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SOAR'’s newest range of feature packed
analog Bargraph DM M'’s offer exceptional
performance which is backed up with
enhanced accuracy and custom LSI circuit
technology.

All models have an adaptor mode which
enables Plug-in use of Soar’s optional series
9300 adaptors for extended measurement
capabilities of AC/DC current,
capacitance, temperature and transistor
checks.

Look at these features:
W 3% digit readout.
® Custom LSI circuit design.

... the new Analog
Bargraph DMMs )
from S OAR. gl

Model ME 3230 £89.00

8 Accuracy up to 0.35%.

@ High speed sampling,

B Auto or manual range selection.

® Data hold.

B Diode test.

@ Continuity beeper AND MUCH MORE.

FREE CATALOGUE

@ Over 220 full colour pages.

® All prices listed.

B Complete technical data included.

For further details or full colour test and
measurement equipment catalogue contact
the sole U K. distributors:

i SREEN

an analog & numeric devices Ltd. compa

Unit 25, Swannington Road, Cottage Lane Industrial Estate, Broughton Astley, Leicestershire LE9 6 TU

Tel: (0455) 283486. Fax: (0455) 283912.
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Affordable stand alone
PCB fault-

diagnosis
equipment.

A 280 logic trace,
showing part of the test
sequence
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//////////////////////////////Ill

The most economical way yet to

improve the speed and efficiency of PCB
servicing and manufacturing defects analysis.

24 and 40 pin Variants.
Providing a host of features for
rapidly testing digital IC's in
circuit.

Save and Compare.
Data from a known good PCB
can be saved enabling a
suspect board to be compared
in minutes without circuit
documentation.

Automatic Circuit
Compensation. An IC is tested
in the way it is connected. No
need to program each test.

Phone for your free data and
information pack now!

M  SearchMode Toidentify
unmarked IC's and give an
equivalent for replacement.
Manufacturing Defects
Analysis. Rapid access to
circuit information to locate
production faults.
B Out of Circuit Testing.
ZIF sockets make the units
ideal for goods inward
inspection and checking a
device s functional
before soldering.

0226 350145

ABI Electronics Ltd Mason Way Platts Common industrial Park Barnsley South Yorkshire 574 9TG
Tel 0226 350145 Telex 547938 EXPERT G Fax 0226 350483
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Dat’s a fact

, Should domestic tape recorders be

able to reach the hiss-free professional
standards of the studio? “Of course™,
say the manufacturers of digital audio
tape machines, soon to be available for
£600 from your local hi-fi shop.

“Over our dead body™, says the music
industry. trundling out the old war
horse last seen in action throwing
stones at cassette makers. Remember
the slogan “home taping is killing live
music™?.

So while the rest of us strain our cars
for assurance that the tape hiss on our
present music systems really is
unbearable enough to justify junking
the hi-fi and starting again with dat, we
can settle down to watch the restaging
of a traditional battle — inevitable
technical progress versus the status
quo. The music industry apparently
lives in a nightmare world where only
one person buys a CD which
everybody clse passes around to tape.
Whether dat represents a discernible
improvement is questionable. a debate
which will till the pages of audio and
music magazines for many months.
The point is that consumers should be
allowed to make their own judgement.
But the music industry would not have
it s0. Already in the US song-writers,
concerned for their loss of rovalties,
are resorting to the courts in an
attempt to prevent dat making it into
the home. At the same time the
industry is mobilising for a concerted
campaign to prove that dat will halt
music-making in its tracks (if you will

excuse the pun).
The fact is that dat is here and, like any
advance made in technology, it cannot
be unmade. Such progress will
inevitably emerge in one form or
another no matter how long it is
suppressed. The stance of the music
industry is not dissimilar to that of
unions in the newspaper industry faced
with new technology, or workers in the
car industry faced with automated
production. Or Captain Ludd and his
followers seeing mechanisation of the
textile industry as robbing them of
their livelihoods.
In all cases the technology was
developed and available. Its
implementation was only a matter of
time. and when change came it was
traumatic. Unfortunately, this reaction
is all too common. Groups who see
themselves under threat immediately
buttress their defences in an attempt to
turn back the tide.
In the case of dat some record or tape
sales will be certainly be lost. A few
peoplke might argue that manufacturers
must have already taken account of
that in charging such exorbitant prices
for compact discs.
Much better than building barricades
to tum back the tide of change would
be to build boats to sail on it. The
music industry should accept dat. then |
get back into the market place with
software packages that are simply
more attractive than their pirate dat
alternatives.

Jonathan Campbell




For Digital
Multimeters

Whatever your need in DMMs. Thurlby-Thandar
can supply it.

With prices starting at just £39 + VAT. the range
includes both hand-held and bench models
Display resolution varies from 32 digits up to 52
digits and accuracies are from 0.5% up t0 0.01%

Some models ofter True RMS AC. frequency
measurement, conductance measurement and
digital interfacing

This low-cost 52 digit bench DMM combines
exceptional resolution and accuracy with
computing power and data logging. It costs
£349 + VAT

Contact us now for full details of aill our DMMs.

Thurlby-Thandar Ltd
Glebe Rd., Huntingdon, Cambs. PE18 7DX
Tel: (0480) 412451 Fax: (0480) 450409
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Many Radjo Amateurs and SWLS are puzzled.
Just what are all those strange signals you
can hear but not identify on the |.f. and h.f.

frequencies? A few of them, such as c.w.,
RTTY, and Packet you’'ll know - but what
about the many other signals?

Hoka Electronics have the answer! There are some well
known CW/RTTY decorders with limited facilities and high
prices, complete with expensive PROMS for upgrading, etc.,
but then there is Code 3 from Hoka Electronic!

It's up to you to make your choice — but it will be easy once
you know more about Code 3.

Code 3 works on any IBM-compatible computer with MS-
DOS having at least 640kB of RAM.

Code 3 hardware includes a complete digital FSK Converter
with built-in 230V ac power supply and RS232 cable, ready
to use. You'll also get the best software ever made to decode
all kinds of data transmissions. Code 3 is the most
sophisticated decoder available, and the best news of all is
that it only costs £249 plus VAT!

The following modes are included in the base-program (with
the exact protocols).

Packet Radio AX 25, 50 to 1200 Baud Baudot: ITA 2 plus all types of Bit inversion
Hell: Synchronous/asynchronous all speeds at any speed

Fax: Weather charts, photographs with grey ARQ: CCIR 4/8, CCIR 825 mode A

scales at 60, 90, 120, 180, 240 rpm ARQ-S: ARQ 10008

Morse: Automatic and Manual with speed ARQ-Swe: CCIR 518 variant

indication ARQ-E: ARQ 1000, ITA 2-p Duplex

Press DPA: F7b spec., 300 Baud ASCII ARQ-N: ITA 2 Duplex

Wirtschaftdienst: F7b spec., 300 Baud ASCII ARQ-E2: CCIR S191TA 3
Sport Information: F7b spec., 300 Baud ASCII ARQ-6: 5/6 character 90 and 98
Autospec Bauer: ITA 2 including both modes TOM 242: CCIR 242 2/4 channels

Spread 21 and Spread 51 TOM 342: CCIR 342 2/4 channels

Duplex ARQ AMrac ITA 2 FEC-A FEC 100(A) ITA 2-P FEC Broadcast

TWINPLEX F7b-1 and F7b-2 Duplex ARQ ASCIl  FEC: 3-FEC CCIR 025, 476-4 mode B Sitor
Amtor

FEC-S: FEC 1000S ITA 3

All modes in preset and variable uder-defined speedrates
and shifts.

Three options are available to use with the Code 3 and
consist of:

1: OSCILLOSCOPE, this facility displays the measured
frequency versus time, including split-screen, storage and
non-storage modes at £25.

2; PICCOLO MK VI (Everybody wants this facility, but it's
only on offer from Hoka), the well-known multitone-mode at
£60.

3: LONG-TIME AUTO-STORAGE in ASCII (up to several
days) £25.

Plus many other special codes. Send for details, price on
application.

Along with the many facilities listed, the analysis section of
the Code 3 offers you a wide choice of unique facilities such
as: a built-in low frequency spectrum-analyser for shift
measurement and tuning, plus precision speed
measurement up to 0.001 Baud resolution. Other tool-
facilities include Speed Bit analysis, Speed Measurement,
Character Analysis, Auto-correlation of MOD and RAW
signal, Bit Analysis. All these state-of-the-art features are
included in Code 3 to assist the experienced user.

All options are available from the main menu, saving or
loading to or from hard or floppy disk in Bit form (no loss of
unknown signals), hard copy with printer, on-screen tuning
indicator and very easy to use Help-files.

Warning. The actual use of parts of this program may be
illegal in some countries and any liability in this respect is
disclaimed.

To order, phone us for more details or send cheque, payable
to:

HOKA Electronics
Teiko Clockstraat 31
NL-9665 BB Oude Pekela
The Netherlands
31) 5978 12327 Fax: (31) 5978 12645

Please specify disk size 372 or 5%4” when ordering!
All prices ex. VAT and shipping, but including 6 month software
updating free of charge!
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First-ever climbing robot

Watching a robot climb a perfectly
smooth vertical wall and then head off
along the ceiling is a somewhat
uncanny experience. It conjures up the
notion of a very much oversized house-
fly, apparently defying the force of
gravity.

What's even more uncanny. viewed
from the point of view of an electronics
engineer, is that the robot doesn’t of
necessity contain a single piece of
silicon. Reliability is the explanation
offered by Professor Valery Gradetsky,
Head of Laboratory at the Institute of
Problems in Mechanics, in Moscow,
who built a prototype recently demons-
trated at London’s South Bank
Polytechnic.

It's all in fact part of a research
programme involving scientists and
engineers from both institutes who've
been working on this collaborative
project for over three years now.

The point about the absence of
silicon is that the robot works using
pneumatic power and pneumatic con-
trol signals fed along its multi-pipe
umbilical. The unit shown in the pic-
ture weights 7kg and walks using five
steel and rubber suckers. It can move
up. down, sideways or rotate. Using
the attached spray gun it can also paint
the wall or ceiling with great precision
— a wonderful tool for graffiti artists!

Professor Frank Evans of the South

Bank Polytechnic points out that this
robot, which can carry twice its own
weight, has a number of other potential
uses, primarily in the construction
industry. Being devoid of electronics
(except in the static control box), the
robot can work in areas of high electro
magnetic fields, high temperatures or
high levels of nuclear radiation. Clean-
ing and inspecting operational trans-
mitters and nuclear power plants are
two obvious applications that spring to
mind.

The point about the absence of
clectronics isn’t, of course, to belittle
the role silicon will play in the future
development of this climbing robot;
merely to suggest that we could all
sometimes do with being reminded that
silicon isn’t the answer to every
enginecring problem. Gradetsky's
point about reliability is also worth
bearing in mind when considering the
largest robot capable of traversing the
ceiling. It weighs 70kg and can carry its
own weight!

Further developments, involving the
interchange of academic staff between
London and Moscow will concentrate
(one hopes!) on the development of
cqually reliable control and guidance
systems. These will allow the robot to
interface, not just with its manually-
operated control box. but with com-
puterised guidance systems. In that

Fourier transforms yield new

By mathematically teasing apart an
intricate string of bright spots along a
narrow outer ring of Saturn, astronom-
ers at Stanford and Cornell Universi-
ties have detected evidence of undisco-
vered moons circling the plant. These
add to Saturn’s I8 known moons.
According to the team |Nature, Vol
345, no 6277], the bright spots repre-
sent waves of higher-density clumps in
the rings produced when the tiny new
moons periodically sail close to the
rings in their orbits.

An analysis was undertaken of a
composite series of images containing
about 140° of the narrow F ring of
Saturn taken by the Voyager |
spacecraft on its Saturn flyby in 1980.
The F ring, about 80 000km above the
planet and detached by about 3500km

October 1990

from the main rings, is the outermost of
the multitude of concentric Saturnian
rings. The ring consists of material
ranging from dust-sized grains to foot-
ball-sized chunks of water ice.

In their analysis, the astronomers
first plotted the complex waxing and
waning in brightness of the ring along
its length. Their plot immediately
revealed two  very narrow, bright,
clumps which moved within the ring.
The scientists then analysed the other
brightenings along the ring using a Fast
Fourier Transform, to scparate the
pattern of brightenings into its periodic
components.

The FET revealed that the brighten-
ings consisted of a complex of five
periodic waves, Some of these waves
could have been produced by orbiting

ELECTRONICS WORLD+WIRELESS WORILD

without electronics.

way, what is currently able to make a
good job of painting the factory walls
will eventually be able to undertake
complex tasks on, under or over the
factory production line.

moons

moons that periodically swoop close to
the ring, leaving a signature of their
passing cach time as their gravitational
ficld produces a clumping of material.

One of the regular waves detected in
the analysis was due to the known
moon Prometheus, whose orbit brings
it near the F ring and which is believed
to help confine the ring. Two other
waves were apparently due to the
interaction, or beating of waves of
different frequencies and did not
directly result from the gravitational
influence of moons.

However, the scientists  postulate
that one of the remaining waves was
produced by an undiscovered moonlet,
presumably smaller than the Voyager
spaceeraft could detect directly. Such a
moon would have to be less than about
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10km in diameter and have an eccentric
orbit, passing close to the F ring occa-
sionally, to have caused such disturb-
ances.

The final wave could not be
explained casily. The wave's character-
istics were such that the moon that
causes it would have to lic well within
Saturn’s ring system, where it would
have caused perturbations that have
not been detected by scientists studying

the rings. Or else. the moon’s orbit
would have to be more elliptical than is
explained in the Saturnian system.

The existence of the new moons, as
well as other complex features of
Saturn’s rings cannot be  confirmed
until the Cassini probe to Saturn
reaches the planet. This orbiter is
scheduled for launch in 1996, will reach
Saturn in 2002 and make observations
until 2006.

Self-induced wiring repairs

Researchers in the USA have invented
a process in which a defect in wiring
between 1Cs can induce its own repair
[Applied Physics Letters 11.06,
18.06.90].

Until now, near-open circuit defects
have often proved difficult even to
locate. The new self-induced repair
process, recently patented by C Julian
Chen of the IBM T J Watson Research
Centre, involves a novel variation of
clectroplating. When a sufficiently high
current is passed through a wire with o
constriction, more heat is generated at
that location than clsewhere on the
wire, because the thinner the wire, the
greater its electrical resistance and the
slower the heat dissipation. As a result
of the temperature rise that occurs, a
deposition process is induced and the
constriction becomes plated with metal
such as copper that is transferred from
cooler parts of the wire through the
plating solution, or electrolyte. So little
material is needed to fill up a constric-
tion that there is no appreciable effect
on the rest of the wire.

There are a number of advantages of
the new process. For example, it is
self-locating — the position of a defect
along a wire need not be known. All
that is necessary is to apply an AC
source to the ends of the wire.

The process is also self-terminating
— when an incipient open-circuit or
constriction becomes  sufficiently
plated, its resistance drops, no further
excess heat is generated at the defect
location and deposition ends. Also.
multiple constrictions on the same wire
can all be repaired at the same time.
The most severe defect heats the most
and gets plated the most until all the
defects have comparable resistance.

Finally, the process produces high-
quality plating, with a very good con-
tinuity between the original and plated
materials. In addition to its use in

| S
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Metal
line Defect

An electrolytic solution to defect repair in
IC interconnection wiring?

repair of constrictions and incipient
open circuits, the process is the basis of
a twosstep procedure for the repair of
complete open circuits and for making
customised interconnections. That pro-
cedure begins with the application of a
thin film of organometallic material
over the arca where repair or a new
interconnection is desired. A focused
laser beam then draws the exact path of
the new line on the film, thereby
decomposing the film and leaving a
thin metallic residue in the shape of the
desired line as an initial interconnec-
tion. The remaining undecomposed
organometallic film is removed with a
solvent. The circuit needing repair or
customisation is then placed in the
same kind of electrolytic cell as used
for repairing constrictions and the self-
induced repair is then carried out.

Chen believes that the self-induced
repair process could even be applied to
the repair of defects in interconnection
wiring between components on inte-
grated-circuits themselves, in addition
to the wiring between them.

ELECTRONICS WORLD + WIRELESS WORLD

Some sum

Two mathematicians, Dr Arjen Len-
stra and Dr Mark Manasse of Bell
Labs, New Jersey and the Digital
Equipment corporation of Palo Alto, |
California have successfully factored a
155 digit number into its three consti-
tuent primes. In so doing they used a
thousand interlinked computers, crun-
ching away steadily over a five week
period—all to prove that messages
encoded in 150 digit codes are not as
secure as is generally thought. Many
codes used by banks and the military
depend on very big prime numbers |
chosen in secret and multiplied
together.

Hitherto, factoring such huge num-
bers would have taken centuries, but |
has been speeded up using a method |
called a number field sieve, developed
by Professor John Pollard in Britain.

If you feel like checking Bell Labs’
sums, the figures — subject to errors in
data transmission — are as follows:

13,407.807,929 942,597,099,
574,024,998.205.846,127.479,
365.820,592,393,377,723.561,
443,721,764.,030.073.,546.976,
801.874.298,166,903,427 690,
031,858, 186,486,0500,853,753,
882.811,946,569.,946,433,649,
006,084,097,

T 741.640.062,627.530.801,
524.787.141,901,937.474,
059,940.,781,097,519,023,
905,821,316,144,415,759,
504,705,008,092.818,711,
693.,940,737.

X

7.455.602,825,647 884,208,
337.395.736.200,454.918,
783.366,342.657.

X
2.424.833.

... though I must say if it took that
much effort to appropriate a few bob
from my bank account, I'd feel the
villains had earned their crust. Manasse
says that to crack the above number
(the so-called Fermat number which |
equals 2°'2+1) would cost $200 million
in commercial computer power.
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| MICRO-CAP lil.
THIRD-GENERATION INTERACTIVE
CIRCUIT ANALYSIS. MORE POWER.
MORE SPEED. LESS WORK.

MICRO-CAP I11,™ the third generation
of the top selling IBM® PC-based inter-
active CAE tool, adds even more accuracy,
speed, and simplicity to circuit design and
simulation.

The program’s window-based
operation schematic editor make circuit
creation a breeze. And super-fast SPICE-

like routines mean quick AC, DC, Fourier
and transient analysis — right from
schematics. You can combine simulations
of digital and analog circuits via integrated
switch models and macros. And, using
stepped component values, rapidly gener-
ate multiple plots to fine-tune your circuits.

We've added routines for noise, impe-
dance and conductance — even Monte
Carlo routines for statistical analysis of
production vield. Plus algebraic formula
parsers for plotting almost any desired
function.

Schematic editor

Monte Carlo analysis
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Modelling power leaps upward as
well, to Gummel-Poon BJT and Level 3
MOS — supported, of course, by a built-in
Parameter Estimation Program and
extended standard parts library.

There's support for Hercules, ® CGA,
MCGA, EGA and VGA displays. Output for
laser plotters and printers. And a lot more.

Naturally, you'll want to call or write

for a free brochure and demo disc.
For further information please contact

your nearest dealer listed below.

ACES Ltd, ACES House, St Georges Avenue, Poole, Dorset,
BHI24ND 0202723373

ALTA SYSTEMS. John Cashmore House, Eagle Industrial Estate.
Bagnall Street, Great Bridge. Tipton, West Midlands, DY+ “BS
0215222161

EXCITECH COMPUTERS LTD. Unit 5. Alpha Business Park,
Travellers Close. Welham Green, Hatfield, Herts, ALY ©NT
0707265371

GECS LTD. Cunard Building, Liverpool. L3 1EG 051 236 168
MICRO-CAP 11l is a registered trademark of Spectrum Soft

Hercules is a registered trademark of Hercules Computer Technology.
1BM is a registered trademark of International Business Machines, Inc.
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RESEARCH NOTES

Hope for Hubble?

Since long before its launch. the
NASA/ESA Space Telescope has
experienced a catalogue of problems,
but over its first two months in space it
looked as if the technical hitches were
being overcome one by one. They all
appeared to be operational problems of
the sort that could be overcome by
careful reprogramming of computers:
first, the antenna that became entang-
led in a cable and later, the oscillatory
motion that threatened to blur the
pictures. In photographic parlance it
was a bit like teaching a novice to use a
Hasselblad.

By the middle of June, even the
usually succinct ESA press statements
were beginning to betray a touch of
excitement. The Faint Object Camera
(FOC) had successfully taken its first
engineering test pictures. One of these
pictures (opposite) shows a group of
stars in the open cluster NGC 188,
about four degrees from the Pole Star.
Approximately 5000 light years away,
this is the oldest known open cluster,
having an estimated age of 12 thousand
million years — more than half the age
of the Universe. The other picture (for
comparison) shows the same cluster
photographed through the unavoidable
turbulence of the atmosphere by a
good ground-based telescope.

According to ESA Project Scientist
Dr Peter Jacobson, It was extremely
exciting to take the first real open-
shutter FOC exposures looking
through the telescope after having
waited all these years.” Sadly, that
optimism proved to be misplaced
when, only a week or two later, NASA
announced that the Hubble Telescope

had a design fault that couldn't be
corrected from the ground.

The problem appeared to be that the
curvature of one of the mirrors -
probably the secondary mirror
didn’t quite match that of the other.
The result is a defect well known even
to elementary students of optics; spher-
ical aberration. Quite how a $2 billion
optic came to have a problem more
usually associated with a Box Brownie
isn’t entirely clear, but what it means is
that instead of being ten times sharper
than ground-based pictures, the snaps
taken in space will only be marginally
better.

Such a reduction in definition means,
according to early estimates, that
roughly half the telescope’s planned
work will be impossible. Ruled out will
be searches for faint stars, black ho'es
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and planets elsewhere in the Universe;
in fact some of the more fascinating
work that astronomers had been hyp-
ing themselves up for.

What won't be affected is the work
that doesn’t depend on sharp imaging
— spectroscopy for example. Studies
into the chemical composition of dis-
tant stars and gas clouds will still
therefore be possible.

It isn’t the end of the Hubble Space
Telescope. though. Already NASA is
considering the possibility of servicing
it in orbit on a shuttle flight, possibly as
soon as 1993. One idea is to fit what
amounts to spectacles over some of the
experimental packages such as the
FOC. That way the defect could be
corrected.

Whatever the eventual outcome, the
loss to science is measurable in millions

Principle of the ESA Faint Object
Camera, which is made up of two
separate cameras with vidicons and
image intensifiers. One magnifies by a
Jactor of two; the other by up to twelve.

of dollars. And the cost of sending up
an astronomical optician would prob-
ably be two orders of magnitude grea-
ter still. This, coming only a few
months after the partial failure of the
European Hipparcos star-mapping
satellite, must inevitably make astro-
nomers everywhere begin to doubt the
hitherto unquestioned benefits of put-
ting their eyes in the sky.

Research Notes is written by John Wil-
son of the BBC World Service
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C in the pilot’s seat

A new control station for unmanned
aircraftis to be developed by the Royal
Aerospace Estabhshment
Unmanned aircraft (UMASs)

intended for reconnaissance have been
under development by the RAE for
many years and this new station witl
make fullest use of the facilities offered

by the aircraft’s telemetry channels 10

control. navigate and interrogate the

craft. UMAs are effectively radio-
controlled model atrcraft with several
| cameras.

The control station is to be a VME-
based system (VME provides the
bandwidth needed). having three
colour displays with touch-screen
overlays, an LCD display and tracker
ball. Telemetered data will be
displayed and graphics will be
extensively used; for example, a digital
map will allow the operator to navigate
the UMA and to display its track. The
touch-screen and tracker ball will
control the aircraft via the telemetry
link. An operator will not have to “fly”
the UMA . since the aircraft is stable
and needs only to be directed; the
system is effectively an enhanced
autopilot which will respond to the
operator's commands while
maintaining stability.

Software engineers from Signal
Computing of Guildford. « member of
the BASYS Group, will assist the RAE
to design the control station, all the
software being written in C and in
modular form to simplity future
expansion or maintenance and to be
consistent with the RAE preference for
C in control applications.

=

Existing ground control station for unmanned aircraft at the RAE. The new design
will include better displays and allow the operator faster and more complete control.

RAE’s experimental unmanned aircraft. Piciures Crown copywright.

Installation of the first intel iPSC/860
parallel processing “supercomputer” in
Europe by the Science and Engineering
Research Council (Serc) will provide a
significant boost to British Science.
Serc, which has installed the computer
at its Daresbury laboratory, says the
cost-effective, high-performance
machine will allow researchers to
tackle new problems previously felt to
be impracticable.

The 1PSC/860 is theoretically capable
of performing 1.9 billion floating point
operations per second. which is greater
than the rate of significantly more

-

expensive conventional computers
Within the iPSC /860. each of the 32 |
processors is an independent computer |
built around the Inte! i860 chip. Over
the last three years. Daresbury
Laboratory’s Advanced Research
Computing Group (ARCG) has
established a lead in programming
parallel computers for scientific
applications using the second-
generation Intel iPSC/2 and other
machines. Serc says it is to extend this
lead, and to help British universities
and polytechnics undertake new
research, that it has purchased the new |
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Serc computer will boost UK'’s science capability

machine. The high performance of
such computers is achieved at a
reduced cost by using off-the-shelf

components as opposed 10 computers

such as the Cray which use special
electronic devices to gain speed.

In addition to the ability to carry out

cost-effective computation Serc says
new applications include
pharmaceutical and polymer
modelling; engineering applications
(finite-element analysis and
computational fluid dynamics) and
research on bulk materials and
surfaces.
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Clouds throw light on Earth’s magnetism

Clouds. so often the bane of earth-
bound observations, will be the subject
of intense scrutiny by scientists over the
next few months. But these are not the
usual white fluffy sort, heralding wet

| weather and wellingtons, but clouds of
luminescent ions “seeded™ from a
satellite which researchers hope will
answer fundamental questions about
the earth’s atmosphere and magnetic
field.

The seeding will be carried out over
the next nine months as part of a
programme of experimentation by the
US Combined Release and Radiation
Effects (Crres) satellite launched in
July. The intention is to form a series of
clouds by injecting chemicals into the
atmosphere. The chemicals ionised by
the sun’s UV will elongate as
luminescent indicators along the
earth’s magnetic tield lines, making
them visible.

Half the t4 experiments will be
carried out at altitudes ranging from
1200 to 21 000 miles, with the rest at
between 240-300 miles. Scientists are
hoping to reveal more about the
magnetosphere — the layer above the
ionosphere at around 620 miles up —
which is filled with energetic charged
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When a cloud of energetic particles
from a solar flare hits the
magnetosphere, a geomagnetic storm
can occur, disrupting power systems
and long-distance communications.
This can have a severe effect on
complex satellites carrying delicate
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geostationary space-craft which are
susceptible to damage from solar

Q_ ;;(;

_ Sun Antenna

Assembly

—

High Energy
Solar Panel

Microelectronic
Experiment
/%

Shade Antenna

energetic particles, limiting operational
tife-span. Crres should show up how
these effects occur.

As the basis for the research Crres is
carrying 24 canisters of chemicals such
as barium, lithium, calcium and
strontium, and for each experiment,
one or two canisters will be ejected by
the spacecraft. Approximately 25
minutes later, after the canister and
spacecraft are far enough apart 1o

Superfast devices are not just crystal gazing

IBM is claiming a development that
could bring closer the production of
extremely fast transistors based on
silicon enriched with germanium.
Researchers at IBM’s Thomas J
Watson Rescarch say they have
developed a greatly improved method
of growing thin crystat layers of

germanium on silicon. The process
could bring torward the practical
production of silicon-germanium
crystal alloys.

Earlier this year IBM announced it
had tabricated, from silicon enriched
with a few percent germanium, the
world’s fastest experimental transistor,
operating at 75 000GHz, or nearly
twice as fast as the previous record.

However the problem with growing
conventional germanium crystals to
more than three atoms thick is that
they tend to clump or ball-up.
rendering the product useless for
electronics. But IBM scientists say they
have discovered a way to coax the
germanium to lie flat on the silicon.

The process starts with a thin layer of

silicon, then before growing the
germanium a single atomic layer of
antimony is added. The antimony rises
to the surface and forces the
germanium to grow flat underneath it
in a mechanism christened surfactant-
mediated epitaxy.

The antimony acts as a surfactant,

changing the surtace properties of the
silicon and making it chemically more
stable, so that germanium can grow
more smoothly

Epitaxy is the growth of one
crystalline tayer on top of another.
Growing the germanium-silicon
crystals using molecular beam epitaxy.
1BM has successfully produced flat
layers of germanium 10 atoms thick on
silicon, with a pertect match between
the crystal structure of the germanium
and the silicon. Earlier, the researchers
successtully used arsenic as the
surfactant to grow layers of germanium
on silicon and believe they will
eventually find a broad range of
surfactants that work well in their
surfactant-mediated epitaxy pocess.
The new process makes teasible the use
of silicon-germanium crystals in a wide
range of applications. Combined with
silicon, germanium-silicon alloys could
offer potential applications in
transistors. lasers. photo detectors and
diodes.
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prevent contamination, the canister
will release its chemical vapours,
creating ionised luminous clouds
initially about 60 miles in diameter.

By observing the motion of the
clouds, scientists will be able to
measure electric fields in space, to
monitor how these fields interact with
charged particles to form waves and to
improve understanding of how the
Earth extracts energy from the solar
wind. These clouds will be studied by
instruments on the ground. in specially
equippd aircraft and aboard Crres
itself. Crres releases will be augmented
by releases from sounding rockets to
conduct further experiments.

The programme is a joint venture of
Nasa, through its Marshall Space Flight
Center, and the Department of
Defense's (DOD) Air Force Space
Test and Transportation Program.
Nasa’'s role in the mission is the release
of tracers; the DOD experiments will
measure the natural radiation in space
and its effects on microelectronics.

The satellite was built by the Ball
Aerospace Systems Group, Colorado.
The scientific instruments and
investigations are being supplied by
scientists from institutions throughout
the United States. Europe and South
America.

UPDATE

Eastern Europe telecomms bonanza in the

balance

Thawing of relations with Eastern
Europe, the cause of so many jitters in
an electronics industry facing defence
spending cuts, could be the making of
Western communications, according to
an industry analysis. But the lack of
commercial infrastructure, which
supports Western telecoms growth,
could dampen hopes for early
commercial private circuits, alternative
networks and value-added services in the
cast.

The conclusions are part of an
assessment of telecoms growth in
Eastern Europe carried out by
Communications and Information
Technology (CIT) Research. CIT says
that the opening up of Eastern Europe
holds out the twin prospects of
significantly increased international
traffic and modernisation of old telecoms
equipment. Both could prove
particularly attractive to Western
companies coping with over-capacity and
escalating R & D costs.

But against this should be weighed the
tact that the relative discipline of
government defence contracts was being
exchanged for the disorder of a vastly
expanded civilian market.

A comparison of Western and Eastern
European communications shows two

All VDUs must meet new safety levels

An EC Council *Display Screens
Equipment™ directive (9O02270/EEC)
laying down minimum safety and
health requirements for work with
VDUs, must be adopted by all member
states by December 31, 1992 (HMSO,
L156, #4.).

Workstations put into service after
this date must meet the requirements,
but those already in service will have
tour years in which to comply.

Employers will be obliged to carry
out an analysis of workstations “to
| evaluate the safety and health

conditions to which they give rise for
their worker, particularly as regard
possible risks to eyesight, physical
problems and problems of mental
stress.”
Workers will be able to request eye
| tests before and while they work on

VDUSs, with “corrective appliances™

| introduced if necessary.
On radiation the directive states:
| *All radiation with the exception of the
| visible part of the electromagnetic
spectrum shall be reduced to negligiblc
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levels from the point of view of
protection of workers’ safety and
health.™ Dr Michael Lowell. of the
Health Policy Unit of the Health and
Safety Executive, said the wording
indicated a wish to placate accepted
concern by workers over possible
health hazards rather than being based
on an actual evaluation of the current
scientific evidence. However, the July
issue of MacWorld, the US monthly for
Macintosh users. gives extensive
coverage of the issue after tests
revealed very high levels of ELF fields
from some of its machines.

Mr Lowell said it would be “up to
individual member states to decide
whether to specify maximum levels of
radiation from screens.

Under the new directive, employers
will also be required to keep employees
informed on all aspects of safety and
health relating to their workstations
and to consult with them or their
representatives on all measures to be
taken in complying with all matters
covered by the directive.
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markets virtually unrecognisable as the
same industry. CIT estimates the total
West European telecomms market was
worth ECU123billion in 1989, making it
one of the largest industries in Europe.

A rough valuation of the telecomms
marker in Eastern Europe produces a
tigure of only ECU 10billion. Even
applying Western costs and tariffs, the
value of the Soviet and East European
business would only be ECU25billion.

Only 30% of the combined GDP of
the USSR and Eastern Europe is derived
from service related industries (both
public and private), whereas the
proportion in Western Europe is 609% —
twice as high. However, CIT says that
more encouraging in the short term are
opportunitics in manufacturing, where
Eastern Europe can offer space, labour,
and plant capacity, and in basic
telephony for the domestic and small
business markets. CIT notes that the
economies of Eastern Europe must
develop communications if they are to
become productive and competitive, but
they must simultaneously develop the
high business users of telecoms services
— the banks, insurance companies,
retailers, and so on — to support the
systerr.

Course notes

The Royal Television Society is
running part I1 of its course of training
for engineers starting January 7 1991.
This second part deals with special
applications of television engineering
in a series of lectures taking place one
evening a week at the IBA in
London. The 25 lectures and a book
based on the lectures offer a valuable
training opportunity for new
engineers.

Essential areas such as video
amplification, the TV camera, NTSC
and PAL colour signals are covered
and up-to-date information on
terrestrial, satellite and cable systems
is psesented. New technologies such
as HDTV are also examined.

For further details contact Mandi
Startup, Royal Television Society,
Tavistock House East, Tavistock
Square, London WCIH 9HR Tel: 071
387 1970.



RF EQUIPMENT

LOW NOISE GASFET PREAMPLIFIERS

Aligned to your specified frequency in the range 5-1000MHz.
Masthead or local use.

TYPE 9006 NF 0.6dB. Gain 10-40dB variable. In the range
5-250MHZ ssiwsas; w544 Loimsd M o} o o s T . £85
TYPE 9006FM. As above. Band il 88-108MHz ... £85
Two stage Gasfet preamplifiers. High Q filters. Tuned to your
specified channels in bands IV or V. 75 ohms

TYPE 9002 NF 0.7dB. Gain 25dB adjustable ...................... . €112
TYPE 9003 NF 0.4dB. Gain25dB ..o £150
UHF two stage Gasfet preamplifiers. High Q filters. Aligned to your
specified frequency in the range 250-1000MHz. 50 ohm.

TYPE 9004 NF 0.7dB. Gain 25dB adjustable ........................
TYPE 9005 NF 0.4dB. Gain 25dB ..................ccccoeeen. .
TYPE 9035 Mains power supply unit for above amplifiers
TYPE 9010 Masthead weatherproof unit for above amplifiers ... £13

TYPE 9006 TYPE 9002

UHF LINEAR POWER AMPLIFIERS

Tuned to your specified frequency in the range 250-470MHz.24V +
DC supply.

TYPE 9123 300mW input, 3 watts output
TYPE 9124 2-3 watts input, 25 watts output ...........

TYPE 9113

TYPE 9252

PHASE LOCKED LOOP FREQUENCY CONVERTERS

TYPE 9115 Converts your specified input channels in the range 20-
1000MHz to your specified output channels in the range 20-
1000MHz. 1mV input, 10mW output (+10dBm). Low noise Gasfet
front end, NF0.7dB. AGC controlled. Gain 60dB adjustable —30dB.

Will drive transmitting amplifiers directly ................................ £450
TMOS WIDEBAND LINEAR POWER AMPLIFIERS
TYPE 9246. 1 watt output 100KHz-175MHz 13dBgain ........... £165

TYPE 9176 TYPE 9271
TYPE 9247. 4 watts output 1-50MHz 13dB gain ................... £185
TYPE 9051. 4 watts output 20-200MHz 13dB gain ................ £185
TYPE 9176. 4 watts output 1-50MHz 26dB gain ...................... £285
TYPE 9177. 4 watts output 20-200MHz 26dB gain .... ... £285
TYPE 9173. 20 watts output 1-50MHz 10dB gain .................. £340
TYPE 9174. 20 watts output 20-200MHz 10dB gain ................ £340
TYPE 9271. 40 watts output 1-50MHz 10dB gain .................... £680
TYPE 9172. 40 watts output 20-200MHz 10dB gain ............... £680

TYPE 9235. Mains power supply unit for above amplifiers ...... £180

PHASE LOCKED SIGNAL SOURCES
Very high stability phase-locked oscillators operating directly on
the signal frequency using a low frequency reference crystal.
Phase noise is typically equal to or better than synthesized signal
generators. Output will drive the Types 9176 and 9177 wideband
hinear power amplifiers and the Types 9252 and 9105 tuned power
amplifiers.
TYPE 8034. Frequency as specified in the range 20-250MHz.
Output TOMW L. £140
TYPE 8036. Frequency as specified in the range 250-1000MHz.
Output TOMW i £195
TYPE 9182. FM or FSK modutation. 20-1000MHz. Output 10mW
£248

WIDEBAND AMPLIFIERS
Monolithic micrcwave integrated circuits in a fully packaged
microstrip module format. Full-wave shottky diode protected
inputs. T perature compensated bias circuitry. Voltage regulated
local or remote operation.
TYPE 9301 100KHz-500MHz NF 1.7dB at 300MHz. Gain 30dB.

Power output + 12.5dBm, 18mW ............ccooiiiiiiiii £150
TYPE 9302 100KHz-1GHz NF 2dB at 500MHz. Gain 30dB. Power
output + 12.5dBm, 18MW ... £150

TYPE 9303 100KHz-2GHz NF 3.5dB at 500MHz. Gain 20dB.
Power output + 24dBm, 250mW ... £235
TYPE 9008 Gasfet. 100MHz-2GHz. NF 2.5dB at 1GHz. Gain

10dB. Power output + 18dBm, 65mMW ... £150
TYPE 9009 Gasfet. 10 MHz-2 GHz. NF 3.8dB at 1 GHz. Gain
20dB. Power output + 20dBm, 100mW ..o, £150

TYPE 9263 TYPE 9259

TELEVISION LINEAR POWER AMPLIFIERS

Tuned to your specified channels in bands IV or V.24V + DC
supply.

TYPE 9252. 10mW input, 500mW output .............. e £280

TYPE 9259. 500mW input, 3 watts output ... £320
TYPE 9262 500mW input, 10 walts output ....... £580
TYPE 9263. 2-3 watts input, 15 watts output £440

TYPE 9266 10 watts input, 50 watts output. Integral forced air
cooling and output transistor protection ............................. £1,745
See below for Television Amplifiers in bands | and !lI.

TYPE 9105 TYPE 9158/9235

TMOS RF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range 20-250MHz, or your
specified channels in bands | or llIl. 24V + DC supply.

TYPE 9105. 10mW input, 1 wattoutput ............................... £250
TYPE 9106 500mW input, 10 watts output ... .. £310
TYPE 9155. 1 watt input, 30 watts output ............................... £360
TYPE 9458. 5 watts input, 50 watts output. Integral forced air
cooling and output transistor protection ................................. £590

COMPLETE TELEVISION RETRANSMISSION SYSTEMS
AVAILABLE
All prices exclude p&p and VAT.

RESEARCH COMMUNICATIONS LTD

Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG.
Tel: 0303 893631. Fax: 0303 893838

CIRCLENO. 122 ON REPLY CARD
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BIOELECTROMAGNIETICS
AT SAN ANTONIO

t a time when reduced scien-
tiic rescarch funding is
depleting laboratories
everywhere, it is pleasing to
report an annual research
conference where  delegate numbers
increased by over 40% on last year.
The latest Bioelectromagnetics Society
meeting, held this June in San Anto-
nio, Texas, reflects increasing interest
in this fledgling science which inter-
faces electronics with biology.
Bioclectromagnetics looks at organic
life from the viewpoint of electronic
physics, rather than the more tradi-
tional electrochemistry; it is concerned
with, for example, how clectro-
magnetic ficlds may prove hazardous to
the cells of which we are all composed.
Only in the early 1980s did it become
apparent that even very weak EM
fields can significantly inhibit the ability
of white blood cells (ec.g. T-
lymphocytes) to defend our bodies
from foreign invasion. Unfortunately.
rescarch since then has been patchy
and no one has yet offered a proven
mechanism by which such effects are
engendered.

Cyclotron resonance
Rescarchers worldwide have been
exploring how charged particles (ions)
can interrupt or proliferate the essen-
tial cell division without which we
cannot repair the 500 million or so cells
which die in any adult cach day. Physi-
cists find it difficult to accept that weak
EM fields can interact with living ficlds.

One solution, called ion cyclotron
resonance (ICR), proposes that, at
certain frequencies at which, for exam-

| ple, the charge-to-mass ratio g/m is set
equal to that for ionised potassium K*|
| specific biological etfects like calcium
efflux are observed, provided that the
direct-current magnetic field (B,) is
also taken into account. The general
formula
q
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Electromagnetic
fields can be both
hostile and
benevolent to life.
Roger Coghill
reviews the papers
presented at the
BEMS meeting held
in June

describes this and would equal 14.9Hz
when the Earth’s DC magnetic field is
38uT. However, the hypothesis faces
considerable difficulties: the mass used
in the calculation is “naked™. that is it
does not include any water molecules;
the cyclotron resonance orbit at 15Hz is
too long: and the energy associated
with any ICR interaction is extremely
small because the energy of a particle
in cyclotron resonance varies as the
square of the radius of the orbit.

It may be that the ion is precessing,
and the rate of precession is influenced
by an interacting AC magnetic field
from somc external source; Doctor
Lednev of the USSR’s Academy of
Science reported experimental support
for this refinement of the ICR hypoth-
esis. Until biophysicists can identify a
sound predictive model or mechanism
for these bio-effects, rescarchers can-
not be sure in which direction to orient
their work; is it frequency, field
strength, power density, or some other
factor — or even a combination of all?

This search for a mechanism has
been accelerated by recent pronounce-
ments of the US Environmental Pro-
tection Agency that power-frequency
EM fields at least may be carcinogenic
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and it was reliably reported that radio
and microwave frequencies were only
excluded from the statement at the last
moment on political grounds.

Biosynthesis
Meanwhile, other research is inexor-
ably piling up the evidence, not only
for hazardous consequences from EM
exposure, but also for therapeutic
applications. Martin Blank and Reba
Goodman from Columbia University
presented evidence of the electro-
magnetic stimulation of biosynthesis,
which is another way of saying that EM
fields can cause cells to make proteins.
After analysing these new proteins the
researchers found them to be more
highly charged, both positively and
negatively, than controls. If the same
impact occurs in haemapoiesis (the
making of blood) then there could be

BIOPHYSICS

agglutination problems, and in fact one |

epidemiological survey by Milton Zaret
has already identified cardiovascular
problems associated with *“electronic
smog”. Even in biology there is no such
thing, it appears, as a free lunch.

A team from Oregon State Uni-
versity tantalisingly described  their
protocol for measuring melatonin
levels in female lambs raised beneath a
S00kV transmission line (the highest in
the UK is 400kV). It had been
observed that power-frequency EM
ficlds can significantly depress the nor-
malty high nocturnal levels of the
pineal hormone melatonin, which
mediates the scasonal breeding repro-
ductive response. The question was:
would the power lines delay the onset
of puberty? Since the experiment is still
in progress, no results are yet available
from this crucial research.

On a happier note, a team including
Ross Adey from Pettis V.A Hospital,
Loma Linda, reported their work on
bone cell proliferation stimulated by
very weak electric fields. Here, too, the
protein and its RNA message were
increased substantially, the effect peak-
ing at around 14Hz. By itsclf this is not
a novel finding, since similar work has



BIOPHYSICS

already been reported both in vivo and
in vitro: itis the probing of the mechan-
isms by which these effects occur that
such studies are important.

Another positive effect of EM fields
was reported by Richard Bentall of
Bioelectronics Corporation, Maryland.
He tested guinea pigs with a new form
of electronic “bandage” which emits
26MHz pulsed RF energy, and found
an 18% improvement in their wounds’
ability to resist splitting open again
(dehiscing).

His prototypes may lead to major
benefits in post-operative surgery,
especially since the final size of the
wound scars was also reduced in the
actively treated group.

Brain control
For those of us who believe that the cell
cycle and many related bio-effects are
ultimately under cerebral control, one
paper by Lisa Higgs and her colleagues

“Physicists find it
difficult to accept
that weak EM
fields can interact
with living fields.”

at Colorado University’s Department
of Psychiatry will prove significant.
They treated 18 awake patients in a
double-blind crossover trial with 20
minute bursts of low-energy emission
therapy (LEET). Although no effect
was observed on beta, delta, or theta
waves, their 28-channel EEG machine
recorded significant changes in alpha-
rhythm activity in the exposed group
during the eyes-closed condition and
these particular brainwaves were
decreased by up to 50% in amplitude.

Dosimetry

In the field of dosimetry there were
ingvitably a few surprises as field |
theorly and current theory continue to
converge: for ‘example, where voltage |
sources are used to excite antennas.
Carl Durney and colleagues from Utah
University defined an electric circuit
representation that is equivalent to
Maxwell’s equations, in which mesh
currents are directly related to magne-
tic fields, and voltages to electric fields.
The equivalent circuit consists of a
parallel RC combination along each
edge of a Yee cell and an inductance
cutting across each corner of the Yee
cell, and is valid both in the time
domain and the frequency domain and
in any frequency range, including the
optical.

Other papers in the dosimetry sec-
tion included a presentation by Walter
Reed Army Institute of Research
(WRAIR) of photonic electro-optical
probes for measuring E-fields inside
biological subjects during exposure to a
single EMP pulse. By contrast, Om
Ghandi presented his prototype meters
for the assessment of hazards up to
100MHz, including a contact current
meter (0-300mA).

Another BEMS section addressed
the possible hazards from MRI
machines. Here, the results were ambi-
valent, with the Lawrence Berkeley
Laboratory reporting no significant
alteration of the blood/brain barrier’s
permeability, while in another paper
they detected alterations in calcium
metabolism of rat thymus lymphocytes.
Another team from Western Ontario
found that time-varying magnetic fields
at ELF frequencies alter Ca’+,
whereas RF and static (0. 15T) fields do
not. Since positively charged calcium is
an indispensible concomitant of normal
brain function, and since occasional
curious side-effects have been noted
following MRI brain scans, the finding
may prove significant. I

1t is difficult to do justice to the 160
papers from eight countries (including |
Russia and China) which were pre-
sented at this BEMS annual meeting.
One is very conscious that its members
are probing some of the most fun-
damental mechanisms of organic life,
and that electronic physics rather elec-
tro-chemistry may ultimately solve
some of biology’s major remaining
mysteries. ]
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UNBEATABLE PRICES

SWEEP GENERATORS PHI PM3350 50MHz Dual Channel D.S.0. £ 1,750
HP 83508 Sweep Generator Mainframe £ 1,750  TEK 7511 Plug In Sampler £ 666
HP 83590A Plug In 2-20 GHz £ 5250 TEK 2201 20MHz Dual Channel Oscilloscope £ 794
HP 835928 Plug In 0.01-20GHz £ 9950 GOU 1604 20MAHz D.S.0. £ 1,538
LOG/IC ANALYSERS HP 54501A 100MHz Quad Channel Digitising Scope £ 1,845
HP 163G 65 Plug In 0.01-20GHz £ 2,650  PHIPM3320 Digital Ostilloscope £ 4,049
HP 1630D 43 Channel Logic Analyser £ 2000 TEK 2430A 150MHz Dual Channel D.S.0. £ 3,844
HP 1631D Logic Analyser/Digitising Scope £ 3750 PULSE GENERATORS
HP 1651A Logic Analyser £ 1,950  HP 81614 Puise Generatar £ 3,250
TEL 1240 Logic Analyser £ 895  HP 81124 Puise Generator £ 2306
SPECTRUM ANALYSERS TEK PG508 Generator Plug In £ 461
HP 8568A/8 Spectrum Analyser 100MHz-1.5GHz ~ £16,000  TEK TG501 Time Mark Generator £ 359
HP 3582A Spectrum Analyser 0.02HZ-25.5KHz2 £ 4,613 TEK PG506 Pulse Generator £ 1281

HP 3585A Spectrum Analyser 20Hz~40MHz £9750 FUNCTION GENERATORS
HP 35858 Spectrum Analyser £14,606  Hp 81114 Pulse/Function Generator £ 1,179
HP 85624 Spectrum Analyser £18,000  up 32008 500MH; Oscillator £ 641
HP 3552A Dynamic Signa/ Analyser £11,788  7gg SG503 Generator ¢ 871
HP 3561A/001 Dynamic Signal Analyser £ 6,663  1cx 56504 Generator £ 1281
MAR 2382 Spectrum Analyser 100Hz—400MHz £11,500 RF GENERATORS
PRQ TOQOL ANALYSERS ADR 742A Signal Generator £ 5,750
Arlan{/c Research 4600 Protocol Analyser £ 1,950 MAR 2022 1GHz Generator £ 1,999
ﬁ%’;gﬁf{g‘;ﬁ; Z;‘ZZ/CS‘ZICM FRHSHAROS) ££ 3 22500 MAR 2017 Signal Generator £ 3024
HP 4955A Protocol Analyser £ 3,950 D¥ITAL MUL TIN.'ETERS
OSCILLOSCOPES FLU 80218 Digital Multimeter _ £ 95
HP 17404 Osciloscope & 974 FLU 8050A/01 4.5 Digit Bench Multimeter £ 300
FLU JF25 Analogue/Digital Hana Held Multimeter £ 145
HIT V209 20MHz Oscilloscope £ 425 FLU JF37 Digital Multimeter £ id5
PHI PM3256 75MHz Oscilloscope C/W Battery Pack £ 1,025 FLU 80604 Digital Multimeter £ 225
PHI PM3055 60MHz Oscilloscape £ 641 ]
PHI PMB926 100MHz Probe X 10 ¢ 2 EX-DEMO EQUIPMENT (AS NEW)
TEK 2445 150MHz Oscilloscope £ 1,640  Byrans 84 IEEE A4 7 Pen Plotter £ 700
TEK 7880 Plug In Timebase £ 225  Byrans 835232 A4 10 Pen Piotter £ 850
TEK 7A19 Plug In Amplifier £ 655  HITV222 20MHz Oscilloscope £ 250
TEK 7613 100MHz Mainframe £ 513  LLOYD 2002 2 Channel Chart Recorder £ 250
TEK 7A29 Plug In Ampliier £ 974 MAR 2018A AM/FM Signal Generator £ 1,750
TEK 2465ACT 350MHz Oscilloscope £ 3250  MAR 6960 Power Meter £ 750
TEK 7A24 Plug In Amplifier £ 700 PHIPM2519-514 4.5 Digit D.MM. (inc GPIB) £ 200
TEK 2225 50MHz Dual Channel Oscilloscope £ 564  PHIPM3305-40 35MHz 4 Channel D.S.0. £ 1,500
TEK 2215A 60MHz Dual Channel Oscliloscope £ 400  PHI PM5193 Synthesised Function Generator £ 2,000
TEK 2235 100MHz Dual Channel Oscilloscope £ 850  PHIPM6668-02 1GHz Counter £ 200
TEK 2236 100MHz Dual Channel Oscilloscope £ 1,538  RACAL 1998 1.3GHz Universal Counter £ 400
TEK 2445A 150MHz Quad Channel Oscilloscope £ 2,050  TEK 2335 100MHz Field Service Oscilloscope £ 1,500
TEK 2465A 350MHz Quad Channel Oscilloscope £ 2,870  TEK 2336 AS 2335 +Timer/Counter/D.M.M, £ 1,750
TEK 2465A-0PT10 350MHz Oscilloscope £ 3,331 THA TA2500 72 Channel Logic Analyser £ 1,850

Allprices advertised are exclusive of carriage and VAT. All equipment sold subject to availability.
Warranty period 12 months on all equipment (except computers MDS —3 months).

WE BUY TOP QUALITY  For further information telephone
TEST EQUIPMENT LONDON 0753 580000

LONDON OFFICE & HEADQUARTERS
Dorcan House, Meadfield Road, Langiey Berks, SL3 8AL, Tel: 0753 44878.

CIRCLE NO. 131 ON REPLY CARD
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RUSSIAN ELECTRONICS

After years of
seclusion behind the PU I l N G
Curtain, Eastern

Europe’s computer

industry is emerging
into the harsh light
of commercial
reality. Robert Farish
ot Computer Talk
surveys a world
previously hidden
from Western eyes

echnological development did
not completely stand still in
the industries of Eastern
Europe while they were under
communist control. As com-
panies now fall over themselves to sell
into these markets, it is worth reflecting
on the state of the computer industry
behind what used to be the Iron Cur-
taim.

Years of concentration on military or
prestige projects has led to severe
under-investment in all types of civilian
hardware manufacture and a widening
technological gap with the West. A
shortage of hard currency and Western
bans on the export of all but the most
basic computer technology have cre-
ated a chronic shortage of micro-
processors, reflected most obviously in
a lack of minicomputers and worksta-
tions.

When they can afford one, large
commercial or academic organisations
will have a communist-made main-
frame for number-crunching applica-
tions. Almost all other work is per-
formed on PCs, which have been freely
exportable for sometime now. The few
minicomputers in existence are usually
manufactured in the GDR or the
Soviet Union, are expensive, inflexible
and handicapped by an export ban on
multi-user operating systems like Unix

The most technologically advanced
states in Eastern Europe are the Soviet
Union, the German Democratic
Republic, Czechoslovakia and Hun-
gary; education has been a priority in
these countries and the number and
quality of graduates in pure sciences,
engineering and mathematics is
extremely high

This has inevitably shaped software
development in these countries. A
background in advanced mathematics
has influenced the writing of some very
efficient software. programs typically
having a very good speed/memory-
space ratio. Applications have a
tendency to use memory space very
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' concisely and, since they are forced to
use PCs with very limited memory and
low clock speeds, programmers have
learned to get the maximum out of
every line of code.

But, without the pressure of a com-
mercial environment, programmers
found themselves with a task, a limited
budget and generous amounts of time.
This often led to the pursuit of many

' dead-end projects: and to the fact that
many hundreds of well educated com-
puter-science graduates are now Kick-
ing their heels in universities across the
continent.

‘ .

Microprocessors
Eastern Europe needs chips more
desperately than almost any other
Western export. Archaic manufactur-
ing techniques and dated plant meant
that the old Eastern bloc was unable to
manufacture microprocessors of suf-
ficient capacity or in large enough
quantities.

The communists tried hard, but
largely failed in their attempts to copy
Western designs. Since they are bound
by no international copyright agree-
ments, they have been attempting to
manufacture versions of c-mos and
n-mos processors throughout the
1980s. Iskra, the most widely used
Soviet made personal computer. uses
| the KI810VMS processor which, to all

intents and purposes, is a domestically

produced Intel 8086.

Cocom, the Co-ordinating Commit-
tee on Multilateral Export Controls,
restricts the export of most chip tech-
nology to the Soviet Union and Eastern
Europe. This shadowy. Paris-based

| body does not publish its own lists: the

“Cocom list™ is, in effect, only what

companies can glean from published

material put out by their own govern-
ments — in the UK, the Department of

Trade and Industry — which get their

advice from Cocom. Since the relaxa-

tion in the Cocom regulations last July,

{ the DTI says that chip exports will now

1

[ S
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be easier (particularly to East Ger-
many, since the West German govern-
ment will be vouch for their destina-
tion), but heavy restrictions are still in
force.

The reasoning behind the ban is to
prevent the sale of products which
could have military uses. Since virtually
all electronics components could have
military applications, Cocom also
decides on how “bundled™ the technol-
ogy is. Thus IBM is able to sell some of
its 3090 mainframe computers to the
Soviet Union, whilst Intel is still pre-
vented from selling its relatively mod-
est 8080 chips there.

Western microprocessors do get into
the Soviet Union and have done so for
many years. Countries of the Pacific
rim are not bound by Cocom (which
includes all the members of Nato plus
France, Australia and Japan) and a
Soviet can buy virtually anything on the
strects of Singapore of Taipei. The
problem has not been one of access but
of cash; to buy chips this way commun-
ist organisations not only took big risks
but needed large amounts of hard
currency. This has made any kind of
volume imports unrealistic.

Since the Soviet Union does not
release production figures for micro-
processor technology, it is difficult to
measure the success of attempts to
clone Western designs. However, pub-
lished Soviet sources show comprehen-
sive copying of TTLS, ECL, CMOS,
PMOS, IIL and NMOS technology
(see tables). An Intel spokesman con-
firmed that he had seen copies of the
8080 and 8086; Intel still exports no
chips to Cocom listed countries.

East Germany is technologically the
most advanced state in the region.
State-owned Kombinat-Mikroelek-
tronik boasts the largest chip product-
ion of any organisation in a communist
country; in the last decade it ploughed
half of its R and D resources (a total of
15 billion Ostmarks) into developing a
one-megabit memory chip. The huge

RUSSIAN ELECTRONICS
|

“. . . education has been ‘
a priority in these
countries and the

number and quality
of graduates in pure
sciences, engineering
and mathematics
is extremely high.” |

electronics conglomerate Kombinat- |
Robotron has managed to produce
small numbers of Intel 80286 clone
chips. Intel confirms this, but the says
that this product is based on a multiple
chip set. Yet these projects painfully
expose the inadequacies of Eastern
European high-technology industries,
since neither processor ever went into
mass production.

Meost factories are not automated |
and a lack of cad tools means R and D
is very slow. These countries simply do
not have the machines to produce
up-to-date microprocessors. There is a
desperate need for PC processors
equivalent to the Intel 80386 for cad ‘
applications, yet only in the last few
years has volume production of 64K
memory chips begun.

Jeff Grammer, Eastern European
manager of Californian-based Chips
and Technologies, visited a factory
which was part of the Buran Soviet
space-shuttle project and now wants to
earn some hard currency. He says that
most of the processes, including injec- |
tion moulding, were done by hand.
“They may be able to switch over their “
military technology, but they have a
hell of a long way to go.,” he says. |

Computers
It is ironic that IBM, that great symbol
of US international influence, designed
most of the mainframe computers used
in communist Eastern Europe. For

ELECTRONICS WORLD+WIRELESS WORLD
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Academy of Sciences BESM-6 mainframe, last of this range of scientific computers, in the

machine room of Moscow University.

commercial purposes, the standard
designs were Western copies and by far
the most widely pirated architectures
were IBM’s. For the last quarter of a
century the communist bloc has been
manufacturing clones of Western com-
puters: copies of IBM, Dec, and Hew-
lett-Packard designs became the stan-
dard for enterprises throughout the
continent. The extent of this enormous
exercise in technology piracy was enor-
mous.

The cold war has always limited the
amount of Western high technology
exportable to the Soviet Union and
Eastern Europe. Controls in force for
most of the 1980s were introduced in
1979 after the Soviet invasion of Afgha-
nistan. Designed as sanctions, these
were particularly severe.

Last July, Cocom announced signi-
ficant relaxations. Cocom developed a
scale for measuring computing power
called PDR (processing data rate).
Before that date, the limit for systems
sold to the Soviet Union and Eastern
Europe was 78Mbit/s. So severe was
this restriction that only moderately
powerful personal computers and very
slow larger systems could legally be
sold there.

Now that systems up to 275Mbit/s
can be exported, a debate is now in
progress in the Soviet Union as to
whether at this stage any of its domesti-
cally produced computers are worth
saving. In East Germany, Hungary,
and Czechoslovakia, market forces are
already coming up with the answer: no
one is buying inferior copies now they

| can get the real thing.

Yet until last year, the communist
world was effectively cut off from the
mainstream of world computing and,

somehow, computers needed to be

produced.

Thirty years ago, all Soviet compu-
ters were entirely home-grown. In the
mid 1950s, there were two centres
producing them in any volume: the
Academy of Sciences at Moscow Uni-
versity and the Ministry of the Radio
industry (Minradioprom). The
Academy of Sciences originated the
BESM computer (Bol'shaia Elektro-
naia Schetnaia Mashina - large electro-
nic calculating machine) which was
scientific in orientation, while the
Ministry produced the Minsk and Ural
computers for industrial or routine
data-processing purposes.

In the late 1960s, the Academy of
Sciences lost much of its influence to
the industrial ministries. The BESM
line of computers was terminated with
the BESM-6 and with it went much of
the research and development momen-
tum the project had generated. At the
same time Minradioprom, which had
no designs to replace the Minsk and the
Ural, got top-level backing for what
became known as the Riad project, the
aim of which was to reverse-engineer
the IBM System/360 family of main-
frame computers. This range of compu-
ters was the Unified Series (abbrevi-
ated ES) and over the years the ES

“, . . the practice of
reverse-engineering
Western design became
normal procedure for
all mass-produced Soviet
and Eastern European
computers.”
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range was expanded with each major
IBM mainframe release. This exercise
became so extensive that computer
historians Richard Judy and Bob

Clough estimate that more ES |

machines are installed worldwide than

any other mainframe family except
IBM.

Subsequently, the practice of |

reverse-engineering Western designs
became normal procedure for all mass-
produced Soviet and Eastern European
computers. Only in highly specialised

areas like military or space technology ‘

did the Soviets continue significant
investment in the development of their
own designs.

In the late 1960s, the Ministry of
Instrument Making, Automation

Equipment and Control Systems, |

(Minpribor), began work on copies of
another US company’s computers. In
1965 the Digital Equipment Corpora-
tion (DEC) began production of the
world’s first mass-produced mini-
computer, the PDP-8. By the mid
1970s, Minpribor had a range of mini-
computers called the ASVT, which
emulated the PDP-8.

Later, a similar policy was adopted
for personal computers: Agat, for
example, is a clone of the Apple
Macintosh (see table). However, a
combination of the huge lead times in
Soviet manufacturing and the absence
of any domestically mass-produced
disk drives, hard disks or fast proces-
sors means that the capabilities of these
machines are extremely limited.
Richard Handyside, UK Managing
Director of cad/cam specialists Auto-
desk, says that no Soviet-made PC yet
has a hard disk: “For four years we
have been looking for a completely
Soviet-built PC to run AutoCad (the
company’s main cad product) at trade
shows and we still haven’t found one™,
he says.

Despite the fact that many Soviet/
Eastern European built PCs are not
fully IBM PC-compatible, one
rationale for the policy of reverse-
engineering was to standardise the
computer architectures used across the
entire communist bloc. Bulgaria
became a big manufacturer of main-
frames, while the East German elec-
trical and electronics conglomerate
Kombinat Robotron became the big-
gest Eastern European manufacturer
of DEC look-alike minicomputers.

Robotron’s most recent DEC-
compatible release is the K-1840 super-
mini, which emulates DEC's first 32bit
computer released in 1977, the VAX
11/780.

The K-1840 super-mini is a source of
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both pride and embarrassment to
Robotron. On the one hand. the com-
pany needs to publicise the machine’s
capabilities, since it would like to sell
software developed on it to DEC users
in the West, and on the other hand the
company is being forced to field awk-
ward questions about its history.

Unlike IBM, which occasionally sold
equipment behind the Iron curtain,
DEC has not sold anything to socialist
countries for half a decade. Only with
the relaxation of export regulations this
summer has it begun to establish East-
ern European offices. How then do the
East Germans explain the existence of
the K-1840?

A Robotron spokesman denied that
the company had ever illegally
acquired or copied the VAX 11/780.
“Robotron developed this computer
independently. The similarity is cre-
ated by the use of similar parameters
and the functionality of the operating
system,” he said.

Incredible as it might seem, the
communist bloc has always maintained
the fiction that these computers were
based on domestic designs: developers
have even been awarded state prizes
for their achievements. Yet the Soviet
computing community has long been
aware of the origins of the machines
they use. Vladimir Butenko, a software
developer based at Moscow University,
got his first programming experience
on an ES mainframe. He says it is
rumoured that the technicians disman-
tling IBM machines, sometimes could
not work out what certain parts did.
Rather than leave them out they still
put them in the ES even though they
wouldn’t do anything.

It is not possible for Western com-
panies to prevent copies of their
machines from being made. Western
patents are not enforceable in Eastern
Europe. where there is little commer-
cial law. Since there is no concept of
intellectual property in the Soviet
Union, 99% of all Western software
there is pirated.

There is a fundamental flaw in the
attitude that catching the West means
simply getting hold of its most up-to-
date technology: the infrastructure in
the USSR is too inefficient and too
primitive for this technology to be mass
produced. In the West, companies cal-
led plug-compatible manufacturers
(PCMs) also make [IBM-compatible
mainframes. They have traditionally
competed with IBM by making their
machines cheaper and more powerful,
usually having their clone machines on
the market within six months of an

IBM product release. In contrast, the

-
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Viadimir Butenko of Moscow Unuiversity is trying to compete with IBM in the Western

database management market, which is already saturated.

time lag for the last generation of Riad
machines was over seven years. (See
Table)

Moreover, most Soviet computer
professionals have little time for the ES
computers, which are said to be unreli-
able, costly and difficult to get spare
parts for. When western PCs first
began to find their way onto the black
markets of the communist bloc, it was
not uncommon for factories to buy
them as a replacement for an ageing
Soviet-built mainframe.

A future possibility for the region is
as a centre for computer assembly.
Mariusz Jaworski fled his native Poland
in 1984 with the secret police on his
trail after he had been found illegally
importing PCs into the country. He
now runs SET. a flourishing business
out of West Berlin which imports parts
from Taiwan for assembly in a factory
in Poland. He says a fully qualified
electronics engineer in Poland earns
one fiftieth of his equivalent in the US
or Taiwan, and less skilled labour is
equally cheap.

“East Europe could be the new
Pacific rim. When these people know
they will earn real money they will
work hard for it”, he says. PC assembly
plants can now be found in most
Eastern European countries.

Hungary also offers a few clues as to
how the region’s computer industry
might develop in the future. In the
1960s the premier, Janos Kadar, struck
a deal with Moscow. In return for the
total suppression of all political opposi-
tion he persuaded Moscow to allow
him to pursue a more liberal economic
policy, which culminated in a major
re-orientation of the Hungarian eco-
nomy in 1968.

As a result, Hungary is further down

ELECTRONICS WORLD+WIRELESS WORLD

the road to economic reform than her
neighbours. Private companies have
been allowed to function for a decade
and legislation allowing co-operatives
in 1981 has created a sizeable non-state
sectar. Not being classified as one of
the “commanding heights™ of the eco-
nomy has enabled the computer indus-
try to develop relatively unhindered by
state interference.

Hungary is in the early stages of
selling PC hardware to the West. Like
all former Eastern bloc countries, it has
a relatively large number of highly
educated engineers who are paid only a
fraction of what their equals in the
West earn. Budapest-based manufac-

Marusz Jaworski, a Pole exiled for
smuggling PCs, runs a West Berlin
company importing components from
Taiwan for Polish computers.
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turers Controll and Muszertechnika
have taken advantage of this fact to use
a disproportionately large number of
engineers in their PC assembly and
support operations.  Muszertechnika
is unique among Eastern European
hardware companies; no other orga-
nisation has refined its sales in the West
to such an extent. The company now
has subsidiaries in four non-communist
countries and offices in three others.
Each operation sells a different range
of products and occupies a separate
market niche.

Most impressive is the US overseas
section. Because Cocom banned the
export of all products using IBM's
Micro Channel Architecture (MCA)
the high-end models of the IBM PS/2
PC range were not sold in Eastern
Europe. Yet despite this, Muszertech-
nika has developed an MCA add on
board for the machine. Its M-DCB/2
SCSI controller board enables a PS/2 to
act as a NetWare file server. Having
found a gap in the market where there
is as yet no rival product, the company
is sclling between 500 and 1000 M-
DCB/2s every month.

Despite being the largest company of
its kind in the country, Muszertech-
nika’s operation is dwarfed inside the
huge factory where it is based; the
previous occupier was a state-owned
scoreboard manufacturer which had
gone bankrupt and Muszertechnika
was the only company able to afford
the rent. The company now makes
scoreboards as well as computers.

Muszertechnika symbolises the
transformation that is slowly taking
place in Hungarian industry. Inside the
shell of an inefficient and ponderous
state enterprise. a new type of com-
pany is growing. Instead of producing
high volumes at low quality, it is a
high-tech company taking advantage
Hungary's strengths: engineering and
computing expertise.

Vice President of Muszertechnika,
Tibor Hejj, agrees: “We are a small
country and small countries can only
compete in world markets if they have
some added value. and added value is
hi tech.”

Software

In Eastern Europe there undoubtedly
exists an extraordinary reserve of com-
puting talent. After a while you
become used to hearing. and begin to
believe, that an entire factory was
automated using the tiny Commodore-
64 PC. or that the emergency system at
a nuclear power plant is controlled by a
twenty-year-old Soviet-made mini-
computer.
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“. . .you become used to
hearing, and begin
to believe, that an
entire factory was
automated using the
Commodore 64.”

Some have staked careers on this, as
yet untapped, Soviet resource. Nathan
Schor is a Database programmer from
Boston with twenty years experience.
Last year, he gave up a lucrative living
to visit Moscow in search of programs
and applications he could sell in the
West. For Westerners like Schor, the
Soviet Union recreates all the buzz and
excitement of the advent of the PC in
the late 1970s.

Last March he was on the hunt for
anti-virus programs written by young
hopefuls at Moscow State University or
the plethora of software-writing co-
operatives which have sprung up in the
capital.

But in the USSR and other centrally
planned economies in Eastern Europe
there is a crucial difference: the abs-
ence of the computer user. The concept
of the computer user evolved in the
West during the 1960s when package
software was first sold. An entire indus-
try then developed around the produc-
tion of software which any computer-
literate third party could use.

In the USSR and Eastern Europe
this never happened: the overwhelming
majority of software written is only
usable by its inventor. In a world where
no market exists and labour is cheap,
organisations simply employ a prog-
rammer to devise a system for them.

There are exceptions. Robotron has

joined forces with the Berlin Academy
of Sciences to develop a production
planning application it calls Leitstand,
which is a computerised version of the
production planning chart used by
manufacturing companies. The prog-
ram, which runs on a PC, schedules
each machine job, taking into account
exactly how long it will take. A UK
buyer of Leitstand, Roger Goldsmith
of Oxbridge Communication Systems,
says it is possible the concept could
become universal. “The traditional
approach to production planning soft-
ware is to produce rough data. Leit-
stand gives an exact picture of what
every machine will be doing.” he says.

Yet Robotron, which employed 65

000 people. is now being dismembered. l

As its various parts are either written
off or sold off. old relationships are
severed and old channels of investment
dry up. Most Western analysts believe
that very little of this once huge opera-
tion will be worth saving. Tragically,
fragile projects like Leitstand may now
be lost.

Slousovice, a large agricultural co-
operative in Czechoslovakia, has had
an independent software department
for many years. Using knowledge
developed inside the company, it now
sells PC-based software for cancer
screening and drug design. One of its
young programmers, Jiri Kripac, has
written an application for AutoCad -
the cad package from cad/cam special-
ists AutoDesk. Solid Model allows 3-D
shapes to be generated, dissected and
viewed in different planes without the
need for an additional shapes memory.

This concentration on industrial
design is no coincidence. There are
strong domestic motivations for con-
centrating on manufacturing in both
Czechoslovakia and the GDR. Prior to

JV Dialogue training centre in Moscow. JVI) combines the talents of six Soviet
programmning organisations and the management skills of a Chicago company.
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the 1989 November Revolution. the
Czech government had a program cal-
led CAD 2000 aimed at boosting auto-
mation in the country’s factories. the
intention being to install 2000 cad
workstations by the year 1990. Despite
the revolution, many workstations
were installed and cad/cam specialist
Richard Handyside of AutoDesk says
that CAD 2000 was a “qualified suc-
cess”.

The USSR is furthest removed from
Western markets. Programmers all get
their first experience at universities and
most stay attached to these institutions;
because of the huge cost of Western
PCs, it is often the only way to get
access to a computer. Once they gradu-
ate, many find jobs as “engineers” or
“support staff”. In reality, this usually
means drawing a state salary for occa-
sionally showing their faces and spend-
ing most of their time on personal
projects.

Every Soviet programmer has an
application he wants to sell, but none
has more than an inkling of what this
involves. Vladimir Butenko heads a
co-operative at Moscow University
which developed an operating system
now in use at most of the oil rigs in the
USSR. Butenko has spent a year
developing a database management
system which he wants to sell in the
West. He puts his lack of success down
to the inability of Western companies
to recognise a product superior to

[ IBM's DB2 database. For him it was

not an issue that the database market in
the West is saturated and that the
world’s largest computer company will
spend millions of dollars marketing a
product like DB2.

Because of its strong academic bias,
the Soviet system also produces many
prodigies. Schools and universities reg-

[ ularly hold competitions to find the

best programmers.
Eighteen-year-old Ilya Kireenko
finished second out of 600 entrants in

| the Leningrad software competition.

He was subsequently recruited by the
Novintech joint venture. which is
developing Russian add-on products
for Ashton-Tate’s Dbase and Page-
maker from Aldus. In the last stage of
the competition. each finalist had to
write, debug and prepare documenta-
tion for a program in a single day. At a
computer show held in Moscow last
month (March), Ashton-Tate used
Kireenko to check out the more prom-
ising software offered them by Soviet
programmers.

Programmers the world over have a
tendency to be slightly eccentric and
the Soviets are no exception. It is a
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ussian programmers at the Ashton-Tate Dbase and Pagemaker ‘

software stand in Moscow’s Comtek’90 computer show.

programmer’s instinctive tendency to
lose himself in his work, ignoring the
timetable used by the rest of humanity.
This is exaggerated in a country where
life beyond the computer screen has so
little to offer.

A generation of programmers who
are now in their late twenties got their
first experience using university main-
frame computers. Since the number of
users who have access to a mainframe
is limited, the only way to get practice
was to use them at night. The habit has
stuck and the Moscow programming
fraternity is still largely nocturnal.
Peter Kvitek, who took part in the
Microsoft debugging session. has his
bed next to his terminal. He says the
middle of the night is the best time to
contact other programmers because
you can be sure they will be up
working.

The creative but rudderless Soviet
programming community is reflected in
the structure of the few operational
computing joint ventures with Western
companies. JV Dialogue is a federation
of six Soviet organisations and Man-
agement Partnerships International of
Chicago. The company has to be
defined in terms of its ethos rather than
its products: people are selected for
their skills. their ideas and their total
trustworthiness. Put these elements
together and Dialogue believes that the
chemistry between the individuals will
produce something creative, and ulti-
mately something marketable.

A similar approach is taken by the
Euro-Soviet joint venture Interquadro.
Advertising Manager Sergey Grib says
that the company looks for individuals
with initiative and accepts that large
numbers of projects will not make any
money. He admits that it is very dif-
ficult to focus the talents of his prog-
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rammers and says the best solution is to
send them abroad to instil some under-
standing of Western markets.

The majority of Soviet program- |
mers, however, can only dream of |
working for a successful joint venture.
For most, the only alternative to a |
university is to work for a co-operative.
An ideologically acceptable alternative
to private companies, co-ops occupy |
the substantial grey area between the
state sector and the black market. Most |
act as computer resellers, buying PCs
or components from the West and |
selling them with an operating system
and some simple software.

In a state starved of Western tech-
nology. the money to be made from
this activity can be huge. Until recently
a mark up of 10009% was not uncom-
mon. For a Cocom-listed machine. the
profits can be even larger.

For programmers. the co-ops pay
better wages than state companies and
allow access to modern machines. In
return for doing routine repair and
maintenance work. they can feed and
clothe their families properly and con-
tinue to develop their pet applications
on relatively powerful processors.

The disadvantage is that almost all
forms of contract in the Soviet Union
are unreliable. Alex Martinuk, a Mos-
cow programmer, agreed to write a
computer horoscope for a co-op and
was given an old Amstrad PC to work
on. He says the program took him four
months to write but when it was
finished the co-op refused to pay him.
“Good co-ops are not easy to find.” he
says.

But he adds that it doesn’t pay to
argue too much. Because potential
profits from Western PCs are so huge,
many co-ops guard their stocks with
automatic weapons! "
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user interface and up 1o 64K ot | own PC BIOS - for secu- | produced cross assembler with a| age specifically for the ana-
emulation memory combine to | rity. quality control or just | straightforward user interface. It| logue designer. It gives you
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= ' Q ¢ E
COMPONENTSLTD.
¥r All items guaranteed to manufacturers
spec. .
¥r Many other items available.
‘Exclusive of V.A.T. and post and package’
e o 1+ 100+ 1+ 100
. 78530 100 050 2732A 200 150
A 780A CPU 080 065 2764A 25 200 135
7808 CPU 0.90 070 27C128.25 240 195
T Z80ACTC 050 035 27128A.25 210 160
780BCTC 075 055 27256.25 220 170
Z80A P10 060 0.0 27C256.25 210 160
% Z80B(CMOS)CTC  1.00  0.80 27C512.25 300 260
‘ 74LS02 013  0.06 6116LP 150 100 070
74LS32 013 007 6264LP 150 200 160
2333CC8S 740583 016 0.10 62256LP.120 360 3.10
FFT R & l : 7418123 018 012 6821P 070 0.50
l l =£ l o 74LS125 014 010 6850P 068 048
l — 000000006 || [ 7405138 014 009 8251A 110  0.80
' 7415148 030 020 8255A 120 095
l i ¢l¢ 1 | 74LS154 028 015 82CSSA 130 1.00
. l—‘ : | 7418174 0.16 0.10 6502P 220 156
9\ iﬁi il I { LL—- 7418244 022 014 6522P goo ! ;g
. == 8 . e 74HC32 012 009 6551A 80 1
= sl;: L = = S( 74HC86 016 0.12 LM324 016 013
or Joftware an H PCB layout 74HC132 020 0.4 74HCT125 018 0.1
Support contact:- Ke'th Harr’S Schematic Cap’;ure 74HC153 0.18 0.12 74HCT373 0.30 0.18
on 0202 - 876300 =K Digital Simulation All memory prices are fluctuating daily, please phone to
B = t - PCB to Gerber Translator confirm prices
I (! Gerber to PCB Translator 178 Brighton Road,
Ccmputers Analog Simulation (SPICE) Purley, Surrey CR2 4HA
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C cad originaily grew out of
mainframe, mini and worksta-
tion applications, and the
trend has been to adapt cad
tools from the more powerful
computers to a PC environment. But
the close interactive nature of work on

a PC has also spawned a range of cad
| applications which are PC-specific.

First though it is useful to define cad.

| In mechanical drafting with 2-D, and

some 3-D, cad the only advantage is

‘ reducticn in rote, similar to word-
processors in the oftice.

Such programs are more computer
aided engineering (CAE) than cad.
True cad is only where capture of the
design is subsequently used for analy-
sis, for example finite element analysis.

Synthesis: generation of new designs
of electronic circuits and systems can
be achizved through a number of cad
strategiss. Designs may simply be auto-
mated versions of hand-design methods
using explicit mathematical formulae
or, at worst, the solution of fully
constrained simultaneous equations.
Or they can be cad-exclusive, only
really practicable with cad, such as
Kalman filters, stochastic estimators
etc.

A further approach is the optimal
system, aiming for optimisation of
design against a specific penalty func-
tion. Typical examples include filter
design, optical systems and aero-
nautical engineering.

Analysis: performance evaluation is
one of the key measures of a successful
cad package with interaction allowing
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Cad: computer
aided destiny?

John Anderson
shows that PC cad
may give designers
all the answers. But
trouble looms if we

stop asking
questions.

designs to be changed and effects
evaluated.

Currently, interaction is hmited to
local domains such as a resistor value in
a filter or the addition of a gate in a
PLA. But this will eventually extend to
a much higher level — ultimately the
end product and different design
strategies could then be evaluated on
their global effects.

Simulation: in many companies
breadboard prototypes have been
replaced by circuit simulation and
relatively low cost manufacture of
autorouted PCBs.

COMPUTER AIDED ENGINEERING

Current Developments

On the testing side criteria can now be
generated by the cad design process
itself, producing, for example, logic
test vectors for proving programmable
logic systems. Similarly, estimates of
circuit or system reliability can be
obtained from cad. including aspects
such as reduced reliabilitv due to com-
ponent self-heating.

In life-support and critical-control |
applications, design correctness can be l
|
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determined only by cad and this is an
area of expected high growth. At the
same time mathematical validation of
designs will percolate into mainstream
commercial products because it may be
the only way to handle a design synthe-
sised, analysed and simulated on com-
puter.

Cad can also have a potent effect on
quality. In the simple example of
schematic capture, most post-
processors can produce a design-rule
check, looking for shorted nets, uncon-
nected input pins and other drawing
errors. But with cad, design-rule
checks on PCBs are possible ensuring
precise correspondence with the
schematic as well as checking inter-

| track clearances.

Key to the future for cad, and in
particular its use by the electronic
designer, is vertical and horizontal
integration.

Some integration has already taken
place. Even circuit schematic capture
includes several layers of integration;
vertically to the PCB layout, through
the netlist, and upward through back-
annotation (transferring PCB changes
directly back to the circuit diagram).
Horizontal integration includes the bill
of materials generated automatically by
most schematic capture post-
Processors.

Pitfalls and education

So in theory, cad is making available
the best engineering practice on the
desk tops of most designers. But there
are drawbacks. A poor engineer is still
going to produce a poor result, and
without a good “feel” for the engineer-
ing to help identify a bad solution,
“mistakes” could be converted directly
to hardware-remember no bread-
board.

Though the underlying science
remains unchanged, algorithms of
implementation which determine
results, are now part of the proprietary
cad product and unknown to the user.
So output from a cad program should
be fully analysed and simulation-tested
before converting to hardware.

Will young engineers, confronted
with increasingly powerful cad tools,
check whether, for example, a resistor
value of 1.2G( is right and how or why
the cad program produced that result?

It is worth remembering the story of
the optical-lens optimisation cad prog-
ram which produced a perfectly good
optimisation except that one surface of
the lens passed right through the other.
The engineer who did not spot this
design shortcoming actually asked the
lens manufacturer to make it!
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Databases control progress
For a specified design problem there
will be many solutions, each with an
associated set of attributes. Using cad it
is possible to optimise on any number
of criteria. Clearly it is useful to opti-
mise on cost. But this can also be
extended to weight, dissipation, speed,
availability of components etc.

However, critical to all optimisations
is an accurate and comprehensive data-
base for every component, and this
could prove a hurdle to cad. Without
rigorous adherence to data transfer
standards there is little hope for
integration, except from a single
vendor.

Within certain areas data formats are
well defined even if not standard they
are convertible, such as the Orcad
netlist format or drawing interchange
DXF format. But these domains are
limited.

PC likely to stay
Improvements in computational power
are already available through parallel
computing using the transputer, or
Risc-based workstations. But no mat-
ter how much greater the performance
of these machines, it is the ubiquity of
the PC which encourages the prolifera-
tion of cad programs for it and keeps
the price down.

Until a higher performance comput-
ing standard is established the PC, or
variants of it, will remain the main-
stream cad base (measured by the
number of units installed).

From the software aspect there is still
plenty of scope for better aigorithms.
Typically, a small improvement in
operation of an algorithm can deliver
an order of magnitude improvement in
performance without any change in
computing power.

Eventually integrated cad packages
will provide design engineering tools
ranging from hardware definition lan-
guages (HDLs) for product definition,
system synthesis, and analysis through
to simulation and production test.

Components of such systems are
already available but integration will
only be possible with establishment of a
unified inter-process data representa-
tion. This might come about through
negotiation between vendors
(unlikely), committee decree or the
establishment of de facto standards by
the dominant manufacturers.

But in moving to a terminal-based
design and prototyping environment
cad must never be shrouded in so much
secrecy, in terms of its algorithms, that
the engineer will not be able to under-
stand the design limitations. L

T

CAE for
digital

Computer
simulation for
mixed-signal and
analogue asic design
assists development
and helps engineers
to anticipate future
problems. Fred
Etcheverry discusses
the current crop of
CAE tools.
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analogue/

asICS

designer who chooses asics

is confronted with a

dilemma: to bread-board or

to simulate. Bread-

boarding can usually test

the circuit in real time in the system

environment, but many asic vendors

argue that simulation can anticipate

manufacturing tolerances, flag over-

stressed components and spot worst-

case conditions that would elude most

bread boards. For example, while Adv-

anced Linear Devices offers its custom-

ers a bread-board Kkit, Plessey has

discontinued bread-boarding and has
moved to simulation.

By understanding the features of

CAE tools, the design engineer will be

better able to decide wheter to bread-
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board or to simulate; whether to pre-
pare the design on resident CAE tools
for the asic vendor or approach the asic
vendor with a functional block dia-
gram.

Simulation

Currently, analogue design tools have
many of the helpful features of digital
tools for schematic capture, simulation,
layout and test. Analogue simulators
permit the designer to interact with the
simulation by mouse-manipulated
icons and computer-prompted forms
over the displayed schematic. Desig-
ners may work hierarchically — top
down design — simulating complex
devices such as op-amps, or descend to
the component level for a more accu-
rate detail simulation. -Sources and
probes can be placed on the schematic
at nodes anywhere in the simulated
circuit; various analysis modules can be
enabled by forms; and the simulation
can be stopped, modified and res-
tarted. Examples of such simulators are
Analogy’s Saber, the Dazix (Daisy,
Cadnetix) VLAB with Apex and Valid
Logic’s Analog Work Bench (left).

Most analogue simulators are
“Spice-compatible™; that is, they pass
Spice-like files. Spice (Simulation Prog-
ram with Integrated Circuit Emphasis)
is a pioneer analogue simulator
developed at U.C. Berkeley in the
1970s. It uses equation models and can
simulate at the device or “detail” level,
or it can simulate any model for which
an equation can be written, solving the
equations using an iterative Newton-
Raphson algorithm.

This algorithm, however, contributes
to a major Spice defect: often, solu-
tions do not converge and will simulate
anomalous oscillation. “Spice-
derivative™ simulators are a form of
enhanced Spice which use algorithms
that ensure a high degree of converg-
ence. Non-Spice simulators use a com-
pletely different method, but are
usually Spice-compatible.

Since analogue simulators achieve
detail accuracy by massive number
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crunching, current simulators permit
quick approximations of complex sub-
circuits by behavioural or functional
modeks. This is often referred to as
“mixed-mode behavioural/detail level”
or “mixed level”. Analogue simulators
permit “system” or “mixed-media”
simulation of off-chip devices such as
transformers, power supplies, tape
heads and even non-clectrical che-
mical, mechanical or hydraulic devices.
A serious problem with Spice is that
detail-simulation time grows exponen-
tially with increase in circuit size and
complexity. To simulate accurately in a
reasonable time, it is often necessary to
port analogue simulations from a work
staticn to a mainframe: Spice-
compatibility assists interfacing.

CAE tools

CAE tools help the design engineer to
develop test procedures during design
and simulation. Testing of analogue
and mixed-signal and mixed-media
asics must be an integral process from |
design to manufacture. An exhaustive
“test vector” cannot be generated:
exercising cach component will not
guarantee success. Intergraph offers
Analogue Waveform Editor, which can
capture and modify signals from IEEE-
488 analogue and digital instruments
for use as design and test stimuli.

Analogue analysis modules are impor-
tant tools for layout, testing and analy-
sis of the design’s “manufacturability™.
They allow the designer to improve
yield and to become aware of each
asic’s  vulnerability, assisting in the
design of test stimuli that will examine
the most probable causes of failures.

Statistical analysis modules permit the
designer to explore the effects certain
compenent tolerances have on the final
IC. While running the simulation from
the schematic, the designer may tighten
some tolerances to increase yield or
loosen others that have little effect on
final performance, so making cost-
effective trade-offs.
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In Valid’s Analog
Workbench I1, more
than 100 user-
programmable
Jfunction blocks
enable design to start
at a high-level
behavioural circuit
description before
device-level design
Starts.

Parametric plotting modules show the
variation of parameters as a family of
curves. Sometimes this is called a
“what-if?” analysis which allows the
designer to optimise circuit perform-
ance and keep the operating points well
away from the “ragged edge”.

Stress-analysis modules flag any com-
ponents that approach or exceed max-
imum ratings during simulation. By
keeping well within the safe operating
areas, the designer can increase yield
and long-term reliability.

Mixed-signal analysis
While there are many good analogue
CAE tools on the market, integrated
mixed-signal simulation is presently a
challenge. Essentially, there are two
approaches — extended-library simula-
tion or coupled partitioned simulation.

Analogue circuits with a few digital
components can be simulated by
extending the libraries of present ana-
logue tools to include digital behaviou-
ral models. Many vendors include a
few simple logic devices in their zna-
logue libraries. Since these are
behavioural models, however, they
cannot be simulated at the detail level
and and may lack sufficient accuracy.
Montage, a mixed-signal behavioural
modelling simulator from Sierra Semi-
conductor, runs more than 1000 times
faster than Spice. Sierra Semiconduc-
tor, however, guarantees that asics
designed with certain restrictions will
simulate accurately enough to produce
successful chips.

Digital circuits with a few analogue
components can be simulated by
extending their libraries to include
piece-wise linear approximation mod-
els of analogue components.
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Circuits containing large numbers of
loosely coupled analogue and digital
components can be simulated by cou-
pled partitioned simulators. In this
method, the digital and analogue sec-
tions of the circuit are partitioned into
separate simulators, the schematic
being captured by both analogue and
digital simulators, so creating separate
netlists for each simulator. The simula-
tors then pass signals representing the
analogue/digital interface.

This solution has been partially suc-
cessful for loosely coupled signals.
“Loosely coupled” means that the out-
puts of both simulators are indepen-
dent of the other, so that outputs fed
from one simulator to the other must
represent much lower impedance than
the inputs that they drive to avoid
loading effects; mixed-signal feedback
loops are not permitted. Ted Corman,
Senior Engineer at Viewlogic, and
Michael Wimbrow, a software engineer
at MicroSim, report coupling a View-
sim digital simulator with a MicroSim
PSpice analogue simulator to create a
successful mixed-signal simulation’,
which, they claim, can handle tight
coupling. The advantage of coupled
simulators is that they can use existing
analogue and digital libraries.

Testing
Not only can CAE tools assist in the
development of test criteria during the
design phase, but they can even assist
in building test capability on the chip.
Testing mixed-signal and mixed-media
asics requires more complicated testing
than either digital or analogue, and an
interesting scheme explored by
National Semiconductor is to separate
the analogue and digital sections of the

chip — hardware partitioning. On-chip
multiplexers then permit the analogue
or digital connections to be brought out
to the existing I/O pins.

According to Kenneth Dubowshi,
National asic engineering section head,
and Tom Wong, National strategic
marketing manager, this scheme per-
mits individual testing of analogue and
digital®. These multiplexers can also be
used to bring out buried nodes if an
analysis module during simulation
reveals that the node should be a
critical test point. /O pins are con-
served by sequencing the multiplexer
by an on-chip counter, pulsed and reset
from only one pin. A disadvantage of
this system is that the whole chip is not
tested together, although this can be
addressed by using simulation analysis
to determine how each partition must
perform to ensure total circuit success.

Simulation analysis can be used to
specify and reduce the number of
critical test signals during the design
phase. An interesting scheme,
described by Peter Bishop of ES2, is to
design a test fixture on the chip® to
provide post-fabrication testing in the
target system and provide an in-service
go/no-go test.

Tests developed during simulation
analysis can be interfaced to ATEs.
While several ATE machines are avail-
able for analogue or digital, the mixed-
signal test market is presently domin-
ated by Teradyne’s A500 line. This
may soon change, since LTX, which
once dominated mixed-signal testing, is
returning to the market with its new
Synchromaster®. Both companies sup-
port CAE interfacing tools such as
Teradyne’s debugging and control tool,
IMAGE. Integrated Measurement Sys-
tems (IMS) has just introduced the
Logic Master XL, a mixed-signal
verifier. An advantage of hardware
partitioning is that it permits the use of
existing “single-signal” ATEs.

Anyone testing analogue and mixed- |

signal asics must also consider the
effects of the chip’s final hardware
configuration and field environment.
Analogue and mixed-signal asic cus-
tomers have a tendency to become
locked-in to a particular manufacturer
who supports their tools and under-
stands their field requirements.

CAE/process interface
There are problems with the interfac-
ing of different vendors’ CAE tools and
different asic vendors’ processes: one is
that, while there are digital CAE tool
standards, there are few analogue stan-
dards; another is that analogue tends to
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be more process-dependent than
digital. One suggestion to solve the first
problem is to expand device-modelling
languages now used for digital to
encompass analogue and the second
problem is now solved by each asic
vendor providing libraries specific to its
foundry process.
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Competition, however, is driving
asic vendors to increase libraries, port
them to new processes, support trans-
parent second sourcing, interface to
customer tools and shorten develop-
ment time. All of these goals are more
difficult for analogue and mixed-signal
than digital.

Plessey Semiconductor of Scotts Val-
ley. California, formerly Ferranti Inter-
design. is a pioneer in analogue and
mixed-signal asic manutacture. In the
early 1970s. the company developed
Kit Parts, which was a hardware pack-
age of subcircuits and discretes used by
customers to bread-board circuits. The
company would then lay out their
customers’ successful circuits on their

I LA O T
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Monochips. Ryt wties
According to Phil Welsh. strategic :
market manager, CAE tools have Multiple graphs and graph types on Analogy’s Saber display. Left half shows

reduced the turn-round time from the
customers” input, which is now a block
diagram, 1o first silicon; design itera-
tion has been significantly reduced
The company or customer develops the
design on an Analogue Workbench,
using the company’s Macrocell library.
Complex analogue and mixed-signal
designs are then ported to a mainframe
Spice compiler and simulated to detail
level before being set in silicon.

Phil recommends caution in using
third-party tools. since analogue and
mixed-signal CAE is more dependent
on a particular silicon technology than
digital, and not all so-called Spice-
compatible tools look the same.

motor shaft speed against PWM output and A-to-D values. On right is a zoomed

portion of mixed-mode display.

this ideal simulator would be a true
integrated design system for analogue,
digital and mixed-signal. It would con-
sist_ of a Spice-compatible analogue
stmulator that could interface to
existing analogue model libraries. a
digital simulator and libraries and a
simulation controller to handle the
coupling and synchronisation of the
simulators. The dream simulator would
be able to extract simulation models
automatically from devices under test
and be able to run in real time while
interfaced to the whole system.

The market for integrated C AE tools

with on-chip multiplexers, driven by

aarts that receive serial data from a |

test/program pin. This asic could be
one of a kind, or it could be used for
field testing before mask production.

Preconditioning audio, by A-to-D
signal processing, to compensate for
hearing impairments is now a leading-
edge in biomed. research. Before 2000,
a hearing-impaired person might be
diagnosed by their response to a com-
puter-prompted audiometer. An asic
audio preconditioner embedded in a
moulded hearing aid might then be
programmed, simulated and tested

Usually. the first silicon performs to is even greater than that of mixed-level according to an aural prescription.  a |
| customer specifications. but redesign is  asics. While the publication Electronics

often caused by a disparity between Trends predicts a 40% annual com-
| References

customer specs and field requirements.
Phil emphasises again the need for
system-level simulation of the chip’s
interactive hardware.

The consensus of CAE design
engineers is that all major CAE tool
vendors will soon have integrated
mixed-signal interactive simulators:
recent mergers and acquisitions have
joined diverse talents. With the
development of analogue interface
standards. integrated simulators may
be constructed from the best of many
vendors™ tools.

Geoffrey Sampson. a principle
engineer at NCR Microcelectronics,
described an ideal and a “dream”
simulator. According to Mr Sampson,
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pound growth in mixed-signal asics, an
integrated tool set will find additional
use in solving clock-rate problems in
faster digital. Probably, future tools
will be general-purpose mixed-signal.

When one realises that shrinking
electronic appliances into asics
increases reliability, decreases cost and
encourages new markets which simu-
lates new tool development, the future
of mixed-signal asics appears awesome.

Exciting new ideas in mixed-signal
asics are popping up everywhere.
Sierra Semiconductor is placing eep-
roms and D-to-A converters on asic
which can be individually programmed
to trim off-sets and adjust op-amp
gains®. Imagine a programmable asic
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EASY-PC PCB and SCHEMATIC CAD

BRITISH

DESIGN

AWARD
1989

For Super Schematics....

e Runson:-
PC/XT/AT/386
CGA EGA VGA.

e Design:-
Single sided, Double
sided and Multilayer
boards.

e Provides Surface
Mount support.

e Standard output
includes Dot Matrix
printer, Pen Plotter,
Photo-plotter and
N.C. Drill.

e Over 4000
installations in
over 50 countries
worldwide.

e Over 500
installations in
Universities,
Colleges etc.

Fast Professional Quality Output - Affordable Price

Write ,’Phone or Fax for full details:- -
Number One Systems Ltd. 1 The CAD Specialists
REF:WW, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.
Telephone: 0480 61778 (6 lines) Fax: 0480 494042 ACCESS, AMEX, MASTERCARD,VISA Welcome.
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The netlist describes to a computer how
components which make up a circuit
connect together. It forms an essential
part of virtually every serious electronics
cad package. The diagram shown here
was generated by PADS-PCB.

required logic function is
usually described in the
form of equations or an
interconnection list (netlist)
made up of components or
" basic elements and connections that
describes the connectivity of a circuit.
The description format is used as input
to the database, and verification and
debugging techniques such as logic
synthesis, simulation and testing can be
implemented by passing the netlist
from the database to cad software.
For example, in an SDS (structured
design system). once schematic
diagrams have been created and stored
in the database, the logic capture stage
can be completed by extracting a netlist
from the schematic with the NLE
(Netlist Extractor) program. Buses are
checked and resolved into individual
nets and global signals are processed as
needed. The extracted netlist is then
written back into the data-base.
However each cad system has its own
netlist format, with several formats
used in commercial cad systems.

Netlist formats
Themis. This is an event-driven mixed-
level simulator from Prime CAD/CAM
its netlist describing a circuit in the
manner shown in Fig. 1, with the netlist
part of the input file as follows:
ELMT:NI:(NOR) A=INA B=INB
Q=E
ELMT:N2:(NOR) A=INC B=IND
Q=F
ELMT: N3:(NOR) A=E B=F
Q=0UTPUT

October 1990
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MPUTER AIDED ENGINEERING

Shaping up
the netlist

Netlists are crucial

in linking

schematics to circuit
processing. Tony
Wong shows why

formatis the

fundamental factor.

N1

NOR2
N2

NOR2

Q
O

Q
O

In the input file, a Nor gate is
defined before the circuit is described
using the three Nor elements.

In the first statement N1 is the name
of the element and the word in the
bracket, its type. A and B are input
pins of the gate which connect to the
input terminals InA and InB. Q is the
output pin of the gate and is con-
nnected to terminal E, which is input to
pin A of gate N3. A single statement
defines the connectivity of an element
and the statements are in equation

Fig. 1. Themis example circuit. The netlist input file is simple and easy to debug.

ELECTRONICS WORLD+WIRELESS WORLD
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R
NAND2

| Fig. 2. Classic example circuit.
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Z
)4
<
o
n

Fig. 3. A two-by-four decoder circuit. SDL shows detail but nodes

must be defined.

| form, so it is casy to write and debug

the connectivity.
Classic. As an example of Classic, from
Plessey Semiconductors, consider a cir-
cuit consisting of five Nand gates and a
clock-signal-input (clk) to two of the
gates (Fig. 2) .

Al: NAND2 [D.D.+]

A2: NAND2 [R.D.CLK]

A3: NAND2 {3.D,CLK]

A4: NAND2 [Q.Q.R]

AS5: NAND2 [Q.Q.S]
Each component gate is on a single
line. In the first line, Al is the gate and
Nand2 is the gate type — a two-input
Nand gate known to the circuit com-
piler. D is the output to Nand gate Al
and + indicates that an unused input is
connected to the positive supply. In
general a gate is described by its name,
type and then its inputs and outputs,
the latter being defined in the square
bracket with the output always in first
position.

Comparing with Themis, Classic is
simple to understand with no need to

| define the input/output pin of the gate,

avoiding complexity in description.
SDL. Figure 3 shows a two-by-four
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decoder schematic circuit with the net-
list format of the SDL structured
design language description (Silvar-
Lisco software) shown as:
NDO=NANDI.Y. .DO:
NI=NAND3.B, NOT1. A, . X,
NAND4.A;
N3=NAND2.B, NOT2. A, Y,
NAND4.B;
N2=NAND2.A. NANDI.A,
NOTIL.Y;
N4=NANDI.B, NAND3. A,
NOT2.Y;

ND3= NAND4.Y. .D3;

ND2=NAND3.Y, D2:

NDI=NAND.Y. .DI;

Netlist statements are based on the
nodes (N1,N2,N3,N4) in circuit. Each
statement starts from a node and
describes all connections with that
node, with the two inputs of the Nand
gate given as A and B, and input of the
Not gate as A. Y is the output for both
types of gate.

In the first statement, NDO is an
output link connecting output Y of
Nand] to output terminal DO.

In the second statment, N1 is a node
with four branches: to input B of

Nand3; to input A of Notl; to input
terminal X; and to input A of Nand 4.
The same format is applied to nodes
N2,N3 and N4, describing the circuit in
detail, but in addition to defining gate |
inputs and outputs. also needing defini- |
tion of nodes and output limits (NDO,
NDI1 etc).

Redboard. Racal-Redac’s Redboard
PCB design software (Fig. 4) defines

a4
—¥— 6 1,,:2

—— R2

5
IC4-B ‘
IC4 6 R2 1

Fig. 4. Redboard format for this circuit is
IC46R2 1

inputs and outputs to the element by a
number. IC4 is a gate type, recognised
by referring to the database and 6 is the
output pin of the Nand gate connected
to pin 1 of resistor R2. Each element in
the connection list describes a connec- |
tion path in the format:

name of component>:pin numben

The format has two fields. If two |
components are connected to each
other, it is only necessary to specify the |
name and output pin of the first com- |
ponent and then the name and input
pin of the second component in sequ-
ence, e.g.
1IC4 6 R2 1

The connection list entry for a connec-
tion net with three pins Fig. 5 is

1C4 6 R2 1 RI 1
Ella. Figure 6 is an Electronic Logic
Language (Ella) network of a bit-level
half-adder. The explicit Ella descrip-
tion of this network, called the function
declaration 1s,

FN HALF ADDER =
(bool :inp2)— [2] bool :

BEGIN
MAKE NOT nl n2,
AND al a2 a3,
OR : ol
JOIN (inpl, inp2) —al,
inpl— nl,
inp2— n2

(inpl, n2) — a3.

(inp2, nl) — a2,

(a2, a3) — ol,
OUTPUT (ol, al).

END.

First line is the function specification,
indicating the half-adder has two inputs
and two outputs of type bool. Remain-
der of the function describes the net-
work. The Not, And and Or gates are

-—
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y

IC4-B

IC4 6 R2 1 R1 1

Fig.5.IC46R21RI1

specified in the Make statement, and
these gates must already be defined or
picked up from a library. Interconnec-
tions around the network are defined
by a list within a Join statement, for
example, inpl and inp2 are joined to
And gate al. Output from the half-
adder is given in the Output statement,
and corresponds to output from gates
ol and al.

Futurenet

In some cad systems such as Orcad, a
Netlist program is provided which
reads either a hierarchy, flat file, one
sheet file structure, or an annotation
file. The program generates a netlist in
a number of selectable formats, such as
Spice, Pcad, Salt, and Edif. But there is
another format called Futurenet which
is now being implemented in some new
generation cad systems.

Most netlist formats support special
pin numbering conventions. So, if the
libraries have pin names as text, they
must be converted to whole numbers,
depending on the desired netlist for-
mat; Futurenet can carry out this sort-
ing. In Orcad, Futurenet has two con-
nectivity output formats, Pinlist and
Netlist.

Pinlist is a part-oriented list so that
each pin of a part will be listed with the
net to which the pin is attached.

Netlist is a net-oriented netlist giving
for each net, the part pins that are
attached. The following is a portion of
a Pad-PCB Futurenet netlist format :-

(SYM, 1 — 1, 2
DATA, 2, J1
DATA, 120, JO39 — 24

)

(SI1G,,***132114, 1 — 1,,

PIN, 1 — 1, 2, J1, 25, 1

PIN, 1 — 1,1, J3, 25, 1
(Sym is the key word for parts data, J1
is reference designation, and JO39-24
is part type. In this case, these part
types must match the ones in the
Pads-PCB library. (Sig is the key word
for connections data followed by the
signal name or bus signal name. In the
next two lines, the last two fields give
the net node. In this case, signal name
132114 contains the net J1.1,J3.1. This
netlist format may require pin numbers
instead of pin names in the library
source file. But there are options which
can be used when generating a
Futurenet netlist such as the program
to assign a Futurenet-compatible
power attribute to power supply pins
not in Futurenet format.

Another option is to specify the
module’s ports (input, output, and
bidirectional) in Futurenet format with
specific attribute values. In the Pads-
PCB program, there is the capability to
accept a Futurenet format file as an
input. The Orcad system can generate
a Futurenet netlist output file so users
of Orcad can transfer the Futurenet
output file to the Pads-PCB system.

The received file will be converted to
Pads-PCB via the subdirectory and the
Futurenet-in routine in the system.

Users of Schema Capture can also
use the Futurenet output facility to
transfer Futurenet files.

Futurenet output is limited by avail-
able system memory. IC design and
fabrication has become increasingly
complicated with the move towards to
VLSI and to reduce production costs
companies are resorting to joint ven-
tures. IC system design may be per-
formed® by one company while logic
design and cell libraries will be dealt
with by others. Similarly, the chip

al
|INP1 >

,t < Corry’
n2 AND2
a3
ol
INV1
1 AND2
a2 OR2
INV1
AND2

Fig. 6. Example half-adder described by Ella

could be manufactured in more than
one lccation.

Unfortunately, because over the past
few years there has been such a large
growth in the number of cad/cae system
and workstation packages, dissimilar
systems are likely to be employed in
each company. This may mean that
only limited design tools can be used
for joint ventures; making compatible
netlist formats essential to make manu-
facturing more flexible. Although cad
tools kave helped speed development,
most are poor at accommodating data
exchange between different tools. This
will only be solved by defining a stan-
dard format for data communication
between cad systems. ]
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BOOK REVIEW

Signals: the science of telecommuni-
catioms, by John R. Pierce and

A. Michael Noll. If anyone should
experience a need to recommend a book
on electrical communications for the
completely innocent, then this is the
one.

Pierce and Noll have both been at Bell
Labs and, probably as a consequence,
the book concentrates on telephony and
the applications of radio and television
that are relevant to the field of
communications.

It begins with an historical survey of
development, quickly going on to
describe the theory and techniques of
telecommunications. Chapter 3, for
example, provides a clear insight into
the theories of Fourier and Shannon,
including vocoders. Treatment
throughout the book is at a level
consistent with a readership of O and
A-level students and indeed anyone who
is interested in, but not educated in,
electronics and the science of
communications.

Where necessary, the essential
mathematics and core concepts are
presented in boxes in the text - an
effective device to convey information
without disrupting the flow of narrative,
since the authors have produced what is
effectively the story of electrical
communications in an exceptionally
readable form. The Scientific American
Library, W.H. Freeman & Co. Ltd, 247
pages, hard back, £16.95.
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J.A.V. ELECTRONICS LIMITED
THE COMPLETE PCB/SCH CAD SOLUTION

Annoucing Protel Easytrax 2
Save £100.00 now at £148.75 + VAT Limited Period Only

Protel Easytrax 2 is a very affordable, easy to use precision design .
tool that generates professionally accurate PCB artwork. With
support for a wide range of displays, plus Photoplotters, Pen
Plotters, Laser and Dot Matrix Printers all as standard. With pull
down menus for ease of use and a comprehensive library of Through-Hole
Devices the designer can easily create new
or modify existing Devices. Easytrax has
user definable function key macros to —
provide a command driven fast track
alternative for repetitive operations.

Protel

NEW FEATURES
Autorouting Capability
Curved Tracking
PostScript Printing
24 Pin Printer Support
Imperial and Metric Grids
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Easytrax makes PCB

layout easy. Concentrate on your design - not on learning
complicated program commands.

Also available Protel Autotrax 1.5 professional PCB CAD with
full autorouting and Design Rule Checking.

Protel Software available from The Sole UK Distributor
J.AV. Electronics Limited, Unit 12a Heaton Street, Denton, Manchester, M34 3RG

Tel: 061 - 320 7219

Fax: 061 - 3350119

CIRCLENO. 123 ON REPLY CARD

The MPE POWERLOGIC
DEVELOPMENT
__SYSTEM.

* PC PLUG IN

* programs Lattice Gals 16V8
and 20V8

* Programs Altera
EPLDs-EP310, 320 and 600

* |ntegrated logic equation
assembler

* Easy to install

* Menu driven

* Now with alternative CYPRESS
22V10 option.

* Only £495

EPROM
PROGRAMMERS

* PC Plug-in

* Programs EPROMS from 2716
to 27101

* {1 or 4 gang available.

* adaptors available extra for
single chip micros

* { gang £185.00
4 gang £225.00
8 gang and production
programmers also available
8751 adaptor £75.00

MicroProcessor
Engineering Ltd

133 Hill Lane
Southampton SO1 5AF

TEL: 0703 631441

LeBURG
EPROM Emulator

* Cuts development time.

* PC Plug in.

* Emulates 2 EPROMSs at once

* Emulates all 28 pin types

* Supports 8 and 16 bit bus
widths

* Expandable to 32 bit bus width.

CATALOGUE of more
hardware and
cross-support software
available on request.
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asy-PC is a low-cost PCB
schematic and layout drafting
program which first appeared
last vear (reviewed EW&WW
July 1989 pp. 715-718). Since
then the developer, Number One Sys-
tems, says it has speeded up drawing,
extended the symbol library, and cut
the price without losing professional
output. The result is a computer-based
2D drafting aid which performs well.
But users looking to make large
improvements in their quality control
and productivity may be disappointed.

The package comes as two 5.25in
and one 3.5in fHoppy disks with an A4
ring-binder manual carefully laid out
with tutorials for cach program. Also
included is a very uscful listing, by
layout, of the library symbols and a
key-code summary  sheet which s
essential for the beginner.

There is no copy protection and
installation should be simple: just cre-
ate a directory and copy the files into it.
In fact | found the software would not
run with my EGA card (ATI EGA
Wonder). needing a VGA card. though
this should be no great drawback as
most PCs have adopted VGA as stan-
dard.

Programs and library take about
725k of disk, with reasonable data
compression so that hard disks will not
become overloaded with storage-
intensive bit-image files.

Sct-up allows the user to configure
the colour scheme. drawing defaults,
and other attributes. though the colour
scheme is limited. It allows only three
combinations of four colours and is a
serious drawback with a PCB having
the maximum of cight layers.

Main menu options
Five option choices displayed on the
screen include editing a schematic or
layout, creating a symbol for a schema-
tic or layout, or exit to dos.

Text or graphics modes are selected
automatically depending on what s
being displayed. The initial menu and
selection of options is in text mode
while pictorial information is presented
in graphical mode. Switching between
modes can be disconcerting as, with
most VGA screens, the source syn-
chronisation is momentarily lost caus-
ing the display to jump.

Commands are initiated by the left

October 1990

REVIEW

Drafting
made Easy

John Anderson
delivers his verdict
on the new cheaper
and faster Easy-PC.
It’s definitely not cad
— but it’s not bad
either.

mousc button or return kev, and exit
by the right mouse button or the escape
kev. Actions arce sclected cither
through the mouse or by a direct key
combination.

Using the mouse the cursor is moved
to one of three small white squares at
the top of the screen, bringing down a

Problems solved

Number On= Systems' technical support is
informed and helpful and when as<ed about
some of the problems experierced agreed
they had trouble with EGA cards but that
these could ~ormally be resolved by running
in CGA mode.

Easy-PC does not produce any connec-
tivity information such as netlists and this is
not likely to be changed. But a new driver for
HP Laserjet 2 will be available soon.

The technique for produciny power-
planas as in‘ermediate layers was explained
to me, using thick tracks to produce an area
plane, and then selecting the aopropriate
pad to effect connection to, or insulation
from, a laye". It sounds clumsy and | haven't
tried it yet.

Conversion from other systems is possi-
ble at the Gerber plot file level where a utility,
avai able separately, can convert a Gerber
plot file to Zasy-PC format.

Number One is working on a new product
with connectivity and autoroutein3, but this
will be an ug market product and as such not
competing with this version of Easy-PC.

ELECTRONICS WORLD+WIRELESS WORLD

menu and allowing selection of an
item. The method means there is more
active space for drawing, but access is
slow. which can be a nuisance because
the XY working co-ordinates are lost.

Direct key combinations allow
actions to be initiated with function
keys. and/or specific alpha-key sequ-
ences, and a fast zoom and pan are
simply sclected by numeric keys 0 to 7
used to set the zoom level.

Speedy and flexible

One of the improvements promised by
this latest version of Easy-PC is a much
improved redraw speed. In practice
even large complex PCBs and schema-
tics are redrawn within a second or
two. Panning across the screen is by
redraw, rather than copy and part
update. which makes the speed of the
redraw algorithms crucial,

On the whole. operation speeds are
rcasonably fast, though access to the
pull-down menus does slow down the
ratc at which the software can be
driven.

Schematic and  layout  component
editing, available from the main menu,
allow custom components to be built
and the same interface is used for
editing components, schematic or
PCB

Schematic entry is all but identical to
PCB layvout, indeed some items look to
have been left over. For example pads
placed on the schematic layout turn out
to be intended to be used as the wire
junction indicator.

There is no bus-type line cither, not
needed as there are no net labels or
generated netlist.

Editing facilitics include block move,
flip, copy. save and delete (though no
undetete) and a high speed repeat
facility which allows a track to be
repeated at a different place — particu-
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a professional-looking board design, as shown in the
two lower pictures. The package has been speeded up
and reduced in cost since it was first reviewed in July

1989.

larly useful in laying out a memory
plane.

Plotting

The only auxiliary files are associated
with outputting to a printer, plotter or
photoplotter. PCB files are in a prop-
rietary format rather than ASCII, pre-
venting integration of additional sup-
port software to analyse drill details,
for example, before plotting.

Circuit diagram plotting is accom-
plished with a separate program, Easy-
plot, and a word of warning before
using it; make a note of the exact name
of the PCB to be plotted. If you don’t
there i1s no exit from the program, no
way to get a directory to choose the
file, with rebooting the only way for-
ward.

With the correct filename, the prog-
ram gives adequate control over the
final output, including rotation and
limited scaling, though the speed of
output is rather slow.

Quality of the result is good with a
close correspondence to that presented
on screen

866

ddia}

Circuit drawing and PCB layout with the Easy-PC. Top
left and right schematics are samples of the sofiware’s
capability; no bus lines can be drawn and there is no

netlist extraction. Nevertheless, Easy-PC does provide

Not true cad?

This software package does little with
the PC to aid design. Although
schematic capture and PCB layout are
integrated in that they are accessed
from within the same program, and
share the same user interface, they are
not integrated operationally.

There is no netlist generation or
checking, no bill of materials, and no
design rule checks.

Cad packages should improve pro-
ductivity and overall quality, and
though Easy-PC will certainly produce
a tidy plot of schematic and PCB, it
does not tackle the productivity and
quality aspects that are required from
PCB cad.

It is low cost, with drivers for HPGL
and Gerber, and as a computer based
2-D drafting aid # performs well. But
as an introduction to PCB work on a
computer it represents little more than
electronic tracking tape, offering the
professional user none of the produc-
tivity and quality advantages possible
with PCB cad software.

Libraries are comprehensive and

simple to use, but the user interface is
quirky, with its white-squaie pull-down
scheme rather than the industry-
standard heading-banner.

With regular use its limitations and
idiosyncrasies can become irritating,
and work against the job that it is
attempting to do.

However, its price recommends it to
the educational and hobbyist market. If
budgets can stretch it is worth locking
at alternative products which can auto-
route, generate and check netlists and
offer the cad facilities that help get that
PCB right first time. ]

Easy-PC, schematic capture and pc layout

| software costs £98+VAT Minimum hard-
ware is a PC or PC-AT, running dos 2 or
later, with a CGA, EGA or VGA graphics
card. 512k is the minimum memory
required. Optional mouse, printer, pictter
and photoplotter. Number One Systems
Ltd, Harding Way, Somersham Road; St
lves, Cambs PE17 4WR. Telephone: 0480
61778
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The Archer 780 SBC

The SDS ARCHER - The Z80 based single board

computer chosen by professionals and OEM users.

* Top quality board with 4 parallel and 2 serial ports,
counter-timers, power-fail interrupt, watchdog timer,
EPROM & battery backed RAM.

* OPTIONS: on board power supply, smart case,
ROMable BASIC, Debug Monitor, wide range of /0 &
memory extension cards.

The Bowman 68000 SBC

The SDS BOWMAN - The 68000 based single board

computer for advanced high speed applications.

* Extended double Eurocard with 2 parallel & 2 serial
ports, battery backed CMOS RAM, EPROM, 2 counter-
timers, watchdog timer, powerfail interrupt, & an
optional zero wait state half megabyte D-RAM.

« % Extended width versions with on board power supply
and case.

Sherwood Datadystems [id

Unit 6, York Way, Cressex Industrial Estate, High Wycombe, Bucks HP12 3PY. Tel: (0494) 464264

CIRCLENO. 106 ON REPLY CARD

HALCYON IN VIEW OF THE EXTREMELY
ELECTRONICS - RAPID CHANGE TAKING PLACE

Computers, test equipment, video monitors, amateur radio gear, IN THE ELECTRON'CS

oscilloscopes, scientific instruments, connectors, printers, power

supplies, communications, disk drives, multimeters, component INDUSTRY, LARGE QUANTITIES

bridges, frequency c?::\:;::,t::’gziarllgj;r;e;at::érs, semi-conductors, OF COMPONENTS BECOME
— e REDUNDANT. WE ARE CASH
ROVTEC 1455063 OGA & o PURCHASERS OF SUCH
£69 | UNSTEAD M8 ACOC ELECTRONC METER BATT ;20 MATERIALS AND WOULD
KW VESPA Mk2 PSU HBOOK £85 | SCHLUMBERGER 4000 FM CW 300HZ-520MHZ P&; AppRECl ATE A TELEPHONE
P4000 & EP4000 PROM PROGRAMMERS £A  £95 | NEWBURY TERMINAL 8002 NEW [gi CALL OR A LIST IF AVAILABLE'
o WE PAY TOP PRICES AND
i COLLECT.

24 VIDEQ MOMITORS B&W SOUND From £49 | TECTRONIX 834 PROG DATACOMMS TESTER  £485

£69 | GOERZ RECORDING MULTIMETER BATT CP €69
~OPES DUAL TRACE Fro i T o
£69 | POLAROID IBM PALETTZ IMAGE RECORDER 72:10 £595 . e n So n t -

e lEEF.“.‘?'.‘.'L@f.“h?.’L’Y.‘PE.",59.7955.‘235?“éz 21 Lodge Lane, N. FinChIey,
s London, N12 8JG.
= 5 mins from Tally Ho Corner

BULK STOCK AVAILABLE MAINS & AUDIO LEADS. SWITCH BANKS. AUDIO SOCKETS
FERRITE FORMERS, FOCUS POTS, 16 DIGIT LCD DISPLAYS. AUDIO PACK PSU's

a
SOLENOIDS. SHADED POLE MOTORS. RING CALL FOR DETAILS Te I e p h O n e .

QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICES EXC. OF P&P AND VAT 08 1 _445 271 3/0749

423, KINGSTON ROAD, LONDON SW20 8JR

SHOP HOURS 9-5.30 MON-SAT TEL 081-542 6383
CIRCLENQ. 107 ON REPLY CARD

CIRCLE NO. 108 ON REPLY CARD
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Where office workers have adapted to
the new technologies with reluctance,
engineers have leapt on to the band-
wagon. From the first mechanical and
architectural drafting packages, to the
most complex electronics  simulation
software, cad has become an essential
part of engineering life.

Trying to give an overview of such a
diverse market is difficult and the
survey which appears in the following
pages is not comprehensive; no survey
could be. But it is representative, and
will give potential purchasers, a good
feel of what is available, and where you
can buy it.

So what can you get for your money?
At the bottom end of the market come
the basic drafting packages - some
costing less than £100. These allow
drawing of PCB layouts, or curcuit
diagrams, very much as the job might
be done manually, but using a mouse
and screen.

Routing software, costing anything
between £200 and £1500, is the next
step. The job can be done manually,
connecting points on screen, or, in the
more expensive packages, automati-
cally, with the computer checking
against pre-defined PCB design rules.
This type of layout software can often
cope with highly complex multilayer
and surface mount boards. But beware,
even the most advanced workstation-
based routers will not give 100%
guaranteed completion. All leave a
certain amount to the artifice of the
designer, who may have to tweak the
layout, or define areas where the
design rules can be violated.

Adding facilities for drawing of a
circuit on the screen, then having the
computer pass it on to the routing
software automatically (schematic cap-
ture) will probably cost as much as the
router itself.

However the PC market is catching
on to that word so much loved by the
marketeers — integration, meaning that
many vendors are now offering suites
of software, offering as many features
as the user will buy software modules,
all designed to work together.

Having designed the circuit diagram
on-screen, it makes sense to ask the
computer 1o find out whether it will
work before you go ahead and build it;
enter the circuit simulator. Spice, the
daddy of all analogue packages. weighs
in at between £600 and £3000+ giving
some idea of the range of configura-
tions available, just in this single pro-
duct. Most recent options include
active filter synthesis, and optimisation
for arbitrary transfer functions.

With any simulator it is worth think-
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£8000 or £80? Andy
Gothard looks at
the difference.
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ing how well the package will model
your circuits — will it look at component
tolerances, and produce a worst case
analysis? Are facilities like Monte
Carlo statistics available?

In many ways, digital simulation is
simpler because “on/oft” circuits are
easier to model. But, once again, it is
worth considering the package’s ability
to cope with worst case timings. feed-
back loops and combinational logic,
which can often cause problems.

One of the hardest jobs is simulating
mixed-signal circuits, a task which the
makers of Spice say it can now perform
under dos. For those who need it, there
is also a large range of niche simulation
efforts so that, for instance, transmis-
sion line effects on digital PCBs can be
modelled. To accompany the digital
simulator, it is also possible to buy logic
capture packages, which will accept
inputs in many forms such as gate level
description, Boolean equations, and,
less often, state diagrams.

Once the clectronics have been
designed further levels of choice open
up because the computer can perform
thermal analysis, produce a bill of
materials, and cost the job. In a fully
integrated system, the design suite will
talk to the machinery producing the
PCB (plotters. drills, and so on), the
packaging, the asics and PLDs.

There is obviously a lot that has to be
weighed up before the right CAE
packages can be selected to do the best
job in a particular application. When
you've waded through all these deci-
sions, you can start thinking about
designing your own products. ..
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Acquisition-PC
Newly-released signal analysis and
acquisition system.

ALS-View
Menu-driven, high performance tool
designed to eliminate PCB re-plots.

Ares/Ares Autorouter

Advanced Routing and Editing Software.
New high performance PCB design. EMS
support is more or less essential for complex

&

3 d 'sg%‘* f

Easy-PC 13 13 £9800  PCdos>21
Pads-PCB 20 12 600k  AT/386/486
£8000
Pads-Logic 20 5 £59% AT/386
Pads-2000 20 5 £79% 36600833
| PCBEage 23 £35  XVEGAHDMPISA
Eagle Autorouter £260 As above
Eagle Schematic Editor £350 As above
DesnEngnesr 8 8 POA  ATEGAM
Isis Superskeich 10 10 £69t0£99 PC/512M. Supports
SVGA,PS
Isis Desi 2750  286/640/MHD.
- £75  SuposSVGAPS
PCBII £69 PC/512M. Supports
SVGA,PS
Ares/Ares Autorouter £275t10  PC/G40M. Supports
€475 SVGA,PS
FasoloFasmak 14 14 POA  MACHUnx
Sama Q18 195  PC
SpiceAge 818 45 PC
Tanspag 18 18 £140 PC
Vutreca/Vutralca 18 18 Free PC
Plot-D/Print-D 2 18 €50 PCHPGL pittr Laserjet
CurveF 2 €120 PC
LCA-1 2 £450 PC
ECA2 2 €675 PC
Vutrax S8A 2 18 £49 PCM

multilayers (640k soon runs out). Very
powerful interactive routing facilities and
object-avoiding ground-planes.
Boardmaker

Rules-based PCB design package for
manual or autorouting. The router is
gridless and uses the design rules and track
widths to determine route placement. It is
fully re-entrant and will simultaneously
route on up to eight layers. Extensive
design rule checking is employed to
maintain user confidence and ultimate
manufacturability.

1
K =
_ g 2 2 _g
© § 3 & £
& & 8338
NA PCBcad M B 28
Orcad Modular PCB cad B ® B >3
Autocad
Schema
Cadstar
Futurenet
As above Logic capture
Padslogic IntegratedPCBdesign B @ B >8
Aldec
s
Autorter Layout editor B ® B >8
Scem Ed
Layout Autorouter
Schem Ed
Autorter Schematics
LOEd ]
Schematic cap
Gem, DXF Circut drafting
Area, Gem DXF, Net  Schematic cap
PCB drafting M B 2
Isis Manual/Auto PCB router B B >8
Image storage &
retnieval
230 thermal analysis
Tanspag Simulation
Vutrax Schematic io simulation
ECA2 ansiation
LCA1
LCA-t Prnter & plotter uiiies
ECA-2
Curve-F
ECA-2 Curve fitting & modelkng
ECA-2 Digital circuit simulation
Piot-D
Print-D
Vutrax
LCA-1 Aralogue circut
Plot-D simulation
Print-D
Curve-F
Vutrax
ECA-2 Circuit description &
LCA-1 schematic capture
Vutreca
Vitrakca
VutraxPCB

@ = Menus/windows/both

Codas i

Highly ntegrated, interactive package for
designing and simulating feedback control
systems. It includes time domain, frequency
domain and root locus design
environments, continuous and discrete time
(computer control) systems and non-linear
capabilities.

CurveF

Polynomial curve-fitting designed for use
with ECA-2. Transfer curves of
components can be simulated by the
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L 3 s $ o & 2 =% £= gs & = E 8
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& $& & 3 & IBERFEENEEREEER
| Fastcad 59  PUSK Drawing N e ©
Easycad £125 Various Schematic
Orcad VST % 11 095  Dos2OHDMATEA0  OrcadMOD Digita circu simulabon M B ° 0
Orcad/PLD
OrcadRCB
OrcadPLD B 1 495 Asabove VSTMOD,PCB.SOT LD design K @ ° (]
OrcadPCB %1 f1495  Asabove VSTPLOSDTMOD PCBlayotioter B @ B >8 B B @ CN @ @
AW
Orcad/SDT B 1 $495  Asabove PLD,VST,PCBMOD (S'gc\g)naﬁcmptum M B ° °®
PSpice 2 116 £5%1  Dos2./640 "~ Schemeap Anclogue, digial and B B @ ° ADM
| £3100 packages. Hiwre  mied sig sinulation )
| Linesim 1%6%5  PC Transmission e M B ADM
analysis
Promise 1 POA  PC PSpice Circuitoptimiser B B A
ALS-View 1 % PC PSpice Creuit oplimier B B A
ALS-View 1 5 PC PCB PCB pht M B AW
| Sdot40 2 715 €% AT/os32ooprocest Integrated asic design B B ° )
Rotring RDS40 717 6T 286 Eimat Circult design parts ks, o0 °
upwards BOM, efc
Proel Traxstar %9 9%  ATEMS Autotrax Autorouter A B >3 M B
| Schemalic
Prolel Schematic 499 ATE40 ;raxstax Circuitdes/schem c2p M B ) )
ulotrax
‘ Profel Easytrax 099 ATMAC Schemalic PCBdesgnroter B @ B >3 M B %c
Protel Traxview £ AT Edits Getber fles & M B
[ aperture table
Profel Autotrax 0999 ATHD Trasstar Schematic PCBlayoulrouterd B @ B >8 M B o @ °
schem capture elw
Hwire 3116 £695  640Dos2 PSpice ShemdesgnPCBE B @ B >3 B B @ CNC @ ®
Smartwork laoyout, router AW
Orcad G
Schema
Cadnetix
Smartwork 695  512Dos2 Hiwire PCBlayoultvleraw B @ T 12 B B o @
Orcad AW
PSpice G
Schema k) 640D0s32ATNGA  AutoCad Shemcape,PCB B @ B >8 M M o e ® U
layout, simulaion, PLD AW
PCS 6 6 £100 380/coproc support Design of process
control systems
Codas-Il 6 6 f415 512/coproc support Feedback control systs
EE Designer 2 2 00 XTATA6 Maxrouwe Fulyieqelectoics B @ B > B B @ CNCO @ @ @ °
PSpice desgn, sim AGIW
| AoquisionPC 11 %0 PC Signal anal and '
acquisitn
Boardmaker 19 19 %ro XTIGA0HDVHerc-VGA PCBlesgnroter B @ B >3 M B CNP\JNC
4
vaDesigner B4 0419 PCBAO-EGAM Real time CASE tool M B
Notes:

Fiqures in column five refer to memory requirements.
Abbreviations: M=mouse required; HD=hard disk requirecirecommended; Pl=paralle* interface; EMS=memory expansion required; Herc=Hercules Graphics; G=Gerber output; Ex=Excellon output, AW=Artwork.
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polynominal facilities allowing fast building
of device models. Graphics editor with
cursor controlled co-ordinate index.

Design Engineer

Lower cost schematic-capture package
leading on to a full range of electronic,
mechanical, electrical and publishing
packages running on Intergraph’s Unix
Clipper workstations and servers.

Easy-PC

British design-award winning PCB cad
program providing for circuit and schematic
diagrams. Exceptionally functional, quick
to learn and use, fast zooming and planning.
Providing output to pen plotter,
photoplotter, NC drill. Technical hotline
support. Resolution 0.01mm, 30 routing
layers, blind and buried feed-throughs.

ECA-2

Frequency and transient response of non-
linear circuits with up to 500 nodes. Worst
case and Monte-Carlo analyses. Can be
invoked from within Vutrax.

EE Designer

Fully integrated system for electronics
design. The entire suite is written by
Betronex, ensuring smooth interfaces
between schematics, simulation, PCB
layout, manufacturing outputs etc.

Fastcad-2D/Easycad

Fastcad and Easy cad were written by Mike
Riddle, originator of the best selling general
purpose cad package, Autocad. Easycad is
a true subset of Fastcad which provides
multiple interactive windows and a wide
range of cad functions. Add-in packages can
be seamlessly added. Both packages
support DXF and can export to Pagemaker,
Ventura-and Wordperfect S.

Fastfoto/Fastmark

Image storage and retrieval system, with
fast powerful searching on a wide range of
user-defined criteria. Input via video,
scanner, etc. Suitable for documents and
photographs, storage of thousands of
compressed images on optical disk.

Hiwire

Integrated design package with rip up and
retry autorouter, schematic design and PCB
layout.

Isis Supersketch

Circuit drawing package. Since its database
operates at a higher level than a general
purpose cad program (ie it deals in
components, wires, terminals etc, rather
than simple geometric objects) it is far
quicker and easier to use. Features
automatic wire routing and object oriented
2D drawing.

Isis Designer
No-nonsense schematic-capture package

October 1990
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Modern schematic capture packages provide a bill of materials and automatic
component annotation. This screen from Isis Designer.

designed for use with most popular EDA
software. Intelligent diagram editor speeds
diagram entry, and Bom report is
configurable, Component finder works
across the whole design. Designer+ adds
two systems for hierarchical design,
automatic annotation and database-driven
ASCII data import facility.

LCA-1

Digitatl simulation of circuits described by
netlist, schematic or Boolean expressions.
Propagation delays and their fast/slow
uncertainty bands are fully modelled and
may be asserted as a class (eg 4000 Series or
TTL LS). Normal graphical output can be
stored in text files to provide ATE test
patterns.

Linesim

Predicts transmission line behaviour in
digital circuit boards and cables. Intended
for optimisation of traces and terminations,
and technology choice before layout begins.

Orcad/VST

Allows designer to try out circuits before
fabrication. Feedback and combinational
logic supported. Includes stimulus
generator, design linker and compiler.

Orcad/PLD

Programmable logic device design tool.
Creates detailed logic from high-level
descriptions, eg Boolean equations,
procedural state machine programs, truth
tables or schematics.

Orcad/SDT

Uses a hierarchical organisation of large
worksheets by partitioning them into
smaller parts — over 200 hierarchical levels.
Can create and store over 100 keyboard
macros. Schematic data can be transferred
as netlists in more than 30 formats.

ELECTRONICS WORLD+WIRELESS WORLD

Pads-PCB

Suite of software providing schematic
capture, PCB design. autorouting including
rip up and retry, push and shove. Standard
outputs. Three levels are provided ; Pads
Designer (£695), Pads PCB (£1895) and
Pads 2000 (£7995).

Pads-2000

Full FCB design and layout, auto-place,
auto-route, push and shove interactive
router plus drill, plot and DXF interfaces.
1um database resolution. Full Eco-
processing with Pads Logic schematic
capture as front end.

Pads-Logic

Logic capture system which interfaces to
Pads-PCB and other cad, logic simulators
and circuit analysis packages. It uses a true
multi-sheet database and advanced
hierarchical capability.

PCB Eagle

PCB design system handling board layouts
up to 64-in, at a resolution of Imil. and with
up to 255 layers. The easy-to-use graphics
interface includes many user-configurable
features and autopanning, continuous
zoom, DRC/ERC are provided. Numerous
plotter and printer drivers (including
Gerber) included at no extra cost.

PCBII

Simple, very low cost, PCB drafting.
Operation similar to Supersketch, but since
cach was designed for a specific task, the
overall result is better than one package
designed for both PCB and circuit drafting.

PCS

A realistic simulation of typical process
plant under three-term control. It
incorporates many features found in the
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real world, making it ideal for illustrating
controller operation, tuning and plant
behaviour.

Plot-D/Print-D

Output utilities allowing ECA-2, LCA-1
and Curve-F to produce high quality
graphics output on either HPGL plotters or
Laserjet and Epson dot-matrix printers.

Promise

Fast electronic circuit optimiser. Frequency
response can be tailored, transient
characteristics enhanced or DC conditions
fixed in a few minutes.

Protel Traxstar

Grid-based costed maze autorouter with full
rip up, re-route and smoothing capability.
Works with Protel Autotrax files.

Protel Schematic

Streamlines drafting operations, improving
productivity design proctice and
documentation. Used on its own or with
Autotrax and Traxstar to form a powerful
PCD cad system. including circuit design
checking. Evaluation packs available.

Protel Easytrax2

Newly released entry-level low cost
package. Now includes autorouting, curved
tracking, postscript, imperial and metric
grids and 24-pin printer support. Also
available on the Mac.

Protel Traxview
Utility program for editing and viewing
Gerber files and Aperture tables. Includes

imperial and metric grids, additional
routing strategies, Postscript printing and
improved external polygon fill. Also
available on the Mac.

Pspice

The Pspice family includes the circuit
analysis and circuit synthesis packages. The
circuit analysis package contains the Pspice
circuit simulator and its options, and the
circuit synthesis package contains the filter
synthesis product, filter designer. Pspice is
the only simulator to run both analogue and
digital processes concurrently under dos. It
has virtual memory capacity. filter synthesis
and an optimiser for arbitrary transfer
functions.

Rotring RDS40

Generation of circuit diagrams and
associated documentation. Automatic
cross-referencing, wiring lists, terminal
diagrams, parts lists, bill of materials,
project costing. ident, labels and cabinet
layout.

Sauna

Provides 21> and 3D thermal analysis.
Typical applications include temperature
and heat low mappings on heatsinks. PCBs
and within enclosures. Natural and forced
convection models are supported. No prior
knowledge of heat transfer is required. but
for advanced users, a more flexible finite
element version, Sauna-MS, can be
supplied.

Solo 1400

Smartwork

The original low-cost PCB artwork
software, for entry-level two sides PCB
artwork, using netlists from most popular
schematic software.

SpiceAge

Provides electronic circuit simulation for
design and education by performing DC.
AC. time-dependent and Fourier analyses
on linear and non-linear circuits using
programmable signal stimuli or imported
waveforms stored on file. This popular
program now has a licence base exceeding
6700,

Tanspag

Netlist translation utility that allows popular
schematic capture programs to produce a
Spiceage description file. Takes as input a
Tango compatible netlist. Thus programs
such as Isis, Protel, Schema, Orcad, Tango
and Boardmaker now have commonality
with Spiceage.

Vutreca/Vutralca

Allows the Vutrax schematic editor to
download data to either ECA-2 (analogue)
or LCA-1 (digital) simulators. Facilities
include default tolerancing, automatic
model building and full tri-state open
collector modelling with wire gate synthesis.

Vutrax and S&A

Provides a common circuit description.
Feeds analogue and digital simulators and a
full-feature design suite that includes 3-D

ELECTRONICS WORLD + WIRELESS WORLD

S fecr visualisation and CNC output. |
panelisation. Design asics for manufacture in 1.7 or
1.1um cmos. Includes comprehensive cell
Protel Autotrax libraries, including analogue to allow design
Version 1.5 now includes curved tracking, of mixed analogue/digital devices.
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onsumers switched to video
tor home movies rather than
the 8mm cine camera
because, unlike video tape,
film is expensive, can’t be
reused and the results can only be seen
after processing. Yet in still-picture
photography film reigns supreme.

Now electronics companies are chal-
lenging that position with still video
cameras (SVCs) claiming to ofter simi-
lar advantages over conventional tilm
photography

They will record pictures on a reus-
able magnetic disk, and shots can be
viewed on a TV set or even sent down a
telephone line or put into a computer.
But there are drawbacks; SVCs are
expensive at the moment (most domes-
tic versions cost around £500), picture
quatity is much poorer than fitm, and
there is a battle over a stlt video
format.

However, the first consumer SVCs
went on sale in Japan at the end of
1988, and in December 1989, Canon
launched the lon, the first (and at the
time of writing, only) European
domestic SVC. Recording is on to still
video floppy disks in these systems.

Still video floppy
The still video floppy is a 47mm (2in)
single-sided disk which looks like a

Table 1. Still video floppy specifications

Recording density 64kBPI (kilobits per inch}
Jacket dimensions 60x54x3.6mm

Weight 8.79

Disk diameter 47mm

Total disk thickness  40um

Magnetic layer thickness4um

Magnetic coating Metal powder

Coercivity 1250 Oersteds

Remanence 1800 Gauss

Total number of tracks 52 (1-50 video, 52 cue,
51 blank)

Track capacity 16Kbyte

Video tracks radii 15.1-20mm

Cue track radius 14.9mm

Track width 60pm

Track pitch 100pm
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Still video —
till here?

Beating the news
clamp down in
China, or bulk

storage of images;
still video could
provide the answer.
So why the delays.
George Cole
reports

miniature version of a standard 3.5in
floppv (sce Fig. 1). Each disk. which
stores up 1o 50 shots, sits inside a hard
plastic jacket with an erasure-
prevention tab which can be broken off
to prevent accidental recording. The
disk is composed of a polyester base
topped with a metal powder which
provides a very high information pack-
ing density (sec Table 1)

Still floppy disks are designed to
store a mix of analogue video, FM
audio and digital data, stored on-disk
as a series of concentric tracks (Fig. 2).
Tracks are read by a fixed head com-

Back in 1981 Mavica (MAgnetic Video
CAmera), the first SVC unveiled by Sony,
looked like a conventional 35mm SLR film
camera, with pictures recorded on a
magnetic floppy disk. But Sony used the
prototype to persuade other companies to
join forces and develop a standard still
video system, so in February 1983, 20
electronic, film and photocraphic com-
panies formed the Electronic Still Image
Video Camera Committee.

By May 1984 the group had grown to 32
companies and the basic specifications for
a video floppy system (VFS) were agreed.
These stated that the image quality was to
be acceptable both for consumers watch-
ing on-screen pictures, and for printing.

That same year, professional photo-

graphers tested SVCs at the Los Angeles
Olympics and several companies, includ-
ing Sony, Fuji and Canon, began market-
ing professional SVCs costing thousands
of pounds. In April 1985, Fuji introduced its
TV-Photo system in Japan. Photographers
shot pictures on conventional film which
was processed in the normal way. But the
tmages were transferred to a still video
floppy and viewed on a TV screen, so that
photographers could choose the best.
In April 1986, the committee, by this time
numbering 42 companies, agreed on
optional sound and digital recording sys-
tems and in July 1988, it announced an
improved “Hi-Band” version.
Sony’s Mavica, the first still video

camera.
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posed of amorphous silicon, gliding
across the disk’s surface to read, write
or erase tracks. The head has two gaps
100m apart to allow the recording or
playback of two tracks simultaneously.

Recording the video signal
All SVCs use a CCD image sensor,
with most composed of around 400 000
pixels. For comparison, a Polaroid
print resolves around 10 million pixels
and a 35mm frame some 20 million
pixels. The VFS video floppy system
(see History) video signal is analogue
and is thus split into 525-line (NTSC)
and 625-line (Pal/Secam) systems.
NTSC still video recordings won't play
on Pal equipment and vice-versa. In
NTSC SVCs the disks spin at 3600rpm,
in 625-line systems 3000rpm, corres-
ponding to one field period of the
respective systems. In Pal this gives the
outermost disk track a relative writing

| speed of 6.28m/s and the innermost

track a speed of 4.7d4m/s.

The video signal is composed of a
luminance signal and two colour-
difference signals (R-Y and B-Y), the
three signals frequency modulated and
mul|tiplcxed on to a single track. Lumi-
nance signal peak white is 7.5MHz and
sync tip 6.0MHz, giving a carrier devia-
tion of 1.5MHz (see Fig. 3). The two
colour difference signals have carriers
with centre frequencies of 1.2 and
1.3MHz and deviations of 0.7 and
0.5MHz respectively.

To maintain picture quality during
demodulation, the VFS system uses a
line sequential recording method which
records the two chrominance signals on
alternate lines — a method also used by
the Secam TV system. Standard VFS
format has a horizontal resolution of
around 350 lines (see Table 2 for
format comparisons), though with
some cameras it may be possible to
remove the chrominance carriers and

DPSK (data) signal

Side Rear
1 [N == N
O
54 |O
Closure
| v [' -[device
AR iy 60 o
i (Unit mm)
Fig. 1. Appearance of the VFS floppy
disk
;rmcks are numbered
rom 1 to 50
Track 1 / @
o N
rack 3 0 .
Traock 50_ i P'c?ﬁ? L
Picture 2
st % l
~
Video floppy disk

Picture 3

Fig. 2. Still video track format

extend the lower luminance sideband
to produce monochrome pictures with
a slightly improved resolution.

VFS format offers field and frame
recording modes, with field recordings
occupying just one track, so that up to
50 field recordings can be made on one
disk. The penalty is a loss of verticul
resolution.

In the frame mode, two tracks are
used for cach recording, giving better
picture quality, but reducing the num-

Fig. 3.

Sync. tip frequency

Standard VFS frequency spectrum

FM FM luminance signal
chrominance
signal
i
: WA | L L Jott KR I
0 X 1 \ Zhens 4 B 6 i 758 9 MHz
(200MHz) B-Y(1.3MHz)
R-Y(1.2MHz)

Peak white frequeny

4). This improves the signal-to-noise

1

ber of stored pictures to 25. Somel
SVCs offer only a field mode, while |
others give users a choice. Still video |
floppies can store a mix of field and |
frame recordings and users can record, |
erase or reuse specific tracks.

Hi-Band VFS
Hi-Band VFS (Hi-VFS) improves pic- l
ture quality by raising the frequency of
the luminance carrier and widening the |
carrier deviation to 7.7-9.7MiHz (Fig. |

ratio by around 2dB and increases
luminance bandwidth from 4.5 to
6.5MHz, giving a theoretical horizontal
resolution of over 500 lines. To
improve picture quality, some com-
panies, like Fuji, have produced Hi-
Band cameras with CCDs of around
one million pixels.

Hi-VFS is one-way compatible in |
that Hi-Band cameras can play stan-
dard recordings. but ordinary VFS |
cameras can't play Hi-Band recordings. |
Some Hi-Band cameras offer both |
recording modes, although Canon’s |
lon only makes Hi-Band recordings.
Unlike the Super VHS and Hi-Band
8mm video systems, which require spe-
cialised tape. conventional still video
floppies can be used for both standard
and Hi-Band recordings. |

1D signal Luminance signal
Carrier chrominance signal /

Frequency deviation \
A R 1 i1

| 1
0 72 14 MHz ‘

L. White peak
H ~“frequency

FN
(4]
o=

Sync. ;
peak frequency

Fig. 4. Hi-Band frequency spectrum

Data recording |
It's also possible to multiplex data on to |
the video track along with the video |
information, allowing text or numbers |
to be added to the picture. Four groups
of data can be added.

First, field/frame identification — this
uses two bits which are inserted at line
8 and are used by an SVC to identify |
the type of recording. Second, the |
track number uses seven bits inserted |
at line 28 and is used for locating shots.
Third, the date uses 19 bits inserted at |
line 76 and can be in the form of year,
month, day, or hours, minutes and
seconds. Last, the user’s area is
inserted at line 158 and provides 27 bits |
in the field mode and 54 bits in the |
frame mode. This last allows the manu- |
facturer to add particular information,
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Table 2. Format comparison {Pal)

Format VHS S-VHS 8mm VFS around 5s of 10kHz sound, 10s of SkHz
Parameter T I T sound and 20s of 2.5kHz sound respec-
Tape width (mm) 12,5 125 \ 8 | I tively. After compression, the signal
Cassette SiZq (mm) 188)(104)(25' 188x 104 x25 95)(62.5)(15.60)(54)(3.6 undcyg()es D/A conversion before |
Head drum/disk diameter (mm) 62 i 62 | 40 47 beine furth essed. F lavback
Tape speed (cm/s) 2.3 234 201 | 3000rpm g further processed. For playback,
Video writing speed (m/s) 4.85 485 3.12 6.28 (1) the reverse process 1s carried out. [
i I | 474 (2) SVCs offering an audio facility may |
Video recording 2-Head azimuth 2 heads offer an automatic or manual mode. In
Luminance signal Frequency modulation recording the auto mode, the sound is recorded |
Recording method about 0.5s after the shutter is
FM carrier frequency (MHz) 3848 | 5470 [ 4254 | 6075 depressed, while in manual, sound can
e e B0 W | B4 be sdded vl mies aiter th
Shortest recording wavelength (microns) 13 { 08 0.6 I 0.8 sl)uttcr has hcgn released. 'Some S,“"
Magnetic medium ferric cobalt-doped metal metal video decks will allow audio dubbing
oxide ferric oxide powder powder too.
g i wror| i |
Video rack wigth (microns) " e | m | e Data track |
(1) Outermost track speed (2) Innermost track speed. The VFS specitication also includes
This is a new specification that is not yet available on S-VHS hardware. provision for data-only tracks. Figure 6 |
shows the track format. Each sector is |
composed of 4096 bytes of data and
1699 bytes of error correction. For |
such as the exposure value of the shot,
fast shutter speed, recording mode and Flag control code
so on. Because this information isn’t
standardised. a disk recorded on one  'nput audio |Low pass NR Time D Pre-
SVC may not display all of its informa- signal filter compressor compression emphasis
tion on another make of camera.
The data stream phase modulates a
204.54kHz carrier and data can only be
added during a video recording - it
can't be dubbed on afterwards.
Video
Audio recording . head |
An optional sounc!truck for still video mogmator Z‘:g{#g? @
pictures might at first appear odd, but
it's worth remembering that most still |
images are destined to be viewed on a  Fig. 5. Audio recording with still video
TV set rather than as a hardcopy print.
Research carried out by still video Dato I
companies has found that some people starting
find it a strange cxperience to watch position
silent still pictures on a TV screen. Y . =T <7 = ‘
The audio facility allows users to add Track oo.l g I E- Sector O |m| Sector! |a| Sector2 | a| Sector3 . a
narration, music or sound effects. Since 8l5|& l 8| |38 | 8| | &
the video tracks are already hard - e = e e
pushed to store luminance, chromi- { STESS S Sk S

nance and data signals, and because of
the possibility of cross modulation, the
audio tracks are recorded separately.
This means that up to 12 frame or 25
field recordings can be accompanied by

I sound.

To record sound in the equivalent of
one disk rotation (i.c. 1/50s for Pal).
time-base compression is employed.
The recording process is shown in Fig.
5. The NR compressor is a 2:1 com-
panding noise reduction system, and
for time compression the signal is
digitised and stored in a ram. Com-
pression ratio is the difference between
the read-out rate and the actual length
of the sound period. and therc are
three ratios available in the Pal system:

1:272_ 1:544 and 1:1088. These give

Fig. 6. Track format for data

recording, the bits undergo eight to ten
bit modulation to remove DC compo-
nenis. At present, the only data track
used is the cue track or data control
track, which controls playback order,
audio recording, etc, but future
cameras may allow users to record a
mix of computer programs, sound,
video and text on the same disk.

IC card system
At the 1988 Photokina show numerous
companies were displaying domestic
SVCs and talking about a big European
launch in 1989. But that was before |
Fuji unveiled a rival digital still video |

—
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system that may well supersede VFES.
The Fuji SVC recorded shots on to a
16Mbit scram card. around the size of a
credit card. Toshiba later announced a
similar system and the two companies
joined forees to form the Fuji-Toshiba
IC card system.

The 1C system offers a number of
advantages over VFS - the cameras
have no moving parts, which makes
them more reliable; the digital images
are not confined to specific TV stan-
dards: it allows casier interfacing with
computers: picture quality is better;
and there is no loss in quality when
images are copied or transmitted.

Most industry observers felt that the
1C system wouldn’t reach the market
for several years at least, but just
before Christmas 1989 Fuji launched a
professional IC card system in Japan.
The system comprises a camera, mem-
ory card, player and DAT recorder
used as a file system for storing over
1000 still images on a two-hour tape.
(Incidentally. Sharp and Aiwa have
also produced DAT still video storage
systems.) The 1C camera has a 400000
pixel CCD and its pictures are claimed
to have a horizontal resolution of over
500 lines.

The memory card stores 12 field or
six frame images digitally compressed
on to an array of 18 individual 1Mbit
sram chips (9Mbit cards are also avail-
able). Fuji and Toshiba say that
improved compression systems should
eventually increase the number of
stored images to 50).

Main drawback to the 1C card system
is its cost — the Fuji system costs over
£20000 and each card is over £2000.
But its supporters say that as memory
prices fall, it will become a viable
commercial system. At the very least,
the 1C system has caused most VFS
supporters to postpone European laun-

T

- e

ION, Canon’s Hi-band-only SVC with RF unit, AC coupler and battery charger.

ches and probably persuaded some
consumers to hold off buying an SVC.
At present. most still video companies
are consigning  their efforts to the
Japanese, American and professional
markets.

Still video applications
By using a still video transceiver, still
images can be sent down telephone
lines around the world. This was used
to good effect during the unrest in
China last year. When the authorities
cut off conventional communication
lines, some photographers sent their

RC70 from
Canon, a compact
autofocus SVC
which can take 20
pictures per
second

876

LLECTRONICS WORLD + WIRELESS WORLD

pictures by telephone. And because
still images can be put into a computer
(Canon’s lon stands for Image On-line
Network). supporters claim it's ideal
for desktop publishing and organisa-
tions that may need to store numerous
images, such as advertisers, the police.
hospitals and businesses.

Outlook

Eighteen months ago. still video was
launched with great fanfare in Japan,
but sales have been disappointing. This
is because there are several drawbacks
to the system. First, despite being
promoted as a television product, users
want hardcopy prints to carry around.
What's more, print quality nowhere
near matches 35mm film, or even 110
film.

Most video printers use ink-jet or
dyc-thermal transfer systems which are
very expensive. NEC recently launched
a “low priced” home video printer
costing £1300, but still video needs a
network of High Street printing shops.
A still video camera just launched in
Japan incorporates a black-and-white
printer and doubtless we'll see the still
video version of the Polaroid camera.

There's no doubt that stll video
faces an uphill struggle to establish
itself on the domestic scene, but then
the Japanese companies like nothing
better than a good challenge. |
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MONITORS

MONOCHROME MONITORS

THIS MONTH'S SPECIALI
There has never been a deal like this onel
)] Brand spanking new & boxed monitors
i from NEC, normally selling at about £1401

reliabllity. 9" green screen composite Input
with etched non-glare screen plus switch-
abie highlow impedance input and output
tor daisy-chalning. 3 front controls and 6 at rear. Standard BNC
sockets. Beautitul high contrast screen and atiractive case with
camying ledge. Perfect as a maln or backup monitor and for
quantity usersl £39.95 each (p) or 5 for £185(g)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
Zenith ZVM-1240-EA brand new & boxed 12" amber flat screen
with optional swivel and fiit base. Sunflex filter with dark tint.
Standard TTL PC compatible. 18 mhz bandwidth. Very aftractive
“state of the art” tapered grey case. Standard 9 pin D plug
{supplied) on 1 metre cord and malns cord lerminated with IEC
connector. 240 volts complete with operations manual. An ab-
solute gift at: £58 (D) 10/£500 (G). Swivel/tilt base £4.95.

Very high resolution, fully cased 14” green or amber screen
monitor with non-glare screen and swivel/tllt base. The very
latest technology at the very lowest pricel Fully compatible and
plug compatible with all 1BM PCs and clones fitted with a high
res Hercules or equivalent cardt Enables superb graphics and
resolution, all at a give away price. Has many extra features
Iincluding aux 4+5 & 12v DC outputs to power atleast 2 disk drives,
If your PC power supply Is geting hotl Supplied BRAND NEW
and boxed. State whether amber or green screen required.
Amber ..........£79 Green ............. £69 ‘E)
Wang green screen 12" chassis monitor with composite video
input. Adjustable for tilt. Requires 12 vdc. Brand new and boxed
In perfect condition. Onty £39 each or 2 tor £75 (F)
Motorola M1000-100 5° black & white compact chassis measur-

COLOUR MONITORS
Decca 16" 80 budget range colour monitor. Features a PIL ube,
beautitul teak style case and guaranteed 80 column resolution,
teatures usually seen only on colour monitors costing 3 times
our pricel Ready to connect to most computers or video outputs.
7542 composite Input with imegral audio amp & speaker. Fully
tested surplus, sold in little or hardly used condition with 30 day
full RTB guarantee. ldeal for use with video recorder or our
Telebox ST, and other audio visual uses. £99(E) VE275(G)

HI-DERNITION COLOUR MONITORS
Brand new Centronic 14" monitor for BM PC and compatibles
at a lower than ever pricel Completely CGA equivalent. Hi-res
Mitsubushi 0.42 dot pitch giving 669 x 507 pixets. Big 28 Mhz
bandwidth. A super monitor in atiractive style moulded case.Full
90 day guaramee. Only £149 (E)
20",22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid state colour
monitors, compiete with composite video 8 sound inputs. Attrac-
tive teak style case. Pertect for Schools,Shops,Disco, Clubs.
In EXCELLENT little used condition with full 90 day guaramee.

20"....£155 22"....£170 26"...£185 "
COMPUTER SYSTEMS

TATUNG PC2000. Big brother of the tamous Einstein. The
TPC2000 Protessional 3 plece system comprises: Quality high
resolution Green 12° monitor. Sculptured 92 key keyboard and
Inth unit comalning ZB0A CPU and all control circuits. PLUS 2
megral TEAC 5.2;%0 track double sided disk drives. Generous
other teatures indude dual 8° IBM format disk drive support.
Seria) and paraliel outgzts_ full expansion port, 64K ram and
ready 1o run software. Supplied complete with CP/M, Wordstar
and Basic. Brand new and covered by our famous 90 dar
guarantee anod backup. Normal price of this unit %sEc)wev £1400
urp

V22 1200 BAUD MODEMS

We got a tremendous buy on further stocks of this lar
Master Systems 2/12 microproces sor controlied V22 full duplex
1200 baud modem - we can now bring them to you at half Iset
advertised price! Fully BT oved unit, provides standard
V22 high speed data comm, which at 120 , can save your
phone bill and connect ime by a staggering 76%! Ultra slim 45
mm high. Full teatured with LED status indicators and remote
emor dlagnostics. Sync or Async use; speech or data switching,
bullt n 240v mains supply and 2 wire connection to BT. Units
are in used but good condition. Ful‘lblested prior despatch, with
data and a full 30 day guaramtee. What more can you ask for -
and af this pricell ONLY £69 (D)

THE ORIGINAL SURPLUS WONDERLAND!

These are over-engineered for uitra

ing oniy 11.6H x 12W x 22D. ldeal for CCTV or computer Shugart 800/801 SS refurbished & tested £150.00(E) Femedl G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C)
applications. Accepts standard composite or Indvidual H & V Shugart 851 double sided refurbished & tested  £225.00(E) Famell G24/5S. As above but 24v @ 5a. £65.00(C)
syncs. Needs 12vdc at only 0.8a. Some units may have minor Mitsublshi M2804-63 double sided swiichable

scraen blemishes. Fully tested with 30 day guarantee and full  hard or soft sedOQPzRa:E 'C‘)EW el £250.00(E) COOLING FANS

data. £29.00(C FFE

Fully cased as above in attractive moulded desk sta ) Dual 8" drives with2 megabyte capadty housedin a smart case Pesze .Pod'.y 110 55280 VoNajlor AC, fans.

swivel. Dim 12 x 14.5 x 26cm. m.oo(gi with bullt In power supplyl Only £499.00 (F) 3 inch AC. 112" thick L £ 8.50(8)
JVC 751 ultra compact chassls monitor for 12vdc 0.7a. Dim 11 ldeal as exterior drives! y . 312inch  AC ETRI slimilne.Only 17 thick. £ 9.95(8)
x 14 x 18cm. Simple DIY data induded to convert to composite End of ine purchase 1 Brand new NEC D2246 8" 85 4 Inch AC 110/240v 117 thick. £10.95(B
video Input .Full data. BRAND NEW £65.00(B) megabyle of hard disk storagel Full CPU control and Industry 4 Inch AC 112" thick £ 9.95(8
20" Black & white monitors by Aztek, Cotron & National. All standard SMD imerface. Ultra hi speedtransfer and access time 0 inch Round.3V2 thick. Rotron 110v £10.958)
solid state, fully cased monitors ideal for all types of AV or CCTV  leaves the good old ST506 interface standing. in mint condition 62 mm DC 1" thick No.812 for 6/12v.814 24v. £15.95(A)
applications. Standard composite video Inputs with integral and comes complete with manual. Only........................£399(E) :’L::c':' gg :g: :g:\;n V;rj'c";& g;_.os&(é;
audio amp and speaker. Soidingoodu condition - fully tested -

with 80 oy quarantes goodused peAtyell MAINS SUPPRESSORS & FILTERS RISk s £14.50(8)

———

IBM KEYBOARD DEALS

A replacement or backup keyboard, switchable for IBM PC,
PC-XT or PC-AT.LED's for Caps,Scroil & Num Locks. Standard ANALOG CONVERTERS
84 keyboard layout. Made by NCR for the English 8 US markets. Brand new and boxed Amdek
Absolutely standard. Brand new & boxed with manual and key ADA-200 analog to digital and
template for user slogans on the tfunction keys. Attracllve digital t analog converter pack-
beige,grey and cream finish, with the usual retractable legs ed fyll of features: interfaces to
meath. A generous length of curly cord, ierminating inthe ¢ poputar PC's; 2 channel
standard 5 pin DIN plug. A beautiful clean piece of manutac- input & output by sof'tware Selac-

wrers surplus. What a deall 8) SE175 (D) 5, Insegral Inputoutput fiters and address decoder; input
Brand new and boxed 84 key PC/XT type keyboardsin standard pre-amo; over-level detecter; trigger signal detecter drcuit;
IBM grey with very attractive mottied finish and "dicky” solid feel expansion avallabllity and more. input level 25mv to 50v p-p.
keys. 10 function keys on side. Englishlayout and £ sign. Green Max. sampling frequency Is 44khz and Input gain variabie to
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5£135 (D) 200 imes. Designed for use with almost any personal com-

CALL FOR DISCOUNTS ON HIGHER QUANTITIES! puter, zllowing conversion of analog signals to digital data for
. - = ot — processing by the computer plus conversion back to analog

FLOPPY D'SK DR'VES signals. The 26 page manual supplied includes data on the
BARGAINS GALORE !

comect connection to various CPU’s Including the 8080, Z-80,
6800, 6502 and 6809 tamilies plus data and schematics foruser
NEW 54 inch from £29.951 modification of VO filter cut-oft frequencies. Complete with 50
Massive purchases of standard 514" drives enables us to way ribdon cable and edge connector to go to the computer and
presem prime product at industry beating low prices! All units power cable. All for a fraction of the regular pricel  £49.95 (C)
(unless stated) are removed from often brand new equipmem
POWER SUPPLIES

and are tully tested,aligned and shi to you with a 90 day
guarantee and operate from +5 & +12vdc, are of standard size 5 o PSUs 220-240vac input and sre BRAND NEW un}

and accept the standard 34 way connector.

ANALOG to DIGITAL and DIGITAL to

SHUGAHT SA405. BRAND Ni £29.95( stated. Ibnylypearangig from 3v to 10kv always In stock.
TANDON TM100-2A IBM compatible DS £39.95( Fine a’-8619.20 w_al!s swn.ch mode. +5v @ 2a. +12v @ 0.1a,
TANDON TM101-4 80 Track DS £49.95(C) -12v@ 0.1a. 5" x 3" x 1-1/2". £15.95(B)

CANON,TEC etc.OS half height.State 40 or 80T £79.00(C) Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
TEAC FD-55-F.40-80 DS half height. BRAND NEW £79.00(C) 2a. -12v @ 0.1a. 6-1/4" x 4" x 1-3/4". £18.95(B)
315 INCH BRAND NEW AT £19.95!1 Greendale 19ABOE 60 watls switch mode.+5v @ 6a,412v @

Never before seen price for a 312" drive. Standard size believed 1a.215v @ 1a. RFE and fully tested. 11 x 20 x5.5cms. £24.95(C)
1o be by Canon. Brand new and packaged - mint conditioni 40 Conver AC130. 130 watt hi-grade VDE spec.Switch mode. +6v
track SS, run from +5 & +12vdc with standard power connec- @ 15a,-5v @ 1a,112v @ 6a.27 x 12.5 x 6.5cms £49.95(C})
tor...Only....... £19.95 or 2 for £34.50(B) Boshert 13090.Switch mode Ideal for drives & system. +5v@
CHOOSE YOUR 8 INCH! 6a, +12v@ 2.5a, -12v@ 0.5a, -5v @ 0.5a. £29 95(B)

Roxburgh SDC 021 2 amp mains RF| filter. Has an exira wide
frequency range of 150 khz to 30 mhz. Can type, solder lug
connection. Quality manutactured to BS 613 standards. Dims
1-1/2°D x 1-3/4"H........... £3.95 or 3 tor £10 (A) 10 for £28 (B}
Roxburgh SOA 013/25. Similar to above rated at 1-1/2 amps.

THE AMAZING TELEBOX!

Converts your colour monitor into a
_ QUAUTY COLOUR TVIt

Dims 1-1/2"Dx 1-3/4°H....£3.25 or 3 for £8.50 (A) 10 for £25(B) 3 TV SOUND
Suppression Devices SO5 A10. Extra compact general pur- & VIDEO
pose suppressor. Plastic moulded case with single boit fixing o TUNER!

and snap connectors. Rated at 230 vac 5 amps. Dims 1-3/41L

X 1-1/8°W x &8 H........ £2.05 or 3 for £10 (A) 10 for £28 (B) Branc new high quallty, fully cased, 7 channel UHF PAL TV tuner

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR

Belling-Lee type L2127 3 amp mains RFI fiters. Has a bulltin
mains cable (English coding), and a three pin miniature non-re-
versible socket and a mating plug, to go to the equipment. idezl
tor those who are bugged by RF imerference. Very compact.
Dirms 3-1/8" x2.6" x 1.5%. .. ...£3.95 esch or 3 for £10 (A

RECHARGEABLE BATTERIES

LEAD ACID
Maeintenance free secaled long lite. Type A300
12 voits 12 volts 3 amp/hours £13.95(A
6 volts 6 volts3 am, rs £ 9.95(A
12 volts Centre 1.8 amp hours. RFE. £ 5.05(A
12 voits 12 volts 24 amp hours. A200. RFE. £29.00(B,
NICKEL CADMIUM
Quality 12v 4ah cell pack. Originally made for the Technicoloior
video company. Cortalns 10 GE top quality D nicad cells In a

smart robust case with a DC output connector. ideal 1o£ronabie
equipment. Brand new. 9.95(8)
Ex-equipment NICAD cells by GE. Remowved from equipment
and in good, used condition: D size 4ah 4 for £58)
F size 7ah 6 for £8(0

SPECIAL INTEREST

Advance 6120 7 pin A3 plotier HPGL. New £425
Trio 0-18 vdc bench PSU. 30 amps. New £ 470
DEC VAX11/750 inc. 2 Meg Ram DZ and ull

documentation, in brand new condition £3600
OEC VAX Station 100 £295
DEC LS/02 CPU board £ 150
Calcomp 1036 large drum 3 pen plotter £ 650
Thuriby LA 1608 logic analyser £ 375
1.5kw 115v 60hz power source £ 950
Tektronics R140 NTSC TV test signal standard. £ 875
Sony KTX 1000 Videotex system - brand new £ 790
ADDS 2020 VDU terminals - brand new £ 225
Sekonic SO 150H 18 channel Hybrid recorder £2000
Trend 1-8-1 Data transmission test set £ 525
Kenwood DA-3501 laser pickup simulator £ 350
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MAIL ORDER & OFFICES
Open Mon-Fri 9.00-5.30

Dept WW, 32 Blggin Way,
Upper Norwood,
London SE19 3XF.

ALWAYS AVAILABLE - CALL NOWI

system. Unit simply connects to your TV aerial socketand colour
v&o monitortuming same Ino a fabulous colour TV. Dont worry
If your monitor does it have sound, the TELEBOX even has an
Integral audio amp for driving a speaker plus an auxillary ou?u'
for Headphones or Hi Fl system etc. Many other features: LED
Status indicator, Smart mouided case, Mains powered, Bullt to
BS safely s. Many other uses for TV sound or video etc.
Suppéed Bl D NEW with tull 1 year guaramee.

Tebstox ST for composlie video input monitors..
Telsbox STL as ST but with Integral speake!

T RGB fof a e
Wsu" ’or%m)r
overseas version piease call. SECAM/NT SC not available.

BRAND NEW PRINTERS

TEC Starwriter Model FP1500-25 dalsywheel printer renowned
for its reliability. Diablo gpe primt mechanism gives superb
registration and quallty. On board microprocessor gives full
Diabk/Qume command capability. Seral RS-232C with tull
handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
cpl In Pica, 163 In Eiite. Friction or tractor teed. Full ASCII
Including € sign. Fort and ribbon Diablo compatible........ E199(E)
DEDD miniature ball point pen prirer plotter mechanism
with Wil 40 characters per line. Complete with data sheet which
Includes drcuit dlagrarms for simpie driver electronics......£48(B)
Centronics 150 series. Always known for their reiiabilty In
comiwous use - real workhorses In any environment. Fast 150
cps with 4 forts and cholce of interfaces at a fantastic pricet
1584 Serial up t0 9.5 paper, fan fold tractor...............E 99.00(E)
1504 Serial up to 9.5 paper, tractor, roll or s/sheet.... £129.00(
152-2 parallel up to 14.5" paper, tractor or /sheet.....£149.00(

CALL FOR THE MANY OTHERS IN STOCK.

Visit our Shop - Technical help always on hand
plus many un-advertised specials. You can buy a

colour television for as little as £29! Come and
join the gang at 215 Whitehorse Lane!

LONDON SHOP
100's of bargains!
Open Mon-Sat 9-5.30

DISTEL © The

215 Whitehorse Lane;
South Norwood,
London, SE25.

standard Conditions of Sale and uréess otherwise stated guararteed for 30 days. All guararess on a retum o base basis We reserve the right fo change prices & specifications
without prior notice. Orders accepted subject to stock Quatations withngly given for higher quantibes than those stated. Bulk surplus always required for cash.

Free dlal-up database!
1000’8 of tems+info On Line

300 bd 081-679-1888,
1200/75 bd 081-679-3183,
200/1200 bc 081-679-8763
| AR prices for UK Mamland. UK customers add 15% VAT to TOTAL order amourt. Mmimum order £10. PO orders from Goverrment. Universties, Schools & Local Authorities
welcome-minmum accourt order £25. Carriage charges (A)=£2.00. (B)=£4.50. (C}=£8.50. (D)=£10.00 (E)=£12.00 (F)=£17.00 {G)=Cafl . Al goods suppled subject to our

Orlgina ALL ENQUIRIES

081-679-4414

Fax-081-679-1927
Telex- 894502

CIRCLE NO. 109 ON REPLY CARD



@ HITACHI OSCILLOSCOPES from £319

The highest quality. The Hitachi name is synonomous with quality
and reliability and is backed by an extended warranty on every model

The keenest pricing. With prices starting from £319 - VAT tor a 20MHz
dual trace model, the price-performance ratio can not be bettered

The largest range. Totalling 26 models the Hitachi range covers every
bandwidth from 20MHz to 200MHz plus DSOs to 200MS/s

And immediate delivery. We can supply any model from stock. Our
sales engineers can arrange an on-site demonstration. Ask for full
details of the Hitachi range

Thurlby

Thurlby-Thandar Ltd., Glehe Road, Huntingdon, Cambs. Tel: {(0480) 412451
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It you already have an oscilloscope and are looking for a high
performance DSO, look at the DSA511 and DSA524 digital
storage adaptors. Both offer exceptional performance and
versatility at very low cost — from £445

® 10MS/s or 20MS/s sample rate, 1K or 4K stores
® 20MHz or 35MHz storage bandwidth

¢ Dual Channels, 2mV per division sensitivity

¢ Full digital control and waveform transfer

® Multiple save memories, waveform processing,

There's much more to say, so send for the full data

Thurlby

Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: (0480) 412451
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MQP SERIES Il NOW
C_""’gt&',‘a ';‘,ff.ac:‘l’,",g,';'.‘ PROGRAMS MORE DEVICES

¢ STILL from only £195!

¢ Up and running in
minutes

¢ High speed algorithms

¢ Low cost upgrades

® 12 Month Guarantee

¢ 2 & 4Mb devices

¢ 8-pin serial EEPROMs
(X2402, 9306 families)

® Programs 24/28/32/40
pin EPROMs, EEPROMs
and Micro-controllers

o Adapters for other devices scheduled for imminent release
include Z8 (both Zilog and SGS), the 68705 family and TI

77C82
o Easy to use menu driven software for MS-DOS included in
Plus a wide range of off-the-shelf products the price with much improved pop up help facility in colour
including: o Uses Serial port so requires no expansion slots - cable
: . . included in price
@ Nine sizes of standard 19" rack cases e : i .
@ et “am’ case oy cept e s Cormma et compliaf s
@ Eight-card 1U Eurocard case !
® Audio, video and data patch panels We also sell Bipolar and Gang Programmers,
@® Rack blanking and ventilation panels EPROM Emulators and Erasers, and a universal
All use the unique IPK _extrusion, giying strength cross-assembler for IBM PCs and compatibles.
and rigidity with no fixing screws in the front Write or phone today for Free Information Pack
panel; cases can be tailored to your requirements. Tel: (0666) 825146 Fax: {0666) 825141
Rack mounting strips, cable trays etc. from stock. MIQP ELECTRONICS
- E-N PARKROAD CENTRE
- [E IPK Broadcast Systems 11 D NIALMESBURY
3 Darwin Close Reading Berks RG2 0TB .ﬂ] WILTS
!p AN Tel: (0734) 311030 Fax: (0734) 313836 )| SN160BX
CIRCLENO. 112 ON REPLY CARD CIRCLE NO. 113 ON REPLY CARD
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Reducing
crossover

distortion

everal disadvantages dog
reduction of crossover distor-
tion in Class B amplifiers
where a separate output tran-
sistor is used for each direction
of current. The classical solution is to
use an amphtied diode — a potentio-
meter with its three terminals con
nected to the three leads of a transistor
as a voltage source hung between
the bases of the two output transistors
As a result, these transistors con-
tinue to operate fairlv well during
crossover. But this arrangement needs
inttial adjustment, which can go wrong,
and the circuit hovers on the brink of
thermal runaway. Preventing runaway
can involve an over-large heat sink.
However betore looking at alternative
methods of reducing crossover distor-
tion we should consider its measure-
ment

Measurement methods
Harmonic analysis is not good
method of displaying crossover distor-
tion, because it conceals the causes
Better results are achieved by filtering
out the fundamental, or by using the
subtraction method.

Michael McLoughlin
presents the
undistorted facts on
why the amplitied
diode has had its day

To use the latter, attenuate the
amplifier output until it 1s reduced to
the size of the input signal. and display
the ditference. For example, in Fig. |
connect Ry to F. find the voltage
difference between A and G. and
multiply by 11 — the amplitier gain.

Whatever method is used, the distor-
tion is more casily revealed it the
output signal is small. So it seems
sensible to take all measurements with
an output signal of 1V peak. (I1V RMS
is a nuwisance on the oscilloscope!)

Fig. 1. Basic Class B amplifier without
the amplified diode. At switch-on A
Jumps to 2.0V and F rises rapidly to
2.7V, leaving quiescent currents as
mnarked (assume a median gain of 300 for
the BC109).
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10kHz seems 10 be a sensible test
frequency, as crossover distortion is |
worse at higher frequencies. At an
alternative of 20kHz many toudspeak-
ers offer an impedance of more than |
twice their nominal figure, reducing
output current and crossover distor- |
tion. So the standard signal for
measurement should be a sinusoidal
output of IV peak at 10kHz. All|
oscillograms in this article follow this
standard. |

Trace A. Unmodified distortion: The |
output from point F (Fig. 2 top trace), |
clearly shows crossover distortion. All
further traces rely on the subtraction
method as described above and for
Fig. 1 this gives trace A. In fact the
crossover distortion of trace A appears ]
with some fundamental, due primarily
to the impertect matching of the
potentiometer (R and Rg) to the
amplifier gain. But the crossover dis-
tortion is easy to pick out and draw,
becuause of its shape and its agreement
in time with the jumps of the top trace.

Top trace i
Trace A A WOmy 2ps |
Trace B ABimv 25 ‘
N

BmV 2us |
Trace D ) ‘
~_ __ImV
02mV jumps +0-3mV 0-5us
spikes
TaceE  § lo3my
TG-SmV‘ 03mv 0-Sps
074,00 N =a
1 1
Truce F |

my o (AT

Fig. 2. Crossover distortion. The
duration of any spike measured at 10% |
of us height is marked in us. The top

trace shows output volts. The other |
traces align in phase.
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Fig. 3. Class B amnplifier with low
crossover distortion (trace E). High gain
in the feedback loop means leads must be
kept short to avoid 4MHZ oscillation; lead
BB is particularly sensitive. The 47n and
2017 also help with stability. While
experimenting display output from F to
check for HF oscillation.

Trace B. Single diode: A voltage jump
of 1.4V or so is needed at DE to effect
crossover. This jump can easily be
halved by inserting a silicon diode
between D and E. halving the amphi-
tude of the crossover distortion.

Trace C. Negative feedback: The nor-
mal way to reduce distortion is to
increase feedback. Remove the feed-
back network Rs-Ry-Cs, and join Tr
emitter directly to  F. This provides
100% voltage feedback to the input
transistor. The voltage gain of the
amplifier is lost, but that is easy to

Fig. 4. Base volts required for collector
current, with a typical BCH)9C. The line
keeps the same slope, but may rise or
lower by up to 10mV with a different
BCH9C, a different type of silicon
transistor, or a 5°C change. Germanium
lowers the line by about 450mV .
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make up with an earlier class A stage.

The logic of the subtraction method
is now easy to follow. [n terms of volts
F should follow A about like a slave;
any difference is the distortion. So
crossover distortion now appears as
change in Tr; Vge. That can be mea-
sured by using a difference amplifier
(AC variety) attached at A and F
(attach its positive input to the left of
F). Result is a ten-fold fall in crossover
distortion.

On trace C the crossover distortion
appears as two spikes. These derive
from capacitor C; in Fig. 1. there to
reduce HF gain, preventing the HF
osciliation that would otherwise occur.
At high frequencies the transistor
detays translate into targe phase lags.
turning negative into positive feed-
back.

With C; in position Tr, base acts like
a virtual earth at HF, so Tr, voltage
gain falls at 6dB per octave

But C; also prevents points DE from
rising rapidly in voltage. Rapid rise at
DE pumps current down through C;
into Tr, base, inhibiting rapid rise at
DE. So Tr, collector is slew-rate
limited by C;. That will delay cross-
over, causing distortion as follows.

Trace D. Reconnecting the 6dB capaci-
tor: Suppose a sinusoidal voltage is
applied at A. and it has risen to 0V.
Now DE should jump upwards
instantly by 0.7V, but because of Cy the
points DE take time to effect that
jump. While the jump is taking place F
stays at OV, but the signal at A con-
tinues 10 slew upwards, causing a grow-
ing error between the volts at A and
those at F. When the jump at DE is
finally completed. the crippling current
flowing down through C; suddenly
stops. The circuit reverts to type, with
F stavishly jumping to the new voltage
at A.

To summarise: a ramping voltage

difference opened up between A and
F. and then was suddenty chopped.
That ditterence is the crossover distor-
tion and explains each spike: a4 ramp
which is suddenly chopped.

On trace C the chopping is slower
than the ramp.

Once the cause has been traced, the
spike can be tackled. Disconnect the
upper end of C; from D, and connect it
instead to F. Normally F follows D
about, so C; upper plate is effectively
connected as before. But during the
crossover jump, F is stationary. The
upper plate of C; no longer follows the
rapid voltage change at Tr, collector
and no disturbing current s now
pumped down through C; which has
been disconnected from the action.

But feedback is also disconnected
during the DE jump, so C; is not
needed to cut HF gain.

Reconnecting C; in this way yields a
further thirty-fold reduction in spike
amplitude.

Trace E. Revised amplifier with the
changes so far proposed yields the
amplitier in Fig. 3. Trace D shows the
behaviour of Tr; Vi during the cycle.
The sinusoid visible is merely the Vy;
needed at Tr; to drive the amplifier
through its signal cycle (see below).

So the crossover distortion for the
modified amphifier can easily be sepa-
rated out. trace E. At this low level a
new type of distortion appears; a
square wave exactly out of phase with
the signal cycle. Remembering that the
influence of a spike is proportional to
its length, then the spikes can now be
ignored. The square wave is the
residual crossover distortion.

To tackle the square wave, its cause
must first be identificd. 1t comes from
transistor Ve, as shown in Fig. 4.
From the formula in Fig. 4 one may
readily deduce in sequence three
results. Firstly. to multiply collector
current by a factor F, the AV needed
on the base is 60 log,, F (60 i1s usually
written for 39. AV is in mV).

For small increases of coltector cur-
rent (F near 1) it then follows that AV
may be calculated instead by assuming
constant Vg and a resistor R=25/I in
series with the emitter. 1 is emitter
current in mA.

Finally deduce that ImV extra on the
base increases Ic by 4%, a rule that
may be used up to about SmV.

The variations listed in Fig. 4 do not
alter the slope ot the line, and there-
tfore have no effect on these tormulae.,
which are quite accurate, of the 2%
variety.

880

ELECTRONICS WORLD + WIRELESS WORL.D  October 1990



DESIGN

To study crossover refer to Fig. 3.
Under quiescent conditions Tr; is on
(to supply Try) so E is at 3.4V, For
crossover E must drop .7V to 2.7V, so
current in R, increases from 5.6mA to
6.3mA which is a 12.5% increase
requiring 3.1mV extra on Tr; base. Tr,
must provide an extra 3.1u¢A to drive
up by 3.1mV the PD across R;, and of
course Tr, base will take an extra
2.3uA (.L7mA/300). Tr, must provide
an extra S.4uA in all, 0.8% of its
present current, requiring 0.2mV step
on its base.

That step of the input signal brings
about crossover, and has no effect on
the output. So the step is lost, duly
appearing as distortion in trace E.

It is not much harder to show that a
total swing of 2mV is needed at Tr,
base to drive the amplifier through the
signal cycle, traces C, D and F. But
note that the battery fell to 7V under
the load. When +1V (the upper peak)
is applied to the speaker. E has risen to
4.4V, s0 2.6mA flows in R,. ImA of
this is needed by Tr; base so Tra passes
just 1.6mA.

Next work out Tr, I max: then use
the F formula . . .

Trace F. Current source: Point E in
Fig. 3 needs to drop .7V for crossover,
and 0.7mA extra from Tr, will produce
that drop in R,.

0 N

£327

Fig. 5. Current source to replace R in
Fig. 3. The left circuit was used, but
right circuit is better when there is
significant dissipation.

But suppose R, is replaced by the
SmA current source shown in Fig. 5.
Then when Tr, I rises quite slowly
from just below SmA to just above
SmA, point E must instantly drop
through 0.7V. The difference between
I and 5mA is base current for the
transistors, and it must now change
from one base to the other. requiring
that 0.7V instant jump at E. Tr,
enforces this rapid jump by extracting
charge from point E.

Previously .7mA change in Tr, cur-
rent was required for crossover. Now

hardly any change in Tr, current is
required, so hardly any voltage will be
required at Tr, base either. and the
square wave of trace E will disappear.

Trace F is the crossover distortion
when the current source of Fig. S is
inserted (C; may need to go to 330pF).
In the figure no jump is apparent but
on the oscilloscope a jump of about
0.01mV can just be seen — a twenty-
fold reduction on trace D. Two small
short spikes are left; the first of these
shows there is a short time when the
circuit stops lifting the output voltage.

A well known type of current source
is the bootstrap, joining BB of Fig. 3 by
a capacitor to the mid point of Rq. But
here that is worse than useless because
during crossover BB voltage is not
moving. Tying the centre tap of R, to
BB would actually impede the voltage
change taking place at that centre tap.
In this type of circuit any current
source should be active.

Aural evaluation
Crossover distortion can most easily be
heard if the signal is a low frequency
sinusoid, say 200Hz, especially if the
distortion can be removed at will by
switching in an amplified diode. But
the real issue is whether it can be heard
on programme material of speech and
music.

Listening quite carefully to 1V peak
speech/music with the circuit of Fig. 1.
reveals a quiet irregular hiss, which
stops when the signal falls silent.

The hiss is more audible when a
solitary male is singing — a low fre-
quency signal can produce more har-
monics within the audio band — but is
less evident when he is talking. The
jumps are at no fixed frequency. With
Fig. 3 no crossover distortion at all
could be heard.

When Fig. 3 is supplied with prog-
ramme material, the 0.2mV steps of
trace E are still visible via the differ-
ence amplifier, bobbing about in an
irregular fashion. But can they be
heard?

Listening to them in isolation, at a
constant repetition rate, at a frequency
to which the ear is sensitive (such as
1kHz, with the speaker connected via
100k to a signal generator delivering
2V p-p square wave at this frequency.
in a quiet room, then the answer is yes
— if one’s ear is within one foot of the
speaker.

But this test is ridiculously severe.
The frequency has been held constant,
the genuine signal which always accom-
panies crossover distortion has been

l ) [
==100p

Sig. gen
10Vpp square 1
1kHz f ) ‘

l

Fig. 6. Audibility test when the 5SmA
current source replaces R,. Components
chosen by experiment to show just the
spikes from trace F of Fig. 2.

10mv Margam
/|20us
mv "1 pws
R4

Lys

Gomv TraceF
’\ IEs

Fig. 7. Crossover distortion. Margam
used an output of 6V peak at 2kHz, and
Quad 405 output was 1V RMS at
13.2kHz. At crossover these signals have
respectively 1.2 and 1.9 times the slew
rate of the standard 1V peak 10kH?z
signal. The above graphs could without
criticism be allowed to exceed trace F by
those factors.

removed, and the ear is unnaturally
close to the speaker.

So for most purposes Fig. 3 might be
sufficient. It already includes two
improvements in the 100% voltage
feedback and reconnected Ci.

If R, is replaced by a current source,
crossover distortion reduces to two
short pulses. (trace F). Pulses of that
shape were simulated by the circuit of
Fig. 6. In a quiet room nothing could
be heard, unless a 2in diameter speaker
was used. and pressed hard against the
ear. Even then the sound was on the
lower limit of audibility. No-one would
hear such sounds at a normal distance
from a speaker, and against the back-
ground of genuine programme mate-
rial.

John Vanderkooy and Stanley Lip-
shitz displayed the crossover distortion
of the Quad 405 current dumping
amplifier, by using the filter method'.
More recently, Eric Margam of Ljubl-
jana has displayed the crossover distor-
tion of a typical class B amplifier, using
the subtraction method?. Their results
are shown in Fig. 7. Taking height and
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duration into account the Quad 405
spikes do 28 times the damage of trace
F, and Margam’s spikes are 167 times
worse. Squaring the amplitudes to
compare power would give much more
spectacular figures.

R, is a menace

Imagine a diode dropped into Fig. |
between D and E. During crossover F
is stationary, and 0.2mV change at A is
required to produce the crossover jump
at DE. The calculation to that effect
appears at first sight unatfected by the
presence of Rs-Ry-C;. In fact Tr, acts
like a transistor of constant Vg with a
resistor of 38() in series with its emit-
ter. But R, is in series with that 38(},
and almost doubles the 0.2mV change
required to effect the crossover jump.
Figure 3 eliminates R,.

Passage to Fig. 3 meant 100% teed-
back of the output voltage. Feedback
could instead be increased by adding a
transistor in the Tr,-Tr, area to
increase loop gain. That is difficult, and
adds components instead of subtracting

them. A third disadvantage is that R,

would be left in position.

It is now possible to say that during
crossover the input impedance tound at
A in Fig. 3 is low, perhaps 11k
(300x380). If turther loss of signal at
crossover (above 0.2mV) is to be
avoided, the output impedance of the
preceding class A amplifier should be
under 1k.

Summary

The crossover distortion found in Fig. |
was improved by dropping in a diode,
using 100% voltage feedback. recon-
necting the 6dB capacitor, and feeding
the gain stage from an active current
source. The middle two suggestions
might seem original. But recent 1C
power amplifiers do seem to reconnect
the 6dB capacitor. They ofter to the
user just one compensation terminal,
with instructions to connect it via a
suitable capacitor to the output ter-
minal. That is just what Fig. 3 would
require, whereas Fig. | requires two
points to be brought out for compensa-
tion.

In any event, it might appear that the

amplified diode has had its day. With-
out its aid the tolerably quiet distortion
audible as trace A has been reduced
about 53dB to the level of trace F by a
series of changes that requires just one
more component. Similar improve-
ments could be expected in expanded
versions of Fig. 1. .
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HP 182T 85588 0.1-1500MHz

HP1415/8552A/8554L 1250MHz system
HP141T 8552A/8554B 1250MHz system
HP141T7/8552B/8554B 1250MHz system

£2500
£1750
£2500
£€2750

MARCONI 2370 110MHz £2950
TAKEDA RIKEN TR9305 FFT 100 kHz. GPIB. £2950

IWATSU SM2100 dual-channel 100kHz. Disc drive option fitted. £2000
TEKTRONIX 2710 10kHz — 1.8GHz £5000

201BA synthesized signal generator to 520MHz £2250
2091C/2092C white noise recewverransmitter, pair £1750
2356 2357 level oscillatorlevel meter £1000
2370 spectrum analyser 110MHz £2750
2380/82 400MH2 spectrum analyser £11,000
2431A 200MHz trequency counter €110
2438 (303J) 520MHz universal counter imer £450
2501 RF power meter 0.3W DC-1GHz £150
282BA/2829 digital simulator/analyser £1500
2833 digital in-line monttor £250
2952 mobile rado test set £1500
2870 data communications tester £1000
6460 mictowave power metar with head 6421 €300
6460/1 microwave power meter with head 6423 £350
6056B 2-4GHz signal source £850
OAZB05A PCM regenerator test set £750
TF1245A/1246 Q-Meter and osillator £400
TF20028/2170B 88MH2 signal generator €300
TF2011 FM signal generator 130-180MHz £150
TF2013 FM signal gener ator 800-960MHz £350
TF2120 vanabie phase wavelorm generator £250
TF2162 audio attenuator £100
TF2163S UHF attenuator DC-1GHz 0-142db £325
TF2300 modulation meter €200
TF2300A modulation meter £300
TF23008 modulation meter £400
TF2304 modulation meter, automatic £400
TF2331 distortion meter £150
TF2500 audio frequency power meter £100
TF2600B video voltmeter 1mV-300V tsd £150
TF2807A PCM muttipiex tester £400
TF2905/8 sine squared pulse & bar generator £275
TF2908 blanking & sync mixer £150
TF2910/4 video non-linear distortion analyser £750
TFB93A audio power meter £50
TM4520 inductor set £250

ADRET 7100D 300kHz2-1300MH2 signal generator
ANRITSUMES20A digital transmission analyser
ANRITSU MN9ISD tibre-optic attenuator 0-65db

AVO CB154/5 electrolylic & tant’ cap’ brigge

AVO RM160/3 megohmmaeter

AVO (BPL)RM215L -1 ac/cc breakdown tester 1o 12kV
BRANDENBURG Alpha Il 807R 0-30kV

BRUEL & KJAER 4416 response lest unit

BRUEL & KJAER 2609 measunng amplfier

BRUEL & KJAER 2307 level recorder, 25 & 50db pots
BRUEL & KJAER 2425 voitmeter

FARNELL $SG520 signal generator AMFM 10-520 MH2
FLUKE 80208 handheld DMM £125. 8840A(09) 512DMM
GOULD J3B audio oscillator

IWATSU SM21008 dual-channel spectrum analyser 100kHZ
KEITHLEY 177 microvolt DMM

NATIONAL VP-7750A wow & flutier meter £225
PHILIPS PM5534 standard patiern generator NTSC £2500
PHILIPS PM5565 TV wavetorm monitor £850
PHILIPS PM5545 colour encoder PAL £1000
PHILIPS PMS597 VHF modutators £250, PM5598 UHF £500
PHILIPS PMS5580 |. F. modulator £1000
PHILIPS PM6613 250MHz counter/imer 8 digits £150
PHILIPS PMB202 recorder with 3874/01 temp’ unit £450
RACAL 9081 signal generator 5-520MHz £850
RACAL 9083 2-tone signal generator £250
RACAL 9082H 1.5-520MHz high power sig’ gen’ £1000
RACAL 9084 synthesized signal generator to 104MHz £650
RACAL 9105 RF micro-watimeter 0.02uW-200mwW £250
RACAL 9300 RMS vottmeter-80db + 50 £195
RACAL 9301 RF muili-voltmeter £350
RACAL 9301A RF mitii-voltmeter £450
RACAL 9008 automatic modulation meter £550
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116028 transistor fixture for S-parameter test set
11710 frequency down-converter for 8640B sig ‘gen’
3400A milli-volimeter 10H2-10MHz true RMS £250

3581A audio wave analyser 15Hz-50kHz £1000
382A(P)P-band attenuator 12.4-18GHz 0-50¢b £250
400FLmV-Meter 100uV-300V ts. 20H2-4Mhz £325
4204A decade oscillator 10Hz-1MH-2 €125
4328A milliohmmeter 0.001-100 ohms fsd. £750
4329A high-resistance meter £750
4342A Q-meter 22kHz-70MHz. Q-range 5-1000. £1000
4948A in-circuit transmission impaiment (TIMS) tester £3000
5005B signature multi-meter, programmable £1750
5363B ime-interval probes £1250
5384A 226MHz system frequency counter GPIB £500
62668 power supply 0-40V 0-5A £250
6516A power supply 0-3KV @ 6mA £250
7440A (002) HPIB A4 colorpro plotter £450
7475A (001) RS232 6 pen plotier £750
80138 pulse generator 50MHz dual output £750
8165A tunction generator 1mHz-50MHz GPIB £1500
8327A test set selector £500
8405A vector voltmeter. Voltage & to 1000 MHz £€1250
85044 A transmisstorvretiection test set £750
86B computer £200
8600A digrtal maker generator for 8601A £325
8614A signal generator B0O0OMHZ-2 AGHz £1250
B8620A sweeper main frame & 86218 plug-in units £1500
86222A sweep generator plug-in 10MHz-2. 4GHz £2000
8656A signal generator 0.1-390MHz £2000
8673B synthesized signal generator 2-26 5GHz £15000
B8709A (H17) synchronlzer £500
8954A ranscerver Interface £750

RAOHDE & SCHWARZ SWOF Il videoskop £2000
ROHDE & SCHWARZ PUC instrument computer £850
ROHDE & SCHWARZ UPSF video notse meter £1250
SHIBASOKU 217A/33 SECAM colour bar generator £325
SOUND TECHNOLOGY 1700B iow distortion test set £850
SOUND TECHNOLOGY 1000A FM stereo sig gen Band Il £500
TAKEDA RIKEN TR9305 audio spectrum analyser FFT 0.0025Hz-

100kHz. GPIB option £2950
TEKTRONIX 576 transistor curve tracer £2950
TEKTRONIX $G503, TG501 in TM503 main trame £1200
TEKTRONIX $G502 osciltator, FGS01 in TM503 £395
TEKTRONIX AMS03 current probe emphifier £500
TEKTRONIX 7633/7A26/7B53A/ storage oscilloscope £1250
TEKTRONIX P6019 & 134 current probe & ampier €195
TIME ELECTRONICS 404S mitli-volt source £100
TOA PM-30R RF volt-meter 1mV-10V tsd £250
WILTRON 610C sweep generator 4-18.5GHz £1500
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BUILD YOUR OWN FILM-NET DECODER

CITY SATELLITE SYSTEMS LTD & MONTIQUE CONSUMER ELECTRONICS UK LTD
OFFERS YOU THE OPPORTUNITY TO BUILD YOUR OWN HQ MONTIQUE DA100 SIGNAL
ANALYSER FOR ASTRA SATELLITE TRANSPONDER No. 11.

THIS EXCITING PROJECT INCLUDES:

* FILM-NET MAIN DECODER P.C.B.

* VIDEO PROCESSING VIDEO P.C.B.

* PARTS LIST

* WORKING THEORY AND DETAILED TEST PROCEDURE

+ HQ P.C.B. THROUGH PLATED, SOLDER RESIST, DOUBLE SIDED, COMP IDENT
* DIMENSIONS MAIN P.C.B. 250mm X 125Smm, VIDEQO P.C.B. 110mm X 125mm

ONLY £34.99 4+ P& P POWER SUPPLY EXTRA £7.99, 12V 1 AMP REGULATED.
CONTACT CITY SATELLITE SYSTEMS LTD ON 081-503 5326 OR SEND CHEQUES TO 272
BARKING ROAD, EAST HAM, LONDON E6 1LB. ACCESS, VISA, AMEX AND SHOP CALLERS
WELCOME.

No. 1 INSATELLITETV.

CITY SATELLITE SYSTEMS LTD

081-503 5326
272 Barking Road, East Ham, London E6 1LB

CIRCLE NO. 114 ON REPLY CARD

*SPECIAL Prices are correct st time of prass but may fuctuste. »
QUALITY Plaase phone for firm quotation. V.A T. included.
A1065 2.40 | EF37A 2.45 | PFL200° 2.0 [ 2800U 3.45 | 6CLG 2.75 | 12AT8 195 OrOI a
2293 7.00 | EF39 140 | PLI6 160 | 28010 3.75 | 6Cwa 7.40 | 12ATY 125
A2900 1275 | EFBO 0.86 | PL81 130 | z803u 2115 | 6cxs 460 [ 12407 098
ARS 140 | EFB3 3% |PLB2 0.70 | 29001 950 | 6CYs 115 [ 12867 150
ARP3 148 | EFes 0.90 | PLB3 070 | 1a3 1.90 | 606 250 [ 12848 298 rans rm r
ARP3S 130 | EFBS 148 |PLea 090 | 1L4 095 | 6F6G 290 | 12866 2.40
ATP4 0.90 | EFBY 160 | PLSOS 1.2 | 1Rs 120 |6r6GB 290 | 128074 538
B12H s.30 | EF91 180 | PLsos 200 1:4 120 | 67 290 | 1261 1995 A ‘
cva1 2.40 | EF92 2.5 | PLS09 535 | 155 08s | 6r8G 17 [ 120567 1m0
DAF70 1.7 | EFe5 140 | PL519 585 | 114 075 | 6F12 180 | 12k7GT 198 fs malnu adurerls we are able to offer a range
DAF96 138 E:sg 0.0 | PLBOZ 680 | 1w 125 | eF14 115 | 12k8GT 128 ol qua Ity toroidal and laminated transformers
DET22 3280 | EF163 0.75 | PY80 090 | 2x2A 380 | 6F15 340 [12076T 138
DF92 096 | EF18a 075 | Pvar 075 | 3a8 130 | 617 310 | 12510 128 at highly competitive prices.
DF96 118 | EFerz 075 |Praimo 08 x;: 1w &z 078 | 12507 140 . . -
DHB 115 | EF200 18 |pve 75 1750 | 624 115 |125K7 148 T d I P L t
DL92 1.70 | EM90 086 | Pves 060 | 306 118 | 6F33 1050 | 1250767 220 OI'OI a rlce |s
Oveer 045 | EL32 085 |PYsooA  2.10 | 3E29 2105 | 6FH8 10.00 | 12va 070
Y80 070 | EL34 325 |0Qvozno 596 | 354 170 | 6GA8 065 | 1303 200 .
gszcc 1w |Eae % |oOvayio 7s0 |4gaz  smeo [screa 1% f 1308 050 Quantity prices Exclude VAT & carriage
1 o.00 | ELB2 0.70 | 0Qveazoa 4GY 435 | 6HE 100 | 19405 18
E1148 075 | Ete4 135 2750 | su4G 185 | 6sa 198 | 1963 1150 Ya L L Ry B 0o - 50+ 100+
EA7S 100 | ELBG 148 | QQvos/a0A 5V4G 190 [6sawa 310 | 1566 1038 g i 8. 6.08 5.49 5.10 4.85
EB34 118 | ELs0 175 2080 | 5Y3GT 348 |65 230 | 19HS .00 3 103 9.27 6.80 6.44 5.82 5.41 5.15
EB91 0.60 | EL91 650 | QOV06/40A* 523 495 | 6UBGT 1.00 | 2001 0.80 50 10.96 9.86 7.3 6.85 6.19 5.75 548
EBCII 220 | EL9S 1.00 48.00 | 524G 2.20 | 66 220 } 20€1 1.30 60 11.28 10.15 T.44 7.05 6.37 592 5.64
EBC90 120 | EL504 230 |avow2 7.0 | 6012 080 | ss6w 200 | 20p1 060 80 11.88 10.69 7.84 7.42 6.71 6.24 5.94
EBC9 118 | EL519 7.70 [Qva400 10160 | 6AB7 185 | 69E6C 9.15 | 25L6GT 190 100 12.88 11.59 8.50 8.05 7.28 6.76 6.44
EBF80 075 | ELB21 750 | SPe1 320 | sacy 100 | 6s50C 9.5 [ 252A6 130 120 12.28 195 8.76 8.30 7.50 6.97 6.64
EBF89 080 | E822 1150 | TB205a00 830 { 6AGS 060 | 6JU6 635 | 8542 140 150 14.80 13.39 9.82 9.30 841 781 744
ECS2 065 | ELLOOSE 480 | TT21 47.80 | 6axs 190 | 6K7 220 255 160 15.46 12.91 1020 9.66 8.73 812 7
EC91 520 | EmB0 150 | 1722 45.00 | 6AKS 265 | 6x0e 1375 | 5728 56.35 225 18.22 16.40 12,03 139 1029 olEr it
EC92 558 | EMs7 285 |Tv-1254  96.30 | 6ALS 060 |6L6 700 | 807 345 200 2018 LTS 95 o8 - - g
ECCBY 128 | Eve1 090 [Tv400a 9420 |salsw 150 Jetecc w0 | 807" 430 fso0 : g 3 1261 1140 1059 1009
ECC2 096 | EY8) 110 |uABCao  0.75 | sAMS 650 |6LEGTC 290 [811A 1350 26.52 23.87 1750 1857 1498 192 1326
ECC&3 150 | Evees7 075 | uBFeo 095 | 6ame 1.60 | 6L18 0.70 | 8124 32.00 500 26.88 24.19 17.74 1680 1519 1411 13.44
ECC84 0.80 | Eve8 0.65 | UBF89 0.95 | 6ANBA 3.0 | 6LD20 0.70 {813 2850 625 30.06 27.05 19.84 18.79 16.98 15.78 15.03
ECC8S  0.75 | E280 000 Juccss o088 |saas 1.7 | 6L06 215 | 813° .00 750 38.42 34.58 2536 2401 7 2047 19
ECCB8 128 | €281 0.00 070 |sa0sw 290 | 807G 150 | 8298 15.00 800 43.96 39.56 29.01 2748 2484 2308 2198
ECC189 120 | GM4 1106 |UCHe2 460 | 6ASS 1.15 | 6sA7® 100 8298 2400 1000 53.54 48.19 35.34 3346 3025 26191 2677
0.5 | GNa 630 fUCHBT 075 |6ASIG 498 | 6SG? 100 | 8see 1495 1200 59.08 5317 1899 3692 3338 3102 2954
ECF80 125 | GYsor 150 [uCLB2 1.0 | 6AUE 090 | 6547 250 | 9314 e 1500 68,62 6194 42 4301 3888 313 3441
ECF82 180 | G232 200 |UFar 195 | 6axaGT 130 | 65K7 18 |a21a° 260 2000 2412 7571 5552 s2ssliRarss N s B2
ECFBO2 180 | G233 420 |UFso 160 | 6AXSGT 130 | 6SL7GT 435 | 954 110 2500 5 o8 08 g FHE g 08
ECFBO4 4350 | G234 200 |uFes 148 | 68A6 175 | 6SN7GT 438 |55 110 : .57 .7 6213 5773 5498
ECH3S 275 | GZ37 395 |utes 150 | 68AG® 220 | 6507 320 | 956 120
ECHa2 106 | XT77°° 1610 | UMBO* 2.0 | 68E6 175 | esr? 480 | 6080 196 These prices are for single primary with two equal secondarie with 8' colour coded fly leads.
ECHB1 128 | Mx12001 2950 |umsa 1.30 | 68E6 220 [ 6veGTY 150 | €080 7.30
ECH84 090 | N7 990 |Uvs2 116 | 68G6G 265 | 6x4 150 | 6136 290 Available from stock in the following voitages: 6-0-6, 9-0-9, 12-0-12, 15-0-15,
ECLB0 0.7 | 0B2 1.70 |uves 0.05 | 686 1.75 | 6X5GT 0.75 | 61468 10.50 18-0-18, 22-0-22, 25-0-25, 30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-
ECL82 0.95 | PCLB2 095 |VR10530 2.75 [ 6BQ7A 395 | 6Y6G 280 | 63364 3338 Primary 240 volt 35, 4 5. 50,110, 220, 240.
ECL8S  0.95 | PCLB4 085 |VR15030 275 | 68R7 amo | 624 1.75 | 9001 140 g
ECLB6* 120 | PCLO6 0.00 | xe6 496 | sBwe 610 | 724 190 | 9002 650
ECLLBO0 1750 | PCLOOS/BS 0.9 |YL1210 1150 |6BW7 150 | 908 215 | 9003 850 A’ .
EFS 390 | PDS0OBI0 S.60 |Z749 075 |6ce 120 | 11€2 1950 .
EF22 30 lpFL200 1.0 12759 1790 | 6cH8 750 | 1288° 350
VALVES AND TRANSISTORS NEW HEADSETS with busttan microphones I '"K
CAROL HP-339M st £10.
azu: TELEPMONE, CABLE TYPRE D10 41 icroph .
me“w'g J'gz:;ucl.lnmn-lcuu :l:mno:mp ::ml: phonclmplIGOOohml
|0-In.MA N SWATCH. n work with 8¢ inelmp 41 ms. Microphone imp at 200 H H
f eto teleph ohm:
ST S L SLrplus VIDICON PE211 and others at £18.00. Air Lin« Transtormers
POSTAGE AND PACKING CHARGES: (1-£3.75p, £3.05.95 (5-£10 £1.15. £10.15 €140, €15.20 £2.00 P : : .
Gowr £30 bt botow Zhg [365 over 2kg s Coui Unit 6, The Maltings, Station Road, Sawbridgeworth, Herts.
COLOMOR (ELECTRONICS LTD.) 170 Goldhawk Rd, London W12 Tel:0279724425 Fax:0279726379
Tel: 081-743 0899 Fax: 081-749 3934. Open Monday to Friday 9 a.m - 5.30 p.m.
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- Audio filter
eliminates 5kHz
whistle on HF

i This filter completely eliminates the
SkHz adjacent-channel whistle on short
waves.

Reducing the audio or RF bandwidth
will have the desired effect, but pro-
duces frequency distortion: synchro-
nous detectors can help when there 1s
an interfering channel on one side of
the carriecr only.

The ftilter has three sections: low-

| pass, high-pass and twin-tee notch. The
low-pass section is a Sallen and Key
filter with deliberately poor damping,
so that it boosts the gain at about 3kHz,
where the twin-tee would otherwise

| impose too much attenuation. Overall
response is tlat to within 6dB from
about 200Hz to 3kHz. On the graph,
0dB represents the gain at 500Hz;
actual system gain is 3.
Michael A. Covinglon
Athens
Georgia

USA

.
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This arrangement affords electronic
control of the well known triangular-
wave generator in which a capacitor is
alternately charged and discharged at
constant current

Figure 1 shows the proposed circuit,
in which an operational transconduct-
ance amplifier (OTA) varies the cur-
rent into A;. For an ideal OTA
frequency of oscillation is given by
f,=gm(Ry/4R\C), where g,=1p/2V,
Iz being the bias current of the OTA
|| and Vi the voltage equivalent of
temperature ( ~25mV at 300K). Sub-
Stituting, fo=IBR2/(8VTR|C).

The macromodel of the OTA’s bias
current input port shown in Fig. 2
indicates that Ig=(Vg+V—-Vp)/Ry,
| | where Vy is the control voltage, so that
| | the frequency of the triangular wave at
X and of the square wave obtained at Y
are linearly proportional to both con-
trol current Iz and control voltage Vp.
Figure 3 shows results obtained using
the CA3080 OTA and 741s.
Muhammad Taher Abuelma’atti
| | Fatheya Abdullah Hassan
University of Bahrain

Controllable triangle/square generator
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SCHEMA Il schematic capture
SCHEMA SUSIE /ogic simulator
SCHEMA PLD pld design/selection
SCHEMA PCB board layout & routing

30 DAY GUARANTEE - SITE LICENSE AVAILABLE

NEW DIMENSIONS

. INCAE

Over 15,000 engineers around the world use

. SCHEMA CAE products to improve their PC
= Board, ASICs and PLD designs. Why?

2 There is no more comprehensive or

cost effective software available

for the PC. Call today for your

FREE demo disk and see for yourself
how SCHEMA can increase productivity in

design and manufacturing.

FREE DEMO DISKS

)

OMATION

Represented by: AUTOMETRIX U.K.
Phone: 0672-63650 Fax: 0672-63417

CIRCLENO. 117 ON REPLY CARD

E HAVE THE WIDEST CHOICE OF USED QT I3 INne JEVTES (]

W
T2 iver Bridge 8
OSCILLOSCCPES INTHE COUNTRY ___ britGrh iy v oo Pt i

TEKTROMIX 2445 Fout Trace 150MHZ Dual TB £1200
TEKTRONIX 2245A Four Tra:e 100MH! Dual T8 £1000
TEKTROMIX 2235 Dual Trace 100MH/ Delay Sweep £650
TEKTRONIX 2215 Dual Trace 60MHZ Deiay Sweep £450
TEKTRONIX 475 Dual Trace 200MH] Delay Sweep £550

TEKTRONIX 465 Dual Trace 100MHZ Deiay Sweep £450
HP. 17228 Dual Trace 27 MH] Delay Smen S| Fundlon LED Dls‘nlaa
t]

for Real Time Measurement 1

HP. 17404 Dual Trace 100MHZ Delay Sweep Trig £350
PHILIPS PM 3217 Dual Trace S0MH7 Delay Sweep £400
TELEQUIPMENT D83 Dual Trace S0MHZ Delay Sweep £300
TELEQUIPMENT D755 Duat Trace SOMHZ Delay Sweep £250
GOULD 053000 Dual Trace 40MHZ Delay Sweep TV Trig £250

GOULD 051100 Dual Trace JOMHZ TV Tng £120
GOULD 05300 Dual Trace 20MH2

GOULD 052508 Dual Trace 35MHZ TV Trig €161
COSSOR CDU150 Dual Trace 35MH2 Delay Sweep  from £100- usn
S.E. Labs SMI11 Dual Traze 18MHZ £130
TEKTRONIX 2210 Digital Storage Oual Trace 50MHJ (20MS's.
Sampiing Rate) As New £1150
GOULD 4035 Digital Storage Duat Trace 20MHZ
GOULD 054020 Digital Stecage Dual Trace 10MH/
GOULD 054000 Digital Sterage Oual Trace 10MHI

THIS IS JUST A SAMPLE — MANY QTHERS AVAILABLE

HP. 81124 Programmable Pulse Generator SOMHZ £1500

BRADLEY Oscilloscope Calibrator 192 with Cal Cert. £800
DATRON 1061 Auto Cal DMM True RMS etc £650
SOLARTRON 7075 DVM up to 742 digit. AC/RMS/OC/OHM £700
R & S SWOB4 (Sweep Gen with display) 0.1-1000MH2 £750
MARCONI TF2008 AM/FM 10KHZ-510MHZ Sig Gen 450
MARCON! TF2015 AMFM 10-520MHZ Sig Gen with TF2171 £400

MARCONI TF2015 without Synchromiser TF2171 250

MARCONI TF2016 AM/FM 10KHZ-120MHI Sig Gen with TF2173 UED
MARCONI TF2016 without Synchroniser TF2173

£250
trom £125

FULL SPECTRUM
MONITORIN

MARCON) MOD Meters TF2300, TF2300t . TF2303
MARCONI TF2603 RF MiHivolm:ter 50KHZ-1 SGHZ
MARCONI TF2430 Orgital Freq Counter OHI BOMHZ €60
MARCONI TF1 152/1 RF Power Weter S00MHZ 10/25W, S0ohm  £25
MARCONI TF893A AF Power Meter 20HZ-35KHZ_ 2(mW -1 0W tZlI
RACAL 9915 Freq Counter 10520MH7 Crystal Over £150
FARNELL PSU H30/100 030V 01004
UNINTERRUPTED Power Suppls type RBSAC S00VA

trom £100
3

>

AY0 8 MULTIMETERS
6000 WORKING ORDER — PAYSICALLY NOT BRELLIANT {
SUPPLIED WITH BATTERIES & LEADS OMLY £30
ALL OTHER MOOELS AVAILABLE

LEADER LMV186A Two Ch Mymeter SM.S’JOKNI Imy-300v €100
KIKUSU! AVM23 AC Voitmeter Dual Ch §0HZ-500KHZ

[3F]
soumo« 045 Multimeter 412 dig 30range: AtoMan £95
FARNELL Pulse Gen System 1HZ-10KH: Single/Dautle €40
LOGIC PROBE type 330004 TI/CMOS (8P £3) 1

Large range of BENCH POWER. SUPPLIES availabl:

XY PLOTTERS Vatious models trom £25-

from £40

£400

SOME BRUEL & WOER EQUIPMENT
ALWAYS AVAILABLE. PLEASE ENQUIRE

|

MARCONI TF2356/2357 Level (sc/Meter 20MHZ the pair £!50

HP. 8620C Sweeper Main Frame (Plug-ins available} £1000

LEADER LYS5851A Yectorscope £600
TEXTRONIX 491 SPEC ANALYSER |.5-12.4GHZ trom £1000-£1400
SYSTRON DONNER 1702 Sig Gen 100H7- 1GHZ £950
POLARAD Sig Gen type | 1058 0.8-2 4GH/ £500
POLARAD SugGeﬂmeIIOGBll 4.6GHZ £500
POUARAD Sig Gen type 12074 3.7-8.4GH £500
POLARAD Sig Gen 120JA with 1509 Freq Doubles £750

POLARAD Sig Gen 12084 6.9511GHZ £500

POLARAD Sig Gen 120BA with 1510 Freq Doubler £750
TEKTRONIX TM504 with PG506/SG503/TG501 £2250
RACAL STORE 14DS 14 Channel Magnetic Tape Recorder £2000
RACAL 9081 Synthesized Sig Gen 5-520MHZ 650
RACAL 9009 Mod Meter 10MHZ-1 5GH! £350
RACAL 9301 RMS Yolimzter 10KHZ-1.5GHZ £250
TIME 2004 DC Voltage Standard 0.005% £450
SOLATRON 7150 Digital Multimeter 6%2 digit £300
AVO Valve Characteristic Meter VCM163 from £250-£350
FERROGRAPH RTS2 Recorder Test Set trom from £200
THURLBY PLI20MD Twize 30V 2A. Quad Mod. Digital £200

LEVELL TM3B AC Microvoltmeter IHZ3MHZ: Su¥-500¥

LEVELL Oscallator TG152 3HZ-300MH] Sine/Sq trom £55
LEVELL Oscittator TG150M | 5K7- 1S0RHZ sine Wave 20
LEVELL Decade Osc TF66A 0 2HZ- | 22MH2. Low dist  tom €35
HAMEG OSCILLOSCOPE HM 1005 Tripte Trace |00MHz

Delay Timebase £792
HAMEG OSCIHOSCOP’[ HM604 Duel Trace GOMH2

Delay Swee, £610
HAM[G DSCIuOSCOP[ HM203. 7 Duel Trace 20MHz

Component Tes! £330
HAMEG OSCIlLOSCOP[ HM205 3 Due! Trace 20MH7

Digrtal Storage 610

Al other models available - all oscilloscopes supolied with 2
probes

BLACK STAR EQUIPMERT (PAP all unts £5)

APOLLO 10 100MH; Ratro Peniod Time interval exc €222
APOLLO 100 100MH: (As abive with nore tunct ons £295
METEOR 100 FREQUENCY COUNTER OOMH £109
METEOR 600 FREQUENCY COUNTER 600MH; £135
METEDR 1000 FREQUENCY JOUNTER 1GHz (n
JUPITOR 500 FUNCTION GEM O 1Hz-5 JOKHz Sine Sq 0 £
ORION COLOUR BAR GENERATOR Pal TV Video £209
All other Black Star Equipm2nt avail sble

HUNG CHANG OMM 7030 3 figit Hand held 28 ranges

wncluding 10 amp ACDCO | % ACC (F&P £39.50
As above 100 25% £33.50
Carrying cases tor above E300 ea
0SCILLOSCOPE PROBES Swatched X' K10 (PEP 23) mn

O
ICOM

This is a very small sample of stock. SAE or tsiephone for LIST of OVER 700 [TEMS. Ptease chect availability
before ordering. CARRIAGE all units £16. VAT to be added to total o goodt and carrisce.

E;

Tel: 0734 68041

STEWART OF READING
110 WYKEHAM ROAD, READING BERKS RG51PL

=)

x: 0734 351696

Catlers weicomeo 9am to § 300m MON-FRI 4UNTIL 8pm THURS)
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vl ety oy o o The world is at your tingertips with ICOM’s new IC-R9000 radio

communications receiver with continuous all mode, super wideband range
of 100KHz to 1999 .8MHz and a unique CRT display that shows frequencies,
modes, memory contents, operator-entered notes and function menus. The
revolutionary |C-R9000 features IF Shift, IF Notch, a fully adjustable noise
blanker and more. The Direct Digital Synthesiser assures the widest range,
lowest noise and rapid scanning. 1000 multi-function memories store
frequercies, modes, tuning steps and operator notes, Eight scanning modes
include programmable limits, automatic frequency and time-mark storage
of scanned signals, full, restricted or mode-selected memory
scanning priority channel watch, voice-sense scanning and a
selectable width around your tuned frequency.

lecom (UK] Ltd. Tel: 0227 363859. Telex: 965179 ICOM G

N.B. For Wales and the Wast contact:

M.R.S. Communications Ltd. Cardiff. Tel: 0222 224167.

Please send information on lcom products & my nearest lcom dealer. ?

Nome/oddress/postcode:

1 Job Title: Tel:
Il Pos| to lcom (IK) d Dept. WW, FREEPOST, Herne Boy, Ken' CT68BR
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CIRCUIT IDEAS
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Mid-frequency tone control

Adding a mid-frequency section to an
active Baxandall tone control is nor-
mally difficult, and the interleaving of
poles and zeros does not allow a
passive network, particularly one that
is adjustable in frequency. Nesting of
stages increases noise (and expense).

This circuit provides +10dB adjust-
ment in the range 450Hz - 2kHz, at a
constant -3dB bandwidth of 350Hz.
Since P, is grounded, digital control of
the mid range is possible.

Tony M. Manov
Sofia, Bulgaria

“5y
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W7 R A0k 4k7
R, 233k
13
Input
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150n
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Single-chip alarm

One c-mos Schmitt 1C, the CD4584,
generates a “beep” delayed by times |
switchable from 15 seconds to 120
minutes. Alarm audio frequency,
period, duration and delay are all
changeable.

Resistors R-R,,,. C; and IC, provide |
the time delay. The capacitor charges
through D, and the selected resistor
but, since R, is large, IC, input is high '
and therefore IC,, output also high, so
D; is reverse biassed. During this time,
IC, output is high, this level setting 1C,
output low via Dy and, via Ds, IC,
output low. The output of 1C; is low,
cutting off Tr,.

As C, charges past IC, trigger point,
IC, output goes low and IC,.., R,5 and
C, oscillate with a period of Is, since
D, and Ds are reverse-biassed. When
IC, output is low, Led, is off and 1C;
input is clamped at zero volts. When
IC. output goes high, Led, lights and
D, is reversed, so that IC;, R; and Cs
oscillate at 1kHz.

As IC. output goes low, C, dis-
charges through R, and, when the
input voltage of 1C, reaches its lower
trigger point, IC, output stops oscilla-
tion in IC, and IC,. |

When break-before-make switch
SW, is moved, the short open-circuit |
condition is expanded in time by D,
C,. Ry; and IC,, to 5s to discharge C,.
Yongping Xia
West Virginia University
Morgantown |
USA
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S Feedback

TELECOMMUNICATIONS
TRAINING

Feedback offer an extensive range of
Telecommunications equipment.

From basic introduction to Analogue
systems ... to advanced Digital and
Microwave techniques.

Each equipment is supplied with a
comprehensive training manual.

The

complete N EW

Microstrip Trainer

The Feedback MST532 is designed to train
the microwave engineers industry and
education so desperately need.

The system is geared to industrial
application and can also be used for testing
and systems development.

No sophisticated test equipment is required.

For further information on the Microstrip Trainer
and the Feedback Telecommunications range
contact:

M Feedback

Feedback Instruments Limited

Park Rd, Crowborough, E. Sussex, TN6 2QR, England.
Tel: 0892653322, Telex: 95255,  Fax: 0892 663719.
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Radar &
Fibre-Optics
Training Equipment
A full range of professional training

equipment now available from a leading
manufacturer including:

Several of these high quality products have
been winners of the prestigious Worlddidac
awards, Geneva, Switzerland, with our
Radar Trainertaking this years Gold medal.

Contact:

Lab-Volt (UK) Ltd

2 Stephenson Road Industrial Estate
St. Ives, Cambridgeshire PE17 4WJ
Tel: (0480) 300695 Fax: (0480) 61654

[fob- ZO/f ©

— e ———
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CIRCUIT IDEAS

Peak/trough detector for noisy signals

This circuit detects the highest and
lowest points of a periodic waveform.
It copes with noisy signals of varyving
amphitude and period. and DC offsets.
and was originally designed to process
biomedical signals from a respiratory
Sensor.

Amplifiers 1C,,,, in Fig. 1 form
resettable peak and trough detectors,
ICy, 5 buftering the output. Hysteresis
voltages set by the resistor chain are
subtracted IC_ 5., outputs from which
are. —(V,=V,.) and —(V,+V,)

respectively. The output of comparator
1IC,y goes positive when
Vio<(V,= Vi), that of 1C,; poing
positive when V, >(V,+V, _). and the
spike produced by this rising edge
resets the opposite peak detector.
Figure 2 shows circuit action on a
noisy signal. A peak or trough is
accepted as such when the input
changes from its highest or lowest value
by more than the hysteresis voltage,
thereby conferring noise immunity.
Reset pulses occur when V or V are

v
== ____I—__I________t h+

Vin

Fig. 2.

I
|
o
M
| Vi

stable and can be used to clock subse-
quent circuitry.

S. Young

Newmarket

Suttolk

Symmetrical TTL
decade counter

This counter divides the clock fre-
quency by ten, producing a symmet-
rical output. It is synchronous and may
be synchronised using CL, since the
normal sequence includes zero.

16
Clock { 1 3
[T
Synchronize =] ~l
—1Q0 Dof—
00—y Dt p—
1— Q2 Dz
Square wave

[ Q3 D3 I output

The configuration can be generalised
to altow other moduli. Bit n drives LD
which necessarily loads to 1, that and
the bits below it form a prescaler, the
modulus of which can be varied from 2
to 2" '+1. Higher bits are unchanged
by the load operation, forming a binary
counter.

Rob Kirkby

V.
in_{

TLOT4

AN
100k

888

Woodbridge
Sutfolk
<
Reset Vi
Vhe
m &
-12v =
Vh-
Reset Vp
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DON'T MISS THESE
BARGAINS!

500¥ BRIDGE MEGGER developed for G.P 0. techmcians the Ohmeter 18B 1s the modern 2quivalent
of the bridge meggar. 9V battery operated it ing 2 500v for insul testing
and a null balance bridge for very accurate resistance measurement. On the front panel there is a
373" panel meter calibrated in megohms to inf. and a small scale to indicate balance showing
the exact setting of the four controls in the vanable arm of the resistance bndge. Ex B T. in quite
good condition with data&tested. Yours for a fraction of onginal cost €45+ £5 nsured delivery
WHY STAY-BLACK & WHITE We can supply a RGB input, IBM compatible, high resolution colour
monitor with power supply and 1n a black metal case for only £89 50 + £5 insured delivery

TRAVEL MECHANISM goes backwards and forwards, could be used to ammate a display 2r posttion a

device, battery of p.s.u operated, distance of travel 4” and speed of travel depends on applied

voltage 114V very slow 12V max 15 quite last £5.00.

SOUNO SWITCH has countless uses, one could be to control the above travel mech. Signals of 10 Hz

to 20kHz picked up by its electret ke and FET amph ngr amplied to be able to control
'l'Jr amp supplied ready to work from 6Y Price only ’

1el gy TOTOT 1T up (o

EXRERIMENTING WITH VALVES don't spend a fortune on a mains transformer we can suoply one
with s?td.ma 05 10put-ahd-secyoh-260-0-2501 3t 75 mA and 6.3V at 3A price £5.

15Watt 8ohm 8" SPEAKER & 3" TWEETER made for a discontinued Righ qmattty Tusic centre. give
real hi.hi. and for only £4 paw

MANY EXPERIMENTS NEED RELAYS here's your chance to stock up at a bargain price 10 relays all
with different coil voltages. 3V 8V 6V 12V 24v § 48V DC, 230V 110V 48V 24V AC yours for £5 the lot
230V AC from 12V OC inverter kit with trans formers gives 60 watts £16 without transformers gives
15 watts £12

WANT TO EXPERIMENT WITH DISC ORIVE You can have a double sided JAP made model, brand new
for only £10! Why, because it was made tor a very compact umt and consequently uses a smail non
standard disc (We stock these at £2 each) it requires 5V 300mA power supply (we can supply) The
dnve 1s nicely cased and has output and input leads. onginally isted at over £100, 5o 1t's a real
bargain

AODERS & MULTIPLIERS often need high voltage caps We have good stocks of two uselul sizes
awal tubular .33uf at 1000V and upnght pcb mounting 012ufat 2000¥15p each £12 per 100 or
£100 per 1030. your choice of mix

TEN TIME IONISER using transformers and novel circuitry, our ioniser emits at least ten times as
many ions as does any other kit on offer. nor do we know of a ready built model that is as good, you
don't need a tester to see if 1t 1s working (usl bring your hand close to it and feel the stream of neg
10ns. It's a kit complete with case. nothing else to buy yours for £14 50

TWIN 5% OISC ORIVE cased and with internal power supply. Product of a famovs Jap maker this is
IBM XT compatabie 360k double sided - brand new £59.00

ULTRASONIC TRANSMITTER/RECEIVER with Piezo alarm, buit into preformed case. is trggered Ly
movement disturbing reflected signal. intended for burglar alarm, car alarm etc needs shght
modification as ts too sensitive, has many extras time delay. auto reset, secret off device etc. A
£40 instrument yours for £10.

110 WATT POWER SUPPLY ASTEC switch mode. 230V mains input. 38V at 2124 & 3A outputs,
encased and fitted on panel mounting plate with mains input socket and on-off switch made for
use with computers or other top grade equipment. You can have it at a traction of its proper price
Brand new and guaranteed Sample £12 00 post paid - 3000 available & good discount to quantity
buyers

BRUSHLESS 0.C 12V FAM tiny, only 60mm square, good air mover but causes no interference £8 00
2MW LASER Helium Neon by PHILIPS, full spec. £30 power suppty for this in kit form 15 €16 00, or in
larger case to house tube as well £17 00

MAINS 230V FAN best make “PAPST" 414" square, metal blades £8.00

BATTERY MDTORS 12 models in stock in large quantities ranging from tiny model aircratt one at 25p
each to ¥shp made to drive the famous Sinclair C5 car, you ¢an have this at £17 50

SOLAR MOTORS 1Y2-9V precision made to operate from low current off solar cefs £1 50, solar
generator to drive this £7 00, has provision for battery back up when sun 1s not shining!
ELECTRONIC MEGGER & MULTITESTER the megger indicates insulation value to inf. Mc Ititester has
4 ranges AC/DC voits. 3 ranges DC milliamps, 3 ranges resistance and 5 amp range Trese
nstruments are EX British Telecom. but n very good condition. tested and gntd OK. probably cost at
least £50 each. yours for only £7 50 with leads, carrying case £2 00 extra

100 WATT MAINS TRANSFORMER 230V primary. 20v-0-20V at 2% amps secondary made for GPQ a0
to top quality £4.00. 2000 available at quantity discount

COPPER BOARO for making you peb 174 100mm > 2mm thick double sided and brand new 50p
each. £40 per hundred, £350 per thousand

AIR SPACEO TRIMMER CAPS 2-20 pf 1dea for precision tuning ubf circuits 25p each 10 for £2 109
for £15.

1Khz. TONE GENERATOR this 1s PP3 battery operated and has a 1khz output that can te continuous
or interupted at a rate vanabie by a panel mounted control. Also on the front panel are separate
output sockets for monitor or headphones, and a battery condition indicator Constructed on a pcb
and front panel size approx 105> 50mm ex equipment but in as new condition £2 each
0SCILLOSCOPE 301B developed for testing tr lines, 1t makes and disptays pulse echoes
to find shorts and breaks in cable networks, this uses a 3" CRT to display the type of fault and a LCD
to read out the distance from the fault. The instrument is powered by 12V of rechargeabte nicads
located in base and it generates 1.5kv internally It 1s housed in a high impact plactic case size
approx 945" x 9%” x 5% Ex British Telecom in very good condition and working order, £49 50 plus
£5 nsured delvery

FIELO TELEPHONES just nght for building sites, rallies, horse shows etc. just join two dy twin wire
and you have two way calling and talking, and you can join into regular phone hines if you want to
Ex Bntish Telecom in very good condition, powered by batteres (not included) complete in shoulder
slung carmying case. £12.50 each

MAINS ISOLATION TRANSFORMER stops you getting “t0 earth” shocks. 230V 1n and 230V out 150
watt upnght mounting £7.50

Pnces include V.A.T Send cheque/postal order or ning and quote credit card number Add £3 past
and packing. Orders over £25 post free, unless quoted separately

M&B ELECTRICAL
12 Boundary Road, Hove, Sussex BN3 4EH
Telephone (0273) 430380 Fax (0273) 410142

Quality Toroidal
Transformers

A large, standard range of (15-
2000VA) high quality products
are available conforming to
BS415 (EC65) class 2
requirements.
Custom design options
include —

® Audio grade — low noise ................
@ AULOLrANSFOIMETS...o.ooeoesersoen
@ Inverter transformers ............
® Current transformers ..............

@ Metal banding......cc.ccoeevveeeeeninnnnen..

@ Potted CentreS.....ooveeeeeeeeeeeeeiiieannnans

@ Tape SCreens. ....coceecvvvvveevieeeieeiiinans

We also manufacture other
standards including:

EC742,EC601 (BS5724), UL506,
UL544, CSA222

Agents wanted worldwide

ortel 08494 28734
fax 08494 68745

Antrim Transformers Ltd

25 Randalstown Road,

Antrim, Co. Antrim,

N. Ireland BT41 4LD

Contact
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Interfacing with C

An accompanying set of 49 source
code C listings presented with this
series is now available on disk,
price £25.50+VAT. We will shortly
be publishing a book “Interfacing
with C” written by Howard
Hutchings and based on the series,
but containing additional
information on advanced
processing techniques. We are now
| accepting advance orders, price
£14.95.
Prices include post and packaging.
I Please maka cheque or company
order payable to Reed Business
Publishing Group and send to
| Lindsey Gardner, room L301,

Quadrant House, The Quadrant,

Sutton, Surrey SM2 5AS. Credit

card orders can be phoned through
‘ on 081-6561 3614 (mornings only).

INTERFACING |
WITH C

PART 6

After an initial look at digital filtering last

month, Howard Hutchings continues with a

description of the design process for several
types of filter \

To implement the signal-processing
characteristics of the analogue first-
order, low-pass filter described in Fig.
5.8, re-examine the form of the impulse
response h(n). This was simply the
sequence 0.5, 0.25, 0.125, 0.0625, trun-
cated after the fourth term for ease of
calculation. We propose to use the
mathematical models introduced in
Part 3 to describe this behaviour more
completely. The time-domain model of
the impulse response of the filter is

h(t)=0.58(t)+0.258(t-T)
+0.1258(t-2T)+0.06258(t-
3T+ . ..

To establish the complex frequency-
domain model, we must take the
Laplace transform of the impulse
response:

H(s)=0.5+0.25¢*7+0.125¢ >*7
+0.0625¢ ¥ T+ . . .

Finally, using the z-transform to model
the delayed weighted samples, we can
write
H(z)=0.52"+0.252"'+0.125z
+0.062527+ . . .

Recognising that this is an infinite
geometric series, we may express H(z)
in closed form:

H(z)=0.5/(1-0.52"").

This is simply the transfer function
Y(z)/X(z) of the filter in the z-domain.

890

The relationship between the proces-
sed output Y(z) and the input sample
X(z) is given by

Y(z)
Y(z)

X(z) H(z)
0.5X(2)/(1-0.5z"").

Cross-multiplying gives the result:
Y(2)(1-0.52")=0.5X(2). |

So the recurrence relationship describ-
ing the behaviour of the filter is

y(n)=0.5x(n)+0.5y(n—1),
where x(n) is the current input, y(n) |
the current output and y(n—1) the |

previous output. Figure 5.13 shows the |
processing operations.

x(n)

05

Fig. 5.13. The delay element in the
feedback loop retains the weighted
processed output y(n) for one sampling
interval. It then releases it to the
summation element, where it is added
to the current weighted input. To
produce the processed output
y(n)=0.5x(n)+0.5y(n—1)

ELECTRONICS WORLD + WIRELESS WORLD  October 1990



Recursive software
A computer performs calculations such
as these with case. Realising the filter
recursively has the advantage that only

| a finite number of iterations are neces-

sary to process the signal completely,
despite the filter or system being char-
acterised by an infinite impulse

response.

Set
base address

l

Select input
channel (0O-16)

[ Start conversion |
¥
Read
a-to—d converter
4
| Compute y(n) |
Output

a—to—d converter

L

Fig. 5.14. Flow-chart for recursive
realisation of low-pass digital filter.

Listing 5.2. Low-pass digital filter.

IS 222222222 RERRRRRRERRZARAREARE R D)
* LOW-PASS DIGITAL FILTER »
* y(n) = 0.5x(n) + 0.5y(n—1) .
LR AR SRR R R R R R R R AR EE R EERRRSRSR S .’
#include<stdio.h>

#include<conio.h>

#define BASE 768

maih()

{

unsigned int contents,output,old_output;
outp(BASE, 1);

[ — ~— —
SELECT /P CHANNEL
B —— _——— —— ./
start:.outp(BASE + 2,0);

[ — _—
START CONVERSION

B —————— L
contents = inp(BASE + 2);

/»

READ /P PORT

B )
contents = 0.5 » contents;

output = contents + old_output;

Outp(BASE + 4,output);

old—output = 0.5 » output;

[o
RECURRENCE RELATIONSHIP
y(n) = 0.5+ x(n) + 0.5+ y(n—1)

)

goto start;

)

October 1990

Using Listing 5.2 in conjunction with
the signal-processing system shown in
Fig. 5.1 produces a real-time low-pass
digital filter, which samples every
160us. Figure 5.15 shows the cffect of
processing a square wave of frequency
250Hz.

Comparing the processed output
y(n) obtained by recurrence with that
obtained by using convolution indicates
a certan lack of correlation after the
fourth term. these retatively small
numerical inconsistencies being due. in
this case, to the truncated impulse
response.  However, this  theoretical
example serves as a useful illustration,
identitying a few of the practical
hazards inherent in finite word arith-
metic.

When the signal and multiplier coct-
ficients are represented in terms of
binary digits, any numerical processing
is likely to be subject to error. A
principal source of inaccuracy is the
integer output of the A-to-D converter,
which may be in error by as much as
+0.2% of full-scale for an 8-bit conver-
ter. Clearly. 12-bit and 16-bit devices
will improve any quantisation crror,
possibly at the expense of conversion
time.

Potentially more hazardous is the
inaccurate specification of the coef-
ficients of recursive filters. where
roundmg errors may result in the sys-
tem  poles moving outside the unit
circle. resulting in instability and a
badly behaved system. An acceptable
approach is to specify multiplier coef-
ticients to four or five decimal figures.
Exceeding the dynamic range of the
system will result in non-linear proces-
sing, a confused output and a collapse
of the digital filter.

Poles and zeros

When the current output depends on
past output samples in addition to
current and past input samples, the
filter is termed recursive. A digital filter
may be realised in recursive form
whenever  the  transfer  function  has
poles at locations other than the origin
of the z-plane. As we have seen, such a
filter is characterised by an impulse
response that contains an infinite num-
ber of terms. The recurrence rela-
tionship

y(n)=Ax(n)+By(n—1)

provides a useful recursive method of
implementing a simple low-pass filter.
To gain greater insight into the
behaviour of the system it is necessary
to augment our mathematical toolkit

ELECTRONICS WORLD+WIRELESS WORLD
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Fig. 5.15. Oscilloscope display of
square-wave input to A-to-D at 250Hz
and output from D-to-A. Sampling
interval 160us.

and exploit the concept of poles and

zeros already hinted at under the guise |
of transforms.

Z-domain model. The characteristics of

a lincar digital system may be described

in terms of the transfer function H(z). |
It is a general property of such systems

that there are certain values of the |
complex variable z which make H(z)

tend to infinity, and values of z that |
make 1H(z) zero. These values are |
known respectively as the poles and

2CTOS.

Poles and zeros represent critical
tfrequencies where something dramatic
happens to the transfer function: as a
result of poles and zeros, the function
changes as z varies. Unfortunately, |
cannot justify this statement without
reference to a bookcase of relatively
advanced mathematical text  books,
which is not my intention. However, if
you are prepared to accept this in good
taith, then what follows will provide a
reasonable insight into the frequency
response of digital filters.

Neo real system can have more zeros
than poles. To ensure that the system
remains  stable, the designer must
ensure that the poles are located on., or
preferably inside, the unit circle.
Clearly, the locations of the poles and
zeros dictate the behaviour of  the
system. In an attempt to dispel this fog
of mathematical abstraction, consider
what we already know. To model time
advances or delays it is expedient to use
the operator z. Applying the operator
to the advertised recurrence rela-
tionship, we may write

Y{z)=AX(2)+Bz 'Y(2).

So the transfer function H(z) can be
expressed as |

H(2)=Y (z)/X(2)=Az(z—-B).
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+1 Imz
z-plane

Rez
+1

-1

By inspection, the system has a
single pole at z=B. together with a zero
at the origin. Some perception of these
rather evocative terms may be gained
by plotting the magnitude of H(z). so
that it describes a surface. We do not
propose to plot all the values. but
rather to focus our attention on the
value of z which makes H(z) infinite —
the pole. Visualise a rubber shect
stretched over the z-plane; when z=B
the surface goes shooting off to infinity
(imagine a vaulting-pole placed on the
plane at this point: the zero located at
the origin serves to glue the surface
down). An easy-to-understand geomet-
rical illustration is given in Fig. 5.16.

Frequency response and operator z.
Previous use of the operator z to model
time advances or delays placed no
restriction on the shape of the time-
shifted waveform. The complex vari-
able s=a+jw in the expression z=¢"'
took care of this. In this particular
application we are primarily interested
in how a digital filter will process
sinewaves; we may relax our original
definition of s and discard the exponent
". This means that z may be viewed as a
phasor defined by z=e''. The transfer
function H(jw) represents a complex
number and provides a mathematical
mode! of the sinusoidal behaviour of
the system.

Viewed as a sinusoidal signal proces-
sor the transfer function of the filter
may be written as

H(jw)=(Ae'w')1/3(¢“" ~B).

or equivalently. using Euler’s rule to
express in real and imaginary parts:

H(jw)=A[cos(wT)+jsin(wT)]/
cos(wT)—B+jsin(wT).

H(2)|

Pole

Fig. 5.16. Transfer function H(z)=Az/
(z—B) on z-plane (a) and on
*rubbersheet’ model (b).

Describing H(jw) as a complex num-
ber is simply a succinct method of
describing the amplitude and phase
characteristics in a single expression.
To extract the magnitude of the fre-
quency response we multiply H(jw) by
Hx(jw). its complex conjugate, before
taking the square root of the product.
For this particular example. the magni-
tude of the frequency response is given
by the expression

IH (jw)|=A/[cos(wT) —B)*+ sin’
(WD)

The phase response of the filter — or
to be precise the argument of H(jw).
conveniently written as Arg[H(jw)] —
is simply the angle of the numerator

(a)
1.0 /
I/' !
/ /
0.5_ ’,/I ’,/'
olllllllzl_lllgl—l_llqu
m n 3n 2n S5n gdn /n 4n
2T T gT T %T T2T T
[ .
Nyquist Sompling frequency
frequency
30°-(b) ’~ P
P P
20° s\ /o
/ \ / \
10°- n n/3n 2m 5n 3w 7m 4n
Y IR-UN RGN arrzar b
-100 w
20°
-30°-

Fig. 5.17. Spectrun of digital filter is
repeated version of low-pass response
from w=0to 27/T. Aliasing occurs
bevond Nyquist frequency.
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minus the angle of the denominator.

To use these formulae effectively,
pay particular attention to the geomet-
rical meaning of the complex number
z=e“T=coswT+jsinwT. Notice that
the magnitude is always unity, and the
angle wT depends upon w (T is simply
the reciprocal of the sampling fre-
quency /. So the locus of z will be a
unit circle, centred at the origin of the
z-plane. Since the highest frequency we |
can successfully process without alias-
ing is half the sampling frequency, the |
range of interest is usually O<w<n/T, |
which corresponds to a semicircle.
Figure 5.17 shows the magnitude and l
phase response of the low-pass filter |
described by the recurrence rela-
tionship

y(n)=0.5x(n)+0.5y(n—1)

\

This example demonstrates how to ‘
design a digital filter using z-plane
poles and zeros. The performance of |
the filter may then be determined
geometrically, without recourse to
analysis using complex numbers. The |
simplicity of this method makes it
particularly attractive. and with prac-
tice quickly sketching the amplitude
response from the pole-zero pattern
becomes routine.

Im{z)
Zero vector L ‘Q?rfrtrlggsg:g
frequency
Pole
Py vector |
Nyquist - Sampling |
frequency frequency
Re(z)
Unit circle

Fig. 5.18. Z-planc diagram of low-pass
filter H(z)=(z+ 1)/(z—0.5) ensures zero
transmission at Nyquist frequency,
since zerois at z=— 1.

Consider how we might improve the
low-pass characteristic of the filter con-
sidered previously. Examination of the
amplitude response suggests  limited
attenuation around the Nyquist fre-
quency. Since our intention is to design
a low-pass filter. and the Nyquist fre-
quency is the highest frequency we can
successfully process. greater high- |
frequency attenuation is required.
Placing a zero on the circumference of
the unit circle located at z=—1 guaran-
tees maximum attenuation at this fre-
quency. thereby improving the low-
pass characteristic. Figure 5.18 shows |
the pole-zero diagram. [

To deduce the amplitude of the
frequency response geometrically '

|
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z-plane r
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Fig. 5.19. Sketching frequency response
from pole/zero diagram.

requires that we calculate [H(jw)| or. in
plain English, the magnitude of the
zero vector divided by the magnitude
of the pole vector, for values of fre-
quency from f=0 to the Nyquist fre-
quency (f=£/2).

The resultant phase response is given
by the argument of the zero vector
minus the argument of the pole vector.
Using these rules we can produce a
reasonable amplitude and phase
response of the digital filter relatively
painlessly. Figure 5.19 illustrates the
process.

To become proficient in this method
of predicting the filter’s behaviour (i.c.
designing in the z-plane) try moving the
position of the pole and then the zero.

How does the frequency response
vary? I hope you found that moving the
pole along the negative real axis mod-
ified the filter's behaviour, transform-
ing it into a high-pass characteristic.
Cascading a low-pass and a high-pass
filter would produce band-pass charac-
teristics, although greater selectivity
could be obtained by making the poles
complex.

Band-pass digital filters

For reasons of simplicity we have
deliberately avoided any reference to
complex poles. We will now relax this
constraint and demonstrate how grea-
ter flexibility can be incorporated into
filter design, by the inclusion of com-
plex poles. As an illustrative example
we propose to design a band-pass filter
with characteristics similar to those of a
series resonant circuit. In keeping with
earlier work. we will identify the trans-
fer function and impulse response
before writing a real-time C program.
The design will intentionally use simple
cocfficients with a primitive micro-
processor-based system in mind. A
careful choice of pole-zero locations
ensures simple analysis.

The digital filter will be designed on
its own merits. The poles are located at
half the Nyquist frequency (i.e. 0.25
times the sampling frequency) where
wT=n/2 radians, and at a radius of 0.5.

Im 2z

—» Re 2z

Fig. 5.20. As an example of design with
complex poles, the pole/zero diagram
has simple coefficients to streamline the
arithmetic.

PROGRAMMING

Since the poles are complex, they
will be represented as the conjugate
pair +j0.5. This ensures a resonant
frequency at a quarter of the sampling
frequency. Additionally we choose to
suppress the DC component by placing
azero at z=1. The inclusion of a zero at
z=—1 ensures complete attenuation of
any component at the Nyquist fre-
quency.

Referring to Fig. 5.20, we may write
the transfer function directly as

H(z)=location of zeros/location of
poles

=[(z+ 1)(z—1)])/[(2+]j0.5)(z—j0.5)] .

Putting H(z)=Y(z)/X(z) we obtain
the transfer function in terms of the
input and output signals:

Y(2)/X(z)=2>—1/(22+0.25).
Cross-multiplying gives the result

2’Y1z)+0.25Y(2)=2>X(z) — X(2).

To obtain the recurrence rela-
tionship we must convert from trans-
forms to sequences:

y(n+2)=x(n+2)—x(n)—0.25y(n).

Expressing in terms of the current
output:

y(n)=x(n)—x(n—2)—0.25y(n-2).

. . . |
The recurrence relationship is

implemented in software form by the C
program Listing 5.3. It is always advis-
able to dry-run your programs before
attempting any real-time testing, com-
plete with A-to-D and D-to-A conver-
ters. The program shown is particularly
instructive because it incorporates an
impulse response test. Unit-sample 1,
0,0, 0, .. .is input term-by-term from
the keyboard and the processed
response displayed on the monitor.
Contrast this recursive method of
obtaining the impulse response with
the method of convolution outlined in
Part 4. Obviously, recursive methods
are suitable for a real-time digital signal
processor.

Listing 5.3 Impulse response testing
using recurrence.

/...ti......i...ii..i...i..........i

* SOFTWARE TESTING *
* IMPULSE RESPONSE "

tttt'ttttttttﬁttitttttttttttttttttt/
#include<stdio.h>
main(}

{
int a,bk;

QOctober 1990
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double cd.ef;
k = 0;
printf(*Input impulse from keyboard'n”);
start:scanf(“%d”",&a);
I3 —
/P UNIT IMPULSE
FROM KEYBOARD

d=a c — 025+« f

printf(*Sample No :%d't",k);

printf(*%f'n",d);

k=k+ 1;

/e -
DIFFERENCE EQUATION

y(n) = x(n) — x(n—-2) — 0.25y(n—2)

- o/

tart;

Real-time band-pass filter
The required recurrence relationship
and software structure has already
been successfully tested. Reorganising
Listing 5.3 as a rcal-time band-pass
filter in conjunction with the digital
processing circuit shown in Fig. 5.1 is
straightforward. Listing 5.4 shows the
anatomy of the program. well littered
with comments.

Listing 5.4

/ ' Y 222 22222 RXXEXRRRSR AR RR R R R R R
. BAND-PASS DIGITAL FILTER .
. y(n) = x(n) — x(n—2) — 0.25y(n—2) .
' YR 222222222 AR R R R R R R RS ] ,'
#include<stdio.h>

#include<conio.h>

#Jefine BASE 768

main()

double a,b,c,d,e.f;
unsigned inty;
outp(BASE,1);
I

SELECT I/P CHANNEL

«/
start:outp(BASE + 2,0);

/=
START CONVERSION

Y
a = 0.00392 « inp(BASE + 2);

1L
NORMALISE INPUT

«/
d=a—-¢c—025«f;

y = (unsigned int)(128 + 128 « d);

/» _
MODIFY THE PROCESSED O/P.OFFSET
BINARY CODING IN D-TO-A

outp(BASE + 4.y);
c=b;

b=a;

f=e;

e=d;

IS
DIFFERENCE EQUATION

y(n) = x(n) -~ x(n—2) — 0.25y(n—-2)

goto start,

i
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Fiz. 5.24. Oscilloscope display of input
(1kHz sine wave) and D-to-A output.
Sampling interval is 250us.

Running the program in real time
gave a sampling rate of 250us and a
sampling frequency of 4kHz. Since the
poles of this system are located at a
quarter of the sampling frequency we
must expect @ maximum output or
resonance in the region of [kHz.
Figure 5.24. the photograph of the
oscilloscope display. identifies the sinu-
soidal input to the A-to-D converter
together with the processed output,
which confirms the theory. Applying a
square wave of 1000Hz to the linear
processor resulted in a sinusoidal out-
put, because all the harmonics apart
from the fundamental had been
removed, so providing further evidence
of the sclectivity of this band-pass
filver.

Modifying the program to process
AC signals using the computer system
shown in Fig. 5.21 requires care, parti-

Fig. 5.21. System block diagram of the
band-pass filter represented by the
recursive relationship
vin)=x(n)—x(n—2)—0.25v(n—2).

cularly if the A-to-D and D-to-A
employ offset coding. For example. an
8-bit  A-to-D conditioned to accept
signals in the range —5V to +5V maps
+5V to 255 and -5V to 0, while a
similarly conditioned D-to-A maps 255
to +5V, 128 to OV and 0 to —=5V. To
avoid the idiosyneracies of this type of
coding. an ordered approach is
required. In keeping with our carlier
work [ shall call data captured by the
A-to-D “contents™ and the data to be
processed by the program x(n). where
x(n)=(contents/128)—128. Before writ-
ing the processed output y(n) to the

ELECTRONICS WORLED + WIRELESS WORLED

D-to-A, the following modification is
introduced:

output=128«(y(n)+1).

(a) yin)

1.0
(o]
-1.25
[o]
0.3125
[o]
-0.078125
[o]
00195313
(o]

(b) Input

l-vrre—e o .-

| Output

1.0

| B B

n

Fig. 5.22. Response from impulse-
response test in digital filter design
program. Values are at (a) and time-
domain transient response (b) oscillates
at 0.25 sampling frequency.

Set
base address

l

Select
1/P channel (0-16)
1
Iy
| Start conversion |

{ Read x(n) ]

[ Compute y(n)

]

QOutput
d-to—a converter

.

x(n-2)=x(n=1)
x(n=1) = x(n)
y(n-2)=y(n-1)
y(n=1)=y(n)

Fig. 5.23. Flow chart for Listing 5.4.
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PROGRAMMING

Table 5.1
n x(n—2) x(n—1) x(n) contents y(n—2) y(n—1) y(n) output
0 0 0 0.593 204 0 0 0.593 204
1 0 0.593 0 128 0 0.593 0 128
2 0.593 0 0 128 0.593 0 —(0.741 33
3 0 0 0 128 0 —-0.741 0 128
4 0 0 0 128 —0.741 0 0.185 151.71

Table 5.1 is a convenient method of
representing the history of the input
signal as it is processed by the filter.
The amplitude of the input signal was
deliberately restricted, in this case to
+3V, to avoid generating numbers
outside the dynamic range of the D-to-
A (010 255). It you fail to recognise the
significance of this. look again at the
synthetically generated impulse
response sequence. An input of unity
generated an output of —1.25 in the
third term of the sequence. Filters with
a larger Q-factor would exaggerate this
effect, requiring correspondingly grea-
ter attenuation in the amplitude of the
input signal.

The bilinear transform

The clementary band-pass filter
examined previously provided an intro-
ductory but limited model of z-plane
design methods. The transter function
of the digital filter simply evolved from
the locations of the poles and zeros.
Rather than restrict the design in this
way it may be advantageous to adopt
the characteristics of well proven ana-
logue filters such as the Butterworth or
Chebychev designs. based on s-plane
models.

The bilincar transform is an algeb-
raic. method which translates the s-
plane characteristics of an analogue
transter function into a unique set of
z-plane poles and zeros, from which we
may determine the digital transfer
function and difference equation.
Under the transformation, the coordin-
ates of the s-plane poles and zeros are
translated onto the z-plane, preserving
the desired amplitude characteristics at
the expense of some frequency distor-
tion.

The transform may be written as

s=(z— )(z+1).

which is bilinear in the sense that both
the numerator and denominator are
lincar in z.

Pre-warping. As a prelude to any
design, consider the problem of relat-
ing the cut-off frequency of the prop-

October 1990

osed digital filter to the cut-off fre-
quency of the analogue prototype.
Remember that s is a complex variable
capable of characterizing any wave-
form; if we restrict our attention to
sinusoids the analysis may be simplified
by substituting s=jw, and expressing
the bilinear transform as

jw=(eT—/(e“T+1).

Symbolizing the cut-off frequency of
the analogue prototype as w, and the
cut-off frequency of the equivalent
digital filter as ., we can establish the
required relationship as follows

exp(jQ.T/2)[exp(jQ.T/2)—exp(—jQ,T/2)|

Jw s-plane

Im(z)
z-plane

’ /!

wT increasing

Re (2)
: ans

Fig. 5.25. Substituting z=e'*"
transforms the jw axis of the s-plane
onto circumference of unit circle in
z-plane.

roll-off sharply at the cut-off frequency
and te fall to zero at very high frequen-
cies. Any digital design should follow
the analogue prototype as closely as
possible, emulating the flat characteris-
tics in the pass-band, a fall in gain of
—3dB at the cut-off frequency, fol-
lowed by a fall to zero at half the
sampling frequency (not infinity as in
the case of the analogue filter).

W, =
exp(Q.T2)[exp(jQ.T72)+exp(—iQ.T/2))
1 2sini Q2T/2)
w, =————
2¢08(QT/2)
tan(§2.T)
W, Sw——

9

With knowledge of the parameters of
the digital filter (). and the sampling
interval T, straightforward substitution
produces the cut-off frequency of the
analogue prototype w.. a technique
known as pre-warping.

Expressing the transform in its
mverse form

z=(1=s)/(1+s),
and substituting s=jw, so that
z=(1-jw)(1-jw)

provides a demonstration of how the jw
axis in the s-plane is transtormed onto
the circumterence of the unit circle in
the z-plane. Figure 5.25 is the relevant
diagram. It vou have the time, pro-
gressively increase the angular fre-
quency from zero towards infinity, and
observe the effects of this mapping. It
helps to understand the reality behind
the abstraction.

The analogue Butterworth ampli-
tude characteristic is designed to be
maximally flat at low frequencies, to

The magnitude-squared expression
of an nth-order Butterworth filter is
detined by the expression

[H(jw) 2= 1/[1 +(w/wy)™).

Normalising the expression by writing
w,=1rad™" leads to a more tractable
expression with a —3dB cut-off fre-
quency of lrad™'. Therefore, we may
write the normalised magnitude-
squared response of a second order
filter as

[H(w)[>=1/(1+w*).
The general form of an all-pole

second-order filter is given by the
transfer function

H(s)=1/(as’+bs+c).

To calculate the magnitude-squared
function, it is usually easier to evaluate
H(s).H(—s) initially, before substitut-
ing s=jw:

[H(jw)|*=H(s) H(-s),

where s=jw.
1 1

H(s) H(—s) =
(as*+bs+c¢) (as’—bs+c)

=1/[a%*+(b*>—2ac)s*+ 2.

ELECTRONICS WORLD+ WIRELESS WORLD
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!

Substituting s=jw, we obtain the fre-
quency-domain model

[H(jw)|=1/[2*w*+(b*—2ac)w?+c3).

Comparing coefficients with the But-
terworth magnitude response, we may
write

a*=1
b’—2ac=0

:
c=1.

Hence, the second-order normalised
Butterworth transfer function is given
by

H(s)=1/(s*+1.414s+1).

By inspection of the transfer func-
tion, we notice that the Q-factor is

| 1/V2, which gives the best approxima-

tion to an ideal brick-wall response, as
shown in Figure 5.26 for a variety of

| Q-factors.

Ly The effect of Q=10

o varying Q — o8

@ =

5 Lok

a 10 -

{ e

a Q=0.707

b Butterworth

S 01 characteristic

E

S

z

0.01 L 1 1 1 |

01 Q2 ©5 10 206 850 10

“on

Fig. 5.26. Butterworth filter designed
using the bilinear transform. Curve of
Q=1/V2 gives best “*brick-wall”
response.

Design example. Our intention is to
design a second-order low-pass filter
based on a Butterworth prototype. The
digital filter will have a cut-off fre-
quency of 1kHz, together with a sam-
pling frequency of 2.5kHz.

As the complexity of the filter
increases, so the time taken to com-
plete the various additions, subtrac-
tions and multiplications escalates.
Real-time signal processing requires
that all the calculations associated with

| each input sample are completed,

before the next one becomes available.
Since the software implementation of
each design is likely to be unique, it is
not possible to be prescriptive. The
suggested sampling frequency provides
a useful start for second-order Butter-
worth design exclusively in C.
Pre-warping, we may write the cut-

off frequency of the analogue pro-
totype as

w =tan(QT)/2.

Substituting for the angular cut-off
frequency (). and sampling period T
gives the numerical result

w.=tan[(27*1000)/(2 = 2500]
=tan(1.256)
=3.0777.

Hence, we may conclude that the
cut-off frequency of the analogue pro-
totype is 3.0777rads ™.

Denormalising, we replace s by s/w,
in the Butterworth transfer function,
modifying the analogue prototype so
that

H(s)=9.4722/(s>+4.3518s+9.4722).

To obtain the digital transfer func-
tion H(z), we apply the bilinear trans-
form, substituting s=(z—1)/(z+1). The
transfer function is

9.4722
H(z) =
—17° z—1
——| + 4.3518]—| + 9.4722
z+1 z+1
9.4722 (z+1)*
H(z) =

NOTATION
a=x(nb =x(n-1)c=x(n-2)
d=y(ne=yn-1)f=yn-2)

— o/
unsigned int contents; |
outp(BASE, 1);

1L
SELECT I/P CHANNEL

»/
for(;:)

{

outp(BASE + 2,0);
Iy
START CONVERSION

«/

contents = inp(BASE + 2);
a = 0.00392 » contents;

It
NORMALISE INPUT

*/
d=0.6389+a+ 12779 +b + 0.6389 »c —
1.1430» e — 0.4129 « f;

outp(BASE + 4,(int)128 » (1 + d));

I3
WEIGHT AND SCALE: OFFSET BINARY
CODING

»/

b;
a;
e;
d;

-~T O

e =

/n

SHUFFLE DATA

}
}

Despite our best efforts the computa-
tional efficiency of this program could
not achieve a sampling interval better
than 400us. For the purpose of com-
parison, remember, the straight-wired |
1/0 program, Listing 5.1, provided a
benchmark of 25us.

(z—1)>+4.3518(z— I)(z+ 1)+9.4722(z+ 1)*

9472227+ 18.94442+9.4722

14.8422° 41694442+ 6.1204

Converting from transforms to sequ-
ences, we obtain the recurrence rela-
tionship

y(n)=0.6389x(n) + 1.2779x(n—1)

+ 0.6389x(n—2) — [.1430y(n—1)

—0.4129y(n-2).
Listing 5.5

/ (2222222222222 2222222222222¢R2t2R 2222t
» BUTTERWORTH SECOND-ORDER »
» DIGITAL FILTERFS = 2.5KHz -
« CUT-OFF FREQUENCY = 1000Hz -
222222222222 2222222222222 22220022228
#include<stdio.h>

#include<conio.h>

#define BASE 768

main()

float a,b,c.d.e.f;
/n

896

Software-based multiplication is a
thief of time. Disregarding any norma-
lising or off-set coding, the recursive
structure of this filter required five
multiplications per input sample. No
doubt combining assembly language
with C offers greater potential for
throughput, but at the expense of
program complexity and development
time. The moral is obvious — if you
want it fast, keep it simple. .

The next part in this series deals with the use of

C for finite impulse response filters. The

author provides practical programming exam-

ples for audio echo and reverberation, effects

which are difficult 1o reproduce in analogue |
form.
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Simple DFM for 0 to 20kHz
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Two chips from Teledyne Semiconduc-
tor provide a means of constructing a
tow-cost digital frequency meter suit-
able for audio trequencies. Application
Note 37 details a battery-powered (sing-
le 9V) frequency meter running at three

conversions per second, using an oscil-
lator frequency of 48kHz for maximum
rejection of stray AC pick up.

The TSC7136 dual-slope analogue-
to-digital converter directly drives a 32
digit non-multiplexed LCD display. so

no digital conversion is required. It
derives its input from the TSC9400
frequency-to-voltage converter.
Semiconductor Supplies International
Lid, Dawson House, 128-130 Carshal-
ton Road, Sution, Surrey. SM1 4RS




APPLICATIONS

Ultra-rapid NiCd charger.

| NCW

There are many portable equipment
applications using nickel cadmium bat-
teries in which charging can be a pro-
blem. The difficulty becomes apparent
when the voltage of the batteries to be
charged exceeds that of the charging
source. typically a 12V car battery. This
note suggests a design for an ultra-fast
nickel-cadmium Dbattery charger cap-
able of completely charging eight 1o 12
batteries at 1.2 to 1.8Ah in 30 to 45
minutes. This is currently possible due
to the use by battery manufacturers of
sintcred electrode  technology
which allows rapid charging cycles.

Specifications

10 to 14V input voltage; 1 to 3.5A con-
stant output current; 20V maximum
output voltage: automatic shut-off:
supply reversal protection; full output
protection.

A nickel-cadium  battery  must  be
charged with a constant current and is
completely charged when it receives
140% of rated ampere hour charge. The
variation of the battery voltage as a
function of the charge depends upon the
state of the charge as wetl as the tempe-
rature. When charging iscompleted. the

High speed NiCd charger circuit diagram

— 7 80
156 :
fﬁh\vd—- ‘
{ ’/ _ 80
Z 1.45 + VOLTAGE 4 : : 1 '.-'““-..., N
3 / I3
= .:2
& (B
Sanp” ; =
g TEMPERATURE a
- 2
1.5
I W
0 a0 80 120 160 200
CHARGE 5

Fig. I NiCd battery charging characteristics

temperature rises rapidly and, if the
battery charger is not shut oft, the batte-
ries are destroyed.

This design provides for these require-
ments by including a constant-current
regutator and a switch-mode converter
to increase the charging voltage when
the voltage of the batteries under charge
exceeds 10V, The end-of-charging
detection system uses the principle that,

when fully charged, the battery tempe-
rature increases concomitant with a
decrease in battery voltage (sce Fig.1).
This regulator usecs a MTP3035E
power mosfet which has a variable ope-
rating point for adjustment of the charg-
ing current. This current is relatively
independent of the drain-source voitage
when Vipgexceeds 2V
Continued over page P

10 to 14V 12V 3354
L
MBR 1635
%
= %W 1
'an 8 ?cixékn?ilum :
oo =i batteries |
12V 18AR 1
o UC3863 L—J i s
T
: NGLO 47
100k A
2
%5
4,
7}~ AANA— -
5 v/? e 5
- MTP3055E
4§ VAANA-
3 _L o o ] [mz.om 2
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APPLICATIONS

The converter is used to increase the

| charging voltage so that the current reg-

ulator always has an input of at lcast 2V.
It uses the Motorola UC3843 produced
specifically for automotive applications.
This chip works in conjunction with a
second MTP3055E. a MBR745 Schott-
ky diode and a 25uH inductor. The
operating frequency is 100kHz.

A MOCS8I102 optocoupler monitors
the voltage applied to the current re-
gulator and brings this information to
the error amplifier of the UC3843.
When a decrease in voltage is sensed.
the UC3843 reacts to maintain the mini-
mum voltage at the input of the current
regulator. This reduccs power dissipa-
tion in the lincar current regulator to a
minimum. The output voltage of the
switch-mode converter is therefore

| floating and stays at 2V above the volt-

age of the batteries to be charged.

If at some instant the batteries to be
charged are not connected. the output
voltage can exceed 40V. Should this
happen. a 2N5061 thyristor. sensitive to
overvoltage. immediately turns off the
converter.

The combination of the MC34181

| operational amplifier and the 2N5061

thyristor provides control of output
voltage and automatic shut off at full
charge. The MC34181 j-fet op-amp is
used as a comparator in the battery
charger. Its inverting input is connected
to the battery voltage minus the drop
provided by the 11V zener diode. The
non-inverting input is at a lower voltage

| due to the 4.7Q) resistor blocking the

amplifier in its low-level state. The out-
put from this comparator also drives a
led. indicating that charging is taking
place.

When the voltage of the batteries
under charge decreases (which happens
at full charge) the non-inverting input
does not have time to vary due to the
large 20s time constant. However. the

| inverting input varies rapidly due to its

small time constant. forcing the op-amp
to toggle, shutting off the led and turn-
ing on the thyristor. The switchmode
converter then turns off and charging is
completed.

The MBR1635 diode is used to pro-
tect the battery charger against polarity
inversions. If the output of the charger is

| short circuited. the output current is still

limited but the regulator receives 12V,
causing it to hcat up. Short-circuits

| should therefore be avoided or be of

short duration.

| Derived from Motorola application note

EBI26

Motorola, Motorola House. 69 Bucking-
ham Strecet. Aylesbury. Bucks HP20
2NF. Phone 0296 395252. ]

18-bit D to A converter
for x8 over-sampling

The PCM6I1P is an 18-bit, pin compa-
tible replacement for the widely used
16-bit PCMS56P. The addition of two
extra bits reduces the level of both har-
monics and noise in CD audio applica-
tions using the PCMS56P. The PCM61P
includes an internal reference and out-
putop-amp.

The device is capable of 8-times over-
sampling (single channel). Manufac-
turer Burr-Brown says that it meets its
specifications without an external out-
put de-glitcher. The device block
diagram isshown in Fig. 1.

Maximum clock rate

The 16.9MHz stated maximum clock
rate for the device is derived by mul-
tiplying the standard audio sample rate
of 44.1kHz by 16 (for 16x oversampling)
multiplied by audio word bit length in
use, in this case 24. Thus 44.1kHz x 16 x
24 = 16.9MHz. Note that this clock rate
accommodates a 24-bit word length,
even though only 18 bits are in actual
use.

MSB error adjustment

procedure

The MSB error of the PCM61P can be
adjusted to make the differential linear-
ity error (DLE) at bipolar zero (BPZ)
essentially zero. This is important when
the signal output levels are very low,
because zero crossing noise (DLE at
BPZ) becomes very significant when
compared to the small code changes
occurring in the LSB portion of the
converter. Static adjustment of DLE at
BPZ can be made with extra circuitry
shown in Fig. 2.

Burr-Brown International Ltd, 1 Mill-
field House, Woodshots Mecadow, Wat-
ford, Herts WD1 8YX. Phonc 0923
33837. [ ]

|
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Fig.2
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| adjusted to zero using the external

differential linearity error) can be
circuit shown in Figure 2
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High voltage Schottky efficiency

Although the low forward voltage drop of Schottky recti-
fiers has long been exploited to improve efficiency in
converters rated at up to 15 volts. their use in converters in
the 15-36 volt region has been limited by the lack of higher
voltage devices.

Motorola's application note AR322/D
outlines a multi-output converter operating at high fre-
quencies from a preregulated 120V DC supply. Using
MBR1060/MBR10100 devices, it provides £ 36V at 2A
max and * 15V at 3A max. If conventional p-n junctions
are used as rectifiers in the same output stages, a trade-off
between output voltage and efficiency exists.

While p-n-junction devices may be selected which meet
the reverse voltage requirements, the forward voitage drop
is high over a range of currents and, as a result, so t0o are
the rectifier losses. However, if the peak reverse voitage
requirements fall within ratings, Schottky rectitiers can
reduce rectifier losses.

In this example, 100V Schottky rectifiers are adequate
for the 36V outputs while 60V devices suffice for 15V.
Motorola Ltd, 88 Tanners Drive, Blakelands, Milion
Keynes MKI45BP. Tel. 0296 395252

MBR10100 u 2A
1

Ne
+36V

N

A
MBR1060 6
e o ' oW 3A
D6 +15V
MBRI1060 Tc3
MBRI060 l @
= ~15V
D8 U |C4 34
i
MBRI1060

LED smoke detection

A smoke detector based on the CS-235
chip from Cherry Semiconductor usces a
pulsed infrared led as the light source
and a silicon photodiode as the light
detector. The CS-235. along with pas-
sive external components, controls the

smoke condition.

val. During the second half of the pulse
(the last 10ms) the 1R led is pulsed and
the unit samples for an alarm level

After the first alarm, the sampling
rage increases to two seconds. Finally,

aftrer three consecutive alarms, the logic
drives the output latch to activate the
alarm. This latch can sink 100mA max-
imum and will clamp the V. pinto3V.
Clere Electronics 1.id, Kingsclere, New-
bury, Berks.

system timing and signal processing.
Low average current is attained by
pulsing the system once every 10s for
20ms. Bias is applied to the signal
| processing circuitry for this time inter-

C2=|00pf (24 V)
=150pt (12 V)

Rr e LY/QUTPUT
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Filter design the
easy way

In Application Note 27A from Linear
Technology, the emphasis is on simp-
lifying filter design procedure. It discus-
ses two methods of designing bandpass
filters from switched-capacitor building
blacks — one using traditional non-
identical sections and the second involv-
ing identical sections.

Design tables are included, one of
which Linear Technology claims en-
ables anyone to design Butterworth
bandpass filters.

One of three design examples in the
note is this eighth-order bandpass filter
tor 10.2kHz. Linear Technology, Mic-
rocall, Thames Park Road, Thame, Ox-
fordshire OX93XD. Tel. 0844261939

Fault finding with an
ammeter

A current meter sensitive enough to
measure the resistance of a PCB track is
an invaluable fault-finding aid. For ex-
ample, finding a short-circuited decou-
pling capacitor on a dense logic board is
very time consuming by conventional
methods, but with a sensitive current
meter finding even a partiatly-shorted
capacitor should take no longer than a
few seconds — without track cutting.

This application relating to the
TLI101A ammeter is outlined in a note
from Transducer Laboratories. Among
other uses suggested for the meter are
cable-length determination and cable
voltage-drop measurement. Transducer
Laboratories, Guildford Road, Far-
nham, Surrey GUY 9P2. Tel. 0252
733732.

Power Hall device
simplifies brushless
motors

Design of small brushless motors is
simplitied by the availability of power
Hall-effect 1Cs. Sprague’s UGNS5275/7
latching Hall-effect sensors can sink
300mA continuously and besides
power-output transistors include a Hall
voltage generator, an op-amp, a
Schmitt trigger, and a voltage regulator.
As a result, little more than one 1C is
required for commutation.

This circuit is the only one in the
device data sheet. but guidelines for
application are given. Sprague Semicon-
ducrors, Balfour House, Churfield
Road. Walton-on-Thames, Surrey KTI2
2TD. Tel. 0932 253355.
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APPLICATIONS
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APPLICATIONS

Compressor/limiter
Input voltage range (0dBu out)
—65dButo ~40dBu

Attack time 26ms
Recovery 3ms/dB
Gainreduction 21
Limiter attack time 13ms
Limiterrecovery 1.5ms/dB
Limitergainreduction 4.6:1
Frequency response (90Hz-20kHz)
+0.5dB
S:nratioat0dB 100dB
THD+noise 0.05%
Expander
Inputvoltagerange —10dBu
Attacktime 26ms
Recovery 3ms/dB
Gainratio 1:2
Frequency response (20Hz to 20kHz)
+1dB
S:nratio 100dB
THD +noise 0.2%

Performance of compander using Precision
Monolithics SSM-2120 dynamic range pro-
cessor

Precision Monolithics is at 90 Park Street,
Camberley, Surrey GU15 3NY. Telephone:
0276 692392.

The 100k{} resistor from V__to pin 10
of U, establishes the operating current
for the VCA. To keep power supply
current to a minimum, all pins of the
unused VCA should be returned to
ground. Feedthrough trim is optional
and can be used to minimise the VCA
control voltage feeding through to the
output.

Protection limiter

This uses the second rectifier and con-
trol amplifier for separate and indepen-
dent attack and decay times, along with
a steeper gain-reduction slope. A thres-
hold control sets the predetermined
gain-limiting point for high input-signal
levels. Gain reduction ratio is 4.6:1 and
typically the onset of gain limiting
should be set to +10dBu at the output.

As in the compressor control circuit,
the rectifier input current is limited by
R, and the rectifier also referred to
10A. Lower precision capacitors and
resistors can be used in this case and, as
with the compressor, the attack time is
much faster than the decay.

The VCA/preamplifier was designed
as a system: the VCA was put in the
signal feedback loop of the preamplifier
principally to prevent preamplifier
overload, while keeping the overall
noise low, and minimising component
count.

Power consumption

The application circuit requires two
power supply voltages, +9VDC; power
consumption of the circuit shown in Fig.

1 is less than 15SmA from each supply.
The design described will operate pro-
perly with good dynamic range as the
battery voltage begins to fall below the
nominal 9VDC. It is assumed that two
9V batteries would be used, but for the
smaller hand-held wireless micro-
phones, a single 9V battery would be
sufficient. Figure 2 depicts a DC-to-DC
converter that will supply the -9VDC.

The converter circuit incorporates an
astable oscillator running at 25kHz,
which is followed by a capacitor-
coupled level shifter and rectifier with a
filter. An SE/NESSS timer is used in the
“output sink™ mode for maximum effi-
ciency and longest battery life.

Receiver expander circuits
Figure 3 shows the control connection of
the SSM-2120 (U,) VCA, rectifier and
control amplifier. The control circuit
connection to the VCA produces a 1:2
gain expansion curve: if the input rises
by 3dB. the output level will rise 6dB .,
Gain expansion ratiois:

=R,.R,
R R,

The rectifier input current is again
limited by a 10k{ resistor connected to
pin 9 of U,, and the rectifier is biased at
10 A current though a 1.5M(} resistor
connected to V.. The SSM-2120) recti-
fier and VCA each have a 100dB dyna-
mic range, resulting in accurate tracking
of the compressor.

Small-signal averaging time, attack
time and decay rate are identical to
those of the compressor/limiter circuit.

Control-circuit gain values provide a
control voltage to the VCA section +V,,

Fig.3. Expander circuit for receiver
processor.

(+9vg

- A ———
s ] ;
wo —, 0t F m:m
¢ Sy A—e——K|—o——0 ves -9vp0
énzno foy
! v 1000uF
o8] SEwEsss z-moo- = .
>~ 1
|
5
it pour
Tov TS 1900pF I 0.01uF

—

U, $83 TIMER IC
CKT GNO

Fig.2. DC-to-DC converter for £9V DC
atI5mA

control port (U,, pin 5), which results in
a 1:2 signal expansion characteristic.
The level control sets the initial overall
gain value and is adjustable from
—10dB te +20dB.

Audio signal source
Input amplifier U, acts as a buffer be-
tween the input signal source (FM rec-
eiver), the expander rectifier/control
circuit, and the VCA audio signal input.
If the signal-source output impedance is
below 100£2, U, can be omitted.

The nominal source signal level
should be —10dBu; if signal gain or loss
is required, U, gain structure should be
modified to provide —10dBu to the
VCA irput-current limiting resistor.
The 37.4k(Q resistor ahead of the VCA
input limr.its peak signal currents to avoid
VCA distortion.

A 150kQ) resistor to V . sets the VCA
input/output current compliance range
and a VCA input shunting capacitor
minimises signal distortion and keeps
the VCA stable by providing a high-
frequency path to ground, the exact
value being determined empirically. g
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| UNCORRECTED SUPPLY
|
LIN_E—iURRENT B | .
-

Line Current =g

2A/division for Line Current
S0V/division for Line Voltage

|
I Line Voltage—tm [
|

| Most switch-mode power supplies have
| a poor power factor. and as a result
draw inordinately high peak currents
| from the mains supply. In addition,
harmonics produced by the current
pulses develop substantial amounts of
power-line noise and distortion. and
since producing the harmonics takes

Line Current is drawn during a short portion of the cycle in a conventional
electronic power supply. (Power Factor = .7)

Power-factor problems in switch-mode PSUs

power, efficiency of the supply is re-
duced.

These effects and a solution in the
form of a new power-supply IC are
discussed in an application note from
Ambar Cascom. The chip — the
ML4812 — controls a current-mode
boost regulator that preregulates input

! Fax facts for modem designers

| Communication standards are fine for
users but they can cause problems for
designers. For those of you considering
new fax implementations, RCS Micro-
systems has produced an information
sheet listing and outlining the relevant
standards.

Addressess of standard sources are
given, together with a list of fax modem
products and application notes. Rock-
well, RCS Microsystems, 141 Uxbridge
Road, Hampton Hill, Middlesex TW12
IBL. Tel. 01-979 2204.

Data on this error-detecting fax modem
forms part of a designer’s information
pack. Rockwell's RI6EFX is a 9600 bit/s
modem IC that conforms to CCITT
recommendations V.29, V. 27ter, V.21
Ch.2, T.3and T.4: it covers the binary
signalling requirements of T.30 too.
Also in the designer's pack is data on
other fax modem products and the
information sheet mentioned here.

WITH ML4812 POWER FACTOR CORRECTION

 APPLICATIONS SUMMARY

S50Vidivision for Line Voltage

Line Current is sinusoidal in a supply with Micro Linear's ML4812 Power Factor
Correction. (Power Factor = .99)

voltage for a conventional pulse-width-
modulated converter. A power factor

Ambar. Ambar Cascom, Rabans Close,
Aylesbury, Buckinghamshire HP19
3RS. Tel. 0296 434141

T
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SPICE:- AGE

Non-Linear Analogue Circuit

Simulator £245 complete
or £70 per Module
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1 Frequency response
SPICE »AGE provides a clever hidden
benefit. It first solves for circuit quiesc-
ence and only when the operating point is
established does it release the correct
smali-signal results This essential con
cept is teatured in all Those Engineers’
{ : 1| software. Numerical and graphical (log &
: | in) impedance. gain and phase results
can be generated. A ‘probe node’ feature
allows the output nodes to be changed
Output may be either dB or volts: the zero
dB reterence can be detined in six ditter-
ent ways

-4

Frequency response of a low pass filtes
circuit

2 DC Quiescent analysis I
SPICE®AGE analyses DC voltages i
any network and 1s useful, tor examp-e. for
setting transistor bias Non-hnear compo
nents such as transistors and diodes are s |
catered tor (The disk hbrary of ne.work
models contains many commonly-used
components - see below) This tyoe of
analysis 1s wdeal for confirming bias condi-
tions and establishing chpping rrargire
prior to performing a transient analysis
Tabular results are given lor each node.
the reference node Is user-selectable.

DC conditions within model of 741
circuit

1

g _ o

LATEST FEATURES: define up tofourindependent signals with time
vv voltage co-ordinates on text files and use the FFT functions to
make a spectrum analyser or chain outputs to simulate circuits of
unlimited size!

3 Transient analysia
The transient response arising from a
wide range of inputs can be examined. 7
. types of excitation are offered (impuise,
: 4 sine wave, step, triangle, ramp, square,
and puise train); the parameters of each
are user-definable. Reactive compo-
nents may be pre-charged to steady-
state condition. Up to 13 voltage gene-
- rators and current generators may be
g connected. Sweep time is adjustable. Up
to 4 probe nodes are allowed, and simul-
taneous plots permit easy comparison of
resulis.

e atiaie
. P Y EREsET = = = Sal]

impuise response of low pass filzer
{transient analysis)

4 Fourier analyses now with Hanning
window

serwrs Maigre 1 1 e Sresesret
(K T ,pu,. = ]

SPICE®AGE performs Fourier trans-

forms on transient analysis data. Fhis

allows users to examine transient analy-

sis waveforms for the most prevalent fre-

guency components (amplitude is pot- | |

ted against frequency). Functions as a |

simpie spectrum analyser for snapshot of |

trangients. Automatically interpolates 100 |
from transient analysis data and handies c e e el e l

{ o8

up to 512 data values. Allows examina- |

tion of waveform through different win-
dows. Powerful analytical function is ex.  SPectrum of rectangular pulse train
{Fourier analysis)

tremely easy to use.

If your work involves designing, developing or verifyirg analogue or
digital circuits, you will wonder how you ever managed without Those
Engineers circuit Simulation Software

A good range of proper y supported and proven programs is available
and our expert staff are a: your service

Telephone: Charles Clarke on G71-4352771
for a demonstration disk

_ =

)
Lo Tel: 071 -4352771 Fax:071-4353757
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/Universal pP Development /
STATION

DATA YO ANY
smac = TARGET
FIAN SYSTEM
P wWiITH
CITADEL SrTOM
DATAMAN s S,
e " EEPROM.

256K VER FROM £199 exvaTa&rp.
RING FORA COPY OF OUR DEVELOPMENT TOOLS CATALOGUE...

MEMORY EMULATOR FEATURES......

* MEMORY EMULATORWITH TRACE/BKPNT EXPANSION CAPABILITY
* PORTABLE MEMORY RETAIN VERSION AVAILABLE

* 256X AND 1 MEG VERSIONS EMULATE ALL 27XXX EPROMS,
28XXX EEPROMS & §X00CX SRAMS.

* DOWNLOAD YOUR CODE FASTER THAN BLOWING EPROMS
8KBYTES PERSECOND ON STAG STRATOS...

8K TRACE/BREAKPOINT FEATURES.....

* 2 STAGE HARDWARE BREAKPOINT ADDRESS

* 4 * LOGIC PROBE INPUTS + INTERRUPT OUTPUT PROBE

* FIVE STANDARD USER PROGRAMMABLE BREAK CONDITIONS
Break on addr 1, trace from addr 1 to addr 2 or until butter full.
Break on logic & addr 1, trace N oo
Break on write & addr 1, trace “ N oo

N " ", trace every write and address 1

Trace continuous until address 1 reached.

* TRACE MEMORY read-in using READ command of PROM PROG

FLASH DESIGNS: STANDREWS HOUSE, P.O. BOX 167, CRAWLEY,
SALES:0293-611722 W.SUSSEX.RHUN9YE. yTEcH:0293-551229
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APPLICATIONS

A-TO-D converter using
V-to-F conversion

An attractive method of A-10-D con-
version is to use a voltage-to- frequency
converter and to count the output
frequency which, assuming that the
conversion is linear, is proportional to
the input voltage and can be scaled 1o
read voltage directly. Although conver-
sion does not compete in speed with
other methods, it is accurate and its
intrinsic integration permits the virtual
elimination of low-frequency interfer-
ence such as that at S0Hz.

As the application note from Burr-
Brown points out, the result of a
V-t0-F conversion is a serial data
stream which is easily handled in mul-
tichannel systems and transmitted over
tong lines with good noise immunity.
Optical isolation is feasible and multi-
plexing is carried out digitally.

There is, however, one source of
inaccuracy, commonly thought to be
inherent: the plus-or-minus one count
error, illustrated in Fig. 1. This shows
the usual method of counting, in which

the gate period is derived from a stable
oscillator which is unrelated in phase to
the frequency being counted. Depend-
ing on the phase of the gate osciltator in
relation to the frequency, the count in
this case is cither three or two. One
solution to the problem is to arrange
for a large number of counts during the
gate time but, since speed of conver-
sion often dictates a short gate time,
the result is a requirement for very high
signal frequencies, at which the linear-
ity of V-to-F conversion can be low.

Figure 2 shows a system in which the
dilemma is resolved. It is known as the
ratiometric technique, in which a large
count is obtained to make the one-
count error insignificant. N counts of a
high-speed clock occur during an exact

Fig. 1. Potential inaccuracies in
counting. Same gate period can give
different counts.

integer M counts of the V-to-F conver-
ter, giving an accurate ratio of the
unknown trequency to the frequency
reference.

A D-type flip-flop, clocked by the
VFC output, produces a gate period
which is an exact number of VFC
pulses in duration, so that the count in

M is not subject to the one-count error. |

In the same gate period, pulses from
the high-frequency oscillator are
counted by N; since the gate period and
oscillator frequency are unrelated, the
one-count error s present, but is
relatively small compared to the large
count. The result i1s a ratio (M:N),
which is determined by a host proces-
sor or microcontroller, together with
scaling and offsetting. V-10F conver-
sion is now carried at low frequency,
where accuracy is highest

An example of a system using the
technique is shown in Fig. 3, in which
the VFC110 converts a 0~10V input to
a 10-100kHz output by offsetting the

Ve ™1 VFC

Counter

N

Reterence
Oscillator
f,

10

G——— L

898
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VEFC input with a reference voltage:
the 5V references set a constant input
current through R, which is added to
the signal input current through R;,. To
avoid a very low VFC frequency caus-
ing a long gate period, the offset allows
10kHz (OV) to be counted during the
desired gate time.

Counting is carried out by the 8254,
which contains three counters and
interfaces to many microprocessor

types. Counter C2 acts as a program-
med divider to the 3.58MHz clock to
produce the gate signal G of 16.66ms in
Fig. 2 at the output of FF1. Flip-tlop 2
synchronises G to an integer number of
VEC pulses to produce SG in Fig. 2.
Counter CO is M and counter C1 is N,

A gate period of l16.66ms results
from the need to integrate over one
cycle of mains frequency (this is an
American design, intended for 60Hz

working). The frequency response of a
VFC is comb-like, with deep nulls
appearing at multiples of /T, where T
is the gate period.

Using this circuit, speed of conver-
sion is about 30 times faster than in the
traditional method.

Burr-Brown International Ltd, 1
Millfield House, Woodshots Meadow,

Watford, Hertfordshire WDI 8YX.

Telephone: 0923 33837.

APPLICATIONS
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APPLICATIONS

The amplifier shown in the diagram
provides adjustable gain and accepts
audio signals from -27.5dBu to
+0dBu with more than 30dB of “head-
room” and a common-mode voltage of
340 Vpk-pk. Common-mode noise
rejection is greater than 100dB at 1kHz
and equivalent input noise is — 124dBu.
Gain is adjustable in 2.5dB steps and
worst-case THD is less than 0.008%;
intermodulation distortion less than
0.015%.

A true differential-input 1C ampli-
fier, the SSM-2015 from PMI uses two

identical low-noise bipolar transistors,
with access to the emitters for gain
adjustment. Switched resistors (R,; -
R,,) set the gain according to the
expression G=3.5+(20x10°/R;) for
Ry and R,; of 10kQ.

This use of emitter feedback results
in minimum noise and maximum
CMRR, while retaining a high input
impedance, and complementary bipo-
lar transistors at the output produce a
slew rate of 6V/us with the capability of
driving a 2k unbalanced load. Direct
coupling can be used, but if normal-

Balanced- input, high- level amplifier

mode input direct voltages are
expected here, AC coupling may be
needed for the following stage.

An RC filter at the input limits input
voltage slew rate and reduces interface
transient intermodulation distortion; it
has little effect on phase response in
the pass-band 20Hz to 20kHz. Capaci-
tors C, and C, should be matched to
preserve high-frequency common-
mode performance.

Bourns Electronics Ltd, 90 Park Street,
Camberley, Surrey GU15 3NY. Tele-
phone: 0276 692392.
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| High-speed, high-gain instrumentation amplifier

Burr-Brown’s OAP637 is a high-speed,
low-noise op-amp which operates well
| from high source-impedances and
which is fabricated in a complementary
n-p-n/p-n-p process. Gain-bandwidth
product is 80MHz and noise at 10kHz is

4.5nV//Hz. Voltage offset is 100pV
maximum, drift is 0.8uV/°C maximum
and bias current SpA. For driving long
lines or capacitive loads, typical output
current is 45SmA at *10V. It may be
used as an inverting amplifier with a

Gain = 1000
CMRR~116d8
Bandwidth = 400kHz

N

(2]

Differential Voltage Gain = (1 + 2R, /Rg) * 10

gain more than four or in a non-
inverting form at a gain over five,
which means that feedback capacitors
can cause instability, since HF gain
could fall to unity.

The circuit shown is a differential
instrumentation amplifier with a gain
of 1000, using a INA106 output stage
with a gain of 10. The makers suggest
that, as well as ordinary precautions in
board layout, pin 8 (TO-99 package)
should be connected to an AC ground
for lowest pickup of external fields,
although DC ground or a positive or
negative rail would also serve. For
lowest possible input bias current, the
case (pin 8) could be connected to a
circuit board guard pattern around pins
2 and 3.

Burr-Brown International Ltd, 1 Mill-
field House, Woodshots Meadow,
Watford, Hertfordshire WDI1 8YX.
Telephone: (0923 33837. u
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2020 500 KHZ Function Geerator
416243 150 MHZ Fr Gen. P us 6 Digit

Countzr £181.00
2603A0 1 MHZ Af Gen. plus 6 Digit

Counter £166.16
TE200 150 MHZ Rf Gen

(350 MHZ Harmonic, £80.00

INSTRUMENTS & POWER SUPPLIES

a
-
/98
]
Pan ™

now lets you draw schematics

directly on your PC and convert
them to auto-routed multilayer
boards in a trice.

PCB EAGLE
Layout Editor £335
Schematic £350
Autorouter £260
Demo Kit £10

(all prices ex.VAT)

Why not order our
demo kit and see
for yourself.

YF20 Jual Scale Sound Level Meter

120db

PS330 Dual Version £213.00

390070 LCD Dmm With Dwell And

with soft carry case 3'; digit 12mm D%a&s]
M23158 17 Range 10 ADC

M23188 23 Range 10 ADC (+) £23.12
M2335 31 Range 10A AC/DC (+ £27.74
M2325 32 Range 10A AC/DC {++] £30.42

M2355 32 Range 10A AC/DC (. £3457
M2365 38 Range 10A AC/DC (s £37.25
ALT216 Low cost 3% digit ~ £12.13

TE220 1 MHZ Audio Generator
3300 Autorange Digital Cap. Meter
6100 Signal Tracer/Injector

5250 150 MHZ 7 Digit Freq Counter
2430/24v 0/3A Variable PSU
2450/24v 0/5A Variable PSU
154 4/15V 0/4A Variable PSU
303 0730V 0/3A Variable PSU
PS303 0730V 0/3A Variable PSU

£49.58

225V JHS Video Head Tester

1065 Digital Lux Meter
07 Logic Probe

Ranges

ME25 Logic Probe/Pulser
300 AC Clamp Meter 6004 / 300V

Tach Ranges 20A AC/0C

£3069 KTS0LCDB Range Capacitance Meter £36.20

£46.83 6060 LCD Digital True Power Meter
£8.65 6kw 19
£14.74 2070 19 Range Multimeter 10ADC +

Buzz £12.60

Resis £3350 Z030ET 27 Range 10A AC/DC. Cap

M265 Add on AC Clamp Probe Hte Temp. Buzz £29.30
for Dmm’s £16.48 5050€ 41Range FET mm £26.77
501 Eiectronic Insufation Tester 50¢v £53.25 0M5 Wallet Autorange Dmm £18.70
504 Electronic Insulation Tester 1000VE70.88 921 Pen Type Autorange Dmm £2478
KDME TR Dip Meter 1.5t0 250 MHZ ~ £41.88 850 Mains Phase Tester £21.70
1062 LCD Temperature & datahold ~ £36.72 260 1000A AC Digital clamp meter ~ £40.25

302K L.CD Temperature Two 1/P

£32.00 261 Add on insulation tester for 260  £29.35

Henry's are also instrument
distributors for HAMEG, FLIGHT,
ALTAI, BLACKSTAR, THURLBY,
HITACH!, CROTECH, THANDAR.
Phone for best prices.

Also stocked
Tools, components, CB, public
address, CCTV. security
communications, TV. video
audio, computer accessories

Prices correct at July 90

TELEPHQONE YOUR ORBER WITH VISA/ACCESS
QPEN 6 DAYS A WEEK FOR CALLERS

PO Box 5, Kilmacolm
Scotland PA16 4XJ

(S Tel:

CIRCLE NO. 136 ON REPLY CARD

050587 2338
050587 4149
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A mass of protests

As a postscript to my letter
(EW+WW, December, 1989

p. 1208) drawing attention to a
controversial article in an
American journal questioning
relativistic mass and E=m¢?, 1
thought readers would like to
know how that controversy is
developing in that journal’s own
letters column.

What started it all otf was the
view of Lev Okrun in the June
1989 issue of Phvsics Today, a
magazine ol the American
Institute of Physics that “The
tamous formula E=me- has to
be taken with a large grain of
salt”.

Now Physics Today (May
1990) has published readers
responses.

W Rindler of Texas
University does not dispute
Okun’s conclusion but he is

disturbed by the harm that

Lev Okun’s earnest tirade.
might do to the teaching of
relativity.”

P Murugesan of Stetson
University writes ”. . . students
are taught that ay the velocity of
an object of "rest mass’ my gets
close to velocity of light (¢), its
mass hecome extremely large. [f
v=c then the mass becomes
intinite. The same students are
also told that particles in cosmic
rays could have velocities
greater than 0.9¢ without any
change in their masses!. . . Itis
about time we ¢liminated such
contradictory and confusing
statements from our texthooks”

C Sauter asks: *. . . Whyis it
that the academic system has
been able to pass along
mformation like this tfor so long?

Does mass truly depend on
velocity?”

Lev Okun replies: “There is
only one mass. the Newtonian
mass m, which does not vary

Magnetic field into

paoge

Conductor
experiences

force

Spoked
whee!
rotates

Disc
rotates

Torque talk

May I offer some input into the
alpha-torque correspondence
which has been appearing in
vour letters pages.

It has been suggested that
electrons in solid copper move
independently of the crystal
lattice. But I think there may be

Electron flow

o)

<©

Tray of mercury

4

a mechanism for an interaction.

Consider a conducting rod
hanging from a pivot at its upper
point and touching a bath of
mercury at its other end. With a
circuit producing electron flow
down the rod. into the bath. and
a magnetic field tlowing
perpendicular to it. electrons in
the conductor will be torced to
the left. As they cannot leave
the surface. the whole conductor
will be torced to the left. If the
single conductor is replaced by a
spoked wheel. then it will rotate

cuch spoke experiencing a
torce to the left us it makes
contact with the mercury. The
current can only flow radially

It the spoked wheel is
replaced by a solid copper disc.
currentis no longer constrained
to flow along a radial path — the
conduction electrons are free to
move in circular paths. So the
conduction electrons could be
expected to move in a curved
path from centre to point of
contact with the mercury.
leaving the lattice alone.
However. the disc will rotate
just as the spoked wheel did.
seeming to indicate that as the
electrons flow and are detlected
to the lett. they somehow drag
the lattice to the left also.
Peter F Vaughan
Lynton
North Devon
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with velocity. . . | don’t think
we should try to banish E=mc
from T-shirts, badges and
stamps. But in the textbooks it
should appear only as an
example of a historical artefact,
with an explanation of its
archaic origin”™.

John Ferguson

Camberley

Surrey

Cheque on science

Harrowell is wrong in his letter
(EW+WW, May, 1990 p.426) in
ignoring the controlling
behavioural model in scientitic
suppression, which is Power
(This was de Gracia’s conclusion
in “The Velikovsky Aftair”, Ed
de Gracia.)

Harrowell seems to think that
the guiding light is still Search
after Truth; an indulgence that
today’s salaried, mortgaged
scientists eschew.

A tiny fringe of scientists
(Hillman, Theocharis, Walton
Mike Gibson) still keep to the
nineteenth century, amateur
ideals, but scientific advance is a
thing of the past. The vandals
are in control. Read Professor
Paul Davies in the Guardian.
Ivor Cau
St Albans.

Gyroscopes,
Sagnac and
relativity

While John Nuttall’s article
“Optical fibre gyroscopes”
(EW+ WW, July, 1990 pp.60g-
611), was interesting and
informative. he makes the
contentious statement that the
Sagnac effect can properly be
explained only in terms of
General Relativity. Surely 1t
appears completely 1o
contravene the principles of
General Relativity and indeed
provides a powerful argument in
refutation of Einstein’s
postulates?,

ME T Hewlett

Midhurst

West Sussex

[ would like to respond to some
of the incorrect and misleading
comments contained in John
Nuttall’s article “Optical-fibre
gyroscopes” (EW + WW, July,

1990 pp. 608-611) particularly
concerning the Sagnac eftect. |

Itis not unreasonable to
suppose that Sagnac’s 1913
paper “Experimental Proof of
Reality of the Ether” was
specifically responding to the
alleged supertluousness of the
ether put forward by Einstein in
1905, and to its alleged non-
existence suggested by others. |

Sagnac’s paper makes it clear
that he conceived the optical-
gyro effect on the basis of the
ether, and performed the
experiment with the declared
objective of demonstrating its
reality

But the first response from
the relativists was not until
several years later. in 1921, and
as far as I know Einstein never
uttered a word on this topic.

Yet relativists today have the
effrontery to claim that the
Sagnac effect can properly be
explained only in terms of
relativity. This and their various
claims that relativity is
supported by experiment, or
that it has generated practical
applications (e.g. nuclear power
and atomic clocks) are simply
bogus and must be exposed as
such.

In sustaining the phoney
explanations and absurd claims,
many true but inconvenient facts|
are either quietly suppressed or
suitably distorted, and history is
disgracefully re-written ina
fashion that Stalin would envy.

Our only hope is that a
scientific glasnost will defeat this
stagnation.

Theo Theocharis
London

I would like to comment on |
John Nuttall’s article (EW+ WW
July 1990), the Sagnac effect has
never been adequately

explained bv General Relativity.
At best the argument is based on
an hypothesis linked with a non- |
rotating inertial frame, just as
Special Relativity argues that
light speed is constant relative to
any observer if measured in a
non-accelerated (non-rotating)
system.

Gravitation does atfect the
speed of light in vacuo — light
rays bend around the stars — to
disprove Special Relativity,
were it not for Einstein dodging |
away from the problem by
arguing equivalence between
acceleration and gravitation and
somehow bringing accelerated
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motion into a uniformly moving
field system.

The same dodge is applied,
less convincingly, to the Sagnac
interferometer. If it rotates it is
not in non-accelerated motion
and, as relativists cannot abide
experimental evidence that
rotation can be detected as if
light speed were referenced on
an ether, they side-track on the
assumption that the mysteries of
General Relativity must hold
the key.

Modern physicists following
the relativity route tend to adopt
Langevin’s argument (C.R.
Acad. Sc., 173, 831 (1921)),
which renders the Sagnac
experiment consistent with the
behaviour of the Foucault
pendulum or the inertial space
property of the mechanical
gyroscope.

If there is an argument based
on General Relativity and its
incredible mathematics then,
should any relativisc respond to
put the case, I ask that no
defence for Einstein should be
offered unless the following
question can be answered.

Assume that one day space
technology is such that John
Nuttall’s optical fibre gyroscope
couid have its terminals on
Earth but its loop wound around
the orbit followed by the Earth
in its motion round the sun, so
that the whole gyroscope
structure rotates once a year.
Would it be possible to detect
that 30km/s motion by light
speed measurement within that
optical fibre?

If yes, then the basis of
Special Relativity is destroyed
because it relies on the
Michelson-Morley null test
aimed at that very objective.

If no, then, inasmuch as the
device described in the July 1990
issue of EW+ WW does function
to detect rotation in laboratory
devices, where does Relativity
point to the radius of transition
between what works and what
does not work?

Itis quite obvious that
Einstein’s theory fails and that
relativists have buried their
heads in the sand, hoping to
avoid the implications deriving
from technological progress on
light speed measurement.
Harold Aspden
Department of Electrical
Engineering
University of Southampton

L
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Swings and gyros

In an age when precision of
mechanical measurements has
reached fractions of the
wavelength of light itis
surprising that Dr H R Harrison
(Letters. EW+WW, July, p.
603) would rely on observation
of a toy gyroscope swinging on
the end of a string to measure an
effect which could profoundly
affect fundamental physics.

A proper experiment to
measure the period of a
pendulum with a rotating bob
would consist of two gyroscopes
counter-rotating, co-planar and
with axles parallel, mounted in a
cylinder suspended on bearings
and swinging on a platform
pendulum, so there could be no
possibility of any precessionally
engendered torques affecting
the period of the pendulum. The
changes in the period of the
pendulum thus observed are of
the order of parts in 10”. Clearly
this would not be observable to
the naked eye.

In 1974 Dr Eric Lzithwaite,
former professor of heavy
electrical engineering at London
Imperial Cotlege of Science and
Technology demonstrated a
prototype antigravity machine
which lost 20% of its weight
when energised. The
understanding of this machine
has been incorporated in an
apparatus developed by Scottish
inventor Sandy Kidd. Dr Harold
Aspden, Senior Research
Fellow at Southampton
University witnessed operation

—= Quiescent (flywheels stopped)
.. " Energized (flywheels rotating at
Zo 10,000 rpm)
2’
> 3 3
é s
28,
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of this device. Kidd is now living
in Australia where it is reported
this device can hover and lift
seven times its own weight.

Antigravity devices of this
type can be described in terms of
a variable inertia principle
coupled with an oscillatory
motion which I have
demonstrated with a precessing
gyroscope — two 30-pound, 11-
in diameter flywheels rotating in
opposite directions — by
weighing the gyroscope. Of
course an experiment performed
in air can be questioned on
many counts, but I have verified
this with a fully enclosed
gyroscope protected from the
air.

One can construct a balance
using a 1m piece of light wooden
rod and balancing a “toy”
gyroscope against an equivalent
inert mass. Spin the gyroscope
and hang it on a string by the
end of one of its axles and
release the apparatus, allowing
the gyroscope to precess.
Careful observation will show

the balance tilting upward on
the gyroscope end.

It would be fatal for society to
limit knowledge of dynamics
and rotating motion to “classical
mechanics™. I suggest that Dr
Harrison apply the
measurement precision of the
late 20th century to the
understanding of rotation.

Before one can comment on
an experiment one must exactly
repeat it. In the Alex Jones
experiment (EW+WW, April,
1990 p.332), the apparatus was
mounted on steel ball bearings
s0 there was no constraint, as
opposed to Harrison’s set up.
Because gyroscopic forces are
exerted against space itself, the
Harrison experiment yielded a
reaction force.

1 can only submit that
understanding of the gyroscope
is dependent on the absolute
rotation of the rotating wheel in
relation to a stationary ether.
Bruce DePalma \
President, DEC
California

FNDR geometry

Ian Hickman’s voltage vector
diagram for a frequency-
dependent negative resistance
(FNDR) filter (EW+WW, July
pp. 584-587) is highly
reminiscent of the construction
of a hyperbola using a rod and a
piece of string. Similarly, the
current vectors represent the
mensuration of triangles. Could
it be that negative resistance
circuit design is a matter of
simple geometry? And is an
FNDR really an analogue circuit
if the voltage across a
“supercapacitor” falls at twice
the rate as that across a normal
capacitor: is this the
configuration of a

superconductor?

Many such effects have been
reported for biological systems
— perhaps it is possible for
electronics too.

B E P Clement
Crickhowell
Powys

Risky business

I was serious when I asked
(Letters, EW+WW, June, 1990
p.526) what were the chances of
acquiring acute myeloid
leukemia. I was a radio station
engineer for 20 years, lived
under a 7500 volt feeder for 15
years and am still an amateur
radio operator.

My concern is that we have a
multiplicity of warnings worded
“double your chances” of a
certain disease, only to find that |
the original risks were more
than a million to one. In at least
one case recently, avoiding the
danger warned about led to an
increased risk of a much more
common ailment. For that
reason, I suspect any warning
which does not give at least
some idea of what the chances
really are.

Joel § Look
Pawtucket
USA
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ACTIVE

A-to-D and D-to-A
converters

Dual 18-bit audio D-to-A. The
PCM1700P claims to be the first
monolithic, dual 18-bit D-to-A converter
for high-performance digital audio with
a maximum conversion rate of 768kHz.
Multiple over-sampling, low noise and
distortion figures better than 92dB
THD +noise are promised. Serial input
data in BTC format produces co-
phase, glitch-free audio outputs of
either 3V or £670uA. Current output
is trimmed to an absolute +2%
tolerance. Burr-Brown Ltd, 0923
33837.

| Three-channel converter. Sony's

CX20206 8-bit high-speed D-to-A
converter for video band use offers
separate R, G and B channels,
maximum conversion speed of
35Msamples/s, and differential linearity
error of +4LSB. Inputis at TTL levels
and full-scale output is typically 1Vp-p.
The 42-pin SDIP package, 5V supply,
typically consumes 360mW. Volume
price £15. Hakuto international (UK)
Ltd, 0992 769090.

Four-channel D-to-A board. The
ADC-40 analogue output board for PC
control applications has four output
channels for control signals, as
voltages: +5V, +10V, 0-10V, 0-5V or
control loop 420mA. Each channel is
configured independently with fast D-
to-A conversion of output (up to
throughput 30,000 samples/sec). On-
board DIP switches select base
address. Simple call statements
program the board. Instrumatic, 0628
476741

Video D-to-As. The SC11471 and 478
are triple 6/8-bit Brooktree architecture
video D-to-As fully PS/2 compatible
with 256-location colour palettes and
15-level overlay palettes. Colour
palette ram is programmable through a
microprocessor bus interface operating
asynchronously from the video data
bus. Pixel mask register and sync
generation is on all three channels.
Outputs can directly drive dual-
terminated 75(! lines to RS343A
levels. Sierra Semiconductor Ltd, 0793
618492,

Discrete active devices

RFI-immunity junction fet. By
integrating two resistors and two mos
capacitors on a single chip, the
BFR200 adds a low-pass filter to the
input stages of sensitive equipment,
suppressing RFI signals in the 450 to
900MHz cellular radio range. Philips
Components, 010 31 4072 43 24.

Linear integrated circuits

Linear semi-custom IC. The CS5200
linear bi-polar semi-custom integrated
circuit for operation on a 1GHz process
provides up to 25% greater packing
density than other arrays in the
Genesis family. Single-layer metal

904

BVM'’s 68030 multiprocessor system, the BVME380.

interconnects provide low-cost
solutions, for higher-density, two-
layers can be provided. 226 small
n-p-n, eight medium current (100mA)
n-p-n, 130 lateral p-np, and 22
substrate pnp transistors are on chip.
Clere Electronics Ltd, 0635 298574.

Darlington amp range. Eleven silicon-
monolithic Darlington amplifiers, the
HPMA-02XX/03XX/04XX/20XX/21 XX
series, come in two types of
microplastic packages: the 85—
straight microstrip leads; 86 —bent
leads for surface mounting. 21XX is
also available in the SOT-143
package. The amplifiers act as flexible
5012 building blocks. The 2185/86
offers highest gain at 18dB typical at
1GHz, the 0485/86 is top power
handier with 12.5dBm typical output at
1dB gain compression. Hewlett-
Packard Ltd, 0344 369369.

Fast-settling amplifier. The Elantec
EL2029 monolithic amplifier aims for
fast clean settling with millivolt
accuracy; 0.01% from a 10V step in
200ns, with no thermal tail, input slew
or overload penalties. It has low bias
currents and large voltage gain,
internally compensated for closed loop
gains of five or more. inputs handled
up to 10V differential overload. Slew
rate is typically 900V/us, full power
bandwidth is 5SMHz. Output can drive
up to 75mA, is current limited and can
drive capacitive loads of up to 100pF
METL. 0844 278781

Chopper-stabilised amplifier. Linear
Technology's LTC 1100 chopper-
stabilised instrumentation amp has an
offset voltage of 10uV, drift of 100nv/
°C and a bias of 50pA. Gain linearity is
8ppm with a drift of 4ppm/,C. Output
typically swings to within 300mV of the
supply rails, with a 10k load. Voltage
noise is 2uVp-p and CMRR is 104dB
minimum. Micro Call Ltd, 0844 261939

High-speed op-amp. The OP-160 will
drive large capacitive loads without
oscillation. It upgrades AD846, AD844
and EL2020 applications and conforms
to the industry standard single op-amp
pinout, available from stock in an 8-pin
Cerdip and 8-pin plastic package.
Precision Monolithics Inc, 0101 408
727 9222.

Monolithic wideband amplifier. The
Si582 is a low-gain op-amp with a

3dB bandwidth of 180MHz. Current-
mode feedback offers a transparent,
high-performance alternative to
conventional amplifiers. It also features
low poser dissipation (typically
150mW), fast settling (0.05% in 12ns),
and minimal signal degradation.
Distortion is typically —60dBc at
20MHz, and gain flatness is within
0.4dB from DC to 50MHz. Siliconix Ltd,
0635 30905.

Memory chips

On-chip eprom. NEC's uP75P116 4-
bit single-chip microcomputer is

but with field programmable rom.
Advantages of on-chip eprom include
elimination of minimum order

quantities and delivery delays l
associated with mask-rom devices.

NEC Electronics (UK) Ltd, 0908
691133.

Microprocessors and
controllers

Multi-processor 68030 systems. The
BVME380 features a 68030 CPU with
up to 4Mbyte of dram and a data and
instruction cache. Bi-directional
interrupts and on-board mailboxes
provide data and control mechanisms. |
Up to seven CPUs are available, each
running its own copy of 0S-9 and
communicating using the networking

tile manager. CPUs can access any I/O
device, including disc storage. BVM

Ltd, 0703 270770.

identical to its sister mask-rom version 1

Single-chip controller. The 82C710
has a serial pont, a bi-directional
parallel port, PS/2 drives and a floppy
disk controller. 24mA drive buffers
eliminate external buffers. A uPD765
basis ensures compatibility with IBM
Bios. An analogue data separator
gives transfer rates up to 1Mbyte/s.
48mA floppy drive interface buffers are
included. Two floppy drives can be
directly supported. Katakana Ltd, 0628
75641.

IEEE 488 controller. The PATC
process controller is of solid design
and offers complete measurement
solutions. Components are a CPU
80286/12MHz, 14in colour monitor, |
VGA graphics adapter, 40Mbyte hard
disk, 1Mbyte ram, extended or
expanded memory and more. Main
memory can expand to 8Mbytes.
Rohde & Schwarz UK Ltd, 0252
811377.

Optical devices

High-sensitivity coupler. A single-
channel optically coupled isolator, the
1S204, has a current transfer ratio of
100% at 1MA and a high DC
breakdown voltage +5000V. Packed in
a 6-pin DIL plastic package, it offers a
ratio of 400% at a forward current of
10mA, and will operate at —55°C to
100°C, using a gallium arsenide
infrared emitting diode. Maximum
ratings are 60mA forward, 6V reverse,
3A peak forward current, and a
dissipation of 100mW. Milgray
Distribution Ltd, 0788 543550.

Optoelectronic rotary pulse [
emitters. The Zivy ZR series
incorporates four optoelectronic rotary
pulse emitters designed for rough
handling and electrical interference. A
rotating slotted disc triggers the count
or enables determination of direction of
rotation (discriminator) and/or puise
multiplication. Each incorporates an
amplifier and pulse shaper. Swissinco,
081965 9505.

Programmable
controllers

Remote relay control. The Isoplex 50
controls up to 16 relays via its RS232 |
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interface and will mount on a standard
DIN rail. Data integrity is boosted with
checksum, message tagging and parity
checking. Output relays are disabled
during a fault. Baud rate is DIL switch
selectable with odd, even or ignore
parity on receive. Klippon Micro-
Systems Ltd, 0732 460066.

Programmable logic
array

Field-programmable gate arrays.
The ATT3000 FPGA family, 0.9um
cmos technology, has maximum flip-
flop toggle frequency of 140MHz with
frequencies typically 50% maximum.
Packages are PLCC, PPGA, CPGA,
and PQFP, with 68 to 175 leads, 2000
to 9000 gates, and 64 to 144 inputs/
outputs. AT&T (UK) Ltd, 0344 487111

5ns PLDs. Five-nanosecond TTL-
compatible devices, with standard
packaging and corner power and
ground pins, are being offered as drop-
in replacements for 7ns PLDs, with
industry standard 20- and 24-pin pal

functions. 21% improvement in noise
characteristics is promised. the 5ns
PLDs are said to generate less noise
than any 7 or 10ns device. Texas
Instruments Ltd, 0234 270111,

Extended software cell. The TSC500
offers 25,000 gates and compiler
memory allowing building of a flexible
memory structure. Specific memory
can be compiled and unique data sheet
and models generated. The compile
memory can generate sram up to
32,768 bits, clocked ram up to 65,536
bits and rom up to 262,144 bits. Texas
Instruments, 0234 223252.

Power semiconductors
Power mosfets. The SMP7N60 and
SMP4N60 in the TO 220 package are
low on-resistance 600V power mostets
for high-voltage supplies and electronic
ballasts. SMP7N60's (7A) 1.1{) on-
resistance and SMP4N60's (4A) on-
resistance rating of 2() means cooler
running greater reliability and smaller
heat-sinks. Siliconix Ltd, 0635 30905.

PASSIVE

Passive components

SM inductors. Delevan series 1010,
1210, and 1818 compact inductors is
designed for high-density surface-
mount applications and is available in
standard EIA package sizes. Reliability
is increased with “J" terminations.
Suitable for all soldering processes.
Inductances from 0.010uH to 150 H.
STC Mercator, 0493 844911

High quality air coils. A serie’s of
microwave coils, providing precise
inductance values, in materials such as
gold, silver and copper, may be
configured as spaced, coated or
tinned, and alloy metal. The series
offers multi octave performance, high
“Q", low loss, controlled self
resonance and mechanical stability.
Teknis Ltd, 0344 780022.

PCB power transformers.
Encapsulated light, small, high
efficiency PCB toroidal power
transformers, with power ratings from
15VA to 120VA, and two primary
windings of 120V for series or parallel
connection. Maximum operating
temperature is 42°C; weight varies
between 0.42Kg and 1.9Kg. Allin
thermally conductive resin within a
nylon enclosure. Secondary voltages
at each power rating are values
frequently found in electronic circuit
applications. Toroid Technology Ltd,
081689 8002.

Connectors and cabling
Zip sockets for zigzag ICs. Augat's
zip sockets for zigzag contact
configuration ICs, have high-reliability
gas-tight contact and protected entry
for accurate alignment. Sockets are
stackable end-to-end and side-to-side
with tapered leads to allow easy
insertion into a PCB. Insertiorv
extraction tool can be supplied. STC
Electronic Services, 0279 626777.
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Filters

Smaller bandpass filter. The
DFC3R866P004 3-pole filter - 50%
smaller than many current types with a
resonator cavity width of 4mm and
overall dimensions of 4.5 x 14.0 x
11.0mm - has a bandwidth of +2MHz
around a centre frequency of 866MHz.
Maximum ripple is 0.5dB, VSWR is 2.0
and maximum insertion loss is 5dB,
achieved through high-Q dielectric
resonators. Surface mount versions
will be available. Murata Electronics
(UK) Ltd, 0252 811666.

Hardware

Waterproof housings. Polynorm ABS
and polycarbonate waterproof boxes,
manufactured by Rose and Rose of
West Germany are obtainable in 18
sizes, from 80 x 80 x 60mm to 160 x
240 x 90mm. Halogen-free, both types
are VO-self extinguishing, suitable for
severe environments. Radiation
Components Ltd, 081 891 1221.

Instrumentation

1-3GHz frequency counters. High
speed R5361/5362 series of frequency
counters span 0.2MHz to 1GHz
(R5361) or 3GHz (R5362). An
expanding/reciprocal system ensures
fast frequency measurements at high
resolution. The R5361 can measure
100MHz at 1Hz in 256ms, and the
R5362, 1500MHz at 1Hz in about 1.7s.
Both are TR1644 compatible with the
calculation unit which evaluates,
deviations and scaling of results.
Advantest UK Ltd, 081 336 1606.

Programmable counter. Model 50
five-digit programmable counter and
time-interval generator digital-panel-
meter transforms frequency and rate
inputs into engineering units. Time
base can be jumper-programmed to
read in any units of measure. its seven
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segment, 0.56in LED display is crystal
controlled (0.01% accuracy) with a
programmrable rate indicator and
variable time interval generator. Three
inputs car be accepted: +2.5t0 15V
negative transition; and 10mV RMS to
20V RMS. Amplicon Liveline Ltd, 0273
570220.

Digital thermometer. The Therma 2
operates at —49.9t0 +199.99°C witha
0.10° resolution and repeatability.
Accuracy s +0.4%. £65.00 for
instrument and probe. ETI Ltd, 0903
202151,

Logic comparator. Faster trouble-
shooting of digital ICs while still in
circuit is the aim of Bugtrap logic
comparators. Two models, for TTL or
cmos, compare the IC under test with a
reference in the zero-insertion force
socket. Ary discrepancies will light an
LED showing the faulty nodes(s),
latching to capture intermittent faults.
Emerson Electronic Equipment, 06285
28944

Microwave synthesiser. “he Systron
Donner 17308 provides +10dBm of
levelled oL tput power from 0.01 to
26.5GHz and (+8dBm witr step
attenuator). Maximum output of
+15dBm simplifies compression
testing of components. Minimum of
—100dBm eases testing of sensitive
receivers. The internal direct digital
synthesiser (DDS) allows phase tobe
adjusted: 0.1Hz resolution allows
variation as slowly as 30%s. Fieldtech
Heathrow Ltd, 081 897 6446.

Intelligent panel meter. The DPM-24/
MF is a 40 000-count instrument with a
user-selectable display from — 19999
to +99999, and some alphanumeris
for menu programming. It has a buit-in
Ato-D unit and microcontro ler.
Universal power supply accepts 24~
48V DC ard 24-240V AC without tap
changers or selector switches. ITT
Instruments, 0753 511799.

]

Multi-channel monitor. Real-time
performance is promised with AT
Codas and MCA Codas, compatible |
with AT and Micro Channel bus
architectures. They support VGA [
monitors, and contain on-board A-to-D
and D-to-A converters. 16 fast-
changing analogue waveforms can be
continuously monitored and recorded.
While displaying waveforms, data can
be recorded to disk. 50kHz maximum
throughput rate. Keithley Instruments
Ltd, 0734 575666.

First GSM test system. The first
mobile radio test system for the Pan-
European digital cellular radio (GSM)
network, the 6151 GSM MS, is based
on VXI-bus technology. Six plug-in
modules housed in a C-size VXI
chassis form a complete signalling and
RF test system. A PC controller
provides the user interface, Racal
Instruments Ltd, 0734 782158.

Precision multimeter.
Schlumberger's 7171 muitimeter's two
integral micro-processors replace a
separate computer and test gear.
Ultra-low-noise circuits operate at
100nV sensitivity on DC, 1.V on AC,
and down to 1{} using four-wire
resistance. A pulse-width A-to-D
converter helps provide high linearity
and a basic accuracy of 0.002%. Eight
programmes can be controlled from
the front panel or its IEEE and RS232
interfaces. STC Instrument Services,
0279 641641.

PC-based digital oscilloscope. The
B3160 digital oscilloscope for
automatic measuring has two input
channels with a bandwidth of 100MHz
and a resolution of eight bits, and may
be used to store and display repetitive
signals. Sampling rates are 50us to
50ms in three modes: real-time (low-
frequency inputs), random sampling |
(higher-frequency and periodic signals)
and tolerance band (check against
limits). Siemens plc, 0932 752323.

60W DC-to-DC “S” series converter from Davtrend.
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AC-measuring digital panel meter.
The AC-powered UM-35AC 3 1/2 digit
panel meter for power-line voltages is
single-ended with provision to offset
the zero of the reading being
displayed. Two ranges are 199.9VAC
and 500VAC with multi-turn, infinitely
adjustable Span potentiometer and
“Hold" of displayed reading. Screw
terminal or PCB edge connector
inputs. £35. Texmate Ltd, 0481 53131.

Programmable digital storage. The
DSA 524 will convert oscilloscopes into
digital storage oscilloscopes, linkable
to a PC. Control of front panet status
and bi-directional transfer of waveform
data are provided by serial or optional
|IEEE 488 interfaces. Connection to
‘scope Is via a single BNC cable and to
PC through the serial port. Special
interface cards not required. Thurlby-
Thandar Ltd, 0480 412451

Interfaces

336-line I/0 card. A full-length TTL I/O
card, PC/AT compatible, uses seven
82C255 devices (two 8255s in a single
64-pin “shrink DIL" package) to
provide 336 programmable lines using
one PC slot. 8255 programming modes
are supported. Cmos based.
Selectable addresses aflow two cards
to provide 672 lines. 8253 counter/
timer included. £299. Fairchild Ltd,
042121 6527.

Compact amplifier module. The
S7DC amplifier is DC-operated,
accepting +10to 18V or 20to 36V. It
will excite a remote transducer over an
adjustable 3 to 10V. Full transducer
signal conditioning of zero and scale.
Qutput is available as +5, +10V full
scale or 4-20 mA over a frequency
bandwidth of 0 to 100Hz. RDP
Electronics Ltd, 0902 57512.

PC bus interface. The SYN-NCM5
board is a PC bus interface for Topaz
local area network systems, allowing
PCs to integrate into the distributed
system on the Topaz network. It plugs
into the expansion bus, short slots, and
allows the PC processor to access all
on-board devices while occupying 32
bytes of system I/O space. Integral
Manchester Encoded RS485/RS422
interface. Syntel Microsystems, 0484
519363.

Power supplies

UPS for PCs. The MP5's 500VA
output could drive two PCs, a printer, a
small cad station or call-connect
telephone exchange and a small fax
machine. 230V 50Hz input outputs
230V at 50Hz from two 13A sockets.
Sine wave output has less than 3%
THD with a reslistive load and a load
crestratio of 3:1. Noise at Im is
40dBA. 44.5x 14.3 x 19cm, 13kg.
£600. Avel-Lindberg Ltd, 0708 853444,

Single/triple output converters.
Bulgin Power's DC40F Eurocard (100
x 160 x 30mm) DC-DC converters,
single and triple outputs, are designed
for nominal 24V (20-30V DC}) or 48V
(40-60V DC) applications. Models
span 5V, 12V, 24V and 48V outputs
and triple output units feature 5V with
two 12V auxiliaries (fully fioating).

906

Eurocard screw terminals, chassis-
mounted screw terminals, or chassis-
mounted screw terminals with cover.
Cirkit Distribution Ltd, 0992 444111,

Universal power suppty. The six
single-output models in the EWS
range, 25 to 1500W, offer high
specification relative to cost, universal
inputs for all input voltages in the lower
output models, and auto-selector on
high input. Common supply for all
products. Meets UL, CSA and VDE.
Coutant-Lambda Electronics Ltd 0271
863781

Converter for telecoms. The “S”
series DC to DC converter, BTR 2511
approved 3U Eurocard or TEP 1E
format, offers 60W over three outputs;
5V and +12or +15V. Others can be
provided. It will operate from nominal
12to 50V. One output can offer switch-
on surge capability of 40W peak for
50ms. Less than 3W required at no
load, switching frequency 80kHz,
nominal efficiency of 80% . Davtrend
Ltd, 0705 372004.

Programmable voltage reterence.
The LT1431 programmable voltage
reference produces a stable 5V
reference. With two external resistors it
can be programmed to any reference
between 2.5V and 36V. Guaranteed
initial voltage tolerance of 0.4% and
temperature stability of 0.3%. On-chip
divider resistors allow configuration as
a 5V shunt regulator with 1% initial
voltage. Linear Technology (UK) Ltd,
0932 765688.

On-line UPS. Pioneer's On-Line UPSs
are PWMs providing a stable and
interference-free source of power.
Three tower units —1kVA, 3kVA and
5kVA — have static bypass protection
connecting mains Input through to load
after a fault or overload. Standard
equipment Includes battery status
indication and voltage-free contact
outputs for remote status. Quadshield
Ltd, 0908 222050.

Radio communications
products

Broadband circulator. Type 2722 162
05991 is not limited to a preset
frequency or frequency range, needing
no tuning by the customer. It simplifies
tuning of the final transistor amplifier
stages, decoupling the transistorised
drivers from the final valve output stage
of the transmitter, thus protecting
transistors from power reflected from
valves. Output 50W, insertion loss
0.8dB VSWR 1.3, and isolation better
than 18dB across temperature range of
10to +50°C. Philips Components,
0103140724324,

Transducers and
sensors

Multilayer ceramic actuator.
Electrostrictive actuators for precision
displacement monitoring based on
multilayer ceramic technology.
Advantages over piezoelectric and
magnetostrictive counterparts are said
to be repeatability of movement and
cost. AVX Ltd, 0252 336868.

COMPUTER

Data communications
products

Datacom card for IBMs. The Radacs
RLC-100 radio data link controller is a
3/4-length PC/XT/AT card enabling
communication with many outstations.
It operates the AX.25 packet radio
protocol using TheNode driver
software running under dos and
supports four separate radio channels.
Software remains in background. CMT
Ltd, 0908 690690.

Message-processing software. The
RF-6500 uses an adaptive ARQ
protocol with forward-error checking
(FEC) for accuracy at rates up to
2400bps in poor conditions. FED
coding adjusts dynamically to match
quality. When transmission errors
increase, it switches to more powerful
FEC. As conditions improve, less
powerful FEC maximises throughput.
Error-free delivery shown with rates as
high as one error in every five bits.
Harris Corporation, 0101 (716) 244
5830.

Development and
evaluation

M50734 designers’ board. The
M5Q734 designers’ board, based on
the M50734SP extended
microprocessor, can evaluate and
initial design all 740 series. It can
connect to the target via /O interfaces.
Software loaded from the host system
can be debugged. Board includes
microprocessor, 8k of ram with battery
back-up and 16k eprom containing the
monitor programme, reset circuit and
watchdog timer. RCS Microsystems
Ltd, 081 9792204.

Mass storage devices

Dat storage for PCs. Digital audio
tape (dat) technology is used in the
QA-600 large-capacity tape backup
system: 600Mbyte of storage in a
compact package. The system

combines an intelligent controller with
the Systos operating system, and is the
first dat offering to fit the standard PC
AT-style chassis. HTEC Legend Ltd,
0703 581555.

Computer peripherals

SCSl-interface disk drives. The
FD235 3.5In intelligent drive has
2Mbyte or 4Mbyte storage capacity |
using barium ferrite-coated extra
density disks. 105 x 42 x 162mm, |
welght 500g. Operating from +5V DC
supply, maximum consumption is 1.75
to 2.0W, standby 0.35 to 0.4W. FD55
5.25in version has 1.6Mbyte capacity,
146 x 43.8 x 203mm. Multi-format
capabilities ensure compatibility with
other standards from 250k upwards.
+12or +50V DC, power consumption
4.4W operating, or 1.4W standby. Data |
Peripherals (UK) Ltd, 0785 57050. ‘

Software

Icon-driven data acquisition. I
Easyest data acquisition and analysis
software, PC-compatible, integrates
analogue and digital acquisition and
control, analysis, and flexible graphics.
Easy-to-use icon interface. A powerful
sequencer automates for high
productivity. Utilities for common

needs are built in. Data acquired at
rates up to 110 000 samples per

second (65,000 samples/s direct to |
disk). Keithley Instrument Ltd, 0734
575666.

PCB cad for PCs. Pads-2000 claims
to be the most powerful PCB PC cad
system available. Running on 80386
and 80486 machines in virtual memory
it overcomes the limits of MS-Dos and |
is thought to be the first 32-bit PCB cad
system for the PC. Layouts up to 4000
ICs, its resolution allows users to
define features to an accuracy of
0.000001in or 0.001mm. Lloyd Doyle
Ltd, 0932 245000.

Real-time operating system. The

Data acquisition and analysis software. Easytest by Keithley. |
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0S-9000, optimised for /O intensive
applications, supports file sharing,
secure archival procedures and multi-
node transparent networking. Its /0
Manager co-ordinates all data
transfers. Hardware-dependent and
independent modules are isolated,
simplitying installation and minimising
memory requirements. Networking
capabilities allow the OS-9000 to act
as areal-time front end. Microware
Systems (UK) Ltd, 0489 886699

Spice amplifiers. Instrumentation
amplifier and low-noise amplifier Spice
models OP-177 and OP-77 op-amps
are said to be the first to perform
complete noise analysis simulations,
simulating broadband noise and 1/f
noise for voltage and current noise.
Precision Monolithics Inc, 0101 408
727 9222.

Computer board level
products

Output card safety. All outputs on the
DOP-24 digital output card set to either
“on” or “off” after switch-on or power
failure should ensure safer machinery
24 opto-isolated Darlington drivers
allow voltages up to 24V at 400mA to

| control relays and solenoids. Base
| address can be set and several cards

can fitinto a PC Signais terminate on a

50-way connector. £195.00 with

documentaion and example
programmes. Blue Chip Technology,
0244 520222

|EEE-488.2. The NAT4882 C-mos 68-
pin plastic leaded chip carrier
increases performance of GPIB
controller chips NEC 7210 and Tl
9914, maintaining compatibility with
both. lts enhanced command set
reduces software driver overhead and
code size. It has both 7210 and 9914
compatibility modes. National
Instruments, 0635 523545.

Computer systems

Unix workstations. R200 Unix
workstations are based on the ARM 3
second-generation high-speed risc
processor with embedded cache,
delivering 10+ Mips for less than
£5,000. 8Mbyte ram expandable to
16Mbyte. 100Mbyte (formatted) fast-
access internal SCSI hard disk. The
diskless R2 provides 4Mbyte of ram as
standard, expandable up to 8Mbyte.
Both have a 4Kbyte embedded cache
Acorn Computers Ltd, 0223 24520.

Process controller by Rohde &
Schwarz, the PATC.
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Lets face it. If you write in Assembler the odds are
already stacked against you.

problems getting clean code out without having to
deal with low-wattage development software that’s
determined to get in your way.

You have enough

- ud ezister Alteration
w—pd JeaPause to use V7 49

externall 15 entry adiiress intd monitor
etern  prog sonitor_entry

nitialise seguent fir ram ru
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Crash Barrier’s METAiI Development System knows

its job - and its place. Having a proper retargetable

linking assembler means it’s faster and does more

processors (several hundred variants) - and has sold

more - than any other Development System in the

world. UK Designed, Manufactured and Sup-

ported, full system £395; ring, fax or circle enquiry el K
number for full data on new V5 release.  Ring/fax : . s

us now and we’ll fax you back full data in minutes! &

Crash Barrier Ltd,
18 Oxford Stureet, Wellingborough, Northants, NN8 4HY
Tel: (0933) 224366, Fax: (0933) 441877, BB: (0933) 224377
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hese days. the name Eccles

brings to mind the widely

used Eccles-Jordan multi-

vibrator or flip-flop circuit —

trigger relay. as they called it
in 1919. So it is a little surprising that in
a 1965 Wireless World article which
commemorated Eccles’s 90th birthday
and in an obituary published in the
journal Nature. no mention was made
of the Eccles-Jordan circuit. So notable
were his other contributions. mostly to
the science of wireless. that there was
no room for the circuit which still bears
his name.

That name was one to conjure with
in the first quarter of this century. said
Wireless World. “in the more elevated
radio-technical circles.™ His most sig-
nificant work, it added, “was on a
subject at the very heart of our affairs
— on radio wave propagation.”™ This
referred to his early explanation of the
origin of the Heaviside layer. His other
contributions included those to short-
wave radio, radio broadcasting, the
study of coherers. and the proposal of
what became the standard names for
valves: diode, triode. cte. Wireless
World. the article said. could “blush
with shame™ for having stigmatised this
proposal as “too academic™.

William Henry Eccles was born near
Ulverston, near Barrow-in-Furness, on
the 23rd August 1875, the son of
Charles Eccles. a blacksmith and later
an engineer. and his wife Annabella.
He died aged 90 on the 29th April
1966.

“Because of many small illnesses in
childhood his ecarly education was
largely at home.” Eccles later wrote
about himself*. His father taught him
about thermodynamics and steam
engines, and structural steelwork,
which came in useful years later when
he came to erect steel radio masts. A
more conventional education at a pri-
vate school won him a national scho-
larship to the Royal College of Science
(now Imperial College) at South Kens-
ington, London. where he graduated in
1898 with a first-class honours degree in
physics. Although he once described
metallurgy as his first love, his skill as a
physicist was o lead to his being
regarded by many as the first wireless
physicist.

For a short time, he worked as a
demonstrator at the college and
attended some City and Guilds lectures
on egicctrical engineering. These elec-
trical lectures introduced him to radio
telegraphy right at the start of the
wireless age. In 1899 he joined the
select band of assistants to Gugliclmo
Marconi.

908
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46 W.H. Eccles
1875-1966
The first physicist of
wireless

He stayed with Marconi for less than
two years. designing and building
oscillation transformers. or “jiggers™ as
they were called. and he “lent a hand™,
to use his own words. with the design of
the towers for the famous transatlantic

transmissions from Poldhu in Corn-
wall. Much of his time. however, was
spent at Poole in Dorset at the Haven
Hotel, where Marconi had set up an
experimental radio station. 1t was there
that numerous demonstrations were
given to potential customers.

After leaving Marconi. Eccles spent
a short time with a firm making AC
machines before becoming the head of
the Department of Mathematics and
Physics at the South Western Poly-
technic, Chelsea. in about 1904. This
was his entry into a career in higher
education which was to last until his
retirement. In 1910, he was promoted
to Reader in “Graphic Statics™
(structural engineering design) at Uni-
versity College. London, where he also
lectured on the theory of machines and
the theory of structures.

He moved again in 1916, this time to
the City and Guilds College. Finsbury,
as Professor of Applied Physics and
Electrical Engineering. At the age of
51, after a severe illness. he retired to
become a private consultant. He was
still being consulted when he was in his
eighties.

Radio research

His first research into radio was to
make some scientific sense out of the
behaviour of coherers. those enigmatic
radio detectors used in the first years of
radio telegraphy. His success carned
him a Doctor of Science degree from
the University of London in 1901. This
study of coherers was extended into a
comprehensive study of crystal detec-
tors and from there into all technical
aspects of wireless. As the Dictionary
of National Biography puts it, “Eccles
was in close contact with nearly every
aspect of the subject. as research
worker, member of advisory commit-
tees. president of learned societies.
writer of articles and textbooks., paten-
tee and expert witness. For many years
he was the leading (and almost the
only) independent physicist working in
the field of radio science.™

One spin-off from his crystal-diode
research was the crystal oscillator. In
about 1909/10, he discovered ways of
making crystal detector circuits oscil-
late and suggested that “under certain
conditions a rectifying detector could
become a generator of oscillations and
conversely a generator of oscillations
could be used as a rectifier.” One
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1. Circuits from a one-page report, “A
Method of Using Two Triode Valves in
Parallel for Generating Oscillations,”
The Electrician, 19th September 1919.
Starting with a single-triode oscillator,
l Eccles and Jordan explained how two
triodes could be used to produce
oscillations with their anode circuits
connected directly, inductively,
resistively or capacitively.

writer has over-enthusiastically sug-
gested that Eccles could therefore be
regarded as the grandfather of the
transistor. In fact, Eccles had dis-
| covered that a contact between two

pieces of galena could produce a nega-

tive resistance and that, as with electric
i arcs, this could generate oscillations.

He did not have a prototype transistor,

but he may have had a very early
| tunnel diode.

When the triode began to gain wider
use, just before WW1, Eccles was soon
studying its applications. It is said that
he was one of the first to represent its
[ action algebraically in terms of the self-
and mutual-conductances of its elec-
trodes (1919/20) and he used the triode
in a variety of circuits’. It was during
this work that the Eccles/Jordan multi-
vibrator was invented. Several circuit
configurations seem to have been stu-
died “for obtaining various types of
continuously acting relay,” and patents
were taken out by the Admiralty in
1918. This would imply that the work
| was performed under Admiralty con-
tracts during the war. Because of his
Quaker beliefs, it is said, Eccles was
himself reluctant to patent his inven-
| tions.

Eccles and Jordan did other fascinat-
ing work for the Admiralty. In unpub-
lished memoirs, Eccles recalled the use
of a triode to sustain the vibrations of a
l tuning fork. This work, published in

" PIONEERS

1919, began in 1914. The aim was to
use the harmonics of a vibrating tuning
fork to evade a Telefunken patent
which “covered all forms of back-
coupled triode circuit and dominated
the future of radio”™ — an interesting
nicety, considering the patent was held
by a foe. The result was “a generator of
remarkable constancy,” which when
“combined with a phonic motor” gave
a “precision clock.” This precision
clock was then combined with a known
method of picture transmission to give,
in 1918, “a secret method for the
transmission of naval signals.””

Another Eccles-Jordan idea was to
connect two triode oscillators to pro-
duce wavelengths as short as seven
metres using ordinary receiving
triodes. “The apparatus was invented
in 1916 at the request of the War Office
and the patent was later bought by the
Marconi Company and used in their
short-wave beam stations,” wrote
Eccles®. A separate account refers to a
60MHz short-wave transmitter
designed by Eccles in 1915 and tested
by the French Army for short-distance
work. The signals were picked up in
Syria and may have been the first
indication of the long-distance possibi-
lities of short-wave radio.

Bending round the Earth
Eccles’s “most significant work™ was
his attempted explanation of how radio
waves may be reflected by a conducting
layer in the upper atmosphere and so
travel round the curvature of the earth.
This had been independently suggested

2. Circuits from the Radio Review,
December 1919, showing a *“‘trigger
relay’’ or triggered bistable. A pulsed
input to triode one would switch it on,
causing triode 2 to switch off. The
circuit was then stable until reset. The
reset method suggested was *'to
interrupt for an instant the linkage
between the tubes, or to stop the
operations of one or both of the tubes,
as, for instance, by dimming its
filament.”

in 1902 by Oliver Heaviside and by

A.E. Kennelly following Marconi’5|

success in signalling across the Atlan-
tic. Eccles is credited with the first
serious attempt to explain how this
reflection may occur.

Ir 1912, he presented a paper to the
Royal Society in London *“On the
diurnal variations of the electric waves
occurring in nature, and on the pro-
pagation of electric waves round the
bend of the Earth.” Before trying to
obtain an explanation of the events, he
first needed to obtain reliable
experimental data, which was not easy.
He turned to naturally occurring atmo-
spherics or “strays” as they were then
called and, with the help of a colleague,

“strays” were recorded at London and |

Newcastle. Many were discovered to
occur simultaneously and to have simi-

lar relative strengths. He concluded |

that they originated several thousand
kilometres away. Also, he pointed out

that “strays” were generally weakerl

an¢ fewer during the day than the
night, and that there was usually a lull
just before dawn.

Eccles commented, “The result is so
completely inexplicable by the ordinary
conception of the propagation of elec-
tric waves through the atmosphere that
we are compelled by its refusal to fit
into the accepted scheme of things to
attempt an extension of that scheme.*"
He then expanded the Heaviside/
Kennelly concept and calculated many
of the necessary parameters. He

assumed air, ionised by sunlight, to be |

the agent responsible for “bending” the
waves around the Earth’s curvature.

Eccles' detailed theory sparked con-
siderable controversy. Though incom-
plete and, in places, a little confused it
became widely accepted, especially
after supporting evidence was obtained
during a partial solar eclipse. It pro-
vided the basis for the later fuller
theory put forward by Edward Apple-
ton and others.

Soon after this period came the First
World War. As one of the few people
with a sound scientific knowledge of
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wireless, Eccles was called upon to
serve his country as an adviser to all the
military branches and was honorary
secretary to the Conjoint Board of
Scientific Societies. After the war he
continued to serve in areas of public
and political concern related to the
rapid expansion of radio. These
included Imperial communications,
public broadcasting, and the relative
functions of government, industry and
amateurs.

Shakespeare
In 1924, at nearly 50, he married his
secretary, Nellie Florence, nearly 20
years his junior; they had no children.
Throughout his life, he is said to have
enjoyed music, especially Beethoven,
and he loved Shakespeare. Hardly a
day went by, so it was said, when he did
not quote from Shakespeare. He pre-
ferred walking, riding, swimming and
sailing to organised sports and “kept a
small sailing boat in the Thames estu-
ary for use in summer and a horse near
town for winter.”” Once he was
ordered to take up golf for medical
reasons, a doctor’s order that many

Publications by Eccles and Jordan

“A method of using two triode valves in
parallel for generaling oscillations,” Electri-
cian, Vol. 83, 299, 1919.

“A small direct current motor using ther-
mionic tubes instead of sliding contacts,”
Electrician, Vol. 82, 670, 1919,

“Sustaining the vibration of a tuning fork by
a triode valve,” Electrician, Vol. 82, 704,
1919.

“A trigger relay utilizing three electrode
thermionic vacuum tubes,” Electrician, |
Vol. 83, 298, 1919, and The Radio Review,
143, December 1919.

“A method of amplifying electrical varia-
tions of low frequency,” Electrician, Vol.
85, 176, 1920.

men would pay to receive. Eccles grew
bored with the “waste of time™ and
“gave his clubs away within a month or
two.”

He served as president of many
societies, including the Institution of
Electrical Engineers, the Institute of
Physics and the Radio Society of Great

Britain. He was even on the committee
that set up the forerunner of the RSGB
in 1913, the Wireless Society of Lon-
don. He wrote three books: two of the
carliest authoritative texts on wireless
and a popular treatment published in
1933. That he is now remembered
almost entirely for having his name
attached to half of a simple but popular
circuit really does not do justice to a
man of vision and perception who
helped to steer radio through its early
years.

References

1. H.F. Smith, “The Indefatigable Dr Eccles,”
Wireless World. September 1965, p. 436.

2. "William Henry Eccles. 1875-1966." Bio-
graphical Memoirs of the Royal Society, Vol.
17. November 1971.

3. “Eccles, William Henry,” Dictionary of
National Biography. 1961-1970, p.322

F.W. Jordan

Biographical information about F.W.
Jordan has proved elusive. As the
police might say, any information
which would assist our enquiries would
be gratefully received. "

M & B RADIO (LEEDS)

THE NORTH'S LEADING USED TEST/EQUIPMENT DEALER

Oscilloscopes

Tektronix 2465A ISOMHZ Four Trace
Tektronix 2455 250MHZ GPIB Four Trace
Tektromx 2455A 250MHZ Four Trace

£1750
£1850
£1

600
Tektromx 5223 Di msm%ScoreSBSG/SBZN -2 E!% 6420 Head
ual Tr;

Tekironix 2225
Tektrorix 468 Digital Storage GP1B
Tektronix 475 HZ Dual Trace
Tektronx 465 100MHZ Dual Trace
Tektromix 5403 Main Frame 5A48/5842
Telequipment D755 S50MHZ Dual Trace
Tebqunwnenl D83 50MHZ Large Display

ace As New

£1200
£495
£350
£350

Telequipment DM6E3 Four Trace Storage £375
Telequipment DM64 Dual Trace Sror €175
HP 1715A 200MHZ With D V M b £595
HP 1703A Storage Scope £225

HP 1740A 100MKZ Dual Trace
Philips 3217 SOMHZ Dual Trace As New With
Probes £350
Hstachi V1050F 100MHZ Dual Trace

id OS3000A

£49
3ISMHZ Dual Trace Delayed T/8 [!BS Meter

Gould 0OS1100/S1 30MHZ Dual Trace
Telequipment D61A 15MHZ Duat Trace £|00
Tektronix T935 35MHZ Portable £195
Tektronix 222 Digitat Siorage Portable Oscmoscopet

1

Signal Generators

Marcom 2015/2171 Sync 10MHZ-520MHZ
AMFM £450
Marconi 2016A 10KHZ-110MHZ AM.FM
Marcom 2008 10KHZ-520MHZ AM/FM - Sweep
Lead Kit

Marconi 995 1 SMHZ-220MHZ AM/FM £65
Farnell S$SG520 520MHZ Synthesized
Philips PM5234 100KHZ-110MHZ AM.FM

WEEP £200
Ptulips PM6456 Stereo Generator £185
Radiometer SMG1 Slereo Generator £150
H/P 612 400MHZ-1200MHZ Generator £100
Marcom 2012 UHF FM 400-520MHZ £100
HP 334A Distortion Analyser £295
HP B8112A Programmable Pulse Gen £950
General T'M
Tektronix 141A Pal Colour Test Generator £950
Systems Video Vector £500
Marconi 2361 Video Sweep Generator
TM8692/9693 £450
Marconi TF2950 Radio Comm s Test Set £400
Amber 4400A Multypurpose Audio Test Set £450
Marconi 2120 Function Generator £200
Marconi 2331A Distorton Meter £295

Marcom 2300 Mod Meter £125
Marconi 131A0 1% L CR Br £150
Marconi 2162 MF ATT DC- 1MH, £75
Marcon: 6400 Microwave Power Meter

£175
HP 4271B 1IMHZ L C R Meter £1000
HP 5340A Microwave Freq Coumer
10HZ-18CHZ [‘000

HP 5345A Timer Counter

Iwatsu SC7104 1CHZ 9 Dign Freq Counter (New) [450
Marcom 2432A S60MHZ Freq Counter £325
Wayne Kerr B424/NL C R Briage L C V]

Orspla £175
Fluke A Drigrtat Multimeter £750
Dairon 1051 Multifunction Vottmelter £200
HP 3400A RMS Volimeter £145
HP MGSAD’?MI Multimeter £145
Tektrorwx DM50 1 TM501 Digital Multimeter
Textronix DC508 1GHZ Freq Counter - TM501  £695
Farnell TM8 True RMS 1GHZ Sampiing IEEE .
450
Texscan 7272 Signal Levell Meter £175
Texscan 9900D Analyser 450MHZ £700

weep
HP 1417 B554/) 8552/A 1 2GHZ Spectrum
Analyser £3000
Hl; 85538 110MHZ Analyser Plug In

5400A Sgnalure Analyser £195
Racal VHF/UHF Calibrators £75
HP 1818A 182C Time Domain Reflectometer £750
RFL 5950A Crystal Impedance Meter £175
Bradley 192 Oscil Calbrator £450
Marconi Marhin Marnine TX RX As New 500

£
Marconi Satvor 111 Sentinel Manne TX/RX £1000

North Atlantic 225 Digrtal Phase Angle Voltmeter £145
Farnell 5G1B Generator GP1B INT New £100
Special Offers

Cassor CDU150 35MHZ Dual Trace Scopes

With Probes - Cover £130
Kenwood C51021 20MHZ Dual Trace {As New) £175
50 QHM 300Watts 100k-200MHZ Dummy Loads  £25
AVO 8 Multimeters With Case And Leads £50
1B SWG 22SWG Solder 5 Care 1/2 KG £6 50
Farnell LFM2 Audio Generator £65
Heath Kit Stereo Generators £30
Dymar 450MHZ Mod Meters £45
Sony 5630 Umatic Videos As New £450
Fluke 6160A Freq Standard 0-30MHZ

Synthesized £100
Telequipment D75 Tatty Working Scopes £150
Marconi TF2604 RF Millivott Melevs £60

ALL PRICES PLUS VAT AND CARRIAGE
86 Bishopsgate Street, Leeds LS14BB.
Tel: 0532 435649. Fax: (0532) 426881

—_—

South Midlands
Communications

SMC

HF SYSTEMS

CHANNELISED SYSTEMS

TM180 Pioneer 100W HF SSB
transceiver, 6 channel, USB,
base or mobile applications and
afull range of accessories.

BASE
ANTENNAS
SMC TDA Series
trapped dipoles factory
pre-tuned, easily
installed, upto 6
channels Rx to 1KW. J
HF MOBILE ANTENNAS
HW4 1.5-30MHz single PRO SERIES Multi channel s)
frequency tuned mobile tapped whip antennas up to
| whip complete with 4 frequencies 1.5-30MHz ¢
l installation accessories, complete with base mount v
base mount and spring, ‘ and spring. e
spare channel coils A~ |
available for multi frequency _:QF—QL—‘-H
operation. =

|

FOR FURTHER INFORMATION, OR JUST ADVICE, CALL:

. SM. HOUSE, SCHOOL CLOSE, CHANDLERS FORD INDUSTRIAL ESTATE,
& EASTLEIGH, HAMPSHIRE SO5 3BY. TELEPHONE: [+44] ((0]703) 255111
FAX: [+44] ([0]703) 263507 SMC FX TELEX: 477351 SMCOMM G

CIRCLE NO. 139 ON REPLY CARD
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CIRCLE NO. 140 ON REPLY CARD

ELECTRONICS WORLD + WIRELESS WORLD  October 1990



MICROPROCESSOR

IN-CIRCUIT EMULATION

SDT816 RANGE MICROCONTROLLER| | TRACE 32 RANGE
RANGE

8085, 280, NSC800, 6502, 8051, 8031, 8032, 8052, 68000, 68008, 68010,
6800, 6802, 6808, 6809, 8059, 80515, 6€302, 68HCO001, 68070,
HD64180, 2180 80535, 80512, 80C552, 8048, 93C100,93C110
258, 68HC11

68008, 68000, 68010, DSP’s 68020, 68030,
8086, 8088, 80C86, 80C88, 32008, 32016, 32C016
80186, 80188, 80C188, 320C10, 320C15,
80C186 32C017

RING NOW ON 0254 682092
NORAL MICROLOGICS i loncs 551380, ax. 0254 650847

CIRCLE NO. 171 ON REPLY CARD

SEIIAL & PARALLEL CARDS

PC Serial RS-232 Card (COM 1/2/3/4 Select) ......... £19
PC Sarial/Parallel Card ............. £

PC Twin Serial/Parailel Card ...
PC D.al RS-232 Card
PC4 Port Multi-Serial RS5-232 Card ............ccocceee.
PCB8 Port Multi-Serial RS-232 Card

EDUCATIONAL SYSTEM

8088 16 BIt System + LCD Display

ROM RAM DISK CARD

360K/1.2Mb PC EPROM/SRAM Memory Cartridge

INDUSTRIAL CONTROL CARDS

16 Channel Opto Input/Relay Output
Amplitier and Multiplexer

mvV/mA Signal Conditioner Card

8 Channel SSR Drive Card AC (280V/3A) DC (60V/3A)

APPLICATION SOFTWARE PACKAGES

PC-LabDAS Data Acquisition Packages
LABTECH Data Acquisition Packages
ASYSTANT 4+ Package

Unkelscope Waveform Analysis Packages
DADISP Signal Analysis Spreadsheet

COMMUNICATIONS

3270-BI-Sync Emulation Card
PC Modern Net (4x1200 BPS)
PC Fax Card (Telecom Approved)

INDUSTRIAL COMPUTERS SUB-SYSTEMS

Industrial PC AT (80286 8/12MHz) Motherboard
Industrial Computer Chassis (19" Rack Mountable)
PC-BUS Card Cage

EPROM PAL SINGLE CHIP
PROGRAMMERS & TESTERS FOR

PC XT AT

1/4/8/16 Gang E (E) PROM Programmers (16K-1024K)
PAL Programmer

8748/8751 Series Programmer

qultal & Memory Tester

Universal Device Programmer

MISCELLANEOUS

Voice VO Card
Bar Code Reader
Magnetic Card Reader

I-Mex Business Park, Upper ViIIier Street, Wolverhampton WV2 4NU TEL (0902) 20267 FAX (0902) 28439
CIRCLE NO. 172 ON REPLY CARD

0000000010

PC Sarial RS-422 Card
PC Dual Serial RS-422 Card
PC Dual Port RS-422/RS-485 Ca 9
PC4 2ort Serial RS-422 Card (AST Compatible) £159
PC8 2ort Serlal RS-422 Card (AST Compatible) £259

PCIEEE-488 Card £139
Turbo Pascal, C & Quick Basic Support Package £49

DISITAL I/O CARDS

192 Line 8255 Digitat VO Cards .......c..cccoovvruenrenen £169
64 Line Digital YO Card with Breadboard Area ... £129

ANALOGUE DIGITAL CONVERSION CARDS

8 Bit AD/OA + Digital VO Card ..........c..ccocevevennne £159
12 Bt AD/DA Card £85
14 Bt AD/DA Card £165

INFERFACE CONVERTERS

Serial to Parallel interface Converter ... . £55
Paraulel to Serial interface Converter ... . £55
RS-232/RS-422 Bi-Directional interface Converter £79
RS-232/RS-485 Bl-Directional Intertace Converter £99
RS-232/20mACurrent Loop Bl-Directional ............ £79
PC-RS 232 Rep £39

PROTOTYPE CARDS

PC U niversal Card
PC E xtension Card + 3 Slot Board
PC € ystem Design Tool

PROGRAMMABLE VO CARDS
& 48 P-ogrammable 1O Lines
# 3 Independent 16 Bit Counter
* 16 LED 1O Display
+ Port Address Selectable
PCROMDISK UPTO 1.2MB
#* 360K, L.2Mb (l.4Mb, 2.4Mb Optior)
#* On-Foard EPROM Programmer
+ Suitable for Workstation £99
8 PORT RS-232 CARDS
* [nterrupt Selectable
+ O Adiress Selectable
* COM! and COM2 Compatible
# Demonstration Software 2169

-

Systerms itd
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REVIEW

‘ he Gould Peel development
kit sets out to be a complete
“personal PLD workstation”,
| and certainly contains all that
is needed to perform this
function. Only Peel devices can be
programmed (although other types can
be read), so the hardware is kept
simple and therefore inexpensive.

However, that does mean the user is
limited to one type of device, whereus a
dedicated PAL programmer (or add-on
to an eprom programmer) will allow
the selection of the best type of chip for
the job. Even among EPLDs, not all
types are interchangeable.

But anyone with a knowledge of
fusible-link pals will be able 10 benefit
immediately from the Peel kit, which is
roughly comparable in price and per-
formance to others on the market. The
kit can also be made use of with little or
no knowledge of pals, but be prepared
to work hard while learning about the
use of programmable logic: the data
sheets are very comprehensive and
with some effort can provide all the
information required.

Easy installation
Installing the programmer could not
have been made easier. The card does
not have any jumpers or switches to
set, and simply plugs into any free slot
in the PC. It only uses 1/0O addresses
258H and 259H, so is unlikely to
conflict with anything else, but the
addresses cannot be changed if there is
a clash.

The ribbon cable is a little short
(presumably dictated by the speed and
| number of connections), so that it can

Peel on a PC

without pain

Gould’s Peel
development kit can
produce complete
custom logic
deviceson a PC. Is it
difficult to use? No,
says Stephen
Franks, at least not
when you know
how

only comfortibly be used with desktop
PCs.

Software is equally simple to install.
A self-install program creates a Peel
subdirectory, copies in the files, and
asks a few questions to configure the
program. These settings, plus several

others, can be changed at any timel
using menu selections.

There should be no need to alter the |
CONFIG.SYS or AUTOEXEC.BAT
files. Hard drives must be C:, D: or E:,
but it is a simple matter to copy files if |
you wish to use a drive letter greater
than this.

One word of warning: unless you
want your colleagues to think you are
playing games, turn the sound off.
Various noises accompany different
actions, and unless your PC is equipped
with a volume control you may get
accusing stares from all around.

Anti-static measures are necessary.
Neither the main manual nor the data
sheets mention this, although both the |
PC card and the sample chips arrive in
conductive packing.

Friendly software
The software is extremely easy to use. |
found I could use all the features of the
system without recourse to the manual.
The various functions are grouped into
device-related tasks, Jedec file-related
tasks, and general utilities.

prvied tPEeL1Béie}

Jenic Tile tonentil deol

’ ferend iy Longleted
JE0EE §ilonens = zmenrsn.JER

veady to program €T 1EELIOEVA

The Peel editor will be familiar to WordStar users.

wrikitice

4  Test vecione
Bloole step weetert

Leay verlors
Misplay wetors

Pagad
[ B l“-r‘-q w

nelu:: !l: \:ﬁ veeine -mh:sv
{2 B30 vBetale Wi
ot |

sot eyl weeter (1)
sel End veetor (obsl

Help screens make software easy to use. l

Norml tedting

Abloue tingle sley;tng of
test vectors

koope vectore apesition by
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REVIEW

—
Device tasks: Device tasks are as
expected: program device from mem-
ory, read device into memory, verify
device with memory, and test device.
There is a separate utilities menu that
contains lesser-used facilities such as
| setting the security bit, or erasing the
entire device.

The program function automatically
erases the chip first, and the complete
erase-program-verify takes only a few
seconds. The “read chip” option can
cope with a wide range of devices, so
that 1t is possible to take an existing pal
and copy the logic onto a Peel chip.

The test function can be uscd in

several modes. Apart from simply
applying the test vectors and indicating
the results, vectors can be applied
repeatedly (but note that connection to
an oscilloscope or logic analyser
requires an isolated ground). There is
also a single-step mode, and the ability
to capture all outputs from the chip,

Macro Macro Macro Macro Macro Macro Macro Macro
0E Cett} OE Celg 0OE Cell3 QE Cell4d OE CellS 0O Celt6 0OE Celt7 0O Cell8
‘ ' IS B == Sl R Lo g A
| i S Y SIS S Oy Al TSR =) P, G e, B ,h.-f',—-;;r,ﬁ L —~Y.
N 0 e ' 2 : | |
CLk 1| H H-H j : ! ! |, !
Input 1 - AaE @ Im ! ! I
]nPUt 2 1 - ' 1 -E.—. 't | + 1 f |
Input 3 5= T 1 Cee i 1 1 B I N O
Input 4 — [ Y EIREEERE ? = 4 - ..I ) -
Input 5 — l i In l"_h- ‘_'T ‘ 1 N N O 1 - H
Input 6 - -‘%— ] ] - _L_
Input 7 1 1 HH
Input 8 I L -
Input 9 e
Feedback ! cr H=
Feedback 2 1 i -
Feedback 3 I cepe b
Feedback 4 T i 1 }
Feedback 5 — — C = :
Feedback 6 — T H
Feedback 7 - =
Feedback 8 - “_r -
|
EEPLDs
Electrically erasable programmable logic
devices (EEPLDs) marry fusible-link pals e
with electrically erasable prom technology, rate T N -
to provide a reprogrammabile chip set that Do
is pin-compatible with all the common pal
range. Several manufacturers offer eepids, B reset l O
and the technology has matured suf- ~ 1 —O0 .
ficiently for there to be second-source ;"““" r— — |l D 0l <,.-1’-'°"‘>' |
agreements, = o— ’ O
Gould's Peel chip set is one of these —) ax + et
families of EEPLDs. Each of the Peel = 1
devices can emulate several common L e |
pals, and can also offer extra configura- Sotect one T
tions not available in the fusible-link chips. tremoce T " foer
Despite being constructed in c-mos, the Saleas vy o<}_l. O --O- . |
propagation delays are low enough for O S S
most applications, and the 18CV8 is avail Macro Cell

able in 25ns and 15ns versions.

While there are many members of the
family, the Peel 18CV8 is one of the more
popular devices. It has nine general-
purpose inputs, a clock input, and eight
“macro cells”, each driving a bidirectional
10 pin. Each macro cell can be individually
assigned one of 12 configurations, com-
pared to four available with a standard
pal.

Inputs to the macro cells are pro-
grammed to be a logical function of any of
the input, clock, and feedback terms. The
logical function required should be
expressed as a “sum of products” (with a
maximum of eight products), so that the
matrix can be programmed as required.
More advanced programming software
can rearrange the Boolean equations for
you if required.

Because of the latches in the macro
cells, it is impossible to discover how a

device has been programmed simply by
applying inputs and observing the outputs.
As part of the programming function, chips
can be read to verify that they have
programmed correctly, but once this is
done the read function can be disabled.
This prevents copying, but does not pre-
vent the device from being erased com-
pletely sc that it can be used again.
There is more to programming these
devices than eproms. You cannot express
the desired function as a simple list of 1s
and 0s, and so the Jedec file standard was
created to unify the description of the links
to-be made (or fusible links blown).
Normally you do not access such a file
directly (although they are readable text
files), but they are interchangeable
between almost alt logic programmers,
and are the output files of logic “assemb-

lers” or “compilers”, which can be bought
separately.

The Jedec file not only contains pro-
gramming information, but can also
incorporate test vectors, which can be
usec to test the programmed chip. These
consist of a sequence of inputs — O, 1,
clock or don't care — and the expected
outputs — 0, 1, high impedance or don't
care.

Most programmers can also apply the
vectors 1o a simulation of the design based
on the Boolean equations, so you can be
sure that a correctly programmed chip will
pass the test.

Another common programmer feature is
“fautt grading”, a measure of how well
vectors will perform, expressed as a per-
centage of the faults they will discover,
compared to all possible faults.
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RFSH » A6 T >
| ) ‘ _LASTAG
RFSH | A
p ofXRESH Up ol
L —>o— D
Q Q
— .
LATCH A ~ATCH B

Z80 Refresh 8th bit

n | te | T3 T4 |
CLK ’ S ,: \ .‘ .\ [

A0 - A5 T X REFRESH [
MREQ / ) /T
R_D A - —

RESH T H -

/80 Refresh 1timing

Z80 refresh circuit and timing.

“ | oarers =10}
L _1 D o rJ— e -T —];/ L 4
‘ ] L\) -NEWA7
Ly /
U
)
LATCH C

regeneration logic

Test design

To test the development kit, | used a piece
of logic | have implemented in a number of
real designs, and fitted it into (part of) an
18CV8 chip. The circuit shows logic that
overcomes a drawback of the Z80 proces-
sor when driving dynamic memory. The
280 generates refresh cycles, but only
provides a 7-bit refresh counter, while
most dram chips require 8 bits. The circuit
generates the eighth bit, and gates it with
the appropriate Z80 address bit to make it
appear as if the Z80 had produced it. The
circuit as drawn can be simplified, although
the method depends on what spare gates
are available from other functions.

Briefly, the circuit works as follows.
Latch A controls the timing, and ensures
the circuit only works during refresh cycles.
Latch B holds the state of A6 from the
previous refresh cycle, and latch C is
toggled only if A6 is currently ‘0', but was
‘1" in the last refresh cycle. Thus latch C
behaves as if it were the next most
significant bit of the Z80's refresh counter.

To program (part of) a pal to do the
same job, consider the circuit as a state
machine. The action of latch A needs
modifying slightly because there is no
asynchronous preset available. It would be
possible to use the asynchronous clear,
but this line feeds all latches, and might
upset another function of the chip.

Instead, the latch is only kept low for one
clock cycle, and then allowed back high.
The effect on output is to allow A7 to
change slightly earlier than the other
address lines during a refresh cycle, but
this is unimportant when using drams.

So latch A, normally high, must go low
on the next clock edge after H goes
low, and must go high one clock cycle
later. The input to latch A is:

(RFSH OR !DRFSH).

For latch B, remember that the clock
input drives alt the latches in the chip.
Whenever latch A is high, the output of
latch B must remain unchanged, written:

(DRFSH & LASTAS)

T
even those given as “don’t care”.
Jedec file tasks: Jedec file tasks allow
| Jedec files to be read, written and
displayed. There are also options for
translating the file for another device,
calculating the checksum, and trans-
mitting or receiving files. No explana-
‘ tion is given of the format used for
| transmission, which might be plain text
or some proprietary protocol that will
. only work between two machines run-
ning Peel software.

General utility tasks
The editor: A WordStar-compatible
editor comes with the package and,
despite being free, contains many soph-

isticated functions, such as a spiit-
screen option to allow two windows
into the file being edited. The editor
accepts WordStar commands, or can be
used with a menu accessed with F10.

The only flaw in the editor is that
block operations will handle only
whole lines of text, so it is impossible to
move, copy or delete a block contain-
ing part of a line. This is particularly
noticeable when entering test vectors
which, by their very nature, contain
much repetition. This apart, the editor
is more than good enough.

Apeel assembler: The development
kit has many functions, but it is the
Apeel assembler on which most users

“Ready to program™
i PEUICE (PEELIBCUS] JEDEC FILE [ZBORFSH JED) uTILTIES
fuvenbly Completed
JEDEC 1ilename = ZBGATSH.JED
ready 1o program ICT PECLIGCUR
|
914

will concentrate, allowing the logical
function required of the pal to be
entered in readable form. The assemb-
ler can then create a Jedec file to
program the device.

Its basis is Abel and, although simple
in comparison, is perfectly adequate.
Its simplicity could even be an advan-
tage, because designs can be optimised
by considering how the equations map /
onto the device. However, a complex
design could be speeded up by using
Abel or similar.

Apart from assembling the source
file, the assembler allows design
simulation. Test vectors must be
included in the source file, supplying |’
input sequences and the expected out-
puts.

A set of test vectors need not test the
entire device, and it is possible to
include multiple sets to check each part
of the design in turn. “Don’t care” and
high-impedance states are fully sup-
ported.

Provided you have tested the design,
you are offered the option of “grading”
your test vectors — calculating the
percentage of faults that your vectors
will discover, compared to the theore-
tical maximum.

Often it is difficult to devise vectors
that can test for all possible faults, and
the software provides comments on
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TITLE 'Z280 Refresh bit 8 generator
DESIGNER: sf
DATE: 27/3/90'

280RFSH DEVICE PEEL18CV8

PEEL18CV8

OOV RN WV™WN=

— N PN PN PN PN PN N PN N —
-y

-~
~

-
W
— g N N M N N N Ny Ny e

Vee
DRFSH\
LASTA6
A7RFSH
NEWA7

pos reg feed_reg
pos reg feed_reg
pos reg feed reg
pos com feed_or

RFSH\ # IDRFSH\
(YDRFSH\ & A6) # (DRFSH\ & LASTA6)
(IDRFSH\ & 1A6 & LASTAG & !'ATRFSH) #

When latch A is low, latch B must be set
to the current value of A6. Its equation is:

(DRFSH & LASTA6) OR (/DRFSH &
AB).

Similarly, latch C must toggle only if A6
is high, last A6 was low, and DRFSH is
low; in all other cases it must remain the
same. After a bit of manipulation, this
becomes:

(IDRFSH & IA6 & LASTAG & IA7RFSH)
OR (ILASTA6 & A7RFSH) OR (DRFSH &
A7RFSH) OR (A6 & A7RFSH).

Finally, the resuit needs to be gated with
the real A7. The modified A7 must follow
the Z80's A7 pin uniess RFSH is low, when
it must be forced to be A7RFSH, written:

(A7 & RFSH) OR ('RFSH & A7RFSH)

As an added bonus this output can also be
set to a high-impedance state whenever
the Z80’'s address lines do the same, by
use of the BUSAK signal, although this ties
up another input pin of the pal for a feature
that might not be needed.

These equations may now be put in a
text file along with other information such
as the device type, macro cell configura-
tion, pin assignments, etc.

The pal stil has plenty of room for
additional logic to be implemented, and in
this case it would be sensible to use it to
generate RAS and CAS for the drams, plus
any other memory-related signals. It could,
however, be used to construct completely
unrelated logic.

(YLASTAG & A7RFSH) # (DRFSH\ & A7RFSH) #

(A6 & A7RFSH)

"DESCRIPTION

L]

"

"

U CLK «

LU RFSH\

" BUSAK\

" A7

1] Ab

n

"

"

L}

" Gnd

"

“PIN ASSIGNMENTS
CLK pin 1
RFSH\ pin 2
BUSAK\ pin 3
A7 pin &

Ab pin S

DRFSH  pin 19 =
LASTA6 pin 18 =
ATRFSH  pin 17 =
NEWA7 pin 16 =

EQUATIONS
DRFSH\ :=
LASTA6 :=
ATRFSH :=
NEWA7

= (A7 & RFSH\) # (IRFSH\ & ATRFSH)
Enable NEWA7 = BUSAK\

TEST_VECTORS

(ICLK, RFSH\, A6, A7, BUSAK\]

ic,
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.
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REVIEW

how well you do. Less than 50% is
“Poor™; above 50% is “OK™: and
1009 gets a small fanfare. a flashy
screen, and the comment “Excellent!”.
Both simulation and fault grading are
noticeably speeded up when using a
faster processor.

Other aspects
“VT" terminal emulation is provided, |
along with access to the DOS command
line without leaving Peel. Both work,
but it is hard to sce why they are |
included. The terminal emulation is not
configurable, apart from the serial line
parameters such as baud rate, and a
separate file utilitics menu  allows
copying, renaming and deleting of files.

The software has been around for a
few years, and as you would expect
there are no major bugs. But surpri-
singly, I did find a couple of minor ones
— perhaps no-one has bothered to |
report them as neither is at all signi-
ficant.

The first is that at the end of the
program the user is requested to
remove the chip from the socket and |
press any key. But the key pressed is
not removed from the keyboard bufter,
so that DOS finds the keystroke and
uses it as the first character of the next
command.

The other problem is that the “total
time taken” figure given after the
assembler is run is not explained by the
manual and the values produced varied
apparently randomly from a few
secends to several hours.

Using the system
To test the system, | used a circuit
fragment that [ have used in TTL form
in several designs (sce “Test design™).
Logical equations were constructed
and entered using the built-in editor.

The only problem encountered was
due to the block instructions, as
described carlier. 1 am familiar with
WordStar key sequences, and 1 com-
pleted several block operations before
I noticed that the effects on screen
were not what [ had intended.

Once entered, however, the design
was easy to assemble and test.

I introduced a number of common
errors into the source file, and they |
generated reasonable error messages.
However, one unintentional error did
not produce any message, but merely
caused the fault grading to report 0%
coverage. This turned out to be as a |
result of my entering expected outputs
as Is and 0s. Rather illogically the
system requires 0 and 1 for inputs, and
L and H for outputs.

915



REVIEW

Documentation
Data sheets for the Peel device range,
| and a manual describing the sottware,
accompany the kit. The manual is
well-produced, ring-bound, with tabs
| to help find any given chapter, but it is
so poorly laid out that it can be
frustrating to use. For example the
entire description of the terminal
emulation consists of:

Z=VT emulation. Allows video ter-
minal emulation to be performed.

| Since the first part appears on the
screen anyway, the explanation leaves
| a lot to be desired. No explanation is
given of why you might want the
facility, which terminals can be emu-
( lated, or how to set up the emulation.
Similarly, the section on the Apeel
‘ assembler describes what buttons to
press to perform simulation and fault
grading, but not why these might be
useful, or more importantly what to do
if an error occurs.
Not only are the error messages not
collected together for ease of refer-

ence, many are not described at all. If
the messages were self-explanatory,
this might be acceptable, but many of
them are not easy to interpret. One of
the faults not covered by my test
vectors was described as:

Fault SA0 prod 1 input pin 2, RFSH
output pin 16, NEWAT7.

Given time, enthusiasm, and a
knowledge of formal logic design, the
message can be deciphered, but it
really should be explained in the
manual.

To complete the complaints, there is
no index. No matter how well laid out a
manual is, the absence of an index
makes it much harder to use. Given the
effort that has obviously gone into the
writing, it is very surprising that an
index has been deemed unnccessary.

So the kit is not for the faint-hearted
as the manuals do assume knowledge
of the subject. If you are unfamiliar
with the use of these devices, you may
find it advisable to locate a good
introductory course to supplement the

material provided with the program-
mer. l
This 1s a shame because Peel devices
would be an excellent introduction to
programmabile logic, and if the manual
were rewritten with this in mind it
would become useful to many more
people. . ‘

The Peel development kit is made by
Gould Inc Semiconductor Division, and |
is distributed in the UK by AMS Ltd,
Exfinco House, Sanford Street,
Swindon, Wiltshire SN1 1QQ.
Telephone: 0252 341500. |
Cost of the system is £602 + VAT, but | |
users who can commit to volume
orders for Peel chips will be able to ’
negotiate a discount on the
development system.

C.AD. SOFTWARE MADE EASY

speed of design entry.

ISIS - The Complete Range of Schematic Capture Products

Three packages - SUPERSKETCH, DESIGNER and DESIGNER + provide options from a no-nonsense circuit
diagram drawing aid through 10 a highly sophisticated design management tool. All products in the range are
based around the same Intelligent Diagram Editor which has been carefully refined to facilitate maximum

DESIGNER and DESIGNER + can generate a wide range of netlist formats making them suitable for use with
many popular PCB design and simulation packages. Whilst DESIGNER is a more than adequate schematic
to netlist package, DESIGNER+ adds some extremely powerful facilities such as hierarchical design and a
database capability for importing and processing ASCII information like stock-codes and component costs.

Features Galore...

from £69

PCB Design

E / e ¢c t r on i c s

& Visa Welcome.

0 Automatic or manual wire placement.
0 Auto dot placement, We also supply a range of PCB
0 Auto name generator. desisp fi ff ]
o Component finder (works across multi-sheet designst). esign - SO tware rom manua
o Powerful editing facilities. layout through to an  Auto-
0 Obiject oriented 2D drawing with symbol library. . s . .
o Comprehensive device libraries available. Roulmg system which mlegrales
0 Integral device editor - create components on the fly. fully with ISIS. Write or phone
0 Output to dot matrix, lotters, | , POSTSCRIPT, . .
OTE DXFote, o potors, fasers for more information.
PRICES =
t Supersketch + basic library ..£69 "
G b< e ‘ ' e l Supersketch + full library ...... £99 C‘%" for FREE demo
Designer............. £275 disks - 0274 542868.
Designer+ ....... .£475

Prices inc delivery exc VAT. Access

74 Marriner'’s Drive, Bradford 809 4/T
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: model 131
Programmable /manual

jl'BGHz Attenuator

. ACCURATE 0.1dBm REPEATABLERSTABLE R
ISOLATION >145dB NORMALISING TO 1.6GHzm
4dB FACILITY m BS 5750 NAMAS CERT OPTION ®
VSWR<1.07:1®mRET LOSS 30dB 0.4GHz

tirrh

DA

T : j .. 929
O el Y v
13 PROGRAMMABLE ATTENUATOR

— S

The Attenuator Company
QUARTZLOCK INSTRUMENTS - GOTHIC
PLYMOUTH ROAD - TGTNES - DEVON TQ9 5LH
TEL: 0803862062 FAX: 0803 867962

CIRCLE NO. 143 ON REPLY CARD

SMALL SELECTION ONLY LISTED - EXPORY TRADE AND QUANTITY DISCOUNTS
RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

Test Equipment. We hold alarge stock of modern and old equipment -RF and AF signal ?enevalors =
Spectrum analysers - counters - power supplles - chartrecorders, all speeds single to multipen - XY plotters
A4-A3 - oscilloscopes - normal & storage.

Tektronix 475 -200MC/S oscilloscopes-lested from £400 {ess attachements to £700

C'Wmanual, probes etc., Tektronix 475A-250MC/S - complete kit with probes - £750.

Telequlpment D755 - 50MC'S oscilloscopes - tested C' W 2 probes + manual - £250.

Marcon| TF2002AS. -AM-FM signnal generator - 10KC/Sto 72MC S - £85tested + probe kit & manual.
Marcon| TF2002B. -AM-FM signal generator - 10KC/S - 88MC S - £100 tested to £150 as new + probes.
Marcon| TF2008 -AM-FM signal generator - Also sweeper - 10KC/S - 510MC S from £350 tesled to £500
as new + manual - probe kit In wooden carrying box - £50.

Phillips PM3217 Oscliloscope -50MC S-dualtrace-delayed timebase - £350

Marconi TF2016A. SIG/GEN - t0KHz - 120MC/S -AM-FM - £150. Synchronizer - £75

Marconl TF2015. SIG GEN - 10MHZ - 520MC/S -AM-FM £250. Synchronizer - £75

Marconl TF2304. Modulation meter -AM-FM-100MC S - £300

Marconl signal/source type 6058B -8-12.5 GHZ - new or used - from £450 to £600.

Marconl signal/source type 6059A -12.0-18GHZ- New or used - from £450 to £600

HP power meter.type 431C to 18GHZ with C type head & waveguide head - £150 to £200

HP sweep osclilators. Type 8690 A&B = pluo-ins trom 10MC: Sto 18GHZ also 18-40GHZ. P.O.R.

HP 8656A SIG/GEN -110 990MC S - £2500. HP8640BOPT 001 - 500KC S 1024MC S - £2000.

HP 3325A synthesiser/function generator - brand new - £2000 or £1500 + used manual

Tektronix malnframes. -7603-7613-7633 - £300 - £500 - various plug-ins - P.O.R.

Marconl TF1245A circuit magnification meter + 1246 & 1247 osclliators - £10010 £300.

HP signai generators. Type 612-614-618-620-626-628- frequency from 450MC/Sto 21GHZs P.O.R
HP 8614A - HP86 16A signal generators -800-2400MC/S - 1800-4500MC/S - £800 - £600

R&S SMS SIG/GEN. 04 - 1040MC/S -AM-FM - £2000

H.P.8620A mainframe = 86240A piut-in -2 - 8.4MC/S - £1200

H.P.8620C malnframe - £1200 + manual

Gould J3B test oscHlator - £250 + manual.

Ferrograph recorder test sets - RST2 and ATU1 - £250 each

Racal/Dana 9301A - 9303 RF millivoitmetes. 1.5-2GHZ - £350-£750

Racal/Dana counter/timer 9515 OPT 42 - 12500MC/S - £1000.

Racal/Dana counters-9905-9915M-9916-9917-9921 - £150 to £450.

Systron donner 1702 signal generator - 100HZ-1000MC S -AM-FM - £1000

H.P.8704A + B412A + 8601A network analyser - 100KC/S - 110MC S - £1000

H.P.8410A + B network analysers - 1 10MC Sto 12.4 GHZ or 18 GHZ pius most other units and displays
usedinthis setup 8413A-8414A-841BA-8740A-8743A-8750A POR.

H.P. 141 T mainframe plus-8556A-85538-85548-8554L-8555A-8552A-8552B plug in units. P.O.R
H.P. 181 TR mainframe - £400 -HP 182T mainframe - £500.

H.P.8755B network analyser plug-in for above also H.P. 11664 detectors P.O.R

H.P.432A-:435B +436A power meters + Powerheads - 10MC/S - 40GHZ.

H.P.478A -p486A-K486-8481A-84818.P.OR.

Tektronix osclioscope type 2465 - 300MC S - £1400 C Wmanual. Probes £50 extra
H.P.oscliloscope type 1740A -100MC'S - £300 C W manual

Imageintensiflers - ex mod - tripod !mir:? torlong range night viewing - as new - C3000EA

Intenslfier tubes - £50 to £250 - tested-depending on grade-first gen XX 1060

Thertnal imaging equipment - high definltion - from £2500 - complete in fransit case.

Clark alr operated heavy duty masts - with legs and kit with pump.P.O.R

Don 10telephone cable - 12 mile canvas containers or wooden drum -new -Mk2-30r4 P.O.R
intra-red binoculars in fibre-glass carrying case - tested - L100EA also infra-red AFV sights - £100EA
S A.E. for details - Infra-red spotlights and infra-red fliters P.O.R.

H.P.8405A vector voltmetre - £500. H.P.4193A vectormetre - £1750

ltems bought from HM Government being surplus. Price s ex-works. S.A.E. For enquiries phone for
appolntment or for demonstration of any items, avatilability or price change. VAT & Carr. extra.
Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw,
Bradford BD11 2ER. Tel. No. (0274) 684007. Fax: 651160
Wanted: Redundant test equipment-valves-plugs-sockets-synchro's etc..
Receiving & transmitting equipment - general electronic equipment

| Field Electric Ltd. Tel: 081-953 6009. 3 Shenley Road, Borehamwood,
Herts. WD6 1AA. Fax: 081-207 6375, 0836 640328

SPECIAL OFFERS

Philips CM700C monitor. Composite video input: RGB (mono) + audio 240vac 12" green
screen new & boxed £65.00 ¢/p 8.75

Micropolis hard disk drive full height including PSU & Rack slides. 54" model 1325br. ST 506
51MB MFM. £250.00 c/p 9.00

9" Nec monitor, 240 vac input, compusite video input, £29.95 ¢/p 6.80

19" colour monitor, 240 Vac input, R.G.B. composite video input, ex-equipment tested with no
screen burns, case size 18%2x 171 x 17%, £150.00 ¢/p please ring

25" colour monitor, 240 Vac input, camposite video input, new, case size 242x172x21Va",
£195.00 ¢/p please nng. Both 19” & 25" monitors made by Electrohome

Teac "2 height floppy disk drive FD 55 F 96 TP single/double density 500/1000 kbytes 80
track 300 rpm, £35.00 4.50 ex-equip

Teac ' helght floppy disk drive FD 55 FV 96 TP 500/1000 kbytes 80 track 300 rpm SA400
interface new, £49.95 ¢/p 4.50

Teac FQ 55 GFR Muiti Format Drive BBC Micro IBM/AT or compatible ex-equipment no
guarantee £24.00 inc ¢/p

Tandon (Winchester) hard disk drive 2 height TM 252 10 Mb new ex-equipment, £57.50 c/p
6.50

Plantronics acoustics communications headsets new & boxed (Auralite) type headset, model
star set ll complete with eartips instructions etc, £50.00 ¢/p 3.50 qty:discounts

Coutant DC/DC converter + 5 VDC & A output input 48 VDC new, £20.00 ¢/p 3.00
qty:discounts

Panaflo DC brushless fan model FBP-06A12L, new, 60x60x25mm, £8.90 ¢/p 2.25

Sola Mini Ups = Inverter and Line Conditloner: Sinusoidal output wave shape. 600VA
240VAC £250 - VAT ¢/p details plezse nng.

Torin TA450 5 V.D.C. Fans 120x120«40 £5.75

Torin TA450 12 V.D.C. Fans 120x120x40 £5.75

Torin TA450 24 V.D.C. Fans 120x120x40 £5.75

All Fans New ¢/p 1.50 qty: discount

360K '/2 helght Floppy Disk Dnves IBM compatibte ex-equipment. No guarantee £16.50 inc ¢/p.
PC, XT. AT Type Cards

Colour Cards: Disk Adpt: Cantroller: Comms etc: WD11 C00-JU: WD1015-PL: WD16C92-PL
wD2010B-PL: WD10C20A-PH: + vanous chips £10.00.

KM4164B-12x8 UM6845B: D24382E : « various chips £10.00.

KP-001: CXK5816PN: CIC 8236E: £51531-CPE NMC27CP128Q: WD1010A-PL £5.00.
UMB272A: CXK5816P-10L WD1010A-PL C36031AE: PAL20LBANC: CKB236AE £10.00.
V6363: 82C11:23C07: SN74LS244N £4.00.

P82C431: P82C434A: P82C432A: FB2C433: TMM24128AP: N825137N + various £15.00.
Please Ring for EGA/VGA/Network Cards - too many to list

Test & measurement/audio’commurications/computer equipment always in stock. power
supplies transformers plugs/sockets & connectors, components fans panel meters cables etc.

wsamam | We would like the opportunity to tender for surplus equipment
@ L@J Ofticial orders credit card telephone orders accepted with

Access, Amex, Diners, Visa cards. Overseas enquiries
") g
s
A

welcome C/p rates U.K. mainland only.
Please ring tor c/p rates not shown.
All prices inc. V.A.T. unless stated. Stock list available.
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RF DESIGN

n many instances. the cost of

commercial attenuators cannot be

justified and their compatibility

with specific equipment is often

restricted. This attenuator is
intended for use in the computer-
controlled adjustment of frequencices in
the bands 30-50MHz and 130-175MHz,
providing about 3-30dB of attenuation
to a resolution of 1dB from an input of
—20dBm. Its characteristic impedance
is 506}.

This design is based on the standard
pi-network’ with PIN diodes as the
active elements and is controlled by an
H-P 85 computer via the GPIO bus. In
essence. the design consists of an RF
module. control circuitry and computer
interface. together with the software.
An improvement would be the adop-
tion of a standard interface protocol
such as that for the IEEE 488 bus.

RF circuitry
Bridged-tee and pi attenuators are both
able to give variable and matched
attenuation over wide band of frequen-
cies. Bridged-tee circuits need one less
active element, but we chose the pi
network in this design for its higher
maximum attenuation”.

Analysing the equivalent circuit of a
pi network between two impedance-
matched stages. as in Fig. 1. gives the
two basic design equations.

R,=Z,(1+G)(1-G)
R.=1Z.(1/G-G)

where G is the ratio of the attenuator
output voltage E> to its input voltage

l-

PIN diode. The important thing about a
PIN diode is its behaviour as an alimost
pure resistance at RE. By applying a
direct bias current, one can vary the
resistance from around 10 to 10k§),
which makes the device ideal as the
controllable element in an RF atte-
nuator.

Conductance of a diode is pro-
portional to its stored charge Q(t).
which in turn is related to the diode
current I(t) by

dQ(t) + Q(v)
dt T

()=

918

Programmabl

RF attenuator

This digitally controlled RF attenuator uses
PIN diodes as tracking resistive elements in a
pi network, bias currents being controlled by
computer. Its attenuation range is 3-30dB. By

Seamus Laverty, Noel Evans and Brian
Hylands.

Seamus Laverty and Noel Evans are
at the University of Ulster and
Brian Hylands is with Short Brothers.

Fig. 1. Pi network connecting two
impedance-matched stages

Signal
generator
Vi 02

Fig. 2. Circuit to measure PIN diode
dynamic resistance as a function of bias
current

ELECTRONICS WORLD + WIRELESS WORLD

where tis the recombination lifetime of

the carriers. Frequency dependence is |

given by
Qw)_ =
IGw)  1+jf/f,

where f,=27t.

H-P5082-3080 PIN diodes used in the
attenuator have a recombination time
of 1300ns. which gives a break fre-
quency of 125kHz and ensures a lincar
resistance over the required frequency
range. We investigated the variation of
diode dynamic resistance with bias
current using the circuit of Fig. 2.
which shows that the individual rela-
tionships of resistance against current
in milliamps can be modelled by

R=22.5] v (1
So. by replacing three resistors in the pi
network by PIN diodes and biasing
them with direct current to vary their

RF resistance. a variable attenuator is |

obtained. Equation (1) provides the
values of the series and parallel resist-
ances.

Figure 4 shows a large variation in
series and parallel bias currents, which
highlights the problems of digital con-
trol. Since the pi network is symmet-
rical. the sclection of matched diode

October 1990
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Fig. 3. Variation of diode dynamic
resistance with bias current
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Fig. 4. Series and parallel bias currents
to obtain required attenuation

pairs allows one current source to
control both parallel diodes.

Digital-to-analogue control

An 8bit D-to-A converter offers satis-
factory resolution and range; we used
the DACO800 to provide I,, which
ranges from 12uA to 354uA. Series-
current source I, must operate over the
range 13.7uA to 15.15mA with a mini-
mum resolution of 2uA. Limiting the
maximum insertion loss to 30dB allows
I, in Fig. 3 to be approximated by the
logarithmic law exhibited by compand-
ing D-to-A converters used in PCM
systems, such as the Precision Mono-
lithics DAC-88 chosen for this design.
The transfer characteristic is an eight-
chord, piecewise-linear approximation
to the Bell System w255 law®. With a
maximum output current I set to 2mA,

abrate or—y
aftenuatg

input file=F45

input file=F145
display range

""-..
New :
gttenuation? 2

[rrese 5 |

>
>
>

the control current 1. for a given digital
input is

I.=(2/8031)[2%(S+17)—16.5] I,(max)
(2)

where C = chord number (0-7) and S =
step number (0-15). Output current
covered the required range with a
resolution of 0.4uA. 7415241 stages
configured for open-collector input
butfer the digital input to the D-to-A
converter.

Computer control and inter-
face

The GPIO interface of the H-P85
computer provides two 8bit, low-
power, bidirectional ports (A and B)
and two 8bit, output-only ports (C and
D); each port uses a two-wire hand-
shake for I/0O data and each can be
operated in byte mode. An I/O rom
and the interface configured for output
ports C and D give explicit access to the
A-to-D drives.

There are two sections to the soft-
ware: an “absolute™ calibration routine
and the main routine for setting atte-
nuation. Figure 5 shows the structure
of the program.

Calibration is carried out by simply
outputting the full range of currents to
the attenuator, ensuring that the impe-
dance Z, is kept at 50} and reading in
to file the attenuation obtained. When
an attenuation is needed at a particular
frequency during the main routine. the
nearest attenuation in the appropriate
file is used. To reduce computation,
the output is focused on the series
current supply (7bit) rather than the
shunt supply (8bit). Earlier equations
provide the relationship between series

reset output

increase
aftenuation

calculate input
fo both DACs

output values

and shunt currents:
et ]
| [ Z3+Z(Z2+K212) )

I k*

where K = 22.5and x = —0.83, as seen
in equation (1); the series current is
given by ecquation (2). Input to the
parallel current source to obtain this
output is

255.1,
0.354

Hardware

The complete attenuator is built as a
“piggy-back” arrangement, with the
RF pi network mounted on the control-
current module, in separate boxes.
RF module. As has been mentioned,
the symmetrical arrangement of the net
work means that only one current
source is needed to supply both parallel
diodes, as shown in Fig. 6.

DC blocking capacitors were chosen
to have low impedance over the range
of frequencies and inductors to present
a high impedance in the frequency
range; their self-resonant frequency at
14MHz is outside the VHF band.
Control current module. This circuit is
shown in Fig. 7. No special precautions
are needed, apart from its mounting in
a separate die-cast box and the use of
10nF feedthrough capacitors to the pi
network.

Input =

Results
Figure 8 shows the range of attenuation
at spot frequencies of 4SMHz and
145MHz against input to the series-
current D-toA converter. Across each
of the two bands 30-50MHz and 130-
175MHz, the response is almost flat.
The test signal was kept at —20dBm
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RF DESIGN

throughout the test.

Throughout most of the range, the
attenuation at 145MHz is slightly grea-
ter than that at 45SMHz, due to the
increased reactance of the capacitors.
At 145MHz. however, it tails off at
about 28MHz, while that at 45MHz
continues to increase, an effect that we
attribute to parasitic coupling between
input and output ports.

The attenuator fulfilled its design
requirements, producing ranges of 3.7-
29dB over the high band and 3.1-32dB
in the low band at an accuracy better
than 0.3dB in both cases.
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Fig. 6. PIN diode pi attenuator with
blocking capacitors and isolating
inductors. Both parallel diodes controlled
by one current source

The authors thank Standard Telephones and
Cables (Northern lreland) Lid and the
Depariment of Electrical and Electronic
Engineering of the University of Ulsier for
their support and permission 10 publish this
work.

Fig. 8. Spot-frequency results:
attenuation against decimal input to the
series D-to-A converter

Fig. 7. Current-control circuit
generating I, and I, from GPIO bus
signals
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BROADCAST
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Although BSB did not fulfil its promise
to transmit wide-screen (16:9 aspect
ratio) pictures on its film channel from
the start of service — apparently hav-
ing found that enhanced-MAC pre-
sented rather more operational prob-
lems than had been anticipated — the
4:3 D-MAC transmissions have under-
lined the cleaner pictures, with lcss
triangular FM noise in the colours and
the absence of cross-colour effects
when received without the use of a
PAL UHF modulator, that stems from
the use of time-multiplexed component
video, and the improved digital stereo
sound.

Nevertheless, one still wonders how
| many viewers are, in practice, dissatis-
fied with the technical quality of the
conventional 625-linc PAL pictures of
terrestrial TV; at least when this comes
from good-quality electronic cameras
under good lighting conditions. Estab-
lished European broadcasters, though
well aware of the artefacts inherent in
Systems G and | PAL, broadcast in
7MHz (VHF) and 8MHz (UHF) chan-
nels, still believe that terrestrial TV will

remain the cornerstone of TV broad-
I casting at least into the 2lst century.
\ Furthermore there is growing evidence

that 625-line PAL could be further
| improved, and possibly expanded to
the wide-screen picture format, by
means of new technology.

In West Germany, an ARD/ZDF
“PAL Strategy Group” has been inves-
tigating the possibility of introducing
improvements to existing terrestrial
services without impairing reception on
existing receivers. The Group is also
taking into account the future require-
ment to produce programmes suitable
for transmission either terrestrially or
via an HDTYV satellite service, recog-
nizing that, even for an HD-MAC
| service, some 70% of production, pri-
| marily in the form of “short-duration”

programmes, will need for economic
reasons to be produced in the 625/50
| standard.

The German engincers, drawing in
| part on BBC work, have studied two
| possible methods of using PAL techni-

ques that eliminate cross-effects and, in
! doing this, recover the full horizontal

922

Although MAC is
demonstrably super-
ior, it has its oper-
ational problems.
There is a lot of
mileage left in the
PAL system of televi-
sion and Pat Hawker
reports on work to
improve it, including
a method of wide-
screen transmission

definition of the source signal (nor-
mally partially notched out around the
colour sub-carrier). The systems are
1-PAL (Improved-PAL) developed by
the German Institut fuer Rundfunk-
technik (1RT); and Q-PAL (Quality-
PAL) based on theoretical studies by
the BBC and further developed and
implemented at the University of Dort-
mund. As described by Dr Albrecht
Ziemer and Eckhard Matzel of ZDF in
EBU Review — Technical (February/
April 1990), it is also possible to
combine some of the quality improve-
ments possible with 1-PAL or Q-PAL
with an aspect ratio of 16:9 to provide a
possible new widescreen terrestrial
standard.

This system they designate “PAL-
plus” and it is claimed that, with this
system, it would be possible to transmit
in terrestrial channels a 16:9 picture
which, although wider, would have
much the same resolution (lines per
unit of width) as a conventional 4:3
PAL picture and would be free of
cross-effects. Furthermore they stress
that PALplus is downward-compatible;
in other words, it could be reproduced
by existing PAL receivers with a qual-
ity equivalent to that from conven-
tional PAL signals. New PALplus

HDTV with a better
kind of PAL?

receivers would similarly be capable of
receiving conventional PAL signals,
giving conventional-quality pictures
while providing improved quality wide-
screen pictures from PALplus signals.
They consider that PALplus could thus
be introduced gradually, but there
would need soon to be a consensus
among the major PAL broadcasters to
adopt a PALplus standard.

With I-PAL, full bandwidth (SMHz)
luminance signals are transmitted in
line x, with line x+1 carrying only
low-frequency luminance (to about
3MHz) transmitted in frequency multi-
plex with the quadrature-modulated
chrominance subcarrier. A normal
PAL burst, with its phase change, is
transmitted in every line. Disadvan-
tages are that both diagonal and ver-
tical resolution of the chrominance
signal is reduced, requiring conven-
tional PAL sets to be adjusted. Tests in
Germany in 1988 showed that differen-
tial phase errors occur which can lead
to unacceptable hue errors with I-PAL
decoding. However, the I-PAL
approach can be modified and phase-
error compensation is possible (1-PAL-
M).
With Q-PAL there is no requirement
for a notch filter at the studio output,
so that full horizontal resolution of the
luminance signal is obtained. A multi-
dimensional filtering technology is used
in the transmitter and receiver to create
a true three-dimensional frequency
multiplex between the luminance and
chrominance, permitting disturbance-
free separation of the two signal com-
ponents. Modulation and signal trans-
mission is similar to conventional PAL,
maintaining full downward compatibil-
ity (in fact Q-PAL improves the quality
of PAL receiver pictures by the reduc-
tion of low-frequency cross-colour dis-
turbances). The quality of PAL pic-
tures on Q-PAL receivers is also
improved by the elimination of the
high-frequency cross-colour disturb-
ances by post-filtering. Q-PAL thus
lends itself to progressive step-by-step
introduction.

Ziemer and Matzel believe that
viewers would consider as particularly
striking a change in aspect ratio from
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the present 4:3 to 16:9. They write: It
is clear that existing PAL receivers
must be capable of reproducing mod-
ified-format images at least in the
manner customarily adopted (in Ger-
many) for the reproduction of wide-
screen films.” That is the “letter-box”
presentation with black bands above
and below the image, reducing the
number of lines in the vertical defini-
tion. Conventional PAL receivers have
no means of modifying the deflection
geometry. For the letterbox solution,
IRT is currently developing a method
where every fourth line (counted spa-
tially) of the 575 active lines is removed
and the remaining 431 lines pushed
together. The picture is thus reduced to
three-quarters of its original height,
corresponding precisely to a change to
16:9 aspect ratio. Then 72 of the
missing lines are inserted in each of the
spaces which become empty at the top
and bottom borders of the picture. An
“intelligent” 16:9 receiver would res-
tore the picture to its original state, but
in 16:9 format.

Transmission of such a modified
signal in the 7MHz channels used in
Europe on VHF still presents prob-
lems. Attempts are being made to
transmit the “border™ signals in the

October 1990

Fig. 1. Production, delivery systems and
display of ATV predicted by Rzeszewski
inthe US.

range between black level and one-half
of the synchronization pulse level, i.c.
in the “blacker-than-black” range, and
thus invisible to viewers with 4:3 sets.
This technique, however, requifes
further subjective tests to determine
whether such signals have any negative
effect on overall picture quality; by
now ficld tests should have been com-
pleted.

In Proc IEEE (May 1990) Theodore
Rzeszewski of AT&T Bell Laborator-
ies provides an in-depth (16-page)
“Technical Assessment of Advanced
Television (ATV)”. He categorises
ATV in three main groups: High-
definition TV (HDTV); Enhanced
Definition or Extended Quality TV
(EDTV/EQTYV); and Improved Defini-
tion TV (IDTV) and the requirement
of any new system to provide a signifi-
cant improvement in quality compared
with 525-line NTSC. For eventual
delivery to the home of the highest
quality pictures he sees a future of
fibre-based networks and pre-recorded
material for home (tape and disc)
players rather than broadcast distribu-

tion. He believes that such factors as
relative costs, ease of acceptance, qual-
ity differences and how much improve-
ment over NTSC “is enough” will
prove decisive in selecting one system
rather than another: “HDTV could
have a significant market share in the
late 1990s but if EDTV or IDTV
succeed sooner, then an HDTV
volume market may not come until
after the year 2000. He places the time
window for IDTV between 1990 and
1994 and EDTV/EQTYV between 1990
and 1997 with “some form of ATV
introduced to the consumer soon.
“In other words, the question is no
longer if ATV will come but rather,
when and how many versions will be
introduced, and be successful.” He
notes that, in connection with optical-
fibre networks, some people predict
that it will take until the year 2000 for
fibre POTs (Plain Old Telephone ser-
vice) to be less costly than copper, but
that others predict that an integrated
services approach should be econo-
mical long before that, perhaps in the
mid-1990s; “Further, a mostly fibre
network approach to CATV has been
estimated to break-even with copper
costs before 1993.” See Fig. 1. [

|
I
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NEW MATMOS 286 and 386
COMPATIBLE COMPUTERS

MATMOS 286 AND 386 HIGH PERFORMANCE COMPATIBLE
COMPUTERS

16MHz 286 system: £399 plus VAT

A quality system using the Industry standard 80286-12 processor, running at a Landmark speed of
16MHz; clock speed 12MHz. Complete with 1 Mbyte RAM expandable to 4 Mbytes. Serial and parallel
(Centronics) ports, 101 keyboard, mono graphics card, 1.2 Mbytes 56.25 inch floppy drve. floppy drive
controller, hard drive controller, elght expansion slots (3x8 bit. 5x16 bit). AMI bios with full setup
routine and diagnostics including HDD formatting, well made stylish case with space for up to three
6.25 drives and two 3.5 inch drives; lock. front panel switches and LEDs, full user and hardware
manuals.

33MMHz 386MMz system: £379 plus VAT

Same system as above but with state-of-the-art 386 motherboard. Uses full spec. Inte: 80386-25
motherboard running at a8 Landmark speed of 33MHz; clock speed 25MHz. This is not 8 386sx buthas a
full 32 bit CPU. Comes with 1 Mbyte of RAM upgradable to 8 Mbyte. Also available in quality full height
tower case at £1079 plus VAT,

Carriage on systems £14 plus VAT. See below for add-ons. Drives ect. will be installed free of charge

FLOPPY DRIVES

Internal

720K 3.5 INCH DISK DRIVE IAMAZING NEW LOW PRICE TO CLEAR WAREHOUSE!

E Jap. fow half-height chassls drives. Ex almost new systens, 80 track double
sided £29.95 (carr £3). Easy fit kit for Amstrad 1512/1640, IBM XT and AT, etc., including adaptor board
and cradle for 5.25 inch slot, £8.49. Box of ten 3.5 disks £9.95 (carr £1). NB Drives wor with virtually all
computers including Amstrads, IBM XT and AT compatibles BBC's etc. not Ataris and Amigas

360K 5.25 inch standard quality IBM half-height chassis drive £29.95 {carr £3.50)

720K 3.5 inch NEC FD 1036 30mm drive £32.50 (carr £3). Fitting kit for 5.25 inch space £8.49.

1.2 Mbyte 5.25 inch Epson drive £49.50 {carr £3}

1.44 Mbyte 3.5 inch Citizen OSDA 45A 3.5 inch slim {25mm) drive £49.50 (carr £3). Fitting kit for 5.25
inch cavity £8.49.

External
1.44 Mbyte cased Amstrad FD-9 drive for Amstrad 2286 only £59.50 {carr £3.50).

HARD DISK DRIVES, etc

20 Mbyte Miniscribe 8225 ‘state of the art’ hard drive with embedded controller and all cabling to
connect stralght to 16 bit AT slot, 5.25 inch. half-height £158 (carr £5). £123 when orde-ed with 286 and
386 systems.

20 Mbyte Seagate ST 125-13.5 Inch standard MFM drive, 28MS. Access time £139 {carr £5).

40 Mbyte Western Digital 584R RLL half-height 3.5 Inch drive in 5.25 inch chassls £19¢ (carr £4)

NEARLY NEW DRIVES: Range of ex-equipment and reconditioned drives, tested and guaranteed,
bergain prices, details on request. HDD cables £5.00. 60 Mbyte Irwin tape back-up unit£199 {carr £4).

DISK DRIVE CONTROLLER CARDS

Range of Western Digltal XT and AT hard/hard and floppy controller cards at bargain prices, list
available.

IBM COMPATIBLE XT MOTHERBOARDS, MEMORY, CARDS
AND KEYBOARDS

10MHz 8088 turbo processor, B expansion slots, legal bios, 8087 socket £43.50 {carr £4)
640K RAM for above £49.95
12MHz. 80286 AT turbo processor motherboard, 8 expansion slots, AMI BIOS £99.50 (carr £4). IMEG

RAM for above £49.95

= EX

Visa & Access
phone service

Mono graphics cards, £22.50

Multi VO board for XT systems including parallel port, serial port. real time clock. floppy disc controller
and game port £29.95 (carr £2.5C)

102 kay compatible AT and XT keyboard £34.50. Used but clean 101 key compatible keyboard £13.50
{carr £3.50).

MONITORS - MONO

12 inch Xerox System 60 Hercules paperwhite; very smart case with tilt-and-swivel base. particularly
good, user-friendly high res. display £59.95 (carr £6.50).

12 inch Hercules amber; 12 volt supply voltage {psu needed) £34.50 {carr ES).

14 inch VGA paperwhite; smart case, tilt-and-swivel base £89.50 {carr £6.50)

MONITORS — COLOUR

Famous name 12 inch high resolution analogue RGB monitor: high definition {80 column, 0.28 dot
pitch). modern, very stylish case with tilt-and-swlvel base. Suitable for BBC, Amiga etc. {Atari with
modification) £129, or £149 converted {carr £10).

14 inch Toshiba high resolution 10-28 dot pitch) VGA compatible in all modes except when synch. is
negative. Smart Euro-style case. Modification necessary for full compatibility £135 {carr £12)

Mitachi CAD monitors CM1686A; 16 inch 64KHz ultra high resolution £385; CM1588; 15 inch ultra high
res. 48Khz, £199; 20 inch CM2073 48KHz high res. ex-demonstration £199 {carr £25}

PRINTERS

Olivetti DY200. Modern, office quality, i daisywheel printer. C with manual,
daisywheel, ribbon and standard Centronics Interface. Prints at 25 cps, variable pitch; 132 characters in
12 pitch, proportional spacing. Full IBM and Diablo emulations. £89.50 (carr £6.50). Cut sheet feeder
£49.50, tractor feeder £45 (carr £3).

Laser printer special offer. Data Products LDP12 - 12 page/minute, HP Laserjet + compatible. Very well
made, fast printer with Toshiba engine in nearly new fon. Service and itable.
Unrepeatable value - DNLY £599 (carr £25) - limited stocks.

VGA CARDS

16 bit VGA card, 256K, all emulations, up to 800 x 600, with software to run all major packages £74.95
16 bit designer VGA card, all emulations up to 800 x 600, 256K RAM, upgradable to 512K. Paradise
chip-set with software 10 run with all major packages, £99.50. Other VGA cards available (carr on card
£2.00)

WESTINGHOUSE WPC500 MODEM CARD

Standard size card to fit inside IBM-style or similar PC and communlcate at 1200 Baud, 1200/75 Baud or
300 Baud. Sold ‘as Is’, with limited details and no support £9.50 {carr £2.50). Full user’s manual
available at £4.

POWER SUPPLIES

Astec BM140 /BM compatible 150W; +5V at 15A, « 12V at 5A, ~5V a1 0.3A, ~12V at 0.5A; fan cooled,
rear panel switch, good value at £19.50 {carr £4). Farnell N180 cased, 180 Watr, +5V at 20A, « 12V at2A.
12V at 2A, +24V.8t5A and 5V at 1A Professional psu £26.95 (carr £3).

THEATRE LlGHTlNG CONTROL {second-hand)

Rank Strand Compact 120 desk - well known semi-portable memory system to control 120 channels, in
excellent condition, with manul £599. Rank strand 17x20 Amp dimmer racks In cabinets, £450 each or
£1275 for 3. Rank Strand Duet 60 channel memory desk, £799. Permus 24x10 Amp dimmer racks £499.

LOUDSPEAKERS — ex-broadcast LS31s 15 inch plus HF, pair £79 (carr £15).

NB

* VAT and carriage must be added to all items (quotes for carriage overseas)

« Everything new uniess stated

* Access and Visa telephone service

MATMOS LTD, UNIT 11 THE ENTERPRISE, PARK LEWES ROAD, LINOFIELD,

WEST SUSSEX RH16 2LX.

Please note new telephone numbers  # & 0444 482091 and 0444 483830 (Fax 0444 484258) » »
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_ ARTICLES FOR SALE =~ |
TO MANUFACTURERS, WHOLESALERS, AGENTS WANTED | KU BAND SATEL- |
BULK BUYERS, ETC. WORLDWIDE LITE TELEVISION
Manufacturer of quali £23, World Satellite
LARGE QUANTITIES OF RADIO, TV AND Toroidal Transformers TV & Scrambling |
ELECTRONIC COMPONENTS FOR DISPOSAL requires professional Methods £27. Satellite
A 1 15T T representation worldwide. | e .
rsTamse et || St | | Installation Guide
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ELECTRONICS}-
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VALVES FOR AUDIO, INDUSTRY, to Electronics

RECEIVING & TRANSMITTING in the '90s
ALSOC.R.Ts..|.Cs.. KLYSTRONS, MAGNETRONS, TRANSISTORS, USA VALVES
ONE MILLION VALVES IN STOCK - OBSOLETE TYPES A SPECIALITY! How the electronics in-

SPECIAL PRICES FOR WHOLESALE QUANTITIES. EXPORT ENQUIRIES WELCOME -
.ﬁ FAX OR PHONE FOR IMMEDIATE QUOTE dustry works, its key prod- FOR SALE

ucts and the implications

ILLINGTON VALVES for everyone of this life- MOSt iSSlleS of

Oakendene Industrial Estate. Cowfold, Nr. Horsham. Sussex RH13 BAZ

Callers by appointment only } L ] a ; 4
Fan: 0403 685100 "Fatex 37571 pRODSS G Thanging indusiry in the | | "Wireless World
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Min U.K. order £20 + VAT. Min Export order £50-- carriage Price £12.95 (plus £1 p&p) fron;llgA‘ll’;gust
T ]
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Tel: 0532 435649 103 | Herts AL6 97Q. Telephone: 0436 812 193.
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Radio Technician

For Wood Street, Police Building
London E.C.2.

The apointed person who must be able to work with the
minimum of supervision, will have had experience in the
areas of installation, repair and maintenance of Fixed Mobile
and Hand Portable VHF/UHF Radio Telephone equipment.
Closed Circuit Television, Audio Visual equipment and
shouid be the holder of a City and Guilds
Telecommunications Technician's Certificate, or its
equivalent.

Experience in Police communications and computer and
electronics advantageous but not essential.

Hours 8.00 a.m. to 3.45 p.m. Monday to Friday.
Salary between £13,725 — £15,813 inclusive.

Optional contributory pension scheme, canteen facilities, 20
days holiday plus 5 concessionary days, interest free season
ticket loan scheme.

Application form and Job Description available from
Civilian Personnel Office, City of London Police, 26 Old
Jewry, London E.C.2. Telephone 071-601 2233/34

———

| AJC/VHG

| UNIVERSITY OF MANCHESTER
Experimental Officer
Centre for Audiology, Education of the Deaf and
l Speech Pathology

259/90

Applications are invited for this post, available for one year in the first
| instance from October 1st or as soon as possible to join a busy multi-
professional team based in the Centre. The Centre provides theoretical,
practical and clinical teaching for a variety of courses and postgraduate
students in subjects that are equipment-intensive, and for which
considerable equipment support is required. The Experimental Officer
will be responsible for the organisation and management of a large
| acoustics laboratory, and for the necessary stock control, maintenance
and servicing, calibration and equipment design necessary to service
[ the Centre’s functions. Some teaching of instrumentation is required,
and there would be an opportunity to be involved with research. Salary
within range £11,399 - £15,444 (EO Grade 1) or £14,038 - £18,165 (EO
| Grade 2) according to qualifications and experience. Applicants shouid
have a suitable first degree and preference will be given to those with a
background in electronics and/or acoustics. Application forms return-
| able by September 28 1990 and further details from the Registrar, the
University, Manchester M13 9PL (Tel: 061 275 2028) Quote ref. 259/30.
| The University is an Equal Opportunity Employer.

| S—

[ Garibaldi-RF & Microwave |

We are the specialist agency for ‘Radio Frequency' design or test
Engineers working from 1MHz to ligh! We have hundreds of top
positions throughout the UK, working on RF mobile comms (GSM,
PCN, CI12), opto, satellite, mm-wave & microwave projects.
Please contact our consultant Simon Luttrell MSc on 0494 792692

L“O Bellingdon Road, Chesham, Bucks. HP5 2HF.J

— Electronics Technician
Salary neg. Didcot, Oxon.

Kentech Inst'uments is a highly successful small company operating
from a (very) rural location in South Oxfordshire. We specialise in ultra
high speed (picosecond) optical and X-ray photography and kilovolt
pulse generators with sub-nanosecond risetimes

We now require a technically competent person to assist us with
development and production activities. Duties will include specialised
electronic and mechanical assembly for production and development
PCB layout and packaging of completed electronic designs, some
electronic design work in support of development activities, fault finding
and testing. As our products are generally designed to order and are
rather unusual, the work will be varied and interesting

Candidates will be expected to demonstrate a good practical knowledge
of analogue electronics. An academic qualification is preferred but not
necessary. Experience of high voltages, microwaves, image intensitiers
and an interest in Physics are desirable. A helpful industrious attitude, a
sense of humour and the ability not to smoke for several hours are
essential

Terms of employment are subject to negotiation and a competitive salary
and relocation package is available

Please ring for further details and an application form or send a CV to
Paul Kellett (Technical Manager
Kentech Instruments Ltd

Unit 7, Hall Farm Workshops,
South Moreton,

Didcot, OXON OX11 9AG

Kentech Instruments Ltd
Tel: 0235 510748 Fax: 0491 25067

CAMBERWELL HEALTH AUTHORITY
DULWICH 110SPITAL RENAL UNIT
MEDICAL TECHNICAL
OFFICER - GRADE 3
Salary: §12,821-814,730pa inc.
Are you self-motivated? LookIng for some-
thing different? We need a Medical Technic
al Officer to join a small but very progres-
sive team to maintain a wide range of
medical equipment and to assist in the

development of new treatment techniques.
A relevant ‘B’ Tech qualification is required
and experience in a similar field is preferred
although not essenual. A full current driving
licence is required. 1lours of work are 37 per
week.

Informal enquiries welcome to Mr Barmry
Tomkin, Technical Manager on 081 693 3377
ext. 3179

Applicatlon forms and job descriptions are
available from Unit Personnel Department,
The Dulwich Hospital, East Dulwich Grove,
london SE22 8PT. Tel: 081 6493 3377 ext
3085/3160. Please quote ref: DUL/GH
WORKING TOWARDS EQUAL OPPORTUNITIES

To Advertise
in this section
please contact

Jan Thorpe
on
081 661 3130
or
Fax copy to her
on
081 661 8939

R.F. TEST ENGINEERS DORKING
FAULT FINDING ON R.F. MEASUREMENT INSTRUMENTATION. H.N.C. SAL-NEG
R.F. TEST & REPAIR URGENT
INSTRUMENTATION. MICROWAV'EE, AVIONIC POSITIONS AVAILABLE LOTS OF
PROSPECTS ONC/HNC SMALL TEAM SAL-OPEN
TEST ENGINEERS SURREY BERKS
EXPERIENCE IN TESTING ON CCTV. VIDEO & SERVO SYSTEM'S ETC

TEST & REPAIR BENCH ENGINEER'S

LOTS OF POSITIONS, FAULT FINDING AND COMPONENT LEVEL REPAIR. AV
MEDICAL. COMMUNICATIONS. OPTICS CONTROL SYSTEMS M.O.D. & COMMER.
Cial EQUIPMENT

TECHNICAL SUPPORT ENGINEER

KNOWLEDGE OF COMPUTER PERIPHERAIL. EQUIPMENT P.C. COMPATIBLES
CUSTOMER LIASON ETC

SERVICE ENGINEER'S

KNOWLEDGE OF DIAGNOSTIC X-RAY SCANNING SYSTEMS INSTALLATION Of
EQUIPMENT [N HOSPITAL DEPARTMENTS ONC HNC. WITH A GOOD UNDER-
STANDING OF ANALOGUE DIGITAL. AND ELECTRO MECHANICAL BACK.
GROUND.

SALARIES ON ALl JOBS ARE NEGOTIABLE ALSO CONTRACT POSITIONS
MANY OTHER VACANCIES FROM JUNIOR TO SENIOR TEST. REPAIR SIRVICE
SUPPORT ENGINEERS HHARDWARE & SOFTWARE DESIGN DEVELOPMENT

PHONE MIRE MESSINA 0932 242810 EVE 0932 221501 DAY
SPFECTRUM TECHNIC Al RECRUFIMENT
66A, TERRACE ROAD, WALTON ON THAMES, SURREY KT12 28D

0932 227145 FAM
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PCN Telecommunication Engineers

You’re either in or you’re out.

Being in the right place at the
right time is more than just a
question of luck. 1's a mater of
making a number of conscious
informed decisions and creating the
circumstances for vourself

For example. by studving the
appointments section in this week's
Electronies Weekly and. indeed. by
reading this adventisement. you
happen to be in the right place at
the right time

But. unfortunately, in the wrong
company

Because the right company is
Unitel. Brainchild of four of the
world's leading names in
telecommunications and clectronics
- STC, US West, Thorn EMI and
Deutsche Bundespost Telekom - we
have a unique pedigree for a voung
company

Our mission? To develop,
implement and manage the
telecommunication system of

the future - the Personal

Communications Network

It you're currently working in
any of the disciplines shown here
and have the ability and ambition
1o make the move, vou can expect
a career oftering unprecedented
opportunities for personal and
protessional deselopment. Our
benefits package reflects the
significance of the project and the
quality approach which Unitel

represents

Make the right decision and
vou could be working in a
pioneering environment with other
professionals who have recognised
the huge potential of Unitel. A
team who are atready in the right
place at the right time

To apply. please write with full
career details to Tom O Grady,
Senior Human Resources Officer,
Unitel. Elstree Tower, Elstree Way
Borchamwood. Hens WD6 1DT,
or telephone him on 081-905 1001

October 1990 ELECTRONICS WORLD+WIRELESS WORLD

RF Systems Design
Digital Switching

Value Added Features
Implementation

Project Management

Network Planning &
Modelling

Evolutionary Network
Development

Point To Point Microwave
Transmission

Common Channel
Signalling Systems

Standards Development

Operations &
Maintenance Planning

Phones far people. not places
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" EXCUSE ME NEIL 15 THIS REALLY ELEGTROMIGS

pr
‘1.'-.' -
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You might well ask because we've been
making one or two giant leaps of our own
recently . . .

In response fo developments in the electronics
industry, we have made a number of changes to the
magazine. The journal has been redesigned and its
appeal broadened to meet the new demands of our
readers.

For instance, we now carry regular reviews of PC
based software tools plus features on specialist PC
hardware for electronics engineers.

Our recent feature on the killing fields of electro-
magnetic smog aroused a great deal of interest both
inside and outside the industry.

But of course the strength of Electronics World is still
its editorial excellence.

We will report on the industry events of the 1990 just
as we covered the first man on the moon in 1969.

Because although times may change,
standards don't.

928
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SUBSCRIPTION OFFER

To get your discount please send this coupon FREEPOST to
Andy Westwood, Electronics World + Wireless World,
FREEPOST, CN 2297 Room H316, Quadrant House,

The Quadrant, Sutton, Surrey SM2 5BR.

| accept your invitation to subscribe for only £20 per year.
Please send Electronics World every month to my work/
home address.

Name
Job Title
Company
Address

Postcode

O | would like to take advantage of your special UK offer
and receive a 33% discount on my subscription.

[J Please invoice me/my company.

[ | enclose payment for £20 by cheque/money order
made payable to REED BUSINESS PUBLISHING
GROUP.

[ Please charge my Access/Visa/American Express Card.
Expiry date

Signature

Offer closes 31st October 1990.

I

S
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COMPUTER TERMINALS - DATA COMMUNICATION TESTERS - MAINS TESTERS - CALIBRATCRS - COUNTERSG

Second-User Offers
Marccni 3950 £950

Tektronix 2465 ¢1,950 HP 3764A/001 £3,950
Tektronix 2210/002 ¢:,250 Anritst MWIBA £950
HP 54200A £:.750 Anritsu MHSG25A £1,950
BANALYSERS GENERAL PURPOSE

HP 3577A £12.500 T&M

HP 87574/C0] 22500 Draneiz €26 £1,495
HP 89704 22450 Dranetz £08A £350
HF 1650A 22500 Solartron 3530A £1,450
Marconi 2958 2¢,350 Solartron 3£90A £1,850

SAVE UP TO 40% ON M.L.P.

ke | 4 !('

CALIBRATORS - COUNTERS - DATA LOGGERS ‘- LOGIC ANALYSERS - OSCILLOSCOPES - NETWORK ANALYSERS - POWER METERS - PROTOCOL ANALYSERS - COMPUTERS
SH3ILNNOD - SH311017d HILNIHC - SHILNAWOO - SHISATYNY 1000104d -éHBlBV\I HjMOd - SHISATIVYNY MHO‘MJ.BN - $3d00SOTUISO - SHASATYNY DIO0T - SHIHNHOTVIVQ

PRINTER PLOTTERS - COMPUTER TERMINALS - DATA COMMUNICATION TESTERS - MAINS TESTERS - CALIBRATORS
CIRCLE NO. 102 ON REPLY CARD



The Programmer that fits your Pocket - £495

S3 is a product which has shaken the
industry. it is in all the big-name catalogues.
It is used by all the big-name companies.
That's because S3 has an elegance and
fitness-for-purpose that puts it in a different
league from old fashioned bench
programmers. But you don’t have take our
word for it. You can get an S3 on NO-RISK
APPROVAL and find out for yourself.

S3 doesn’t only program EPROMS
S3 programs any (E)EPROM you can put in
the socket. Choose manufacturer and
device from a menu and S3 will select one
of 80-odd algorithms. But programming
memory devices is only a part of S3's
repertoire. It's not the be-all and end-all. if
you need to program EPLDs, CMOS PALS,
NOVRAMS, SINGLE-CHIP MICROS and
the like, S3 is still the best tool for the job.
Dataman provides dedicated modules and
software, which are much cheaper than any
other solution because the S3 you already
own acts as a “mainframe”. These products

don't just exists in our imagination. We
have them on the shelf, ready to ship.
Software upgrades are FREE
When new programmable parts are

released, Dataman provides new software
to program them. This software is FREE. It
is also easy to install. The original program
comes in @ ROM. You place it in the socket
(see picture) and press the HELP button. it
loads in a few seconds. And you only have
to do it once. S3 retains its program - and
your data - in non-volatile memory, even
when switched off. We post the new
program on our Bulletin Board. If you have
a modem, you can download it. There are
lots of other useful programs available too.
Give our BB a call on 0305-251786.

Terminal Program with S3 Driver
We offer a TERMINAL PROGRAM which
supports four COM ports simultaneously at
speeds up the 115,200 baud. This program
is useful in its own right. It also has a
FRONT-END DRIVER for S3, with MENUS
and HELP screens. This gives you Remote
Control of all S3's functions. Ycu can
Upload and Download files, change
configuration and do everything remotely
that you can do with S3's keyboard. Some
companies make a song-and-dance about
their software drivers, - and charge you at
least £100. Ours is free. Not ‘free’ when you
buy something, but FREE to any Company
requesting literature.

Universal Assembler & Editor
S3 is also a MEMORY-EMULATOR. Use it
with an Assembler and you have a complete

Microprocessor Development System. |t
happens that Dataman sells a fast full-
featured Editor/Assembler, called SDE, for
use with S3 (or without).

RS232 socket (DB25)
on the back, for
remote control.

S3 will
program
hundreds of
PROMS
without
recharging.

Charger unit
(supplied) recharges
S3in 3 hours.

A single keypress  will
Assemble and Link the source
file(s), download to S3 and start
the program running on your
target system. SDE has some
amazing features. If it finds an error
when assembling, it puts you back in
the source-file at the error line. It will
tell you the absolute address of any line
of source code. That saves the chore of
printing listings when debugging. SDE
comes in single or multiple processor
versions. Do try it. You will like it.

Specifications and Price List

S3 has a 64 kbytes CMOS RAM butter for storing USER
‘programs and ROM/RAM EMULATION -access time is
about 120ns. There are also 8K bytes of program RAM,
a serlal interface at 300, 600, 1200, 2400 4800 and 3600
baud for remote control and uploading and downloading
files. S3 comes complete with Manual, Mains-charger
unit, ROM emulator lead, write-lead and software to
program and emulate (E)EPROMS and FLASH
EPROMS. Re-charging takes 3 hours and does not
prevent normal use. Typically one charge per week is
enough. S3 measures

7.3 x 4.4 x 1.8 ins and weighs just over 1Ib. £495.00
SDE Editor’/Assembler/Comms single-processor £193,00
SDE Editor/Assembler/Comms muiti-processor £395.00
S3 Developer's Package Reveals all S3's secrets.
Contains Circult Diagrams, Source Code, BIOS calls and
Editor/Assembler (as SDE above) for NEC78C06
processor in S3. Lets you write your own custom
software - even make S3 into a something completely
difterent. £195.00
MCS48 module for 8741/42/48/49 £125.00
MCS51 module for 8751/52/53 £125.00
32 pin module for EPROMS (inc FLASH) over 1m £75.00
40 pin module for EPROMS over 1meg £75.00
EPLD (CMOS PAL) modules (set of 2) for Erasable
Programmable Logic Devices. Works with
manufacturer’s compilers to provide self-contained
system. Receives, translates, creates and transmils
JEDEC files. Loads, burns and copies parts such as
22V10, 20G10, 16R4, 16R6, 1618, 1618, PEEL18CVS,
EP300 to EP900,

50C30 TO 50C90 from Cyress, AMD, AMI, Altera, Gould,
Texas, Intel, ICT £295.00
S3 IS GUARANTEED FOR 3 YRS, OTHER
PRODUCTS 1 YR,BOTH PARTS AND LABCUR.

VAT MUST BE ADDED TO ALL PRICES, IN JK ONLY
BUT POSTAGE IS FREE. SPECIAL OR FOREIGN

DELIVERY COSTS EXTRA.

CIRCLE ENQUIRY NO. 103 ON BACK PAGE

Emulator lead (supplied)
plugs in beneath.

S3 programs and
emulates 25 and 27
series EPROMS up to
27512.

The 80 character
LCD shows
ASCII and
HEX.

Quality
keyboard
for fast
data
entry.

Socket is used to
program PROMS
and load software.

Money-back Guarantee

Our aim is to get a product into your hands.
Our products sell themselves. We promise
to hand your money back without question if
you're not mightily pleased. Dataman
products are so well thought out and
downright useful - and such good value for
money - that we hardly ever get any returns.

What to do next

Send your business-card or letterhead
quoting where you saw this ad. That gets
you LITERATURE and YOUR FREE
TERMINAL PROGRAM (not just a demo - it
really works!) If you're in a hurry, phone and
speak to Debbie, Emma, Chris or Nigel.
Some formalities are necessary, but we will
waste no time in getting the goods to you.
Tomorrow morning is quite possible.
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