case -£1000.
Marconi TF2374 Zero Loss Probe -E200.
Marconi TF2440 Microwave Counter - 20GHz -E1500.
Marconi TF2442 Microwave Counter - 26.5GHz -E2k..
Marconi TF2305 Modulation Meter - E2.3k.
Racal/Dana 2101 Microwave Counter - 10Hz-20GHz - E2k.
Racal/Dana 1250-1261 Universal Switch Controller + 200Mc/s PI Cards.
Racal/Dana 9303 True RMS Levelmeter+Head -E450. IFFE -E500.
TEKA6902A also A69026 Isolator- E300 -f400.
TEK 1240 Logic Analyser- E400.
TEK FG5010 Programmable Function Generator 20Mds - £600.
TEK2465A 350Mc/s Oscilloscope -E2.5k + probes -£150 each,
TEK CT -5 High Current Transformer Probe - £250.
TEK J16 Digital Photometer + J6523-2 Luminance Probe -E300.
TEK J16 Digital Photometer + J6503 Luminance Probe - £250.
ROTEK 320 Calibrator + 350 High Current Adaptor AC -DC - E500.
FLUKE 51028 AC -DC Calibrator -E4k.
FLUKE 1120A IEEE - 488 Translator - £250.
Tinsley Standard Cell Battery 56446- £500.
Tinsley Transportable Voltage Reference -£500.
FLUKE Y5020 Current Shunt- £150.
HP745A+ 746A AC Calibrator -£600.
HP8080A MF + 8091A 1GHz Rate Generator + 8092A Delay Generator + Two 8093A 1GHz Amps

+ 15400A - E1300.
HP54200A Digitizing Oscilloscope.
HP117296 Carrier Noise Test Set .01-18GHz- LEF - £2000.
HP3311A Function Generator -E300.
Marconi TF2008 - AM -FM signal generator - also sweeper - 10Kds - 510Mds - from E250 -

tested to £400 as new with manual - probe kit in wooden carrying box.
HP Frequency comb generator type 8406-f400.
HP Vector Voltmeter type 8405A - £400 new colour.
HP Sweep Oscillators type 8690 A & B + plug -ins from 10Mds to 18GHz also 18-40GHz. P.O.R..
HP Network Analyzer type 8407A + 8412A + 8501A - 100Kds -110Mcis-E500- £1000. .

HP Amplifier type 8447A -1-400Mc/s E200-HP8447A Dual - E300.
HP Frequency Counter type 5340A - 18GHz E1000 - rear output £800.
HP 8410 -A -B -C Network Analyzer 110Mc/s to 12GHz or 18GHz - plus most other units and

displays used in this set-up -8411a -8412-8413-8414-8418-8740-8741-8742-8743-
8746 - 8650. From E1000.

Racal/Dana 9301A -9302 RF Millivoltmeter - 1.5-2GHz-E250-£400.
Racal/Dana Modulation Meter type 9009 - 8Mds -1.5GHz - f250.
Marconi RCL Bridge type TF2700 -f150.
Marconi/Saunders Signal Sources type - 60586 - 6070A - 6055A - 6059A - 6057A - 6056 -

£250-£350. 400Mds to 18GHz.
Marconi TF1245 Circuit Magnification meter + 1246 & 1247 Oscillators -£100-E300.
Marconi microwave 6600A sweep osc., mainframe with 6650 PI - 18-26.5GHz or 6651 PI - 26.5-

40GHz - £1000 or PI only f600. MF only f250.
Marconi distortion meter type TF2331 - E150. TF2331A - £200.

Tektronix Plug -Ins 7A13 - 7A14 - 7A18- 7A24- 7A26 -7A11 -7M11 -7511 -7D10 - 7512 - S1
- S2 - S6 - S52 - PG506 - SC504 - SG502 - SG503 - SG504 - DC503 -00508 - DD501 -
WR501 - DM501A- FG501A-TG501 - PG502 - DC505A- FG504 - 7880 + 85-7892A

Gould J3B test oscillator + manual -E150.
Tektronix Mainframes - 7603 - 7623A -7613 - 7704A - 7844 -7904 - TM501 - TM503 - TM506 -

7904A - 7834 - 7623 - 7633.
Marconi 6155A Signal Source -1 to 2GHz - LED readout -£400.
Barr & Stroud Variable filter EF3 0.1Hz - 100kc/s + high pass + low pass- E150.
Marconi TF2163S attenuator - 1GHz. 1200.
Farnell power unit H60/50 - £400 tested. H60/25 - £250.
Racal/Dana 9300 RMS voltmeter -E250.
HP 8750A storage normalizer - £400 with lead + S.A or N,A Interface.
Marconi TF2330 - or TF2330A wave analysers- £100-E150.
Tektronix - 7514 -7T11 -7511 -7512 -S1- S2-539 - S47 - S51 - S52 -553 -7M11.
Marconi mod meters type TF2304 -£250.
HP 5065A rubidrum vapour FX standard -£1.5k.
Systron Donner counter type 60548 - 20Mc/s - 24GHz - LED readout -f1k.
Racal/Dana 9083 signal source -two tone - £250.
Systron Donner - signal generator 1702 -synthesized to 1GHz - AM/FM -£600.
Tektronix TM515 mainframe + TM5006 mainframe -E450 -£850.
Farnall electronic load type RB1030-35 -£350.
Racal/Dana counters - 9904 - 9905 - 9906 - 9915 -9916 - 9917 -9921 - 50Mc/s - 3GHz - E100-

£450 - all fitted with FX standards.
HP4815A RF vector impedance meter c/w probe- E500 -f600.
Marconi TF2092 noise receiver. A, B or C plus filters -£100-£350.
Marconi TF2091 noise generator. A, B or C plus filters -£100-f350.
Marconi 2017 S/G 10Khz - 1024MHz.
HP180TR, HP182T mainframes E300-£500.
Philips panoramic receiver type PM7900 -1 to 20GHz-E400.
Marconi 6700A sweep oscillator + 18GHz Pl's available.
HP8505A network ANZ + 8503A S parameter test set + 8501A norma Ozer E4k.
HP8505 network ANZ 8505 + 8501A + 8503A.
Racal/Dana VLF frequency standard equipment. Tracer receiver type 900A + difference meter

type 527E + rubidium standard type 9475- £2750.
HP signal generators type 626 -628- frequency 10GHz -21GHz.
HP 432A- 435A or B -436A - power meters + powerheads - Mc/s -40GHz -£200-£1000.
Bradley oscilloscope calibrator type 192 - £600.
HP8614A signal generator 800Mc/s -2.4GHz, new colour £400.
HP8616A signal gen 1.8GHz - 4.5GHz, new colour £400.
HP 3325A syn function gen 2OMc/s -(1 500.
HP 3336A or B syn level generator -(500-£600.
HP 35868 or C selective level meter -E750-£1000.
HP 3575A gain phase meter 1Hz- 13Mds -£400.
HP 8683D S/G microwave 2.3 -13GHz - opt 001 -003 - E4.5k.
HP 8660 A -B -C syn S/G. AM + FM + 10Kcis to 110Mc/s PI - 1Mc/s to 1300Mc/s - 1Mc/s to

2600Mds - E500 -E2000.
HP 86408 S/G AM -FM 512Mds or 1024Mc/s. Opt 001 or 002 or 003 - £800-£1250.
HP 86222BX Sweep PI -01- 2.4GHz + ATT - f1750.
HP 8629A Sweep P1-2-18GHz- E1000.
HP 862908 Sweep PI -2 - 18GHz -£1250.
HP 86 Series Pl's in stock - splitband from 10Mc/s - 18.6GHz -£250-E1k.
HP 8620C Mainframe -£250. IEEE - £500.
HP 8615A Programmable signal source - 1MHz- 50Mds - opt 002 - Elk.
HP 8601A Sweep generator .1 -110Mc/s- (300.
HP 3488A HP -113 switch control unit -£500 + control modules various -£175 each.
HP 8160A 50Mc/s programmable pulse generator -E1000.
HP 853A MF ANZ-E1.5k.
HP 8349A Microwave Amp 2 - 20GHz Solid state -(1500
HP 3585A Analyser 20Hz - 40Mds - £4k.
HP 8569B Analyser .01 -22GHz - £5k.
HP 3580A Analyser 5Hz - 50kHz -Elk.
HP 19808 Oscilloscope measurement system - £600.
HP 3455A Digital voltmeter - E500.
HP 3437A System voltmeter - E300.
HP 3581C Selective voltmeter -E250.
HP 5370A Universal time interval counter -£450.
HP 5335A Universal counter - 200Mcis -E500.
HP 5328A Universal counter - 500Mds - £250.
HP 6034A System power supply -0 -60V-0 -10 amps - £500.
HP 5150A Thermal printer -£250.
HP 1645A Data error analyser -(150.
HP 4437A Attenuator -£150.
HP 3717A 70Mc/s modulator -E400.
HP 3710A - 3715A - 3716A - 37026 - 3703B - 3705A - 3711A - 37916 - 3712A - 37938

microwave link analyser-P.O.R.
HP 3730A+ B RF down converter -P.O.R.
HP 3552A Transmission test set- £400.
HP 3763A Error detector -0500.
HP 3764A Digital transmission analyser - £600.
HP 3770A Amp delay distortion analyser- £400.
HP 3780A Pattern generator detector -E400.
HP 3781A Pattern generator - £400.
HP 3781B Pattern generator Weill- £300.
HP 3782A Error detector - £400.
HP 37826 Error detector (bell) -1300.
HP 3785A Jitter generator + receiver -£750-£1k.
HP 8006A Word generator -E100-£150.
HP 8016A Word generator -E250.
HP 8170A Logic pattern generator- £500.
HP 59401A Bus system analyser - £350.
HP 59500A Multiprogrammer HP- IB -£300.
Philips PM5390 RF syn - 0.1 - 1GHz -AM + FM -C1000.
S.A. Spectral Dynamics SD345 spectrascope 111 - LF ANZ- £1500.
Tektronix R7912 Transient waveform digitizer - programmable - £400.
Tektronix TR503 + TM503 tracking generator 0.1 - 1.8GHz - Et k - or TR502.
Tektronix 576 Curve tracer + adaptors - E900.
Tektronix 577 Curve tracer + adaptors - 900.
Tektronix 1502/1503 TDR cable test set - E1000.
Tektronix AM503 Current probe + TM501 m/frame -£1000.
Tektronix SC501 - SC502 - SC503 - SC504 oscilloscopes - f75 -f350.
Tektronix 465 -465B - 475 - 2213A 2215 2225 2235 2245 2246 £250-£1000.
Kikusui 100Mc/s Oscilloscope COS6100M - E350.
Nicolet 3091 LF oscilloscope - £400.
Racal 1991 - 1992 -1988 - 1300Mc/s counters- £500-E900.
Fluke 80K-40 High voltage probe in case -BN -£100.
Racal Recorders - Store 4 -4D- 7 -14 channels in stock - E250 - £500.
Racal Store Horse Recorder & control - C400-£750 Tested.
EIP 545 microwave18GHz counter -E1200.
Fluke 510A AC ref standard - 400Hz - £200.
Fluke 355A DC voltage standard -E300.
Wiltron 610D Sweep Generator + 6124C PI -4 -8GHz-E400.
Wiltron 610D Sweep Generator + 6108413 PI - 1Mc/s - 1500Mds-E500.
Time Electronics 9814 Voltage calibrator - £750.
Time Electronics 9811 Programmable resistance- £600.
Time Electronics 2004 D.C. voltage standard -£1000.
HP 8699B Sweep PI YIG oscillator .01 - 4GHz -£300. 8690B MF - £250. Both E500.
Schlumberger 1250 Frequency response ANZ -£1500.
Dummy Loads & power att up to 2.5 kilowatts FX up to 18GHz - microwave parts new and ex

equipt - relays - attenuators - switches -waveguides- Yigs - SMA-APC7 plugs - adaptors.
B&K Items in stock - ask for list.
W&G Items in stock -ask for list.
Power Supplies Heavy duty + bench in stock -Farnell- HP-Weir-Thurlby- Racal etc. Ask for list.

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE. VAT AND CARRIAGE EXTRA

ITEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT -VALVES -PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No: (01214) 684001. Fax: 651160
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Free circuit design software
TINA for Windows

This month's cover disk* is a working, interactive version of
TINA for Windows. Newly launched, this comprehensive
package is an electronics toolkit integrating all the functions
needed for the design, development and test of electronic
circuits. TINA makes it easier and faster to simulate circuits with
realistic characteristics.

TINA comprises a software simulation and analysis package,
together with a complete range of 'virtual' test and measurement
instruments for testing design theories as well as breadboards,
prototypes or any other electronic product.

The demonstration version of TINA presented free with this
issue of Electronics World allows circuits of any size to be
constructed but analysis only works on a limited number of
nodes. Save and print facilities are also disabled.

PSpice compatibility
Unlike many circuit design systems, TINA can save your designs
as an industry standard PSpice format netlist - which means that
design concepts are based on the specifications of actual
components. This makes simulation more realistic and the
identification of faults easier. It also simplifies 'what if'
questions, and allows different components to be tested quickly,
easily and without the need to build breadboards. This
obviously saves considerable time, as well as the cost of
components.

Comprising all the necessary hardware and software, Tina is a
complete system which allows digital, analogue or mixed -mode
circuits to be simulated. Tina is also a powerful analytical tool
and can perform AC, DC or transient analysis as well as noise,
tolerance and Fourier analysis.

Comprehensive library
A comprehensive library of components contains power
supplies, resistors, capacitors, inductors, amplifiers, switches,
etc. Using familiar Windows -style commends, these are simply
selected, dragged and dropped into the desired circuit diagram.
Component values can then be changed to create and test the
feasibility of the ideal circuit.

The library features digital components, including a large
selection of TTL and CMOS standard devices.

Low price
Tina, is very cost effective. A single copy of the software costs
only £299 and a 20 -user site licence is only £1,800, excluding
hardware. Special discounts are available for educational
establishments.

For further information contact: Tandem Technology Limited,
Breadbare Barns, Clay Lane, Chichester, West Sussex, P01 8
8DJ, telephone: 01243 576121 fax: 01243 576119, e-mail
101626.3234@compuserv.com.

*Available to UK readers only.

Until 4 Oct
TINA's no
delivery. S
£237.93 - ful y inclusive - t
Limited Breadbare Barns, CI
Sussex
01243 tit

00 off
g VAT and
gether with

Tandem Technology
Lane, Chichester, West

1 fax:
userv.com.

'Foolkit for Into -active Nthvork

Virtual instruments - supplied
with the Tina circuit design tool
is a complete range of test and
measurement 'virtual
instruments' - including a
function generator, multimeter,
power supply and oscilloscope.
These are used to analyse test
circuit designs as well as
providing real time test and
measurement of actual circuits,
prototypes and breadboards.
The benefit of these 'virtual'
instruments is that they operate
via the PC. This makes it easy to
incorporate measurement
values into calculations and
analyses.

Loading your free software
Full instructions on loading the
demonstration version of Tina are
given in the README.TXT file on the
disk. This file is accessed by
inserting the disk in drive A and
double-clicking on the file under
Windows' File Manager. Once the
software is installed, this read -me file
appears as a Windows icon.
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Throcti:

cadtet

PCB CAD review subjects

This review, which began last month and
continues next, covers the following ten
products.

PCB Designer: Niche Software Ltd, tel. UK
01432 355414. £49 inclusive (see
September issue).

PIA: AW Software, tel. Germany +49 89
6915352. PIA std 99DM: extended
171 DM 32bit 2860M inc tax (see
September issue).

Easytrax: Protel International pty, tel.
Australia 408 437 7771,
UK PDSL, tel. 01892 663298 (see
September issue).
£6 copying charge.

Ranger2: Seetrax CAE Ltd. 01705 591037,
£150 exc £10 p+P and VAT.

Electronics Workbench: Interactive Image
Technologies Ltd (Canada), tel.
0014169775550. UK Robinson Marshall,
tel. 01203 233 216, £199 exc p+p and
VAT.

Quickroute 3.5 Pro+: Quickroute Systems
Ltcl.

CircuitMaker: MicroCode Engineering.
Propak: Labcenter Electronics.
Proteus: Labcenter Electronics.
EasyPC Pro XM: Number 1 Systems.

Note that although it started last month with a
couple of smaller packages, this review is not
in any order of complexity or competence.

Rod Cooper's second set of reviews covers Ranger2

and Electronics Workbench.

Acommon drawback in computer -based
pcb design programs is that the small
crt screens often used are not an ideal

drawing board. This fact is never mentioned in
the glossy brochures. A standard 14in screen on
a typical pc does not give you 1 lin by 8in to
draw on. Do not be surprised if you fmd that
you have a drawing area of 7in by 6in or less;
you are not going to get much circuitry in that
area.

The rest of the screen is taken up with pro-
gram controls, and most irritating, the program
maker's name, logo or other useless clutter.
Fortunately, some programs give a much better
performance in this region than others, as
detailed in the individual reviews.

Most programs use a large sheet for drawing
on - A3 for example - and you are supposed to
pan around with your small viewing window if
you want to see the rest of the circuit. This
illustrates the importance of having auto -pan or
a good manual panning method.

Larger circuits will have more than one page
which will of course be out of sight altogether
until you make a page -change request. This is
not as easy as turning over a page of a circuit
diagram, although some people would have
you believe otherwise.

Because components appear small on a small
screen, you will have to zoom in to get resolu-
tion of the parts and their pads, and zoom out
again to see the circuit. This makes it essential
to have an efficient method of zooming and
panning.

I think relative to having the circuit drawn out
before you on real paper, all methods of repre-

senting the circuit on screen are inferior if are
planning a circuit from scratch - ie actually
designing rather than just drafting. You could
of course buy a larger monitor - say 17in or
21in, with higher resolution - but these are still
very expensive and very bulky compared to the
common 14in model and you still will not solve
the problem completely.

Neither is the mouse a good drawing tool; a
pencil and paper is much better than a mouse
and mat if you are experimenting. Some people
prefer a digitising tablet. Proponents of the
tablet system say that it is more accurate than a
mouse, easier to use in CAD, faster, and comes
more naturally to someone used to drawing
with a pen and paper.

I use a digitising tablet for CAD, and a mouse
for everything else, and I have to agree.
However, on the down side, tablets are at least
twenty times more expensive than a mouse and
it will come as no surprise to learn that some
programs that work well with a mouse do not
work well with a digitising tablet. I tried every
program with both mouse and tablet.

Standards and formats - or not
Unfortunately, there is not much standardisa-
tion in this branch of computer -aided design.
Each maker has its own way of presenting
component outlines, drawing schematics, etc.
etc. Few commands or menus are standard.
This means that if you take the time and effort
to learn a program produced by one company,
you will have to go through the same time-con-
suming process all over again if you change to
another.
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The good news is that there is a trend
towards standardisation in the output format for
net lists and component lists and for computer -
aided manufacturing although there is a long
way to go in this respect.

Windows or dos?
The choice between dos and Windows will be
of prime interest to the prospective buyer, with
many opting for Windows simply because that
is the trend. Much of what is presently avail-
able runs under dos. The many advantages of
running a program in Windows that apply to
business and accounting programs and the like,
is to a large extent lost on pcb design software.

Free of the constraints of Windows, dos pro-
grammers can sometimes come up with a
superior user interface. You can expect
Windows programs to be more intuitive ini-
tially. But this will not enable you to operate a
Windows system straight away unless it is very
simple or small. You will fmd that you still
need to read the manual, just as with a dos pro-
gram. Although I am a Windows enthusiast
myself, when it comes to pcb design, I regard
dos as a viable alternative.

Programs written solely for dos are usually
much cheaper, often have modest ram require-
ments, and take up less hard disk space than
the equivalent Windows program. In addition,
dos programs are nearly always quicker, for a
given hardware setup.

Another good reason for choosing a dos pro-
gram is that XT, AT, and 286 pcs that have
been left behind in the Windows revolution
will probably run it perfectly well. The money
you save may be better spent on a 21in monitor
and a digitising tablet.

Finally, most dos programs are mature prod-
ucts with the bugs and snags already designed
out. If you buy a newly -produced Windows
program it would be unreasonable to expect no
bugs at all.

Printers or plotters?
Windows 3x provides a wider range of printer
drivers than dos programs but on the other
hand, pen plotters are not as well supported.
Ironically this may provide a good reason for
sticking to dos if you want to use your existing
plotter.

With a few exceptions, most popular pen
plotters,laser printers and matrix printers are
well supported by the dos programs under
review, so a list for every product is not includ-
ed. Such lists are regularly updated so it is best
to check that your printer is supported with the
software distributor before buying.

Regarding the speed relationship between
dos and Windows, if you want a bench -mark,
then try screen redraws. These are fast in dos,
and annoyingly slow in Windows. In fact, you
need a very fast pc to make a Windows redraw
to equal a dos redraw. Redraws are very
important because they occur all the time in
computer -aided design; for example, every
time you pan, zoom or refresh.

Next month - Rod presents more reviews and
explains what to watch out for with autorouters.

Review 1

Ranger 2 by Seetrax
Ranger2 is another dos -based product that
will run on any pc from an XT upwards.

The minimum requirements are modest - an
IBM PC XT, 640kB of RAM, 20MB hard
disk, EGA card and monitor. To test this, I ran
it on a 286, and found no problem. It ran very
well on the 386SX.

Ranger2 consists of a schematic drawing
program with schematic capture, and an
autorouter. The two are fully integrated and
there is not much scope for connecting to
another system. However, there is a facility to
import a net list in the Futurenet format, and if
you wanted to connect to a simulation pro-
gram, you can export a net list in the PSpice
format. For the latter, it is necessary to type in
the PSPICE model types for each component
before compilation.

A very good evaluation package is available
which is fully -operational and will allow cir-
cuits with up to 64 components or 128 pins to
be completed. The evaluation obtained via
Seetrax is just £5 but, unusu-
ally, includes an excellent
short -form printed manual.
This is a sound marketing
technique - Seetrax clearly
realise that people starting out
in CAD, such students and
fledgling engineers, will use
the full process of their evalu-
ation package to make real
boards, get to like the system
and then go on to buy the full
product.

This contrasts sharply with
some other makers, whose
evaluation packages are either
of the non -usable or slide -
show variety, or sometimes so
cut -down and disabled that
they cause more irritation than
desire to buy the product. The
manual for Ranger2 is com-
prehensive and well -written.
The order in which subjects
are placed is a little odd, but
then most other manuals were
like this.

The schematic drawing part
of Ranger 2 has a large work-
ing area, about 8.5in by 6.5in
on a 14in monitor. You can
chose a page size from Al to
A5 to work on, and combine
up to 8 pages in one design.
The system is partly menu -
driven by full -screen menus to
start the job, leading to the
drawing screen with a single
vertical 17- button bar on the
left with an abbreviated name

of the control on each button.
You quickly get to know the buttons from

their names, and personally I think this is a
much better system than using icons, even if
the icons have pop-up help text added. It has
been said that a well -designed GUI for dos can
beat a poorly -designed Windows presentation.
If so, then Ranger2 is a good example of this.

A second horizontal sub -bar can be generat-
ed from the first bar as required to give various
options. I found this to be a very acceptable
operating method, giving maximum drawing
area without sacrificing control. The drawing
method is a proper orthogonal system with
automatic junction dot placement.

One excellent feature of Ranger 2 is that the
drawing of any one connection is not enabled
until you have located a component pin or pad,
and then the drawn line is not fixed until you
have connected it to another permitted point. A
good snap -to system means that you do not
have to hit the pin exactly as required in some

Fig. 1. Schematic of the test circuit. The lower horizontal
button bar is generated from one of the vertical buttons on
the left.
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Fig. 2. Close-up of part of schematic showing clarity and
definition of symbols.
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other systems. This ensures the connectivity of
your schematic.

You cannot hang lines in space by accident,
your drawing cannot wander off to tie you in
knots, and you cannot go wrong. This type of
system, which is used in other programs as
well as Ranger2, is a boon.

Power lines to ics are not shown in the
schematic, just like most conventional circuit
diagrams, but are automatically added later in
the process.

Locating parts from the library system is
easy and quick once you have read how to do
it. Until you become familiar with the library,
you have to refer to the manual to find out
which volumes contain which parts. There is
no on -screen help, but the manual provided
with both the evaluation disk and full package
is clear and concise.

The library size is adequate for general-pur-
pose use. Parts are transferred to a parts bin on
the screen which can be turned off to give
more screen area; normally you would do this
once the parts are on the screen. This is akin to
the practice you would use on the real bench.
Parts are described in text and only assume
graphic form (ie as a symbol) when they are in
the drawing area.

Moving the symbols around the drawing was
smooth and precise. Text moves with the sym-

bol and stays upright if the symbol is rotated,
and can be moved anywhere independent of
the symbol in order to tidy up the diagram.
There is no autopan, but pan is easily selected
by a single click and works well. Autosave is
included and the time between saves is
adjustable.

Generating a net list
Generating a net list from the schematic
(which incidentally Seetrax call a parts/wiring
list) was a simple one-step operation. The
parts/wiring list can be readily viewed to check
for mistakes, but with Ranger2's connection -
confirmation drawing program there are
unlikely to be any errors arising from the pro-
cessing system.

Defining the board profile was easy com-
pared to other programs, but what impressed
me was the way in which Ranger2 generates
the rat's nest. Many programs dump a pile of
components in a corner of the screen, and on
big circuits it can be difficult to sort them out.
Not so with Ranger - the parts are fed in one at
a time and in another smooth and precise
mouse manoeuvre you place them into the
position you want. When all the components
have been fed in, a message tells you so. This
is one of the better rat's nest systems of the
systems I have inspected, in my opinion.

The rat -lines move with the
component, except for the
power lines which are treated
separately in Ranger 2.
However, they can be recon-
nected by a single mouse -click
on the appropriate button, and
it is a method you soon get
used to. Rat -lines self -optimise
as you move components, ie
they choose the shortest route,
which is a considerable help.

Having arranged the rat's
nest, the next step is to digitise
the lines and pads prior to
autorouteing. This is an extra
step peculiar to Ranger2 and it
is hard to see why it has not
been designed out. It is
required less if you have the
more powerful Specctra
autorouter. In most circuits
being routed in Ranger2 you
would digitise and then
autoroute the power lines first,
then repeat the process for the
signal lines. You could
autoroute all the lines at once
if you wanted but the Ranger2
approach gives the power lines
priority, which in most cases is
the correct way.

Pre -run configuration of the
autorouter is reasonably com-
prehensive, but was easy to
understand and perform. The
operation of the autorouter can
be biased for or against such
things as the number of vias,
45° tracks, and tracks going in
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Fig. 3. Typical Ranger2 rat's nest, used for above autorouter
tests. Note power rat -lines in blue.

Fig. 4. Results of standard autorouter on single -sided test
circuit. Note incomplete rat -lines in green.

the 'wrong' direction, ie away from the direct -
line route. Interestingly, one of the parameters
you can specify is how long the autorouter is
allowed to take for each track it attempts. This
feature is not seen on many autorouters, and on
large boards it can be useful to limit overall run
time. The grid size could be also varied.

One would suppose that such an autorouter
would have problems with the amount of
memory it would use on large boards. The
notorious dos memory problem is side-stepped
in Ranger2 by dividing the board into windows
and doing each window in turn. This takes
more time and it would be better if the
autorouter utilised expanded or extended mem-
ory like other dos programs.

Routeing double -sided boards
The standard autorouter does a fair job on dou-
ble -sided boards. The performance on single -
sided boards was not so good, despite a type of
Lee's algorithm being listed as one of the
autorouter's strategies. An example is shown in
Fig. 4. Here, it has failed to route some of the
tracks even though they are obvious to a
human, and despite a generous time allowance
being provided at the programming stage. This
is not to single out Seetrax for criticism,
because none of their competitors' autorouters
at this price level were any better on single -
sided boards. This autorouter falls into cate-
gory C. For category system see next review.

The big advantage of the Ranger2 standard
autorouter is its speed - it was comparatively
quick even on large boards. Another advantage
is that if a large number of un-connectable
tracks is reported by the autorouter, it is par-
ticularly easy in Ranger2 to delete just the
autorouter artwork, re -arrange the rat's nest
and have another go.

Manually routeing of the tracks that the
autorouter failed to connect is performed by
the rubber -banding technique. I don't think
Ranger 2 is intended for making boards by
manual routeing - it is really meant as an fully
automated program with a manual routeing
option for completing boards.

Summary
Ranger2 is an excellent product for double -
sided and multilayer boards and is recom-
mended. At only £150 it represents the best
value for money for a full system, of the pro-
grams reviewed. It is easy to learn how to
operate, and is relatively vice -free. There are
two ways to upgrade, as follows.

As well as the standard autorouter, another
type called the 386 Rip -up autorouter is avail-
able to purchasers of Ranger2, in an optional
utilities bundle priced at £50. This bundle
includes Autocad in/out and Gerber import. As
the name suggests, this autorouter needs a 386
or better to make it work, as it uses the 386
protected mode to access extended memory. I
used it firstly with 4MB of extended memory,
but it ran better with 8MB.

It uses rip -up -and -retry strategies which
improve its efficiency over the standard
autorouter very considerably, but does not have
push -and -shove. It can autoneck, and can route
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Fig. 5. Results of Specctra autorouter on the same rat's nest -
100% completion at first attempt.

Fig. 6. Results of 386 Rip -up autorouter. Again, 100%
completion.

at angles as well as in the usual orthogonal
mode. It is a grid -type autorouter with an
adjustable grid size. There are comprehensive
means to configure it, much more so than with
other autorouters in this review, and although
the set-up therefore takes longer to perform
than the standard Ranger2 autorouter, it is time
well spent, as the results produced are much
more satisfactory.

The 386 Rip -up autorouter has no difficulty
in routeing 100% on double -sided boards. In
addition it can route small single -sided boards
100% given a good rat's nest layout, and the
test circuit results put it in category A. It can be
a little slow, but this can be used to advantage
as you can see where it is having trouble route-
ing - ie on a 386 the process is not so fast that
it is too quick for the human eye.

This can help with re -arranging the rat's nest
if you decide to re-route. I would rate the
power of this 386 autorouter as lying well
above the standard Ranger2 autorouter but a
little below the Specctra product which is dealt
with next.

The manual for the 386 Rip -up is supplied
on the disk and is 34 pages of A4. Because
Seetrax have fully incorporated the Specctra
autorouter into Ranger2, they say they are
doing no more development work on the 386
Rip -up autorouter.

Besides these two
autorouters and perhaps in
recognition that the standard
autorouter, albeit capable, is a
medium power router, Seetrax
offer Ranger2 coupled to a
much more powerful
autorouter for £250 extra. This
is the well-known Cooper (no
relation) and Chyan gridless,
re-entrant Specctra autorouter.
Again, this is good marketing
technique since someone start-
ing out in CAD with Ranger2
has a well-defined path if he
wants to up -grade.

With other systems, there is
often no option for a more
powerful autorouter, and if
one is required (perhaps for a
especially tough job) the only
way forward is to buy a com-
plete new system and undergo
the relearning process, or buy
a third -party autorouter, with
the attendant problems with
transfer of information
between systems.

How much better is this
autorouter? Amongst its many
features Specctra has rip -up -
and -retry, plus push -and -
shove, and I quickly discov-
ered these make it probably
the most efficient autorouter
in this price bracket, being
able to route 100% on double -
sided boards, with the fewest
vias, and in very reasonable
times. Specctra is one of the

few autorouters that could route small to medi-
um single -sided boards 100%, and to achieve
this it is only necessary to put in just a little
extra work on the rats -nest to get optimum
parts placement.

This autorouter requires a 386DX and a
coprocessor and 8Mb of RAM minimum,
80MB of hard drive and at least MS-DOS 5.0.
Even with this it will still page to disk on
medium sized boards due to lack of RAM. If
you increase RAM to 16Mb or more this
becomes less noticeable. 32MB is recom-
mended for large boards.

Protected autorouter
Unfortunately this autorouter is protected
against piracy by a dongle. If you have not
come across this device before, it is a small
gadget which plugs into the pc's parallel port
and without it you cannot run Specctra. It
should (in theory) be transparent to printers,
plotters and other devices that use the parallel
port. Dongles got themselves a bad name in the
early days for unreliability, so you don't see
many of them around today. However, the
Specctra dongle seems to work quite well.

The snags the dongle brings with it are three-
fold. First, it is inconvenient to scrabble about
at the back of the pc just to get one program to
work. This may be acceptable if you have only

one dongle, but it can become a nightmare if
you have two or more to contend with from
other programs.

Secondly, like any exposed piece of hardware
fixed to the outside of the pc, it is vulnerable to
damage, either physical or electrical. Snapping
or bending a pin is a favourite. You then have
to go cap -in -hand to the supplier for a new one.

Thirdly, I have found that it is very easy to
misplace or lose completely such a small item
as a dongle, and you are then in the same posi-
tion as if you had damaged it. This isn't too bad
if the supplier is still in business, at least you
can buy a new one, but if the firm has been
taken over or has ceased trading it means your
program is then useless. There are other ways
to secure software against piracy, many of them
better than a dongle and cheaper too; dongles
add a significant amount to the cost of software.
This autorouter is the only product in this
review that is routinely supplied with a dongle.

The Cooper and Chyan autorouter has exten-
sive and flexible configuration controls. The
instruction book at 120 pages long is larger
than some manuals describing full systems.
Most unusually, a manual on the Specctra
design language - intended for use by pro-
grammers - is also provided. All this may
appear daunting to those who are not fully
computer -literate or who have turned their
back on dos.

However, to Seetrax's credit they have pro-
vided their own Ranger2 interface and short -
form configuration for Specctra, and this gets
round any possible objections to the complex-
ity of the autorouter. In addition, this approach
eliminates one of the main objections to using
a third -party autorouter, and that is having to
learn another set of rules, another terminology,
another screen format and another program-
mer's foibles.

In operation, Specctra is configured for
routeing in Ranger2, the work is done in
Specctra, then a file is automatically passed
back to Ranger2, so the results are viewed in
Ranger2 format and processed from then on in
the normal Ranger2 system - all very straight-
forward. Indeed, using the Seetrax interface
you would not notice you are using a third -
party autorouter were it not for the Specctra
pages flashing past during routeing.

I found Ranger2/Specctra combination easy
to operate, which, considering the whole thing
is in dos, and from two different sources, is
remarkable. The version of Specctra provided
by Seetrax gives improved manufacturability
by putting an optional mitre on track corners
and also by spreading tracks out to take maxi-
mum advantage of available space. This gives
a very satisfactory finished product.

Summary of 386 and Specctra routers.
The 386 autorouter is a worthwhile and inex-
pensive addition to the standard Ranger2 pack-
age and is recommended.

The Cooper and Chyan autorouter gives
even better results, and is much quicker than
the 386. It is altogether a superior autorouter -
perhaps the best of this review. However, there
is the dongle aspect to consider.
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Review 2 Electronics Workbench
This is a essentially a simulation product, ie
i a schematic drawing and capture program

with integrated digital, analogue and mixed
simulations, but there is the capability to con-
nect it with a third -party pcb-design program.
There is no specific pcb package allied to it,
but an add-on program at £49.95 translates
the schematic into Orcad, Tango, Eagle,
Protel, Ultimate and Layo 1 net lists for
export. (This add-on is sometimes provided
free - contact Robinson Marshal for details)
Another add-on at £49.95 transfers SPICE net
lists in and out. I tested the Tango and SPICE
transfers - see later.

There are various versions of Electronics
Workbench which can run under Windows
3.1 (4MB) as a 16 -bit program, or as 32 -bit
program under Windows 3.1 (6MB) with
Win32s, or under Windows 95 (4MB) or NT
(12MB). The figures in brackets indicate the
minimum amount of RAM you will need for
each version. Of course, more RAM will help
whichever version you choose. They are all
supplied on the same set of three disks, which
incidentally include Win32s if you don't
already have it. The recommended minimum
pc is the 486, with co -pro if you have the
486SX cpu, but I ran both 16 and 32 bit ver-
sions with Windows 3.1 on a 386SX with co -
pro and 8MB of RAM and they both per-
formed well.

Two books are supplied, one a user guide,
the other a technical reference. These are
well -written, but include large sections that
refer to a dos version, and these can be a little
distracting as they constantly get in the way.
A third booklet is available as a teachers'
guide with the educational version of
Electronics Workbench, a version which
enables faults to be set for student exercises.
Of particular interest to teachers will be the
many sample circuits already drawn and set
up with instruments, ready to go. There is
comprehensive on-line Help including a very
good itemised explanation of the symbols in
the generic libraries.

At first glance, Electronics Workbench may
appear to be very similar to CircuitMaker.
Indeed, they are both aimed at the same sector
of the market, and both include facilities like
fault injection for educationalists. However,
both style and operating modes are different
in many ways.

Using Workbench
The screen drawing area is about 9in by Sin
without the parts bin, and about 7.5in by 5in
with it. The actual drawing area is about four
times bigger than this, with no support for
multi -sheet schematics. There is a dot grid to
assist drawing but I did not find it very useful
because it did not appear well defined and the
pale green dots did not show up well against
the grey -white background. There are no
colour options for the grid.

Electronics Workbench
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However, use of the grid is not a high pri-
ority and is confined mainly to part placement
because there is an automatic orthogonal
drawing facility - you just point the mouse at
the pins you want to join and the rest is done
for you. This is a system similar to Propak's
WAR and CircuitMaker's SmartWire. Unlike
those two, there is no alternative facility for
manual drawing to the automatic system.

If you do not like the results - and this can
happen frequently as the schematic grows in
size and density, and the auto -wiring program
fmds it harder to route - then you edit the con-
nections using a technique very similar to rub-
ber -banding, except in this case the results
remain orthogonal. I prefer to have both meth-
ods at hand, using the auto -wire on small dia-
grams for speed, then reverting to manual if
the diagram gets congested or large, because
even if you are only moderately skilled at dia-
grams this combination saves on time other-
wise spent editing. However, I should empha-
sise this is a personal preference.

Improved button bar?
Electronics Workbench does not use the
familiar button -bar style to access functions
like delete, pan, rotate etc. Where you would
normally find the button -bar there is a row of
simulated instruments such as signal genera -

Fig. 7. Shows manually
generated schematic. Note
the active parts bin, how the
voltmeter is connected and
how readings are presented
on it, and the realistic on/off
switch at the top r.h.s.

Fig. 8. This is a screen from
Quickroute after a TANGO
net list has been imported
from Electronics Workbench
for subsequent pcb artwork
production. Note the rat-
lines to the missing
connector footprint are
absent - see text for
explanation.

tors and 'scopes. Underneath this there is a
type of button bar, but the buttons do not
implement tools; instead each of ten buttons
opens a library volume. Most of the other
functions you would expect to find in a button
bar are in the drop -down menus. In practice, I
found this a good arrangement.

The library of generic symbols is presented,
one volume at a time, in a parts bin on the
left-hand side of the screen, which can be
scrolled to reach those symbols not on view.
The method used here is to select a generic
part, position it on the drawing area using
drag and drop, then open the Circuit Menu
and select the specific label, value and simu-
lation model for that part.

This is repeated for each individual part -
you cannot specify a group of identical parts
such as resistors of the same type, for exam-
ple. Although a logical system, and though I
liked it, I found it to be rather slow. A few of
the common symbols have default values,
such as the op -amps, which are assumed to be
741 type unless re -labelled manually. The
labels and values usually stay upright during
rotation, although the manual advises some
may rotate.

There are a little over a hundred or so
generic symbols and 350 models in the basic
version of Electronics Workbench. This is
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Electronics Workbench
File Edit Circuit Window Help
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Fig. 9. Shows schematic automatically generated from imported SPICE net list from Quickroute.
Note how instruments have been removed from instrument bar and connected. The 'scope
window has been maximised.

probable sufficient for schematic drawing for
making pcbs and for general-purpose usage as
a simulation tool. An option of a further 2,100
models is available on a separate disk cost-
ing £99. A significant omission in the
libraries was a volume on connectors. This
does not matter in simulation, but it is of
major importance when it comes to trans-
ferring a net list to a pcb program, because
most circuits have connectors of one sort or
another. This limits the usefulness of
Electronics Workbench outside the simulator
field as it stands at present.

To start drawing a connection you click on
a component pin with the left mouse button.
This button is also used to select symbols for
editing, and at first I found it was all too
easy to select symbols instead of drawing
connections. It needed some practice until I
was able to sort out one from the other. I
would prefer to see the right-hand mouse
button used for selecting symbols for edit, as
in other programs. There is inhibition of bad
connections and automatic junction dot
placement, so it is easy to avoid making con-
nectivity errors.

Panning the drawing area is done with the
usual Windows scroll -bars. I was mildly
surprised to discover there is no zoom fea-
ture for magnifying/reducing the diagram in
the drawing area. The menu item called
Zoom is used for something else - opening
up instrument or circuit icons. With a 14in
640x480 16 -colour screen, the symbols are
just about sufficient in size and resolution to
get away without zoom, and after a while I
discovered I could carry on reasonably well,
but I am sure someone with less than good
eyesight would experience difficulty - they
would need a larger monitor. Zoom is
included with so many programs for good

reasons. Apart from this, the schematic
drawing program was intuitively easy and
pleasant to use.

Virtal instruments
Using the 'instruments' from the instrument
bar bears an uncanny resemblance to taking
a real instrument down from the shelf and
making real connection to an actual circuit.
The instruments in Electronics Workbench
are designed to look something like the real
thing, and connection to a circuit (although
idealised) is also intended to re -assure the
designer, and this is a success. As an added
touch of realism, any plots or readouts on
the 'scopes, dvms etc., appear on the actual
instrument itself instead of in a window on
the monitor screen.

This graphical technique is so easy and
intuitive that anyone accustomed to working
with proper instruments would feel at home
with it. There are nine instruments provided
in Electronics Workbench; voltmeter, amme-
ter, dual -beam oscilloscope, signal generator,
d.v.m., word generator, logic analyser, logic
converter and bode plotter covering the usual
digital, SPICE -based analogue and mixed
simulations. Like CircuitMaker, there is no
plot of input/output impedance in the ana-
logue section, and no pcb simulation such as
Nol's Layan.

Creating a net list in one of the formats
mentioned above for export to a pcb drawing
program is also straightforward. I generated
a Tango net list in Electronics Workbench
and exported it to Quickroute 3.5 Pro+. I
chose Quickroute for this because the net list
transfer is particularly easy as both products
are in Windows, and if you look at the
Quickroute data, you will see that Tango is
the preferred format for imports.

As Fig. 8 shows, this was successful
except for the connectors; no fault of
Quickroute's - I expected the connectors to
be missing as there is no connector library in
Electronics Workbench, as mentioned earli-
er, so no connector footprint can be trans-
ferred. No doubt you could overcome the
connector problems by making up your own
connector symbols for Electronics
Workbench and then tying them in with the
connector libraries in Quickroute but this is
a lot of work.

You could also try adding the missing con-
nectors by editing the rat's nest, but this is
also fraught with difficulty. I think many
designers would say - why go to this trouble
when there are packages that are fully inte-
grated and where these difficulties do not
exist?

If you already had a schematic capture/pcb
package and wanted a simulator, you might
consider using Electronic Workbench as an
add-on package. I tried exporting a SPICE
net list from Quickroute (although I could
equally well have used Propak) into
Electronic Workbench, and it worked well.
The schematic came out a little awry, but it
was intact, and you could easily re -arrange it
if you wanted to. But by adopting this sys-
tem you would end up with two schematic
drawing programs, one of which would be
mainly redundant.

Summary
As this review is about pcb artwork produc-
tion it may seem unusual to include
Electronic Workbench, which is really a
simulator, but as part of a pcb producing
program Electronics Workbench has good
potential, hence the provision of a net list
exporter. The lack of a connectors volume in
the symbols library is an impediment at pre-
sent.

What Electronics Workbench would need
in order to be considered seriously for pcb
artwork production is a fully integrated
Windows pcb program with autorouter,
preferably with rip -up -and -retry strategies,
or alternatively an alliance at the technical
level with an already established pcb prod-
uct. It comes so very close to meeting these
criteria when allied to Quickroute3.5 (with
the new AR3 autorouter) that it would be
astonishing if the omission in Electronic
Workbench's library was not put right. Such
a combination would make a very attractive
proposition indeed to a much wider group of
engineers and designers.

As a simulation program, Electronics
Workbench has many good points, but the
absence of the zoom feature will not please
many people, and this needs to be corrected.
The lack of plots for input and output
impedance make the analogue simulation
less attractive to the serious engineer, and
this feature really needs to be added. These
points excepted, the presentation style of
simulations is excellent for educational and
demonstration purposes.
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Field Electric Ltd.`OFF -AIR' FREQUENCY STANDARD

a.

Second User Test Equipment
We are well known for our quality used Test Equipment.
Our list is extensive, ranging through most disciplines.

Here are a few examples - telephone for further details.

Marconi Spectrum Analyser Marconi LCR Bridge TF2700 £149
TF2370 £895 Marconi LCR Bridge
Bradley Oscilloscope Calibrator TF1313A £125
156 £395 Mahogany Cased 5kV Megger
Bird Termaline, 2.5kW 5011 £295 (Collectors) £POA
Philips Function Generator Taylor Valve Tester 474 £59

PM5134 £995 Philips RF Generator PM5326 £395
Hitachi Oscilloscope V222,
20MHz £249

HP Frequency Counter
HP5340 £595

Rapid Oscilloscope 7020, Taylor AM/FM Generator 62A £69
20MHz £249 Marconi Attenuator TF2163 £195
Philips Pulse Generator RE Mega-Ohmmeter/pica-
PM5716 £495 Ammeter IM6 £295
Amprobe AC Recorder LAV3X....£75 Ferrograph Recorder test Set
Amprobe Temperature Recorder RTS2 £95
LT8100 £75 HP Vector Voltmeter
Emerson UPS 1.5kW £599 HP8405A £249

HALCYON ELECTRONICS
423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 0181-542 6383 FAX 0181-542 0340

Tel: 01438-353781 Fax: 01438 359397
Mobile: 0836-640328

Unit 2. Marymead Workshops.
Willows Link, Stevenage, Herts. SG2 8AB.

Sony New 1.44Mb 3.5" D/Drives £14.50 c/p £2.50
Sony 9" Super Fine Pitch Trinitron RGB VDU £35 c/p 12.50
AT Keyboards for IBM Compatibles £7 c/p 3.50
12' Colour SVGA 800 x 600 NEC £45.95 c/p 14
Marconi Inst = 2830 Multiplex Tester £300
Marconi Inst = Data Comms Tester £385
Marconi Inst = Digital Line Monitor £350
Marconi Inst = Digital Analyser £375
Famell PSU 0-70V 0 -5A/0 -30V 0-10A £245
Siemens Data Line Analyser K1190 £375
Avo AC/DC Breakdown/lonisation Tester RM 215L1 £200
Tektronix DAS 9100 Digital Analysis System £175
Tektronix 7CT 1N Curve Tracer £295
Tektronix 7A15A Amp £150
Tektronix 7511 Diff = Comp = £100
Tektronix 7A13 £140
12 VAC 200 Watt Transformer £15
27 VAC 130A Transformer New £18
7 VAC 130A Transformer New £18
Acer Expansion Chassis (Box) for Notebook/Laptop etc. Contains 50W.
PSU. Fan. 2x16 bit. 1x8 bit Slot. New & Boxed
Philips PM 3240. 50 Mhz. Scope D/Trace
Gould OS300 20 Mhz. Scope D/Trace
Leader LMV 181A AC Millivoltmeter
Racal Inst: 9915 UHF Freq: Meter 500Mhz
Racal Inst: 9916 UHF Freq: Counter 500Mhz
HP 8413A Phase Gain Ind:
Siemens Pattern Error Detector 140mbit/S
HP 7475 8 Pen Plotter RS 232
HP Colour Pro 8 Pen Plotter RS232
HP 7470A Plotter HPIB
Hand held microscope fibre optic

£24.99
£165
£145
£145
£100
£145

£90
£175

£55
£75
£95

£185

PLOTTERS COMPUTERS  COMMUNICATIONS PSU VDU'S VIDEO 
FANS TEST  CABLE NETWORK PRINTERS

DISK DRIVES ALWAYS IN STOCK. OVERSEA'S ENO. WELCOME.
TELEPHONE ORDERS ACCEPTED.

C/P DETAILS PLEASE RING. ALL PRICES PLUS 17.5% VAT.

The Headphone Amplifier Box
Balanced or unbalanced microphone or line

input to headphone output
Professional portable units operating from an internal PP3

battery or external DC supply

* Precision transformerless balanced input * Bridged
headphone output drive * Sensitivity selectable over a

wide range of input levels * Low noise and distortion *
High common mode rejection * Loop through facility *

Extensive RFI protection

The Balance Box (precision mic/line amplifier)
- The Phantom Power Box - The One Stop DIN rail

mounting radio frequency interference filter and voltage
transient protector for voltage and current loop process

signal lines

Conford Electronics Conford Liphook Hants GU30 7QW

Information line 01428 751469 Fax: 751223

The MICRO MODULE
- A NEW LOW COST controller

that gives you customisation
\ or as little as £95 one off

101

xi

14P 'cc

and that's jus
FEATURES
 16132 bit 68307 CPU for fast operation
 Up to 1 Mbyte of EPROM space onboard
 Up to 512Kbyte SRAM space onboard
 32 Kbyte SRAM fitted as standard
 RS232 serial with RS485 option
 MODBUS & other protocols supported
 Up to 22 digital I/O channels
 2 timer/counter/match registers
 l'C port or Mbus & Watch dog facilities
 Large Proto-typing area for user circuits
 Up to 5 chip selects available
 Program in C, Modula-2 & Assembler
 Real Time multitasking Operating System
 059 or MINOS with free run time license

option
 Manufacturing available even in low

volumes
 A full range of other Controllers available

For users of
PCs, 8051 &

68000

the half of it!..
P.C. 'C' STARTER PACK AT ONLY £295 + VAT
The Micro Module will reduce development time for
quick turnaround products/projects and with the P.C. 'C'
Starter pack allow you to start coding your application
immediately, all drivers and libraries are supplied as
standard along with MINOS the real time operating
system all ready to run from power on.
The 'C' Starter pack includes: A Micro Module with 128
Kbyte SRAM, PSU, Cables, Manuals, C compiler, Debug
monitor ROM, Terminal program, Downloader, a single
copy of MINOS. Extensive example software, and free
unlimited technical support all for £295 VAT.

Cambridge Microprocessor
Systems Limited

Unit 17-18, Zone 'D', Chelmsford Road Ind. Est.,
Great Dunmow, Essex, U.K. CM6 1XG
Phone 01371 875644 Fax 01371 876077
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1 2 -bit analogue i/o via LPT
Although simple, Yongping Xia's LPT
analogue interface resolves to 12 bits.

Equipped with a -to -d and d -to -a converters, a pc can perform many
measurement and control functions. Figure 1 shows an easy way of
providing 12 -bit a -to -d and d -to -a conversion. Driven by the soft-

ware below, the circuit interfaces with the pc through its printer port.
The MAX176 is a complete serial 12 -bit a -to -d converter with a built-

in track/hold circuit and a voltage reference. Two signals - clock and
convert start - are needed to drive the chip. Once started, the a -to -d
conversion result is sent out through the DATA pin in two's comple-
ment, high -to -low serial order. Analogue input is buffered by /Cis with
range of -5V to +5V. The MAX176 needs +5V and -15V power sup-
plies and provides a -5V reference output.

The MAX543 is a 12 -bit serial d -to -a converter. Its current output is
converted to voltage by /CIA. Required -5V reference is provided by a
MAX 1 76. Resistors Ro adjust the d -to -a converter offset and gain
respectively. The d -to -a converter's output range is also -5V to +5V.

The a -to -d and d -to -a conversion procedures shown are in C. In this
application, two printer port addresses (0x37c and 0x37d) are used.
One is for output and the other input. Note that the base address may
differ between computers. You should find details in your user guide.

The d -to -a conversion procedure converts 12 -bit data in serial order
and sends it to MAX543 through the printer port pin 5. Conversion data
is stored in 'data out'. An output register named 'out' is used to map the
base address printer port. The a -to -d conversion procedure generates

MAX176 required CL(oc)K and CONV(ersion start) signals through
pins 2 and 3 of the printer port, reads serial data via printer port pin 15,
and returns the reorganised a -to -d conversion result.

These procedures can be included in any C -based application pro-
gram. If an a -to -d conversion is needed, call the a -to -d procedure and
it will return the result. If a d -to -a conversion is required, simply call
the d -to -a procedure and pass the data to the procedure. Conversion
time depends on the type of pc is used. It takes around 75ps for a -to -d
and 68µs for d -to -a on a 50MHz 486 machrne.
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Fig. 1. This circuit provides 12 -bit a -

oout

to -d and d -to -a converters for the
pc through its printer port.

Assembly language for reading and writing the analogue
data converters via the pc's LPT port.
#include cstdio.h-
finclude <dos.h>
#include <conio.h-
#define OUT PORT 0x37c
#define IN PORT Ox37d
#define CLOCK HIGH Ox01
#define CLOCK LOW Oxfe
#define CONVST HIGH 0x02
#define CONVST LOW Oxfd
#define LOAD HIGH 0x04
#define LOAD LOW Oxfb
#define DAC HIGH 0x08
#define DAC LOW Oxf7
void dac(int data out);
int adc(void);

/* D -to -A conversion procedure */
void dac(int data out)
{

int i, out;
out = 0x04;
for (i=0; i<12; i++)

/* base address */
/* base address + 1 8/

/* set clock bit high */
/* set clock bit low */
/0 set start conversion bit high */
/* set start conversion bit low */
/* set load bit high */
/* set load bit low */
/* set data out bit high */
/* set data out bit low */

/* set DAC's LOAD to be high */
/0 send out 12 -bit DAC data */

if (data out < 0x800)

out = out & DAC LOW;
data out *= 2; /* double

else /* if bit 11 is high, 9/
out = out I DAC HIGH;
data out = (data out-Ox800) *

/* bit 11 to be 0 */
outportb(OUT PORT, out);
out = out I CLOCK HIGH;
outportb(OUT PORT, out);
out = out & CLOCK LOW;
outportb(OUT PORT, out);

/0 if bit 11 is low, */

/* set output bit = 0 and 8/
DAC data 9/

/* set output bit = 1 and */
2; /* double DAC data after set */

/* send out */
/* turn CLOCK high 8/
/8 send out 8/
/0 turn CLOCK low */
/* send out 8/

out = out & LOAD LOW;
outportb(OUT PORT, out);
out = out I LOAD HIGH;
outportb(OUT PORT, out);

1

/0 A -to -D conversion procedure */
int adc(void)

int i, data, out;
data=0; /* clean data
out = 0x04 I CLOCK HIGH;
outportb(OUT PORT, out);
out = out & CLOCK LOW;
outportb(OUT PORT, out);
out = out I CLOCK HIGH;
outportb(OUT PORT, out);
out = out I CONVST HIGH;
outportb(OUT PORT, out);
out = out & CLOCK LOW;
outportb(OUT PORT, out);
out = out & CONVST LOW;
outportb(OUT PORT, out);
out = out I CLOCK HIGH;
outportb(OUT PORT, out);
out = out & CLOCK LOW;
outportb(OUT PORT, out);
for (i=0; i<I2; i++)

out = out I CLOCK HIGH; /* CLOCK high */
outportb(OUT PORT, out); /* send out 4/
data = data * 2 + (inportb(IN PORT) & 0x08) / 8; /* update */
out = out & CLOCK LOW; /8 CLOCK low 8/
outportb(OUT PORT, out); /* send out 0/

return (data); /* return A/D conversion result */
1

main()

/* your application 8/

/* turn LOAD low 8/
/0 send out */
/* turn LOAD high 0/
/* send out 8/

/* set CLOCK and DAC's LOAD high */
/9 send out */
/* turn CLOCK low */
/* send out */
/* turn CLOCK high */
/* send out 9/
/* turn A/D CONVERT START high 9/
/* send out 0/
/8 turn CLOCK low */
/8 send out */
/0 turn A/D CONVERT START low */
/0 send out */
/* turn CLOCK high 8/
/* send out 9/
/0 turn CLOCK low */
/* send out */
/* get 12 -bit conversion data */
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Take a look inside the ELECTROMAIL catalogue

and you're in for a surprise. If you're looking

for Electronic Components, Electrical

Equipment or Mechanical Tools, with over

60,000 product lines, there's a whole galaxy

of choice.

Electromail is one of Europe's largest stockists

dedicated to the Home Based Professional and

Electronics Enthusiast.

The fully comprehensive catalogue provides

detailed descriptions, full technical

information and (in most cases) colour

pictures of each product to make selection

easy.

Our orderline staff are light years ahead in

friendly and efficient service and above all,

they're committed to helping you find exactly

what you need.

You'll find our despatch just as advanced, with

a nominal p&p charge and range of delivery

options to suit, even a Sonic Screwdriver*

won't take an age to materialise.

Simply telephone or fax your order anytime

between 8.00am and 8.00pm Monday to Friday

Earthtime.

So - whatever your current project, anywhere in

the universe, save yourself time, call

Electromail.

Not available on this planet

11117R0111

WITH OVER 60,000
PRODUCTS INSIDE

YOU'RE BOUND TO
SAVE TIME

THE SERVICE FOR HOME BASED PROFESSIONALS
AND ELECTRONICS ENTHUSIASTS

Telephone 01536 204 555

or Fax 01536 405 555.

Access

VISA

Electronmil P.O. Box 33, Corhy, Northant%, NN1) 9EL. Internet http://www.rs-r.ornponnnts..torn/m/
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BUNDLED WITH Gamik SPECCT

SHAPE BASED AUTOROUTFIR

ULTIboard's interactive strenght has always been the major selection criterion of professional
Printed Circuit Board designers. Now that every ULTIboard Designer system will be supplied with a
SPECCTRA SP4 Autorouter, ULTIboard designers now get the best of both worlds.
All ULTlboard Designer Users with valid update subscription got a MAINTENANCE UPGRADE with

the SPECCTRA SP4 (4 signal layers + power/ground layers) Shape based Autorouter. This shows

that ULTImate Technology is the PCB -Design Tool vendor that really cares for their customers!

ULTIboard Entry Designer* £ 1295 (excl. VAT) will now
be supplied with SPECCTRA Shape Based Autorouter
*free Upgrade with EMC -EXPERT mid 1996 (list price at release £ 1875)
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AUDIO DESIGN

Thermal dynamics in

audio power

Douglas Self explains
how to achieve lower
power amplifier
distortion by improving
bias accuracy.

The first part of this series demonstrated
how quite complex problems in thermal
dynamics could be simply solved by

using electrical analogues and a circuit simu-
lator; the second part showed how this
approach could be used to produce techniques
for power amplifier thermal compensation that
were much faster and more accurate than the

conventional methods. These methods explic-
itly assumed it would be possible to design a
bias -generator with a temperature coefficient
either higher or lower than the standard results.

Fig. 1 shows two versions of the classical
Vbemultiplier bias -generator. Each has its
lower rail grounded to simplify the results.
The first (Fig. 1a) is set up for an emitter -fol-
lower output stage, where the voltage Vbias is
(4xVbe)+Vq, which comes to +2.93V. Voltage
Vq is the small quiescent voltage across the
emitter resistors Re; it is this quantity that must
be kept constant, rather than the quiescent cur-
rent, as is usually assumed. The optimal Vq for
an emitter -follower stage is about 50mV.

The second (Fig. 1b) is suitable for a com-
plementary -feedback -pair output stage, for
which the required Vbias is less at (2xVbe)+Vq,
or about 1.30V. Note that the optimal Vq is
smaller for the complementary -feedback pair,
at about 5mV.

It is assumed that Vbias is trimmed by vary-
ing R2, which will in practice be a preset in
series with an end -stop resistor that limits the
maximum Vbias setting. This is important,
because a preset normally fails by the wiper
becoming disconnected, and if it is in the R2
position the bias will default to minimum. In
the R1 position an open -circuit preset gives
maximum bias, which may damage the output
stage.

Since the emitter -follower version of the
bias generator has a higher Vbias, there must be
a larger Vbe-multiplication factor to generate it,
and this is reflected in the higher temperature
coefficient, see Table 1.

Raising temperature coefficient
There are many approaches possible, but the
problem is complicated because the bias gen-
erator may have to work within two rails only
1.3V apart. Additional circuitry outside this
limit can be accommodated by bootstrapping,
as in the Trimodal amplifier biasing system2,
but this adds complexity. .

Often the thermal losses to the temperature

Table 1. The emitter follower needs a larger Vhe multiplier.
Vbias (Q) R2(S2)

Emitter follower 2.93 120 470
Complementary feedback pair 1.30 470 470

R3(0)
22
150

Coeff.(mV/°C)
-9.3
-3.6
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RI

470R

192

120R

Values for EF
output stage.

VBIAS 2.93V

(a)

RI

470R

R2
470R

VeiA, 1.30V

Values for CFP
output stage. (b)

Fig. 1. Classical Vbe-multiplier bias generator. Two versions are shown, for biasing emitter
follwer (at la) and complementary -feedback -pair output stages (at 1b). The emitter -follower
requires more than twice the bias voltage for optimal crossover performance.

sensor are the major source of steady-state
Vbias error, and to reduce this a tempco is
required that is larger than the standard value
given by: `Ifbe-rriultiplication factor times
-2mV/°C'.

A simple new idea is shown in Fig. 2. The
aim is to increase the multiplication factor -
and hence the negative temperature coefficient
- required to give the same Vbias. The diagram
shows a voltage source V1 inserted in the R2
arm. To keep Vbias the same, the value of R2
must be reduced, and since the multiplication
factor (R1+R2)/R2 is increased, the tempco is
similarly increased.

In Table 2, a complementary -feedback -pair
bias circuit has its temperature coefficient var-
ied by increasing VI in 100mV steps; in each
case the value of R2 is then reduced to bring
Vbias back to the desired value.

A practical circuit is shown in Fig. 3, using
a 2.56V band -gap reference to generate the
extra voltage across R4. This has to work out-
side the bias generator rails, so its power -feed
resistors R7, R8 are bootstrapped by C from
the amplifier output2.

Ambient temperature changes
Power amplifiers must be reasonably immune

Table 2. Complementary feedback pair bias
data, showing increasing temperature
coefficient.
V1

mV
limas

V
R2

Ohms
Coeff
mV/°C

0 1.287 470 -3.6
100 1.304 390 -4.0
200 1.287 330 -4.4
300 1.286 260 -5.0
400 1.285 190 -6.9

to ambient temperature changes, as well as
changes due to dissipation in power devices.
The standard compensation system does this
pretty well, as the Vbe-multiplication factor is
inherently almost the same as the number of
junctions being biased.

This is no longer true if the tempco is sig-
nificantly modified. Ideally we require a bias
generator that has one increased tempco for
power -device temperature changes only, and
another standard temperature coefficient for
ambient changes affecting all components.

One approach to this is Fig. 4, where V1 is
derived via R6, R4 from a silicon diode rather
than a bandgap reference, giving a voltage

VBIAS 1 30VBIAS .

Values for CFP
output stage.

Fig. 3. Shows a
practical version of a
Vbe multiplier with
increased tempco.
The extra voltage
source is derived
from the bandgap
reference by R6, R4,
and the tempco is
increased to
-5.3mV/°C

191

470R

R2

33019

V1

200mV

VBIAS 1,30V

Values for CFP
output stage.

Fig. 2. Theoretical basis of Vbe multiplier with
increased tempco. Adding voltage -source Vi
means the voltage -multiplication factor must
be increased to get the same Vbias. The
temperature coefficient is therefore also
increased, here to -4.4mV/°C.

Table 3. Reducing temperature coefficient.

V1 Vbias R1 Coeff.
mV V 12 mV/°C
0 1.287 470 -3.6
100 1.304 390 -3.3
200 1.287 330 -3.1
300 1.286 260 -2.8

reducing with temperature. The tempco for
temperature changes to Qi only is -4.Omv/°C,
while the tempco for global temperature
changes to both Qi and D1 is lower at
-3.3mv/°C.

Lowering temperature coefficient
In Part V. I showed that an emitter -follower
output stage can show 'thermal gain' in that the
changes in lig make it appear that the tempco of
the Vbias generator is higher than it really is.
This is because the bias generator is set up to

IRB

1K

0
1N4148

Values for CFP
output stops.

Ve,5 1 .30V

Fig. 4. Practical Vbe multiplier with
increased tempco, and also improved
correction for ambient temperature
changes, by using DI to derive the extra
voltage.
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VI
200rnV

RI
330R

VE1155 1 . 30V
R2

470R

Values for CFP
output stage.

Fig. 5. The principle of a Vbe-multiplier with
reduced temperature coefficient. The values
shown give -3.1mV/°C.

R1

470R

VI31A5 1 . 30V
R2

470R

Fig. 7. Circuit of a two -transistor Vbe-
multiplier. The increased loop gain holds Vbias
more constant against current changes.

compensate for four base -emitter junctions, but
in the emitter -follower output configuration the
drivers have a roughly constant power dissipa-
tion with changing output power, and do not
change much in junction temperature.

The full benefit of the temperature coeffi-
cient is thus felt by the output junctions, and
if the sensor is placed on the power device
itself rather than the main heatsink, to reduce
thermal delay, then the amplifier is likely to
be seriously over -compensated for tempera-
ture. In other words, after a burst of power Vq
will become too low rather than too high. We
now need a Vbies generator with a lower tem-
perature coefficient than the standard circuit.

The principle is exactly analogous to the
method of increasing the temperature coeffi-
cient. In Fig. 5, a voltage source is inserted in
the upper leg of potential divider R1, R2; the
Vbe-multiplication factor is reduced, and so
therefore is the temperature coefficient.

Table 3 shows how this works as V1 is
increased in 100mV steps. Resistor RI has been
varied to keep Vbias constant, in order to
demonstrate the symmetry of resistor values
with Table 2; in reality R2 would be the vari-
able element, for safety reasons described
above.

1 5V

1 4V-

1 3V

12V
2mA 4mA 6mA 8mA 10mA

'in

Slope here
00

approx 200

150

180

-------.. 220

Fig. 6. Simulation results for standard Vhe
multiplier, showing how current -
compensation resistor R3 is chosen. When R3

is fitted, Vbias peaks very broadly at a
particular current, giving much smaller
variation with current.

Fig. 8. The two -transistor configuration gives
a consistently lower series resistance, and
hence Vbias variation with current, compared
with the standard version without R3.

Current compensation
Both bias -generators in Fig. 1 are fitted with a
current -compensation resistor R3. The
Vbe-multiplier is a very simple shunt regula-
tor, with a low loop gain, and hence a signifi-
cant series resistance. Resistor R3 is therefore
added to give first -order cancellation of Vbias
variations caused by current changes, by sub-
tracting a correction voltage proportional to
this current.

Rather than complete cancellation, this gives
a peaking of the output voltage at a specified
current, so that current changes around this
peak value cause only minor voltage varia-
tions. This peaking philosophy is widely used
in IC bias circuitry.

Resistor R3 should never be omitted, as
without it mains voltage fluctuations can seri-
ously affect Vq. Table 1 shows that the optimal
value for peaking at 6mA depends strongly on
the Vbe multiplication factor.

Figure 6 shows variation of Vbias with cur-
rent for different values of R3. The slope of the
uncompensated, R3=0, curve at 6mA is
This linear term is cancelled by making R3 18
or 220.

Current through the bias generator varies
because the voltage amplifier current -source is
not a perfect circuit element. Biasing it with the

usual pair of silicon diodes is not sufficient to
make it wholly immune to supply -rail varia-
tions. I measured a generic amplifier (essen-
tially the original Class -B Blameless design)
and varied the incoming mains from 212V to
263V, a range of 20%. This, in these uncertain
times, is perfectly plausible for a power ampli-
fier travelling around Europe. The voltage -
amplifier stage current -source output varied
from 9.38mA to 10.12mA, which is a 7.3%
range.

Thanks to the current -compensating resistor
in the bias generator, the resulting change in
quiescent voltage Vq across the two Re's is
only from 1.1mV (264V mains) to 1.5mV
(212V mains). This is a very small absolute
change of 0.4mV, well within the Vq tolerance
bands. The ratio of change is greater, because
Vbias has had a large fixed quantity (the
devices' Vbe) subtracted from it, so the residue
varies much more. Variation in Vq could best
be further suppressed by making the current
source more stable against rail variations.

The finite ability of even the current -com-
pensated bias generator to cope with changing
standing current makes a bootstrap voltage -
amplifier stage collector load much less attrac-
tive than the current -source version; from the
above data, Vq variations will be at least three
times greater.

A wholly different approach to reducing
Vbias variations increases the loop gain in the
Vbemultiplier. Fig. 7 shows the circuit of a
two -transistor version that reduces the basic
resistance slope from 20 to 1.70. The advan-
tage is that Vines variations will be smaller for
all values of voltage -amplifier stage current,
and no optimisation of a resistor value is
required. The drawback is slightly greater
complexity in an area where reliability is vital.
Figure 8 compares the two -transistor config-
uration with the standard version, without R3.

Conclusion
This final part of the 'Thermal Dynamics'
series shows how to build simple Vbias gener-
ators with temperature coefficients ranging
from -2.5 to -6.9mV/°C.

This, in combination with the techniques
described in the earlier parts of this series,
should allow you to design of Class -B ampli-
fiers with greater bias accuracy, and therefore
lower crossover distortion.

References
1. D. Self, 'Thermal Dynamics In Audio
Power' Electronics World, May 1996, p411.
2. D. Self, 'Trimodal Audio Power' Part 2
Electronics World, July 1995, p585.
3. D. Self, 'Distortion In Power Amplifiers, Part
7' Electronics World, Feb 1994, p139 (Peaking
effect of current -compensation).
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THE ORIGINAL SURPLUS WONDERLAND!
THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
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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 to an industrial specification, the system was
designed for total reliability. The compact case houses the mother-
board, PSU and EGA video card with single 51/4" 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 om y 00 ( E)
Optional Fitted extras: VGA graphics card £29.00
1.4Mb 31/2" floppy disk drive (instead of 1.2 Mb) £19.95
Wordperfect 6.0 for Dos - when 31/2" FDD option ordered £22.50
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
with keyboard, 4 Mb of RAM, SVGA monitor output, 256k cache and
integral 120 Mb IDE drive with single 1.44 Mb 3.5' floppy disk drive.
Fully tested and guaranteed. Fully expandable Only
Many other options avalable - call for details. £399.00 (E)

FLOPPY DISK DRIVES 31/2" - 8"
51/1" or 31/2" from only £18.95 !

Massive purchases of standard 51/4" and 31/2" drives enables us to
present prime product at industry beating low prices! All units (unless
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a 90 day
guarantee and operate from standard voltages and are of standard
size. All are IBM-PC compatible (if 31/2" supported on your PC).
31/2" Panasonic JU363/4 720K or equivalent RFE £24.95(8)
31/2" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25.95(B(
31/2" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(B)
51/2" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95(B)
51/2" 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 integral PSU for HH 51/4" Flopp or HD £29.95(8)
8" Shugart 800/801 8" SS refurbished & tested £195.00(E)
8" Shugart 810 8" SS HH Brand New 6195.00(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 slirnline NEW £285.00(E)
Dual 8" cased drives with integral power supply 2 Mb £499.00(E)

HARD DISK DRIVES
End of line purchase scoop! Brand 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)
31/2" FUJI FK-309-26 20mb MFM I/F RFE £59.95(C)
31/2" CONNER CP3024 20 mb IDE I/F (or equiv )RFE £59.95(C)
31/2" CONNER CP3044 40mb IDE I/F (or equiv.)RFE £69.00(C(
31/2" RODIME R03057S 45mb SCSI I/F (Mac & Acorn) £69.00(C(
31/2" WESTERN DIGITAL 850mb IDE I/F Brand New £185.00(C)
51/4" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95(C)
51/4" SEAGATE ST -238R 30 mb RLL I/F Refurb 669.95(C)
51/4" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95(C)
51/4" HP 97548 850 Mb SCSI RFE tested £89.00(C)
51/4i" HP C3010 2 Gbyte SCSI differential RFE tested £195.00(C)
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00(E(
Hard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBOX
Converts your colour monitor into a QUALITY COLOUR TV!!

TV SOUND &
VIDEO TUNER
CABLE COMPATIBLE"

The TELEBOX is an attractive fully cased mains powered unit, 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, allowing
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
VHF and UHF including the HYPERBAND as used by most cable
TV operators. A composite video output is located on the rear panel
for direct connection to most makes of monitor or desktop computer
video systems. For complete compatibility - even for monitors with-
out 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 £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
"For cable / hyperband reception Telebox MB should be connected
to a cable type service. Shipping code on all Teleboxe's is (B)

DC POWER SUPPLIES
Virtually every type of powersupply you can imagine.Over

10,000 Power Supplies Ex StockCall for info / list.
Issue 13 of Display Ne
        
    

  
  

    S. 
-ELECTRONIC.5-

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
Amonitors you will ever see - A
At this price - Don't miss it!!

Mitsubishi FA3415ETKL 14" SVGA Multisync colour monitor with fine
0.28 dotcf !,:,ilitpcurtistualr asnd rersolZooaf

host of
768.p uAvan

ely
ers including IBM PCs in CGA, EGA VGA & SVGA
modes, BBC, COMMODORE (including Amiga 1200),
ARCHIMEDES and APPLE. Many features: Etched

I faceplate, text switching and LOW RADIATION MPR
specification. Fully guaranteed, supplied in EXCEL-

LENT little used condition. Order as
Tilt & Swivel Base £4.75 Only £119 (E) MITS-SVGA
VGA cable for IBM PC included.
External cables for other types of computers CALL

As New - Used on film set for 1 week only!!
15" 0.28 SVGA 1024 x768 res. colour monitors.

Swivel & tilt etc. Full 90 day guarantee. £145.00 (E)

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

PHILIPS HCS35 (same style as CM8833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video inputs via SCART socket and separate phono jacks.
Integral audio power amp and speaker for all audio visual uses.
Will connect direct to Amiga and Atari BBC computers. Ideal for all
video monitoring / security applications with direct connection
to most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good
used condition - fully tested - guaranteed
Dimensions: W14" x H121/4" x 151/2' D. Only £95 (E)

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal
for all monitoring / security applications. High quality, ex -equipment
fully tested & guaranteed (possible minor screen burns). In attrac-
tive square black plastic case measuring W10" x H10" x 131/2" D.
240 V AC mains powered. Only £79.00 (D)
KME 10" 15M10009 high definition colour monitors with 0.28" dot
pitch. Superb clarity and modern styling..
Operates from any 15.625 khz sync RGB video.
source, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 131/2" x 12" x
11". Good used condition. Only £125 (E)

20" 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & optional sound input. Attractive
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.In
EXCELLENT little used condition with full 90 day guarantee.

20"....£135 22"....£155 26"....£185 (F)

SPECIAL INTEREST ITEMS

£3750
HP3781A Pattern generator & HP3782A Error Detector £POA
HP APOLLO RX700 system units £950
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800
HP3081A lndustrila workstation c\w Barcode swipe reader £175
HP6264 Rack mount variable 0-20V 6 20A metered PSU £675
HP54121A DC to 22 GHz four channel test set £POA
HP7580A Al 8 pen HPGL high speed drum plotter £1850
EG+G Brookdeal 95035C Precision lock in amp £650
View Eng. Mod 1200 computerised inspection system £POA
Ling Dynamics 2kW programmable vibration test system £POA
Computer controlled 1056 x 560 mm X Y table & controller £1425
Keithley 590 CV capacitor / voltage analyser £POA
Racal ICR40 dual 40 channel voice recorder system £3750
Fiskers 45KVA 3 ph On Line UPS - New batts Dec.1995 £9500
ICI R5030UV34 Cleanline ultrasonic cleaning system £POA
Mann Tally MT645 High speed line printer £2200
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £1200
Zeta 3220-05 AO 4 pen HPGL fast drum plotters £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
Motorola VME Bus Boards & Components List. SAE / CALL £POA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM band printer £1955500

Fujitsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 2998 Infrared spectrophotometer £POA
VG Electronics 1035 TELETEXT Decoding Margin Meter £3750
Andrews LARGE 3.1 m Satellite Dish + mount (For Voyager!) £950
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
TAYLOR HOBSON Tallysurf amplifier / recorder £750
System Video 1152 PAL waveform monitor £485
Test Lab - 2 mtr square quietised acoustic test cabinets £300
Kenwood 9601 PAL Vectorscope - NEW £650

Please call for further details on the above items

MITS. -C. FA3445ETKL 14" Industrial spec SVGA monitors £245
2kW to 400 kW - 400 Hz 3 phase power sources - ex stock £POA
IBM 8230 Type 1, Token ring base unit driver £950
IBM 53F5501 Token Ring ICS 20 port lobe modules £750
IBM MAU Token ring distribution panel 8228-23-5050N £95
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550
Trend DSA 274 Data Analyser with G703(2M) 64 i/o £POA
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500
HP1650B Logic Analyser

19" RACK CABINETS
Superb quality 6 foot 40U

Virtually New, Ultra Smart
Less than Half Price!

Top quality 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 struts, ready punched
for any configuration of equipment mounting
plus ready mounted integral 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: 771/2" H x 321/2" 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 Ltd 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
'designer style' smoked acrylic front panel to
enable status indicators to be seen through the
panel, yet remain unobtrusive. Internally the rack
features fully slotted reinforced vertical fixing
members to take the heaviest of 19" rack
equipment. The two movable vertical fixing struts
(extras available) are pre punched for standard
'cage nuts'. A mains distribution panel internal-
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventilation is provided by
fully louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for fitting
of integral fans to the sub plate etc. Other features include: fitted
castors and floor 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 635D x 603 W. ( 64" H x 25" D x 231/4" W

Sold at LESS than a third of makers price !!

A superb buy at only £195.00 (G)
Over 1000 racks - 19" 22" & 24" wide

3 to 44 U high. Available from stock !!
Call with your requirements.

TOUCH SCREEN SYSTEM
The ultimate in 'Touch Screen Technology' made by the experts -
MicroTouch - but sold at a price below cost !! System consists of
a flat translucent glass laminated panel measuring 29.5 x 23.5 cm
connected to an electronic controller PCB. The controller produces
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 at an incredible
matrix resolution of 1024 x 1024 positions over the entire screen
size I! A host of available translation software enables direct con-
nection to a PC for a myriad of applications including: control pan-
els, pointing devices, POS systems, controllers for the disabled or
computer un-trained etc etc. Imagine using your finger with
'Windows', instead of a mouse !! (a driver is indeed available !) The
applications for this amazing product are only limited by your
Imagination!! Complete system including Controller, Power Supply
and Data supplied at an incredible price of only:
Full MICROTOUCH software support pack £145.00 (B)
and manuals for IBM compatible PC's £29.95 RFE - Tested

LOW COST RAM & CPU'S
INTEL 'ABOVE' Memory Expansion Board. Full length PC -XT
and PC -AT compatible card with 2 Mbytes of memory on board.
Card is fully selectable for Expanded or Extended (286 processor
and above) memory. Full data and driver disks supplied. RFE.
Fully tested and guaranteed. Windows compatible. £59.95(A1)
Half length 8 bit memory upgrade cards for PC AT XT expands
memory 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. £34.95 or 512k £39.95 (A1)

SIMM SPECIALS
1 MB x 9 SIMM 9 chip 120ns Only £16.50 (A1)
1 MB x 9 SIMM 3 chip 80 ns £19.50 or 7Ons £22.95 (Al)
1 MB x 9 SIMM 9 chip 80 ns £21.50 or 7Ons £23.75 (Al)
4 MB 70 ns 72 pin SIMM -with parity- Only £95.00 (Al)
INTEL 486-DX33 CPU £55.00 INTEL 486-DX66 CPU £69.00 (Al)
FULL RANGE OF CO -PROCESSOR'S EX STOCK - CALL FOR EEE

FANS & BLOWERS
EPSON 00412 40x40x20 mm 12v DC £7.9510 / £65
PAPST TYPE 612 60x60x25 mm 12v DC £8.9510 / £75
MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.9510 / £42
MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10 / £49
MITSUBISHI MMF-09812DH 92x92x25 mm 12v DC £5.9510 / £53
PANCAKE 12-3.5 92x92x18 mm 12v DC £7.9510 / £69
EX -EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110
or 240 v £6.95. 80 x 80 x 38 mm - specify 110 or 240 v £5.95
IMHOF B261900 rack mnt 3U x 19" Blower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

ALL MAIL & OFFICES
Open Mon -Fri 9.00-5:30

Dept WW. 32 Biggin Way
Upper Norwood

LONDON SHOP
t se- 5:30:00aneOpen Mon - S

215 Whitehorse L
South Norwood
On MIA Bus Route

NA DISTEL©
The Original

REE On line !Database
Info on 20,000 + stock items!

01816794414
ALL' ENQUIRIES

LONDON SE19 3XF
Nr.t

Park
ThorntSR

Rad Stations
on Heath &

Selhurs RETURNING SOON ! FAX 0181 679 1927
% \

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Government Schools,
Universities and Local Authorities - minimum account order £50. Cheques over £100 are subject to 10 working days clearance. Carnage charges (A)=E3.00, (A1)=E4.00,
(B)=E5.50, (C)=E8.50, (D)=E12.0O3 (E)=E15.00, (F)=E18.00, (G)ALL Allow approx 6 days for shipping - faster CALL Scotland surcharge CALL All goods supplied to our
Standard Conditions of Sale and unless stated guaranteed for 90 days. All guarantees on a retum to base basis. All rights reserved to change prices / specifications without prior
notice. Orders subject to stock. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks etc acknowledged. © Display Electronics 1996. E &0 E 06/6
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AUDIO

A rationalised
phono preamplifier

Simon Bateson's RIAA
preamplifier is
economical and offers
benefits over existing
designs.

Amplifier

Agreat number of phono preamplifier
designs have been published over the
years. Perhaps this is because the sub-

ject can span any realisation between the very
cheap and the outrageously expensive, or
because there are interesting design features
hidden within an apparently simple function.

One trend was the preoccupation in the early
1980s with low noise and RIAA accuracy,
another was the move from series to shunt
feedback, widely promoted by John Linsley -
Hood.

John has published several excellent reviews

3rd order HP filter RIM Equalisation

Gain= 21dE3 Fo = 19Hz Gain = 6dB d -band gain = 13d13

Fig. 1. There are no electrolytic capacitors in the signal path of the preamp and its noise is low.

and designs of amplifiers and preamplifiers
and it will be clear that the circuitry described
here is but a rearrangement of his work.
However there are a couple of worthwhile
advantages in this configuration. I am not
about to launch into a defence of vinyl discs,
but I do have a number of records and this
preamp seems to make the best of them.

Circuit elements
Figures 1 & 2 are the design's block diagram
and circuit. The first stage is a straightforward
dc -coupled amplifier with a stage gain of
21dB. This is followed directly by a third -
order Butterworth rumble filter based on a
standard equal value Sallen-Key circuit with a
gain of 6dB. The filter is in circuit perma-
nently. I have large, accurate speakers, name-
ly ATC SCM50A active monitors, and it is sad
to see the woofer wobbling about without the
filter. After some experimentation the I set the
turnover frequency at 19Hz.

The third part of the filter is formed by C4
and R9 which feed the RIAA equalisation
stage. Although this is a shunt feedback stage,

Advantages of this RIAA preamplifier configuration

The unusual aspect of this design is the rearrangement of
conventional circuit blocks so that the rumble filter appears before the
RIAA equalisation. Several advantages accrue from this arrangement:
 No electrolytic capacitors appear in the signal path and the low -
frequency characteristic is closely defined. Additionally, since there
are no high -value capacitors to charge, the circuit settles almost
immediately on switch -on.
 Large low -frequency rumble signals never reach the RIAA stage so
do not compromise headroom. The mid -band gain is 40dB giving an
input clip point of about 130mV with ±15V supplies. In any case, it is
a trivial matter to adjust the gain of ICI to suit whatever cartridge is in
use, including moving coil types.
 The rumble filter is not a configuration subject to excess noise due to
high impedances, since the capacitors C2 and C3 present a low
impedance at high frequencies. 1/f noise from the op -amp is reduced
due to the high-pass characteristic of C4/R9. Meanwhile, ordinary

amplifier noise is reduced because the filter is followed by the low-
pass RIAA stage.
 The input amplifier does not suffer a high dc offset due to
mismatched input terminal resistances since the dc cartridge resistance
is fairly close to that of R3 and the gain is low. Therefore there is no
need for a high value electrolytic in series with R3, or in series with the
input. I do not believe that a minute bias current passing through the
cartridge causes a problem although this might upset owners of
£3000 handcrafted banana wood and platinum specimens.

DC feedback resistance of the RIAA stage is fairly high, at 10042,
so although the overall stage dc gain is zero due to C4 it is better to
use a fet op -amp such as the excellent OPA2604. Under these
conditions there is no significant output offset voltage so the output
coupling capacitor is not needed. The RIAA stage needs to achieve
quite a high maximum gain, but only at low frequencies where, of
course, the op -amp has the greatest open -loop gain available.
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R2 C2 C3
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Fig. 2. The unusual aspect of this RIAA preamplifier is the rearrangement of conventional circuit
blocks so that rumble filtering appears before RIAA equalisation.

it operates at a high signal level. As a result,
small -value capacitors can be used in a rela-
tively high -impedance network without any
noise penalty.

This is an inverting configuration. If abso-
lute phase is considered important, it is a mat-
ter of moments to reverse the phono cartridge
connections. Concerning component choice;
the rumble filter capacitors should be the 5%

tolerance miniature polyester film types (avail-
able from RS), while the RIAA network uses
cheap and accurate Philips 1% polyester types.

Using integrated operational amplifiers such
as the NE5532, the circuit is easily construct-
ed on a small pcb, the layout of which is avail-
able from the editorial office. I recommend
this pcb as carefully laid out and tested. I sus-
pect poor pcb layout is responsible for far

more under -performing equipment than is
popularly thought.

Details to note are that low -value resistors
are provided at the input and output to ensure
stability with capacitive loads, while a single
electrolytic is placed across the supply rails
close to ICI. High-performance op -amps do
not take kindly to poor power supply decou-
pling and will oscillate at several megahertz to
vent their feelings.

In summary
When the configuration first came to mind,
my satisfaction at its economy and effective-
ness was a little dampened by the thought that
it came to mind about twenty years too late.
Still, it probably won't be the final RIAA
design to be published. There are a few pos-
sibilities which come to mind, such as using
an SSM2015 differential amplifier for the first
stage. This would offer slightly lower noise
along with zero offset current through the car-
tridge and the usual benefits of balanced oper-
ation - which are inherently available from the
cartridge if you rearrange the turntable wiring.
Its surprising that balanced operation never
came into fashion. You could use discrete
instrumentation amplifiers and military grade
capacitors.

Thoughts on power supply decoupling

Power rails should not be decoupled to the local earth with the
usual pair of large electrolytics. Decoupling is a frequently mis-
understood subject and the heavy-handed application of capac-
itors actually couples power rail disturbances into the ground rail.

The major problem with all practical circuit layout is that the
ground line is simultaneously an input signal reference point, an
output signal reference point and a power ground. When the op -
amp delivers transient current into a load, the current is drawn
from the nearest source - the decoupling capacitor - hence output
current flows in the local earth line. This line acts as a reference for
the input signal and if badly laid out the earth current couples back
to the op -amp inputs, inducing instability or even oscillation.

One mode of coupling back is shown above, right, where the
earth connections are simply in the wrong order. A good way to
induce op -amp hysteria is the pcb layout below right. Similar com-
ments apply to non -inverting configurations. The better the op -amp,
the more important it is to get the earth layout correct.

I have found the best arrangement to be rail -to -rail decoupling
adjacent to the IC, with rail -to -ground decoupling at the power
connection to the board; this lowers the power -supply impedance
at high frequencies without confusing the issue of 'what is
ground?' too much.

a ) F'cicr Layout-

CI CI

ag8
Power rail decoupling methods, good and bad.

POOR LAYOUT

oo
I LOAD

COMMON TRACK

l'ULIK LA:1'QU I

I

Earth currents
in an amplifier
physical layout
are frequently

u misunderstood.

LOAD

GccDcl Laic LJt
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COMMUNICATIONS

Cyril Bateman
looks at mirrors,
electronics
design data, and
new ways to
search old
services.

Fig. 2. The WinSite home
page stakes its claims. This

site used to be known as Cica,
some archives continue to use

the Cica name. Especially
within their hard disc

directory structure.

Hands-on
Internet

With the ever growing dominance of the
World Wide Web, it is easy to overlook the
original Internet uses; e-mail, FTP and

News Groups. While for regular use, dedicated soft-
ware is preferred, most Web browsers now provide
working access to these functions.

While the Web browser search methods covered in
my previous articles are targeted to Web page and FTP
searches, Deja_News1 searches only within the Usenet
News Groups, eliminating the time consuming manu-
al searching previously needed to locate a topic, Fig. 1.

Growing interest in emc has caused the formation of
a specialist news group - sci.engr.electrical.compliance
- which is dedicated to emc and safety compliance.
Maintained by Bill Lyons of Claude Lyons Ltd2, this
group's FAQ contains much essential reading.

Closely related to emc, Texas Instruments3 recently
issued an application report detailing the Bergeron
Graphical Method, used to determine line reflections
during transient phenomena.

Reflections on Windows
Two FTP software download sites catering for
Windows systems are widely mirrored, i.e. backed up
and available via different sites. Winsite4 has 44 mir-
rors while Simtel.Net5 has 64 mirrors. Winsite - for-
merly the CICA Windows FTP archive - went live on
13 October last year, Figs 2, 3.

For the UK, the Hensa6 archive at Lancaster
University and Sunsite North Europe? at Imperial
College London, are particularly good FTP sources.

1111=1:=111EZ=INMEM11.1.1.1111± °
filf Odom -. IladdList thIP IP

izk.mr.* WinSite

arai
The Planet's Largest

Software Archive
for Windows

tit WitiSits

I

Ctri`e Search Are

Hot Software

C Mott WarSfte

ayeArchive
Welcome to WinSite!

Copy,. hl a 19961 Win n

Current URL n,tp. WIns e . cum,

Fr gildess ilarOOD Oolddist pop

sill 25 a a
hflphItaarnannewesorati

IBM Webtxplerer Beta hews - the Premier Usenet hewn; Se

Premier Usenet Sun* WHIM

Pewter Sbnfads hooltrearlf Hap
Otis Neal W.'

We've Oat MoreThan Anybody Ells
I

mut

t111 h
111

Click on harden:twists'

Current Ulit http: /*tr. del anus. tae/

Fig. 1. Using Deja News to search for topics within
Usenet. Some claim the Usenet archives hold the
largest information base in Internet.

Both carry Winsite and Simtel.Net mirrors for pcs and
also hold Amiga, Atari, Apple, Archimedes RiscOS
and OS/2 software archives. Note external access to
Hensa is not permitted during normal working hours.

Software for downloading is freely available from all
mirror sites, but software for uploading is only accept-
ed at parent sites. Uploads not conforming to the pub-
lished instructions is rejected. Accepted software will
be available from all mirrors after a few days delay and
the Archie servers will automatically be advised.

With the enormous amounts of data and software
already available, your unpublicised upload will raise
little interest. By way of example, in early June I
uploaded evaluation copies of my EMCFiltr.zip soft-
ware, used to illustrate the 'Understanding emi filters'
article8, to three sites. These were Winsite, Simtel.Net
and Funet.Fi9. Within two days, archie.funet.fi located
this file, but four weeks later several Archie servers
remained unaware. On acceptance of the software, the
upload site administrator posts an Internet announce-
ment. However, it is advisable to seek further publici-
ty. Send mail to net -happenings'° and try Submit It" to
advise the popular search engines.

While Netscape 2.01 incorporated improved securi-
ty features, the latest Beta version 3.0, available by
download12, adds features and further enhances secu-
rity. It also provides support for SSL3.0 and permits
`personal certificates' to prove your on-line identity.
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Sourcing semis
QuestNet" helps designers to select and source semiconduc-
tors or integrated circuits world wide. It provides product
briefs, application notes and datasheets. In addition, there are
Internet facilities for semiconductor houses not yet having a
Web page. Present searches are by product function, search by
manufacturer and part number is being implemented, Fig. 4.

Continuing the on-line support theme, Motorola14 has an
extensive Web presence. With its vast product ranges, the site
is full of information and should be visited.

Elantec15 provides its full range of application notes for
download and has a page devoted to interactive technical
support and samples request.

Electric Library16 has now been sampled. Unlike other
search methods listed, it is only available by a $9.95 month-
ly subscription. And you can take advantage of the free trial
offer. If sufficient of the 780 magazines and journals listed
prove useful, the subscription fee can easily be recovered.
This resource is similar to a conventional library of books and
journals, except that it is electronically searchable using plain
English. Having found the relevant document, click and it is
downloaded. Unlike other search tools, you are not linked to
Internet resources, it delivers the document to you, Fig. 5.

While all search engines covered to date have been US
based, if all else fails, you can perhaps try a UK oner which
has an appropriate if irreverent address. While the present
Web page differs, this version noticed recently, has a certain
artistic appeal, Fig. 6.
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The battle of OS
Expect more clashes in the operating system war, now
that the latest Beta version of OS/2 Merlin has been
shipped to testers for hands-on evaluation. Available
to registered OS/2 users is a demo compact disk for
Merlin. With built in support for Java, object -oriented
technology and voice input/control allowing hands-off
and eyes -off operation, Merlin claims to set the stan-
dards for ease of use.
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Fig. 4. Dedicated to
searching for
semiconductor sources
world wide. Also can
provide product briefs,
application notes and
datasheets.

Fig. 5. Maintains its
own database of
material but requires
your regular
subscription. Register
by e-mail to gain a
month's free access,
without needing a
credit card number.
Maintains its own
knowledge base and
unlike some, does not
pass you on to other
Web links.

Fig. 6. Lord knows what
this is. The site is
organised rather
differently from the
established US search
engines.
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The Complete Electronics Design System Now With PIMP & RETRY!

ISIS for Windows SHIFT lb.IHIN
File Edit View Tools Design _Graph System Help

file Edit View boobs

ROOT SHEET 1

File Output

[mowers Side

V;IS for Window, 14101 ITDSN

ign Draph System Help

y Edit Tools System Help

11:11i7VIMININN

Easy to Use Graphi Interface under

both DOS and Windows.

Netlist, Parts List & ERC reports.

Hierarchical Design.

Extensive component/model libraries.

Advanced Property Management.

Seamless integration with simulation and

PCB design.

Non -Lin r & Linear Analogue Simulation.

Event driven Digital Simulation with

modelling language.

Partitioned simulation of large designs

with multiple analogue & digital sections.

Graphs displayed directly on the

schematic.

32 bit high resolution database.

Multi -Layer and SMT support.

Full DRC and Connectivity Checking.

RIP -UP & RETRY Autorouter.

Shape based gridless power planes.
Output to printers, plotters, Postscript,

Gerber, DXF and clipboard.
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RF DESIGN

HIGH DIRECTIVITY
Paolo Antoniazzi has
developed a method of
producing couplers
usable at gigahertz
frequencies using
standard low-cost
fibreglass printed circuit.

Wire

Strip

Ground Dielectric
plane

(a)

(b)

Fig. 1. Cross section of transmission systems:
(a) shows the wire above ground and
(b) illustrates the microstrip.

RF COUPLER
At the beginning of the 1950's , a trans-
mission line corresponding to a flat-
tened coaxial with the sides removed

was described'. While yielding configurations
that were somewhat simpler to fabricate, this
approach still required that close tolerances be
maintained as in the case of coaxial construc-
tion. The relative simplicity of the parallel -line
system - or stripline - suggested further study
of this type or of some equivalent open system.

This work has resulted in an interesting vari-
ation of the parallel -line system which avoids
the requirements for extreme accuracy and
dimensional symmetry. Because of the ease of
manufacture and the apparent similarity to
conventional wiring, the generic name of
microstrip has been given to this transmission
system2. A cross section of the wire -above-
ground system, as well as a cross section of
the variation using a strip conductor -
microstrip in place of the round wire - are
shown in Fig. 1.

In the idealised case using a simple uniform
dielectric and a lossless conductor, the type of
transmission corresponds to the TEM mode3,4.
This has been confirmed approximately by
theoretical work and by measurements per-
formed on practical microstrip circuits com-
prising composite dielectrics and finite con-
ductor dimensions.

As the frequency is increased, however, the

Inset 1. TEM - Transverse-ElectroMagnetic
waves. These waves are characterised by the fact

that both the electric vector (E vector) and the
magnetic vector (H vector) are perpendicular to
the direction of propagation. This is the mode
commonly excited in coaxial and open -wire
lines. It cannot be propagated in a waveguide.

dispersion effect becomes more obvious, and
the characteristic impedance and the phase
velocity defined under the quasi-TEM analy-
sis, Inset 1, must be modified.

An important characteristic of the microstrip
circuits is the power -flow distribution between
the conductor and ground plane. Figure 2
gives the calculations of the ratio of power -
flow in a particular cross section to the total
flow of power for a given b/h (b=width of the
microstrip conductor, h=thickness of dielectric
substrate).

While the distribution shown is approxi-
mate, it is possible to conclude that most of
the power -flow is adjacent to the conductor.
Essential characteristics necessary to design a
microstrip system are shown in the box, Figs.
3-5. In particular using the information in Fig.
4 it is possible to design the correct length of
the near A./4 coupler, for fibreglass material
about 0.5 referred to air.

/2 =3.44.h

h 75%

100%

90%",

Fig. 2. Power -flow distribution in a microstrip system.
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Fig. 3. Characteristic impedance versus E and W/h.

The directional coupler
A directional coupler is ideally a lossless
reciprocal four -port device. It normally pro-
vides two unequal amplitude outputs when a
signal is fed to one of its inputs. Depending on
which port is fed, the outputs may be in -phase
or out -of -phase (90° or 1800).

Directional couplers are usually described
by indicating the coupling ratio of the low sig-
nal level output. Thus a 20dB directional cou-
pler will provide a 'coupled' output which is
20dB below the input, while the through path
(main line) has only a little loss, 0.04dB in this
case. Naturally the main line loss increases for
lower coupling ratios as indicated in Table 1.

Directional couplers can be used effectively
in systems to monitor power or match, branch
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310
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Fig. 4. Effective dielectric constant.

Table 1.
Coupling Coupled Main line
ratio (dB) output (dB) loss (dB)
3 -3 3.00
6 -6 1.25
10 -10 0.46
20 -20 0.04

signals, feedback power in amplifiers and for
signal injection. Designer who understand the
unique features of directional couplers will find
many other applications where coupler prop-
erties can solve particular system problems.

A directional coupler has the ability to sep-
arate and sample signal components based on
the direction of signal flow. Referring to Fig.

W/1-1.0.5

W/H=20

2 3 4
Er =1 0

5 6 7 8 9

Fig. 5. Ratio of line
wavelength to free
space wavelength.

6, the diagram shows a 20dB directional cou-
pler with a signal source at Port (1).

Ports (2) and (3) are terminated in Z0 while
Port (4) is loaded with an unknown impedance
Z1. We can see that if Zi=Zo the return loss of
Z1 becomes infinite and no signal reaches Port
(3). This, of course, should follow from the
consideration that Ports (1) and (3) and (2) and
(4) are isolated when the directional coupler is
terminated with Z0.

Practical directional couplers have finite iso-
lation and this introduces an error in the com-
parative levels at Ports (3) and (2). Directional
coupler directivity is a limiting parameter in
the ability to accurately measure the return
loss of a unknown load. As an example, if iso-
lation (S31) is 43dB and coupling (S21) is
13dB, then directivity is 43-13, or 20dB.

The calculated error limits for a given direc-
tivity of coupler are shown in Fig. 7 and the
following Tables. For example, if a coupler
with 25dB directivity is used to measure the
return loss of an antenna for wireless LAN
systems and the measured value is 22dB, then
the true return loss value can be anywhere
between 17.3 and 32.7dB. Inserting different
lengths of cable between the coupler and the
antenna quickly shows that the match is not
perfect, since the readings will change. The
need for higher values of directivity by simple

Main

Coupled

-20dB DLO

-0.04dB

Fig. 6 Incident and reflected signal flow for a
20dB directional coupler.
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Fig. 8. Layout of the side coupled 13dB
directional coupler realised with standard

a
r I
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rl 1.6mm fibreglass printed circuit - dual sided.
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couplers was the starting point for our exper-
iments.

Measured
return loss
(dB)

Range of true return loss (dB)
with 20dB with 25dB
Directivity Directivity

10 7.6 to 13.3 8.6 to 11.7
14 10.5 to 20.0 11.8 to 16.9
18 12.9 to 31.7 15.0 to 23.1
22 15.0 to 33.7 17.3 to 32.7

High directivity via standard pcb
A difficulty with stripline couplers in homo-
geneous dielectric, where the centre board has
a lower dielectric constant than the outer
boards, is that the even -mode circuit will be
electrically longer than the odd -mode circuit.
For side coupled microstrip directional cou-
plers of the type shown in Fig. 8, the well
known even -and -odd -mode theory shows dif-
ferent phase velocity for the even mode (E)
and odd mode (0) of propagation6.

Figure 9 shows the electric field of the two

Fig. 10. Improved coupler - track side.

modes. The system has different values of E
for the different modes of propagation, since
their fields are not distributed in the same way
between air and dielectric. In this way, the two
modes have different phase velocity.

Taking this effect into account, we can
design simple high directivity couplers. A con-
ventional microstrip 13dB directional coupler
has only 26 to 28dB of isolation (directivity
of 13 to 15dB) according to our tests at
900-1200MHz, Fig. 12.

The measured values are in good agreement
with the theory. More expensive directional
couplers realised with triplate techniques or
meander -folded coupled lines7 have better
directivity because of symmetrical distribution
of the electric field. However, for microstrip
circuits that also contain other passive or
active components, this design is not practical.

The improved directivity of the coupler
described in this article, with the layout of Fig.
8 and shown in photos of Figs 10, 11, is
obtained simply by covering the central cou-

(E)

(0)

e

Fig. 9. Even mode (E) and odd mode (o)
propagation. Electric field of the two modes.

pier structure with an unmetallized dielectric
layer that consists of the same material as the
microstrip substrate. This assumes standard
1.6mm fibreglass copper -clad circuit board.

Owing to this 'overlay substrate', of about
12x5Omm, the electric field propagates almost
entirely in an homogeneous dielectric and
therefore the even and odd modes show near-
ly the same propagation velocity.

A comparison between conventional and
`overlay' couplers (with the same layout) is
shown in Fig. 12. The reverse coupling was
plotted against frequency after various adjust-
ments of the side coupling space (s) and
linewidth in the coupling zone (W1 and W2).

The final optimised 'overlay' coupler design
shows high directivity, with reverse coupling
better than 35dB in the range 950-1200MHz.
The four type -N connectors - used only to
permit a special high -power test - passed
through the ground plane and made contact to
the microstrip conductor. Compensation alu-
minum transitions are used in the mounting of
the 'big' connectors.
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Fig. 11. Improved coupler, showing the
connector layout.
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EW reader offer - multi -instrument - discount and free dmm
Maxcom's MX9300 is a four -function
multi -instrument featuring,

 1Hz to 1GHz, 8 -digit frequency counter
 0.02Hz to 2MHz swept function

generator
 31/2 -digit DMM with 10A range
 0 to 30V, 3A -variable psu
 15V, 1A fixed outPut
 5V, 2A fixed output

Normally, this instrument costs £399
excluding VAT and delivery but Vann Draper
is making it available to EW readers at the
special price of £399 - fully inclusive - and
this price includes a free hand-held
digital multimeter,

Incorporating full overload protection, the
MX9300 allows a significant reduction in lab
bench space needed while being more
convenient than separate instruments. The free

31/2 -digit dmm accompanying this offer

features 10A dc measuring capability and
transistor 0 to 1000 hFE test.

Frequency counter features wide range,
lOs to 10ms gating, 25mV sensitivity at 1GHz,
autoranging, 1 Hz +1dgt accuracy.

Function generator features 0.1 to 20Vpp
o/p, linear/log 20ms-2s internal or external
sweep, sine, square, triangle, skewed sine,
pulse, ttl.

DMM features auto/manual ranging, DCV
ACV L2 DCA ACA, 10M0 input,
t(0.5%+2digit) basic accuracy.

PSU features - variable voltage and current,
floating outputs, 2mV max. ripple on all outputs,
0.01% load regulation on 30V output.

Please send a cheque for £399
payable to Vann Draper Electronics,
or your full credit-card details
including expiry date and card type to
Vann Draper Electronics at Unit 5,
Premier Works, Canal Street, South
Wigston, Leicester, LE18 2PL.
Alternatively fax credit card details
with your order on 0116 277 3945
or telephone on 0116 277 1400.

Address orders and all
correspondence relating to this offer to
Vann Draper Electronics.
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ANALOGUE DESIGN

Ian Hickman
introduces
aspects of
passive filter
design that are
important yet
frequently
omitted from
standard
descriptions. Filter

VARIATIONS
Many applications call for the filtering of signals, to

pass those that are wanted, and to block those that
are outside the desired passband. Sometimes digi-

tal filtering is appropriate, especially if the signals are in dig-
ital form already, but oftentimes, analog filters suffice -
indeed are the only choice at rf. At lower frequencies, where
inductors would be bulky, expensive and of low Q, active fil-
ters are the usual choice. Some of these are documented in
every text book, but there are some useful variations upon the
them which are less well known. This article explores one or
two of these.

A basic active filter
Probably the best known active filter is the Sallen and Key
second order circuit, the lowpass version of which is shown
in Figure 1. Interchanging the Cs and Rs gives a highpass
version. There has been considerable discussion recently of
its demerits, both in regard to noise and distortion, from Dr
D. Ryder and others in the Letters section of this magazine,
see the November 1995 to April 1996 issues inclusive. But
for many purposes it will prove adequate, having the minor
advantage of very simple design equations. Moreover, the
circuit is canonic - it uses just two resistors and two capaci-
tors to provide its two -pole response.

Being a second order circuit, at very high frequencies the
response falls away forever at 12dB per octave, at least with
an ideal opamp. In practice, opamp output impedance rises at
high frequencies, due to the fall in its open loop gain, result-
ing in the attenuation curve levelling out, or even reversing.
In the maximally flat amplitude response design, at fre-
quencies above the cutoff frequency, the response approach-
es 12dB/octave asymptotically, from below. At dc and well
below the cutoff frequency, the response is flat, being 0dB
(unity gain), again a value the response approaches asymp-
totically from below. The corner formed by the crossing of
these two asymptotes is often called, naturally enough, the
`corner frequency'. The corner or cutoff frequencyfo is given
by fo=1/(271-4 I CiC2RIR2)) where, usually, R1=R2.

The dissipation factor D=11Q where Q=0.54(C1/C2) and
for a maximally flat amplitude (Butterworth) design,
D=1.414, so C1=2C2. The Butterworth design exhibits no
peak, and is just 3dB down (ie Voo1/Vio=0.707, or equal to Q)
at the corner frequency. If C1>2C2, then there is a passband
peak in the response below the corner frequency, being more
pronounced and moving nearer the corner frequency as the
ratio is made larger. This permits the design of filters with

four or six poles, or of even higher order, consisting of sev-
eral such stages, all with the same corner frequency but each
with the appropriate value of Q.

It is easy to see that the low frequency gain is unity, by
simply removing the capacitors from Figure 1, for at very
low frequencies their reactance becomes so high compared to
R1, R2, that they might as well simply not be there. At a very
high frequency, way beyond cutoff, C2 acts as a near short at
the non -inverting (NI) input of the opamp, resulting in the
lower plate of C1 being held almost at ground. As C1 is usu-
ally greater than C2, it acts in conjunction with R1 as a pas-
sive lowpass circuit well into its stopband, resulting in even
further attenuation of the input. At twice this frequency, both
of these mechanisms will result in a halving of the signal,
which thus falls to a quarter of the previous value, ie the roll -
off rate is 20log(1/4) or -12db/octave. But what about that
peak in the passband, assuming there is one?

R1

Vin

R2

X

Vout

Fig. 1. The Sallen and Key second order lowpass active filter. Cut-off 'corner'
frequency is given by fo=1/(27cCiC2R1R2) and Q=0.5-4(C1/C2) and dissipation
D=1/Q. For a maximally flat amplitude (Butterworth) design, D=1.414, so C1=2C2.
The Butterworth design exhibits no peak, and is just 3dB down at the corner
frequency.

R1

V'in

R2

C2
Ix

Vout

Fig. 2. Breaking the loop and opening it out helps to understand the circuit action
(see text).
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0dB

Frequency
(log scale)

-6dB/octave

Fig. 3. Cascaded lowpass and highpass CR responses, and their resultant, (dotted).

The best way to approach this is to break the loop at point
X, in Figure 1 and consider what happens to a signal rut,
going round the loop, having removed the original VII,. Note
that as the source in Figure 1 is assumed to have zero inter-
nal resistance, it has been replaced by a short circuit in Fig.
2. To V'm, C1 with R1 now forms a passive lead circuit -
highpass or bass -cut. The resultant voltage across R1 is

applied to C2, R2, a passive lag circuit - lowpass or top -cut.
Each of these responses exhibits a 6dB/octave rolloff in the

stopband, as shown in Fig. 3. Thus the voltage reaching the
NI input of the opamp at any frequency will be roughly the
sum of the attenuation of each CR section (actually rather
more, as C2R2 loads the output of the CIRI section), as indi-
cated by the dotted line in Figure 3. At the frequency where
the highpass and lowpass curves cross, the attenuation is a
minimum, and the phase shift is zero since the lag of one sec-
tion cancels the lead of the other.

If C1 is now made very large, the bass cut will only appear
at very low frequencies - the highpass curve in Figure 3 will
shift bodily to the left. If in addition, C1 is made very small,
the top cut will appear only at very high frequencies - the
lowpass curve will shift bodily to the right. Thus the curves
will cross while each still contributes very little attenuation,
so the peak of the dotted curve will not be much below OdB,
unity gain. Consequently, at this frequency the voltage at X
is almost as large as Vin, and in phase with it. The circuit can
almost supply its own input, and if disturbed in any way will
respond by ringing at the frequency of the dotted peak, where
the loop phase shift is zero.

But however large the ratio Ci/C2, there must always be
some attenuation, however small, between V'in and the
opamp's NI input, so the circuit cannot oscillate, although it
can exhibit a large peak in its response, around the corner
frequency. In fact, if the peak is large enough, the response
above the corner frequency will approach the -12dB/octave
asymptote from above, and below the corner frequency will
likewise approach the flat 0dB asymptote from above.

Variations on a theme
The cutoff rate can be increased from 12dB/octave to
18dB/octave by the addition of just two components; a series
R and a shunt C to ground between Vn and R 1. And such a
third order section can be cascaded with other second order
section(s) to make filters with 5, 7, 9 poles etc. Normalised
capacitor values for filters from 2 to 10 poles for various

Fig. 4. The
Kundert filter, a
variant of the
Sallen and Key,
has some
advantages.

IR1

TVin Cl

response types (Butterworth, Chebychev with various pass -
band ripple -depths, Bessel etc.) have been published in Refs.
1 and 2, and in many other publications as well. However,
these tables assume R1=R2 ( = the extra series resistor in a
third order section), with the Q being set by the ratio of the
capacitor values. This results in a requirement for non-stan-
dard values of capacitor, which is expensive if they are spe-
cially procured, or inconvenient if made up by parallelling
smaller values.

While equal value resistors is optimum, minor variations
can be accommodated without difficulty, and this can ease
the capacitor requirements. Ref. 3 gives tables for the three
resistors and three capacitors used in a third order section,
with the capacitors selected from the standard E3 series (1.0,
2.2, 4.7) and the resistors from the E24 series, for both
Butterworth and Bessel (maximally flat delay) designs.

The Kundert filter
The formula for the Q of the Sallen and Key filter is
Q=0.54(Ci/C2), so given the square root sign and the 0.5 as
well, one finishes up with rather extreme ratios of C1 to C2,

if a high Q is needed, as it will be in a high order Chebychev
filter. In this case, the Kundert circuit of Fig. 4 may provide
the answer. The additional opamp buffers the second CR
from the first, so that the attenuation at any frequency rep-
resented by the dotted curve in Figure 3 is now exactly equal
to the sum of the other two curves. Removing the loading of
C2R2 from C1R1 removes the 0.5 from the formula, which is
now Q=4(C1/C2) - assuming R1=R2. And due to the square
root sign, the required ratio of C1 to C2 for any desired value
of Q is reduced by a factor of four compared to the Sallen
and Key version.

A further advantage of this circuit is the complete freedom
of choice of components. Instead of making R1=R2 and set-
ting the Q by the ratio of C1 to C2, the capacitors may be
made equal and the Q set by the ratio of RI to R2, or both Cs
and Rs may differ, the Q being set by the ratio of CIRI to
C2R2. Given that dual opamps are available in the same 8 pin
DIL package as single opamps, the Kundert version of the
Sallen and Key filter, with its greater freedom of choice of
component values, can come in very handy for the highest Q
stage in a high order filter.

The equal C filter
In addition to filtering to remove components outside the
wanted passband, signals also frequently need amplification.
The basic Sallen and Key circuit only provides unity gain,
and with this arrangement, equal resistors are optimum. For,
due to the loading of the second stage on the first, if R2 is
increased to reduce the loading, then C2 will have to be even
smaller, whilst if R2 is decreased to permit a larger value of
C2, the loading on CIRI increases.

Where additional signal amplification is needed, there is no
reason why some of this should not be provided within a fil-
tering stage and Fig. 5 shows such a circuit. Clearly the dc
and low frequency gain is given by (RA+RB)/RB. A con-
venience of this circuit is that the ratio RA to RB can be cho-
sen to give whatever gain is required (within reason), with
C1, C2, R1 and R2, chosen to give the required corner fre-
quency and Q. An analysis of this most general form of the

C21

Vout
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circuit can be found in Ref 4. If there were a buffer stage
between R1 and R2 as in Figure 4, and the two CR products
were equal, then at a frequency of 1/(27ECR) there would be
exactly 3dB attenuation round the loop due to each CR.

So if RA were to equal RB, giving 6dB gain in the opamp
stage, there would be no net attenuation round the loop and
the Q would equal infinity - you have an oscillator. Without
the buffer opamp, the sums are a little more complicated due
to the second CR loading the first. But the sums have all been
done, and the normalised values for R1 and R2 (values in
ohms for a cutoff frequency of 1/27tHz, assuming C=1F) are
given in Ref. 5 for filters of 1 to 9 poles, in Butterworth,
Bessel and 0.1dB- 0.5dB- and 1 dB-Chebychev designs.

For odd numbers of poles, this reference includes an
opamp buffered single pole passive CR, rather than a three
pole version of the Sallen and Key filter, as one of the stages.
To convert to a cutoff frequency of, say, 1kHz, regard the
ohms figures in the tables as Mohms and the capacitors as
1pF. Now divide the resistor values by 2000n. As the values
are still not convenient, scale the capacitors in a given section
down by say 100 or any other convenient value, and the
resistors up by the same factor.

Reference 5 also gives the noise bandwidth of each filter
type. The noise bandwidth of a given filter is the bandwidth
of a fictional ideal brick wall sided filter which, fed with
wideband white noise, passes as much noise power as the
given filter. Ref. 5 also gives, for the Chebychev types, the
3dB bandwidth. Note that for a Chebychev filter, this is not
the same as the specified bandwidth (unless the ripple depth
is itself 3dB). For a Chebychev filter the bandwidth quoted is
the ripple bandwidth; e.g. for a 0.5dB ripple lowpass filter,
the bandwidth is the highest frequency at which the attenu-
ation is 0.5dB, beyond which it descends into the stopband,
passing through -3dB at a somewhat higher frequency.

Other variants
In the Sallen and Key filter, the signal appears at both inputs
of the opamp. There is thus a common mode component at
the input, and this can lead to distortion, due to 'common
mode failure', which, though small, may be unacceptable in
critical applications. Also, as already mentioned, the ultimate
attenuation in the stopband will often be limited by another
non -ideal aspect of practical opamps - rising output
impedance at high frequencies, due to the reduced gain with-
in the local NFB loop back to the opamp's inverting terminal.
Both of these possibilities are avoided by a different circuit
configuration, shown in its lowpass form, in Figure 6a).

This is variously known as the infinite gain multiple feed-
back filter, or the Rausch filter, and it has the opamp's NI ter-
minal firmly anchored to ground - good for avoiding com-
mon mode failure distortion. Another plus point is that at
very high frequencies, C1 short circuits the signal to ground,
while C2 shorts the opamp's output to its inverting input -
good for maintaining high attenuation at the very highest fre-
quencies. The design equations and tabulated component val-
ues are available in published sources; the filter is well
known and is shown here just as a stepping stone to a less
well known filter section, the SAB (single active biquad)
with finite zero.

In some filtering applications, the main requirement is for
a very fast rate of cutoff, the resultant wild variations in
group delay not being important. The Chebychev design pro-
vides a faster cut off than the Butterworth, the more so, the
greater ripple depth that can be tolerated in the passband. But
the attenuation curve is monotonic, it just keeps on going
down at (6n)dB/octave, where n is the order of the filter (the
number of poles), not reaching infinite attenuation until infi-
nite frequency.

A faster cutoff still can be achieved by a filter incorporat-
ing one or more 'finite zeros', frequencies in the stop band at

R1

Vin

R2

. Vout

RA

RB

Fig. 5. The equal C version of the Sallen and Key circuit.

Vin

Fig. 6a). The mixed feedback or 'Rausch' filter - lowpass version.

Vin

Fig. 6b). The mixed feedback or 'Rausch' filter - bandpass version.

which the response exhibits a notch. In a design with sever-
al such notches, they can be strategically placed so that the
attenuation curve bulges back up in between them to the
same height each time. Such a filter, with equal depth ripples
in the passband (like a Chebychev) but additionally with
equal returns between notches in the stop band is known as
an 'elliptic' or 'Caur' filter.

In a multipole elliptic filter, each second order section is
designed to provide a notch, but beyond the notch the atten-
uation returns to a steady finite value, maintained up to infi-
nite frequency. The nearer the notch to the cutoff frequency,
the higher the level to which the attenuation will eventually
return above the notch frequency.

So for the highest cutoff rates, while still maintaining a
large attenuation beyond the first notch, a large number of
poles is necessary. It is common practice to include a single
pole (eg an opamp buffered passive CR lag) to ensue that,
beyond the highest frequency notch, the response dies away
to infinite attenuation at infinite frequency, albeit at a leisure-
ly -6dB/octave.

The elliptic filter
The building blocks for an elliptic lowpass filter consist of
second order lowpass sections of varying Q, each exhibiting
a notch at an appropriate frequency above the cutoff fre-
quency.

Vout

Vout
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Vin

Vout

R3

Fig. 7. The SAB circuit, with finite zero (or notch, above the passband).

A number of designs for such a section have appeared,
based on the twin -tee circuit, but they are complex, using
many components, and hence difficult to adjust. An alterna-
tive is provided by the SAB section mentioned earlier. This
can be approached via the Rausch bandpass filter, which can
be seen in Figure 6b) to be a variant on the Rausch lowpass
design of Figure 6a). Clearly, due to the capacitive coupling,
the circuit has infinite attenuation at 0Hz, and at infinite fre-
quency, the capacitors effectively short the opamp's invert-
ing input to its output, setting the gain to zero. Either side of
the peak response; the gain falls off at 6dB per octave, the
centre frequency Q being set by the component values. If the
Q is high, the centre frequency gain will be well in excess of
unity.

Figure 7 shows the same circuit with three extra resistors
(R2, R3 and R6) added. Note that an attenuated version of the
input signal is now fed to the NI input of the opamp via R2,
R3. Consequently, the circuit will now provide finite gain
down to 0Hz; it has been converted into a lowpass section,
although if the Q is high there will still be a gain peak. If the
ratio of R5 to R4 is made the same as R2 to R3, then the gain
of the opamp is set to the same as the attenuation suffered by
the signal at its NI terminal, so the overall 0Hz gain is unity.

If the other components are correctly chosen, the peak will
still be there, but at some higher frequency, the signal at the
opamp's inverting input will be identical in phase and ampli-
tude to that at the NI input. The components thus form a
bridge which is balanced at that frequency, resulting in zero
output from the opamp, ie a notch.

Figure 8 shows a five pole elliptic filter using SAB sections,
with a 0.28dB passband ripple, a -3dB point at about 3kHz
and an attenuation of 54dB at 4.5kHz and above. The design
equations for elliptic filters using SAB sections are given in
Ref. 6. The design equations make use of the tabulated values
of normalised pole and zero values given in Ref. 7.

Fig. 8. A five -pole elliptic filter
with 0.28d8 passband ripple

and an attenuation of 54d8 at
1.65 times the cutoff frequency
and upwards. The -3d8 point is

3kHz, approx. All capacitors
C=1nF, simply scale C for other

cutoff frequencies.

120k

IN

I

Some other filter types
Simple notch filters - where the gain is unity everywhere
either side of the notch - can be very useful, eg for sup-
pressing 50Hz or 60Hz hum in measurement systems. The
passive TWIN TEE notch is well known, and can be sharp-
ened up in an active circuit so that the gain is constant, say,
below 45Hz and above 55Hz. However, it is inconvenient for
tuning, due to the use of no less than six components. An
ingenious altemative8 provides a design with limited notch
depth, but compensating advantages. A notch depth of 20dB
is easily achieved, and the filter can be fine tuned by means
of a single pot. The frequency adjustment is independent of
attenuation and bandwidth.

Finally, a word on linear phase (constant group delay) fil-
ters. These are easily implemented in digital form, FIR filters
being inherently linear phase. But most analog filter types,
including Butterworth, Chebychev and elliptic are anything
but linear phase. Consequently, when passing pulse wave-
forms, considerable ringing is experienced on the edges,
especially with high order filters, even of the Butterworth
variety. The linear phase Bessel design can be used, but this
gives only a very gradual transition from pass- to stop -band,
even for quite high orders. However, a fact that is not wide-
ly known is that it is possible to design true linear phase fil-
ters in analog technology, both bandpass9 and lowpass1°.
These can use passive components, or - as in Reference 10 -
active circuitry.
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VIDEO DESIGN

Video inserter
ie program for controlliong the video
nsertion hardware described last month -

begins at address 000016. The micropro-
cessor begins execution at this location after a

hardware reset.
Address 000016 contains a jump instruction

to the routine which initializes the cpu and
clears the software flags. Next the program
sets up the real time clock by writing two state
words to Reg. A and Reg. B of the 6818's
ram. Table 1 shows the address map of the
real-time clock while Tables 2 and 3 describe
functions of registers A and B. Register details
for the 6818 are shown in the Inset 1. For fur-
ther information on other features of the 6818,
refer to the manufactures manual. As the real-
time clock IC resides in the external ram area,
the MOVX instructions are used to communi-
cate with it.

Within the real-time clock, the 24/12 control
bit establishes the format of the hours bytes as
either the 24 -hour mode (logic one) or the 12 -
hour mode (logic zero). This bit is affected
only by the software.

Table 1. Locations within the 6818 real-
time clock. Registers A and B are used for
control.

Address
Locn Function Range
0 Seconds 0-59
1 Seconds alarm 0-59
2 Minutes 0-59
3 Minutes alarm 0-59
4 Hours - 12 hour mode 1-12

Hours - 24 hour mode 0-23
5 Hours alarm - 12 mode 1-12

Hours alarm - 24 mode 0-23
6 Day of week (1 -Sun) 1-7
7 Day of month 1-31
8 Month 1-12
9 Year 0-99
OA Register A
OB Register B

Table 2. Functions of RTC register A.
MSB
LSB
b7 b6 b5 b4 b3 b2 b1 b0
UIP DV2 DV1 DVO RS3 RS2 RS1
RSO

Table 3. Functions of RTC register B.
MSB
LSB
b7 b6 b5 b4 b3 b2 bi b0
SET PIE AIE UIE SQWE DM 24/12 -

Ian Polczynski outlines
the software needed for

overlaying text on
standard video picture

using hardware
described last month.

(V4, V3, V2, VO)
Vposition

Horizontal Sync pulse

(H3, H2, H1i HO) '

Hposition

24 columns x 12 rows

Vertical Sync pulse

Fig. 1. The Hposition and Vposition define the
top left hand corner of the displayed area.

For example, if number A616 (1010 01102)
is written to register A, the time -base fre-
quency will be 32768kHz and the SQW out-
put frequency is 1024kHz.

If 0A16 (0000 10102) is written to register B,
it disables all interrupts, activates SQW pin,
indicates bcd format and 24 -hour mode.

The following is the machine code starting
from #081D16:

B8, OA MOV RO, #0Ah
23, A6 MOV A, #0A6h
90 MOVX @R0, A ; Reg. A=A6h
B8, OB MOV RO, #0Bh
23, OA MOV A, #0Ah
90 MOVX @R0, A ; Reg. B=OAh

The same instructions are used for a read time
or calendar operation. For example,

B8, 00 MOV RO, #00h
; Set the RO register to the RTC RAM
location 00.
80 MOVX A, @RO
; Read SECONDS from the RTC.

The second and last circuit requiring setting up
is the pPD6145 on -screen display chip. As
stated in the hardware article in the September
issue, the pPD6145 commands consist of nine
bits, but the shift register for the serial inter-
facing operates with eight bits. As a result,

List 1. Serial communication routine for
sending a byte from the cpu to the on -screen
display chip -in 8039 assembly language.
OSD_Ser: 9A, 7F ANL P2,

#7Fh
; OSD CS line (OSD 1) goes Low.
BF, 08 MOV R7, #08h

; Bit Counter R7 loaded with 8.
FE MOV A, R6

; Read Character/Command
OSD_Rotate:F7 RLC A
; Shift MS Bit to Carry.

F6, AC JC Was_H
; Is it 1 or 0?
9A, EF ANL P2, #OEFh

; If 0, Data (OSD 4) goes Low.
04, AE AJMP Time_Call

; Skip next instruction.
Was_H: 8A, 10 ORL P2,
#10h
; If 1, Data (OSD 4) goes High.
Time_Call: 14, F9 ACALL
OSD_Time
; Call time delay routine.
9A, DF ANL P2, #ODFh
Now OSD Clock line goes Low.
14, F9 ACALL OSD_Time
Wait a while again.
8A, 20 ORL P2, #20h
Clock line goes High.
EF, A5 DJNZ R7, OSD Rotate

; Go to OSD_Rotate if not last
bit

8A, 40 ORL P2, #40h
; Byte completed, Strobe High.

9A, AF ANL P2, #OAFh
; Now Strobe goes Low.

00 NOP
; 3 cycles of time delay.

00 NOP
00 NOP
8A, AO ORL P2, #0A0h

; Strobe and Data are kept low.
83 RET

; Byte transferred, return.

The time delay routine is located at address
08F916. It corrupts only cpu register R5:
OSD_Time: BD, 10 MOV R5,
#10h
; Load the loop counter.
OSD_Time_St: 00 NOP
; Do nothing inside the loop.

00 NOP
FD, FB DJNZ R5,

OSD_Time_St
; Is the loop counter zeroed?

83 RET
; Return to the OSD subroutine.

To set up the uPD6145 OSD IC, first input the
Format Reset Command at 083016,

MOV R6, #OFE
; Load R6 with "FE"
; (Format Command for Bank1)
CALL OSD_Ser

; And CALL OSD serial subroutine.
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Table 4. Command list for the 6145 on -screen display chip.
Content Fo D7 D6 D5 D4 D3 D2 D1 DO
Bank -0 commands Fo=O
Display character data 0 0 C6 C5 C4 C3 C2 Cl CO
Colour blink data for each character 0 1 0 0 0 Bk R G B
Character display line address 0 1 0 0 1 R3 R2 R1 RO
Character display column address 0 1 0 1 C4 C3 C2 Cl CO
Background specification 0 1 1 0 S4 S3 Rb Gb Bb
Display on/off, smoothing etc. 0 1 1 1 0 0 Sy Sm Do
Blinking/oscillator control 0 1 1 1 0 1 B1 B2 Os

Format Selection 1 1 1 1 1 1 Fo Fr

Bank -1 commands Fo=1
CRAM write address 0 0 A5 A4 A3 A2 Al AO
CRAM word address 0 1 0 0 W3 W2 W1 WO
CRAM line address 0 1 0 1 L3 L2 Ll LO
Display position vertical address 0 1 1 V4 V3 V2 V1 VO
Display position horizontal address 1 1 0 H4 H3 H2 H1 HO
Character size specification 1 0 S5 S4 R3 R2 R1 RO
Test mode setting 1 1 1 0 T3 T2 T1 TO

Control suggestions
These button functions were implemented
on the prototype for programming the on-
screen display via software.
+(up arrow): To position the overlayed screen upwards

Change DATE and TIME

Select character

-(down arrow): Position overlayed screen downwards

Change DATE and TIME

Select character

(left arrow): Position the overlayed screen to the left

Step blinking text character backward

(right arrow): Position the overlayed screen to the right

DATE/TIME: Selects date and time adjustment mode (4s)

TEXT: To select text adjustment mode (4s)

TEXT OFF: To switch text line on and off

SET: To complete setting and move blinking character forward.

instructions are divided into two banks. Table
4 shows the ,uPD6145 command list.

Initially, the format reset command must be
input to the pPD6145 (Fr at logic one). To do
this, first consider the serial communication
routine. It transmits a hexadecimal byte from
the cpu to the kePD6145. The byte to be trans-
mitted must be stored in cpu register R6
before entering this routine. The CALL to
OSD_Ser routine, located at the 08A016,
starts transmission; List 1:

Next the horizontal and vertical display
positions must be specified. As shown in
Table 4, these functions belong to the Bank -1
Command Set. That is why R6 was loaded
with FE16 in the previous transfer. Figure 1
shows how to calculate a position of the 24 -
column -by -12 -row screen.

As shown in Fig. 1, Hposition and Vposition
define the top left hand corner of the displayed
area. Formulas are as follows:

Hposition(p s)=
[12/Posc(MHz)]x[24xH4+23xH3+22H2+21xH
1+2NHOj

and,

Vposition=
9Hdotx[24xV4+23xV3+22V2-F2lxV1+2NVO]

Note that (H4... HO)=(O... 0) is not a valid
combination, and Hdot represents a single tv
line. The CCIR standard has 625 lines per
screen. If, for example, the on -screen display
chip's oscillator generates 6MHz. This fre-
quency is determined by L1, C17 and variable
capacitor C18.

If (H4, H3, H2, H1, HO)=(0, 0, 1, 0, 0) then
calculated Hposition is Bps. This is about
12.5% of the duration of a single tv line ie. the
position of the first displayed column will be
shifted by 12.5% from the left screen edge,
and so on. These sets of bits (H4... HO and V4.

VO) combined with value of capacitor C18
determine the position and width of the over-
layed screen.

Now back to the assembler language, locat-
ed at 083416:

MOV R6, #60h
; Display position Vpos=0.
CALL OSD_Ser
MOV R6, #C1h
; Display position Hpos=O
CALL OSD_Ser

Next, the size of the displayed character has
to be set. This size is defined by bits S4 and
S5 from the character size command. Four
size options are available: size 1 occupies 9 tv
lines, size 2 18 lines, etc. The following code
specifies displayed character size:

MOV R6, #80h ; Size -1.
CALL OSD_Ser

To complete the OSD set up the cpu has to
send some additional properties. All belong to
the Bank -0 command set. The first byte to be
sent is the format reset command for Bank -0
and then the other outstanding parameters.

This code is located at 084016 of the program
memory eprom:

MOV R6, #OFCh
"FC" specifies Bank -O.

CALL OSD_Ser
MOV R6, #88h
; "88" defines Blinking on and colour Blk.
CALL OSD_Ser
MOV R6, #0C0h
; "CO" means No Background.
CALL OSD_Ser
MOV R6, #OE7h
; Turns the entire display ON.
CALL OSD Ser
MOV R6, #0E9
; Turns On oscillation and Blinking Off.

So, that is it. Now you can try to display
something on the screen. To display '8' in row
three and column five for example.

MOV R6, #92h
; "90" would indicate Row 1
CALL OSD_Ser
MOV R6, #A4
; "AO" would indicate Column
CALL OSD_Ser
MOV R6, #08h
; "08" is the number we want to display.
CALL OSD_Ser

and the desired number '8' will be displayed
where we wanted.

After the initialization, most of the time the
program will rotates around a loop, waiting for
a key to be pressed or seconds from the time
counter to be elapsed.

Publishing the whole firmware's source
code - about 4kbyte - with assembler and
explanations is not feasible, but I think that
ther should be enough here to give you some
idea of what is involved, in writing/modifying
the software for the on -screen display unit. 

Technical support

Readers interested in a designer's kit
incorporating the 6145 on -screen dis-
play IC, osd and keypad pcbs and a
pre-programmed e -prom can obtain
one from Polvision at 77 Glanton
Way, Dianella, Western Australia
6062 for AU$99. The NEC pPD6145
is difficult to obtain in small quantities
in the UK, but it is freely available in
Australia. NEC's head office there can
be reached on 0061 392 621111.
The pPD6151 appears to be a drop -in
replacement, but this device will not
allow you to define your own charac-
ters. The pPD6156 could also be used,
with minor circuti alterations. Thuis
device's command set is also slightly
different.
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Specialist in Parts - Broad 'n pdilook
The 1996 Cirkit Catalogue includes

components from these and many other
leading manufacturers:
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Get out of a pickle -

get into SpiceAge!

Hands up all who have been
there? A great idea turns into
sleepless nights: getting one
thing right breaks something
else...

Some circuits require the refining of
many interdependent variables.
SpiceAge provides a virtually limitless
inventory of components, signal
functions and instruments with
facilities for sweeping values, with am
and fm through arbitrary functions. It
can guide you to a solution that could
take much longer to find using
hardware.
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SpiceAge up your design without burning a hole in your pocket. Prices from just £85 + VAT to £695 +
VAT. Friendly technical help comes free (dreadful puns optional). For a demonstration kit and details of our other and third
party support programs (includes schematics, PCB layout, filter synthesis and model
synthesis), please contact:
Charles Clarke at Those Engineers Ltd, 31 Birkbeck Road, LONDON NW7 4BP.
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Dictionary of
Communications

Technology

Terms, definitions and
abbreviations
Gilbert Held, 4 -Degree Consulting,

Macon, Georgia, USA
In response to the changing
face of the
telecommunications industry
and the rapid expansion in
the use of microprocessors,
fibre optics and satellites, Gil
Held has updated his earlier
telecommunications dictionary
to bring readers in line with
the very latest developments
and terms in communications
technology.

Features Include:
 Over 9000 references and
250+ illustrations
 Comprehensive coverage of
data and computer
communications
 New entries on PC LANs,
the Internet, client/server
operations and
communications testing
 Trade name information

First Edition Review:
"For a consultant or
telecommunications operative,
this book is a must. It is
comprehensive and timely ...
an excellent reference for the
IS professional."
Data Processing Digest
ISBN 0471 95542 6, 512pp, hardback, UK

£68.50, Europe £73, ROW £85

ISBN 0471 95126 9, 512pp, paperback, UK

£38.50, Europe £43, ROW £55

Testing, Troubleshooting

and Tuning Local Area

Networks
Techniques and tools to
isolate problems and boost
performance
Gilbert Held, 4 -Degree Consulting,

Macon, Georgia, USA.
Recognising the problems

77(0

encountered by network users
and administrators on a daily
basis, this book is designed to
assist readers by focusing on
testing, troubleshooting and
tuning of Ethernet and Token -
Ring networks. It is devoted
exclusively to: how things go
wrong how to recognise,
monitor and test for problems;
network analysis and network
management products that
assist users in examining the
flow of data in a complex
network.
ISBN 0471 95880 8, 275pp, hardback, UK

£37.50, Europe £40, ROW £50

Wireless Information
Networks
Kaveh Pahlavan, Worcester

Polytechnic Institute and Allen H

Levesque, GTE Government Systems

Corporation.

Wireless Information
Networks organises all major
elements of wireless
technology - cordless and
cellular telephony, Personal
Communications Systems
(PCS), mobile data networks
and Wireless Local Area
Networks (WLANs),

lresenting
them from a

ogical, systems engineering
perspective. Technical
material is thoroughly
integrated with special
applications and focuses on
four main areas: Wireless

standards and descriptions of
systems and products;
Measurement and modelling
of radio and optical wave
propagations; Wireless
transmission techniques and
Wireless multiple access
techniques.
Contents: Overview of
Wireless Networks. Frequency
Administration and Standards
Activities. Characterisation of
Radio Propagation. Channel
Measurement and Modelling for
Narrow -band Signaling.
Measurement of Wide -band
Channel Characteristics.
Computer Simulation of the Radio
Channel. Modem Technology.
Signal Processing for Wireless
Applications. Spread Spectrum
for WIN Systems. Wireless
Optical Networks. Networks and
Access Methods. Standards and
Products.

ISBN 0471 10607 0, 304pp, hardback, UK

£63.50, Europe £68, ROW £81

Applied Cryptography
2nd Edition
Protocols, Algorithms and
Source Code in C
Bruce Schneier, Security
Consultant and President of
Counterpane Systems, USA
This revision of the
programmer's and system
designer's guide to the
practical applications of
modern cryptography

provides the most
comprehensive, up-to-date
survey of modern
cryptographic techniques,
along with practical advice
on how to implement them.
New to this edition:
 Detailed treatment of the US
government's Clipper Chip
encryption program
 New encryption algorithms
(eg. 'GOST') recently
obtained from the former
Soviet Union
 More detailed information
on incorporating algorithms
and programming fragments

into working software
 The latest developments in
the fields of message
authentication ('digital
signatures') and digital cash.
ISBN 0471 128457, 816pp, had back, UK £59,

Europe £64, ROW £78

ISBN 0471 11709 9, 816pp, paperback UK £44,

Europe £49, ROW £63

Data and Image

Compression
4th edition
tools and techniques
Gilbert Held, 4 -Degree Consulting,

Macon, Georgia, USA
Data and image compression
are key issues in computer
communications with the
increasing demand for data
transmission capacity.

Guiding the reader through
the main techniques, this book
explains how practical data
and image compression
techniques are now vital for
efficient, low-cost transmission
and data storage
requirements. Building on the
success of the previous
editions of Data Compression,
the scope of the fourth edition
has been considerably
expanded. Now covering
image and fax compression,
the text has been restructured
to take account of the many
new advances in this
important field. It is also
accompanied by an updated
disk containing compression
routines.
ISBN 0471 952478, 450pp+disk, hardback,

UK £58.50, Europe £63, ROW £75

Handbook for Digital
Signal Processing

S.K. Mitra, University of
California and J.F. Kaiser, Bell
Communications Research, New
Jersey, USA
This is the definitive source of
detailed information on all
important topics in modern



Lunt, r

digital signal processing. The
only current handbook of its
kind, it meets the needs of
practising engineers and
designers of hardware,
systems and software. Written
by world authorities, the
Handbook for Digital Signal
Processing is supplemented
with hundreds of informative
tables and illustrations. For
professional engineers,
designers and researchers in
electronics and
telecommunications, this work
will be an indispensable
reference - now and for years
to come.

Contents: Introduction;
Mathematical Foundations of
Signal Processing; Linear Time -
Invariant Discrete -Time Systems,
Finite -impulse Response Filter
Design; Digital Filter
Implementation Considerations;
Robust Digital Filter Structures;
Fast DFT and Convolution
Algorithms; finite Arithmetic
Concepts; Signal Conditioning
and Interface Circuits; Hardware
and Architecture; Software
Considerations; Special Filter
Designs; Multirate Signal
Processing; Adaptive filtering
Spectral Analysis; Index.
ISBN 0471 61995 7, 1302pp, hardback, UK

£110.50, Europe £118, ROW £138

Solving Interferei,
Problems In Electronics
R. Morrison, Eureka California, USA

Interference in electronic
equipment is a constant
source of difficulty for the
design and systems engineer.
Until now, there has not been
a coherent theory that
engineers can refer to in their
design work and the solution
of interference problems has
therefore often considered to
be an 'art'. Written by an
acknowledged expert in the
field, this new title provides
methods and techniques for
testing and evaluating

designs, and covers
interference questions in
computer manufacturing and
systems design.
ISBN 0471 12796 5, 206pp, hardback, UK

£47.50, Europe £48.50, ROW £54

Diode Lasers and

Photonic Integrated
Circuits
L. A. Coldren and S. W. Corzine,
both of the University of
California, Santa Barbara, USA.
Diode lasers are found in
numerous applications in the
optoelectronics industry,
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telecommunications and data
communications, ranging from
readout sources in compact
disc players to transmitters for
optical fibre communications
systems. This new title
provides a comprehensive
treatment of diode laser
technology, its principles and
theory, treating students as
well as experienced engineers
to an in-depth exploration of
this fast growing field.
ISBN 0471 11875 3, 620pp, hardback, UK

£63.50, Europe £67, ROW £78

All prices are fully
inclusive of packing
and delivery
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Exclusive EW+VVW reader offer
versatile dmm & tester for £14.95
Featuring 10A dc measurement capability and transistor hFE test
facility, the DT830B is a compact, 3.5 digit multimeter with six
measurement functions. This attractive meter normally sells at
£23.44, excluding postage. As a special introductory offer -
exclusive to EW+WW readers in the UK* - instrument distributor
Vann Draper Electronics is offering this meter for just £14.95, fully
inclusive of vat and postage.

In addition to reading dc and ac voltage, dc current and resistance,
the DT830B has a diode -test function and a transistor hFE range
indicating gains from 0-1000. Supplied with test leads and battery,
this compact multimeter weighs just 1 70g and measures 70 by 126
by 24 - truly a pocket sized instrument. Its liquid crystal display has
high -contrast 0.5in high characters.

*Overseas readers, please read the note on the coupon.

Use this coupon to order your meter
Name
Company (if any)

Address

Phone number
Post code
fax

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

Card No Expiry date

Please mail this coupon to Vann Draper Electronics, together with payment. Alternatively fax
credit card details with order on 0116 257 0893 or telephone on 0116 281 3091. Address
orders and all correspondence relating to this offer to Vann Draper Electronics at Alexander
House, Bampton Close, Wigston, Leicester LEIS 2RZ.

*Overseas readers can also obtain this discount but details vary according to country.
Please ring, fax or write to Vann Draper Electronics.

DT830B key specifications
DC voltage 0.2/2/20/200/1000V
Basic accuracy ±0.5%
Input impedance 1MS2

Max input 1000V dc

AC voltage
Basic accuracy
Input impedance
Frequency range
Max input

DC current
Basic accuracy
Overload protection

Resistance
Basic accuracy
Overload protection

200/750V
±1.2%
0.45M
45-400Hz
750V ac

200p/2000p/20m/200m/10A
±1.0%
0.2A fused
10A not fused

200/2000/20k/200k/2M
±0.8%
250V dc/ac

Next issue - November - on sale 26 October

Free with EW+WW
Cover -mounted TO -92 three -terminal voltage regulator

Manufactured by Zetex, this high-performance 5V regulator is
similar to the industry standard 78L05, except that it has a
quiescent current of around 350pA as opposed to 2-3mA. In
addition, it has double the output current, at 200mA, and
improved line and load regulation.
Remember... you can reserve your copy of Electronics World with your local newsagent.

Simply fill in the card in the magazine to guarantee your monthly copy.
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ANCHOR SURPLUS Ltd
The Cattle Market Depot

Nottingham NG2 3GY. UK
Telephone: +44 (0115) 986 4902/

+44 (0115) 986 4041 24hr answerphone
Fax: +44 (0115) 986 4667

Micro Video Cameras
Following last Month's Readers Offer for the 721-S Micro Camera many readers have contacted us asking about

other items in our range of Micro Cameras and Security

Surveillance equipment.

We are SOLE AUTHORISED IMPORTERS of

the entire range of Cameras and Video Surveillance
equipment produced by the world's leading manufacturer.

ALL items in the range carry a full 12 Months Guarantee.
If you would like to receive our comprehensive catalogue

of Cameras and associated equipment please send a large
SAE with 48p postage, marked "Camera Catalogue"

Here is a sample of the available stock.
A -721-S Micro Camera 32mm x 32mm ... £85

A -721-P Micro PIN -HOLE Camera ... 32mm x 32mm ... £85
A -921-S Camera with AUDIO ... 30mm x 30mm ... £95

A-1211 C/CS Mount Camera ... 110mm x 60mm x 60mm ... £110
A-521 Micro Cased Camera 43mm x 48mm x 58mm ... metal cased ...£120
6001-A High Resolution COLOUR Cameras (420 lines) ... 0.45 lux ... £210

Outdoor Camera Housings ... Aluminium ... £45
Camera Mounting Brackets ... Universal Mounting ... £5.95

Camera Switchers ... for up to 8 Cameras ... £85
Auto Record Controllers ... Allow NORMAL VHS Videos to operate

like professional Time Lapse or Security Recorders ... £75
QUAD -1 Multi Vision Processors ... Digital Freeze ... Quad Pictures etc £275

PLEASE NOTE:
AS A CONTINUED SPECIAL OFFER ALL THE ABOVE CAMERA AND ACCESSORY PRICES INCLUDE VAT AND CARRIAGE TO UK ADDRESSES

Government Surplus Electronics Equipment on Special Offer This Month
THANDAR TC200 LCD Hand Held Digital Meters ... 0-200uF 0-2H 0-20MLI ... ONLY £50

THURLBY 1905a Intelligent 51/2 Digit MultiMeters ... 0.015% acc ... Log, Filters, Math ... ONLY £175
TIME Electronics 404N/1021 Voltage/Current Calibrators ... 0.05% accuracy ... ONLY £275

FRANKLIN Wavetek 3600 Power Line Disturbance Monitor + Printer ... LAST 2 NOW ONLY £350
MARCONI TF9693 + TF2361 + TF9695 VHF Sig Gen / Sweeper sets ...

1Mhz-300Mhz ... 0.01-100Khz sweep rate ... 0-60db attenuators
INCL Cased Adaptor sets ... LAST FEW NOW ONLY £125

COMARK 2007 + 3 "K" type probes ... 0.1*res ±0.5%acc ... Cased As New ... ONLY ... £65
Other Digital Thermometers always in stock ... Please Phone

SINERGY TRILINE PCSA Energy Monitor LCD Screen ... Colour Plotter 1+3ph ... ONLY £195
MARCONI TF2300S FM/AM Mod Meter 3.5Mhz-IGhz AM/AM ... ONLY £75

HP8616A Signal generators 1.8Ghz-4.5Ghz AM/FM/Pulse £125
TEK 7603 + 7A18 + 7B50A 4 Channel 100Mhz Scope ... Rack version ... FEW left ... Only £325

CLARE A217 Earth Bond Testers .. 0-30A ... 0-250MS2 ... FEW left ... Only £75
FARNELL TM8 Sampling RF Millivoltmeters lmV-3V 10Khz-1.5Ghz ... FEW left ... ONLY £125

MARCONI TF2603 RF Millivoltmeters + Accessory Kit ... LAST FEW ... ONLY £60

OPEN SEVEN DAYS A WEEK
Mon -Fri 9am-6pm Sat Sam-4pm Sun 10am-4pm

NO APPOINTMENTS NEEDED. CALLERS ALWAYS WELCOME
All Prices are Ex VAT & Carriage

All items are Fully Tested with Verified Calibration
and carry our Unique 30 Day Un-Conditional Warranty

Access

Aftlik
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TiePieSCOPE HS508
interface PC parallel printer port
sampling speed 50 Msamples/sec
resolution 8 bits

). input range 50 mV/div - 20V/div
record length 32KByte/channel
price £597.00, incl. software, user manual
and 2 probes (1:1/1:10 switchable)

10041

INPUT 20 volt max.

100 kHz sampli

I
Scope

to PC printerportLI

You get a free .Scope
when you buy a TP508 or a HS508

until september 1st 1996

resolution 8 bits
sampling speed 100 kSamples/sec
input range 2.5V, 5V, 10V and 20V
connects to PC parallel printer port

Software for
the PC -based instruments

ANALYZER CH 1
3,70

3,20

2,70

2,20

70

0.20

contains an Oscilloscope, a Spectrum analyzer, a Voltmeter, and a
Transient recorder. All instruments are controlled in the same intuitive way

and provide for saving and recalling waveforms and settings, cursor measu-
rements, hardcopy on matrix/laser printer and online help. Minimum require-
ments: a 80286 -based PC with 2MByte and running MS-DOS 3.3 or higher.

Fax for a free demo disk and catalog of all our products

Easy installation: just plug in and measure

WINDOW

RECTANGLE

MANNING

BLACKBLACINN

BARTLETT

TP508
interface PC-XT/AT ISA slot
sampling speed 50 Msamples/sec

> resolution 8 bits
input range 5 mV/div - 20 V/div
record length 32 KByte/channel
price £ 630.00 incl. software, user manual
and 2 probes (1:1/1:10 switchable)

Prices are excluding V A.T

TiePie engineering (NL)
P.O. Box 290 Koperslagersstraat 37
8600 AG Sneek 8601 WL Sneek
The Netherlands The Netherlands
Tel: +31 515 415 416 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

Finally an upgradeable PCB CAD
system to suit any budget ...

4-77(1
rN) 1( I) / I \ Capture

BoardCapture - Schematic Capture
Direct netlist link to BoardMaker2
Forward annotation with part values
Full undo/redo facility (50 operations)
Single -sheet, multi -paged and hierarchical designs
Smooth scrolling
Intelligent wires (automatic junctions)
Dynamic connectivity information
Automatic on-line annotation
Integrated on -the -fly library editor
Context sensitive editing
Extensive component -based power control
Back annotation from BoardMaker2

1395

111111111111111111 1111111111111111111111111111111

BoardMakerl - Entry level
PCB and schematic drafting
Easy and intuitive to use
Surface mount support
90, 45 and curved track corners
Ground plane fill
Copper highlight and clearance checking

BoardMaker2 - Advanced level
All the features of BoardMakert plus
Full netlist support - OrCad, Schema, Tango, CadStar
Full Design Rule Checking - mechanical & electrical
Top down modification from the schematic
Component renumber with back annotation
Report generator - Database ASCII, BOM
Thermal power plane support with full DRC

Maker
195

1395

outer
BoardRouter - Gridless autorouter

Simultaneous multi -layer routing
SMD and analogue support
Full interrupt, resume, pan and zoom while routing

Output drivers - Included as standard
Printers - 9 & 24 pin Dot matrix, HPLaserjet and PostScript
Penplotters - HP, Graphtec, Roland & Houston
Photoplotters - All Gerber 3X00 and 4X00
Excellon NC Drill / Annotated drill drawings (BM2)

Contact Tsien for further
information on

Tel 01354 695959
Fax 01354 695957

1200

tsien
,--t

AWV7 10-30
Tales (UK) Ltd Aylesby House Wenny Road Chatieris Cambridge PE16 6U7=MEM
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Hesitant pricing of the

radio spectrum
DTI's proposals for

spectrum pricing offer the
prospect of very large
benefits to the UK
economy - provided
some remaining
traditional assumptions
can be relinquished,
reasons David Rudd.

David Rudd, Ph.D., C.Eng., is an
engineering and economics consultant. He can be

contacted at 14 Colcokes Road, Banstead, Surrey,

SM7 2EW, telephone number 01737 356427.
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ca 300
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100
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year

Third 1

year
Review

Fig. 1. Private business radio - PBR - shared
local 2x12.5kHz channel, 10 mobiles, 25W in
two regions. The first region covers London,
Manchester and Birmingham, the other the
remainder of the country.

The DTI white paper, 'Spectrum
Management: into the 21st Century' 1 ,
proposes to introduce a radically new

method of charging for radio transmission
licences - known as 'spectrum pricing'. It fol-
lows a two-year consultation, to which more
than 400 spectrum users, industry bodies and
others responded. The method of charging will
come into operation when Parliament can find
time for the legislation.

The purpose of spectrum pricing is to allevi-
ate the present congestion in some parts of the
spectrum. Spectrum pricing will also make
future allocations and assignments (see Inset 1)
depend on the scarcity value of the spectrum in
those parts. In this way, users can make better
informed choices and potential users who are
currently denied licences may be able to obtain
them. This will allow them to improve their ser-
vices to their customers. The principle was
discussed in last month's issue2.

The proposals are largely a revival
and further development of a proposal
that I wrote for the Department of ,

Transport's contribution to the
Merriman Report in 19833 and pub-
lished again in 1980 but which
was then pigeon -holed. The main
objectives are the same, as are the
parameters of the charges, see
Inset 2. Even the options by
which the spectrum users who face
increased charges will be able to
avoid or reduce them, so releasing
spectrum for other potential users,
are the same Inset 3. But there are
some serious differences.

Setting the prices
The white paper recognises that
the prices should be set to
reflect the value of the spec-
trum - not to maximise revenue.
DTI's Radiocommunications
Agency (RA) is considering two
methods of setting the prices in
the parts of the spectrum which
come under its management,
namely:

 Auctions - the Government's

preferred method for users in the private sector,
on the supposed grounds of economic efficien-
cy, transparency and speed. Also because auc-
tions are thought to enable the market rather
than the spectrum manager to set the prices;

 Administrative pricing - so called - under
which the RA will have to set the initial prices
without knowing the true value of the spectrum
but which the responders to the consultation
markedly prefer.

Perhaps because of the
above preference, the RA

1904-
Att. o C. It'!" ION

AltV. 4

lt 0

/

"How should we develop this new policy on spectrum
pricing, Sir Humphrey ?"
"Well, Bernard, the principle is that all spectrum users are
equal. It means they must all pay for their spectrum on a
comparable basis."
"Will that include the broadcasters and the MOD, sir V
"Certainly, but we know of course that some users are more
equal than others."
"Yes MM- er, Sir Humphrey!"
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Inset 1 - Allocation and assignment
Allocation is the identification of frequency
ranges for specific applications, e.g. broad-
casting.
Assignment is the authorisation for a trans-
mitter to use a specific frequency or channel.
These two are roughly analogous to whole-
saling and retailing respectively in commerce.
Source - glossary of the white paper.

Inset 2 - Parameters of the charges
Administratively determined charges
depend on:
 bandwidth - pro rata,
 effective power - pro rata for private busi-

ness radio,
 position in the spectrum - specific frequen-

cy or channel,
 geographical location.
All are as proposed in the IEE paper of 1986.

will

Inset 3 - Options for users
Users who face higher charges will have the

following options or some of them:
 more spectrum -efficient technology, such,as

trunking,
 greater sharing with other users,
 migration to less congested bands,
 modifying operating procedures,
 using different means of communication,

such as cable or optical fibre
Again, all are as previously proposed.

*ntends to price the spectrum for the first
affected services administratively. They are:

 private business radio (PBR, previously
known as private mobile radio),

 public access mobile radio (PAMR),
 personal communication networks (PCN)
 cellular telephony (CT),
 point-to-point fixed links.

The figures show the present charges and
some illustrative future charges. The RA
intends to phase in the new charges over three
years and then review them.

For PBR, Fig. 1, there will be two regions.
First is MR1, covering the major cities London,
Manchester and Birmingham Here, the charges
will more than double over the three years.
Second is MR2, covering the rest of the UK, in
which the charges will not rise and may fall.

For PAMR, Fig. 2, the charges will rise by
more than five times over the three years and
for PCN and CT, Fig. 3, by more than three

and six times respectively.
For point-to-point fixed links, Fig. 4, there

will also be two regions. FRI will cover links
with one or both ends in major population cen-
tres - Greater London, West Midlands, Greater
Manchester, Tyneside, Liverpool, Glasgow or
Leeds. Charges in FR1 will rise by up to nearly
twelve times, depending on spectrum band and
availability. Secondly, FR2 will cover the rest of
the UK. Charges will also not rise and may fall.

Those are large increases. Some implications
for the users are given in Inset 4.
Unfortunately the way in which the prices have
been estimated reveals some vagueness - or
perhaps misunderstanding - about the objec-
tives of spectrum management. The white
paper acknowledges that the prices should
reflect the scarcity value of the spectrum - as
proposed in 1983 and 1986. However, the ini-
tial prices have been calculated by consultants
from estimates of the marginal value of the
spectrum to the user. Marginal value in that
sense is not the same as scarcity value and so
may lead to the spectrum being substantially
over -priced or under -priced, Inset 5.

Balancing supply and demand
When the charges for spectrum begin to reflect
its scarcity value, some users will begin to
exercise their options for reducing their
charges. This will reduce the demand for spec-
trum and in turn reduce its scarcity value in
those bands. That is the intended effect of
spectrum pricing, but that elasticity of demand
cannot be measured in advance.

So the initial prices will have to be
reassessed as soon as they begin to affect the
demand for spectrum. This means it is proba-
bly unavailing to try and improve the estimates
in advance. However the over-riding, long-
term objective - which the white paper fails to
emphasise - must be to try and balance the
availability of spectrum in any band and the
demand for it in that band.

Ideally, as the earlier proposal stated,

"any applicant should be able to obtain a
licence at the going rate in any geograph-
ical location and any region of the spec-
trum, but there should be no unoccupied
band where the rate is greater than zero.
Inevitably, in practice, the rate will often
be higher or lower than that, resulting in
some queuing for spectrum and some
bands being unoccupied, if only tem-
porarily, where the rate is not zero."

Such imperfections have to be accepted in the
interest of making the best use of the spectrum
in the long term. They are not adequate grounds

Inset 4 - Implications of new charges
The implications of charges for a user will depend on their amount relative to the user's turnover.
The white paper estimates that the charges are unlikely to be prohibitive, even for small firms, but
of course there may be a few individual exceptions. The crucial question is whether the increases
will be large enough to induce some businesses to relinquish spectrum in the congested bands (see
Inset 3), thus enabling other businesses, which value that spectrum more highly, to move in. If they

are not, they will have to be increased until they begin to have that effect.

for changing or weakening the objective.
Those difficulties, coupled with fear of unin-

formed public criticism if there are unused
bands and/or queues, are probably the under-
lying reasons for the Government's preference
for auctions in the private sector. Here, high
prices, unused spectrum and queues can all be
blamed on market forces, which are widely
acclaimed though poorly understood. The
users, on the other hand, probably associate
auctions with the much publicised sales by
auction of works of art, where speculation and
hoarding are rife and prices fluctuate wildly
from year to year.

Fluctuating prices are anathema to engineers
who are trying to plan long-term projects. Some
references to the RA's regulatory powers to
prevent major users from hoarding spectrum to
exclude competition are too vague to be reas-
suring. It is significant that the Government
does not intend to make the public -sector users
bid for spectrum in auctions. Perhaps it will
reconsider its preference for auctions in the pri-
vate sector when the RA has some practical
experience of administrative pricing.

The principle of equality
The white paper mentions some well-known
technical and international constraints on the
extent to which the price mechanism can be
applied to the spectrum. They are on a par with
the way in which planning legislation effec-
tively constrains the prices at which land is
sold or leased. Within those constraints, the
earlier proposal emphasised the importance of
equality in the treatment of spectrum users.
Any discrimination between commercial and
non-commercial, public and private, civil arid
military or major and minor users will
inevitably weaken the benefits of pricing on
the economically efficient use of spectrum.

Inset 6 shows the percentage allocations to
the major and minor user categories over four
frequency ranges in 1994. The three major cat-
egories - broadcasting (BBC & ITV), defence
and telecommunications (BT & Mercury) -
together predominate. They occupy roughly
two thirds of the total spectrum below 30GHz
and one third of the spectrum so far allocated
above 30GHz. Minor users - in some nineteen
categories - are interspersed between them.

It follows that a small percentage improve-
ment in the spectrum efficiency of a major user,
who then relinquishes spectrum, would be
worth as much in congestion relief as a large
improvement in that of any minor user. So
DTI's plans for the future allocations in those
three major categories will be particularly
important to the success of spectrum pricing.

BT and Mercury are in the private sector and
the RA will presumably charge them at the new
rates for their point-to-point fixed links. They
can have no legitimate complaint. This is
because BT's privatisation prospectus warned
that the Government intended to commission a
feasibility study into "some form of pricing for
the radio spectrum in place of or in addition to
the present licence fee basis." In the event, the
study reports turned out to be mainly about
deregulating and privatising the congested parts
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of the spectrum. It was critically reviewed in
EW&WW- Inset 7 - after which no action was
taken on it, but the warning had been given.

Special pleading
However, as regards defence, the white paper
states that: "the public sector [including the
armed services and the emergency services,
one of the minor categories] should have the
same incentives for spectrum efficiency as the
private sector. Accordingly public sector users
will pay administrative charges on a compara-
ble basis to the private sector." That looks like
a move towards equality, but 'comparable' is
not the same as 'equal' and there is no mention
of applying the price mechanism to determine

Inset 5 - Value definitions
The scarcity value is the amount which those
who do not use the spectrum would be able
and willing to pay for it and derive a net ben-
efit from it.

The marginal value, on the other hand, is -
according to the white paper - "a measure of
the worth of the assignment to the user. It
reflects the amount the user would have to
pay [for an equivalent service] if deprived of
it." But that amount may be much greater or
less than what a different user, with different
problems and priorities, would be able and
willing to pay.

Inset 6 - Percentage allocations
Allocation to: BBC & ITV Defence
<1GHz 39.9 28.8

11.71-3GHz
3-30GHz
>30GHz

30.4 20.0
37.8 32.0
14.3 3.6

BT & Mercury Other
31.3
37.9
26.5
28.8

Source: 'The Future Management of the Radio Spectrum
Radiocommunications Agency, March 1994.

- A

Unallocated

3.7
53.3

Consultative Document',

the size of those public -sector allocations.
On the contrary, the statement is followed

by: "the Government's control of spectrum
allocation will ensure that the bodies concerned
continue to have access to fulfil their opera-
tional needs", without stating how such needs
will be measured. Those allocations are man -
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Fig. 2. Public -access mobile radio - PAMR -
national 2x12.5kHz channel. Charges will rise
by more than five times over three years.
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Fig. 3. Personal communications networks
and cellular telephony - PCN and CT - over
three years, charges will rise by more than
three times for PCN and six times for CT.

aged by the Ministry of Defence, the Home
Office and so on, not by the RA.

The white paper also applies what it calls
`particular considerations' to the broadcasting
allocations, which are managed by the Radio
Authority and the Independent Television
Commission - again not by the RA. It claims
that the competition for Broadcasting Act
licences "imputes a market -determined scarci-
ty value for spectrum". But again there is no
mention of allowing market forces to deter-
mine the overall broadcasting allocations. This
alone would ensure genuine equality of treat-
ment between the broadcasters and other users
and applicants.

The prospect which unfortunately emerges
is of several government departments putting
forward competing assessments of operational
needs on behalf of their sponsored users to
justify their retention of their privileged allo-
cations - at much lower rates per kilohertz of
bandwidth than private -sector users in imme-
diately adjacent bands. Now an abrupt change
in the price of land at, say, the edge of a marsh
or a precipice may be justifiable, but the radio
spectrum does not have such natural edges. It
is continuous from zero to 100GHz and
beyond.

Any abrupt change in its price per kilohertz
will be a sure indication that it is not being
used economically on the lower -price side. By
pushing up the prices in the congested parts of
the spectrum without inducing the privileged
users to relinquish spectrum, such discrimina-
tion might bring the whole concept of spec-
trum pricing into disrepute.

In spite of that argument, many people will
probably assume instinctively, as does the
white paper, that at least the emergency ser-
vices - police, fire and ambulance - ought to
have special treatment. The counter -arguments
have been set out more than once but so far

Inset 7 - 'Privatisation of the radio
spectrum' EW+WW, September 1987
The study reviewed in a my earlier article
Privatisation of the radio spectrum6 had been
commissioned by DTI to consider the practi-
cality of spectrum pricing, as had been moot-
ed in 1983 in the Merriman Report. The arti-
cle criticised the study report for its change of
emphasis from pricing to deregulation and in
particular for two major departures from the
1983 proposals plus a remarkable privatisation
proposal.

The first departure was to exclude both
defence and broadcasting from the pricing sys-
tem, thus leaving only a rump of mainly small
users in the system. That would have under-
mined the operation of the price mechanism
so seriously as to invalidate it.

The second departure was to allow revenue
maximisation to become the guiding principle
in pricing the spectrum instead of the principle
of balancing supply and demand. That would
have distorted the decisions of the paying
users to the detriment of the whole UK econ-
omy.

The report went on to assert that there was
no prospect of a general spectrum shortage for
the next ten or twenty years - which was
completely belied by events - and to propose
that spectrum management licences should be
granted to a limited number of 'Frequency
Planning Organisations', or FPOs, in the pri-
vate sector.

By defining the band(s) within which each
FPO would operate exclusively, the proposal
would have effectively negated their induce-
ments to compete with one another. Moreover
they would not have had to pay for the scarci-
ty value of their spectrum but would have
been allowed to charge their users as much as
they could get. The article dubbed that as a
remarkable example of privatisation by gift.

The white paper recognises that revenue
maximisation should not be the objective in
setting the prices and it does not exclude
defence or the broadcasters from the pricing
system, but it still instinctively tries to protect
both of those categories. It does not propose
any FPOs but it talks about the possibilities of
'Spectrum Management Organisations', which
would undertake some administrative and
technical management functions of parts of
the spectrum.

have not been much heeded. They are there
fore repeated in Inset 8.

Second-hand opinions
The white paper asserts that: "broadcasters
have little scope to increase spectrum effi-
ciency using existing technology" but that
"digital broadcasting offers the prospect of
considerable spectrum efficiency gains." So the
Government "wishes actively to promote the
switch to digital" in the hope of generating
"exciting wealth creation opportunities."

continued on page 812...
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Transform your PC
he DC -10

meter, voltmeter, data logger .. for as little as £49.00 T
with

A
PicoScope gisupplievesd

Pico Technology specialises only in the development of PC based data acquisition
your computer a single

into a digital oscilloscope, spectrum analyser, frequency

channel of analog input.
instrumentation. Call for your guide on 'Virtual Instrumentation'. riive-lo £49 with PicoLog £59

Virtual Instrumentation
Pico's PC based oscilloscopes simply plug into the
parallel port turning your PC into a fully featured
oscilloscope, spectrum analyser and meter.
Windows and DOS software supplied.
42V-/00 Dual Channel 12 bit resolution
The ADC -100 offers both a high sampling rate 100kHz and a
high resolution. Flexible input ranges (±50mV to ±20V) make
the unit ideal for audio, automotive and education use.
rive -/00 £199 rtae-100 with PicoLog £219
412V-200 Digital Storage Oscilloscope

50 MSPS Dual Channel Digital Storage Scope
25 MHz Spectrum Analyser
Windows or DOS environment
±50mV to ±20V
Multimeter
20 MSPS also available

,42:v 200-20 £359.00
"Me 200-50 £499.00
Both units are supplied with cables, power supply & manuals.

tE-
elc

eta

Data Logging
Pico's range of PC based data logging products
enable you to easily measure, display and record
temperature, pressure and voltage signals.

TC-08 Thermocouple to PC Converter
 Supplied with PicoLog software for advanced

temperature processing, min/max detection and alarm.
 8 Thermocouple inputs
 No power supply required.

TC-08 £199
TC-08 £224 with cal. Cert.
complete with serial cable
& adaptor. Thermocouple
probes available.

Call for free demo disk --
and product range catalogue
Post & Packing UK £3.50, Export
customers add £9 for carriage & insurance.

Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ UK
Tel: + 44 (0)1954 211716 Fax: + 44 (0)1954 211880 E-mail: post@picotech.co.uk Web: http://www.picotech.co.uk/

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT

Eight year EW index
Hard copy or disk
Includes over 600 circuit idea references

Whether as a PC data base or as hard copy,
SoftCopy can supply a complete index of
Electronics World articles going back over the
past eight years.

The computerised index of Electronics World
magazine covers the eight years from 1987 to
1995 - volumes 94 to 101 inclusive - and is
available now. It contains almost 2000
references to articles, circuit ideas and
applications - including a synopsis for each.

The EW index data base is easy to use and
very fast. It runs on any IBM or compatible PC
with 512k ram and a hard disk.

Even though the disk -based index has been
expanded significantly from five years to eight,
its price is still only £20 inclusive. Please
specify whether you need 51/4in, 3.5in DD or
3.5in HD format. Existing users can obtain an
upgrade for £15 by quoting their serial number
with their order.

Hard copy Electronics World index
Indexes on paper for volumes 100 and 101 are available
at £2 each, excluding postage.
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tat . Circuit Ideas

SIMULATOR, INSERTION 8
C J Hall

May 1992, p422

Remote motor control
Resistance multiplier
SCR Inverter
Sample -and -infinite hold
Schmitt trigger, Pron. thresholds
Self -ID for plugs and sensors
Sensor, Linear Current
Servo, High -torque position
Servo, Simple
Simulator, insertion 8 return loss

R Ingle -pot Polarity & Gain adjust
Soft -start filament driver
Speech compressor
Square wave generator, 1:
Status detection over two
Stepper Motor Controller
Stepper Motor Controller
Stepper Motor Driver
Stereo expander
Switch, Low voltage

/11 Nol!s.

Photo copies of

Electronics World articles
Photo copies from back issues of

Electronics World are available at a

flat rate of £3 per article or 50p per

circuit idea, both excluding

postage.

RETURN LOSS

"Simultaneous insertion and return
loss plots".
Modelling a return -loss bridge at
the relevant port allow plot of
insertion loss, and, without
further computation, return loss
plot simultaneously.

I Design:

Directional couplers, hybrid
Gigahertz Systems on a Chip
HF receiver performance
HF receiving loop, improved
Hepa for RF power amplifier design
High quality punch for radiocomms
Hybrids in RE combiners
Impedance transformation
Measuring Detectors
Measuring with TDR

,Microwaves, New wave
Noise source, self -calibrating
Polyphase SSB
RF Design Revolution
RE Power Measurements in milliwatts
RF Transistors, Using /1
RE Transistors, Using /2
RF Transistors, Using /3

kRE filter for electro-explosives

1

/2

MICROWAVES, NEW WAVE
Mike Hashing

41 Concepts, circuits 8 de
April 1994, P276

02 The Laws of Microstrip
May 1994, p410

43 Lumped components 8 wave
June 1994, p472

114 Active devices for millim
waves.
July 1994, pS?1

115 Oscilator and amplifier
August 1994, p666

FI-Hel F2 -Search F3 -Memo F4 -Edit FS -Other FIN -Exit TAB

Ordering details
The EW index data base price of £20
includes UK postage and VAT. Add an
extra £1 for overseas EC orders or £5 for
non -EC overseas orders.

Postal charges on hard copy indexes
and on photocopies are 50p UK, £1 for
the rest of the EC or £2 worldwide.

For enquiries about photocopies, etc,

please send an sae to SoftCopy Ltd at
the address below.

Send your order to SoftCopy Ltd., 1
Vineries Close, Cheltenham GL53 ONU,
tel 01242 241455, or e-mail at
100556.112@compuserv.com. Please
make cheques payable to SoftCopy Ltd
- not EW or Reed Business Publishing.
Please allow up to 28 days for delivery.



MARLOW
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 pic-nic boxes, serum transportation,
educational and experimental use, equipment
cabinet cooling, dehumidifiers and component
cooling.
For further details, to place an order, or to arrange
for an engineer to call, contact:

Marlow Industries Europe
7 Laura House, Jengers Mead

Billingshurst, W. Sussex RH14 9NZ
Telephone: 01403 784849

Fax: 01403 782901

MEM=
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WE ONLY USE THE BEST

TEST AND MEASUREMENT

INSTRUMENTS ON OUR

OWN PRODUCTS...
OSCILLOSCOPES
Over 34 models including:
Digital, Analogue and Portables.
Bandwidths from 5MHz to
1 50MHz Sophisticated
triggering, single and dual

timebases, Multiple channels and large memory Dso's
Prices start from £235 (20MHz 2 Channel £399)

POWER SUPPLIES
Four separate ranges
comprising of 40 models from
low cost analogue displays to
the latest high performance
digital units. Providing up to
250 volts and 120 amps with
Master -slave, RS 232 and GPIB
are available on many models,
as are optional rack mount facilities.

AUDIO VIDEO RF
Audio Oscillators, Analysers Wow
and Flutter, Millivolt Meters and
Distortion Meters Pattern

Generators, Vectorscopes, Waveform Monitors Video
Analysers and Noise Analysers.
Five models of AM/FM Standard RF Generators offering a
highly stable frequency range of 1 OKHz to 2GHz with
digital readouts for Level, Frequency, Modulation and
Memory address.

GENERAL PURPOSE
Frequency Counters, Function
Generators plus a complete
range of accessories to
complement the complete
range of instruments.

slalli0113.J MOO

...NOW YOU CAN DO
THE SAME

If you like the idea of working with the best, contact us,
we can provide brochures with a complete specification

for all our measurement products.

Kenwood UK Ltd, Kenwood House,
Dwight Road, Watford WD1 8EB, England

TEL: +44 (0)1923 218794
FAX: +44 (0)1923 212905

KENWOOD.
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Applying

ch storage chips
Colin Attenborough
shows how easy it is to
apply speech storage
and playback chips,
using talking weighing
scale to illustrate his
discussion.

*In the UK, the ISD parts are distributed
by Sequoia, 01734 258000.

Mic

AGC
filter

Speaker
out

Preamp out AF in

Ihave designed several sets of speaking
weighing scales during the past decade, chip
counts dropping as technology advances.

The availability of the ISD1016 speech stor-
age/playback chip, together with Microchip
Technology's PICI6C5x microprocessors, set
my fingers itching to see if I could do the job
with just two integrated circuits.

Weight -to -electrical -signal conversion? I
cheated by buying a set of low-cost kitchen
scales with a digital readout from a well-
known chemist. I was rewarded by finding
a signal of 10kHz in addition to a 2kHz/lb
signal accessible inside, which formed an
excellent starting point.

This article summarises what I had to learn
about the ISD1016 speech storage/playback
chips before I could complete the scales.
Complete details about the scales are not
given, but you will learn how to generate
speech output for you own application.

Speech storage and playback chips
The ISD1016 is one of a family of
speech/sound storage chips manufactured by
Information Storage Devices*, Fig. 1. It stores
up to 16 seconds of sound.

All members of the family run from single
5V supplies, draw 20mA when quiescent, and
a fraction of a microamp when powered

5V analogue 5V digital

Output amp
AGC

MPX

128K cell
storage

ar ay
Control

8 address
lines, A0_7

Aux
input

OV analogue OV digital

- Play/record PA
- Chip enable CE

- End -of -message EOM
- Power down PD

down. Up to 50mW of audio power can be
driven into a 16Q speaker. Sound input is sup-
plied as a simple analogue signal and a micro-
phone preamplifier with agc is built in.

Different members of the family, which
comprises the ISDI012, ISD1016 and
ISD1020, store differing lengths of sound, of
12 seconds, 16 seconds and 20 seconds
respectively. Upper frequency limits differ
too, at 4.5kHz, 3.4kHz, 2.7kHz respectively.

Sound data are stored in an analogue elec-
trically erasable and programmable rom with
128K elements, so messages are retained
when the chip is unpowered or unplugged.

Analogue inputs and outputs
The main analogue input accepts signals at a
maximum level of 50mVp_p. A microphone
preamplifier with an associated agc circuit
provides a maximum gain of 24dB at low lev-
els. As a result, microphone inputs of a little
over a millivolt will drive the device fully.

During playback of a stored message, the
amplifier takes its input from the analogue ee-
prom; however, when /CE is high, the ampli-
fier is fed from an auxiliary input.

Digital inputs and outputs
Eight address lines, Aco, allow the definition
of 160 starting points for record or playback -
yes, 160 not 256. When the two most signifi-
cant address lines are both taken to logic one,
the device enters one of several different oper-
ational modes, depending on which of the
other address lines is taken to logic one. I'll
describe these modes later.

Three inputs, PD, /CE and P//R, control the
state of the device. Their functions are
explained in the sections on simple record and
playback. One active -low output, /EOM, is
provided which goes to logic zero at the end
of a message.

Fig. 1. Almost all the elements needed for recording and playing back
speech are integrated into the 15D1016.
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bit 8 to printer port pin 15

bit 2
printer

port
pin 4

bit 1
printer

port
pin 3

22p

T

bit 3 BC184
printer
port
pin 5

bit 0 10k
printer
port
pin 2

OV
printer port
pins 18-25

1N4004 Closed=Play

0

24

23

2

10k

6 28

10k

I SD 1016A

i/

6 12 13 26

10

9

5

14

15

25

20

77 17 71 77 71 77 N1

BC214 BC214

A

10k

47k
(4 off)

AF in from Soundblaster

Not surprisingly, the play/record input, P//R,
selects play when logic zero or record when
logic one. Active -low chip -enable /CE starts
and stops recording , and starts playback. The
power down pin, PD, reduces current con-
sumption to a fraction of a microamp when
taken to logic one.

Recording speech
Let's deal with recording first. Lines PD and
P//R are taken low; recording starts at the
address defined by the address lines when /CE
is taken low, and ends when /CE is taken high.
If this process is repeated, a second message is
recorded. It overwrites the first message,
unless the address lines are changed.

There's the problem for applications which,
like the talking kitchen scales, make a large
number of phrases by selecting and concate-
nating chosen words. You need to know the
length of a word so that the address can be
appropriately set before the next one is record-
ed. If this is not done, the second word may
overwrite some of the first one.

This problem is solved by using a mode
where messages are recorded one after the
other, without needing to know the address.
One of the modes which have address lines A6
and A7 high simultaneously provides this
function; it requires that A4, A6 and A7 are all
taken high. As before, P//R must be low, and
recording is started and stopped by lowering
and raising the chip -enable line. However, the
messages are recorded sequentially with an
end -of -message marker at the end of each
message; the address is not reset unless the
state of P//R or PD is changed.

There is a corresponding method of select-
ing a word for playback without knowing the
address at which it is recorded. The address
pointer must be reset by raising PD for at least
12.5ms. Of course, P//R must be high; take
Ao, A4 ,A6 and A7 high, and apply (n-1) brief
(between 100ns and 10µs) low -going pulses to
/CE. This skips over the first (n-1) messages
at 800 times the normal playing speed with the
output muted. If A0 returns to logic zero and
/CE pulsed low briefly once more, the nth
word will be played.

Optimising multi -message recording
With only 16 seconds of recording time avail-
able, it is obviously desirable to record only
the words that are absolutely necessary, and to
trim off leading and trailing silences. This is
an obvious job for a pc with a Soundblaster
system.

As for logic signals to control the recording
process, the ubiquitous printer port will give
us more than sufficient outputs. However, the
obvious approach of, in C terms,

outp(PRINTER_PORT, 1);
system("PLAY <filename>");
outp(PRINTER_PORT, 0);

is unsatisfactory. There are delays between the
issuing of the PLAY command and the begin-
ning of playback, and between the end of
playback and the second change of printer port
state. These delays are more predictable, but
not eliminated, if the file to be played is stored
in ram disc rather than on the hard disc; the
delays re -introduce the waste of recording

BC184

47k

+6V

47

Fig. 2. Hardware for
recording and
playback of sequential
messages.

Software on disk

A disk to accompany this article is
available and contains the following files:

ISD_FILL.EXE recording control software.

PORTDEF printer port definition file,
which allows the printer port address
used by the software to be set to the
correct value for the computer used. By
default, an address of 37816 is assumed.

SOUNDS directory containin g example
.VOC files.

FILELIST file, allowing chosen files to be
loaded into an ISD1016 in a chosen
order. As supplied, it looks for files in
the SOUNDS directory, which should
be installed as C: \SOUNDS.

PLAY.EXE file which takes a parameter
which selects the message to be played
PLAY 2 plays the third message, as
messages are numbered from 0.

Object and C code files for ISD-FILL.EXE
and PLAY.EXE are also included. Simply
send f14 with a request- including your
address - to Electronics World, Quadrant
House, The Quadrant, Sutton, Surrey SM2
5AS or fax your request with credit card
type, number, expiry date and cardholder
address on 0181 652 8956.
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time removed by editing with the
Soundblaster system.

I am indebted to Ifor Powell of Creative
Labs UK for providing a solution. He was
able to send me the source code of a program,
written in Borland Turbo C++, which takes a

+5V

AO

Vdd

17

14

6

Al
18 7

-B
B1

A2 B2
1 8

A3
9 03

+5V

PIC 10
B4

B547k 16C56
2 B6RST

4

,--,
r--

470 B713

5
Vss

6 15

15pF . 15pF

74MHz 7

Soundblaster *.VOC format file and plays it
without the delays associated with more direct
methods. The program only works with 8 -bit
mono, or 16 -bit mono or stereo files. I have
augmented the program to read a list of
*.VOC files representing sounds to be stored

+5V

A4 A6 A7 P/R Vdd

EOM

PD

>
CE

AO

5

24

3

5 9 10 27 16,28

ISD1016

2 3 4 12,13 26 20

on the ISD1016, and to provide logic signals
via the printer port to control the recording
process.

Figure 2 shows the hardware needed to
record and play a selected message. A0,
A6, A7, /CE and PD are controlled by software

10 ---,//14

15

Al A2 A3 A5 Vss Test IAm
1p

t-7-\ v\--\ t-\--\ m m m( -IV\

8

Fig. 3. Interface between
PIC processor and speech
chip.

List 1. Partial PIC code for speaking weighing scales

sub -routine for PIC processor (see fig. 3) to say a word stored in ISD1016

;########## register allocations ###########
;############ and their bits #############

RTCC

status

equ 1

equ 3

C equ 0

Z equ 2

output

AO

not_enable equ 6

power_down equ 5

;######## to say word N, load register word_ptr with N ##########

word_ptr equ 7

;#########################################

;######### SUBROUTINE SAY ##############

;#########################################
;START OF SEEKING & SAYING A WORD

;set A0, enable high

say

;ins connect to port A- define port direction in main section of program
in equ 5

not_eom equ 1

;outputs are port B- define port direction in main section of program
equ 6

equ 7

movlw 192

movwf output

;#########################################
;power down for >12.5ms to reset
;set max prescaler=256

;internal clock 000111

;256us output rate ASSUMING 4MHz clock

;so go round 50 times

movlw 7

option

;actual power down

bsf output,power_down

movlw (255-50)

movwf RTCC

delayl

movf RTCC,O

btfss status,Z

goto delayl

;counter is zero

;power up again
bcf output,power_down

; apply appropriate number of /CE pulses

; is word_ptr at zero?

cue_again

movf word_ptr,0

btfsc status,Z

gotc; cued

send_enable

;apply not_enable pulse

bcf output,not_enable

bsf output,not_enable

;wait for not_eom

wait_eom

btfsc in,not_eom

goto wait_eom
;and wait for it to disappear
wait_end_eom

btfss in,not_eom

goto wait_end_eom

decf word_ptr
;if bit 7 of word_ptr is set, must have been 0 before
; and thus have spoken, so end

btfsc word_ptr,7
goto endit

goto cue_again

cued

;drop AO

bcf output,A0

goto send_enable

;############# end of subroutine ####################

endit

retlw 0
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via the printer port; P//R is switched manual-
ly. End of message is fed back to the comput-
er via pin 15, an input, of the printer port.

Playback hardware and software
Figure 3 is the circuit of processor/speech
chip interface as used in the talking scales.
The ISDI016 needs only four connections to
the microcontroller. These are A0, /CE, PD
outputs from controller and the /EOM input..

List 1 is a subroutine for a PICI6C56 pro-
cessor; it forms part of the code for the talking
kitchen scales. To speak the Nth word, load the
register `wordpte with N, counting from zero.

It should be possible to add limited speech
output to a computer with no Soundblaster
card by making a unit to connect to the print-
er port. Such a unit would contain an ISD
device and a PIC processor to wait for a print-
er enable pulse, produce an appropriate word,
and reply with an acknowledge pulse at the
end of the speech output.

Recording messages
It is convenient to record the words onto a
tape recorder, rather than directly into the
SoundBlaster card. When asked to make a
recording of text, many people remember
whatever they were told about public speak-
ing, and speak at a low rate, ie words per
minute. This is to be avoided as the time avail-
able for recording is limited, and the user of
the talking scales wants to know weights, not
listen to a poetry recital.

One rather morbid thought - the user of the
complete equipment may want messages
recorded by an anonymous person. I've

1

f C K

D

1-o
0

Q PD

Address lines;
only one shown

Speech
chip

EOM CE P/R
0 1

Fig. 4. Low power player; circuit outline. Playback starts when PD is sent low by a rising edge
on the D type clock. The message appropriate to the state of the address lines is played. At the
end of the message, the /EOM output goes low, resetting the D type and sending PD high. In
this state, the ISD1016 draws a fraction of a microamp.

encountered the "I couldn't keep using it if
you fell under a bus" phenomenon.

By the way...
Has anybody noticed how the old imperial
weights, with 16 ounces to the pound, sit very
nicely with a binary word where the bit zero
represents half an ounce, bits one to five rep-
resent ounces, and bits six to eight represent
pounds? The downside comes in the logic
needed to give the correct grammar; for exam-
ple 'one pound and half an ounce', 'one pound
three and a half ounces'. On the other hand, the
`grammar logic' is simpler for metric. Probably
the simplest route between metric and imperi-
al is to use loz=(255/9) gram -a relationship
with an error of much less than 1%.

A simpler system
For a small number of short messages, it is

possible to calculate the start address of each
message so that messages don't overwrite
each other during recording. A simpler play-
back circuit can then be used. To record, PD
and P//R are taken low; recording starts (at the
address defined by the address lines) when
/CE is taken low, and ends when /CE is taken
high. The circuit of Fig. 4 can then be used for
playback. /CE is permanently low. A zero -to -
one transition on the clock of the D type sends
PD low to start playback; PD is reset to logic
1 when the /EOM output goes low at the end
of the message. Where several messages are
recorded, the address lines define the message
to be played. An advantage of this method of
playback is that, as the chip is powered down
except during actual playback, the standby
current can be very low.

I'm grateful to Cambridge Consultants for
permission to publish this article.

LOW COST DEVELOPMENT SYSTEM
ECAL comprises a versatile relocatable assembler with
integral editor which runs about ten times faster than
typical assemblers. Support includes 4, 8, 16 & 32 bit
processor families including
75X, 6502, 6809, 68HC05/11,
8031/51, H8-300, 78K, PICs, ST6
& Z80/180, 68000, 80C196, H8-
500 & Z280.

ECAL is either available for a
single processor family or all
families.

Single processor version £295
Multiprocessor version.... £395

Overseas
distributors

required

OEMA Ltd
7& 7A Brook Lane,
Warsash,
Southampton 50319F11
Tel: 01489 571300
Fax: 01489 885853

The PC based ECAL hardware emulator is fully
integrated with the assembler. Connection is made to
the target through the eprom socket so a single pod

can support all processors.
Facilities include windows for
the inspection or change of
registers or memory. You can
even watch your program
executing at source level!

Free demo disc!

Download time is about two
seconds!

Pods can be daisy -chained for
16/32 bit systems.

Applications include software
development, hardware
debug, test and, finally,
teaching about micro -
controllers in education.

ECAL emulator £475

Quantity discounts of
up to 50% make ECAL
software ideal for
education.

CIRCLE NO. 127 ON REPLY CARD
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Shifting phases?
I am looking for a circuit to phase shift by 90° the
components of a signal with frequencies in the range
10Hz to about 350Hz. Although simple integration
or differentiation can achieve this, they do so at the
expense of a frequency dependent change in the sig-
nal amplitude which I cannot use.

In Electronics World of April 1993, Terrence
Finegan mentions that such 'a useful analogue func-
tion' may be realised differentially with 'all -pass' fil-
ters, but this hint has proven insufficient. Text books
even mentioning all -pass filters seem to be the
exception, at my level of mathematical sophistication
anyway.

Are there any readers with a solution to this prob-
lem? It would help me and being an unusual function
may inspire other interesting designs.
Alan Scrimgeour
London

Looking for diode amplifiers
I am interested in diode amplifiers and their circuit
design with regard to: a) detector or power diodes
and b) variable capacity varicap diodes. Perhaps sev-
eral stages would be required to obtain good ampli-
fication.I would appreciate any information about
their operation and simple circuit to demonstrate the
diode amplifier for low frequency rf and also of
stages.
Ray Stead
Hampton, Middlesex

Looking for a small uhf tx/rx unit
To me, rf design is still a bit of a black art. Although
an experienced analogue engineer, I am woefully
short of if knowledge.

I am working on a direction -finding project that
requires a very small uhf transmitter, of about I mW
output and run from a 3V battery. Are there any rf
engineers out there who can supply such a circuit or
help with the design of such a device?
Mike Bull
Balsham, Cambs

Problem with computer read caches
Standard usage of hard disk integral caches assumes
a high percentage of hits. My special requirements
normally give zero hits and a greatly increased run
time. Logically, with suitable hardware/software,
100% cache hits should easily be possible but so far
no one has been able to suggest how. Writing to a
cached disk is OK. The problem is reading delays
where single runs may last hours, days - even
months.

Each run uses four or more files. At any one time
programs write to one file and read from two differ-
ent files. Files are all the same size and may be up to
512Mbytes each. With a fast processor reads can
occur tens or hundreds of times per second continu-
ously - with each block, of any size up to a maxi-
mum of 32Kbytes, usually in 'random' sequence
from anywhere in the relevant file.

The important point is that all read locations are
always known before that read file is opened.

My problem is how to advise the disk cache - well
in advance of each memory need - to preload the
required read blocks. Surely someone has the answer
to this problem? Is my type of use really unique?
R.G. Silson
Herts.

Answers to questions
In the July/August issue, P W
Fry asked:
"If a short pulse is generated at one
end of an open circuit transmission
line then that same pulse can be
observed to return at a time propor-
tional to the line length and the line
velocity factor. Conducting the same
test but with the line terminated in a
short circuit returns an inverted
pulse. Why does this pulse inversion
take place?

If you take a snap -shot of the volt-
age and current when the pulse was
half way down the line, eg at a quar-
ter of total elapsed time, what would
we see that would indicate if the
pulse was going away from or
towards the generator? That is, how
does the pulse, when it is half way down the cable,
know in which direction it is supposed to be travel-
ling?

Bryan Hart, of Leigh -on -Sea, Essex was
one of a large number of readers who
replied. Space permitting, we will show
you more replies next month. Thank you
to all who replied.
Physically, reflections occur on a line because all
the energy in an incident waveform cannot be
accepted at a termination. Consider the setup of Fig.
1: a) shows an ideal SOO line lOns `long'; b) shows
a 2V, 2ns pulse applied at x=0, t=0, through a 500
source -matching resistance and its composition from
step edges. The progress of the pulse down the line

V

500

t (ns)

0

2V- -
VG -

X = 0

5 7
t (ns)

15

+1V

15

5 7
t (ns)

-1V-4'

x = 0 x = L
2

L

Line: td = one way delay = 10nS
z0 = characteristic impedance = 500

+2_1t = 2nS Fig. la). Ideal 500
line, iOns long,
top, and pulses

applied to it, b).

and back again can be visualised using a 'reflection
chart' (see, eg, 'Digital signal transmission: line cir-
cuit technology' by B. L. Hart, published by Van
Nostrand Reinhold, 1987).

Fig. 2a) shows a chart for RT=.... In this case
there can be no current in the termination and this
condition can only be met by having a positive
going reflected pulse equal in amplitude to the inci-
dent pulse.

Fig. 2b) shows a chart for RT=0. In this case the
boundary condition VT=0 can only be met by hav-
ing a negative going reflected pulse.

Figs. 2c) and d) show the conditions at x=L/2 for
RT=c. and RT=0 respectively. In the case discussed,
the negative -going pulse in Fig. 2d) is indicative of
motion towards the generator.

L
17

17

r

X = 1.12 x = L

V

0

12

V(t) at x = Lin
with RT =

4 V(t) at x =

.4- With RT = 0

Fig. 2.
a) Chart for
Rt=oo, b) for Rt=0
and c/d) for the
same, with x=L/2.
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EBF80 1.50 EY51 2.50 8C41 4.00 6BW7 1.50 127117 3.50

EBF89 1.50 EY86 1.15 8F89 £1.50 6826 2.50 12117A GE 710

813131 15.00 EY88 1.75 H42 4.00 6C4 2.00 12086 2.50

ECC33 7.50 EZ80 3.50 CH81 2.50 616 510 12E1E6 2.50

ECC35 7.50 EZ81 150 1182 2.00 618671 3.00 12887A GE 7.50

ECC8I 3.00 GY501 3.00 CL83 3.00 6CD6GA 5.00 12BY7A GE 710
ECC82 3.00 6232 Mull 8.50 189 410 6CL6 3.75 12E1 15.00

ECC83 150 GZ33 6.00 L41 1/00 6167 7.50 12407/12607 6.50

ECC85 3.50 0234 GE 1.50 184 3.50 6CH6 6.00 30111/2 1.50

ECC88 Mull 610 GZ37 6.00 741 4.00 6CW4 8.00 30119 2.50

E6191 2.00 KT61 10.00 Y85 2.25 626 5.00 3008118) 110.00

E1180 150 KT66 10.00 R105/30 150 6205 GE 17.50 5728 70.00

ECH35 350 4188 15.00 5150/30 150 62068 1250 805 50.00

ECH42 3.50 N78 9.00 759 2500 6EA8 3.50 807 5.75

ECH81 3.00 042 2.10 803U 2500 6EH5 1.15 811A 18.50

EC180 1513 082 2.70 D21 350 616 3.50 812A 65.00

ECL82 3.00 CC3 2.50 828 15.00 6807 E7.50 813 27.50

ECL83 3.00 003 150 CO250B STC 55.00 6646 410 833A 85 00

ECL86 Mull 350 PCF80 2.00 9468 6.00 6H6 3.00 8666 25.00

ECLL800 25.00 PCF82 1.50 U4G 5.25 6HS6 1.95 872A 20.00

EF376 3.50 PCF86 2.50 V4G 4.00 615 3.00 9318 2510
EF39 2.75 PCF801 2.50 Y3GT /50 616 310 2050A GE 12.50

EF40 5.00 PCF802 2.50 Z3 4.00 617 400 5751 6.00

EF41 3.50 P1182 2.00 Z4GT 2.50 611368 GE 19.00 5763 10.00

EF42 450 PCL83 3.00 AH6 4.00 61E6C 20.00 5814A 500
E180 1.50 PCL84 200 865 1.50 6.186C GE 20.00 5842 12.00

EF85 1 50 PCL85 250 AL5 1.00 6K6GT 100 6080 1.50

EF86 1010 PC186 2.50 AM6 2.00 6K7 1.00 61466 GE 1500

EF91 2.00 PC1805 2.50 ANS 5.00 6K8 4.00 6550A GE 2100
EF92 2.00 PD500 6.00 AN8A 4.50 6L6G 10.00 6883B GE 1100

EF183 2.00 PL36 2.50 A05 3.25 6L6GCSYL 1250 7025 GE 7.00

E1I84 2.00 PL8I 1.75 ARS 25.00 616GC Siemens 750 7027A GE 17.50

EL32 2.50 P182 150 AS6 350 61661 GE 1/50 7199 12.00

EL33 1100 PL83 2.50 AS7G 9.50 617 3.50 7360 2510
EL34 Siemens 0.00 1184 2.00 AT6 2.00 6106 20.00 7581A 1500

E136 4.00 P1504 2.50 40561 5.00 607 400 7586 1500

E141 150 PL508 5.50 AU6 2.50 61101876/088 12.00 7587 23.00

ELL80 2510 P1509/81519 6.00 AW8A 4.00 6SA7 3.00 7868 12.00

E181 510 PL802 6.00 B7 4.00 6SC7 100
EL84 125 8881 150 El8 4.00 6567 250 Prices correct when

EL84 Mull 000 PY88 2.00 BA6 1.50 6017 3.00 going to press

OPEN TO CALLERS MON-FRI 9AM-4PM, CLOSED SATURDAY.
OVER 6,000 TYPES AVAILABLE FROM STOCK. OBSOLETE ITEMS

A SPECIALITY. QUOTATIONS FOR ANY TYPES NOT LISTED.
TERMS: CWONISA/ACCESS. POST & PACKING: 1-3 VALVES £2.00,

4-6 VALVES £3.00. ADD 17.5% VAT TO TOTAL INC. P&P.

10 OUTLET DISTRIBUTION
AMPLIFIER 4

A compact mains powered unit with one balanced input
and ten AC and DC isolated floating line outputs.
 Exemplary RF breakthrough specifications giving

trouble -free operation in close proximity to radio tele-
phones and links.

 Excellent figures for noise, THD, static and dynamic
IMD.

 Any desired number of outlets may be provided at
microphone level to suit certain video and audio
recorders used at press conferences.

 Meets IEC65-2, BS415 safety.
*Advanced Active Aerial 4kHz-30MHz *PPM10 in -vision PPM
and chart recorder *Twin Twin PPM Rack and Box Units
*Stabilizers and Fixed Shift Circuit Boards for howl reduction
*Broadcast Monitor Receiver 150kHz-30MHz "Stereo Variable
Emphasis Limiter 3 'Stereo Disc Amplifier
"PPM5 hybrid, PPM9 microprocessor and PPM8 IEC/DIN -50/
+6dB drives and movements 'Broadcast Stereo Coders.

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh,

Surrey GU6 7BG
Telephone: 01483-275997  Fax: 276477

Ideal Partner
in UHF and VHF

One stop solutions
for all your radio

telemetry module needs.
When the success of your products depends on radio
telemetry modules, you need a business partner you
can trust. A skilled and experienced manufacturer that
can offer modules of the highest quality, operating over
a wide range of frequencies.

In other words, a partner like Wood & Douglas.
Founded on technical excellence, Wood & Douglas
is a British company that specialises in the design,
development and production of radio -based products.
With over 30 staff dedicated to meeting your
requirements, the company is able to provide true
one -stop purchasing - whatever your RTM needs.

All radio modules are highly functional, capable of
meeting a wide range of requirements. Designed to
offer efficient, easy -to -use radio telemetry components
for system designers, they can open up a
whole new world of product possibilities.

From portable bar-code readers to earthquake
monitors, Wood & Douglas can help you make the
most of the opportunities in radio telemetry.

To find out more about the possibilities, contact...

WOOD & DOUGLAS

Lattice House, Baughurst, Tadley, Hampshire RG26 5LP, England
Telephone: 0118 981 1444 Fax: 0118 981 1567

email: info@woodanddouglas.co.uk
web site: http://www.woodanddouglas.co.uk
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New Special Offers
New mini waterproof TV camera 40x40x15mm requires Used 8748 Microcontroller .. . 03.50

10 to 20 volts at 120mA with composite video output SL952 UHF Limiting amplifier LC 16 surface mounting
(to feed into a video or a TV with a SCART plug) n has package with data sheet £1.95
a high resolution of 450 TV fines Vertical and 380 TV DC -DC convertor Reliability model V I2P5 12v in 5v
fines horizontal, electronic auto Iris for nearly dark (I 200ma out 300v input to output Isolation with
LUX) to bright sunlight operation and a pinhole lens data £4.95 each or pack of 10 f39.50
with a 92 degree field of view, it focuses down to a few Hour counter used 7 digit 240v AC 50Hz .E1.45
CM. It is fitted with a 3 wire lead (12v in grid and video QWERTY keyboard 58 key good quality switches

.. £93.57 + VAT = £109.95 or new .....£6.00
10+ £89.32 + VAT = £104.95 Airpax A82903 -C large stepping motor 14v 7.5' step

High quality stepping motor kits (all including stepping 27ohm 68mm dia body ft3ttim shaft £8.95
motors) 'Comstep independent control of 2 stepping or £20000 for a box 0130
motors by PC (Via the parallel port) with 2 motors and Polyester capacitors box type 22.5mm lead pitch
software . Kit 07.00 Ready built £99.00 0.9uf 250vdc 18p each

Software support and 4 digital inputs kit 0067:0000 g&d.:00-r- 9p.....1000+
Power interface 4A kit 20p each
Power interface 8A kit £46.00 15p 100+ 10p......1000+
Stepper kit 4 (manual control) includes 200 step stepping luf 50v bipolar electrolyuc axial leads 15p each

moor and control circuit L23:00 7.5p 1000+
Hate held transistor analyser it tells you which lead is the 0.22uf 250v polyester axial leads 15p each

base, the collector and emitter and if it is NPN or PNP 7&p 100+
of faulty. £33.45 Polypropylene luf 400vdc (Wima MKPIO)

spare 6v battery £1.20 27.5mm pitch 32x29xI7mm case. . 75p each
LEDs 3mm or 5mm red or green .. . 7p each yellow I I p 60p 100+

each cable ties I p each £5.95 per 1000. £49.50 per Philips 123 tenet solid aluminium axial leads - 33uf 10v &
10.000 2.2uf 40v 40p each

Rechargeable Batteries 25p 100+
AA (HF7)500mAH ...0.99 AA 500mAH with solder Philips 108 series long life 22uf 63v axial .... ....... 30o each
AA 700mAH 1.5p 1000+
C 2AH with solder C(HP 1) I .2AH . ..... ... £2.20 Multilayer AVX ceramic capacitors all 5mm pitch 100v

D
41'. ". ._, . ........£3.60 D(HP2) I.2AH ...........£2.60 100pf, 150pf, 220pf, 10,000pf (10n)

Ir with 'solder PP3 8.4V I 10mAH .... £4.95 10p each 5p 100+ 3.5p.....1000+
tags £4.95 Sub C with solder 500pf compression trimmer 60p

1/2A.A with solder tags £2.50 40 motor start capacitor (dialectrol type contain -
f 1.55 1/3 AA with tags (Phifips ing no pcbs) £5.95 or £49.50 for 10

-SAA'relP16) CTV) f1.95 Solid carbon resistors very law inductance ideal for RF
180mAH LI .75 ... circuits -27ohm 2W. 613ohm 2W 25p each

Standard clurger charges 4 AA cells in 5 hours or 4Cs or xh 1n0+
Ds in 12-14 hours + OPP3 (1,2, S or 4 cells may be We ftaye a range of 0.25w, 0.5w, lw and 2w
charged at a time) £5.95 resistors, please send SAE for list.

High power charger as above but charges the Cs and Ds in P.C. 400W boardInt part 201035-001) with standard
5 hours. Arks, Cs and Ds must be charged in 2s or motherbo and 5 disk drive connectors. fan and
4s £10.95 mains inlet/outlet connectors on back and switch on

Nickel Metal Hydryde AA cells high capacity with no the uric (top for tower case) dims 212x 149x 149mm
memory. If charged at 100ma and discharged at excluding switch . £26.00 each
250ma or less 1100mAH capacity (lower capacity for /138.00 for 6
high discharge rates) £3.75 MX 280 Digital multimeter 17 ranges 1000vdc 750yae

Special offers, for availability. 2Mohm 200mA transistor life 9v and 1.5v battery
Stick of 4 42x16mm Niod batteries 17Ix16mm du with test £9.95

red & black leads 4.8v £5.95 AMD 27256-3 Eproms £2.00 each f 1.25 100+
5 button cell 6V 280mAh battery with wires (Varna DIP switch 3PCO 12 pin (ERG SDC-3-023) .. .. .... 60p each

40p 100+
Shaded pole motor 240Yac Omm x ilimm shaft Disk drive boxes for 5.25 disk drive with room for a power

motor80xWx55m ding the shaft £4.95 each supply, light grey plastic, 674268x247mm
I 15v AC 80v DC r 4I2mrir shaft 50mm dia x 60 long £7.95 or £49.50 for 10

body (excluding the
shah)

it has a replaceable thermal Hand held uhrasonic remote control £3.95
fuse and brushes .............. ..... .14.95 each (0.95 100+) CV2486 gas relay, 303 lOmm du with 3 wire terminals, will

7 segment common anode led display 12mm........ ..... /0.45 also work as a neon light 20p each
L.M337k TO3 ose variable regulator .01 ft5 £7.50 per 100

.............. .... ..... ............ .t. . ..... ...... £1.44 Ile+ Verbatim.R3OONH Streamer tape commonly used on nc
GaAs FET low leakage current 58873 .............. £12ft5 each muhines and printing presses etc. it looks like a

............. .......... ..... ................. ....... ..... .......£9.95 10+ normal cassette with a slot cut out of the top._ £4.95 ea.
- f7.95 100,- £3.75 100-,

B5250 P channel mosfet .. .£0.45 Heatsink compound tube. 00.95
BC559 transistor f3 95 per 100 HV3-2405-E5 5-24v 50mA regulator ic 18-264vac input 8
BC547A transistm.. .. 20 for I 1.00 pin DIL package £3.49 each (100+ 62.251
741S05 hex invertor f 10.00 per 100 LM 355 timer ic 16p ........ 8 pin D1L socket 6p

All products advertised are new and unused unless otherwise stated.
Wide range of CMOS TTL 74HC 74F Linear Transistors kits. Rechargeable batteries, capacitors, tools etc

always in stock. Please add f 1.95 towards p&p. VAT included in all prices.

JPG Electronics, 276.278 Chatsworth Road, Chesterfield 8402BH
AccessNisa Orders (01246) 211202 Fax: 550959

callers welcome 9.30am to 5.30pm Monday to Saturday

IZCZEMIZEZEESDISIZEZ

WE HAVE THE WIDEST CHOICE OF
USED OSCILLOSCOPES IN THE COUNTRY

SCRLUMBERGER S7ABILOC111021 Ted Set ..............................................LOOM
H.P. 5432A Counter 2IGH, HFIB .. MSS
N.P 5340A Counters 10Hz-18GM LOOM
MARCONI 2435 Frei Meter 10Hz-20Hs

RACAL 1998 Frequency Counter 1.3614 (Option GP113 & High Stab)..-... POI
MARCUM 2437 Universal Counter/Timer DC-1001Allz 8 digit E175
MARCUM 24301 Frequency Counter 10111-80014 8 digg 1175
/20001 9916 Erequency Counter ION-52001ft 1175
H.P. 34350 37/2 digrt Multimeter AC/DC/Ohms/Current. LED 1100
MARCONI 2610 True WS Voltmeter with GPIE 11150

RACAL 99060 UnivprsalCounter Timer 10111-2001ez 1350
661-31,2 digit DMM with IEEE 1400

SOURTRON 70454 V2 digit Multimeter Volts/Amps/Ohms LBO
MANUA 1503 4.7/4 die Reimer with Pdaptor 175
FLUKE 77 Handheld OMM 37/2 digit with one. 1100
FLUKE Digital Multimeter.... 1700
FLUKE

(2)040

Bench/Portable DWI 41D dirt True RMS 1125
FLUKE 8010.4 Benth9orlable DAN 32 digit True RMS L150

WAVETEN 1820 Func Gen 000441:40110 Sine/So/Err/DC/TR Pulse etc 1125
THANBAR TG501 Func Gen 0.000511,54111, Sine/g/frigiamp/Pulseretr 1175
GOULD 13B Sine/Square Oscillator 1011z 100101z.. 1150
FEEDBACK FG600 Srne/Sq/Tri 00111z -100e0 160
KY 436A Power Meter with 8481A. 11250
HI. SMITH ANTENNA TEST SET type 12-602-4.. L2000
UNAOHM CHOI Audio Analyser 1350
PHILIPS PM5565 Waveform Monitor L300
PHILIPS PM8917 Video Line Selector. 1200
FERROGRlAPVaII RTS1 Recoffer Test Set.... 1250

LEADER 1 SG216 Signal Generator L.450
1F2700 Universal Bridge. Battery Operated ..........from ..........1150

0840041 IF13134 Universal LCR Bridge 01%. . 1125
WAYNE KERR B424 Real Component Meter !CR .................................... L100

. 160
SORENSEN DCR600-49r,. 13 D(7-Owp600 iiiiii6:rfimps.. 1700
NP 6168040 Vo4s; 0-30 Amps......................... 1500
FARRELL AP60-50 0-60 Volts, 0-50A. Autoranging 11000
FARRELL H30/00 0-30 Volts, 0-100 Amps. Metered L100
PARNELL 830/10 30 Volts: 10 Amps Variable ..... 4150
FAR11111130-5 0-30 Volts. 0-5 Amps. 2 Meters 1150
FARRELL 1.301 0-30 Volft, 0-5 Amps. Metered....... 1100
FARMELL 130-1 0-30 Volts, 0-2 Amp. Metered .... PIO
FARRELL LT30-1 (I-30 Volts 0-1 Amp. Twice ....... ...

FARRELL 130-1 0-30 001IS, 0-1 Amp. Metered .
1130

165
THURLBENARDAR TSP3212 Programmable 320, 2Amp Twice GFB 1500

1111.10111P1320084011-3011; 0 2A Twice Dffdal................ .. 1225
BRANDENBURG Model 472R + /- 21(V Metered £200

MANY OTHER POWER SUPPLIES AVAILABLE

TEKTRONIX TA5465 Dual Trace 100MHz Delay/Cursors 11100
TEKTRONIX 2445 4Ch. 100MHz Delay/Cursors 41500
TEKTRONIX 22350 Dual Trace I: MHz Delay Sweep.. 4800
PHILIPS P03195 Dual Trace 350000 Delay Cursers 32000
H.P.542004 Digrtizing, Oscilbscope 500111z............. E1000

TEKTRONIX 485 Dual Trace 350MHz Delay Sweep_ £150
TEKTRONIX 475 Dual Trace 200MHz Delay Sweep__ £100
TEKTRONIX 465 Dual Trace 1DOMHz Delay Sweep........ 6400
H.P. 17400 Dual Trace 100MHz Delay Sweep
TEKTRONIX 2215 Dual Trace 60MHz Delay Sweep ........ E400
1101101110 2213 Dual Trace 60MHz .. . .................. £350
PHILIPS P103117 Dual Trace 50MHz Delay Sum. 1400
HITACHI V423 Dual Trace 40MHz Delay Sweep__ 1350

HITACHI 0223 Dual Trace 201A110 Delay Sweep..._...._.. E250
Dialace 0 1220

05300 Dual Trace 20M111 (No hand8)
HITACHI V209 Dual Trace 20MHz Mains/Battery_ 1400
TEKTRONIX 468 Dual Trace 100MN Delay Sweep Dig Storage.. 1750
HITACHI VC6041 Dual Trace 40MHz Dig Storage.... ........ 1650
RP. 17410 Dual Trace 100MHz Analogue Storage. .. .. 1400
TEKTROMX 434 Dual Trace 25M110 Analog ue Storage............ 4250
PHILIPS PM97 Dual Trace 500111, Scopemeter 1800
LEADER LC0100 OMM/Scope 2004(H1 Dig Storage LCD Display 1300

11115 IS BST 4501111i, RANT OTHERS AVAILABLEH.P.KE86560 Sweep Osc with 862906 2-18.6GHz 12000
H.P. 8656A Syn Sig Gen 0.1-9908H0 ................................. L7
MARCONI 01019 S.4/PSynthesized AN/FOIA SigGGen ft/KHz-1040MHz . 11750

MARCONI 2018A Syn AM/ FM Sig Gen 80101z-520MID ........................... CP0A
H P. 8640B 500101pzSr-512MHz Phase rancLock/Soyn Dig Pro Readout Sig Gen 11100

XP. 86200 Sweep Oscillator Main Frameonty ... ....._£100
RACAL 9081 Syn AM510 Sig Gen 5-520Mlis 1450
MARCONI TF2331A (hearten Factor Meter 20W -20111z aim Urs used.. 0215
MARCONI TE89313 Audio Power Meters rad ............................ l250
MARCONI TF2163 Attenuate DC -16110............................ 4100
R&S video Noise Meter UPSF2 wIth UPSIDE 40-11/-10MHz....

4,",.521,
WILTRON 66100 Programmable Sweep Gen 1-2Dtz Ir,,F,,"
H.P. 41770 LC2 Meter with Test Endure__ ...............

II.,'',.11"
015 VHF held Strength Meter type HO 25-30061111....

,7-,..'.1,
H.P. 81600 Programmable Pre Pulse Gen 50MHz....... ''''''
MA 12156
PHILIPS PM5134 Sweep Fun Gen 0.0011/620MHs Sine SO IT..rrIr lIdu
PHILIPS PM5190 Syn Erne Gen 0.00111621/11z Sine/Sq Tr 1750
HP. 5006 Signature Analyser . 1150

5004A signature Analyser 4100
HP.P 134950 Arteuuator DC-1801ft a 700 in 10dB skips 1350 NEW EQUIPMENT

HANES OSCILLOSCOPE 11/41005 Triple Trace 100MHz Delay Timebase.. 1341
NAMES OSCILLOSCOPE HM604 Dual Trace 60MHz Delay Sweep............... L651
HANES OSCILLOSCOPE HM303. Dual Trace 30MHz Component Tester.. ,1422
HAMER OSCILLOSCOPE HM205. 3 Dual Trace 20MHz Digital Storage ...... 1653

All other models available -all oscilloscopes supplied Nth 2 probes

BRUEL & KJOER EQUIPMENT AVAILABLE
PLEASE ENQUIRE

SPECTRUM ANALYSERS
II.P. 8565A 0 01 22GHz £100
TAXED* PIM CR4122B 100101z-1500MHz E3000
N.P. 1417 with 8555A & 05526 1010Hz-18Oft..... 11700
H.P. 1417 with 8554B& 85518500101z 125010Hz 11100
N.P. 1411 with 85538 & 8552A 115z-1101111ft 1800
H.P. 141T with 85531.8 8552A IWO 'IOW's__ E700
MORONI £1011

MARCONI 2382 100N-400MHz EPOA
VP. 35800 5111- 501(Hz ............ 11 001

BMX STAR EQUINIENT (P&P all units E5)
APOLLO 1010010110 Counter Timer Raba/Period/Tune interval etc 1234
APOLLO 100-100MHz (As above with more functions) .................. £332
1315 Frequency/Period Counter 1 3GHs. ....... ... 1149
1UPITOR 500 FUNCTION GEN 0.1Hz-50061z Siff/Sq./Tr 1125
ORION COLOUR BAR GENERATOR Pal/IVO/deo ........................ 0243

All other Black Star Equipment available

OSCILLOSCOPE PROBES Switthable x 1 x10 (P&P 13/.............. .. 113

Used Equipment -GUARANTEED. Manuals supplied If possible.
This is a VERY SMALL SAMPLE OF STOCK SAE or Telep one for lists. Please check availability before ordering.

CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage.

STEM/ART of READING
1

110 WYKEHAM ROAD, READING,'ilk Telephone: (01734) 268041.
BERKS RG6 1PL ITIMIlm 1

Fax: (01734) 351696
Callers Welcome 9am-5.30pm Monday

-_ -
to Friday (other times by arrangement)

INIZEIEGIMEIMMISIN

M & B RADIO (LEEDS)
THE NORTH'S LEADING USED TEST EQUIPMENT DEALER

OSCILLOSCOPES
HP 5411 1 13 500 MHz digitinng trope (colour
HP 54112D 100 MHz channel digitizing scope (colour display) 12250
TEKTRONIX 2230 100 MHz digital storage scope . L2250

TEKTRONIX 2445 150 MHz channel FIB OPT L1400
TEKTRONIX 2240 100 4 arrred
TEKTRONIX 2 722 10 MHz portable digital storage6osccx.ew). L950
TEKTRONIX 11144/7A2V7A19/7111112111/7600 (

TEKTRONIX 2215 60 MHz dual trace/delayed
TEKTRONIX 475A 250 MHz
TEKTRONIX 475 200 MHz dual trace.- .. [495
TEKTRONIX 46511 100 MHz 2 channel .. [435
TEKTRONIX 314 10 MHz 2 charnel storage 1100

TEKTRONIX SC.504/7/4504/DM501 80 Hz scope/OVM... 1450

PHIUPS 3055 50 MHz did trace 1.125

PHIUPS 3244 50 MHz 4 channel oscilloscope 1400

IWATSU $55710 60 MHz 4 channel ....... ............................. £4400

MHz dual traGOULD 05300 20 m ce ............ . [200

UNAOHM G5011 DT 20 M compact dual trace scopes -1- probes [160
SPECTRUM ANALYSERS
TEKTRONIX 2710 10 KHz-1.8
TEKTRONIX 2710 10 KHz-1.8 Gl-hz oik" rinsed 11950

3S611111 100 Hz -1.5 Gliz High spec (new) .. . . CIOA
HP 3542A 64 uHz-100 KHz dynamo signal analyser (1 year HP cal) ...... [6000
HP 0569A 100 MHz -22 Gliz spectrum analyser ... 14500

HP 141Tie5528ie55443 100 KHz-1250 MHz ......._......[1000
MARCONI TF2370 30 Hz -110 MHz spectrum analyser
WAYNE KERR RA200/ADS I frequency response analyser...-_...._..... £450
SIGNAL GENERATORS
HP 111672A 2 Glie-18 GHz synthesized signal generator [6000
HP 111611.113 2.3 GHz-13 GHz OPT 001/003 solid state generator (new)

(2950
HP N60011114)SA/S640211 stntheslaed generator 1300 NH: 11000

HP 33I4A 0.00 I H1-19.99 MHz function/weveforM generator ...............0950
HP 01/04A DC -600 KHz multifunction synthesizer...

HP 2I054A hiyh nower
3

gibe generatorem,s 1 0 Hz -10 MHZOPT £750
HP 80055

HP 6616A 1.8 GHz-4.5 GHz signal generator. L150
HP 86450 10 MHz -520 MHz 0.F lenerator [495
HP 32000 10 MHz -500 MHO

FLUKE 6011A 10 Hz -11 MHz synthnized Signal
ROHDE S SCHWARTZ APN62 0.1 Hz T60 KHz LF get (new)......[2000
FARNELL 55G2000 10 KJ-U-2000 MHz synthesized get (as ners)........12000

G1GA GR 1101A 12 GHz-I8 GHz pulse generator (as new) USG

POLARAD I 106ET/ 1020T 1.8 GH.-4.6 GHz with modulator ............... [500
MARCONI TF20 I 9A 80 KHz-1040 MHz synthesized
MARCONI TF2013A 80 KHz-520 MHz synthesimd [1000

MARCONI TF2015/2171 10 MHz -520 MHz (with synchronizer)........... £306
MARCONI TF20011 10 KHz-510 MHz
MARCONI TF2016 10 KHz-120 MHz(MO TF20 I 6A....................... [295

MARCONI 605401 2 GHze GH=al source. [225
ADRET 22300 200 Hz -1 MHz
THANDAR TOW) 0.005 Hz -5 MHz olse/function [225

TEST EQUIPMENT
ELECTRO-METER1C5 EPIC -25 MK III Interference analyser
10 KHz GHz.
BALL EFRATROM MRT-H rubidium frequency standard ............

WAVETEK 10110 lin RF peak power meter DC -26 GHz.........

TEKTRONIX 1141 /SPG I 1 /TSG11 pal video
TEKTRONIX 145 pal get lock test signal generator
TEKTRONIX 52IA vector scopes. . ...............................

[2000
[4000
[2000
[1200
[1250
[1500
[1500

[350
. [450

[1000
SCHLUMBERGER 7702 dip' transmission analyser L650SCHLUMBERGER X00 A[400

[ISO
[250
[650

MARCONI TF2305 rood meter 50 KHz-23 GHz (46111I -5.27G). L2000

MARCONI 6950/691010 MHz-20GHz RF power te50
MARCONI 6597* VSWR
MARCONI TF2432A 10 Hz -560 MHz ireqoancy (125

P 535 IO Hz -I8 GHx microwave frequency counter. [850
HP 1166513 0.015-18 GHz modulator [450
HP 5335A 200 MHz universal systems taanter L1200
HP 5321A universal frequency counter 2x I 00MH: + DVM [350
HP 5342A 500 MHz -18 Gfiz frequency meter OPT001/003...-..............[1200
HP 53650 1.5 MHz -26.5 GHz counter/5355A/5356A +8 sensors ----CORO
HP 430A RF power meter
HP 437B RF power meter
HP 4758/8481040l 0/84840/ 10 MHz -18 GHz (new).......................11100

HP 13477A RF power meter calibrator . L225
HP 358IC 15 Hz 50 KHz selective voltmeter . [600

[250 HP 333A distortion analyser
HP 117100 down converter .

L250
HP 37305/37365 down converter oscillator [500
HP 3400A true RII5
HP 3403C true RII5 voltmeter digital)........

.. . [145
i I 95

HP 3406A 10 Mir -1200 MHz sarnpling voltmeter with probes [200

ALL PRICES PLUS VAT AND CARRIAGE ALL EQUIPMENT SUPPLIED WITH 30 DAYS WARRANTY

86 Bishopgate Street, Leeds LS I 4BB
Tel: (01 13) 2435649 Fax: (0113) 2426881
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Letters to "Electronics World"
Quadrant House, The Quadrant,
Sutton, Surrey, SM2 5A5

Great balls of fire
In July/August 1996's Research Notes,
you had an item entitled 'Ball
Lightning Comes Down to Earth'. I
experienced ball lightning as a young
farm boy in southern Minnesota back
in the late forties. I also have
acquaintances who have had such
experiences, including a couple of
physicists, of which I am now one.

Mr. Lowke's description may explain
some of the movement, but, it falls
short of explaining how it is formed. I
have studied this quirk extensively.
Unfortunately, it never lasts long
enough to be properly measured, nor
does it seem to occur when one is
ready to study it. However, experience
and observations do allow this tenative
conclusion; the soap bubble model
seems to at least first order describe its
general characteristics.

Generally, when ball lightning does
occur, there have been 'sheet lightning
discharges' in the vicinity. A strong
breeze, turbulent wind or other that can
form a distortion in the plasma sheet
that makes up sheet lightning will
under certain circumstances allow a
closed plasma bubble to form. It can be
anywhere from a few centimeters to
tens of centimeters in diameter. It is
generally blue -white in color and has
the distinct sound of bacon frying
along with the smell of ozone and
NxOx products.

The one I encountered as a
youngster was about 10 to 15cm in
diameter. It appeared shortly after an
extremely loud and bright lightning
discharge near the house and drifted

through an open window of the upper
floor bedroom that I was occupying.

As I remember, it moved about the
foot board of my brass -pole bed and
illuminated the room with blue -white
light. It lasted only about 5 to lOs at the
most. The ball quickly drifted up and
over to a wall, dissipating itself with an
enormous flash similiar to a photo
flash bulb going off.

The next morning my father
inspected the wall for damage but
found none - no sign whatsoever that it
had touched the wall. There is no
doubt in my mind that this was a
spherical shell of ionized air molecules
that was comprised of a great deal of
charge. One could feel the electric
effect it produced, similiar to having a
hand on a high -voltage generator.

Another story by a physics professor
that I had at the university was about
one that came down from an elaborate
transformer platform at a linear
accelerator facility during a lightning
storm. This ball was similiar in size,
color, noise, etc., and followed a 440V,
three phase conduit to where a large
polarized receptical was located. When
the ball went in front of the receptical,
it was reported that eye witnesses saw
a brilliant flash and the entire receptical
exploded outward with bits of insulator
and other over the area. The breaker
was opened at the event.

Now that I am ready and know what
to look for in clues on the subject, I
have yet to experience another.
D. D. Schendel
Arizona
USA

Forget thermal effects
Douglas Self's article on 'Thermal dynamics in audio power' was well done,
but was it necessary?

As J. Linsley Hood has explained in 'The art of linear electronics,
Butterworth, 1993', there is another way to approach Class B amplifier
design. It is to use my 'Class S' design shown on p. 165. fig. 9.34.

My original 1982 article in this magazine (Class '5', Wireless World, p.38.
Sep. 1982) explained the operation of the circuit. It clearly implied that Class
`S' is immune to thermal variations and can be built without setting up. The
cross over distortion performance is excellent, even if a normal tolerance
variation exists on the bridge resistors. Only the large signal performance is
affected by such resistor tolerances.
Dr Aubrey Sandman
London

10k

This audio amplifier
amplifier configuration
overcomes sensitivity to
thermal effects.

Ether or not?
No physical theory can unify electricity and gravity. Or can it?

In response to Ivor Catt's call for new ideas in electromagnetic theory (Letters
May 1995), a paper which seems to mechanistically and numerically unify
electricity and gravity - apparently proving the ether hypothesis correct - has been
written by Nigel Cook.

Interested readers may obtain eight -page copies of the complete theory for a
copying, postage and administration charge of £4.50 by writing to the editorial
offices.

Setting the record straight
Regarding the abusive letter from Mr M.Jones on
crossover networks, I spent a substantial amount of time
in the Keele University library, so the comment about
homework I shall ignore.

Taking some of his points in order:
a) If correctly designed networks are specifically

designed for a predetermined unit, then why do
companies like Maplin sell crossovers at up to £99 each
to put in your own enclosure?

c) Is Mr Jones seriously suggesting that the average
hifi enthusiast who wants to build up a loudspeaker unit,
get hold of an Audio Precision test set (at huge cost) and
measure the performance of the unit, before they actually
build their crossover network. Come on, be realistic.

d) The purpose of the article was to provide a cheaper
alternative to buying the expensive crossover units.

e) The article specifically mentioned the use of emi
power toroids. Toroids as anyone knows don't interact
magnetically with each other, due to the closed magnetic
circuit. So orientation is irrelevant. 10 years of working
in the video filter industry verify this. For example using
T20-2 toroids actually touching each other for the filter
and group delay equaliser sections does not cause any
major problems. The unit that was built up was tested at
100Wrms without problems, apart from the neighbours.

At 50p each, the toroids aren't expensive.
g) Cascading high and low pass sections to achieve a

band pass response is quite a commen technique actually.
See the relevant sections in Williams. This also
elliminates the problem of requiring more inductors at
ridiculously high Q values as generated by the low pass
to band pass transform. Again see Williams. If Mr Jones
had bothered to look at the plots, he would have seen (in
Fig 4a) that it is entirely possible to cascade sections as
long as an adequate bandwidth is maintained. The reason
for using C (not C++) was that it was available. Any
language could have been used, or even a spreadsheet as
Mr Jones suggests, however the output from the program
is a bit neater as to documentation purposes. If I had only
used 1 decimal digit precision, someone would have
complained. You can't please everyone. If you don't want
the 6 digit precision, then its a trivial matter to change the
output formatting, that is unless Mr Jones cannot
understand a simple language like C.

Finally, it is obvious that Mr Jones works for a
crossover manufacture, by what he says at the end of
point d, so he obviously doesn't want to lose business,
well, thats the way the cookie crumbles, I'm afraid.
Bill Teleki
Newcastle -Under -Lyme
Staffordshire

Raked over the coals
In his letter in the July/August issue,
G.E. Miller writes: "I have long ago
learned that if one side in a debate or
discussion resorts to personal abuse
then it is clear that that person cannot
make a case for his views."

The next paragraph of Mr. Miller's
letter is devoted to personal abuse.
Therefore...
J.S. Lin foot
Oxford

Self Preamplifier '96
On Fig. 11 of Doug Self's
preamplifier article in the September
issue, R55 should have been 1000.
One potentiometer is unmarked. As
mentioned in the text, all
potentiometers are IOW.

Also, R207 should be reduced to 1052
to accommodate a BCJ84L whose
gain specification is on its minimum.
Finally, C32 should be polyester, not
ceramic as indicated. Apologies for
these misprints.
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Sell Out at Europe's
Biggest Cable Show!

ECC'96, Europe's cable communication showcase, has
completely sold out of stand space, over four months before
it is due to take place.

A 30% increase in the size of the event has required
a move to a larger venue, the National Hall Olym-
pia, and now even this extra space has been taken.

ECC'96 takes place in
London between 15 &
17 October 1996.
Asked to explain the
event's success Sharon

Chapman comments:
"ECC'96 is the only

forum where there is significant representation from
cable, telecoms and programming companies. I

know many exhibitors are using the event to launch
new products, making ECC'96 one of the few truly
international exhibitions held in the UK".

200 Companies
With over 200 companies on display,
the exhibition is an event in itself. By

far the largest show outside the US,

ECC'96 will be welcoming visitors
literally from around the world.

Top Names in Cable, Telecoms & Programming
ECC'96 is the forum to launch new to market products.
Among its 200 plus exhibitors, the show sees existing
favourites such as Motorola, GI, Ericsson, United
Artists, Sky and Norte', joined by newcomers IBM, GEC
Marconi, Nordex, Pace, Paramount and Fujikura,

Arena
Free to all exhibition visitors and one of the most
dynamic parts of the convention is the ECC Arena. A
show within a show, the Arena allows visitors to see
launches, demonstrations, product applications as well

as put top industry personnel through their paces.

Comprehensive Conference
Many visitors take advantage of the modular confer-
ence programme. Ian Lang, President of the Board
of Trade and Martin Bangemann, Director DGXIII of
the European Commission lead the plenary session
on day one, Tuesday 15 October. This focuses upon
the future and new challenges facing the industry
and covers topics from digitalisation to finance and
strategy.

Day two, Wednesday
16th, has top names from
the BBC, Sky and BT
discussing cable's compe-
tition. The European
dimension has a complete
session in the afternoon.

Thursday 17th deals in marketing with highlights on
new programming, customer services, market pen-
etration and customer retention.

th

Social Programme 10Anniversary

"The emphasis we place on networking has
contributed to the success of the event" says Sharon
Chapman. ECC'96 provides a unique setting for
making contact with the industry's movers in an
informal and relaxed atmosphere. This year is no
exception with the World Cable Dinner for 800 on
the evening of Tuesday 15th, and the ECC Gala Party
the following evening for 1000.

FOR YOUR FREE TICKET:
TEL: +44-171-222 2900
FAX: +44-171-791 1471
OR RETURN THE COUPON

For full details Call :

CI Please send me my free ticket plus
travel & hotel information

0 Please send me detailed conference
booking information

+44-171 222 2900 Fax: +44-171 799 1471
Name
Company
Address

Zipcode Country

Tel Fax

Organised by the Cable Communications Association,Artillery House,Artillery Row London SW I P I RT, UK
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ANALOGUE DESIGN

Ian Hegglun's new
voltage multiplier
promises higher
efficiency and simpler
implementations.

Vin

Vbuso

ZS SZ ZS
I I

2VV

SZ ZS SZ
-Vin o --I I

I I

OV 0

Cockroft-Walton voltage multipliers or
charge -pumps can eliminate inductors
in some power converters such as neg-

ative rail generators and voltage doublers.
Higher conversion steps are possible by cas-
cading doubler stages. But losses increase
rapidly with higher ratios making high ratio
multipliers less practical than inductor based
converters.

A recent multiplier arrangement improves
efficiencyl. To demonstrate this a 12V to
±50V dual rail 300W converter is presented.
The Mosmarx multiplier2 is another technique
that achieves high efficiencies, but it is limit-
ed in voltage by mosfet voltage ratings. The
new arrangement is not limited and can pro-
duce hundreds of kilovolts.

Recent improvements in low -impedance
electrolytics, mosfet drivers, mosfets and
lower cost schottky diodes make voltage mul-
tipliers attractive for a wider range of power
converter applications. Adding the improved
multiplier gives higher efficiency, power den-
sity, i.e. W/kg, and specific power, W/cm3,
with values similar to inductor based dc -to -dc
converters at similar frequencies. Also, the
problem of efficient voltage regulation with
multipliers appears to be overcome in the
demonstration circuit.

I--
SZ ZS SZ
3V 4V 5Vin

sz ZS SZ
 H I

Cl D2

Vpk
in D1 C2

2Vpk
out

Fig. 1. The Cockroft-Walton doubler is the
simplest voltage multiplier.

Conventional half -wave multipliers
The simplest multiplier, the Cockroft-Walton
voltage doubler, is shown in Fig. 1. Output
voltage reaches twice the peak input voltage,
but when loaded the output voltage falls by
two diode volt drops plus an ac ripple com-
ponent. This is because of current flow in the
capacitors.

Figure 2a is a simple voltage doubler based
on a popular mosfet half -bridge driver.
Negative rail generator Fig. 2b is similar to
the doubler circuit but it sits on the OV rail
with diodes and capacitors reversed. These cir-
cuits can be very efficient with low on resis-
tance mosfets, schottky diodes and low
impedance electrolytics. Mosfet driver ics
greatly simplify the circuitry.

Higher multiples are made from cascading

Vbus +

Output

-Vbus

I°

Fig. 2. a) Simple voltage doubler based on a popular mosfet half -bridge driver. Negative rail generator b) is similar to the doubler circuit but it sits on
the OV rail with diodes and capacitors reversed. b) is a negative rail generator
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Il Il 1\
2V 3V 4V 5V1V

Vbus
RL

OV

Fig. 3. Higher multiples of the input voltage are obtained by cascading several doubler sections.

several doubler sections as shown in Fig. 3.
Voltages indicated are those for a multiplier
that sits on the dc bus. This enables a dc -to -dc
pentupler to be made with only four stages
instead of five, increasing efficiency and
reducing cost.

Note the difference in output when a multi-
plier is fed from an ac source such as from a
transformer as in Fig. I, rather than a pulsed
dc waveform as in Fig. 2. With an ac source,
input capacitor Cl charges to the peak input
voltage on the negative half cycle. When the
input reverses, 2Vpk is presented to C2 ulti-
mately charging it to 2Vpk. But in Fig. 2b, a
pulsed dc waveform is fed to C1. When the
low -side mosfet Tr2 conducts the input capac-
itor Cl is charged to Vbus via Di and when the
high side mosfet Tri conducts C2 is charged
ultimately to Vbus, not 2Vb, as might be
expected from Fig. 1.

This can be explained by looking at the
Fourier series for a pulsed dc waveform. A dc
component of 0.5Vbus is present which is
blocked by C,. The remaining ac component,
a square -wave with a peak value of 0.5Vbu5f is
doubled giving Vbus across C2 and 2Vbu, at
the output to OV.

As a rule, the peak -to -peak input voltage
determines the output voltage of each stage
and each additional stage adds another com-
ponent of peak -peak input voltage.

Improved half -wave multiplier
Fig. 4 shows Ian Hickman's improved half -
wave multiplier'. Compared to Fig. 3, only
five diodes are needed rather than eight for a
pentupler that sits on the dc bus, and only five
capacitors are required rather than seven.
However, two drivers are required to generate
the complementary squarewave drive but this
can be done relatively simply these days with
ics.

Full -wave multipliers
A full -wave pentupler is shown in Fig. 5. This
circuit is effectively two half -wave multipliers
in parallel. Hence the output current can be

Fig. 4. Improved
half -wave
pentupler.
Compared to Fig.
3, this multiplier
needs three
fewer diodes and
two fewer
capacitors.

doubled for the same output ripple and effi-
ciency.

Apart from the complications of the extra
diodes, capacitors and a differential drive
either from a full -bridge converter or a trans-
former, these complications are partly offset
by the double pulse frequency in the dc capac-
itors. As in conventional full wave rectifiers,
the value of the filter capacitor can be half that
of half -wave for a given ripple content. Also,
as I discovered, the dc capacitors can be elim-
inated when the input is fed with a square
wave.

Improved full -wave multiplier
When Fig. 5 is fed with a squarewave such as
from a full H bridge, the dc capacitors can be
removed without upsetting operation since the
output duty cycle is close to 100%.

With the capacitors removed there is a cur-
rent path through the junction of the four
diodes in Fig. 6a. These current paths are
independent so the junctions can be broken.
Since there are now two diodes in series in

Safety hazard
The high voltage multiplier described here is
potentially lethal. Do not attempt to build or
use it unless you fully understand the dangers
of extremely high -voltages and follow the
safety warnings given in this text.

Vin

V

each path, the circuit can be simplified to Fig.
6b. Although I have not done an exhaustive
literature search, this full -wave circuit appears
to be new.

Fewer diodes means lower cost - especially
in low voltage converters when using schottky
diodes. Reducing diode numbers also
improves efficiency; in low voltage converters
diode losses tend to predominate. Eliminating
the dc capacitors also reduces cost and
improves efficiency because there are fewer
charge transfers. In Fig. 6 for example, there
are four charge transfers. This includes one
from the supply reservoir capacitor, compared
to eight charge transfers for a conventional
full -wave pentupler. Comparing diodes, there
are five diode volt drops compared to eight.

In general, there are 2n diodes where n is the
multiplication factor and where Vbus is used to
reduce the number of stages by one. Note that
there are two diodes more than the number of
capacitors; the last two diodes can be seen as
termination diodes. Adding an extra two
diodes at any point can tap -off different volt-
age steps if required.

All these improvements are achieved with
the same voltage and current ratings of both
diodes and capacitors and without compro-
mising output power. Compared to the simpler
half -wave multiplier the only extra compo-
nents, apart from the two extra diodes, is the
extra half bridge, which is relatively simple
these days.

Capacitor losses
The law of charge conservation can be used to
show that capacitor losses are independent of
how much or little resistance is in the circuit
when two capacitors are connected together.
Energy loss when transferring charge from Cl
initially at V1 to C2 initially at V2 is,

1 [ C x C
AE = 1

2

L

- v212
2 CI + C2

Even if diode losses cou d be eliminated, the
efficiency of a charge pump multiplier is lim-
ited by the sum of the squares of the individ-
ual capacitor ripple voltages. Capacitors for
power converters are costly so it is important
to choose capacitors carefully.

Choosing capacitor values
To minimise the cost of capacitors you need to
know how much output ripple is acceptable

szmszzsyzzs sz
5Vin2V 4V

ZSSZZSMSZM
-yin 0-1 I I F.-01 I I

RL
OV 0 0-1A/V-0

Fig. 5. Conventional full -wave pentupler. This circuit is effectively two half -wave multipliers in
parallel.
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and the output current. Electrolytic capacitors
are useful up to several hundred volts and
work best in the 3-30kHz range. Electrolytics
are usually chosen for their ripple rating rather
than for minimum capacitance because they
have high losses. Typical D figures are 0.1 to
0.2 compared to non-electrolytics with 0.001
to 0.01, where D, and tan S, is the dissipation
factor.

I have used various types of electrolytics in
multipliers. Standard electrolytics can be used
but they are more bulky and require a lower
frequency for minimum impedance and hence
maximum efficiency. The XYB series minia-
ture low impedance 105°C electrolytics from
Rubycon are used in my recent designs. The
RS catalogue provides useful ripple current
data.

I have found the continuous ripple current
rating of 105°C capacitors can be more than
doubled for an ambient temperature not
exceeding 50°C. The Philips electrolytic
capacitor data book gives useful information
on temperature over -rating.

In the absence of suitable data, run a test to
measure the temperature rise at maximum cur-
rent. From this the highest safe ambient tem-
perature can be found. For example, a tem-
perature rise of 45°C means 105°C capacitors
can operate up to an ambient temperature of
60°C, so a 50°C ambient temperature will be
safe.

Bipolar types that are non -electrolytic are
chosen on the basis of output ripple voltage;
for 5% peak -peak output ripple the final
capacitors reactance should be a hundredth of
the load resistance3. Given an operating fre-
quency and reactance, the value of the final
capacitor in the multiplier chain can be calcu-
lated.

Grading capacitor values in proportion to
current helps to minimise charge transfer loss-
es. For Figs 3 and 5, capacitors closer to the
input carry more current than the final stages,
increasing linearly along the chain starting
from the load. For example, if /1,, is the aver-
age current flowing through the load in Fig. 3
then the input capacitor carries 4IL.

12V -to -100V 300W converter
Fig. 7 shows a 13.8V to ±50V 300W dc-dc
converter. It demonstrates that output power of
several hundred watts are relatively easy to

Vin

OH
Vbus

-Vin

OH

achieve. An efficiency of over 90% can be
maintained from a few watts up 300W - even
with a multiplication ratio of eight times If
load current must be returned to OV, this
reduces to 150W and ±4 times. Peak efficien-
cy was 95-96% for loads from 0.2A to IA.

Comparing this multiplier to that in Fig. 6b,
shows that the capacitors are arranged slight-
ly differently; they are common to the input
rather than in a string. This improves effi-
ciency of electrolytic based multipliers, where
higher voltage electrolytics generally have
lower losses (D) per microfarad. Note that the
capacitor voltages increase toward the output
in this arrangement. Also, capacitor currents
are similar so each capacitor needs to be rated
for the output current. For the values shown
the highest capacitor case temperature rise was
30°C with 2.2A load.

The W/kg power density and W/cm3 specif-
ic power compare favourably to inductor
based converters. For example, an ETD34 fer-
rite core measures about 50cm3 and weighs
50gm. At 200W the power density and spe-
cific power are 400W/100gm and 4W/cm3
respectively. For this multiplier (capacitors,
diodes and pcb) the values are similar at
300W/100gm and 6W/cm3. If schottky diodes
are not used to maximise efficiency, the cost
per watt for this converter is better than induc-
tive converters. These comparisons are valid
for non -isolated step-up converters with ratios
of up to ±5 or so - ten or so for a floating
load.

Although Fig. 7 includes voltage regulation,
it is easily removed if not required. By adding
C1 and RI, /CI can run in self -oscillating
mode. If you only require a single output, then
simply remove one of the multipliers. Also,
given higher voltage mosfets, diodes (not for-
getting D1 and D2) and capacitors, the bus
voltage can be as high as 500V.

With no regulator circuitry, the operating
frequency is preset with R1 for maximum effi-
ciency. This can be found by making R1 vari-
able. Best efficiency is seen as a peak in the
output voltage (or input current) as the fre-
quency is raised and for the values shown it is
12kHz.

There is little change in efficiency until
35kHz, but at 100kHz and full load the output
power falls by 15% and efficiency falls from
91% to 88% . The reduction in efficiency and

RL

OV

5V

0

power can be attributed mainly to the
IR2151's 1µs dead time. Setting the operating
frequency too high reduces efficiency at light
loads because of the increased gate drive loss-
es. Too low a frequency requires larger and
more expensive capacitors.

The unregulated version gives 90% effi-
ciency down to 2W. This is possible because
the frequency is only 12kHz, resulting in only
4mA supply current for the ics plus 10mA
from the supply bus. The regulated version is
less efficient at light loads because it operates
up 100kHz when lightly loaded.

This converter was intended to feed a stan-
dard 100W amplifier for operation from a
nominal 12V supply. For this application it is
desirable to keep the frequency above 20kHz
to prevent audible interference and preferably
above 40kHz to prevent intermodulation prod-
ucts being heard at low audio levels.

To drive a 100W amplifier, the peak current
required into 8W is 5A and the minimum volt-
age to the amplifier should be 45V. The con-
verter in Fig. 7 is rated for 2.5A average and
can deliver 5A peak without large reservoir
capacitors (C6,7).

By delivering the peak current directly
rather than from say two 10,000gF reservoir
capacitors, for 30Hz low frequency roll -off,
the converter is more compact. If reservoir
capacitors are added it is possible to run two
100W amplifiers on music signals, but ampli-
fier clipping needs to be avoided.

The right-hand IR2151 is slaved from the
oscillator of /CI via R1 to the comparators of
the 555 type internal oscillator. Propagation
delay through the comparators is insignificant
compared to the 1µs dead time delay for the
mosfets. Using two IR2151 drivers was a
lower cost option than full H -bridge drivers
advertised at the time. This circuit does not
require a separate oscillator for the unregulat-
ed option. Resistor R2 is added as a precaution
in the event of /C2's under -voltage shutdown
being enabled before /CI.

Regulating the output
It is difficult to regulate the output voltage of
a multiplier by the usual means, such as pulse
width modulation. Attempting to reduce the
frequency to increase capacitive reactance also
increases losses in proportion to voltage

continued on page 805...

Fig. 6a. Improved full -wave pentupler. Compare with Fig. 5. Dotted components can be removed. b) is the improved pentupler redrawn.

RL
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SEETRAX CAE RANGER PCB DESIGN
WITH COOPER & CHYAN AUTOROUTER

RANGER3 - DOS £2500
- Windows\NT £2900

Hierarchical or flat schematic linked to artwork.
Unlimited design size, 1 micron resolution
Any shaped pad, definable outline library

Pin, gate & outline swapping - auto back annotation
Split power planes, switchable on - line DRC

COOPER & CHYAN SPECCTRA
autorouter (SP2)

Inputs: OrCAD, Cadstar,
PCAD, AutoCAD DXF

Outputs: Postscript, Windows bit map

R2 & R3 Outputs: 8/9 & 24 pin printers, HP
Desk & Laser Jet, Cannon Bubble Jet,

HP -GL, Gerber,
NC Drill, AutoCAD DXF.

RANGER2 £150

Upto 8 pages of schematic linked to artwork
Gate & pin swapping - automatic back annotation

Copper flood fill, Power planes, Track necking,
Curved tracks, Clearance checking,

Simultaneous multi -layer auto -router

RANGER2 UTILITIES £250

COOPER & CHYArf SPECCTRA auto -router (SP1)
Gerber -in viewer, AutoCAD DXF in & out

UPGRADE YOUR PCB PACKAGE
TO RANGER2 £60

TRADE IN YOUR EXISTING PACKAGE TODAY
Seetrax CAE, Hinton Daubnay House, Broadway Lane, Lovedean, Hants, 1'08 OSG

Call 01705 591037 or Fax 01705 599036 + VAT & P. P All Trademarks Acknowledged=DB
TELFORD ELECTRONICS

Adret 740A UHT generator 0 I -I 112018Hr Weld 0501804 - 20011, Oscilloscope If 1114e1A - Amplifier

Adrot 1230A- frequenry syntfienizer 11011z GoeW 1(314- Timer cow* HP H184894 - Microwave amplifier

Adret 5104 - Driving sythesizer 90-1201011z Gould 05250A -Oscilloscope HP HP491( - Maroc.. amplifier
Advent. VA1775 - AC Voltmeter Gould 014000 - Oscilloscope HP 117501140 - Signature analyzer

Rearm Orypn analyzer H Tinley 5761 - Resistance bodge HP HP5006A - Signature onalyrer

Aro 115/L/2 - AC/DC Brealcdown leakage l. lontsation North RF2305 - Receiver molter HP HP51504 - Thermal printer

Bollantine 6117B- Programmable Scope calibrator Hitachi VC -6041- Digital storage oscilloscope HP HP52451. - Ekcfrom counter

B1RC NIZ-9130-111 - Cellular MOM RP HP102546 - Serial to parallel convertor HP HP51461 - Electronic counter

Bowdon 132AD -Modulation meter

Boonton 920 - Rf Milliyoltroeter

Boonton 72B - Capacitance meter

Bradley 235 - Synthesized digital signal generator

Crotech 3131 - 150111, Dual Oscilloscope

Date Tech 304 - 0.161 multimeter

Dana. 1061 - lateral digital muktmeter
Whoa 1061A - Auroral digital mullion.,
Dutra. 10656 - Amoco! 6,91011 multaneter

Datron 1030 - RMS Voltmeter

Dorton 10313A - HAS Voltmeter

Canon 1055 - Voltmeter

HP HP11713A -Ananualorisyritch driver

PIP !IP1111590 - Amplifier switch

HP HP11359B - Amplifier witch

HP 11712106 - 15MHz Osalloscope

HP HP1415 - Display section

HP HP141A - Oscilloscope

HP 11716000 - Logic stow analyzer

HP HP1725A - 2751611, OstrIlosope

HP HP1727A - 275MHz Oscilloscope

HP HP1740A - 100/011z Oscilloscope

HP 9111741A - Oscillocope

HP HP181A - Mainframe VW 18040 v 113250

Dranetz 3105- Precision power A harmonic analyzer HP HP181A -Oscilloscope

Docklin Lowspeed opt.' taco meter HP HP203A - Function generator

PIP 117545A - Micrownn frequency counter HP NP310IA -19164 Tronundter

Fennell PSG1000 -Syndiesized signal generator 1011,156z HP 9732008 -VHF generator

Fantail S5G570 - Signal generator HP HP3325A -Synthesized/function generator

FarnelITSVIO 61111 I - Power supply HP HP33500 - Automatic synthesizer

Furred! (T587/11 - Insulation mom HP HP33364 - Synthesized/level generator

Fantail 1.130/1 - Power supply NP HP334A - Distortion analyzer

Fennell TH2 - AC/D( Millivoltmear HP HP3400A - RMS voltmeter

Fennell DM131 - Digital multimeter RP HP340611 - Broadband sampling voltmeter

Parnell 1085 - AF Power meter MP HP3455A - Donal voltmeter

Fantail DSG1 - Synthesired signal generator MP HP3456A - Digital voltmeter

Formal LFM2 - Sine/Sguare oscillator 11,1113465B - Dipol voltmeter

Fenton IAP30-80 -Auto ranpng power supply MP HP34800 - Digital vol..,
Fennel 116050 -Auto ranging power supply HP 1111190A - Mal..
Ponta AP1110-900 - Auto ranging power nippy Ill H1356770 - 5-Porometer ten set 1004Hz-200MHz

Perna 1110090A- Auto Fringing power supply If HP35700 - Network analyzer
Fermi AP30-80 - AND ranging power supply HP1113571* - Tracking spectrum analyzer

Fantail 10P10090 - Auto ranging power supply NP HP35804 - Swirl, voltmeter
Fseback EW604 - Flearonn Won meter 11P HP3581( - Selective Voltmeter

Ferragraph RT52 - Recorder test set HP 1P3582A - Spectrum analyze,

fluke 5200A - Programmable A( calibrator tie HP3591A - Selective voMneter

Fluke 776I6 - Universal counter/timer NP111370211- IF/B8 receiver

Fluke 3352 - DC Voltage stondard/valtmeter HP 11157616 - Data generator

Rube 41208 - Digital frIllitiraffIV HP HP3763A - Error detector

Rieke 8502A- Digital multimeter RP 9137708- Telephone line onolyrer

Hobe 25 - Digital multimeler HP X13780* - Pattern generator error detector

fluke 19536 - Counter taw RP HP3781A - Pattem generator

Hake B300A - Digital muninveler RP 111378113 - Pattern generator

Fluke 4e0700 - Digital mulfinteter II HP 37820 - Error deka°,
Flake E0500 - Digital mulfirnemr Ir HP 37828 - Error deertor
Hoke 8010A - Digital awl..., I, HP3%0 - Inarentennion recorder
G.R.C. 17320 - Tared amplifier 8 null detector PIP 11P3964A - Instrumento., recorder

6.11.6 1362 - 220921/Mhz UHF Oscillator If 1114204A - Oscillator

logo GRI101A - Signal generator 12-I8GHz HP HP431( - Power meter

Glokd 8201 - 20MHz Pulse/function pnerator HP HP 4312 - Power meter

Gould 06300 - 20/111, Oscilloscope HP HP4333A - Distortion meter

Gould 054000 - Osollompe NP 914340 - Caloornefrd power meter

Gould 138 -Signal generator IF 117435A - Power meter

HP HP5254( - Frequency convenor 15.3Ghlz

HP HP52560 - Frequency counter 8-18GHz

HP HP51020 - 50MHz universal counter

HP HP5304A - Timer counter

HP HP5318A - Universal counter

M/HP5335A - Universal cavern

111 915342A - MICIOVIM kequenry counter

HP HP53708 - Universal rime interval counter

HP H7593010 -AS(11 to parallel convener

HP HP874311 - Reflect.° fronsmissen tea um, 18111z

HP HP8745A - S-Pararneter 00 set 0 11 OGlIz

HP HP11750A -Storage normalize(

HP HPE19019 MaPularion anolyzer

Hitachi 95504 - 50MHz Oscilloscope

Inaba DAIS -6430 - Dgenl memory same

lwalscr SAS -8130 - Waveform analyzer

loranu 11.54160 - Synchroscope RANH,
Meithley 2000 - Mu/weer
keitMety 177 - Microvolt dignal multimmer

liedhley 179 - IRMS Digital multimeter

Keithley 179/20A - TAMS hiultimeter

Remo DPI - 1 0Hz-103101z phase meter

KRiusui 71110 - Eleoronn lead 10031 1 5-1206

aikusai 11318850 -171 Auto Tester

Wand PL/1007W - Power supply 0( input 1000W

Krohn -Hite 5300A - Function animator

HP HP59306A - Relay actuator KSM T25 - Pulse generator

HP 1195930IA - VHF swot) Loader 10(.7005 - Oscilloscope 01410000

HP HP 593I36 - 1./2 converter Leader LCR-740 - LIR hnage

HP 19595014 - HP1E1 isolated DA/PSU,Prog rammer Laval 14538 - A( Mao voltmeter

HP HP6002A - IX power supply Lyons PG -28 - Pulse generator

HP HP6222A - DC potter supply 0-206/0. IA, Lyons PG -7311 - Pulse generator

HP HP6130( - Digital rollop source Lyons PG -71N - Pulse generator

HP1/7626113 - DC power supply Lyons PG.72 - Puke generator

HP HP65113 - Test oscillator Marconi if 69609 - Rf Power meter

HP HP6I5A - Sweeping signal generator Marconi 198938 - Af Power meter

41616760 - Phase/amplitude frocking &rem Marconi 1920190- Signal generator BOKH, -1040MHr

HP HPHP69200 - Meter calibrator Marconi TF2370 - Spectrum analyze, 1100160

HP HP7530A - Graphics planer Marconi TF2833 - Digital line monitor

HP 11780058 - Pulse generator Marconi 7923300 - Wave analyzer

HP HP13006A - Puke generator Marconi iF6460./1 - Power Meter

If 11190154 - Pulse generator Marconi 196460 - Power meter

HP HP81610 - Programmable puke generator Marconi 0629051- PCM Regenerator rest se(

If 11784034 - Modulator Marconi 792091(- Horse generator

HP 11714100 - Network waiver Vollt011i 1021700 - Digital synchronizer

HP H78411A - Hormone frequenry convertor Marconi T02173- DO synchronizer
HP 6784120 - Phase magnitude deploy Marconi 42169 - Pulse modulonon meter

IP HP84128 - Phase magnitude display ASarceni Tf2000 - AF Oscillator

4W 1118413A - Phase gam indicator Marconi 140587 - Levelling °moldier

HP 11784140 - Polar display Marconi TG2424 - Frequency counter.

HP HP8414B - Polar display Marconi 192430 -110MHz Donal frequenry meter

HP 97841M- Auriliary display holder Marconi T12431- 200MHz Digital frequency meter

HP HP8443A - Tracking generator/counter Marconi 192432 - 560MHz 219,401 frequency meter

HP HP8414A - Tracking generator 0 5.1 35H, Marconi 1165508 - Programmable power meter

HP11784450 -Autornorn preselector Marconi 7955504/I- Programmable power meter

HP NP13447D- 0 1-131101191 amplifier Moroni TF2437 - 100MHz Universal wart timer

HP HP84479 -0.1 -1300MHz amplifier Marconi 15281330 - Digital fine manna,

14P HP84770 - Calibrator Moroni ii605013 Frequency meter

HP HP8614A - &pal operator Marconi 102121 Ur,ver,n1 brage

HP H7062606 - 119 plug-in 12 4-1BGHz Marconi if 28180 Drool 1m thron ite,

YIP HP86408 - Signal getterolor Marconi 102831 - Channel clams switch

HP IIPB61346 - Sipol generolor 5 4-12 CH, *eoni 742830 - MOnpler tester
HP HP86908 - 5esep oscillator Alertani 112807A - PCM Multspler tester

HP 11187098 - Synchronirer Marconi 74 2829 - Diatol onalyrer

IF HP87170 - Transmisaan bias supply Marconi 112175 - RF Power arnoldiet

HP HP87408 - Transmission test unit Moroni 192879 - PCM Digital analyzer

HP HP87410 - Reflection not unit 0.1.1.0611, Marconi TF2005 - 44 Oscillator

HP HP8742A - Reflection test unit 2 0-121GH, %wpm 644/6120 - litter meter

WIN= MY/23A - RI Mil fivoltmeter
MSI Copacdonce meta/(V plotter

Mona D5155 - A( Power analyzer

Hanna D4135A - Muo funamn meter

Hanna 04155 - Precision Watt meter

065131- [unarm, generator 0.I HZ 2MH/

Philips PM93 - 50Mlit Scogemerter

PM6613 - Universal canter 25061110

Ph* 065520 - Monochrome test generator
Philips PM5162 - Sweep generator

Philips PM2423 - Diode! multaneter

Philips 1415715 - Pulse generator INz-50/411/

Philips P43055 - Oscilloscope 36Milz

Philips PO4302 - R(L Bridge

M 456. IA51011- 19,1Mtlz Function generator

Philips PM2521 -Automatic multimeter

Philip PM7841 - Pow meter
Philips 9117832 - SWR Mem

Philp P65508 - PAL Colour IV pattern generator
Phiips 111511 - Pow supply 0-32Y/IA
Poland 11050 - Signal generator 0 84-2 4GH,

PSI Al 02 - Waveform generator

PSI A100 - Waveform generator

PSI 3151 -Function generator

PSI 6102- Waveform generator
RAS URY3 - Millivoltmeter I 01(hz-2611z

RAS SMUY - Srgnal genennor 1011z-130MHz

Raced 9904 - Modulation meter

Racal 9916 - UHF Frepuenry counter

Racal 1998 - Frequency roomer

Racal 9303 - true RMS RF Level meter

Racal 9839 - Ulf f Frequency meter

Racal 9911 - YHf Frequency ratter

Racal 93010 - RI Millivolaneter tr. RMS
Red 9906A - 206Mtlr Universal counter
Rawl 1792 - HR Renewer

Racal 1771 - HE Receiver

Rawl 5004 - Drgrml muhunemr

Racal 5003 - Dlgrtal mulimeter
Racal 1500 - Delay pulse generator

Rawl 110 - GPIB Interface

Rawl MAI 105 - Bargroph

Racal 9500 - Timer/counter

Racal 4821- Drgrml vahmeter

Racal 1200 - Unnersal switch controller

Racal 4023 - 100MHz Oscilloscope

Racal 4600 - Lisgaol multuneter

Rawl 9932 - Instrument interface

Raoul 9523 - VLF Counter/tinter

Racal 9105 - RE Micro Won Teter

Revel 9300 - WAS Yoltmete,

Racal 9058 - Seen. analyzer Hi
Rawl 9059 - Frequency period meter

Racal 9028H - Signal generator

Racal 5001 - 0lgrtvl mulameter

Radford 100152 2 - Low distortion rneasurou set

Redford 1304 - Low distortion oscillator

Reslilon 5420311 - Date unit
Raritan SDI - Drier unit

haw 152182 -Monne digital word recever
Ride 8 Shan SOT 2 - Noise generator
bcal & Simla Signal generator 10100x-1301116,
Rekord DP8-2200 - Plotter

Reload LIG-008-885 - PIoMr

Sayrosa 261 - 600MItt Frequency counter

Selskrinbergee 4419 - Function generator

Salami...gee 4220 - Chanel multimeter

Schlumberger 7022 - Mcroprocessor voltmeter

Schlumherges 1170 -Frequency responce analyzer

Sehlurnberges 2712 - Universal counter

Siemens 32155 - Level meter

Siemens 7114304 - Wan meter

Siemens 02155 - 200111-6201011 Level meter

Sony/Tektionik 1E4308 - Data onlyzer

Sowed Tecfmalogy 17008 - Distortion measurement sown

Sys.. Dormer 5000A - Sweeper UR 7000 display unit
Systree DeenterNI 07 - Pompon DC voltage source

Tektrcellc 1E4212 -Oscilloscope

Teldronik T14465 -Oscilloscope

Tektronik 7EK577 - Curve Wen
Tektrunik TRIM - Oscilloscope
Tektronik 161191 -Signal generator

Tektronik 1E1106 - Squorewave generator

Tektronik 1E1214 -Stomp oscilloscope
lektronik TE4453 - Oscilloscope
lektraaili 114465 - Oxr lbscope
Telequipment 034 - Oscilloscope

Telequipment DelA - Oscilloscope

Itleguipment D43 - 0101100Ope

TeteqUip11.1.11 01011 -Oscilloscope

lama. TG100.1 - irking generator
lanced 1.9606 - Sweep generator

Maraca TA2160 - 261.111, Lop analyzer

Trio CS- - 206111r Oscilloscope

1406 118 Level geneneor INCH r-110MHz

WL6 P512 - 200117-4 5/414, Lend generator

WAG SP4VI2 - Level meter

WSJ 561622 - Signal coon,,
WSJ 912032 - Tape convertor

Wowetek 1726 - Programmable signal source

Wavetek 9070 - Signal generator 7-126111

Wavetek 185 - 51A111 Lin/logic sweep generator

Wavetek 117 - HP Sweep pawnor

Wavetek 164 - 3010Hz Sweep pnerator

Wayne Kerr 11900- Automatic bridge

Wayne Kart 8522 - Coq:anew bridge

Weinschel 1810A - sNbai.d RF ratio meter
Wee 413 A 460 - Power supply

Wititan 501 - Level meter

Racal Freqwwwy &lam
9904M, 9906, 9901, 9905, 9901, 9901, 9916, 9912, 9911, 99196.

9914, 9913, 9910, 9915, 1990, 9921. 9918

Tekhonik Mug Ile(:
3C509, DIA501, 541811, 5131011, 00501, 91503, DC503, 96501,

DF1, 3F2,7001, COOSA, 13(501 opt 1, 2105010, PS503A, PG508,

91504, 7653A, 7870, 7418, 7016, 7011, 7771, 7511, 7011,

7013,7012, 7880, lAISA, 7851, 7019, 7D10, 5310, 5418A,

5009. 50104, 5A1411, 7B92A, 7001, 7885, 7887, 7A16A.

AN EXTENSIVE RANGE OF TEST EQUIPMENT IS AVAILABLE. PLEASE SEND FOR OUR NEW CATALOGUE - Postage and parking most be added. Please phone for price. VAr fit 171/2% to be added to all orders. Please tend large SAE for details.

Telford Electronics, Old Officers Mess, Hoo Farm, Humbers Lane, Horton, Telford TF6 6DJ
Tel: 01952 605451 Fax: 01952 677978
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ACTIVE
Arrays
`Fastest' pld. GAL16LV8D is the first
member of the Lattice Semiconductor
UltraMOS VI 3.3V low and high
density plds. Its e2cmos process
enables a Tpd of 3.5ns and typical
supply current is 45mA, which
provides a power consumption up to
70% lower than 5V 16V8 devices.
The pld operates with 200MHz
system clocks and interfaces with
100MHz buses where both clock
edges are used. Compiler software is
the same as that for standard 16V8
devices. Future Electronics Ltd. Tel.,
01753 763000; fax, 01753 689100.

Bipolar asics at cmos prices. NEC
has introduced the QB-8 asic
technique to provide the power, price
and short development time of cmos
with the high speed of bipolar
devices, using a new architecture
named Puzzle. A special 622MHz
version of QB-8 is intended for
embedding in high-speed telecomms
applications. Puzzle uses mos input
and Bicmos output to provide low
input capacitance and drivability.
These devices contain up to 223,000
used gates. NEC Electronics (UK)
Ltd. Tel., 01908 691133; fax, 01908
670290.

A -to -D and D -to -A
converters
14 -bit, 100MHz d -to -a. Harris
announces the first digital -to -
analogue converter to give 14 -bit
resolution at 100MHz. The H15741
simultaneously converts 20 voice
channels at a 70dB thd - better than
the requirement for single -channel
cellular base stations; single -tone
spurious -free dynamic range is 86dBc
at Nyquist frequency. A significant
feature is its capability of handling
eight channels in one package, rather
than the eight separate signal -
processing chains that have until now
been needed. Harris Semiconductor
UK. Tel., 01276 686886; fax, 01276
682323.

Low -noise a-to-ds. Two new cmos
12 -bit converters by Crystal
Semiconductor are of the successive -
approximation type, offer a 100kHz
processing rate, 75mW power
dissipation and 73dB s:r ratio.
CS7870 (±3V) and CS7875 (5V) are
pin -compatible with existing 12 -bit
types and give a performance
improvement without circuit
modification. A self -calibrating

capacitor eliminates time and
temperature drifts. Crystal
Semiconductor Corporation. Tel.,
(USA) 001 512 442 7555; fax, 001
512 445 7581.

Multimedia data converter. Said to
be meant for use in multimedia and
audio, the AKM AK4510 is a 16 -bit
stereo a -to -d and d -to -a converter,
using fourth -order delta -sigma
modulation for accuracy and low cost.
The a -to -d section has an on -chip
anti-aliasing filter and the d -to -a a
post filter to afford tolerance of
system clock jitter to 100ns.
Switched -capacitor and continuous
time filters give out -of -band noise
down to -83dB at 44.1kHz sampling.
DIP International Ltd. Tel., 01223
462244; fax, 01223 467316.

Linear integrated
circuits
General-purpose op -amps. Burr -
Brown's OPA234 series of gp op -
amps feature low power and good dc
performance and come in single
(234), dual (2234) and quad (4234)
versions. They work on single or dual
supplies; in single -supply working,
input common -mode range extends
below ground, output swinging to
within 50mV of ground. Capacitive
loads up to 10,000pF are acceptable
in unity gain and the multiple versions
are independent for lowest crosstalk.
Specifications include a supply range
of 2.7 to 36V (±1.35 to ±18V),
250pA/amplifier quiescent current,
25nA input bias and 100pV input
offset. Burr -Brown International. Tel.,
01923 233837; fax, 01923 233979.

Microprocessors and
controllers
8 -pin microcontroller. Microchip has
8 -pin, one-time programmable
microcontroller, the PIC12CXXX
family, which uses the risc-based
PIC16/17 architecture in a SOIC
package to make, it is claimed, the
world's smallest 8 -bit controller. It
provides maths and Boolean operation
which, with its small size, makes it
competitive with asics and types with
greater pin numbers. Two are
available: PIC12C508 with 512word of
program memory and 25byte of user
ram; and the the P/C12C509 with
1024word and 41byte. Both have six
i/o and an on -chip oscillator, 33 single -
word instructions, 1ps instruction cycle
at 4MHz, seven special -function
hardware registers and direct led
drive. Operating power is 2.5-5.5V at
2mA. Arizona Microchip Technology
Ltd. Tel., 01628 851077; fax, 01628
850259.

Dsp, risc microcontroller. Hitachi's
SuperH family of 32 -bit
microcontrollers is joined by the
SH-DSP, which is claimed to be the
first single, integrated core to include
full dsp and risc functions. It gives
60Dhrystone mips as a controller or
120mops as a dsp, or any point in
between. The device is based on the
SH-2 with dsp extension and operates
at 60MHz, 3V, accepting SuperH
code with no need for modification.
There is a good base of software
tools available. Hitachi Europe Ltd.
Tel., 01628 585163; fax, 01628
585160.

Supervisors. MAX6301/2/3/4 from
Maxim are microprocessor supervisor
chips, issuing resets on power-
up/down, brownout or failure in
software execution, model difference
being concerned with the nature of
the reset outputs. Two external
resistors set trip thresholds, resets
being emitted when the supply drops
below the threshold and maintained
until an adjustable time after it rises
again. Resets are guaranteed for
supplies down to 1V. There is an
internal watchdog timer to issue a
reset when the the adjustable timeout
ends after an absence of transitions
indicates a software failure. Maxim
Integrated Products UK Ltd. Tel.,
01734 303388; fax, 01734 305511.

Optical devices
'Smallest' it transceiver. A new
optical transceiver pair by Sharp is
compatible with the IrDA 1.0 standard
for infrared communication. Normally
external components are integrated to
reduce the board area needed to
about 20% of that required by earlier
designs. Wait time is reduced by
using the half -duplex mode and the
delay between transmit and receive

Power semiconductors
Rf power. New from Motorola, the
MRF927T1 rf power n -p -n silicon
transistor for low -voltage, low -
current use, particularly in pagers
and hand-held telephones. It
operates in the 2GHz region and
exhibits an 8GHz gain./bandwidth
product at 3V, 5mA. Unilateral gain
is 15dB and noise figure 1.7dB. The
company also offers the MRF6401
rf power device, specified with a
gain of 10dB minimum at 1.66GHz,
output power 0.5W. Motorola
Semiconducteurs SA. Tel., 001 33
61 199981; fax, 001 33 61 199565.

modes is down to 30ps. Since the two
devices are separate, the receiver
cannot 'see' the light from the
transmitter and a sunlight saturation
prevention circuit is automatically
matched to the receiver. Data
transmission rate is in the 2.4 to
115kb/s range. Microelectronics
Technology Ltd. Tel., 01844 278781;
fax, 01844 278746.

PASSIVE
Passive components
Transformers for valves. Variable
Voltage Technology offers the VTM
range of transformers intended for
use with valves. They are designed
for valve -age but using modern
methods and materials such as
annealed copper wire and grain -
oriented laminations. All meet emc
and low -voltage directives and are CE
marked where appropriate. The
transformers are either frame or
vertically mounted and are for use as
mains transformers for ht, with or
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without heater windings; as heater
transformers; as mains smoothing
chokes; or as output transformers for
triodes, pentodes or in ultralinear
mode using EL34 and EL84. Variable
Voltage Technology Ltd. Tel., 01983
280592; fax, 01983 280593.

Thin inductors. TDK's NLU series of
thin-film, surface -mounted inductors
are for 1-3GHz application and are
only 0.58mm thick. The copper spiral
inductors are available in values from
1.2nH to 100nH and come in the 0805
and 0603 sizes for flow and reflow
soldering. Flint Distribution. Tel.,
01530 510333; fax, 01530 510275.

Resistor networks. BCN 16 4A
resistor networks in the 1206 size are
eight -terminal units containing four
isolated resistors, with either internal
or external termination. Resistance
range is 1052 to 1MC2 at a tolerance of
±5%, with ±2% also available. BI
Technologies Ltd. Tel., 01384
442393; fax, 01384 440252.

Emc chokes. Wearnes Hollingsworth
offers a range of common -mode
chokes, which are designed to
prevent noise entering or leaving

Audio connectors. Cliff Electronics
has a range of audio connectors
and terminations, including the
Plastic XLR range of light, three -
pole plugs and sockets for audio
connection, in cable, panel and pcb
mounting forms. All are mateable
with the metal -bodied XLR
connectors and all have cable
strain -relief andilver-over-nickel-
plate brass contacts rated at 16A,
250Vac. there is also the Clifcon
series of four -pole locking
connectors for use in professional
audio systems and instrumentation.
In addition, the Quick Connect
terminals are for loudspeakers,
having spring -loaded levers to trap
the wire in the terminal.
Electrospeed. Tel., 01703 644555;
fax. 01703 610282.

equipment by way of power or signal
lines, all to do with the current
preoccupation with electromagnetic
compatibility. Both standard and
custom-made chokes are available,
mainly using toroidal cores of iron
powder, ferrite or amorphous alloy, in
sizes from 3mm to 30mm diameter.
Inductance values are in the 1-100pH
range and they operate at frequencies
to 30MHz. Wearnes Hollingsworth
Ltd. Tel., 01433 621555; fax, 01433
621290.

Vari-C diodes. Variable -capacitance
diodes from Zetex in the SOT -23
ZC930 range give octave tuning from
a 1-4V voltage change. At 1V, the
seven devices in the range have a
minimum capacitance range of 8.7pF
to 95pF; as an example, the ZC932
gives 17pF at 1V and 5.5pF at 4V,
with a 'hyperabrupt' C/V
characteristic. Stray capacitance is
0.08pF and lead inductance 2.8nH.
Zetex plc. Tel., 0161 627 5105; fax,
0161 627 5467.

Small trimmer capacitors. TZVX2
series capacitors by Murata measure
2.3 by 3.2 by 1.2mm, which makes
them, says Murata, the world's
smallest trimmers. The capacitance
range is 2.5-20pF in five values, with
temperature stability 0±300ppm/°C for
2.5-10pF and -750±500ppm/°C for
20pF. Settling drift is said to be
extremely low. Murata Electronics
(UK) Ltd. Tel., 01252 811666; fax,
01252 811777.

Connectors and cabling
Two -in -one optical fibre connector.
Molex SC optical -fibre connectors use
two NTT -SC standard connectors in
one housing. Insertion loss is typically
under 0.15dB for single -mode and
below 0.34dB for multi -mode. The
connectors are available in flange or
snap -mounting versions. Molex
Electronics Ltd. Tel., 01420 477070;
fax, 01420 478185.

Solderless coax. connectors.
Transradio offers the Coaxipress
range of coaxial connectors fitted with
solderless, press -fit terminations, for
use in existing plated -through holes in
diameters from 0.94mm to 1.09mm
on 1.6-7mm board material. Designs
are available for MCX, SMB and DIN
series of miniature connectors with
right angles or straight receptacles.
Detailed procedures for insertion and
removal, and information on tooling
are available. Transradio Ltd. Tel.,
0181-997 8880; fax, 0181-997 0116.

Displays
Better tft lcds. Major features of
Sharp's Super -V lcd 13.8in XGA
module are a 140° horizontal viewing
angle, 250cd/m2 brightness, 300:1
contrast and 10W power
consumption. The module is only a
quarter the weight, a third the
thickness and uses a fifth the power
of a crt of the same size. Sharp
Electronics (Europe) GmbH. Tel.,
0049 040 2376 2215; fax, 0049 040
2376 2991.

Test and measurement
Dso with 'analogue' display. Aside
from its other claims to fame, Gould's
Classic 6000 4 -channel, 200MHz
digital storage oscilloscope has
TruTrace, which is a technique to
make the dso traces look like those
on an analogue instrument, with
variable intensity. This allows fine
details, normally invisible on the
usual dso display, to be seen;
particularly useful for complicated
signals in noise. The instrument has
a range of options, from a low -end
monochrome model up to a colour
type with mass storage, auto
sequencing and maths functions. Up
to eight traces can be viewed
simultaneously, to allow live traces on
four channels to be compared with
four reference traces or zoomed
versions. Sampling rate is
100Msample/s and basic,
segmentable memory 10k/channel
with options of 50k or 200k. Gould
Instrument Systems Ltd. Tel., 0181
500 1000; fax, 0181 501 0116.

Line -impedance stabiliser. Thurlby
Thandar offers the LISN1600, a line -
impedance stabilisation network, to
measure the level of conducted
emissions at the supply of electrical
equipment operating from a single-
phase ac supply. It works with a
spectrum analyser or measuring
receiver to allow these measurements
to be done without the need for test -
house facilities. Its current rating is
16A continuous and various output
connectors are available. The
instrument meets CISPR16 for Band
A measurement of 10-150kHz and
Band B in the range 150kHz-30MHz.
A switchable 150kHz filter limits If
signals in Band B to reduce the
dynamic range requirements.

Connection is to either supply line, or
the unit can be disconnected to check
noise floor. Thurlby Thandar
Instruments Ltd. Tel., 01480 412451;
fax, 01480 450409.

Differential oscilloscopes. OX802
and OX8022 differential oscilloscopes
by Metrix are believed to be the only
differential types available. Both are
20MHz instruments; OX802 is an
analogue model, while the 8022 will
also work in digital mode at a
40Msample/s rate. Both operate in
normal or differential mode, the dill.
inputs giving true floating
measurement and channel -to -channel
isolation. A maximum input voltage of
500Vrms and the dill. inputs enable
direct examination of single and
three-phase mains voltage.
Conversely, a sensitivity of 10mV.div
is available for small signal work. The
8022s digital facilities include roll,
refresh and single shot, a pre -trigger
in steps of 1Kword from 0 to 4Kword,
a 2 by 4Kword memory and an
RS232 port. Metrix Electronics plc.
Tel., 01384 402731; fax, 01384
402732.

20MHz and 50MHz rsos. Two low-
cost real-time and storage
oscilloscopes from Hitachi Denshi, the
VC -6523 and VC -6524 have hard
copy by way of a plotter interface and
waveform transfer via an RS232
interface. Bandwidths are 10MHz
(6523) and 50MHz with sampling
rates of 20Msample/s and
2kword/channel memory. Two
waveforms may be captured and
saved for 72 hours or longer if mains
power has been used. Both offer roll
mode, averaging, smoothing,
interpolation and pre -trigger. Hitachi
Denshi (UK) Ltd. Tel., 0181 202 4311;
fax, 0181 202 2451.

Paperless chart recorder.
Yokogawa's VR100 chart recorder is a
paperless type using 3.5in floppy disks
and samples at 125ms with 14 -bit
resolution. Display is a 320 -by -240
pixel, 5.5in colour tft lcd, showing the
data in a variety of forms with split-
screen, magnification and reduction.
Data is saved continuously in the built-
in memory and is saved to disk at any
time, each disk holding up to a
month's recording of four channels
with samples at 60s intervals.
Software enables interaction with
Windows and Lotus 1-2-3, Excel or
Ascii files are supported. Martron
Instruments Ltd. Tel., 01494 459200;
fax, 01494 535002.

Low-cost, 20MHz oscilloscope.
Leader offers the LS1020 20MHz,
dual -trace oscilloscope, which has a
maximum Y sensitivity of 0.5mV/div
and sweeps at 5Ons/div. Trigger
modes include alt. trigger, which
allows a stable display of non -
synchronous signals on both channels
at the same time; hold -off time is
variable from the start to the end of a
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sweep. One channel can be used as
an amplifier to provide 50mV/div
output and the two channels can be
used to give an XY display. Thurlby
Thandar Instruments Ltd. Tel., 01480
412451; fax, 01480 450409.

Emc tester. Newly announced by
Schaffner is BEST 96, which is a
complete electromagnetic
compatibility test set in one box,
providing all the functions needed to
for full EU compliance of electronic
products; CE mark pre -compliance
and compliance testing can be carried
out in-house. The set comprises a
generator to give burst, electrostatic
discharge, surge and power quality
pulses for single-phase powerline and
dataline compliance test to EN -50082-
1, plus ground plane, cables, ground
strap and resistor and coupling clamp
for dataline test. All functions are
controllable from the front panel or
remotely using Windows software.
Schaffner EMC Ltd. Tel., 0118
9770070; fax, 0118 9792969

Literature
Suppression filters. Murata's 108 -
page catalogue on suppression
filters and ferrites has much data on
other emi products, including
applications a list of emi kits and a
guide to noise suppression. Murata
Electronics (UK) Ltd. Tel., 01252
811666; fax, 01252 811777.

Emc filters. Arcotronics,
specialising in emc filters, has a new
catalogue, which contains an
informative introduction to the filters
and their characteristics and
complete electrical and mechanical
data on the range on offer. The
catalogue is available free.
Arcotronics Ltd. Tel., 01327 351515;
fax, 01327 353761.

Relays, switches, etc. A new
edition of the 1-1hy short catalogue of
thermal overload and circuit
protection devices is available. New
this time are extensions to the
thermal circuit breaker range and
new ranges of power relays and
rocker switches. One of the relays is
the miniature (lin cube) normally
open type 691, which switches 30A
at 240V, equivalent to a 2hp motor.
Hhv Components Ltd. Tel., 01543
416667; fax, 01543 416140.

Fpga data book. Actel offers, free,
the FPGA Data Book and Design
Guide for anyone considering
using Actel programmable logic
arrays. Apart from technical details
of fpgas and development tools,
there is information on the
Designer Series development
system, which allows the
specification of delay through logic
blocks. Application notes on
design and software tools are also
included. It can be obtained

through the company's web site on
http:/www.actel.com. Actel Europe
Ltd. Tel., 01256 29209;
fax, 01256 55420.

Production equipment
Soldering system. From Production
Equipment Sales, the AS 2000
industrial five -axis automated
soldering system for post -process
work. It is an in -line conveyorised
station, using a high-speed positioning
system and multi -tasking computer
control to cope with all automated
soldering applications including
thermally sensitive components,
flexible circuitry, connectors and
others that cannot be mass reflowed
or wave soldered. Temperature
control is ±3°C with a programmable
dwell time in milliseconds. An RS232
port allows communication to a
computer, soldering routines being
taught or derived from cad data.
Production Equipment Sales Ltd. Tel.,
01825 766644; fax, 01825 766464

Power supplies
Switching regulators. Semtech's
LM2575/2576 1A and 3A
miniconverter switchers are pin -
compatible with National's devices.
They are buck or buck/boost
converters needing only four external
components to provide fixed or
adjustable outputs in the 3.3-35V
range. Input is 40V and efficiency
82% at 5V. Semtech Ltd. Tel., 01592
773520; fax, 01592 774781.

Wide -range dc converters. The
Mascot dc -to -dc converter range
accepts all common input voltages
from 6V up to 140V. Sixteen models,
both linear and switched -mode types,
provide all the usual voltage outputs,
some being adjustable, at powers
from 27W to 158W. For demanding
application, there are four models with
inputs and outputs isolated from each
other and ground. Inputs and outputs
are all fully protected against acts of
God and absentmindedness. Relec
Electronics Ltd. Tel., 01962 863141;
fax, 01962 855987.

Low -noise dc converters. Interpoint
claims that its MHV series of single
and dual output dc -to -dc converters
have the lowest output noise in the
military/aerospace industry, at 10mV.
Input range is 16-50V and the choice
of outputs is 3.3, 5, 12, 15, ±5, ±12
and ±15V and the units will cope with
transients of up to 80V for 120ms.
Interpoint UK Ltd. Tel., 01252 815511;
fax, 01252 815577.

Cv/ci battery charger. The Linear
Technology LT1511 current -mode
pwm battery charger ic will charge a
battery pack while the equipment it is
powering continues to work, a control
loop in the charger regulating current
drawn to allow rapid charging without
overwhelming to power -management

chip. The ic is 90% efficient and gives
3A out for all popular battery types,
operating from an input of 8-28Vdc.
Micro Call Ltd. Tel., 01844 261939;
fax, 01844 261678.

Temperature -stable zener
regulator. Zetex has augmented its
wide range of adjustable shunt
regulators with an extended
temperature version of the ZR431,
claiming the widest temperature range
available for this type of device. The
ZHT431 copes with temperatures
from -55°C to 125°C, a 44% increase
on the typical range. It is temp.
compensated over its whole working
range and has a temperature
coefficient of 50ppm/°C. Tolerance is
1% or 2% and quiescent current
35pA. The device is simply
programmed between 2.5V and 20V
by two resistors. Package is the ultra
small SOT23, but the SOT223 and
SO8 surface mounts are also
available. There is also a through -hole
TO92 type. Zetex plc. Tel., 0161-627
5105; fax, 0161-627 5467.

Radio communications
Synthesised video Tx/Rx. Mainly for
use in security applications, Wood &
Douglas's VFMT-2/VFMR-2 uhf
transmitter and receiver modules offer
comparable performance to that found
in crystal -controlled equipment, with
the advantage that frequencies are
programmable. The units are in
separate aluminium cases and
provide a mid -range video link over a
line -of -sight 20km range. Working in
the 280-500MHz band, the units
provide two sound channels for line or
microphone level; frequencies, which
are stored in eeprom for front -panel
programming, are selected by internal
switches, up to four video channels
being available over a 50MHz
operating range. Two versions of the
transmitter have rf output of 2.5W or
8W. Wood and Douglas Ltd. Tel.,
01734 811444; fax, 01734 811567.

Protection devices
SCSI circuit breaker. Designed
particularly for 5V SCSI application or

Surface -mounted inductors.
Toko's new D1OF range of s -m
inductors is now obtainable from
Cirkit. The inductors measure
9.7mm in diameter and 5mm in
height and come in values from
10pH to 1.5mH in current ratings of
0.25-2.6A. A magnetically shielded
version is also available. Mounting
pads are separate from the coil
terminations to eliminate strain on
the windings. Cirkit Distribution Ltd.
Tel., 01992 444111; fax, 01992
464457.

any system needing 1.5A hot plug
protection, Unitrode's UCC3916 fixed
trip -current circuit breaker provide
unidirectional current flow, to
emulated a series diode, and limiting
in an 8 -pin SOIC package. It replaces
fuse/diode protection, providing a
more accurate threshold and more
rapid response. Trip current is 1.65A
and has a programmed maximum
current of 2.1A. Unitrode (UK) Ltd.
Tel., 0181 318 1431; fax, 0181 318
2549.

Switches and relays
10mm reed switch. Mini -DYAD reed
switches by C P Clare resist damage
when leads are formed for mounting
and exhibit a switching speed of
0.5ms. They carry 2A and switch 0.5A
at 200V. C P Clare International NV.
Tel., 0032 12/39 04 00; fax, 0032
12/23 57 54.

Transducers and
sensors
Inclinometer. Model 1D is a £74 digital
tilt sensor by Control Transducers, used
to show the angle of an object with
respect to gravity. Output is ttl in two or
three channels, suited to equipment
designed to ensure, for example, the
machinery is level or that off -road
vehicles or cranes are not going to
topple over. An optical encoder disc,
resolving to 0.25°, 0.1° or 0.05° is
supported by two micro ball bearings, a
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weight on the disc causing it to take up
a constant position with respect to
gravity. Internal magnetic damping
provides fast response and minimises
oscillations of the disc after a
disturbance. Power needed is 5Vdc at
40mA maximum. Control
Transducers. Tel., 01234 217704; fax,
01234 217083.

Crash accelerometer. The 72648-
2000 piezoresistive accelerometer
from Endevco weighs 1gram and has
integral mechanical stops to enable
the unit to survive 10,000g shocks in
all axes. It is designed for rough road
testing, flight tests and tests where a
perfectly good vehicle is driven full tilt
into a concrete wall, in which the
small size of the accelerometer allows
it to be put into a dummy person
without altering its mass too much.
The unit is undamped and produces
minimum phase shift over its useful
frequency range of 0-5kHz. Endevco
UK Ltd. Tel., 01763 261311; fax,
01763 261120.

S -m pressure sensors.
MPXS4100A is the first in a new
family of surface -mounted pressure
sensors from Motorola, this one
handling 20-105kPa absolute
(manifold or barometric) pressure and
incorporating bipolar amplifier circuitry
and thin-film resistor networks for high
output and temperature
compensation. Motorola

Position sensor. Monitran's
sensing probes in the MTN/EP
range measure distances up to
8.5mm without contact with the
moving target. An eddy current
technique is used in which ht is
radiated into the target and currents
set. After signal conditioning, the
gap is represented as a dc level. or
an ac signal if the gap varies. as in
a gear wheel. All models have
stainless steel threaded bodies with
securing nuts and armoured cable
and the range covers gap
measurement from 0-2mm to 0-
8.5mm. Monitran also offers an
eddy current driver. Monitran Ltd.
Tel.. 01494 816569. fax. 01494
812256.

Semiconductors. Tel., 01355 565000;
fax, 01355 234582.

Hall -effect latch. Allegro has the
A3197LU, a protected open -collector
Hall -effect latcg is for operation in the
temperature range -40°C to 150°C. It
senses magnetic fields in applications
such as vehicle transmission speed
sensing and wheel bearing speed
sensors, the latching assisting in
pulse counting when used with a
multi -pole ring magnet. Position and
speed information are provided by a
digital output when the field exceeds
predefined switch points, which are
stable against temperature and
voltage variation. The transducer is
followed by a temperature -
compensated comparator, a regulator
and 35mA output buffer. Allegro
MicroSystems Inc. Tel., 01932
253355; fax, 01932 246622.

COMPUTER
Computer board -level
products
486 cpu card. By IMS, the PCA-
6144V is a full -function, half -sized
486DX/DX2/DX4 cpu card with VGA
display and other enhanced i/o
interfaces. There is a local -bus VGA
controller with Windows accelerator
and 1Mbyte of display memory and
the card takes up to 64Mbyte of on-
board dram and a secondary -level
cache of 128Kbyte. Other interfaces
are an enhanced IDE hd controller,
floppy controller, PC/104 interface bus
connector for expansion, RS232 and
RS232/485 ports, a parallel port and a
PS/2 mouse connector. This is an
industrial grade card. Integrated
Measurement Systems Ltd. Tel.,
01703 771143; fax, 01703 704301.

Computer
Industrial workstation. Fairchild's
AWS-822 is a fully specified, rack -
mounted pc for use on the factory
floor, fully sealed against dust and
water, shock mounted and pretty well

human -proof. There is a 14in monitor
and a membrane keypad on the front
panel containing 37 keys, which may
be combined with a conventional AT -
type keyboard plugged into the panel.
Fairchild Ltd. Tel., 01703 211789; fax,
01703 211678.

Software
Autorouter for EASY -PC. Designed
for use with Number One Systems'
EASY -PC Professional XM,
MultiRouter offers a number of
features that make it, in spite of its
£295 price, equivalent to much more
expensive packages. For example, it
is not based on a grid, but on shapes,
s that components whose pins do not
lie on a grid can still be used. Tracks
can be pushed aside to let more
through, providing this can be
physically done. Routing is usually
100%, and if not, further passes are
very rapid. Track widths and corners
are made suitable for production and
vias and track lengths are minimised,
vias being eliminated for one-off
boards, if required. Number One
Systems Ltd. Tel., 01480 461778; fax,
01480 494042.

Bootstrap for C16x
microcontrollers. Hitex offers this
utility to allow embedded
communication, test and
programming of a microcontroller with
a pc via its serial port and is meant for
the Siemens C16x Flash devices. It
runs with Windows and uses the pc
link to communicate with the device
and allows reading of registers to
confirm selected bus modes; reads
and writes to external memory to test
address and data bits; programs the
application into the Flash; and
programs external Flash. Extensive
testing can then be carried out. Hitex
(UK) Ltd. Tel., 01203 692066; fax,
01203 692131.

MicroSim Schematics v. 6.3.
Enhancements in this new version of
MicroSim's Windows -based analogue
and mixed -signal design and
development software include a
graphical parts browser, error
traceback and 'wizards' to make
symbols and goal functions,
expanded libraries and improved

Programming hardware
Low-cost programmers. Two new
programmers from ICE, the
Speedmaster 1000+, which handles
eproms and pals, and the
Micromaster 1000+, taking eproms,
pals, plds and micros, sell at £395
and £525 respectively, both being
easily upgraded to cope with more
devices and to support LV devices
with a voltage down to 1.8V. No
adaptors are needed for dil devices
with up to 40 pins and adaptors are
available for other packages. All are
compatible with the company's built-
in rom/ram emulator upgrade and
also include chip test for ttl, cmos,
dram ans sram. Ice's home page is
on http:/www/icetech.com. ICE
Technology Ltd. Tel., 01226
767404; fax, 01226 370434.

Windows 95 and NT network
licensing. The browser has a 40,000 -
part symbol library, accessible by
name, number or description in
seconds with a window to show its
graphic before it is selected. Error
traceback features a pop-up window
to give warning of errors during
netlisting, packaging, etc.; double-
clicking on the message moves the
cursor to the problem on the circuit
diagram. If the penny has still not
dropped, a more detailed message
will appear. MicroSim Corporation.
Tel., 001 714 770-3022; fax, 001 714
455-0554.

DASY Lab v.3. DASYLab, the
Windows -based data -acquisition
package, is now in version 3, with
many improvements. There are better
trigger functions, to ease the definition
of pre -trigger and post -trigger data to
specify the area of interest; V/Tool
allows a test rig or process to be
visualised and documented, with
icons combined with bitmap images,
control buttons, switches and text to
mimic the process; global strings
allow sample or product batch data to
be entered directly or via dde and
stored in a single file with raw data
and derived values. The package is in
two versions: a basic edition and the
extended form with V/Tool. Adept
Scientific Micro Systems Ltd. Tel.,
01462 480055; fax, 01462 480213. 
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8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE, TELNET
COVENTRY CV3 2SF Hewlett Packard 8158E1 - Optical attenuator with opt's 002 + 001 £1100

Tel: 01203 650702
Hewlett Packard 8165A - 50MHz programmable signal source
Hewlett Packard 83498 - Microwave broadband Amp (as new)

£1650

Fax: 01203 650773 2-20MHz
Hewlett Packard 83508 - Sweep oscillator mainframe (plug -ins avail) .....

£4250
....£2500

Mobile: 0860 400683 Hewlett Packard 8403A - modulator ... ........ ........... ..................................£500

(Premises situated dose to Eastern -by-pass In Coventry with way
access to MI, M15, M40, M42, 4845 and M69)111111=1=31111M1

Hewlett Packard 66200 - Sweep oscillator mainframe
Hewlett Packard 86600- Synthesised signal gen. 10KHz-2.13Gliz
Hewlett Packard 86106 Microwave

£400
1:4503
12500
E2500

- signal gen. (2.3-6.50Hz)
Hewlett Packard 8684A - 5.4GHz to 12.5GHz Sig Gen
Hewlett Packard 8750A - Storage normalise,' £375

Anrlbw 480642A- Pulse pattern generator £1500 Hewlett Packard 8901A - Modulation Analyser £3400

Bert & Stroud- EF3 variable fitter (0 1Hz-100KHz) £150
Deblois DI. 1010- Programmable Transient

Hewlett Packard 89034 - Audio analyser (20Hz-100101z) £1995
Howlett Packard 89584 - Cellular radio interface £4000Recorder C350

Detroit 1061- Precision multimeter £650 Hewlett Packard 117298 - Cartier noise test set 02000

Dynepert TP20 - Intelloplace tape peel tester, immac. cond £1950 Marconi 8938- AfF power meter ...... ... ................................... ... £295

ELP. 331 - 18GHz frequency counter 1:850 Marconi 2019A -80KHz-1040MHz synthesised sig. gen 01950

LIP. 548A- frequency counter (26.5GHz) I:2750 Marconi 2671 - data communicatthns analyser 02000

Fanelli SSE520 - Signal generator (10-520MHz) £400 Marconi 6500 - automatic amplitude analyser £1750
Marconi 6960- Microwave power meter (+ sensor)
Philips PM 5167 - 10MHz function gen

CP.0.4
£400

Fluke 511:013 -Calibrator 14500 Philips PM 5190 - LF synthesizer with GPIB 0800
.. ... ... ... ...... ........................ ..

Fluke 5101B - Calibrator 15000 Philips 5518 -To - TV pattern generator £1500
. ...................... .......................... ..

Flub 5200A -A.a calibrator........................................._................£2500 Race Dena 1992- 1300MHz frequency counter opts 48+55 £800

FBAs 5206A - Precision power amplifier CP.O.A. Race Dena 3100 4.0-130MHz synthesiser ... ................ .................... .... £750

Fluke 7105A - Caltbrabon system (As new) CP.O.A.
Heiden 1107 Programmable

Race Dens 9064 Synth. slg. gen 104MHz ..... . ............ .................... .. £450
Roca 9301A True RMS FVF milkvoltmeter ...... ...... ........ ............ .......... 0300-30v -10A power supply (IEEE) £650

Hewlett Peclurd 339A- Rica Dana 9303 True RMS/RF level meter ..... ........... ............... ....... £650ckstortion measuring set I1500
Hewlett Pockwd 432A- Rimer Meter Sensor) Roca Dena 9921 3GHz frequency counter £450(with 478A £275
Hewlett Packard 435A or B- Power Meter (with 8481A/8484A) from 1750
Heinen Packard

Scruffier NSG 200E- Mainframe for NSG plugkis ............ . ..... ........ C1250
Schaffner NSG 203A- line voltage variation simulabx £12505328A - 100191z universal frequency counter C250

Hewlett Packard 3325A- 21MHz synthesiser/unction gen. El 500 Schaffner NSG 222A - Interlerance simulator 0850.......... ..............
Hewlett Packard 3437A- System voltmeter C350
Hewlett Packard

Scheffner NSG 223- interference generator £850
Schlumberger 2720 - 1250MHz Freq. Counter £6003438A - Digital munmeter E200

Hewlett Rickert! 3455A - 61/2 digit multirneMr (auloscal) £750 Schlumberger 4031 - Radio Cannes Test Set £8995

Hewlett Packwd 3456A - Digital voltmeter £750 Scilunterger 914040- Statiick, high accaracy 1GH4 rational set .....

Hewlett Packard 3468A - HP -18 switch/control unit (various plug -618 Schlumberger 4923 - Radio Code Test Set £1000

available) ...... . £650
Hewlett Pecturd 3711A3712.4137918/37938 Microwave Ink

Systron Donner 19808 - Microwave Sweeper (12-18GHz) £2500
Tektronix 577 -Curve Tracer £1150- analyser....£2995

Hewlett Peclund Tektronix - Plug -ms - Many available such as PG508, FG504.3776A- PCM Terminal test set CP.O.A.
Hewlett Pecluird 3779 A/C Primer), Nun £60091500 SC504. SW503, SG 502 etc.- analyser
Hewlett Packard 42718 LCR Tektronix 1515003 + AFG5101 - Abritrary Function Gen........... .................. C1750- meter (digital) .. ........... ..... .... ...............£900

Tektronix 1240 - LogO Analyser .......
Tertronlx A81503 + 718501 + P6302 - cufrent probe amplifier

C750
£995Hewlett Pickard 4342A 0- meter .C995

Hewlett Paclurd 49166- Tekbonix 665001 +1485006 - Mainframe programmable distortiontransmission impairment measuring set C2000
analyser.. .... ......__ ...... . ....... .. ... ........... ..... ..... ... .......... ........ ....

Tektronix PG506 + TOW +MIS + 7/1503-0edkscope cafixator
..... 22500

Hewlett Packard 4954A - Protocol analyser_.12750
Hewlett Packard 5314A 1250 Testronlx CG5001 - Programmable oscilloscope cat. generator

Time 9811 Programmable resistance ........ ..... .. ......... ............ ..
Time 9814 Voltage calibrator ..................... ....

£4995
0600
£750

- (new) 100MHz universal counter
Hewlett Packard 5342A- Microwave Deb counter (19Gfiz)........ ............ ....£1500

Hewlett Pic Frequency Opts
Wevetek 1728 - Programmable sig. source (0.0001Hz-13194) ..... .... .

Wayne Kerr 6905 - Precision LCR meter
EP.O.A.

£850aid 5365A- counter 1GHz (HPI8) with 001/033/
004/005 £995
Hewlett Packard 6002A PSU C650

Wittron 560 Scalar Network analyser 13300

Wiltron 6620S - Programmable sweep gen (3 6-6.5GHz) £650- autoranging 50V -10A,
Hewlett Packard 6034A- System PS. U. 060v/.1 Da C1500

OSCILLOSCOPESHewlett Penitent 6181C D.C. £150- current source

COMP 3102- 60MHz dual channel £250
Hewlett Packard 6261E1 - Power supply 20V -50A ... £450 Gould 05255 -15 MHz dual channel ........ £150

DISCOUNT FOR QUAIV77TIES Gould 0S3000 - 40MHz dual channel £250
Gould 033351 - 40MHz dual channel £225

Hewlett Packard 6652A System Power Supply 20V C1950 Gould 054000 - 10MHz Digital storage £200- -20A
Hewlett Packard Pulse £250 Gould 5110- 100MHz intelligent osalloscope £75080058- generator
Hewlett Packard 80114 Pulse £500 Hewlett Packard 1800 - 100MHz 4 channel £300- gen 0 1Hz-20MHz
Hewlett Packard 8152A .- Optical average power meter £1250 Hewlett Packard 182C -100MHz 4 channel C350

Fleplett Packard 1740A, 1741A, 1744A, - 100MHz dual ch... ........... ....from £350
Hewlett Packard 54100D- 1GH, digitizing ... ............ ................ £3995
Hewlett Packard 54200A- 50MHz 2 channel digitizing
Hewlett Packard 54201A - 300MHz digitizing £1750
Hewlett Packard 54501A - 100MHz Digitising -4 charnel £1950
Httachl 6212 - 20MHz dual channel 0180
Hitachi V222 - 20MHz dual channel £200
Hitachi V850F - 60MHz dual channel £350
Klkusul DSS 6522 - 20MHz digital storage 0175
Klkusul COS 8100 -100MHz 5 channel 12 trace..............

Philips 3219 - 50MHz with analogue storage, Dual CH

Klkusul COS 5100 -100MHz dual channel .. ...... ...........
Ntholet 3091 - Low treq DS 0
Philips 3217 - 50MHz dual channel

Philip. 3263 - 100MHz dual channel with microprocessor cont. tinting £400
Philips 3540 - logic scope (25MHz dual ch. logic an) £350
Philips 3295 - 350MHz dual ch £1500
Philips 3315 - 60MHz D.S.0 C750
Philips P483295A - 400MHz dual channel £1750
Tektron x 2445- 150MHz -4 channel
Tektron x 2445A - 150MHz -4 channel
Tektron x 455 - 50MHz dual channel...... .....
Tektron x 2221 - 60MHz digital storage
Tektron x 7854 - 400MHz Waveform processing oscilloscope
Tektron x 464/466 - 100MHz, storage .......... ..... .................... ...
Taktron n 465/46513 - 100MHz dual ch
Tektron x 468 -100MHz D.S.O
Tektron x 475/475A - 200/250 MHz dual channel
Tektron x 434 - 25MHz 2 channel + analogue storage
Tektron x 454 - 15064Hz 2 channel
Tektron x 2213 - 60MHz dual ch.
Tektron a 2215- 60MHz dual di
Tektron x 2225- 50MHz dual trace
Tektron x 2236 -100MHz Dual Trace with Counter/Timer/Dew ......... £995
Tektron x 2335 -100MHz dual ch. (portable) £750
Tektron x 7313, 7603, 7613, 7623,7633,-100MR/4 ch from £300
Tektron x 7704 - 250MHz 4 ch

frofrern'n £15050Tektron 7904- 500MHz
Tektron x 7934 - 500MHz with storage from £1000
TelequIpment D83 - 50MHz dual channel....__......0200
Telequipment 011163 - 20MHz 4 channel....
Matsu SS5121 - 100MHz dual channel
Matsu SS.5702 - 20MHz dual channel . ....C175
Wats.° SS5710 - 60MHz dual channel .C375

01lw1 scopes available too

Advantest 4133A - 10KHz-20GH
Alhech 757- 10KHz-22GHz . £271399550

Hewlett Packard 1417 + 86528 + 8565A (10k04-18GHz) C1600
Hewlett Packard 182T with 11569A (10MHz-21GHz)
Hewlett Pickard 653A wfth 8559A (901-21G11z) £4250
Hewlett Packard 3562.4 - dynamO signal analyser, dual channel £7500
Hewlett Packard 3580A- 5Hz-50KHz £995
Hewlett Packard 3582A- 25KHz analyser, dual channel

£6750E25°°

Hewlett Packard 37098 - Constellation Analyser with 15709A High
Impedance Interface (as new)

Hewlett Packard 11505A - Network analyser (500KFU-1.3GHz) £.4000

C1600

£1500
£1500

from 0350
from £350

£750
from 0475

C250
£400
£425
C450
£450

MANY MORE ITEMS AVAILABLE - SEND
LARGE S.A.E. FOR LIST OF EQUIPMENT ALL

EQUIPMENT IS USED - WITH 30 DAYS
GUARANTEE. PLEASE CHECK FOR AVAILABILITY

BEFORE ORDERING - CARRIAGE
& VAT TO BE ADDED TO ALL GOODS

EASY -PC Professional XM
Schematic and PCB CAD
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To Perfect PCB's
Number One Systems
UK/EEC: Ref: WW, Harding Way, St.lves, Cambridgeshire, ENGLAND, PE17 4WR.

Telephone UK: 01480 461778 (7 lines) Fax: 01480 494042
USA: Ref: WW, 126 Smith Creek Drive, Los Gatos, CA 95030

Telephone/Fax: (408) 395-0249

 Runs on:- PC/ 386/ 486 with
VGA display

 Links to PULSAR (logic),
ANALYSER III (analogue)
& LAYAN (electromagnetic)
simulators.

 Design:- Single sided,
Double sided and
Multi -layer boards.

 Provides full Surface Mount
support.

 Standard output includes
Dot Matrix / Laser / Ink -jet
Printer, Pen Plotter, Photo -
plotter and N.C. Drill.

 Optional, powerful, 32 bit,
Multi -pass, Shape based,
Shove Aside, Rip -up and
Re -try Autorouter.

Email: sales@numberone.com
International +44 1480 461778
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MOONSHINE BIBLE 270 page book covering the production of
alchohol from potatoes. nce, grains etc Drawings of simple home
made stills doh( through to commercial systems. E15 ref MS1
NEW HIGH POWER MINI BUG With a range 01 800 metres or
more and up to 100 hours use from a PP3 this will be popular! Bug
measures less than 1' square! £28 Ref LOT102
SINCLAIR CS MOTORS We have a new ones available without
gearboxes at £50 ref LOT25
BUILD YOU OWN WINDFARM FROM SCRAP New
publication gives step by step guide to building wind generators
Armed with this publication and a good local scrap yard could make
you self sufficient in electricity! £12 ref LOT81
PC KEYBOARDS PS2 connector, top quality suitable for all 286/

386/486 etc E10 ref PCKB 10 for £65.
TRACKING TRANSM iTTER range1.5-5 miles, 5,000 hours on
AA batteries. also transmits info on car direction and motion!Works
with any FM radio. 1.5' square. £65 ref LOT101
ELECTRIC DOOR LOCKS Complete lock with both Yale lock
and 12v operated deadlock (keys included) £10 ref L0T99
GALLIUM ARSENIDE FISHEYE PHOTO DIODESComplete
with suggested circuits for long range communicalionslswitching
£12 complete.
SURVEILLANCE TELESCOPE Superb Russian zoom
telescope adjustable from 15x to 60x1 complete with metal tripod
(imposible to use without this on the higher settings) 66mm tense,
leather carrying case £149 ref BAR69
WIRELESS VIDEO BUG KR Transmits video and audio
signals from a minature CCTV camera (included) to any standard
television! All the components including a PP3 battery will fit into a
cigarette packet with the lens requinng a hole about 3mm diameter.
Supplied with telescopic aerial but a piece of wire about 4' long will
still give a range of up to 100 metres. A single PP3 will probably give

less than 1 hours use. E99 REF EP79. (probably not licensable!)
CCTV CAMERA MODULES 46X70X29mm. 30 grams, 12v
100mA. auto electronic shutter. 3.6mm F2 lens, CCIR. 512x492
pixels, video output is iv p -p (75 ohm). Works directly into a scarf or
video input on a tv or video. IR sensitive. £79.95 ref EF 137.
IR LAMP KIT Suitable for the above camera enables the camera

to be used in total darkness! E5.99 ref EF138.
REMOTE CO NTRO LTAN DATA TD1400 MODEM/
VIEWDATA Complete system comprising 1200/75 modem, auto
dialler, infra red remote keyboard, (could be adapted for PC use?)
psu. UHF and RGB output, phone lead. RS232 output, composite

output. Absolute bargain for Darts aloneK9.95 ref BAR33.

9 WATT CHIEFTAN TANK LASERS
Double beam units designed to fit i n the gun barrel of a tank, each unit
has two semi conductor lasers and motor dnve units for alignement
7 mile range, full circuit diagrams, new once E50,000? us? £349
Each unit has two gallium Arsenide injection lasers, 1 x 9 watt, 1 x

3watt, 900nm wavelength, 28vdc, 600hz pulse frequency. The units
also contain an electronic receiver to detect reflected signals from
targets five or more units £299 ea. £349 for one. Ref LOT4.

TWO VVAYM IRROR KIT indudes special adhesive film to make
two way mirror(s) up to 60'x20'. (glass not included) includes full
instructions £12 ref TW1
NEW LOW P RICE D COMP UTE RANORKSHOP/H I -F I RCB
UN ITS Complete protection from faulty equipment for everybody!
I nline unitfitsin standard IEC lead (extends it by 750mm), fitted in less
than 10 seconds, resetttest button, 10A rat ng. E6.99 each ref LOTS
Ora pack of 10 at £49.90 ref LOTS If you want a box of 100 you can
have one for £2501

RADIO CONTROLLED CARS FROM £6
EACH!!!! All returns from famous manufacturer,
3 types available, single channel
(leftright,forwards,backwards)E6 ref L OT1. Two
channel with more features £12 ref LOT2.

THOUSANDS AVAILABLE RING/FAX FOR DETAILS!
MAGNETIC CARD READERS (Swipes) £995 Cased with
flyleads, designed to read standard credit cards! they have 3 wires
coming out of the head so they may write as well? complete with
control elctronics PCB just E9.95 ref BAR31
WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We have collated 140 business manuals that give you
information on setting up different businesses, you peruse these at
your leisure using the text editor on your PC. Also included is the
certificate enabling you to reproduce (and sell) the manuals as much

as you like! £14 ref EP74
PANORAMIC CAMERA OFFER Takes double width
photographs using standard 35mrnhlm. Use in horizontal or vert cal
mode. Complete with strap £7.99 ref BART
COIN OPERATED TIMER KIT Complete with coinslot
mechanism. adjustable time delay, relay output, put a coinslot on
anything you like! TV.s, videos, fridges, drinks cupboards, HIFI.
takes 50p's and El coins DC operated, pace just E7.99 ref BAR27
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom.
metal construction, built in light, shrimp farm, group viewing screen,
lots of accessories. £29 ref ANAYLT.
AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ref BAR34
PLASMA SCREENS 222x310mm, no data hence E4.99 ret
BAR67
NIGHTSIGHTS Model TZS4 with infra red illuminator, views up to
75 metres in full darkness in infrared mode, 150m range 45mm lens.
13 deg angle of view, focussing range 1.5m to infinity. 2 AA batteries
required 950g weight. £199 ref BAR61. 1 years warranty
LIQUID CRYSTAL DISPLAYS Bargain prices,
16 character 2 line, 99x24mm £2.99 ref SM1623A
20 character 2 line, 83x19mm £3.99 ref SM2020A
16 character 4 line, 62x25mm £5.99 ref SMC1640A
TAL-1 110MM NEWTONIAN REFLECTORTELESCOPE
Russian. Superb astronomical 'scope, everything you need for some

ittgutot to i69X-MaignifIcation: Send -or raxinctulthet

ERLIANIPTON BRANCII
:EN :VI' N1'()RCES1 LR S'l

't AEI 11N Tv 1119ill 171130
details £249 ref TAL-1

CENTRAL POINT PC TOOLS Award winning software, 1,300
virus checker, memory optimiser, disc optimiser, file compression,
low level formatting, backup scheduler, disk defragmenter, undelete.
4 calculators, D base, disc editor, over 40 viewers, remote computing,
password protection, encryption, comprehensive manual supplied
etc £25 ref lot 97 3.5' disks.
GOT AN EXPENSIVE BIKE?You need oneof our bottle alarms,
they look like a standard water bottle, but open the top, insert a key to
activate a motion sensor alarm built inside. Fits all standard bottle
carriers, supplied with two keys SALE PRICE E7.99 REF SA32.
GOTAN EXPENSIVEANYTHING?You need one of our cased
vibration alarms, keyswitch operated, fully cased just fit it to
anything from videos to caravans, provides a years protection from 1
PP3 battery, UK made. SALE PRICE E4.99 REF SA33.
DAMAGED ANSWER PHONES These are probably beyond
repair so just E4.99 each. BT response 200 machines. REF SA30
COMPUTER DISC CLEAROUTweareiettwo a lot of software
packs that need cleahng so we are selling at disc value only! 50 discs
for £4, thats just 8p eachii(our choice of discs) E4 ref EP66

IBM PS2 MODEL 160Z CASE AND POWER SUPPLY
Complete with fan etc and 200 watt power supply. E9.95 ref EP67
DELL PC POWER SUPPLIES 145 watt, +5,-5,+12,-12,
150x150x85mm complete with switch. fyeads and IEC socket.
SALE PRICE E9.99 ref EP55
1.44 DISC DRIVES Standard PC 3.5' dnves but retums so they
will need attention SALE PRICE E4.99 ref EP68
1.2 DISC DRIVES Standard 5.25' dnves but retums so they will
need attention SALE PRICE NOW ONLY E3.50 ref EP69
PP3 N !CADS Unused but some storage marks. £4.99 ref EP52
DELL PC POWERSUPPLIES (Customer retums)Standard PC
psu's complete with fly leads. case and fan. +12v,-12v,+5v,-5v SALE
PRICE E1.99 EACH worth it for the bits alone! ref DL1. TRADE PACK
OF 20 E29.95 Ref DL2
GAS HOBS ANDOVENS Brand new gas appliances, perfect for
small flats etc. Basic 3 burner hob SALE PRICE E24.99 ref EP72
Basic small built in oven SALE PRICE E79 ref EP73
RED EYE SECURITY PROTECTOR 1,000 watt outdoor PIR
switch SALE PRICE E6.99 ref EP57
ENERGY BANK KIT 100 6x6' 6v 100mA panels. 100 diodes,
connection details etc £69.95 ref EF 112
PASTEL ACCOUNTS SOFTWARE, does everything for all
sizes of businesses, nd udeswordprocessor, reportwriter.windowing,
networkable up to 10 stations, multiple cash books etc. 200 page
comprehensive manual. 90 days free technical support (01342-
326009 try before you buy!) Current retail price is E129, SALE
PRICE E9.95 ref SA12. SAVE £12001
COMPLETE PC 200 WATT UPS SYSTEM Top of the range
UPS system providing protection for your computer system and
valuable software against mains power fluctuations and cuts. New
and boxed, UK made Provides up to 5 mins running time in the event
of complete power failure to allow you to run your system down
correctly. LAST FEW TO CLEAR AT E49 SAVE E30 ref LOT61
BIG BROTHER PSU Cased PSU, 6v 2Aoutput, 2m o/p lead, 1 5m
input lead. UK made,220v. SALE PRICE E4.99 REF EP7

Check out our
WEB SITE

http://www.pavIlion.co.uk/bull-electrical
RACAL MODEM BONANZA! 1 Racal MPS12231200/75 modem,
telephone lead. mains lead, manual and comms software, the
cheapest way onto the neti all this for just E13 ref DEC13

4.6mw LASER POINTER. BRAND NEW MODEL NOW IN
STOCK!, supplied in fully built form (looks like a nice
pen) complete with handy pocket clip (which also acts
as the on/off switch.) About 60 metres range! Runs on
2 AAA batteries. Produces thin red beam ideal for
levels, gun sights, experiments etc. just E39.96 ref
DEC49 TRADE PRICE £28 MIN 10 PIECES

BULL TENS UNIT Fully built and tested TENS (Transcutaneous
Electncal Nerve Stimulation) unit, complete with electrodes and full
instructions. TENS is used for the relief of pain etc in up to 70% of
sufferers. Drug free pain relief, safe and easy to use can be used in
conjunction with analgesics etc. £49 Ref TEN/1
PC PAL VGA TO TV CONVERTER Converts a colour TV into
a basicVGAscreen Completewithbuiltin psu, lead and sAvare.. Ideal
for laptops or a cheap upgrade. Supplied in kit form for home
assembly. SALE PRICE E25 REF SA34
EMERGENCY LIGHTING UNIT Complete unit with 2 double

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

BULL ELECTRICAL
250 PORTLAND ROA1),IRWL. SUSSEX

13N3 SQT, (ESTABLISLIEI) 50 a EARN).
A IA I IL ORDER TERMS: CASH*,POORC1TEQ1'E

WIT II ORDER PLUS £3 PAitilIAIS' VA I
PLEASE ALLOW 7-P9 DAYEPOR aftateskirtittrie ORDERS
V/81.6elitat!IxedISIMhik swaea, AmmitAN

TElfii01:273 203500
FAX 1273 323077

E-mail bu944tiviIien.c0.uk

bulb floodlights. built in charger and auto switch. Fully cased. 6v 8AH
lead acid req'd. (secondhand) £4 ref MAG4P11.
YUASHA SEALED LEAD ACID BATTERIES Two sizes
currently available this month. 12v 15AH at£18 ref LOTS and 6v 10AH
(suitable for emergency lights above) at just £6 ref LOT7.
ELECTRIC CAR WINDOW DE-ICERS Complete with cable,
plug etc SALE PRICE JUST E4.99 REF SA28
AUTO SUNCHARG ER 155x300mm solar panel with diode and 3
metre lead fitted with a cigar plug. 12v 2watt. E8.99 REF SA25.
MICRODRIVE STRIPPERS Small cased tape drives ideal for
stepping, lots of useful goodies including a smart case, and lots of
components. SALE PRICE JUST E4.99 FOR FIVE REF SA26
SOLAR POWER LAB SPECIA L You get TWO 6'x6' 6v 130mA
solar cells. 4 LED's. wire, buzzer, switch plus 1 relay or motor. Superb
value kit SALE PRICE JUST E4.99 REF SA27
RGB/CGA/EGA/TTL COLOUR MONITORS 12' in good
condition. Back anodised metal case. SALE PRICE E49 REF SA16B
PLUG IN ACORN PSU 19v AC 14w . £2.99 REF MAG3P10
13.8V 1.9A PSU cased with leads Just £9.99 REF MAG1OP3
UNIVERSAL SPEED CONTROLLER KR Designed by us for
the C5 motor but ok for any 12v motor up to 30A. Complete with PCB
etc. A heat sink may be required. £17.00 REF: MAGI 7
PHONE CABLE AND COMPUTER COMMUNICATIONS
PACK Kit contains 100m of 6 core cable. 100 cable clips, 2 line
dnvers with RS232 interfaces and all connectors etc. Ideal low cost
method of communicating between PCs over a long distance utilizing
the serial ports. Complete kit £8.99. Ref comp 1.
VIEWDATA SYSTEMS made by Phillips, complete with intemal
1200/75 modem, keyboard, psu etc RGB and composite outputs,
menu dhven autodiailer etc. SALE PRICE E12.99 REF SA18
AIR RIFLES.22As used *the Chinese arrny for training puposes,
so there is a lot about! £39.95 Ref EF78 500 pellets E4 50 ref EF80.

PLUG IN POWER SUPPLY SALE FROM £1.60 Plugs in to
13A socket with outputlead.three types available. 9vdc 150mAE 1.50
ref SA19, 9vdc 200rnA E2.00 ref SA20, 6.5vdc 500mA £2 ref SA21.
VIDEO SENDER U WIT. Transmits both audio and video signals
from either a video camera, video recorder, TV or Computer etc to any
standard TV set in a 100' range! (tune TV to a spare channel) 12v DC
op. Price is E25 REF: MAG15 12v psu is £5 extra REF: MAG5P2
*MINATURE RADIOTRANSCEIVERSA pair ofwalkietalkies
witha range up to 2 kmin open country. Unitsmeasure 22x52x155mm.
Including cases and earp'ces. 2xPP3 req'd. E30.00 pr.REF: MAG30
FM TRANSMITTER KR housed in a standard working 13A
adapter(' the bug runs directly off the mains so lasts foreved why pay
£700? or price is E15 REF. EF62 (kit) Transmits to any FM radio
'FM BUG BUILT ANDTESTEDsuperior design to kit Supplied
to detective agencies. 9v battery req'd £14 REF- MAG14
TALKING COINBOX STRIPPER COMPLETE WITH
COINSLOT MECHANISMS onginally made to retail atE79 each,
these units are designed to convert an ordinary phone into a
payphone. The units have the locks missing and sometimes broken
hinges. However they can beadapted for their original useor used for
something else?" SALE PRICE JUST E2.50 REF SA23
GAT AIR PISTOL PACK Complete with pistol. darts and pellets
E12.95 Ref EF828 extra pellets (500) £4.50 ref EF80
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA SALE PRICE E4.99 REF SA24
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99
ref MAG5P13 ideal for expenmentersi 30 m for E12.99 ref MAG13P1

MIXED GOODIES BOX OF
MIXED COMPONENTS WEIGHING 2 KILOS

YOURS FOR JUST £6.99

4X28 TELESCOPIC SIGHTS Suitable for all air rifles, ground
lenses good light gathering properties £19.95 ref R/7.
GYROSCOPES Rememberthese?wellwehavefound acompany
that still manufactures these popular scientific toys. perfect gift or for
educational use etc £6 ref EP70
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised
foil blanket, reflects more than 90% of body heat. Also suitable for the
construction of two way mirrors! £3.99 each ref 0/L041
LENSTATIC RANGER COMPASS Oil filled capsule. strong
metal case, large luminous points. Sight line with magnifying viewer
50mm dia, 86gm E10.99 ref 0/K604.
RECHARGE ORDINARY BATTERIES UP TO 10 TIVIES!
With the Battery Wizard! Uses the latest pulse wave charge system
to charge all popular brands of ordinary battenes AAA. AA, C, D. four
at a time! Led system showswhen battenes a recha rged, automatically
rejects unsuitable cells, complete with mains adaptor. BS approved.
Price is £21.95 ref EP31.
TALKING WATCH Yes. it actually tells you the time at the press of
a button. Also features a voice alarm that wakes you up and tells you
what the time is! Lithium cell included. £7.99 ref EP26.

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new multiband 2000 radar detector can
prevent even the most responsible of dnvers from losing their licence!
Adjustable audible alarm with 8 flashing leds gives instant warning of
radar zones. Detects X, K, and Ka bands, 3 mile range, 'over the hill'
'around bends' and 'reartrap facilities. micro sizejust4.25N2.5N.75',
Can pay for itself in just one day! £79.95 ref EP3.
3" DISCS As used on older Amstrad machines, Spectrum plus3's
etc E3 each ref BAR400.
STEREO MICROSOPES BACK IN STOCK Russian, 200x
complete with lenses, lights, filters etc etc very comprehensive
microscope that would normally be around the E700 mark, our price
is lust £299 (full money back guarantee) full details in catalooue..

WE BUY SURPLUS STOCK
FOR CASH

BUYERS DIRECT LINE 0802 660377
FREECATALOGUE

100 PAGE CATALOGUE NOW
AVAILABLE, 50P STAMP OR FREE

ON REQUEST WITH ORDER.
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ANALOGUE DESIGN
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Fig. 7. 300W voltage multiplier featuring over 90% efficiency. It can be used to supply a standard 100W split rail amplifier using a 12V source.

...continued from page 797

dropped. Both methods give the same losses;
the same as adding series resistance or a series
regulator, which is inefficient with large volt-
age drops.

I concluded that the only way to efficiently
vary the output voltage over a wide range is to
use an a inductor, either a separate switching
regulator, or as part of the multiplier. The lat-
ter method was chosen, where a series induc-
tor is inserted between the dc -to -dc converter
and the multiplier.

This method of efficient regulation is possi-
ble, but only over a limited current range
down to about 10 or 20% of full load. This is
because frequency is increased to reduce the
output current. In turn, this increases gate
drive losses at light loads which pulls effi-
ciency down. This places a practical limit on
the upper frequency of around 200kHz.

The inductor value is chosen so only a small
fraction of the output voltage, around 1V or
2%, is lost at full load where frequency is at
its lowest. A relatively small air -cored coil is
sufficient, similar to two Zobel inductors but
bifilar wound It should consist of dual seven -
turn coils of 1.3mm wire on a 20mm former.
Note the connection polarities.

Efficiency at half full voltage, i.e. a quarter
of full power, is around 90%. The other meth-
ods mentioned above are 50% efficient. If
independent regulation of the plus and minus

rails is required then two single mosfet H
bridges are needed. A separate regulator cir-
cuit including a level shifted feedback signal is
needed, via an opto-coupler for example.

If regulation down to no load is required, a
low drop -out linear pre -regulator can regulate
from the point where the main regulator loses
regulation. In this way dissipation in the series
regulator will be at most 1/25th of full output
power. In Fig. 8a, both low -side mosfets Trz4
can be used as regulators by controlling their
on resistance at low loads. However, output
capacitances C6 and C7 need to be 22µF or
more to ensure linear regulation rather than
burst or on -off regulation. Burst regulation can
generate annoying interference in the audio
range for some applications.

Figure 8b can be used where the fin regu-
lator and inductor are omitted. A 2.2k12 resis-
tor is placed in the emitter of the feedback
transistor to ensure linear operation. Output
capacitors C6 and C7 should be at least 10µF.

These additions prevent the multipliers
capacitors and/or diodes from being destroyed
if the input voltage rises too high. The ratings
of the diodes and capacitors can be rated clos-
er to levels for normal output which reduces
size and cost.

A 4046 voltage -controlled oscillator is used
with an op -amp for closed loop voltage regu-
lation. The full load (minimum) frequency is
set with R7 and the light load (maximum) fre-
quency is set with R6 to 100kHz in my circuit.

With the improved full -wave multiplier, volt-
age regulation and response time is very good
since only a minimal value of output capaci-
tance is required to remove ripple due to dead -
time in the H bridge - about 10% of the mul-
tipliers capacitance. Again, 10uF is sufficient.
However, if the output capacitance is too
large, the feedback loop may become unstable
and require lag -lead compensation around
IC3a. Capacitor C9 speeds up the oscillator's
voltage follower and provides some overall
loop phase advance.

Transient response time for a multiplier is
related to the number of stages. Output
increases from OV at start up in an exponential
way. The time constant was noted to be equal
to n times the oscillators period. Here, n here
is the number of multiplier stages. For exam-
ple, four stages with an input frequency of
20kHz has a time constant of 200i.ts, which
can be represented by a pole at 796Hz.

A multiplier for high voltage
The combination of a multiplier and trans-
former allows extremely high voltage dc to be
generated -far higher than a transformer with
a simple rectifier can achieve due to the limi-
tation of secondary winding capacitance. The
multiplier in Fig. 9 has been used to generate
160kV from 12V using two pentuplers paral-
lel fed similar to Fig. 7. Feeding two multi-
pliers in this way reduces the number of
charge transfers and the size of capacitors.
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ANALOGUE DESIGN

Since the secondary is isolated, any one of
the three output terminals can be earthed. This
gives the option of either a positive supply, a
minus supply, or a split supply. The secondary
of a television line transformer provides 16kV
peak with five turns on the primary using a an
ht lead that can withstand 80kV. Alternatively
2mm thick SCL tubing from Raychem
Corporation can be applied to normal wire.

Secondary resonance at around 30kHz is
used to advantage to lift the secondary voltage
from 3kVpk_pk to 16kV. Varying the frequen-
cy from above, or below, resonance can be
used for voltage control. A string of BYV96E
1.5A/1kV avalanche rated diodes - all 384 of
them - were used to prevent over -voltage
destroying diodes and capacitors by acting like
zener diodes. Although the circuit in Fig. 4
can reduce the diode count to 192, the full -
wave version provides a low ripple dc output
without the very high voltage output capacitor
in Fig. 4.

Note that the resistors in the output prevent
high peak currents from damaging the diodes
if the terminals flash over or are shorted. For
those of you wanting to design a high voltage
converter and experiment with the effects of
high voltage dc, Reference 4 is a good starter.
Take care with this converter - high peak cur-
rents can be delivered from the capacitors and
discharge capacitors after use. When the cen-
tre rail is not earthed, the transformer core

OV

+12V 22k 2x BC338 22k

To
101
pin 5

To To
Tr2 Tr4

gate gate

6 x 1N4148

To
IC2
pin 5

100K

To Vout
LED

10k
Set max

Vout

must be isolated to withstand 80kV to ground.
A provisional patent on the improved full -

wave multiplier, regulator and high voltage
generator has been filed5. Intellectual proper-
ty enquiries should be directed through
Intellpro, GPO Box 1339, Brisbane 4001,
Australia, Fax +61 7 3221 4762.
Experimenters are free to use these circuits for
non-commercial purposes.

References
1. Ian Hickman, Multiplier Lowers Impedance,
EDN, 6 June 1991, p 173.
2. P. E. K. Donaldson, The Mosmarx Voltage
Multiplier, Electronics & Wireless World, Aug
1988, p 748-750.
3. Ralph E. Tarter, Solid State Power
Conversion Handbook, Wiley 1993, pp 244-
251.
4. Robert E. lannini, Build your own working
Fibre -optic, Infrared & Laser space-age
projects, 1987 TAB Books, pp 229-255, ISBN
0 8306 2724 3 (pbk).
5. Australian Patent Application No. PN9832
filed 15/5/96.

Fig. 9. This 160kV multiplier, made up from
two pentuplers in parallel, outputs up to
100W. Compared with conventional designs,
it is more efficient and uses fewer
components

Each Diode = 16x BYV96E in series
1k/5\N C = 100pF/15kV ceramic

5C

5C

T1

BC548

2k2
(see text)

OV

001/415T From H bridge converter

fYYYN
-300T

A Vpp.

5C

5C

O

(80kV)(See text)

Fig. 8a) Add on circuit for
Fig. 7 controls on
resistance of the low side
mosfets for over -voltage
protection of capacitors
and diodes. In b), also an
add on for Fig. 7, the
inductor regulator is not
used.

1k /5W

160kV
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CIRCUIT IDEAS            
Do you have
an original
circuit idea for
publication?
We are giving
£100 cash for
the month's
top design.
Additional
authors will
receive £25
cash for each
circuit idea
published. We
are looking
for ingenuity
in the use of
modern
components.

WIN A TTI PROGRAMMABLE
BENCH MULTIMETER
"High accuracy, resolution and bandwidth -
performance beyond the capability of handhelds"

This high-performance bench
multimeter could be yours in
exchange for a good idea.
Featuring a dual display, the
4.5 -digit 1705 multimeter
resolves down to 10pV,
10mS2 and 0.1 pA and has a
basic dc accuracy of 0.04%.
Frequency measured is 10Hz
to 120kHz with an accuracy
of 0.01% and resolution to
0.01 Hz. Capacitor and true
rms measurements are also
featured.

Recognising the importance
of a good idea, Thurlby
Thandar Instruments will be
giving away one of these
excellent instruments once
every six months. This
incentive is in addition to our
monthly £100 'best circuit
idea' award and £25
awards for each circuit
published.

Simple, isolated, 12 -bit current loop
A4-20mA analogue current loop is the recognised

method of transmitting signal between instruments
in the presence of noise. This circuit provides a simple,
isolated interface.

Digital data, by way of the CNY17 low-cost opto-
isolator, go to the LTC1257 digital -to -analogue
converter, which is controlled by an external processor
through the other isolators and contains a 2.048V
reference. Pull-up resistors of 101d2 are needed to give

5V-0-

330R
DAC CLK

330R
DAC DATA 2

330R
DAC LOAD 2

Pulse low to latch data

CNY17

CNY17

CNY17

10k
AAA

less than 4mA total current consumption, which limits
bit rate to around 1kHz. The d -to -a converter gives
500p V/count into the LT1006, which supplies
10p A/count to the loop. If a different op -amp is to be
used, it must operate with both inputs near the negative
rail and source nearly 20mA.
Mark McLean
Skelmersdale
Lancashire

1 Ok 10k

2
8

LTC1257

DIN vcc

LK IC1

LOADGND

5

2k0

i2k0

2

IC2

LT1006

IC3

This 4-20mA
current loop for
low -speed
operation
features optical
isolation.

3

100R

2 LT1121-5

100R

o+ve input

=4117

ve input
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CIRCUIT IDEAS

Message module
Cs in the SD10XX range, made by Information Storage

I Devices in San Jose, store analogue information in non-
volatile eeprom cells with no data conversion. They
include a microphone amplifier, agc, antialiasing and
smoothing filters and a 50mW speaker amplifier. A
general-purpose message module based on one of these
chips will record and play back messages from 12s to 60s.
A message can be re-recorded many thousands of times
and the device retains the message for years.

The analogue part of the circuit shown is based on the
data sheet, while the rest consists of a 4023 Nand for chip
control to simplify operation.

Input to the /CE pin is always held low; the s/r latch
drives the power -down input, which is normally high to
reset the chip, RICI ensuring correct initial conditions.

Pressing the record switch takes the play/record input
low, power -down goes low and the device starts to record
microphone input, the process stopping when the switch
button is released; if the led comes on, the memory filled
up, part of the message was lost and should be done again.

If the Play input on the header goes low, the message is
played back and repeated once if the signal is still low.
During this time, the power -on amp output is high and is
usable to control an external amplifier.

Audio power of 50mW to a 1652 speaker - or an 8S2
one with 1011 in series - comes from the SP+/- outputs.
To drive an external speaker, use SP+ and disconnect
SP-. Do avoid shorting the two or grounding them,
since disaster will inevitably ensue. Power
consumption is 2.4mA when idling, 18mA recording

Vcc

Al
47k

Cl
100n

/EOM

/PLAY

3

Vcc

0k

JP1

11

2

IC2b

IC

Pin14 of IC2 is connected to Vcc
Pin? of IC2 is connected to Gnd

D3, D4 1N4148
LD1 L-934LID

IC 2a 9 < Power Amp ON

4023
D1

1N4148

4023

2C

4023 D2*
1N4148

RFC Si*
0 0

1 Sw button no.

PL+V

5020

SP-

C2

R3" 1100n
2k2

/Play

Power Amp ON

SP

Header 6

SP

and 21-60mA during playback.
Costas Toufexis
Athens
Greece

Vcc

R4

i-47k

+1 cio
47µ
16V

T100n

IC3
78L05

Note - without
proper mains
isolation and
insulation, this
circuit is
deadly - Ed.

Mains

Diac lamp flasher
While the bimetallic switch is difficult to beat from
the expense point of view, this diac flasher circuit

offers some advantages in that the flash rate and number
of lights are variable, it has a longer life expectancy and it
accepts any mains voltage from 110V ac to 250V ac. With
one or two limitations, it can be assembled inside a mains
plug.

The zener diode prevents capacitor overcharging, should
the chain be interrupted or fed from a different mains
socket; zener and capacitor voltage are determined by the
number of leds X in 1.5(7diac+x).

Flashing frequency depends on the number of leds, the
mains voltage and the RC combination. On 220V mains
and with 16 leds, the circuit shown flashes with a period
adjustable from 1.1s to 4.3s, giving a 0.5s flash.

If the circuit is to go in a mains plug, you might need to
use a smaller capacitor, giving a lower light output, and a
fixed resistor.
D Di Mario
Milan
Italy

10k
iw 1N4007 47k DB4

100Oµ
63V

More flexible than a
ILED string, bimetallic strip, this lamp
lany colour flasher for warning signs or
I 16 decoration can be built

into a mains plug.

Fm communicator
for under -water use
I ntended for use in underwater communications, though

not yet tried in that role, this transmitter and receiver
operates on 32kHz. For reception, the if and detector
section of a GEC Plessey SL6652 is used, together with
the rssi output, which provides a stable 90dB-range log.
signal.

The transmitter uses a 555 to produce a frequency -
modulated output to the transducer under the control of the
audio input to pin 5.

Input from the receiving transducer goes to the if
amplifier of the SL6652, which drives the detector to
provide output at pin 3. The audio stage is simple and
power consumption is reduced by the application of the
received signal strength indicator signal, by way of the op -

470n
In 0_1 I

10k

9V
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AO

2 Al
3 A2

A3 ANOUT
5 A4

A5

NC/A6

NC/A7

A6/A8

A7/A9

SP

7

8

9

0

7k 23

24

27

25

2

Vcc

I 28
C3

26, 12

Vcc

+ r.-12
22µ

I 10y

/CE

PD

P//R

/EOM
/OVR

VCCD

SP-

ANIN

MIC

MICREF

AUXIN

AGC

XCLK VCCA

VSSD VSSA

4

15

21

SP

< SP I

c4.

20 ov

17 220n1 R6

2k218

Vcc

2207

28 pins

Vcc
-111-

16

C8
T100n

R

2k2

C6'
22µ
10y

R8* C9*
470k T 4117

10y

Components not used in 'Play only' version

Mic.*

Place ISD1020AP in IC( for 20 seconds message duration
Place ISD2560P in IC1 for 60 seconds message duration

Message record/playback for such applications as shop
displays, emergency instructions and exhibitions. If you only
need to play back pre-recorded messages, omit the
components marked with an asterisk.

amp on pin 11, to remove the supply to the output
amplifier.

Since the rssi is a current output of the order of
microamps, it may be advisable to use a fet-input op -amp,
but the bipolar type used here works reasonably well.
S Mason
Stoke-on-Trent
Staffordshire

Meant for future use underwater, this communicator needs
little power and operates at 32kHz. Transmitter is on the left.

100k

10k

+i
I

Fund raiser with
odds switches

This electronic version of the "combination lock" seen
at church fetes, in which you have to guess the

combination to open a door to win a prize, can be
adjusted to vary the odds - high for when children try,
since they always seem to do better than adults.

If the three ten -position rotary switches select an
invalid combination, pressing the on/off switch activates
the sounder; if it does not sound, you get a prize. It could
clearly be made to operate a lock to prevent people
grabbing a prize anyway, but the idea was cheapness and
simplicity. Use the dil switches to vary the odds.
Keith Read
Fleet
Hampshire

Entertainment at the fete. Select the correct combination
to win a prize.

41M To (electronic) sounder

o-co
Door ON/OFF

micro -
switch

100(1 680R

""14(.17

100n .777

II 14

10k

BC109

1k

4(17

4(17

12

13

5V6

IC1

SL6652

TT/
22µH

150p_A
2

3

II
MIM

470p 510p

4.7n

30p

47kI
+9V

100n

100n. 20OR
75k

100n

1C2 - FET opamp
D1/D2 - 1N4148

V+

IC2

2n2-II I

100k

IC2

100k 100k

10µ 12k

D2

D1

12k

1O0µ
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Only 55 x 73 x 15mm

RADIO DATA MODULES
MODEM TRANSCEIVERS

UK, E.E.C, Scandinavia, Eastern Europe, North & South America,
Middle East, South Africa, New Zealand, Far East or Australia.
Wherever you are, we have a module on the right frequency for you !

tl4rATTrr'
400 to 500MHz Versions 

 Range up to 5Km 
 Compact Size ideal for Hand Helds 

 UK, North American, Australian *
 MPT, I-ETS & FCC Approval 

 Up or 64 selectable channels 
 Starter Kit only £299.95 '

'Available UK Approved MPT1340 418MHz 
Export I-ETS-300-220, 433.92MHz '

' Reduce Component Count, Cost, Size & Power Drain '
 Operate to 20,000 bps 

 Transceiver also available with up to 40K data rate 

end

NEM
TXM-418-F Transmitter

Licence Exem S.read S  ,,ctrurn on 2.450Hz
With up to 1MBit data rate, RS485 interface and 100mW of
output power these units are ideal for many high speed
industrial or office data transfer applications. Even com-
pressed colour video may be transferred. Price £480 00
each or starter kit for only £799.95.

1:=7:
UK, 173MHz to MPT1344 & MPT1328 Licence Exempt 

 Miniature Low Cost or canned 1 & 10mW Transmitters
 173.500MHz Transmitters & Transceivers for Australia & RSA 

PCB mount or canned, Superhet Receivers 
 Low Cost Meter Reading Transceivers on 183.8875MHz 
* Prices from £19.00 to £200.00 per unit 

Radio - Tech Limited, Overbridge House, Weald Hall Lane
Thomwood Common, Epping, Essex CM16 6NE.

Sales +44 (0) 1992 57 6107 Fax +44 (0) 1992 56 1994
Technical Support +44 (0) 1992 57 6114

Internet: http:11www.radio-tech.co.uk

80C 188EB Embedded CPU Card:

DEVISSEB/F1 Serist So.

El 80C188EB Processor Clocked at 24Mhz
0 128k Battery Backed RAM (512k option)

128k Eprom (32k- 512k options)
0 I 28k 5 volt Flash Eprom (512k option)

Real Time Clock (On hoard Battery)
ID Watchdog Timer/Reset with Brownout detection
0 2 Serial Ports - I RS232. I RS232/422/485
0 8 Channel 12 hit ADC (optional)
0 Direct Connection to Alphanumeric LCD Display
0 48 Digital I/O lines

El Set-up and Driver routines with Full C Source Code

FAST START - Use our Full ANSI compatible Embedded C Compiler for super fast
application development. Supplied complete with Editor. Compiler. Assembler. Linker.
Embedded Debug and comprehensive Manual, you can compile and download and be in
the Debugger with a single keypress - or back in the editor at just the right place.
Generate ROMable Code direct. no struggling with .EXE conversions or messing around
with reset code. Just £595.

For further information

Call now - 01379 644285 - Fax 650482
Please ask for our catalogue

Devantech Ltd - 2B/2C Gilray Road - Diss - Norfolk -1P22 3EU

PCB Designer
For Windows 3.1, '95 or NT

O

E
ro

..c

a)

iT)

0
0
to
a)

8

ai
to
0

to
a)

tv

0

CN

40.
404

04
40,
.0,
da

In ternet
See our Web site at www.niche.co.uk for
information and a working demo. e-mail
pcb@niche.demon.co.uk.

VISA

Amex/Access/DeltaNisa

Looking for the price?
It's just £49.00 all inclusive!
...no VAT...no postage...
...no additional charges for
overseas orders.

Dealers and distributors wanted.
Phone (01432) 355 414 to order

0--

 Produce Single or Double sided PCBs.
 Print out to any Windows supported printer.

Toolbar for rapid access to commonly used
components.

 Helpful prompts on screen as you work.
 Pad, track & IC sizes fully customisable.
 No charges for technical support.
 Snap -to grid sizes 0.1", 0.05" 0.025" and

unrestricted.
 SMT pads and other pad shapes.

Also available from,
South Africa: JANCA Enterprises, PO Box 32131, 9317
Fichardtpark at R299,00. Phone/FAX: (051) 223744
France: Telindel, Quartier Les Pradets, Chemin des Veys,
83390 Cuers. Phone: 94 28 66 67

ADVERTISERS
PLEASE
NOTE

For all your
future enquiries
on advertising

rates

Please contact
Malcolm Wells on

Tel: 0181-652 3620
Fax: 0181-652 8956

810
CIRCLE NO. 141 ON REP() CARD
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DC TO DC CONVERTERS
DRM58 input 10-40vdc output 5v 8A £15
DRM128 input 17-40vdc output 12v 8A £50
DRM158 input 20-40vdc output 15v 8A £50
DRM248 input 29-40vdc output 24v 8A £40
DRS123 input 17-40vdc output 12v 3A £20
DRS153 input 20-40vdc output 15v 3A £20
DRS243 input 29-40vdc output 24v 3A £15
SOLID STATE RELAYS
CMP-DC-203P 3-32vdc operation, 0-200vdc 1A £2.50
SMT20000/3 3-24vdc operation, 28-280vac 3A E4.50
SMT20000/4 3-24vdc operation, 28- 280vac 4A E5.00
ZFtA6025F 28-280vd/ac operation, 28-280vac 25A E7.00

200 WATT INVERTERS Nicely cased units 12v input 240v
output 150watt continuous, 200 max. £49 ref L0T62.
6.81AW HELIUM NEON LASERS New units, £65 ref LOT33
COINSLOT TOKENS You may have a use for these? mixed bag
of 100 tokens E10 ref LOT20.

PORTABLE X RAY MACHINE PLANS Easy to construct
plans on a simple and cheap way to build a home X-ray machine!
Effective device, X-ray sealed assemblies. can be used for
experimental purposes. Not a toy or for minors! E6/set. Ref F/XP1.

TELEKINETIC ENHANCER PLANS Mystify and amaze your
friends by creating motion with no known apparent means or cause.
Uses no electrical or mechanical connections, no special gimmicks
yetproducesp °Stye motion and effect. Excellent br science p rojects,
magic shows, party demonstrations or serious research &
development of this strange and amazing phychic phenomenon.
£4/set Ref F/TKE1.
ELECTRONIC HYPNOSISPLANS& DATA Thisdata shows
several ways to put subjects under your control. Included is a full
volume reference text and several construction plans that when
assembled can produce highly effective stimuli. This material must
be used cautiously. firs for use as entertainment at parties etc only,
by those experienced in its use. £15/set. Ref F/EH2.
GRAVITY GENERATOR PLANS This unique plan
demonstrates a simple electrical phenomena that produces an anti-
gravity effect. You can actually build a small mock spaceship out of
simple matenals and without any visible means- cause it to levitate
£10/set Ref F/GRA1.
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up to 750,000 volts of
discharge, experiment with extraordinary HV effects, 'Plasma in a
jar. St Elmo's fire. Corona, excellent science project or conversation
piece. £5/set Ref F/BTC1/LG5.
COPPER VAPOUR LASER PLANS Produces 100mw of
visible green light. High coherency and spectral quality similar to
Argon laser but easier and less costly to build yet far more efficient.
This pa I cul a rd esi gn was developed at the Atomic Ene rgy Commi sion
of NEGEV in Israel. E10/set Ref F/CVL 1.

VOICE SCRAMBLER PLANS Minature solid state system
turns speech sound into indecipherable noise that cannot be
understood without a second matching unit. Use on telephone to
prevent third party listening and bugging. E6/set Ref FNS9.
PULSED TV JOKER PLANS Little hand held device utilises
pulse techniques that will completely disrupt TV picture and sound!
works on FM too! DISCRETION ADVISED. £8/set Ref F/TJ5.
BODYHEAT TELESCOPE PLANS Highly directional long
range device uses recent technology to detect the presence of living
bodies, warm and hot spots, heat leaks etc. Intended for security, law
enforcement, research and development, etc. Excellent security
device or very interesting science project. £8/set Ref F/BHT1.
BURNING, CUTTING CO2 LASER PLANS Projects an
invisible beam of heat capable of burning and melting materials over
a considerable distance. This laser is one of the most efficient,
converting 10% input power into useful output. Not only ist his device
a workhorse in welding, cutting and heat processing materials but it
is also a likely candidate as an effective directed energy beam
weapon against missiles, aircraft, ground -to -ground, etc. Particle
beams may very well utilize a laser of this type to blast a channel in
the atmosphere for a high energy stream of neutrons or other
particles. The device is easily applicable to burning and etching
wood, cutting, plastics, textiles etc £12/set Ref F/LC7.
MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple
concept. Objects float in air and move to the touch. Defies gravity,
amazing gift, conversation piece, magic tnck or science project. £6/
set Ref F/ANT1K.
ULTRASONIC BLASTER PLANS Laboratory source of sonic
shock waves. Blow holes in metal, produce 'cold' steam, atomize
liquides. Many cleaning uses for PC boards, jewllery, coins, small
parts etc £6/set Ref FAJLB1.
ULTRAHIGHGAINAMP/STETHOSCOPICMIKE/SOUND
AND VIBRATION DETECTOR PLANS Ultrasensitive device
enables one to hear a whole new world of sounds. Listen through
walls, windows, floors etc. Many applications shown, from law
enforcement, nature listening, medical heartbeat, to mechanical
devices. E6/set Ref F/HGA7
ANTI DOG FORCE FIELD PLANS Highly effective circuit
produces time variable pulses of accoustical energy that dogs
cannot tolerate £6/set Ref F/DOG2
LASER BOUNCE LISTENER SYSTEM PLANS Allows you
to hear sounds from a premises without gaining access. £12/set Ref
F/LLIST 1

LASER LIGHT SHOW PLANS Do it yourself plans show three
methods. £6 Ref F/LLS1

PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld. has large transducer and battery capacity with external
controls. £6/set Ref F/PSP4
INFINITY TRANSMITTER PLANS Telephone line grabber/
room monitor. The ultimate in home/office security and safety! simple
to use! Cat your home or office phone, push a secret tone on your
telephone to access either: A) On premises sound and voices or B)
Existing conversation with break-in capability for emergency
messages £7 Ref FfTELEGRAB.
BUG DETECTOR PLANS isthat someone getting the goods on
you? Easy to construct device locates any hidden source of radio
energy! Sniffs out and finds bugs and other sources of bothersome

interference. Detects low, high and UHF frequencies. £5/set Ref F/
801.

ELECTROMAGNETIC GUN PLANS Projects a metal object a
considerable distance -requires adult supervision £5 ref F/EM L2.

ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAN DI E5/set Ref F/EMA1.
PARABOLIC DISH MICROPHONE PLANS Listen to distant
sounds and voices, open windows, sound sources in 'hard to get' or
hostile premises. Uses satellite technology to gather distant sounds
and focus them to our ultra sensitive electronics. Plans also show an
optional wireless link system. £8/set ref F/PM5
2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
VARIABLE 100,000 VDC OUTPUT GENERATOR PLANS
Operates on 9-12vdc, many possible experiments. E10 Ref F/HVM 7/
TCL4.

INFINITY TRANSMITTERS The ultimate 'bug' fits to any
phone or line, undetectable, listen to the conversations in the room
from anywhere in the world! 24 hours a day 7 days a week! just call
the number and press a button on the mini controller (supplied) and
you can hear everything! Monitor conversations for as long as you
choose £249 each, complete with leads and mini controlled Ref
LOT9. Undetectable with normal RF detectors, fitted in seconds, no
batteries required. lasts forever!
SWITCHED MODE PT.J'S 244 watt, +5 32A, +12 6A, -5 0.2A, -
12 0.2A There is also an optional 3.3v 25A rail available. 120/240v I/
P. Cased, 175x90x145mm. IEC inlet Suitable for PC use (0 d/drive
connectors 1 mboard). £10 ref PSU1.
VIDEO PROCESSOR UNITS?/6v 10AH BATTS/12V BA
TX Not too sure what the function of these units is but they certainly
make good strippers! Measures 390X320X120rnm, on the front are
controls for scan speed, scan delay, scan mode, loads of connections
on the rear. Inside 2 x 6v 10AH sealed lead acid butts, pcb'sand a 8A?
12v tormidial transformer (mains in). Condition not known, may have
one or two broken knobs due to poor storage. £17.50 ref VP2
RETRON NIGHT SIGHT Recognition of a standing man at 300m
in 1/4 moonlight, hermetically sealed, runs on 2 AA batteries, 80mm
F1.5 lens, 20nw infrared laser included. E325 ref RETRON.

MINI FM TRANSMITTER KIT Very high gain preamp, supplied
complete with FET electret microphone. Designed to cover 88-108
Mhz but easily changed to cover 63-130 Mhz. Works with a common
9v (PP3) battery. 02W RF. £7 Ref 1001.
330V POWER SUPPLY KIT Variable, stabilized power supply
for !abuse. Short circuit protected, suitable for profesional or amateur
use 24v 3A transformer is needed to complete the kit. £14 Ref 1007.

WATT FM TRANSMITTER KIT Supplied with piezo electric
mic. 8-30vdc. At 25-30v you will get nearly 2 watts! £12 ref 1009.
FM/AM SCANNER KIT Well not quite, you have to turn the knob
your self but you will hear things on ttss radio that you would not hear
on an ordinary radio (even TV). Covers 50-160mhz on both AM and
FM. Built in 5 watt amplifier, inc speaker. £15 ref 1013.
3 CHANNEL SOUND TO LIGHT KIT Wireless system, mains
operated, separate sensitivity adjustment for each channel, 1,200 w
power handling, microphone included. £14 Ref 1014.
4 WATT FM TRANSMITTER KIT Small but powerful FM
transmitter, 3 RF stages, microphone and audio preamp included.
£20 Ref 1028.
STROBE LIGHT KIT Adjustable from 1-60 hz (a lot faster than
conventional strobes). Mains operated. E16 Ref 1037.

CPA BINATION LOCK KR 9 key, programmable, complete with
keypad, will switch 2A mains. 9v dc operation. £10 ref 1114.
PHONE BUG DETECTOR KIT This device will warn you if
somebody is eavesdropping on your line. £6 ref 1130.
ROBOT VOICE KIT Interesting circuit that distorts your voice!
adjustable, answ er the p hone with a different voice! 12vdcE9 ref 1131

TELEPHONE BUG KIT Small bug powered by the 'phone line,
starts transmitting as soon as the phone is picked up! £8 Ref 1135.
3 CHANNEL LIGHT CHASER KIT 800 watts per channel,
speed and direction controlssupplied with 12 LEDS (you can fit triacs
instead to make kit mains, not supplied) 9-12vdc E17 ref 1026
12V FLOU RESCENT LAMP DRIVER KR Light up 4 foot tubes
from your car battery! 9v 2a transformer also required. £8 ref 1069.
VOXSWITCH KITSound activated switch ideal br making bugging
tape recorders etc, adjustable sensitivity. £8 ref 1073.

Check out our
WEB SITE

http://www.pavillon.00.uk/bull-eleotrloal

PREAMP MIXER KIT 3 input mono mixer, sep bass and treble
controls plus individual level controls, 18vdc, input sens 100mA. £15
ref 1052.

'SOME OP OUR PRODUCTS MAY BE UMICENSABLE IN THE UK
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SOUND EFFECTS GENERATOR KITProduces sounds ranging
from bird chips to sirens. Complete with speaker, add sound effects
to your projects for just £9 ref 1045.
16 WATT FM TRANSMITTER (BUILT) 4 stage high power,
preamp required 12-18vdc, can use ground plane, yagi or open
dipole. £69 ref 1021.

HUMIDITY METER KIT Builds into a precision LCD humidity
meter, 9 is design, pcb, Icd display and all components included. £29

PC TNER KIT Four channel output controlled by your PC, will
switch high current mains with relays (supplied). Software supplied
so you can program the channels to do what you want whenever you
want. Minimum system configeration is 286, VGA, 4.1,640k. serial
port hard ddve with min 100k free. E24. 99
FM CORDLESSM ICROPHON E This unnis an FM broadcasting
station in minature, 3 transistor transmitter with electret condenser
mic+fet amp design result in maximum sensitivity and broadf requency
response. 90-105m hz, 50-1500hz, 500 foot range in cpen country!
PP3 battery required. £15.00 ref 15P42A.

MAGNETIC MARBLES They have been around for a number of
yearsbut still give risetocuriosity and amazement. A pack of 12 isjust
£3.99 ref GI/R20
NICKEL PLATING KIT Proffesional electroplating kit that will
transform rusting parts into showpieces in 3 hours! Will plate onto
steel, iron, bronze, gunmetal, copper, welded,siNer sd dered or b razed
joints. Kit includes enough to plate 1,000 sq inches. You will also need

a 12v supply, a container and 2 12v light bulbs £39.99 ref NIK39.
Minature adjustable timers, 4 pole c/o output 3A 240v,
HY1230S, 12vDC adjustable from 0-30 secs £4.99
HY1260M, 12vDC adjustable from 0-60 mins £4.99
HY2405S, 240v adjustable from 0-5 secs. £4.99
HY24060m, 240v adjustable from 0-60 mins. £6.99
BUGGING TAPE RECORDER Small voice activated recorder,
uses micro cassette complete with headphones. £28.99 ref MAR 29P 1.

POWER SUPPLY fully cased with mains and o/p leads 17v DC
900nA output. Bargain price £5.99 ref MAG6P9
9v DC POWER SUPPLY Standard plug in type 150ma 9v DC with
lead and DC power plug puce for two is £2.99 ref AUG3P4.
COMPOSITE VIDEO K fr. Converts composite video into sepa-
rate H sync, V sync, and video. 12v DC. E8.00 REF: MAG8P2.
FUTURE PC POWER SUPPLIES These are 295x 135x60m m.
4 drive connectors 1 mother board connector 150watt, 12v fan, iec
inlet and on/off switch. E12 Ref EF6
VENUS FLYTRAP KIT Grow your own carnivorous plantwith this
simple lut £3 ref EF34

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA. Bargain price just £5.99 ea REF MAG6P12
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAG5P13 ideal for experimenters! 30 m for E12.99 ref MAG13P1

ROCK LIGHTS Unusual things these, two pieces of rock that glow
when rubbed together! belived to cause rai NO a pair Ref EF29.
3' by 1' AMORPHOUS SOLAR PANELS 14.5v, 700mA 10
watts, aluminium frame. screw terminals, £44.95 ref MAG45.
ELECTRONIC ACCUPUNCTURE KITBuildsintoanelectronic
version instead of need es! good to experiment with. E7 ref 7P30
SHOCKING COIL KIT Build this little battery operated device into
at sorts of things, also gets worms out of the ground! E7 ref 7P36.
FLYING PARROTS Easily assembled kit that builds a parrot that
actually flaps its wings and flies! 50 m range £6 ref EF2.
HIGH POWER CATAPULTS Hinged arm brace for stability,
tempered steel yoke, super strength latex power bands. Departure
speed of ammunition is in excess of 200 miles per hour' Range of over
200 metres! E7.99 ref R.
BALLON MANUFACTURING KIT British made, small blob
blows into a large, longlasting balloon, hours of fun! £3 99 ref GI/E99R

9-0-9V 4A TRANSFORMERS, chassis mount £7 ref LOT19A.
2.5 KILOWATT INVERTERS, Packed with batteries etc
but as they weigh about 100kg CALLERS ONLY! £120.
MEGA LED DISPLAYS Build your self a clock or something with
these mega 7 seg displays 55rtim high. 38mm wide. 5 on a pcb foriust
£4.99 ref LOT 16 or a bumper pack of 50 displays for just £29 ref
LOT17.

CLEARANCE SECTION, MINIMUM ORDER
£15, NO TECHNICAL DETAILS AVAILABLE,
NO RETURNS, TRADE WELCOME.
2000 RESISTORS ON A REEL (SAME VALUE) 99P REF BAR340
AT LEAST 200 CAPACITORS (SAME VALUE 99P REF BAR342
INFRA RED REMOTE CONTROLS JUST 99P REF BAR333
CIRCUIT BREAKERS, OUR CHOICE TO CLEAR 99P REF BAR335
MICROWAVE CONTROL PANELS TO CLEAR E2 REF BAR 329
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 90P REF BAR305
LOTTERY PREDICTOR MACHINE!! JUST E1.50 REF BAR313
HELLA L/ROVER ELECTRIC H/LAMP LEVELLERE2 REF BAR311
SINCLAIR CS 18" TYRES TO CLEAR AT JUST 75P REF BAR318
LARGE MAINS MOTORS (NEW)TO CLEAR AT 75P REF BAR310
MODEMS ETC FOR STRIPPING E2.50 EACH REF BAR324
110V LARGE MOTORS (NEW) TO CLEAR AT 50P REF BAR332
MODULATOR UNITS UNKNOWN SPEC JUST 50P REF BAR323
GX4000 GAMES COSOL ES JUST E4 REF BAR320
SMART CASED MEMORY STORAGE DEVICE, LOADS OF BITS
INSIDE, PCB, MOTOR, CASE ETC. BUMPER PACK OF S
COMPLETE UNITS TO CLEAR AT El 50(FOR 5) REF BAR 330.
2 CORE MAINS CABLE 2M LENGTHS PACK OF 4 El REF BAR337
PC USER/BASIC MANUALS, LOADS OF INFO. El REF BAR304
PCB STRIPPERS TO CLEAR AT 2 FOR 99P REF BAR341
3 M SCORE MAINS CABLE AND 13A PLUG. 80P REF BAR325

WE BUY SURPLUS STOCK
FOR CASH

BUYERS DIRECT LINE 0802 660377

FREE CATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMPS.
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COMMUNICATIONS

...continued from page 783
That opinion may be sound, but the DTI has

obtained it at second hand. Only the broad -cast-
ers and their equipment suppliers can know at
first hand how much scope they have for greater
spectrum efficiency and the costs of their
options. And even they can have only a vague
idea until they study them in earnest, which they
will not do until they are faced with a real
prospect of having to pay for the true value of
their spectrum. Meanwhile they have a vested
interest in playing down the scope for better

Inset 8 - Allocations to emergency services
Police, fire and ambulance services require,
and pay for, a large range of equipment and
materials. They also pay salaries which are at
least large enough to retain their work forces
and they trade off the costs of equipment and
materials against each other and against the
cost of personnel like any other employer. The
commercial environment is generally benefi-
cial to those services and raises their stan-
dards, compared with countries where the
price mechanism is suppressed.

Having to pay for spectrum would not
undermine their ability to catch criminals, put
out fires and treat injured people any more
than having to pay for police cars, fire engines
and ambulances, which nobody suggests
should be provided free of charge.

10

8

8

iU  6

I 4

0

Availability
99.999%

Availability
99.99%

Availability
99.9%

1995/6 First Second I Third I Review
VAR,' veer near

Fig. 4. Point-to-point fixed links between 4
and 15GHz. In the first of two regions
involved, FR1, which includes Greater
London and West Midlands, charges will rise
by nearly 12 times.

spectrum efficiency and exaggerating its cost.
Elsewhere the white paper speaks of using

licensing powers to promote strategic objectives
and develop innovative technical approaches.
The white paper also speaks of giving financial
assistance to accelerate desirable changes and
using spectrum pricing to achieve specific man-
agement objectives. In other words the intention
is for the spectrum managers to continue using
their judgment of how radio communications
should develop instead of relying on the price
mechanism.

How much any government is wise to rely

on second-hand information from financially
interested parties to decide which industrial
developments to promote is always controver-
sial. Before spectrum pricing that was the only
way in which the RA or its predecessors could
prevent waste in the use of spectrum. In the
future however, when spectrum pricing has
bedded down, it will not have to be so pro-
active. It could allow the users and manufac-
turers to take those decisions, in the knowledge
that spectrum pricing will curb any tendency to
extravagance. Perhaps in due course the penny
will drop in ministerial circles.

References
1. HMSO Cm 3252, £9.10. (DTI invites
comments on or before 25 October.)
2. D. Rudd, Pricing versus rationing',
Electronics World, September 1996.
3. Report of the Independent Review of the
Radio Spectrum (30-960MHz), chairman Dr.
J.H.H. Merriman C.B. O.B.E. F.Eng., July 1983,
HMSO Cmnd 9000.
4. D. Rudd, 'A renting system for radio
spectrum?', IEE Proceedings, Part A, January
1986.
5. CSP International, 'Deregulation of the radio
spectrum in the UK', March 1987, HMSO.
6. D. Rudd, 'Privatisation of the radio
spectrum' EW+WVV, September 1987.

High -quality circuit boards for Douglas Self's precision preamplifier '96

A high quality double -sided circuit board is available for Doug Self's
precision preamplifier, exclusively via Electronics World. The board
takes the full stereo preamplifier, including all power supply compo-
nents except the transformer. Its layout is optimised to provide excep-
tionally low crosstalk.

Co -designed by Gareth Connor, the board is glass -fibre with plat-
ed -through holes and roller -tinned. It features solder masking and full
component identification. Component lists and assembly notes - con-
taining extra information about the preamplifier - are supplied with
each order.

Each board is £59 inclusive of package, VAT and recorded

postage. Please include a cheque or postal order with your request,
payable to Reed Business Publishing. Alternatively, send your cred-
it card details - i.e. card type, number and expiry date. Include the
delivery address in the order, which in the case of credit card hold-
ers must be the address of the card holder. Add a daytime telephone
and/or fax number if you have one.

Send your order to Electronics World Editorial, PCBs, Quadrant
House, The Quadrant, Sutton, Surrey SM2 5AS. Alternatively fax us
on 0181 652 8956 or e-mail
jackie.lowe@rbp.co.uk. Credit card details can be left on the answer-
ing machine on 0181 652 3614. Please allow 28 days for delivery.

Features of Douglas Self's precision preamplifier
 Very low noise and distortion.
 Moving -coil - sensitivity switchable 0.1 or 0.5mV, ±0.05dB RIAA accuracy.
 Moving -magnet input with ±0.05dB RIAA accuracy, 5V rms sensitivity.
 Three 150mV line inputs.
 One dedicated compact -disc input.
 Tape -monitor switch.
 Active -balance control.
 Tone control - switch defeatable - with ±10dB range.
 Tone control treble and bass frequencies variable over 10:1 range.
 Active volume control for optimal noise/headroom and enhanced interchannel

matching.

 Intelligent relay muting on outputs.
 CD input sensitivitylV rms.

Ito to
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CLASSIFIED
TEL 0181 652 3620 FAX 0181 652 8956

ARTICLES WANTED

WE WANT TO BUY!!
IN VIEW OF THE EXTREMELY

RAPID CHANGE TAKING PLACE
IN THE ELECTRONICS

INDUSTRY, LARGE QUANTITIES
OF COMPONENTS BECOME
REDUNDANT. WE ARE CASH

PURCHASERS OF SUCH
MATERIALS AND WOULD

APPRECIATE A TELEPHONE
CALL OR A LIST IF AVAILABLE.

WE PAY TOP PRICES AND
COLLECT.

R. HENSON LTD.
21 Lodge Lane, N.Finchley,

London N12 8JG.
5 Mins, from Tally Ho Corner.

TELEPHONE
0181-445-2713/0749
FAX 0181-445-5702

TOP PRICES PAID
For all your valves, tubes, semi

conductors and IC's.

Langrex Supplies Limited
1 Mayo Road, Croydon

Surrey CR0 20P
TEL: 0181-684 1166
FAX: 0181-684 3056

ELECTRONICS
VALVES &

SEMICONDUCTORS

Phone for a most
courteous quotation

We are one of the largest
stockists of valves etc,

in the U.K.

COLOMOR
ELECTRONICS LTD

170 Goldhawk Road,
London W12 8HJ

England.
Tel: 0181 743 0899
Fax: 0181 749 3934

WANTED
TOP PRICES PAID

For all your Test Equipment,
Receivers, Transmitters etc.
Factory Clearance, Prompt

Service and Payment.

HTB ELEKTRONIK
Alter Apeler Weg 5

27619 Schiffdorf, Germany
Tel: 0049 4706 7044
Fax: 0049 4706 7049

/ HP TEST EQUIPMENT
WANTED!

WE ARE ALWAYS LOOKING FOR:
 HP8510A, B OR C SYSTEMS +

PARTS
 NON WORKING HP8510 PARTS
 IF SECTIONS FOR HP8510 SYSTEM
 HP8350B + PLUGINS
 HP84)0{ POWER SENSORS
 HP436, HP437 POWERMETERS
 HP MANUALS + SOFTWARE
 HP 70000 SERIES PARTS
L. BAIER TEST EQUIPMENT
PH: +49 925192163 FAX: +49 92517846

HP478A or similar thermistor mount
needed (can be burned out!). Mueller,
Zum Goldesacker 10, D52459 Inden -
Pier, Germany (49) 24 61 61 4259.
WANTED: Schematic or manual air-
mec 732 5kV ionisation tester. R J
Ritter, Buttlershof 18 CH -9424,
Rheineck, Switzerland.

VALVES, and CRTs AVAILABLE
ONE MILLION VALVES stocked for Audio, Receiving, Transmit-
ting & RF Heating. Rare brands such as Mullard & GEC available.

Also MAGNETRONS, KLYSTRONS, CRTs and SOCKETS.
Large stocks of Russian & Sovtek items.

Please ask for our free catalogues of valves or CRTs.

VALVES etc. WA
Most types considered but especially KT88 (£48), PX4/PX25
(£50), KT66 (£35), KT77 (£15), EL34 (£10), EL37 (£9), ECC83 (£3).
Valves must be UK manufacture to achieve prices mentioned.
Also various valve -era equipment e.g. Garrard 301, (up to) £80.

Ask for a free copy of our wanted List.

BILLINGTON EXPORT LTD., Billingshurst, Sussex RH14 9EZ.
Tel: 01403 784961 Fax: 01403 783519

VISITORS STRICTLY BY APPOINTMENT. MINIMUM ORDER £50 plus VAT

r- WANTED: TEST EQUIPMENT + SURPLUS

WE ARE ALWAYS BUYING:
 TEST EQUIPMENT RF + MICROWAVE PARTS
 TEST EQUIPMENT MANUALS
 NON -WORKING OR SCRAP TEST EQUIPMENT

FAX YOUR LIST TODAY FOR AN INSTANT QUOTE!
LOTHAR BAIER TEST EQUIPMENT

BLUMENSTRASSE 8 D-95213 MUENCHBERG
PHONE: +49 925192183 FAX: +49 92517846

WE ALWAYS PAY THE BEST PRICE!!!

WANTED
Test equipment, receivers, valves,
transmitters, components, cable
and electronic scrap and quantity.

Prompt service and cash.
M & B RADIO

86 Bishopgate Street
Leeds LS1 4BB

Tel: 0113 2435649
Fax: 0113 2426881

* *WANTED* *
Test equipment, Electronic Scrap,
Valves, Transmitters/Receivers,

Factory & Warehouse Clearance.
Confidentiality Assured.

TELFORD ELECTRONICS
Phone: 01952 605451

Fax: 01952 677978

VALVES, and CRTs AVAILABLE
ONE MILLION VALVES stocked for Audio, Receiving, Transmit-
ting & RF Heating. Rare brands such as Mullard & GEC available.

Also MAGNETRONS, KLYSTRONS, CRTs and SOCKETS.
Large stocks of Russian & Sovtek items.

Please ask for our free catalogues of valves or CRTs.

VALVES, etc. WANTED
Most types considered but especially KT88 (£48), PX4/PX25
(£50), KT66 (f35), KT77 (£15), EL34 (£10), EL37 (£9), ECC83 (£3).
Valves must be UK manufacture to achieve prices mentioned.
Also various valve -era equipment e.g. Garrard 301, (up to) £80.

Ask for a free copy of our wanted List.

BILLINGTON EXPORT LTD., Billingshurst, Sussex RH14 9EZ.
Tel: 01403 784961 Fax: 01403 783519

VISITORS STRICTLY BY APPOINTMENT. MINIMUM ORDER £50 plus VAT

ARTICLES fOR SALE

OVERSTOCKED TEST EQUIPMENT FOR SALE

HP435A, HP438B, TEK 7L14, HP8569A, EATON 767, HP36241, HP3683B, HP64110D,

HP8756A, MAR 6500, WIL 560, WIL 6648B, EIP 598, HP70301, HP70900A, HP70205,

HP70206, FLUKE 6070, HP85101B-010

ALL ITEMS IN WORKING ORDER !!!

FAX YOUR OFFERS TO: +49 92517846
8;3



CLASSIFIED
TEL 0181 652 3620 FAX 0181 652 8956

ARTICLES FOR SALE

Your costs to continue to stock
UNWANTED SURPLUS . . . EXCESS . . . OBSOLETE

STOCKS OF: -
ELECTRONIC -ELECTRICAL COMPONENTS &

ACCESSORIES

RELEASE \.
for

PAYMENT IN ADVANCE
OF COLLECTION

contact

K.B. Components,
21 Playle Chase, Gt. Totham, Maldon, Essex, CM9 8UT
Tel:- 01621 893204 Fax:- 01621 893180 Mobile:- 0802 392745

REGISTER TO RECEIVE MONTHLY PUBLISHED STOCK LISTS AT NO CHARGE OF
ALL EXISTING NEW, UNUSED, STOCKS OF ALL COMPONENTS AND ACCESSORIES.

MAINS HARMONIC
CURRENT CORRECTOR

will assist in compliance with
EN61000-3 and overcome supply

voltage distortion.
Demonstration Model, Design

Notes and Circuits for Sale

D. Thomas
01279-428935

SPECTRUM ANALYSERS Marconi
TF2370 £550, H.P. 141T 110MHz £550,
1300MHz £650. Manuals, Scopes, Sig,
Gens. Many others 01344 27869.

WW2 ROTARY TRANSFORMER
Type 29. Input 24V, 16A. Output
1230V, 200MA. New boxed p/p.
£100.00. 01472 813144.

ADVERTISERS
PLEASE
NOTE

For all your
future enquiries
on advertising

rates

Please contact
Malcolm Wells on

Tel: 0181-652 3620
Fax: 0181-652 8956

Memory Simms
256K £2.50 each Min Qty 4 - £10
512K £5.00 each Min Oty 2 - £10
1MB £14.00 each

DRAM EPROMS
256K 1MB - £2.00
HY53C256LS - 10 £1.50 512K -£1.25
TMS4256 - 1 OL £1.30 256K -£1.00
MB81256 - 10 £1.30 128K - £0.75
MCM6256 - 10 £1.30 64K - £0.50
MN41256A - 08 £1.40 32K - £0.40
1 MB 16K - £0.35
V53C104P - 12 £2.00
GM71C4256A - 80 £2.40 SRAM
M514256 - 10 £2.30 TMM2O63P - £1.50
KM44C256AP - 10 £2.30 1S61064A - 20N £1.20
MN41 C4256 - 08 £2.40 UT4264 - 20 £1.20

1000's MORE COMPONENTS IN STOCK - PLEASE CALL
ALL ITEMS PRE -USED AND TESTED MINIMUM ORDER CHARGE £10

ALL ITEMS EXCLUDE VAT qt 17.5% CREDIT CARDS WELCOME

WOODVILLE LTD TEL: 01923 213350 FAX: 01923 211650

l3OROTECryouR

POWERBASE
with the NEW Galatrek

Elite UPS range

50% smaller,
40% lighter

Superior, Intelligent, on-line
'plug and play' operation

 High surge and spike
protection

 PowerBoost advanced battery
management

 Runtime battery extension
packs

 FREE PowerSave UPS
management software

 Part of a range from 280VA
to 700 KVA

For your FREE edition of our
Autumn 96 Power Information Pack

= FREEPHONE
0800 269394

4*..4rWc Ext 312
Par,O,t..O.P0,..P.. or fax 01492 641 828

EW+13 PC TELETEXT,

Aug 1994

PCB, EPROM & DISC with

Terminal Software and Parislist,

£12 to clear! LM1414 £2.50

SN74121 50p P&P Inc.

Citifax Ltd

9 Goose Cote Hill

Bolton BL7 9UQ

TellFax +441204 417 210

25A LISN, 85KHz, 30MHz, 50R, 1µV
receiver, pre -tuner with 2 loop and 1
rod aerials, all by Schwarzbeck £450.
01234 219756.

MARCONI 2022A signal generator for
sale £2,000. Phone: 0956 57 56 72. Fax:
0181 316 5627.

RECRUITMENT

Electronics, Computing and Motion
Control Engineer

The Applicant must have a thorough knowledge of electronics, preferably
as applied to film, video and motion control equipment. He or she should
have design and small scale manufacturing experience and, ideally, will

have experience processing microprocessors.
An ability to problem solve, work on your own initiative to deadlines and

under pressure is essential.
The job will be based in Bristol, but occasional travel may be necessary.

SALARY will be commensurate with experience.
Please send CV with covering letter, before October 1, to:

Box Number 111
ELECTRONICS WORLD, Room L329

Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS
814



CLASSIFIED
TEL 0181 6523620 FAX 0181 652 8956

ARTICLES FOR SALE
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CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, P022 OEB, U.K.

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
( IR( If \O 1420\ REPIT ( )RI)

1154

OPERATING & SERVICE MANUALS

CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, P022 OEB, U.K.

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
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SPECTRUM ANALYSERS  ralfe electronics exclusively
professional T&M ((),

 36 Eastcote Lane  South Harrow  Middx HA2 8DB  England 
TEL ( 44) 0181-422 3593  FAX ( -44) 0181-423 4009

EST
41

YRS

HP3580A 5Hz-50kHz audio frequency spectrum

analyser £750 to £1250

DISTRIBUZIONE E ASSISTENZA, ITALY: TLC RADIO, ROMA (06) 871

HP8568B high -specification 1.5GHz spectrum

analyser £10000 TEST EQUIPMENT
MARCONI 2386 100Hz-26.5GHz (in 1Hz steps!) £15000

BRUEL & KJAER 2023 single channel audio spectrum analyser F2500
AVCOM - portable, battery operated, to 1000 MHz £2000 BRUEL & KJAER 2511 vibration meter (field set with 1621 filter) £1500
TEKTRONIX 492 21GHz portable spectrum analyser, with options 2 (digital BRUEL & KJAER 2307 level recorder £1000

storage and Rack -mount option) F6003 or £7000 with mixers to 60GHz. BRUEL & KJAER 2317 portable level recorder F1500

TEK7623A/7L18 (1.8GHz) with tracking generator in TM503 £1750 BRUEL & KJAER 2308 analogue X -Y pen recorder £750

CHASE LFR1000 interference measuring receiver 9kHz-150kHz

DATRON 1061 & 1061A - venous, digital multimeter 81065 - call

£1000

from £500MARCONI INSTRUMENTS
DATRON 1065 digital multimeter all ranges plus IEEE £500

FARNELL PSG2400A signal generator 100KHz-2 4GHz F3500

0 0 9 0 * * *

2018A synthesized AM/FM signal generator 80kHz-

520MHz £1250

90254

CERT 95/013

IS09002 ACCREDITED STOCKIST
MEASUREMENT & TEST EQUIPMENT

2019A synthesized AM/FM signal gen 80kHz-1040MHz

2828A/2829 digital simulator/analyser

29558 radio communication test sets - LATEST 'FY MODEL

6460/6421 power meter & sensor 10MHz-12.4GHz

6514 waveguide detector for use with 6500 -scalar analyser 26-40GHz

6960 microwave power meter with 6910 power sensor

10MHz-20alz

TF2910 TV interval timer

£2000

£500

£4000

£350

£350

£900

F250

PHILIPS PM5167 1mHz-1 OMHz function generator

RACAL 9008 automatic modulation meter

RACAL -DANA 9300 milli -voltmeter

RACAL -DANA 9301A true RMS RFmilli -voltmeter

TEKTRONIX P6201 FET PROBE

WANDEL & GOLTERMANN WM30 level tracer

WANDEL & GOLTERMANN PJM-4S Jitter meter for SON ET & SDH

WAVETEK 23 synthesized function generator 0.01Hz-12MHz

WAVETEK 1067 opt 522 1-500MHz sweep generator

WAYNE KERR 3220 20A bias unit (for 3245 inductance analyser)

TEKTRONIX 15028/0104 short-range metal -cable tdr tester

£27

C350

C400

£350

F350

£500

£5500

f1250

500

£1250

£3500

HEWLETT PACKARD

1640B serial data generator

3561A dynamics signal analyser (opt 01)

3764A digital transmission analyser

3335A synthesizer/level generator

34004 voltmeter, analogue 10Hz-10MHz

3235A switch/test unit

3324A synthesized function generator

3325A synthesizer/function generator, 21MHz

3580A audio frequency spectrum analyser

3581C selective voltmeter

3779D primary multiplex analyser

41408 pA/meter, DC voltage source

4339A high resistance meter c/w lead set 161178

4275A multi -frequency Icr meter

4358 microwave power meter, analogue

5386A 3GHz frequency counter

54100A 1GHz digitizing oscilloscope

8007B pulse generator 100MHz

8018A serial data generator

8082A pulse generator 250MHz

8111A pulse generator 20MHz

816A slotted line 1.8-18GHz with 809C & 4478 probe

8444A tracking generator with option 059

8656B synthesized signal generator to 990MHz

87510A gain -phase analyser 100KHz-300MHz

8901A modulation analyser with option 02/010

J2215A FDDI portable multimode test set

J2219A 486 -based, colour option main-frame

J2219A/J2171A 486 -based colour screen option network

advisor

£500

£5500

£1500

£2000

£250

£1000

£2000

£1750

£750 to £1250

£1250

£5000

£4000

£2000

£3500

£400

£1500

£2250

£950

£1000

£2000

£1250

£500

£1000

£3000

£6500

£3500

£1500

£1000

£3000

SEND FOR LATEST STOCK LIST. WE FAX LISTS
AND SHIP WORLDWIDE. ALL FULLY

LAB -TESTED AND NO -QUIBBLE GUARANTEED

CIRCLE NO.144 ON REPLY CARD

ELECTRONIC UPDATE
Contact Malcolm Wells on

0181-652 3620
New Flight Electronics
International Catalogue Set
You now have access to the world's latest:
* Electronics Training Equipment
* Microprocessor Training Equipment
* Test and Measurement Equipment
* PC Cards

via "Flight's" latest catalogue set.

We are specialists in the provision of
innovative top quality electronics
trainers, breadboards, test and
measurement, PC cards and
microprocessor evaluation
equipment.

Our extensive range covers every
need, call today for your free
catalogue set.

CIRCLE NO. 145 ON REPLY CARD

Of friendly service & Dint Otis very
{Mono Feedback

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. 147 ON REPLY CARD

A regular advertising feature enabling
readers to obtain more information
on companies' products or services.

Deinumt.ittlie*eikkia FREE DEMO DISK
The LabWindows/CVI Demo Disk
is a free evaluation copy of
LabWindows/CVI You can follow
instructions to build Windows
applications using GPIB, VX1,
Serial, and plug-in DAQ
instrumentation. The guide
illustrates code -generation
techniques, GUI development
tools, event -driven programming
techniques, instrument drivers,
debugging and editing tools.

NATIONAL INSTRUMENTS
For your Free Demo Disk call,
01635 523545

CIRCLE NO. 146 ON REPLY CARD

NEW JENSEN TOOLS
CATALOGUE

Colourful new Catalogue, hot off
the press from Jensen Tools,
presents unique new tool kits for
service/support of
communications equipment. Also
latest test equipment from many
major manufacturers. Includes
hard -to -find tools, PC/LAN
diagnostics, bench acccessories,
static control, technical manuals
and more.

Ring 0800 833246 or
Fax 01604 785573 for a free copy.

Jensen Tools, 10-12 Ravens Way,
Northampton NN3 9UD

CIRCLE NO. 148 ON REPLY CARD
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SOLUTION!

Small

PIC based TOOLS to help you realise your project:
from single applications to full scale production

BASIC STAMPS®
PIC based BASIC Stamps are perfect for one-off and low volume applications.
Their easy to learn but powerful BASIC syntax (with familiar instructions such as GOTO, OR ... NEXT,
and IF ...THEN as well as instructions for serial I/O, pulse measurement, button debounce, DTMF, X-10
etc) will get your application up and running in hours. Once programmed, the Stamp runs independantly
of your PC and programs are stored in non-volatile EEPROM so they can be changed at will. Detailed
manuals cover many commonly needed routines and the Stamp is well supported by a growing list of
custom application kits to cut development time even further. Available in two formats:

BASIC
Stamp 1 (BS1-IC)

8 I/O Lines
up to 80 program lines

Comms to 2400 baud
35x lOmm size

£29 single price

1 1 i
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Application note I: Using the BASIC Stamp as a simple interface terminal

Typical Application

BASIC
Stamp 2 (BS2-IC)
16 I/O Lines
up to 500 program lines
Comms to 50 kbaud
24pin DIP package
£49 single price

BASIC Stamp Development Kits including PC software, manuals, 24+application notes,
downloader cables, Stamp (BS 1-IC or BS2-IC) and corresponding Project Board - £99 / £119

PIC16Cxx DEVELOPMENT TOOLS
For medium to large volumes and high speed requirements, the popular range of PICs is hard to beat.
We offer an extensive range of programmers, emulators and associated hardware to support the
following PICs: 52 54 55 56 57 58 620 621 622 61 62 63 64 65 71 72 73 74 84

PIC16Cxx Programmer

PIC16Cxx-PGM

Also stocked
* ZIF sockets
* SOIC/SSOP/PLCC adapters
* Prototyping boards
* Compilers/Simulator

Milford Instruments
Milford House, 120 High Street,

SOUTH MILFORD LS25 5AQ
01977 683665 Fax 01977 681465

In Circuit
Emulators
* True hardware
emulation of
program memory,
registers and I/O

* Unlimited
breakpoints.

* Single stepping
* Software -programmable
* Windows Environment
*Runs from 32Khz to 10Mhz ('xx) and 20Mhz ('5x)
* Source level debugging for PASM(X), MPASM and MPC
* Optional trace facility

1:=F

MiliMMEMIN

Please call or fax to receive
our catalogue and price list.

All prices exclude VAT
and £3 shipping.

BASIC Stamp & the Parallax logo are
registered trademarks of Parallax, Inc.

oscillator

P/FOLLA X
3805 Atherton Road, *102.

Rocklin, CA 95765 USA
916-624-8333, Fax 916-624-8303

http://www.parallaxinc.com
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Dataman 54
Compare the Dataman 54 with any

other programmer and you'll see why it's

the world's undisputed number one.

S4 is capable of programming 8 and 16 -bit

EPROMs, EEPROMs, PEROMs, 5 and 12V FLASH,

Boot -Block FLASH, PICs, 8751 Microcontrollers

and more. S4 also emulates ROM and RAM as

standard!

54 is the only truly hand held programmer that

ships complete with all emulation leads,

organiser -style manual, AC charger, spare

library ROM, both DOS and Windows terminal

software, and arrives fully charged and ready

to go! Who else offers you all this plus a three

year guarantee?

Customer support is second to none. The very

latest programming library is always available

free on the Internet, and on our dedicated

bulletin boards. Customers NEVER pay for

upgrades or technical support.

ho e
320719

Orders received by dpm will normally be despatched same day.

Order today, get it tomorrow!

54 GAL module
Programs a wide range of 20

and 24 pin logic devices from the

major GAL vendors. Supports

JEDEC files from all popular logic

compilers.

THE DATA MAN CHALLENGE
Try the Dataman S4 or Dataman-48
without obligation for 30 days. Ifyou do not
agree that these are the most effective, most
usful, most versatile additions you ca --

make to your programming toolbox,.
nie will refund your money in fill.,

Dataman-48
Our new Dataman-48 programmer

adds PinSmart® technology to

provide true no -adaptor

programming right up to 48 -pin DIL

devices. Dataman-48 connects

straight to your PC's parallel port

and works great with laptops.

Coming complete with an integral

world standard PSU, you can take

this one -stop programming solution

anywhere!

As with S4, you get free

software upgrades and

technical support

for life, so now

you don't need

to keep

paying just

to keep

programming.

The current device library contains over 1800

of the most popular logic and memory devices

including GALs, PALs, CEPALs, RALs, 8 and 16 -

bit EPROMs, EEPROMs, PEROMs, FLASH, BOOT -

BLOCK, BIPOLAR, MACH, FPGAs, PICs and many

other Microcontrollers. We even include a 44 -

pin universal PLCC adaptor.

If you need to program different packaging

styles, we stock adaptors for SOP, TSOP, QFP

and SDIP. The Dataman-48 is also capable of

emulation when used with memory emulation

pods.

Order your Dataman programming solution

today via our credit card hotline and receive it

tomorrow. For more detailed information on

these and other market leading programming

products, call now and request your free copy

of our new colour brochure.
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Dataman Programmers Ltd, Station Road, Maiden Newton, Dorset 1)T2 OAE. UK
Telephone +44/0 1300 320719 Fax +44/0 1300 321012 BBS +44/0 1300 321095 (24hr)

Modem V.34/V.FC/V.32bis Home page: http://www.dataman.com
FTP: ftp.dataman.com Email: sales@dataman.com


